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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
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liability or responsibility for the accuracy, completeness, or
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recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
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Brookhaven National Laboratory is operated under a
contract between the Unitéd States Atomic Energy
Commission and Associated Universiti€s, Inc. This, the
fourteenth in a series of unclassified Annual Reports, gives
an account of the progress of the Laboratory during the
period July 1, 1963 June 30, 1964, and its plan for the
future. It is submitted under the terms of Contract
No. AT-30-2-GEN-16 between Associated Universities,
Inc., and the Atomic Energy Commission.

Previous reports in this series are:

BNL 74 (AS-4) July 1, 1950

BNL 131 (AS-5) July 1, 1951

BNL 196 (AS-6) July 1, 1952

BNL 246 (AS-7) July 1, 1953
BNL 303 (AS-8) July I, 1954
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. BNL 426 (AS-10) July 1, 1956

BNL 462 (AS-11) July 1, 1957

BNL 523 (AS-12) July 1, 1958

: 4 BNL 560 (AS-13) July 1, 1959

- BNL 632 (AS-14) July 1, 1960

" BNL 682 (AS-15) July 1, 1961

BNL 742 (AS-16) July'1, 1962

'BNL 806 (AS-17) July 1, 1963

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makcs any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or process disclosed in this report
may not infringe privately owned rights; or -

B. Assumes any liabilities with respect to the use of, or for damages resulting from
the use of any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission” includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or cmployce of such contractor
prepares, disseminates, or provides access to, any information pursuant to his employ-
ment or contract ,with the Commission, of his employment with such contractor.
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Brookhaven National Laboratory is operated by Associated Universities, Inc., under contract

with the United States Atomic Energy Commission. Nine northeastern universities sponsor Associated
Universities, Inc. Two representatives from each university, one a principal administrative or-corpo-
rate officer and the other a scientist, form the Board of Trustees of AUI In addition, the Board itself
selects three Trustees-at-Large. Their purpose is to insure adequate representation of any scientific
discipline in which the corporation may undertake work and to provide general flexibility in methods
of operation. The composition of the Board as of June 1964 is given below. The officers of AUI are
shown on the organization chart for the Laboratory (Figure 1). AUI has appointed five visiting com-
mittees to Brookhaven National Laboratory to provide a continuing independent evaluation of the
research program. The committees cover the fields of biology, chemistry, medicine, nuclear Qnginéer-
ing, and physics, and report annually to the Board of Trustees.

BOARD OF TRUSTEES
: OF ‘

ASSOCIATED UNIVERSITIES, INC.
AS OF JUNE 30, 1964

Ravrpu S. HALFORD | Columbia University : LI Ramt
FrankLin A. Long . Cornell University. " Bovce D. McDaRNIEL
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RicuArD H. CHAMBERLAIN ‘ ’University‘ of Pennsylv.ania . * CarL C. CHAMBERS
LaRoy B. THompson, Chairman ' Univer‘sify of Rochester Ernst W. Caspart
C. HAMILTON SANFORD, Yale University . VErnoN W. HucHEs

Trustees-at-Large
Epwarp M. PurcerL, Harvard University Tuomas GoLp, Cornell University
RogerT F. BacHer, California Institute of Technology .
Annual Trustees
Epwarp Reynowrps, Harvard University (retired) Leo Gorpserg, Harvard University
WiLuiam D. McELkoy, Johns Hopkins University

_ Honorary Trusteé
Frank D. FackenTHAL, Columbia University (retired)
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Epwarp ReyNoOLDS, President
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Photograph of the second recorded instance of the production and decay of the @~ hyperon
taken in the 80-in. liquid hydrogen bubble chamber at the Alternating Gradient Synchrotron.
The sketch beside the photograph shows the assignment of the proper particle to each track. The
paths of neutral particles, which produce no bubbles in the liquid hydrogen and therefore leave
no tracks, are shown by dashed lines. The presence and properties of the neutral particles are
established by analysis of the tracks of their charged decay products or application of the laws
of conservation of mass and energy, or a combination of both. The observation of the -, whose
existence was predicted by a group of theoretical physicists, is significant in that it may he
the keystone to an orderly arrangement of the previously known particles. For a complete de-
scription of the experiment and a photograph of the first {2~ event, see the section on Physics.




TECHNICAL PUBLICATIONS PER 6-MONTH INTERVAL

Introduction

The program and activities of Brookhaven
National Laboratory during the fiscal year 1964
are described in this annual report. The progress
and trends of the research program are presented
together with a description of the operational,
service, and administrative activities of the Lab-
oratory. The scicntific and technical details of
the many research and development activities
are covered more fully in scientific and technical
periodicals and special reports of the Laboratory.
A list of all publications published or submitted
for publication during the year may be found in
Appendix A.

RESEARCH PROGRAM

The Brookhaven research program, which cov-
ers a wide range of subjects in the physical and
biological sciences and in engineering, has as its
central motif the development and exploitation of
nuclear science and technology. It can be broadly
described under five main headings:

FUNDAMENTAL STUDIES OF ATOMIC NUCLEIL
THE PARTICLES THAT CONSTITUTE THEM, AND THE
FORCES INVOLVED IN THEIR STRUGTURE. These
studies, which are basic to all nuclear science and
technology, involve the use of all the major ma-
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Figure 2. Technical publications.



Figure 3. A paper pulp column used to separate the two
forms of kynurenine, a product of the intermediary
metabolism of tryptophan, a widely distributed, naturally
occurring, essential amino acid. The finding of high levels
of kynurenine in the urine of patients with bladder
tumors and a variety of other diseases has stimulated
interest in the use of C'*-labeled kynurenine for extensive
studies of kynurenine metabolism in man. Naturally
occurring kynurenine is always in the levo (L) form.
Organically synthesized biological products are always
obtained as a mixture of the L and b (dextro) forms, which
are usually handled differently by the animal body. Both
forms of kynurenine are needed for studies in humans
and animals. Previous methods of chemical separation
were unsatisfactory, and a new technique, paper column
chromatography, has been developed. A large (5-in.-diam
by 5-ft-long) glass column is packed with powdered paper
pulp, and a mixture of the o and L forms of kynurenine
is slowly (48 hr) flushed through the column. The two
forms proceed down the column at different rates and
are drawn off at the bottom at separate times as pure
L-kynurenine and p-kynurenine. This process provides
the first separation of kynurenine in quantities sufficient
to permit studies in humans. The two C**-labeled forms
of kynurenine are expected to provide valuable informa-
tion concerning metabolism in normal humans and in
those with tumors or other diseases involving large quan-
tities of kynurenine in the urine.

chines of the Laboratory. They range from mea-
surement of the properties of undisturbed nuclei to
study of the violent dismiptions resulting from nu
clear fission or from bombardment with high en-
ergy protons from the Laboratory’s 3-BeV Cosmo-
tron and 33-BeV Alternating Gradient Synchro-
tron (AGS).

2. STUDIES OF THE PHYSICAL, CHEMICAL, AND
BIOLOGICAL EFFECTS OF NUCLEAR RADIATION. The
effects of radiation are utilized to determine the
characteristics of physical and chemical structures
and to elucidate the more complex properties of
living systems and the changes they undergo in
their life and reproductive cycles. Of direct prac-
tical interest are the possible deleterious cffects of
radiation upon biological systems and upon vari-
ous materials, for example, those involved in re-
actor construction. Of equal interest are the poten-
tially beneficial effects of radiation in the treat-
ment of disease, in the induction of genetic changes
in plants or animals, and in the improvement of
manufacturing processes.

3. THE USE OF NUCLEAR TOOLS, SUCH AS NEU-
TRONS, CHARGED PARTICLES, GAMMA RAYS, AND ISO-
TOPIC TRACERS, IN ALL BRANCHES OF SCTENTIFIC RE-
SEARCH. In this broad and diversitied field, which
overlaps the one just mentioned, nuclear particles
and radiations are used as tools in studying physi-
cal, chemical, and biological systems in their un-
disturbed states. Neutrons and other particles are
used as probes; by observing their penetration and
scattering, minute details of physical and chemical
structure can bc studied. Wide use is made of iso-
topic tracers in many fields to yield information on
such matters as the mechanisms and rates of chem-
ical reactions and biological processes.

4. RESEARCH AND DEVELOPMENT, NOT NECESSAR-
ILY ITSELF OF A NUCLEAR NATURE, DIRECTED TO-
WARD SOLVING THE PROBLEMS OF ATOMIC ENERGY
DEVELOPMENT. The more basic aspects of this
category include the chemistry of elements and
compounds of special interest, isotope effects, the
metallurgy of materials used in nuclear reactors
and other devices of importance in the atomic en-
ergy program, the neutron scattering and absorb-
ing properties of substances used in reactors and
other nuclear devices, and similar snhjects. Among
its applications are the development of reactor
components such as fuels, structures, and shields,
the development of components and processes for
the chemical processing and useful recovery of re-



actor products, and theoretical and experimental
studies in the field of reactor physics.

5. THE DEVELOPMENT OF SPECIFIC DEVICES FOR
USE AS RESEARCH TOOLS OR IN PRACTICAL APPLICA-
TIONS OF ATOMIC ENERGY. This category includes
both the design and development of special re-
search tools, such as accelerators, reactors, and
other technical equipment, and the development
of devices for practical applications of atomic en-
ergy, such as the preparation of special isotopes,
the development and packaging of high intensity
radiation sources, and basic development work on
power reactor systems.

The involvement of the various scientific disci-
plines in these areas of study and development re-
sults in a coherence and mutuality of interest that
enhance the entire program of the Laboratory in
both tangible and intangible ways. Specific re-
search projects are described in those sections of
this report devoted to the particular discipline or
organizational unit in which the work is being car-
ried out. It will be noted that research interests
overlap from one department to another, and sim-
ilar problems are being attacked from different
points of view.

RESEARCH FACILITIES

Research at Brookhaven is centered on, although
not confined to, the use of several large machines
and other special facilities, some of which are
described briefly below.

Alternating Gradient Synchrotron

The AGS, Brookhaven’s 33-BeV proton syn-
chrotron (the world’s largest particle accelerator),
lias coutinued o be an important center [or the
performance of research in high energy physics.
The machine schedule of 21 8-hr shifts per week
provided =~6600 hr of operating time, of which
62% were used for research. Simultaneous flipping
of targets at 3 separate locations allowed as many
as 6 experiments to share each pulse of protons
from the machine. Beam intensities of 3 to 4 X 10"
protons/pulse were routine. During the year 2.5
million photographs were taken with the 3 liquid
hydrogen bubble chambers (20-, 30-, and 80-in.)
in use at the AGS.

The construction of the Southwest Experimental
Area to accommodate neutrino physics experi-
ments was completed, and the primary proton

X1

beam was successfully extracted and conveyed
onto a quartz target in the area on November 21,
1963. Since then a neutrino experiment utilizing
a large aluminum spark chamber has been under
way at this area.

A complete report on the AGS will be found in
the section on High Energy Accelerators.

Cosmotron

The Cosmotron, a 3-BeV proton synchrotron,
continued to play an important role in high en-
ergy physics research. The demand for time on
this machine has remained high, as indicated by
the current 1-yr backlog of approved experiments.
Maximum beam intensity was >10'? protons/
pulse, and intensities of 3 to 5 X 10" protons/pulse
continued to be routine. The Cosmotron operates
on a schedule of 21 8-hr shifts per week. Of the
~7900 hr available for machine operation, 70%
were used for research.

Additional information on the Cosmotron is
given in the section on High Energy Accelerators.

60-in. Cyclotron

The 60-in. cyclotron accelerates protons to 10
MeV, deuterons to 20 MeV, He* ions to 40 MeV,
and He? ions to 30 MeV. The ability to accelerate
He? ions is the result of the addition to the cyclo-
tron during the past year of field correcting coils
and a He® recirculating system. At present, in-
ternal and external beams of He?® ions are pro-
duced routinely with intensities comparable to
those for He*. The He? beam is used chiefly in
nuclear reaction studies but is also used for the
production of neutron-deficient isotopes through
the (He?,2n) and (He?®,3n) reactions which have
appreciable cross sections at 30 MeV. Deflected
beams of up to bU pA as well as internal and ex-
ternally focused beams are available. A small ex-
ternal beam with momentum analysis to 1 part in
1000 is routinely used. The cyclotron was used by
scientists from several Brookhaven departments as
well as from eight outside institutions during the
past year. Work for outside institutions and work
by guests and collaborators from outside institu-
tions accounted for =62% of the machine time.
The principal activities involved nuclear reaction
studies, production of radioactive materials for a
wide variety of purposes, and the direct use of the
beam for various studies of biological systems. The
conversion of the cyclotron to variable-energy,
sector-focusing operation is now planned for the



Figure 4. Part of the Laboratory’s IBM 7094 data-processing system, operated by the Applied Mathematics Department since
1962. The operator is seated at the console control unit. The lights on the vertical panels and the switches or keys near the opera-
tor’s left hand provide some of the facilities for man-machine interaction. In the background is a bank of magnetic tape drives;
a tape-switching device at the left of the operator enables him to direct the use of all tape drives from one central position. In
the lower right-hand corner stands the 21-in. cathode-ray-tube (CRT) visual display. The computer has direct control over this
and the associated CR'T camera recorder which record and display graphical output generated by the computer program.

Figure 5. In a Medical Department laboratory, tissue samples are
being prepared for histological study in research on the effects of
radiation on living tissues. Investigations of prepared histological
sections with the microscope can assess the degree of radiation
damage incurred by various cells and tissue structures. The tissue
is sliced into very thin sections by using the microtome at the far
end of the table and then stained with various dyes to accentuate
the details of cellular structure.

Figure 6. Automatic amino acid analyzer used in protein
structure research. The 18 amino acids found in proteins
are separated chromatographically and their relative pro-
portions are determined with a precision of within 1 to 2%
in 8 hr. The instrument incorporates a number of novel
features that have greatly increased its utility. A pho-
tometer with longitudinal flow cells permits accurate
analysis in the range between 1107 and 1 10°° moles
nf each amina acid. Thus, a total amino acid analysis of
a protein may be obtained with as little as 0.1 mg of
material. Manual calculation of the data (an operation
formerly requiring =2 hr) is eliminated by a digitizer that
transmits a record of the analysis to punched paper tape in a
form suitable for subsequent processing in a digital computer.



immediate future. This will provide variable-
energy beams with energies of up to 40 MeV for
protons, 20 MeV for deuterons, 40 MeV for He*
ions, and 54 MeV for He® ions and will permit the
acceleration of heavier ions. In addition to the ad-
vantages to be gained from these new capabilities
for nuclear reaction studies and isotope produc-
tion, the increased range (from 2 to 15 mm) of the
proton beam will be of particular significance in
medical and biological experiments. Model studies
of the radio-frequency and magnet systems were
carried out, and the design and fabrication of
major components were begun. The modified
cyclotron is expected to be in operation late in
1965.

Electrostatic Generator

The electrostatic generator accelerates protons,
deuterons, alpha particles, and He® ions with beam
currents up to 75 pA. The installation late in the
year of a new accelerator tube increased the maxi-
mum energy at which the machine may be oper-
ated from 3.2 to 4.0 MeV, with a consequent ex-
tension of the scope of possible experiments at the
facility. During the past year the machine was
operated for research during 529 8-hr shifts, the
highest number of shifts in any one month being
59. Fast neutron irradiations for the Medical and
Nuclear Engineering Departments and the Health
Physics Division accounted for =~4.4% of the time.
'I'he remainder was used for physics research car-
ried out by scientists from Brookhaven and several
outside institutions. The research at this facility
centers on the determination of the properties of
energy levels of light- and medium-weight nuclei
excited in various nuclear reactions. Part of this
work made use of the external beam-pulsing sys-
tem with which it is possible to achieve a full-
width time resolution of 5X 107" sec.

Graphite Research Reactor

The in-pile and beam facilities of the Brook-
haven Graphite Research Reactor (BGRR), which
has been in almost continuous operation since
1950, are used in a variety of programs by Brook-
haven personnel and by visiting scientists and en-
gineers from other institutions. The maximum
thermal neutron flux available is =2 X 10'® neu-
trons/cm?-sec. The reactor loading remained at
615 channels. The graphite annealing procedure
to repair graphite radiation damage was carried

xiil

out 18 times during the past year. A third vertical
hole 4 in. in diameter was drilled in the graphite
to provide an additional irradiation facility.

Approximately 35 reactor holes are assigned to
BNL research departments. The 7 outside organi-
zations availing themselves of reactor facilities (for
other than routine irradiation services) under var-
ious cooperative arrangements have accounted for
continuous use of an average of 4 experimental
holes. A complete report on the BGRR will be
found in the section on Technical Operations and
Services.

Medical Research Reactor

The Medical Research Reactor (MRR) was
constructed for the sole purpose of exploring the
possible applications of nuclear reactors to the
study of man and his diseases. Each salient feature
of the reactor was designed in relation to its use
for therapy and diagnosis or in the advancement
of basic medical science. Operation on an inter-
mittent basis is demanded by the nature of the re-
search program. Operating power levels up to 3
MW have been approved for continuous opera-
tion, and levels up to 5 MW are permitted for in-
termittent periods not to exceed 10 minutes.

The MRR was operated 286 times during the
year for a total of 587 MWh. Further details on
the MRR are included in the section on Technical
Operations and Services.

Hot Laboratory

The Hot Laboratory, which is adjacent to the
BGRR, contains extensive facilities for the analysis
and processing of highly radioactive materials. It
includes three hot cells in which chemical opera-
tions can be performed remotely while under ob-
servation by periscope, and a larger hot cell of the
cave type for the physical examination of mate-
rials, especially metals of high activity.

Critical Assembly Laboratory

The Critical Assembly Laboratory provides
specialized facilities for research in reactor physics
and for reactor development studies. The experi-
mental area has five different zones, each consist-
ing of an assembly cell and its associated control
area. At present, two of the zones are being used
for critical assemblies, the third has a 1-MeV
pulsed neutron source (Van de Graaffaccelerator),
the fourth has a neutron source reactor, and a



Figure 7. A group of ten leading Soviet nuclear scientists and officials inspecting the 80-
in. liquid hydrogen bubble chamber. They visited Brookhaven National Laboratory on
November 19, 1963, during a reciprocal tour of unclassified atomic energy installations
in this country. A group of U.S. nuclear scientists and AEC officials toured Russian
atomic energy facilities in May 1963 and at that time invited the Soviet scientists to visit
the U.S. The Soviet group was headed by Andronik M. Petrosyants (third from the
right), Chairman of the USSR State Committee on the Utilization of Atomic Energy.

Figure 8. View of the control room of the 80-in. liquid hydrogen bubble chamber, showing
some of the many instruments and controls required to monitor and precisely regulate the
operation of the large, complex components and systems constituting the bubble chamber.

X1V



second neutron source reactor is being built in the
fifth zone. In addition to these zones, the experi-
mental area includes a counting room, two ura-
nium storage vaults, an electronics shop, and a
mechanical shop. An analogue computer and two
digital computers, used for on-line data processing
as well as standard data reduction, are also avail-
able in the experimental area.

High Intensity Radiation Development Laboratory

The High Intensity Radiation Development
Laboratory (HIRDL) was officially dedicated on
November 22, 1963. The dedication address was
made by AEC Commissioner Gerald I'. Tape. The
function of the HIRDL is to obtain engineering
data on a variety of radiation sources in the
million-curie range and to develop more efficient
techniques for handling large-scale radiation
sources. This information is essential for the design
of future irradiation facilities needed for a wide
range of applications of radiation energy. The
main design features of the HIRDL are two
unique cells, one an irradiation cell for the experi-
mental work with radiation sources, and the other
a work preparation cell in which various types of
sources will be prepared. The total level of radia-
tion to be eventually employed in this laboratory
is ~2 million curies.

During the past year 300,000 curies of ETR-
type Co®® sources, produced in the Engineering
Test Reactor in Idaho, were encapsulated and
tested. In addition, 217,000 curies of Cs'*” were
received from Oak Ridge National Laboraltory,
and 225,000 curies of Co®® were received from the
Savannah River plant.

Additional information on the HIRDL is given
in the section on Nuclear Engineering.

80-in. Liquid Hydrogen Bubble Chamber

In its first year of operation, the 80-in. liquid
hydrogen bubble chamber, located in the North
Experimental Area of the AGS, produced about
557,000 photographs. One very important experi-
ment using the 80-in. chamber verified the exist-
ence of the previously predicted - particle.

This bubble chamber, with an effective volume
of 850 liters, is the largest in the world. It is posi-
tioned inside a vacuum chamber; a magnet capa-
ble of producing magnetic fields as high as 20,000
gauss with its 280-ton steel yoke completes the
assembly, which is constructed in two units that
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separate to give access to the chamber. The entire
450-ton chamber and magnet assembly rides upon
an undercarriage and can be translated, rotated,
and elevated as required by the experimental
program.

More information on the 80-in. bubble chamber
may be found in the section on Physics.

MAJOR RESEARCH FACILITIES
UNDER DESIGN AND CONSTRUCTION

High Flux Beam Research Reactor

Construction continued throughout the year on
the High Flux Beam Research Reactor (HFBR).
This reactor is designed to meet the need for
higher neutron fluxes that has arisen as experi-
mental techniques have improved. The HFBR
will be cooled, moderated, and reflected by heavy
water; it will be fueled with 28 ETR-type flat-
plate fuel elements of enriched uranium compris-
ing a compact, high-power-density core which will
provide a maximum total flux of 1 to 2Xx10*
neutrons/cm?-sec. There will be 9 horizontal
beam tubes in the reflector, 2 of them arranged to
bring out double beams.

The HFBR will be housed in a three-story, cir-
cular, domed, gas-tight building. The bottom floor
will house the operating machinery for the reactor;
the second, or ground, floor will be reserved for
beam experiments and laboratories; and the top
floor will accommodate the control room, irradia-
tion experiments, and fuel handling facilities.

The architect-engineer work is being done by
the Lummus Company under contract to the
Atomic Energy Commission. The reactor is being
constructed on Rutherford Hill, southeast of the
BGRR’s cooling tower. Construction was nearing
completion at the end of the fiscal year, and sys-
tems testing is expected to begin before the end of
1964.

Tandem Van de Graaff

A tandem Van de Graaff facility is in the ad-
vanced planning stage. It will consist of 2 tandem
Van de Graaff accelerators arranged to be used
in series as a 3-stage accelerator. The energy range
for singly charged particles with the 3-stage ar-
rangement extends from =~4MeV to 30 or 40 MeV
with an energy spread not greater than =2 kV.

The emphasis in the research program at this
new facility will be on the study of nuclear struc-



Figure 9. Aerial view of the containment vessel for the High Flux Beam Research
Reactor, taken near the end of fiscal 1964. This reactor, which will begin operation
in 1965, will provide intense beams of neutrons for a variety of research purposes.

Figure 10. View of the High Flux Beam Research Reactor at the ex-
perimental floor level, showing 3 of the 9 holes for bringing intense
beams of neutrons out through the shielding to experimental equipment.



Figure 11. The new Instrumentation and Health Physics Building,
completed and occupied in June 1964.

Figure 12. Aerial view (May 1964) of the new Chemistry Building,
which is scheduled for completion in the summer of 1965.



ture over the whole energy range available from
the 3-stage operation of the 2 accelerators. How-
ever, the arrangement of the machines is designed
to allow each one to be operated separately as a 2-
stage tandem Van de Graaff accelerator with en-
ergy up to 20 to 25 MeV; this will greatly extend
the research capabilities of the facility.

There will be 4 experimental scattering rooms
containing a total of 22 beam tubes and associated
equipment. A high-resolution magnetic spectrom-
eter is planned as one of the instruments to be used
in the nuclear structure research program. Scat-
tering chambers and other types of experimental
apparatus are being designed for future applica-
tion in the tandem Van de Graaff research pro-
gram. Existing experimental programs at the
cyclotron and the small Van de Graaff at Brook-
haven will be extended into the energy region
made available with the new tandem facility.

Detailed specifications were drawn up for the
desired performance characteristics, and a pro-
posal was solicited from the High Voltage Engi-
neering Corporation for the manufacture of two
tandem Van de Graaff machines and auxiliary
equipment. This proposal will be evaluated and a
contract negotiated.

The Catalytic Construction Company was
selected as the architect-engineer for the building
to house this facility. Preliminary building design
is progressing according to schedule.

GENERAL CONSTRUCTION PROGRAM

As previously mentioned, construction of the
Southwest Experimental Area at the AGS was
completed. In addition, the new Instrumentation
and Health Physics Building was completed and
occupted at the end ot the fiscal year. 'L'his struc-
ture, which replaces 4 temporary World War 11
buildings in 2 locations, provides 47,000 sq ft of
space for laboratories, shops, and offices.

In September 1963 construction of a new water
treatment plant was begun. In Uctober construc-
tion began on the Physics and Mathematics addi-
tion to the Physics Building, which will provide
133,500 sq ft of floor space and is expected to be
completed in the fall of 1965. During that same
month construction also began on the Controlled
Environment Laboratory. This 33,500-sq-ft addi-
tion to the Biology Building is scheduled for com-
pletion in the spring of 1965.
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Construction continued throughout the year on
the new 138,000-sq-ft Chemistry Building, sched-
uled to be completed in the summer of 1965.
~ Construction of the steam plant addition and
work on the preliminary design of the tandem
Van de Graaff facility are scheduled to begin early
in fiscal 1965. Construction of the 4-level radiation
counting facility for clinical research is scheduled
to begin about midway through fiscal 1965. Also
scheduled to begin in fiscal 1965, contingent upon
congressional approval, is the Lecture Hall-
Cafeteria.

Detailed planning continued for the laboratories
and facilities required to meet Brookhaven’s needs.
These include the AGS Target Building and Ser-
vice Building additions, the Technical Photography
and Graphic Arts Building, the Hot Laboratory
addition, the Central Shops Building, the Molec-
ular Biology addition, and the HIRDL addition.
Brookhaven will request a continuation of this
building program for future years so that its func-
tion as a research center can be efficiently and
economically fulfilled.

PERSONNEL

The total number of employees at Brookhaven
National Laboratory on June 30, 1964, excluding
temporary appointees, Research Collaborators,
and guests, was 3065. This represents a net in
crease over fiscal 1963 of 155, or 5.2%. During
fiscal 1964 the regular salaried scientific staff
(Ph.D. or equivalent) increased from 369 to 401,
Research Associates from 80 to 85,* and salaried
visitors from 31 to 37,* for a total increase in the
salaried staff from 480 to 523. The nonsalaried
scientific staff increased from 516 in 1963 to 609 in
1964 as of May 31 of these years. The latter visitors
are not at Brookhaven on a full-time basis. About
one-fourth to one-third of them are on site at any
given time. About 600 (as compared to 550 the
previous year) visiting scientists and students
(salaried and nonsalaried) worked at the Labo-
ratory during the year; this number does not in-
clude Research Associates. These individuals were
affiliated with 203 different institutions. The total
number of professional employees (B.S. or equiva-
lent) increased during the year from 297 to 323.

*These figures include students. For further details, see Tables
1 and 2 in the section on Administration and Operations.
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CosT

REACTOR LIFE ISOTOPE TRAINING & OTHER
SCIENCES DEVELOPMENT

DEVELOPMENT

PHYSICAL

FISCAL
YEAR

(NET)

EDUCATION

SCIENCES

41,276,690
37,004,001

737.51
1,111,563

174,142
135,985
145,587

979,385
964,471

6,211,430
5,776,303
5,216,925

5.318,029
4,723,994
3,892,953

27,856,193

1964
1963
1962

24,291,685

29,662,649

929,043

547,238

18,930,903

MAJOR CATEGORIES OF OPERATING EXPENDITURES
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YEAR

OPERATING
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TOTAL
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SPECIAL PROCUREMENTS
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(NET)

41,276,690
37,004,001
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1,376,060

694,359

1
1

10,629,739

017,348

28,

1964
1963
1962
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1,047,376

9,522,285

6

24,795,398
20,881,773

29,662,649

901,716

831,784
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Table 1

-Organizational Expenditures - Fiscal 1962, 1963, 1964
(Includes Operating, Servizes to Fixed Assets, and Work for Others. Direct Costs of AGS and Other Fixed Assets and Additions to Inventory Are Not Included; See Tables 3 & 4)

Szlaries, Wages, Insurance Sub- Man-Years
contracts Total
Consultants Material & Special Miscel- Organi- % Scientific &
& Temporary & Procure- lancous zational of Professional

Staff Employess Travel  Supplies ments Power (Net) Costs Total | (Incl. Guests) Others Total
Physics & Chemistry Research 1964 1C.054,317 302,001 224,039 4,500,694 104,392 977,705 — 16,163,148 39.2 461.5 628.5 1,090.0
1963  £.637,495 335,333 198,836 3,686,095 94,830 634,176 — 13,586,765 36.7 425.5 584.5 1,010.0
1962  €.703,649 229,532 163,881 2,399,307 250,803 402,092 1,000+ 10,148,264 34.2 375.0 4380 8130
Biology, Medicine & Biophysics Research 1964  Z.046,927 116,484 64,371 775,220 — — (111 4,002,891 9.7 155.5 226.0 3815
1963 2,753,044 112,478 76,131 721,110 125 — (1,128 3,661,760 9.9 148.5 212.0 360.5
1962 2,493,351 86,324 81,635 603,116 770 — (5,3037 . 3,259,893 11.0 140.5 1945  335.0
Nuclear Engineering Research 1964 2,788,603 71,227 80,476 855,197 563,009 — — 4,358,512 10.6 130.5 1415 2720
. 1963 2,420,259 72,127 91,592 769,155 437,859 — — 3,790,992 10.2 118.0 141.5 2595
1962 2,208,169 38,870 85,757 592,567 113,116 — — 3,038,479 10.2 113.0 129.0 2420
Isotope Development 1964 404,902 7,632 9,045 120,246 44 444 — — 586,269 1.4 23.5 19.5 43.0
1963 345,204 6,570 8,356 135,446 103,935 — — 599,511 1.6 19.5 18.0 37.5
1962 193,727 6,897 10,165 67,888 47,119 — — 325,796 1.1 13.5 10.5 24.0
Training & Education ) 1964 50,093 29,561 24,079 16,475 8,504 — — 128,712 0.3 4.0 5.0 9.0
1963 48,485 2,752 - 31,139 5,582 7,029 — — 94,987 0.3 3.5 1.5 5.0
1962 47,838 3,419 26,789 30,185 2,093 — (6,800) 103,524 0.4 3.5 0.5 4.0
Radiation Protection 1964 569,289 2,321 2,943 111,436 — — (13) 685,976 1.7 12.0 55.5 67.5
1963 523,807 2,201 4,412 179,110 11 —_ (491) 709,050 1.9 12.5 53.0 65.5
A 1962 475,329 2,258 5,677 85,619 — — = 568,883 1.9 3.0 47.0 50.0
Supporting Scientific & Technical Services 1964 4,912,675 28,379 35,577 777,441 747,017 252,521  (129,001) 6,624,609 16.0 78.5 443.5 5220
1963 2,456,791 17,931 30,827 738,555 758,812 255,073 (134,743) 6,123,240 16.5 63.0 4225 4855
1962  %,607,195 22,184 26,812 1,116,269 19,470 281,880 (129,824) 4,943,986 16.7 67.0 365.5 4325
Security & Plant Protection 1964 641,497 15 1,934 18,726 — — 2,352 664,524 1.6 — 75.0 75.0
1963 584,084 — " 619 18,661 — — 1,952 605,296 1.6 — 75.5 75.5
- 1962 580,958 552 876 9,841 - — 2,351 594,558 2.0 — 75.0 75.0

Miscellaneous (including Lighting, T & T, 1964 — — 2,409 94,532 (13,936) 464,133 855,968 1,403,106 3.4 — — —

Heating Fuels, Specizl Maintenance, etc.) 1963 — _— 2,246 266,568 (11,457) 421,009 937,805 1,616,172 4.4 —_ — —

. 1962 —_ — 908  183,800- (8,827) 363,404 838,735 1,378,020 4.6 — — —
General and Administrative 1964  <,907,509 57,778 150,206 1,229,515 (704) — (268,921) 6,075,353 14.7 42.5 624.5 667.0
1963  =,357,676 55,716 89,366 870,938 21,757 — 97,680 5,493,143 14.9 37.0 576.5 6135
1962 4,053,265 51,371 151,104 572,470 15,200 — (27,123) 4,816,287 16.2 - 563.5  563.5
Labcratory Total 1964 27,375,812 615,398 595,079 8,499,482 1,452,726 1,694,359 460,244 40,693,100 98.6 908.0 2,219.0 3,127.0
1963 24,126,845 605,108 533,524 7,391,220 1,412,901 .1,310,258 901,062 36,280,916 98.0 827.5 2,085.0 2,912.5
1962 20,363,481 441,407 553,604 5,661,062 439,744 1,047,376 671,006 29,177,690 98.3 715.5 1,823.5 2,539.0

AUI Administration 1964 — — — — — — 475,000 475,000 1.1 — — —

1963 — — —_ — — — 475,000 475,000 1.3 — — —

1962 — — — — — = 230,700 230,700 0.8 — — —
Total AUI and BNL 1964 27,375,812 615,398 595,079 8,499,482 1,452,726 1,694,259 935,244 41,168,100 99.7 908.0  2,219.0 3,127.0
1963 24,126,845 605,108 533,524 7,391,220 1,412,901 1,310,258 1,375,060 36,755,916 99.3 827.5 2,085.0 29125
1962 23,363,481 441,407 553,604 5,661,062 439,744 1,047,376 901,716 29,408,390 99.1 715.5 1,823.5 2,539.0
Work for Others, Direct Costs Only 1964 26,138 — 7,206 33,033 42,213 — — 108,590 0.3 3.0 4.0 7.0
. : 1963 63,409 3€ 11,501 152,217 20,922 — — 248,085 0.7 85 - 5.0 13.5
1962 75,079 1,806 4,015 111,789 61,570 — — 254,259 09 7.5 7.5 15.0
Grand Total 1964 27,401,950 615,398 602,285 8,532,515 1,494,939 1,694,359 935,244  41,276,690* 100.0 911.0 2,223.0 3,1340
1963 24,190,254 605,144 545,025 7,543,437 1,433,823 1,310,258 1,375,06C  37,004,001** 100.0 836.0 2,090.0 2,926.0
1962 27,438,560 443,213 557,619 5,772,851 501,314 1,047,376  901,71€  29,662,649f 100.0 723.0 1,831.0 2,554.0

*$675,186 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory.
**8925,374 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory. -
1$712,038 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory.
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Table 2

Capital Equipment Expenditures
(Including Charges From Organizational Units; See Table 1)

Fiscal 1964 Fiscal 1963 Fiscal 1962
$ % $ % $ %
Scientific & hospital 6,728,208 95.0 10,021,696 95.2 6,604,023 93.6
Automotive & heavy mobile 91,295 1.3 195,927 1.9 154,852 2.2
Office machines & furniture 105,019 1.5 125,626 1.2 87,252 1.2
Shop equipment 109,509 1.5 134,232 1.3 159,313 2.3
Miscellaneous 49,988 0.7 39,843 0.4 46,661 0.7
Expenditures, Total ‘ 7,084,019  100.0 10,517,324  100.0 7,052,101  100.0
Proceeds from sales (32,386) (63,770) (12,665)
Expenditures, Net 7,051,633 10,453,554 7,039,436
Table 3
Costs Incurred for Fixed Assets
(Including Charges From Organizational Units; See Table 1)
Fiscal 1964 Fiscal 1963 Fiscal 1962
Man-years Man-years Man-years
Costs, $ Sci. Others Costs, § Sci. Others Costs, $ Sci. Others

Alternating Gradient Synchrotron

Direct
Salaries, wages, insurance — - — — - -
Materials, construction, etc. 74,607 245,413
Subtotal direct 74,607 - 245,413
Charges from organizational units — 29,894
Total 74,607 275,307

1,226,016

1,226,016
22,231

1,248,247

Other, Including High Flux Beam Research Reactor and 80-in. Buhhle Chamber

Direct
Salaries, wages, insurance 600,399 20.5 33.0 557,471 21.0 29.0 776,466 325 495
Materials, construction, etc. 9,290,045 14,178,652 10,079,560
Subtotal direct 9,890,444 ' 14,736,123 10,856,026
Charges from organizational units 479,700 635,402 476,206
Total 10,370,144 15,371,525 11,332,232 -
Table 4
Inventory at Close of Fiscal Year
Fiscal year
Type of inventory 1964 1963 1962
General stores* ’ $ 618,905 $ 781,849 $ 704,424
Precious metals and radium 206,089 137,745 96,683
Stable isotopes 51,962 32,899 38,793
Heavy water 753,685 674,252 683,039
Total $1,630,641 - $1,626,745 $1,522,939

*The number of months investment was 2.2 in 1964, 3.0 in 1963, and 3.5 in 1962.




Summer visitors continue to play a significant
role in the Laboratory’s program. Arrangements
have been made for 304 visiting scientists and stu-
dents to work at Brookhaven during the summer
of 1964. Of this number, 140 are staff members
from various educational and research institutions,
and 164 are students.

ADMINISTRATION

The organization of the Laboratory, as of July
1964, is given in Figure 1. At their annual meeting
in October 1963 the AUI Board of Trustees made
five appointments. Mr. LaRoy B. Thompson, Vice
President of the University of Rochester, succeeded
Dr. LI. Rabi of Columbia University as Chairman
of the Board; Mr. Edward Reynolds, formerly
Administrative Vice President of Harvard Uni-
versity, was re-elected President of the corpora-

_tion (Mr. Reynolds had served in that capacity
since last July when Dr. Gerald F. Tape resigned
to accept a White House appointment to the U.S.
Atomic Energy Commission); and three new
members were elected to the AUI Board of Trus-
tees: Dr. Franklin A. Long and Dr. Boyce D.
McDaniel of Cornell University, for terms expir-
ing in October 1965 and 1966, respectively; and

Dr. Richard H. Champerlain of the University of
Pennsylvania, whose term will expire in October
1964.

Effective July 1, 1964, Dr. William J. Cata-
cosinos was appointed an Assistant Director with

* principal responsibilities in the areas of business

management and business administration. Dr.
Catacosinos had been Business Manager of the
Laboratory.

FINANCE

AEC-supported research at the Laboratory con-
tinued to be financed by the AEC Divisions of
Reactor Development, Research (Physical Sci-
ences), Biology and Medicine (Life Sciences),
Training and Education, and Isotope Develop-
ment. Operating costs for the work in each pro-
gram and the major categories of operating ex-
penditures are shown in Figure 14. Details of the

.operating expenditures of the Laboratory ona

broad operational basis are given in Table 1.

Table 2 shows expenditures for capital equip-
ment, Table 3 is a summary of expenditures for
fixed assets (plant and equipment), and Table 4
reflects inventories for which the Laboratory is
responsible.

BROOKHAVEN NATIONAL LABORATORY
COMTFARATIVE BALANCE SHEET

Assets

Cash

Accounts receivable -

Advances and prepaid expenses

Deposits

Property, plant, and equipment (less reserves of $50,444,057
at June 30, 1964, and $44,470,532 at June 30, 1963)

Research materials and supplies

Total assets
- Liahilities
Accounts payable
Accrued vacations

Accrued payroll
Atomic Energy Commission

Total liabilities

June 30, 1964

$° 566,351 $ 1,433,405
234,874 271,039
74,149 146,902
89,816 88,605

125,254,054 113,987,322

11,630,408 6,987,689

$137,849,652 $122,914,962

$ 3,658,824 $ 4,358,184

2,269,901 2,009,541
316,904 205,571
116,341,666

131,604,023
$137,849,652

June 30, 1963

$122,914,962

Note: Although the Laboratory has custody and use of the assets, title remains vested in the United States Government.
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CONFERENCES

Six formal conferences were held at the Labo-
ratory during the fiscal year. One of them, the
Symposium on Biological Effects of Neutron Ir-
radiations, October 7-11, was the first meeting
sponsored by the International Atomic Energy
Agency to be held in the United States. It was
attended by =150 scientists representing 19

countries and 4 international agencies. Other con-
ferences were as follows: Fundamental Aspects of
Weak Interactions, September 9-11; Evaluated
Nuclear Data Files Meeting, May 4-5; National
Research Council Solid State Sciences Advisory
Panel, May 11-12; AEC Meteorological Activities
Conference, May 19-21; and Biology Symposium
No. 17, entitled “Subunit Structure of Proteins,”
June 1-3.

Figure 15. Dr. Henry Seligman (center), Deputy Director of the International Atomic Energy
Agency (IAEA), delivering the opening address at the Symposium on Biological Effects of Neu-
tron Irradiations, held at Brookhaven National Laboratory from October 7 through 11, 1963.
At the speakers’ table with Dr. Seligman are the two IAEA Scientific Secretaries for the sympo-
sium, Dr. Vladimir Zeleny (far left) and Mr. Evgenii Komorov (far right). On Dr. Seligman’s
right is Dr. Maurice Goldhaber, Director of Brookhaven National Laboratory, and on his left
is Dr. Harold H. Smith, of the Laboratory’s Biology Department. This was the first scientific
symposium to be held in the United States under the sponsorship of the IAEA, a United
Nations-affiliated organization with headquarters in Vienna. Approximately 150 scientists from

19 countries attended the symposium.

xxlil



PHYSICAL
SCIENCES
a AND

ENGINEERING.



 THISPAGE
WAS INTENTIONALLY
LEFT BLANK



¥

Physics

The physics research program consists of experi-
mental and theoretical studies concerned with the
structure and fundamental properties of matter.
Various features of the complex structure and
properties of matter can be most effectively studied
by observing the interactions of charged particles,
neutral particles, and radiation with matter. Some
of these studies deal with the interactions involv-
ing individual atoms, atomic nuclei, or nucleons,
and others with conglémcratcs of aloms and mole-
cules in bulk matter. The Alternating Gradient
Synchrotron, Cosmotron, 60-in. cyclotron, Van
de Graaff accelerator, and the Graphite Re-
search Reactor at Brookhaven provide a ‘wide
range of energies and diversity of particles and
radiation with which to carry out experimental

‘investigations. The researches reported here will

be described under the categories of particle phys-

ics, nuclear structure, neutron physics, atomic and

molecular physics, and solid state physics. The
theoretical scientists conduct their investigations

in close association with the experimental scien- .

tists and provide stimuli for new approaches to the
problem. : »

The work of Brookhaven scientists is augmented
by that of a numbher of visiting and guest scientists
on leave from other institutions in this country and
abroad. These visitors and guests are attracted to
Brookhaven not only by the availability of its facil-
ities but also by the opportunity to collaborate
with Brookhaven scientists. The interchange of
ideas and experience resulting from the presence
of thiese visiting scientists is very important to an
active research program.

PARTICLE PHYSICS

The number of universities and laboratories
sharing in the particle physics research at Brook-
haven National Laboratory clearly demonstrates
its national nature. About two-thirds of the work
at the Alternating Gradient Synchrotron (AGS)
and the Cosmotron is done by groups from these
organizations. During fiscal 1964 more than 370
guest scientists participated in the program, in-
cluding representatives of all the AUT institutions:

Columbia University

Cornell University

Harvard University

Johns Hopkins University
Massachusetts Institute of Technology
Princeton University

University of Pennsylvania
University of Rochester

Yale University

The following organizations were also represented:

Brandeis University,

Brown University

California Institute of Technology

Carnegie Institute of Technology

City University of New York

Duke University

Florida State University

Institute for Advanced Study

Iowa State University

Naval Research Laboratory

Northwestern University

Oak Ridge National Laboratory

Ohio University

Rensselaer Polytechnic Institute

Rockefeller Institute

Rutgers University

Stanford University

State University of New York

Syracuse University

University of California at Berkeley

University of California at La Jolla

University of Colorado

University of Illinvis

University of Indiana

University of Maryland

University of Miami

University of Michigan

University of ‘Tennessee

University of Washington -

University of Wisconsin

Vanderbilt University

Guest scientists also included representatives of
the following foreign laboratories : AERE, Harwell,
England; AERI, Seoul, Korea; Cambridge Uni-
versity, England; CERN, Geneva, Switzerland;
Ecole Polytechnique, Paris, France; Imperial Col-
lege, London, England; Middle East Technical
University, Ankara, Turkey; Pisa University, [taly;
University of Delhi, India; University of Rome, |
Italy; and Woodstock College, England.
No attempt has been made to cover all the work

accomplished at BNL in particle physics during
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thé past fiscal year. A detailed list of publications in
the field is included in Appendix A.‘The material
that follows presents the highlights and a typical
cross section of the research activity for this period.

General

Presently known fundamental interactions in
nature are the result of four types of force - gravi-
tational, electromagnetic, weak, and strong. Both
the weak (weak interaction) and the strong (strong
or nuclear interaction) forces are associated with
the behavior and constitution of the nucleus and
the fundamental particles. Weak interaction forces
(=107*? times as weak as nuclear forces) are re-
sponsible for the slow (= 10-""-acc) decay of par-
ticles and the B decay of the nucleus. In contrast,
the strong interactions must be invoked to explain
other nuclear and particle interactions such as
scattering and particle production. Although the
interactions of the fundamental particles depend
on the exact forces involved, these forces are sub-
ject to general restrictions, the conservation laws
and invariance principles, some of whose conse-
quences are independent of the detailed descrip-
tion of the forces. '

Some of these laws, such as the conservation of
energy and momentum, seem comprehensible to
us because of their familiarity. The law of con-
servation of charge is also tamiliar, but it guvernus
an intrinsic property of particles rather than the
properties of their motion. lt has its basis in the
guantuw imechanical coneepts of physics,

Other new conservation laws revealed in par-
ticle physics appear to have equal validity but
seem very peculiar because their relation to the
familiar space-time properties of our world of ex-
periernice is quite unknown. The concept of strange-
ness is one of these. Strangeness conservation'can
be used to provide the rules governing the experi-
mental observation that certain of the recently
discovered particles never appear as a result of

nuclear collisions unless they are produced in re-

stricted combinations in association with each
other (associated production). Nucleons and 7
mesons, which are not produced by associated pro-
duction, have strangeness quantum number equal
to zero, whereas hyperons and K mesons have
strangeness quantum numbers different from zero.
Violation of strangeness conservation means that
the process proceeds via a weak interaction with a
change of strangeness (AS=1).

A conservation law which holds only for strong
interactions is that of isospin (isotopic spin). Itis
an expression of a fundamental symmetry in
nature whereby the interaction is independent of
charge. Observations from p-p, n-n, and n-p scat-
tering have shown that the neutron and the pro-
ton behave in a very similar way in strong inter-
actions. In these interactionsthe proton and neu-
tron may be treated formally as a single entity
with two different charge states, 0 or +1, forming
a doublet. The strongly interacting particles all
seem to fall into multiplets, the members of such
a multiplet being almost identical except for their
electric charges. The particles of a multiplet with
2141 components are said to have isospin J, in the
same way thal a particle with 25 | 1 independent
polarization states has spin S. Just as a system of
several particles can be assigned a total spin de-
pending on the individual spins and polarizations,
so a total isospin can be assigned depending in the
same way on the individual isospins and charges,
and in any strong interaction the conservation law
says that this total isospin must be conserved.

Another conservation law, which embodies an
as yet unknown symmetry principle, is the con-
servation of leptons and baryons. The baryons are
‘all the strongly interacting particles except the
mesons. The leptons are the muons, electrons, and
neutrinos. This conservation law holds for all types
of interaction. Whenever a baryon disappears in
an interaction, another baryon must appear to
take its place, or an antibaryon must also disap-
pear. Tlie samc holds true for leptons

The conservation of parity is a law founded on
invariance under space inversion. This is a condi-
tion of symmetry such that the mirror image of an
event delineates an event which is also physically
possible. Parity invariance holds for the strong and
electromagnetic but not the weak interactions.

The principle of time reversal invariance is an
expression of an underlying symmetry in time.
Time reversal invariance means, for example, that
if the sequence of events in an interaction is physi-
cally possible, then the inverted sequence of events
must also be possible.

The principle of invariance under charge con-
jugation governs the interchange of particles and
antiparticles. Invariance under charge conjuga-
tion means that transformation of all the particles
in any event into antiparticles also results in a
physically possible event.



Parity (P), time reversal (7 ), and charge con-
jugation (C') are related mathematically in such
a way that if two of them hold or do not hold for
a given interaction, the third must always hold or
not hold.

These conservation laws and invariance prin-
ciples provide the underlying structure that makes
it possible to describe and predict some of the ex-
perimental observations in particle physics. Al-
though many of them appear to be deeply funda-
mental and firmly established, they must never-
theless be tested in new situations to prove their
general validity.

Research at the Cosmotron

The varied program at the Cosmotron reflects
the fertility of ideas brought to bear on the prob-

lems of particle physics. Such a program results
from the diverse approach of the many indepen-
dent university groups who avail themselves of the
high energy facilities at Brookhaven National
Laboratory.

The reaction p+p—d+a* occurs with a small
cross section for incident proton energies in the
BeV range. It is, however, a fundamental re-
action and of particular interest because the proc-
ess of forming a deuteron from a fast-moving
nucleon and a slow-moving one involves a large
momentum transfer to the 7 meson. Interactions
that occur with large cross sections, and for this
reason are the ones most frequently studied, in-
volve small momentum transfers. The reaction
p+p—d+a* thus represents investigation of a little
explored area. It is also one of the few 2-body re-

Figure 1. Experimental equipment for the study of the reaction p+p—d+m*. The Cosmotron
external proton beam emerged from the 12-1n. pipe at left. The interaction ook place in a liguid
hydrogen target occupying the position of the transit in the photograph. The magnet mounted
on rails (center) could easily be positioned at varying angles to analyze the momentum of the
deuteron. The 7 meson was detected by a counter telescope (not shown) mounted on the I-beam,
which pivoted about the center post at the target location to set the desired angles. The nonreacting
portion of the proton beam continued through the polyethylene bag (filled with helium to reduce
subsequent scattering) and was absorbed by the concrete and steel beam stopper shown at the right.
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actions in high energy particle physics and there-
fore might provide both the stimulus and tests for
dynamical theories of particle interactions. Two
experiments based on this reaction were per-
formed at the Cosmotron using counters and the
time-of-flight technique to identify the deuterons.
A Brookhaven group measured the energy spectra
of the deuteron produced at 0°. The production
cross section at 0° was found to increase as the in-
cident proton energy increased from 1.3 to 2.5
BeV. Shortly after this result was obtained a group
at CERN observed that the production at close to
0° decreased as the incident proton energy was in-
creased from 3 to 10 BeV. Together these two ex-
periments show that a peak in the production
process at 0° exists at =2.5-BeV incident proton
energy. A satisfactory explanation of this peak has
been made in terms of a one-pion exchange (OPE)
involving the 7'-p resonance with isospin /=%
and total angular momentum /=74, a nucleon
isobar (excited state). If this interpretation is con-
firmed by future experiments, it will represent a
surprising success for the OPE model, whose ap-
plication is supposed to be limited to small mo-
mentum transfer processes.

Another group from Michigan and Stanford
measured the differential cross section in about the
same energy range as that used in the Brookhaven
work. To cover all angles of interest the deuteron
momentum analyzing magnet was mounted on
rails (see Figure 1) and could be easily positioned
to accept deuterons throughout the range from 0°
to 25°. They were able to conclude that the peak
deduced above was caused by the energy depen-
dence of the angular distribution rather than being
indicative of any maximum in the total cross sec-
tion. Values for the total cross section were de-
rived from differential cross section measurements.
1t was further pointed out that their data seemed
to suggest a peripheral interaction.

This same group is extending its work to study
multipion resonances including the {, p, and X°
mesons. Since the experimental situation concern-
ing the existence of a 7-7 resonance at 560 MeV,
the so-called { particle, is unresolved, the good sta-
tistics available from this counter experiment may
provide a definite answer. The apparatus being
used includes a comprehensive system of y-ray
conversion spark chambers which make it possible
to study the decay modes of the resonances.

A group from Princeton University, using a
spark chamber and magnet spectrometer setup

very similar to that for their neutral K-meson ex-
periment at the AGS (described below), searched
for the 2-7 decay of the w meson. Their work was
mainly restricted to low momentum transfer events
(90% <400 MeV /¢), but they found no evidence
for this mode of decay. This result indicated that
more work is needed to definitively establish the 2-
pion state of the w reported last year.

A team from Brandeis, Brown, Harvard, MIT,
and Padua has used spark chambers to study two
phenomena: (1) the simple charge exchange proc-
ess 7 +p—>7° +nin the neighborhood of the second
(1.52-BeV) and third (1.68-BeV) nucleon reso-
nances, and (2) the production of the 7, meson by
the process 7~ +p—n,+p. In these experiments y
rays from decaying 7° and 1, mesons were detected
by conversion in a steel spark chamber surround-
ing a hydrogen target, and the y-ray kinematic
properties were used to separate the 7° from the 7,
production processes.

Angular distribution for the charge exchange
process near the third nucleon resonance showed
asymmetries supporting the assignment of F;,
(orbital angular momentum L =3, total angular
momentum J=>3%) to this state with /=" con-
sistent with dispersion theory predictions. No
significant asymmetries were observed near the
second nucleon resonance.

It has been noted for some time that the sum of
the masses 1, +n7=1.48 BeV is very close to the
total energy of the second nucleon resonance
N*=1.52 BeV. Part two of this experiment dealt
with the possible relationship hetween the produc
tion of the 7, meson and this second nucleon reso-
nance. The observed angular distribution for the
production of 7,’s is quite isotropic from the
threshold energy up to 1 BeV, and the increase in
cross section, which was found to be nearly lincar
with energy in the center-of-mass system, suggests
a S,,, or P,,, production state in contrast to a
D,,, state believed to be characteristic of the
second nuclear level. It thus appears that the ex-
citation of the second nuclear level is not related
to the production of the 1, mesons.

The AI=": rule is a selection rule connected
with the change of isospin in the weak decays of
strange particles. A theory involving simplc as-
sumptions about the structurc of the Lagrangian
predicts this rule in the leptonic decays of the K
meson. The validity of this rule in the nonleptonic
decays is well established experimentally, and the
rule gives a unique prediction for the ratio of decay



of the K * and the K" mesons into leptons. Rela-
tions between the various modes of decay of the
K° and K * mesons, which had already been ex-
perimentally established, revealed that the only
missing piece of experimental information needed
to test the rule was the ratio of the K.° to the K,°
decays of the A'° meson. An experiment to measure
this ratio was carried out by a group from the
University of Pennsylvania. Neutral K mesons
were produced in the reaction 7~ +p— A+ K ° by us-
ing 1-BeV /¢ pions from the Cosmotron incident
on a liquid hydrogen target. The A mesons and A
hyperons were observed to decay in a thin-plate
spark chamber triggered by a scintillation counter
system. The measured directions of the incident
pion and of the four charge decay products per-
mit the overdetermined reconstruction of events
that involved the production of a A and a K°in
the hydrogen target and the subsequent 2-body
decay of a A. Analysis of the corresponding kaon
decays leads to identification of events that are
consistent with the 2-body decay of the K,°, and of
events that are inconsistent with the 2-body decay
mode. Events recognized as 2-body kaon decays
yielded a lifetime in good agreement with the
known lifetime of the A,°. Events selected as non-
2-body decay, which were identified as K,° decays,
were observed to be distributed uniformly in time,
as would be expected for these long-lived (=10-*-
sec) particles. After appropriate corrections for
counter geometry and arbitrary limitations of
event selection criteria due to experimental design,
the measured ratio of K" to K,° decays established
that the A7="2 rule holds for leptonic decays with-
in the error of measurement.

The sharply peaked forward n-p charge ex-
change cross section provides a convenient mecha-
nism for producing monoenergetic beams of neu-
trons at high energy accelerators. The neutron
beam produced in the forward direction is mono-
energetic in the sense that it consists of a sharp
peak in intensity at an energy corresponding to
the full energy of the circulating protons, and this
peak is well separated in energy (=150 MeV)
from the neutrons associated with pion production.
This method of producing a monoenergetic nen-
tron beam has become particularly attractive at
the Cosmotron because the previously observed
neutron energy spread, resulting mainly from the
beam spill time, has been eliminated by flat-
topping the magnetic field of the machine. Fora
solid angle of 1.6 X107 steradians a flux of charge

exchange neutrons of =~10° neutrons/pulse is ob-
tained. This flux produces a counting rate in the
detector system of =~3000 counts/hr. The observed
width of the peak is within experimental error
equal to the energy resolution of the counter, 40
MeV at 2.2 BeV. The ratio of charge exchange to
inelastic protons was found to be 0.1 at 2.2 BeV
and 0.06 at 2.8 BeV.

Previous determination of n-p total cross sections
in the BeV region had to be derived from p-p and
p-d total cross section measurements. The new
“monoenergetic” neutron beam at the Cosmotron
now makes it possible to carry out direct measure-
ments. Using this technique, a BNL counter group
has measured the n-p total cross section from 0.7 to
2.8 BeV with the full width at half-maximum of
the incident neutron beam of <40 MeV at 2.2
BeV. The results are in excellent agreement with
the derived values. It was possible to conclude
that within experimental error charge symmetry
holds in nucleon-nucleon interactions in this
energy region.

The classical concept of the electric current
carried by a particle can be carried over into a
quantum mechanical description and represents
the potential ability of the particle or system to
emit and absorb electromagnetic radiation. The
electronic charge ¢ is a “coupling constant” rep-
resenting the inherent strength of the interaction
of the field with matter, while the current also
takes account of the availability of matter with
which the field can interact. Electromagnetic
interactions are therefore determined by the struc-
ture of electromagnetic currents present. Weak
interactions such as the $-decay interaction can be
described in terms of similar quantities called
weak currents, a major difference being that there
are now two distinct types called vector and axial
vector currents, whereas the electromagnetic cur-
rents are only of the vector type. These two types
of weak currents associated with some system rep-
resent its propensity for participating in weak
interactions of the vector and axial vector type.
The corresponding coupling constants are the
analogues of the electronic charge, for the two types.

An experiment to study the rare 8 decay of the
A (A—p+e +v) has been performed at the Cos-
motron. Its purpose was to determine the vector
and axial vector coupling constants in the decay
interaction and observe their momentum depen-
dence, if it exists. The slow decays of strange par-
ticles have led to the speculation that the decay
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mechanism must be similar to that described by
the Fermi theory for 8 decay. Attempts have thus
been made to explain the decay of strange par-
ticles on the basis of a universal theory which
would be identical for both the strange particles
and ordinary f3 decays of the neutron (or nuclet).
It is fortunate that A’s are produced in a highly
polarized state from the reaction 7 +p—>A+K°.
Theory shows that this results in an asymmetry in
the angular distribution of the decay products
which varies with the strength of the vector or
axial vector currents controlling the decay inter-
action. Approximately 1-BeV 7~ mesons incident
on a liquid hydrogen target produced the polarized
A’s. The A’s, the associated K ”’s and the A-decay
products were identified by a system of spark
chambers, scintillation counters, and a large
threshold Cerenkov counter of unusual design.
'I'he Cerenkov counter was a high-pressure vessel
~8 ft in diameter containing a spherical mirror
for light collection. It was located so that the A
decays occurred in the region of the focus of
the spherical mirror. This technique greatly in-
creased the number of electrons that could be de-
tected. The counter was filled with sulfurhexa-
fluoride at 10 atmospheres in order to count
electrons and reject m mesons. It thus served to
signal the occurrence of a 8 decay and triggered
the cameras recording the event. Since the A de-
cays into a proton and a 7~ meson two-thirds of
the time, these unwanted events would not trigger
the system. About one-third of the A’s decay into
4 proton and a 7° meson, and these, together with
a 7° meson from the &'V decay, have a decay scheme
that finally results in electrons which can produce
large numbers of false triggers. However, these are
easily detected when the photographs are scanned,
and such events are rejected. The data-taking for
this experiment has been completed and the anal-
ysis is in process.

A special beam has been designed at the Cos-
motron which has been split in such a way as to
permit two studies of the A meson to be carried
out simultaneously. A Maryland-BNL team is
studying the decay of stopped K mesons produced
when the primary proton beam strikes a copper
target. The angular distribution of electrons emit-
ted in the muon decay is measured in spark cham-
bers allowing the determination of the muon
polarization. This polarization is a sensitive in-
dicator of the type of interaction involved in the
decay and is of considerable theoretical interest,

since the present data on the K,° decay are not
consistent with current theory. A Columbia-
Wisconsin group is using a different approach to
throw light on the same problem. They are study-
ing the lepton momentum spectra in £,* and £,
decays by using spark chambers and counters.
The shapes of these spectra should also provide a
determination of the form of the weak interaction
responsible for the decay modes. A further result
of the experiment will be a new limit on the ratio
K.*/K,? at least two orders of magnitude below
the current experimental result.

The BNL 14-in. liquid hydrogen bubble cham-
ber has been put back into service by a Yale-
Rrookhaven group which is investigating the inter-
actions and decays of K, mesons and in particular
is making a further study of the anomalous coher-
ent praduction of A,° mesons from the A," beamn
(see below, under the hcading “Research at the
Alternating Gradient Synchrotron™), about which
at present there is conflicting experimental evi-
dence. It will also be possible to study the absolute
and relative transition probabilities for various &’
charged decay modes and the characteristics of
the decay spectra.

A group from the University of Washington is
using the reaction 7 +d—>2"+n+ K * to search for
a bound state of the 2--n system by measuring the
energy spectra of the & * mesons. The 2--nwould be
the “deuteron” of strange particle physics. SU(3)
theory (see below) makes it possible to calculate
the mass value that should be expected fur this
hyperdeuteron.

The detailed analysis of the data from the ex-
periment to measurc thc magnetic moment of the
A reported last year is almost complete, but no
results are available as yet.

Research at the Alternating Gradient Synchrotron

Two important discoveries highlighted the re-
search at the AGS. They illustrate the indispens-
ability of high energy accelerators and the impor-
tance of different experimental techniques. One of
the experiments involved used counters and spark
chambers. The other was one of the first exper-
iments in which the new Brookhaven 80-in. bubble
chamber was used.

An elegant experiment with a surprising and
important result was carried out at the AGS by a
group from Princeton University. The apparatus
was set up to study the decay of the neutral K



meson. As observed in the laboratory, this meson
exists in two forms, called K,° and K.°, which dif-
fer from one another in life time, in decay modes,
and only very slightly in mass. The K,° decays so
quickly that it travels only inches before changing
into two 7 mesons. The K,° has a longer life and
travels tens of meters before decaying, usually into
three particles. A remarkable feature of this par-
ticle complex is that a K,° may be converted into a
K,° in passing through matter. This process is
called regeneration.
The K° mesons were produced by bombarding
a beryllium target with the internal proton beam
of the AGS. Very little equipment was needed to
establish the required neutral beam. A 4-ft-long
lead collimator, 14 ft from the internal target,
defined the secondary beam at 30° relative to the
circulating protons just before it entered a strong
magnetic field which swept out the charged par-
ticles. Thus only neutral particles entered the
second beam-defining collimator (shown at the
left in Figure 2) just in front of the detecting ap-
paratus. A slab of lead 1.5 in. thick blocked the
entrance to the first collimator, which reduced the
flux of y rays in the beam to an acceptable level.
Just beyond the second collimator, 50 ft from the
internal target, a bag containing helium enclosed
the region of K ° decays which could be detected
by the spectrometer array. At this distance from
the source of production (300 decay lengths) the
short-lived K,”’s had decayed out of the secondary
beam. Thus, except for any regenerated K,° mesons,
the beam consisted only of the long-lived K.’
mesons and neutrons. The latter proceeded through
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Figure 2. Plan view of the detector arrangement for the
experiment to study the decay of the neutral K meson.

the apparatus along the beam line between the
spectrometer magnets, producing negligible back-
ground effects. The regeneration of the £,° in the
detection region would be quite small even with
air present, but with helium it was negligible. The
magnets situated on each side of the beam line, to-
gether with the spark chambers before and after
them (Figures 2 and 3), served as spectrometers to
measure the momentum and the angles of the
charged decay products. Tracks in these chambers
were photographed when the system was triggered
by the simultaneous passage of a charged particle
through each of the spectrometers. This trigger
was provided by a 4-fold coincidence pulse be-
tween the Cerenkov counters and scintillators
positioned immediately behind the spectrometers.
The Cerenkov counters were of the “threshold”
type and thus gave pulses only for particles travel-
ing at a speed equal to or greater than a given
value. This value was chosen such that the counters
responded to 7 mesons in the required momentum
range. The preceding scintillation counters added
the requirement that most of the particles seen by
the Cerenkov counters came through the spec-
trometer from the direction of the decay region.
Chance coincidences arising from electron-positron
pair production by y-ray conversion could mas-
querade as 7 mesons and give false triggers. How-
ever, as pointed out above, most of the y rays were
effectively blocked out of the beam. Spurious
events photographed because of false triggers
could in any case be rejected by the data analysis.

Prior to this experiment, the £.,° was thought to
decay only by a 3-body mode

K,>a4a+7
—>T+ U4V
—>T4e+v

whereas the K,° nearly always decays into two 7
mesons. In contrast, decay of the K.° into two 7
mesons was forbidden by a fundamental principle
of physics, CP (charge conjugation, parity) in-
variance. By inserting a piece of dense metal in the
helium bag in the region of K'° decay, it was pos-
sible to regenerate A, mesons which then quickly
decayed into two 7 mesons. Since a A" produced
by coherent regeneration has the same momen-
tum and direction as the K,° beam, the &,° decay
simulates the direct decay of the K,’ into two 7
mesons. By this ingenious method, the apparatus
was calibrated with sufficient exactness to thor-
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oughly establish this decay mode for the K.’
should it occur. The regeneration material was
then removed, and decays were still observed that were
identical with those from the regenerated K,° mesons.

It was very important to eliminate the possi-
bility that these decays were in some way simu-
lated by the normal 3-body decay modes of the &,°.
A careful analysis of all the events showed that
there was very little chance that a 3-body decay
could be mistaken for a 2-body decay because of
two special conditions, both of which had to be
met. In a 3-body decay, the vector sum of the mo-
menta of the decay products must make zero
angle with the direction of the A" beam. This is
equivalent to saying that for the decay products the
sum of the momenta transverse to the beam must
equal zero in order to conserve momentum, since

the K,° from which they originated has momen-
tum only in the direction of the beam. In addition,
the conservation of energy requires that the sum of
the kinetic energy and the rest mass energy of the
decay products must equal the sum of the kinetic
energy and the rest mass energy of the K,°. The
data were corrected for the few 3-body decays
satisfying these two requirements. The experi-
menters thus concluded, as the most reasonable
explanation of the observed events, that the A.°
meson decays into two 7 mesons at the rate of =2
in every 1000 decays. This process violates CP in-
variance and strongly implies that time reversal
invariance does not hold, since CP and T are inter-
dependent through the invariance of CP7, which
appears to be firmly established for all interac-
tions. Heretofore, it had been believed that the

Figure 3. The spectrometer array for the neutral A-meson experiment. The two magnets are
nearly hidden by the housings of the spark chambers and cameras. A mirror system within the
housing makes it possible to include the spark chamber preceding and the one following each
magnet in one photograph, which simplifies the analysis procedure. A scientist is checking the
complex electronic equipment of the triggering system.




direction of time had no influence on the laws of
physics. This may no longer be so, and further
work is in progress to check this result, which
would have far-reaching implications.

It is now apparent that the strongly interacting
isotopic multiplets can be grouped into super-
multiplets whose members have the same angular
momentum (spin) and parity. The supermulti-
plets, which also include the resonant states
of the baryons and mesons, show a remarkable
orderliness when analyzed on the basis of strange-
ness, isospin, and baryon number. Gell-Mann and
Ne’eman have developed a mathematical theory
based on a special unitary symmetry group known
as SU(3), or the “eightfold way,” which may prove
to be the mathematical foundation underlying the
structure of the system of baryons and mesons.
Evidence supporting this theory has accumulated
in the past few years. Some resonances — the 7,*
(1520 MeV) singlet (isospin =0), the 7;* (1660
MeV) triplet (isospin = 1), and others — have no
place in the scheme, but up to this time the theory
has successfully described a large number of other
particle and resonance families:

Spin Parity
Pseudoscalar meson octet 7,K,n 0 —
Vector meson octet 0, K *,(w,p) 1 -

SN,E A Ve

Baryon octet +
N3/2*7YI*,EI/2*)(?) % +

Baryon decuplet

However, one member of the baryon decuplet
had not been discovered. Figure 4 illustrates the
position ol the nine known resonant states and the
predicted tenth particle plotted as a function of
mass and the third component of isospin. As
can be seen from the figure, this particle (called
{27, following Gell-Mann) is predicted to be a nega-
tively charged isotopic singlet with strangeness
—3. The spin and parity should be the same as
those of the N, ,,*, namely, %*, but it would have a
long enough lifetime (=107'° sec) to be classified
as a particle rather than a resonance. Conse-
quently, the existence of the {2~ particle has been
cited as a crucial test of the theory of unitary sym-
metry of strong interactions. The mass is predicted
by the Gell-Mann-Okubo mass formula to be
~1680 MeV/c*. Many laboratories have been
engaged in an effort to find and identify such a
particle.

In February of this year a BNL team announced
the observation of the production and decay of the
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sought-for {-. More than 30 scientists, including 3
from Syracuse University and 1 from the Univer-
sity of Rochester, were directly involved in the ex-
periment. The 80-in. hydrogen bubble chamber
was exposed to the new mass-separated beam of 5-
BeV/c K~ mesons at the AGS. About 100,000 pic-
tures were taken containing a total K~ track
length of ~1 million ft. These pictures were ana-
lyzed for the more characteristic decay modes of
the .

An event is shown in Figure 5 which has been
interpreted as shown below.

E-+p>Q +KE+K°
SE T
L—>A°+frr°
Loy,
Lese
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=T+

From the momentum and gap length measure-
ments track 2 is identified as a A *. A bubble den-
sity of 1.9 times the minimum was expected for this
track, while the measured value was 1.7=+0.2.
Tracks 5 and 6 are the signature of a V particle
which can be either a A or a K°. These tracks,
however, have the proper characteristics to be the
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Figure 4. The supermultiplet (decuplet) of particles with
total angular momentum (/) =% and positive parity,
plotted as a function of mass vs the third component of
isospin (Z;). The particle subscripts give the total isospin
(1) assignment of the multiplets and hence indicate the
number of possible charge states equivalent to 27 + 1.



Figure 5. Photograph of the event in the 80-in. hydrogen bubble chamber which resulted in the discovery of the Q- parti-
cle . The accompanying line drawing shows the track identification established by detailed analysis of the event (see text).

decay products of a A, a proton, and a 7. The
curvature of these tracks in the magnetic field of
the bubble chamber makes it possible to calculate
the momenta of the proton and the 7. The A
mass calculated from the measured proton and 7~
kinematical quantities (governed by momentum
and energy conservation) is (11162=2) MeV/¢*,
within <1 MeV/¢* of the accepted value. It is im-
portant to be sure that the V particle is not a A°
masquerading as a A. If this were so, the positive
decay product would be a pion instead of a proton.
Since the bubble density from gap length mea-
surement of track 6 is 1.52+0.17, compared to
1.0 expected for a #* and 1.1 for a proton, the w-
terpretation of the V as a K° is unlikely. The kine-
matics also permit a reconstruction of the A line of
flight and eliminate the possibility that it might
have come from the primary interaction of the in-
coming A~. 'T'he A appears six decay lengths from
the wall of the bubble chamber, which makes it
extremely unlikely that it originated there. The
photograph shows no other visible origin in the

chamber. It therefore seems clear that the A origi-
nates from the decay of some other neutral part-
cle, and indeed the identity of such a neutral par-
ticle was established from the following analysis.

Itis unusual and fortunate that two y rays which
proved to be associated with the event converted
to electron positron pairs in the liquid hydrogen.
From measurements of the electron momenta and
angles, the effective mass of the two y rays is found
to be (135.1=2=1.5) MeV/¢?, consistent with a 7°
decay. The 7° lifetime is so brief that it moves an
undetectably short distance before it decays into
two y rays. In a similar manner the calculated 7°
momentum and angles and the values already cal-
culated for the A are used to determine the mass
of the neutral decaying particle which gave birth
to the A. The result is (1316 =4) MeV/¢*, in ex-
cellent agreement with that for the Z° hyperon.
The projections of the lines of flight of the two ¥’s
and the A intersect within the error of observation.
The computed line of flight of the Z° leads back to
the decay point of track 3, but properly misses the



production vertex of the primary interaction. It is
3 cm in length, which is quite consistent with the
Z° lifetime and the calculated momentum of (1906
+20) MeV/c. It was also established that the
transverse momenta of the Z° and of the track 4
particle were equal and opposite within errors,
which indicated that no other particle was emitted
in the decay of particle 3. The next step was to es-
tablish that track 4 was a 7~ meson. From the mo-
mentum and gap length measurements it was con-
cluded that its mass was less than that of a . The
measured transverse momentum of this track, (248
+5) MeV/¢, also added another piece of evidence
to establish the identity of particle 3. This value
was greater than the maximum momentum for the
possible decay modes of all the known particles ex-
cept for the Z-—¢ +n+v. This possibility was re-
jected, however, because the previously established
association of a A and two y’s with the event had
clearly indicated that the decay of particle 3 in-
volved a Z°, and a Z~ is not massive enough to de-
cay into a =° and a 7 meson. Using the Z° mo-
mentum and assuming particle 4 to be a 7~ meson,
the mass of particle 3 could be computed; the re-
sult was (1677=29) MeV/¢*. Its momentum was
measured to be (2015220) MeV/¢. By using this
value and its measured track length, the proper
lifetime of particle 3 was calculated to be 0.7 10"
sec. Since it lived this long, it could have decayed
only by weak interaction which in turn means a
change in strangeness — AS =1. Since the decay

product was the Z° with S= —2, this means that
particle 3 must have had S= —1 or §= — 3. But
S= — 1 isruled out because particle 3 would then have

decayed by strong interaction (with AS=0) intoa
smaller hyperon and meson ( ¥+ 7) and would not
have lived long enough to leave a track in the cham-
ber. It may thus be concluded that particle 3 has
strangeness — 3. The balance of the masses and en-
ergies at the production vertex show the missing
mass of (500=25) MeV /¢* which has not been ac-
counted for. This is in good agreement with the
mass of the K°, the final member of the reaction.

In view of the properties of charge equal to —1,
strangeness equal to —3, and mass equal to
(1677+9) MeV /c¢* established for particle 3, it is
clear that it may be identified as the .

Still another £ has been observed; however, it
decays by a different mode into a K+ A.

Continuing their study of elastic scattering, a
Brookhaven counter group has extended the inci-
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dent energy range (to =25 BeV) and the accuracy
of their measurements by using high energy pion
and K mesons, protons, and antiprotons incident on
hydrogen. The study of nuclear elastic scattering
as a function of momentum transfer essentially
probes the nuclear interaction potential density
distribution as a function of distance from the cen-
ter of the proton, just as the study of electron-
proton scattering probes the electric charge density
distribution as a function of distance.

All previously observed characteristics of the in-
teractions observed at lower incident energy (=7
to 20 BeV) were found to persist at higher incident
energies. For example, the size of the p-p inter-
action radius continues to grow with increasing
energy (i.e., the diffraction pattern shrinks). The
7*-p radius shows no energy dependence, the p-p
interaction radius decreases with increasing en-
ergy, the A —-p radius seems to be independent of
energy, but the K *-p radius, as previously found,
increases with increasing energy. The average
a*-p, p-p, and K —-p radii are =~ 1.1 fermis, the K *-p
radius is smaller (=0.95 fermi), whereas the p-p
radius is largest (=1.35 fermis). The antiproton is
the most opaque object, the proton has a medium
opacity, and the pions and kaons all appear to be
the least opaque (=~half transparent).

Until recently, it was assumed by most theorists
that at high energy (=10 BeV) the elastic scatter-
ing amplitude was almost completely imaginary,
corresponding to the shadow scattering generated
from inelastic (particle-producing) interactions,
and that there was either no or a very small real
part of the effective interaction potential corre-
sponding to scattering interactions not connected
with particle production.

Although previous experiments of this Brook-
haven counter group had implied such real ampli-
tudes in 7=-p interactions and these and experi-
ments of other investigators (notably Russian and
European) had implied such real amplitudes in
p-p interactions, deficiencies in both the experi-
ments and the analyses prevented a definitive
conclusion.

Very recently the Brookhaven counter group
did a much more accurate, high-resolution, small-
angle scattering experiment (Figure 6) which con-
clusively proved that there are sizable real ampli-
tudes (=15 to 30% of the imaginary) in the inci-
dent energy range 8 to 12 BeV in 7*-p scattering.
They used the very sensitive method of observing
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Figure 6. The experimental arrangement for the small-
angle p-p scattering experiment. S, and . are the scintil-
lation counters comprising the beam-detining telescope.
C is a Cerenkov counter for measuring the particle speed
which, combined with the momentum (measured by
means of a deflecting magnet), permits selection of the
protons by establishing their mass. Before the proton is
scattered in the 10-in. liquid hydrogen target its direction
is determined by the beam hodoscope (#,’s). Hodoscopes
are devices for locating a particle trajectory which con-
sist in this case of crossed scintillation counters. When two
scintillators count in coincidence they define small, rec-
tangular areas indicating the specific region through
which a charged particle has passed. The direction of the
proton after scattering is determined by hodoscope H,.
The detlecting magnets and hodoscope H, determine the
momentum. The counter logic and data-handling ar-
rangement are illustrated in the block diagram.

the direct interference with the Coulomb ampli-
tude (constructive in 7*-p and destructive in 7-p),
which is almost predominantly real. The nuclear
real amplitude sign was determined to be negative
in both cases, corresponding to a repulsive poten-
tial interaction. In the p-p scattering, a similar
destructive interference effect was also observed
by this group and by groups at CERN and Dubna,
but since both protons have a spin the effect could
also be due to a spin-dependent interaction. In
the 7*-p case this is not a problem, since the pion
is spinless. The 7*-p result thus appears to fortify
the probability that the p-p result is due to the real
amplitudes.

These results (especially those for 7*-p) are of

considerable significance from a theoretical point
of view, but they are of particular significance for
checking the prediction of the forward dispersion
relations which are generated by the assumption
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of causality. They can also be used as a sensitive
check of various high energy asymptotic theorems

The role of the muon in the particle scheme is
puzzling. In many respects the muon behaves
exactly like a heavy unstable electron. It 1s im-
portant to detect any other underlying difterences
in behavior or character that might account for its
large mass relative to the electron. An experiment
to this end, briefly mentioned last year, has now
been sufficiently analyzed so that preliminary re-
sults are available. A team of BNL, Columbia
University, and University of Rachester physicists
measured the muon-proton elastic scattering at
high momentum transfers. The muon beam re-
sulted from the decay of 6 to 10-BeV /¢ pions held
together over a 50-m flight path by a beam trans-
port system of 14 quadrupole magnets. About 10%
of the pions decayed in flight and produced muons
which were also contained by the transport sys-
tem. The beam passed through a cylindrical iron
collimator 12.5 m long in which the first 9.5 m
were filled with concrete to act as a filter against
pions. The emergent beam of muons had a mo-
mentum spread of 1.5 to 6 BeV /¢ (peaked at 2.5
BeV/¢) and an angular divergence of <(1°. The



intensity was =107 times the circulating proton
beam intensity in the accelerator. Since the 7-p
elastic scattering is known to be =~10* times larger
than the p-p cross section at these momenta, only
a very small contamination of pions could be tol-
erated. The concrete-filled collimator was equiva-
lent to 19 mean free paths for absorption of pions
of 6-BeV /¢ momentum and thus attenuated pions
by a factor of =4 x10". Additional discrimination
against pion scattering effect was provided by re-
quiring that the recoil muon traverse 1.2 m of
iron-loaded concrete, which further reduced the
pion contamination by a factor of =~10. Taking
into account the initial proportion of 7 mesons to
muons, < 0.1% of the events measured should
have resulted from 7-meson scattering. Tests with
the absorbers removed confirmed this expectation.
The muons were scattered by protons in a liquid
hydrogen target. The scattered muon and the re-
coil proton were detected by a complex array of
spark chambers, counters, and absorbers which
permitted measurement of the scattering angles
of both particles and the range of the recoil pro-
ton. This provided more than enough information
to eliminate all events that were not truly elastic
scattering.

From a comparison of these results with those
from electron-proton scattering, the charge and
magnetic form factors (the shape and extent of the
charge and magnetic field) of the proton appear to
be the same to a muon and an electron. The size
of the muon had been determined in other experi-
ments to a much greater accuracy than had been
possible for the electron. This experiment shows,
however, that they appear to be the same size
within the accuracy of the measurement of the
muon size. So to this accuracy still another possi-
ble electron-muon source of dissimilarity has been
eliminated.

Information on the structure of the elementary
particles at very small distances is obtained by
studying collisions involving high momentum
transfers. The simplest of such collisions, as re-
gards both the experimental technique and the
theoretical intcrpretation of experimental mea-
surements, are the large-angle elastic collisions.
Continuing their previous work, a Cornell Uni-
versity-Brookhaven team carried out an experi-
ment to measure proton-proton elastic scattering
cross sections at energies and momentum transfers
up to the highest values obtainable at any proton
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accelerator. The experimental layout is shown
schematically in Figure 7, and a partial view is
shown in Figure 8. By changing the positions of
the analyzing magnets and collimators, the ob-
served angles of the scattering protons could be
varied over a sufficiently wide range. The numer-
ous channels through the shielding were provided
for this purpose.

The internal proton beam of the AGS is scat-
tered by hydrogen in a polyethylene (CH,) target.
The scattered and recoil protons leaving the target
pass through collimators placed at the calculated
angles corresponding to a particular beam energy.
Then the protons pass through deflection magnets
tuned to select the calculated momenta. Following
these magnets are the left and right counter tele-
scopes which identify an elastic p-p scattering by a
left-right coincidence. The only significant back-
ground encountered with this technique was found
to be due to accidental coincidences between un-
related particles in the two telescopes. Coincidences
were displayed by using a time-to-pulse-height
converter feeding into a pulse-height analyzer. By
this means it was possible to record the time sepa-
ration of the two pulses making each coincidence.
Full width at half-maximum of the peak observed
in the pulse-height analyzer was 2X 10~ sec. The
accidental coincidence rate could be measured
from the background level outside the region of
the true coincidence peak.

To reduce the counting rate and thus minimize
accidental coincidences, fairly thin targets were
used. Problems of melting and hydrogen deple-
tion were overcome by using a 1-mm-thick CH,
wheel which rotated several degrees with each flip
of the target.

The contribution to the coincidences due to the
presence of carbon in the CH, target was mea-
sured by using a pure carbon target and was
found to be < 2% of the effect observed with the
CH, target. This is consistent with an estimate of
the quasi-elastic scattering of protons on protons
in the carbon nucleus. Hence the coincidences ob-
served with polyethylene targets were practically
all due to elastic scattering by hydrogen.

Any coincidences due to inelastic interactions
with the hydrogen should occur with the carbon
as well. Since pion distributions from carbon and
hydrogen are similar, it was expected that the in-
elastic background would also be < =2%. This
has been confirmed by several other tests. When-
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Figure 7. Layout for the high momentum transfer p-p scattering experiment. The AGS primary heam of protons was
elastically scattered by protons in the polyethylene (CH,) target (left). 'The recoil and scattered protons passed through
collimators which selected the scattering angle to be observed corresponding to a preset primary proton energy. The
protons then proceeded through the momentum analyzing magnets, also at preset values, and were detected by scintil-
lation counters which constitute the left and right telescopes. A coincidence count from these two telescopes signaled an
elastic scattering event. The supplementary beam channels were later used for other scattering angles and other values
of momentum transfer. For simplicity, only 5 of the ring of 240 AGS beam magnets are shown.
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Figure 8. Part of the high momentum transfer experimental setup. The magnets that guide the AGS
primary beam are shown in the center. The CH, target is located directly under the circular porthole
in the 10-ft-long thin-window target box (center foreground). The collimators and deflecting magnets
which define the scattering angles and momenta of the recoil and scattered protons flank the magnet ring.



Figure 9. The 10-ft liquid hydrogen targets being positioned on the beam line for the high-precision total
cross section experiment. The upper cylinder is the reservoir. The lower cylinder contains a double-
jacketed cylinder, both compartments of which are filled with liquid hydrogen. The hydrogen in the
outer compartment is kept at constant pressure to maintain the inner compartment at constant tempera-
ture. The 7-meson beam enters from the left and emerges through the thin-window port at the right end
of the lower cylinder, behind which an identical dummy setup with an evacuated inner cylinder can be
seen. All sections containing liquid hydrogen are surrounded by a superinsulated evacuated region.

ever the beam energy or magnet currents were
changed by several percent from their calculated
values, the coincidences disappeared. When the
counter sizes on both telescopes were reduced, the
coincidence rate decreased proportionally.

The most striking feature of the results of the p-p
elastic scattering experiment is that the shapes of
the observed angular distributions at different in-
cident energies are similar over the complete
range of scattering angles (0° to 90° c¢.m.) and in
fact appear to be almost constant over =40% of
the range (65° to 90° c.m.). The highest momen-
tum transfer value at which a measurement was
made corresponds to an interaction distance of
0.04 fermi (4.0x10* cm). An empirical equa-
tion, with the cross section decreasing exponen-
tially with transverse momentum, provides a good
fit to the data over a region in which the cross sec-
tion dccreases by a factor of 107. It is remarkable
that this same expression also describes a trans-
verse momentum distribution of pions produced
in nucleon-nucleon collisions. At present the rela-
tionship between this empirical formula and the
structure of the nucleon or the properties of strong
interactions is not clear, but it might be an indica-

tion that the nucleon lacks any outstanding struc-
ture for elastic scattering interactions at high en-
ergy and high momentum transfer. In contrast to
the search for the ), this experiment was not
undertaken to test any known theory but rather
to provide fundamental knowledge in a hitherto
unexplored region, which theory must cxplain.
The graphs of the energy dependence of a num-
ber of strong particle interactions exhibit peaks. In
some cases the peak is interpreted to be a reso-
nance, in other cases, a particle. It is evident that
there is no clearly defined recipe for designating a
particle. The especially short-lived states of the
strongly interacting particles are generally termed
resonances. These states decay into the constituent
particles in times of the order of 107** sec, about
the time it takes a 7 meson at the speed of light to
travel a distance equal to the diameter of the pro-
ton. In contrast, the much more stable particle,
the newly discovered 2 , has a very much longer
lifetime (=10 '° sec). These resonant states, like
their longer-lived counterparts, have characteristic
quantum numbers for angular momentum, iso-
spin, parity, etc. The search for these resonances is
continuing to produce interesting results.
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A counter group at Brookhaven which included
visiting physicists from Harwell, England; Saclay,
France; and CERN have discovered two new
pion-nucleon resonances in the measurement of
total cross sections of 7* mesons on protons. This
high precision measurement in the momentum in-
terval from 2.5 to 5.5 BeV /¢ was obtained with a
statistical accuracy of 0.05% for 7--p and 0.08% for
7*-p cross sections at momentum intervals of 100
MeV /c. Previous measurements in this momen-
tum region with much poorer statistics had not
revealed any structure.

The object of this experiment was to measure
the relative total cross sections as a function of mo-
mentum to a precision never before attempted.
The pion beam was designed to provide enough
pions/pulse of the AGS so that, even at the highest
momentum setting, millions of counts could be ac-
cumulated in a reasonable running time. As a re-
sult, the statistical accuracy was never a problem.
However, it was consequently extremely impor-
tant to control systematic factors that might vary
with time. All the counter signals were split and
sent to two parallel sets of electronic equipment
of different types to provide a check on any drift in
the electronic circuits. Two linear-output scintilla-
tion counters, placed before and after the counter
defining the final beam, provided a means of
pulse-height discrimination which reduced the 2-
fold accidental counting rate by a factor of 100.
This essentially eliminated any dependence of the
results on fluctuations in beam intensity. The am-
bicnt temperature for the electronic equipment
was maintained to #==2°F. The magnet defining the
momentum was controlled to #=0.05% by using a
nuclear flux meter. The 10-ft hydrogen target
(Figure 9) was of special double-jacketed design
to provide long-term stability of the hydrogen
density. The outer cylinder was filled with liquid
hydrogen at a controlled vapor pressure, main-
tained constant to >=+0.4%, to provide a con-
stant-temperature bath for the inner cylinder. The
liquid hydrogen in the inner cylinder was sealed
off to ensure a bubble-free liquid with density con-
stant to >=+0.03%. The reservoir for the outer
cylinder required filling only once every four days,
which allowed long undisturbed periods for taking
data. An identical system, with the inner cylinder
under vacuum, was used as a dummy to permit
elimination of effects produced by the windows
and insulation of the hydrogen target.

The counter outputs, which registered on scal-
ers, were transferred by a scanning system onto
punched tape. A typed record of the scaler counts
was also provided. The data on the tape were
transferred to IBM cards which were then proc-
essed through an IBM 7094 computer to check
the data for internal consistency and to calculate
the cross sections. The cross sections measured
simultaneously with the two sets of electronic
equipment agreed to within #20.2% over the com-
plete range. In measuring the 7 -p total cross sec-
tions, an iron filter, placed behind the transmis-
sion counters and followed by an additional count-
er, was used to eliminate the effects of muon
contamination of the bcam. However, the signal
from this final counter was not included in one set
of electronic equipment. Despite this, the same
resonance was observed in the data from both sets,
although the absolute values of the cross sections
were different, as would be expected because of
the muon background. The method of taking data
clearly indicated that a possible variation in the
muon contamination was not causing a spurious
resonance.

The resonances were found to have masses of
2.645 MeV with a width of 23 MeV and 2.825
MeV with a width of 26 MeV and were inter-
preted to be isospin %2 and % states, respectively,
in the pion-nucleon system. Thus, resonances con-
tinue to recur with alternating isospin states, as
has been empirically suggested from data at lower
momenta.

Very recent 7-p charge exchange data observed
in the forward direction also give indication of
structure. This work was carried out at the AGS
by a group from MIT. There is qualitative agree-
ment between their data and the results of the
BNL group described above. There is, however,
some quantitative disagreement on the momenta
at which the resonances occur. To relate the re-
sults of these two experiments, assumptions must
be made regarding the real part of the 7*-p for-
ward scattering amplitudes, and it may be that
the difference can be resolved by further informa-
tion on this point.

A new meson of strangeness zero has been
added to the growing list of resonances. It has not
yet received a formal name but has been tempo-
rarily designated the X °. It is a 5-pion resonance.
An experimental team from Syracuse University
and Brookhaven used the BNL 20-in. bubble



chamber to photograph interactions of 2.3-BeV/¢
K~ mesons with protons. An analysis was made of
the following reaction channels:

K +p—A+neutrals (1)
S>A+m4ar a7 (2)
— A+ 7+ 7+ (neutrals with m >my,) (3)

Evidence for the new meson comes from a study of
the effective mass and missing mass spectra of
these reactions. Such spectra are derived from the
energy and momentum balance of the reactions.
Peaks in the multimeson spectra indicate the exist-
ence of bound states. All 3 channels independently
show a peak that rises at least 3 standard devia-
tions above background, which indicates the exis-
tence of a neutral particle of m~960 MeV. Careful
analysis shows that the full width of the peak is
<20 MeV. The data also exhibit the expected
peaks for the A, 7° 7° «° and ¢° in excellent
agreement with their known masses. A study was
made of the center-of-mass production angle of
the A hyperon in channel 3. A’s emitted strongly
in the backward direction are much more com-
mon in events in the region of the peak than in
events outside this region. This indicates that a dif-
ferent production mechanism is involved in the
peak region, with a higher proportion of periph-
eral events, and lends further weight to the evi-
dence for the existence of the X °. This new reso-
nance is either a neutral singlct or a member of a
charged triplet, since its isospin is either 0 or 1,
which is evident from its production by interaction
of a K meson (/="2) with a proton (/=%). Using
the shorthand notation (Z, /*) to indicate isospin,
spin, and parity quantum numbers, this experi-
ment strongly indicates that (0,07) or (1,1%) can be
the only choice. It is interesting to speculate on the
role of the X' ° within the framework of SU (3). If
the assignment (1,1*) should be verified, the X°
presumably heralds the existence of a new unitary
multiplet. On the other hand, if (0,07) is proved
correct, the X ° might be accommodated as a uni-
tary singlet accompanying the pseudoscalar octet
comprised of the 7 mesons, K mesons, and the 7
meson. Since the quantum numbers of the 7 and
X ° are the same, mixing between these two states
can in principle occur. However, since the 7 mass
shows quite good agreement with the Gell-Mann-
Okubo mass formula, this mixing must be small,
which is reasonable considering the high mass
value of the X °. This is in contrast to the vector
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meson case in which the w and @ must mix quite
strongly in order to fit the predictions of the for-
mula (see last year’s report). It is also of interest to
note that recent generalizations of SU(3) have
predicted the existence of a ninth 0~ meson. The
production cross section was roughly measured as
60 microbarns, comparable to that for the n and ¢
mesons. The predominant decay mode is

X>a4m741.

The first observation of a resonance between a
pion and a multipion resonance was made by a
group from the University of California at La
Jolla. An analysis of photographs of 7-p interac-
tions from exposures of the BNL 20-in. bubble
chamber revealed the existence of a 7-w resonance
which has been named the B meson. It has a mass
of =~1.22 BeV and a width of 1002220 MeV. The
data favor spin of L =1 and negative parity, but
the statistical limitations and background do not
permit elimination of other assignments. It was
pointed out by this group that the mass and width
correspond to those of the f° meson whose dis-
covery was noted in last year’s report. They fur-
ther suggested that the /°, which at that time was
known to decay only into 7" 47, might simply be
the neutral decay mode of the B. A Michigan
group, using 7 -p interactions photographed in the
20-in. bubble chamber in an attempt to determine
the spin of the f°, tentatively concluded that the f°
and B probably were not the same particle, since
their data favored L=2 as opposed to L=1 for
the f*.

The California workers had also indicated that
a more definitive test would be the decay of the

SfP—7®+x°. If this occurred, the f° must have even
spin, and the hypothesis that the B and f° were
the same would be ruled out. An MIT group
working at BNL demonstrated how spark chamber
and counter experiments can complement the use
of bubble chambers. Utilizing apparatus designed
and constructed for their charge exchange exper-
iment (mentioned earlier), the Cambridge group
definitely established that the /* decayed into two
neutral 7 mesons and thus the B and /° mesons
could not be identical. They also concluded that
the /* had positive parity and verified the fact that
its isospin was even.

At about the same time a group from Columbia,
in a study of 7*-d interactions in photographs from
the 20-in. BNL bubble chamber, confirmed the
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counter results and showed that the isospin was
0 by establishing that the f° decayed half as often
into neutral as into charged 7 mesons. Further
work by the Michigan group, also using 7*-d pic-
tures from the 20-in. bubble chamber, indepen-
dently and almost immediately verified these re-
sults by a similar type of analysis.

A group from the University of California at
Berkeley using the Brookhaven 20-in. hydrogen
bubble chamber have found evidence for another
resonance between a pion and a multipion reso-
nance, in this case the p. They observed the 7-p
resonance in 7*-p reactions and tentatively assigned
to it a mass of 1.2 BeV with a width of 350 MeV
and isospin /=1 or 2.

Pictures containing 150,000 stopped p have been
shared equally between the University of Rome,
Syracuse University, and BNL. Scanning is com-
plete on all pictures, and nearly all strange par-
ticle events have been measured. The so-called rFoc-
CLOUDY-FAIR system of programs is now working
and is being used in this experiment, and analysis
of the events is in progress. Several thousand 4-
prong events of the type p+d—p+3 charged
tracks (where the p is visible) have been measured,
and preliminary analysis of some 900 such events
gives an upper limit for w° production:

pHn—e’+7 S(73)x107
of all p-n annihilations at rest.

In comparison, BNL workers find a preliminary
rate for production of

'+ =(723)x 10,

where the @° is seen in both K*-K~ and K°-K°
decay modes.

Charged pion multiplicities, given below, total
~97% of all p-n annihilations:

17 37 57 ks
(15.8220.4)% (57.0£0.7)% (23.6%0.5)% (0.44=20.06)%

In addition, kaons are produced in =3% of
events as estimated by scanning for K° decay
products and K mesons by ionization density vs
curvature. The ratio of annihilations on neutrons
to annihilations on protons is pn/pp=0.75=0.02.

Interesting new results have come from the work
on hyperons and hyperon resonances.

During the year the antiparticle of the neutral
cascade hyperon was finally observed as one of
the products of the annihilation of an antiproton

by a proton. This was the last unobserved anti-
particle of the then known stable and quasi-stable
particles. Proof of its existence was confidently ex-
pected, since all other antiparticles had been estab-
lished and the basic particle-antiparticle sym-
metry in nature well supported. Only failure to
find the =° would have had real significance. The
search for the particle was difficult, however, be-
cause it is the neutral member of the cascade dou-
blet and itself decays into two other neutral par-
ticles, the A and the 7°. Since neutral particles do
not leave tracks in a bubble chamber, the produc-
tion and decay reaction had to be reconstructed
from the final charged particle products of the A
and A decays. The event was observed by a Yalc-
BNL team using photographs taken in the 20-in.
bubble chamber. It was possible to establish the

=0

existence of the Z° withont any amhiguity, and
many cross checks were provided to make the
identification certain in spite of the fact that
neither it nor its immediate decay products were
observable. The observed reaction was

pHp—>E+E o
A+a°

i—)ﬁ-{-w*

A7
p+7

An experiment is under way (o weasure the spin
and parity of the hyperou 1esonance with mass
1660 McV, the Y, ¥ (1660). An exposure of the 30-
in. hydrogen bubble chamber yielded 180,000
pictures at 9 & momenta between 600 and 840
MeV /c. The first results from the analysis show
the effect of the ¥, * (1660) in the reaction K ~+p—
A +a° for K~ momenta such that the total energy
in the center of mass is near 1660. The variation of
A polarization with energy indicates that the spin-
parity of the resonant state is probably %" or %.
It should be possible to resolve this ambiguity after
more events have been analyzed.

Continuing their 20-in. bubble-chamber study
of K —p interactions in the region of 2.3 BeV/¢, a
Brookhaven group has improved their measure-
ment of the mass and lifetime of the Z~ hyperon.
'I'he latest results based on 364 decays are mx-
=1320.4+0.3 MeV and 7z =(1.8%5:18) X 107 sec.
From a sample of 29 =° decays they have obtained
mg2=1313.5+£2.2 MeV, yielding mz —mz=6.9=%



2.2 MeV. This latter result compares very favor-
ably with the SU (3) prediction of 6.70.4 MeV.

These K -p photographs have also been ana-
lyzed for the reaction K~ +p—=Z+7+ K. From a
study of the Dalitz plot distribution of 368 events,
strong production of Z* (1530) and K * (880) as
well as some indication of the k (730) was observed.
This same plot shows no enhancement at a =-7
mass of 1600 MeV, which suggests that a proposed
Jf="% octet consisting of the N * (1512), 7, * (1520),
and 7,* (1660) is not valid. A study of the decay
angular correlations of Z*—E 47 yields isospin
I=Y% and spin J> % for the Z*.

In research on hyperon production in p-p inter-
actions at 3.25 and 3.69 BeV /¢, measurement of
events has been completed and work begun on
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final statistical summaries. Most of the work was
described in last year’s report. Preliminary new re-
sults on associated production events (A°-K *-p,
S-K+-p, A°-K-p, and =°-K -p) indicate cross sec-
tions comparable with those in the corresponding
p-p interactions. The processes are characterized
by low momentum transfer and show some ev-
idence for the 7,* (1520) resonance in the A*-p
pairs. There is no evidence for other resonant
states, but the statistics are small.

A rather remarkable photograph was taken by
a group from Brookhaven and Carnegie Institute
of Technology in the investigation of the interac-
tions of a separated beam of 2.8-BeV /¢ antiprotons
with deuterium contained in the BNL 20-in.
bubble chamber.

Figure 10. An unusual photograph of an observation of the &-, the rarely seen antiparticle of the =-. All the subsequent
strangeness-changing decays appeared in the photograph. The tracks are identified in the sketch.

‘—on_-i— T
A+t
I_B +1r+

p + n—=annihilation
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An event of the type
pHd—-Z+E+A

has been observed. Previous observations of the =,
the rarely seen antiparticle of Z-, have been re-
ported in the literature. In the present example
production took place on the deuteron, and all the
subsequent strangeness-changing decays appeared
in the chamber. In addition, the p from the decay
chain of the =~ annihilated with a neutron to pro-
duce a star of five identified pions. A photograph and
a sketch of the event are shown in Figure 10 together
with the proposed assignments of the particles.

Formation of = from p requires a change of +2
units in both strangeness and charge. 'L'his require-
ment is satisfied for the observed event by a simple
2-step process in which a hyperon-antihyperon
pair is produced by £ (or by K¥) exchangeina
p-nucleon interaction of the antihyperon with the
remaining nucleon of the deuteron. It is also satis-
fied by mechanisms involving virtual p-nucleon
annihilation instead of meson exchange.

The coherent regeneration of the A, from the
K.’ mentioned above beautifully illustrates the
wavelike quality of particles. This unusual prop-
erty may be used as a means of establishing the
magnitude of the very small mass difference be-
tween the K,° and K.°. Theory shows that as a re-
sult of nuclear interaction with the incoming &’
wave there is a change in the relative phase of the
K and K° components which combine to form the
K.° and K.’ particles observed in the forward di-
rection. The result of this phase change is that the
K,° and K,° intensities oscillate back and forth
with a frequency depending on their mass differ-
ence. Still another effect influencing the A,° and
K,° relative intensity is the fact that because of
their difference in strangeness the K° component
can be absorbed by inelastic processes, while the
K° component cannot. Both effects enter the
mathematical expression relating the mass value
to the observed intensities. A Brookhaven group
using spark chambers in a neutral beam at the
AGS observed the rate of conversion of A,°’s into
K,%s for different thicknesses of ion converter.
They found the mass difterence to be 0.8+0.12 in
units of #/7, where 7 is the mean life of the K,°
meson. Previous measurements have yielded re-
sults that vary between 0.5 and 1.9 #/7, so there is
rather widespread disagreement regarding this
quantity.

In an experiment carried out by a combined
Rutgers, Columbia University, and BNL team,
the decays of the K'° mesons were studied to test
the validity of the AS=AQ rule. This rule, which
states that the baryon or meson change in strange-
ness in a reaction must equal the baryon or meson
change in charge, is common to most theories of
the strangeness-violating leptonic decays. It pre-
dicts, for example, that the decay modes A"—
7 +pf(or ¢')+» are allowed, whereas K ° >+
p(or e )47 are forbidden, and vice versa for the
K°. One of the consequences is that the decay
modes in the time distribution of the leptonic de-
cays of a beam that is an incoherent mixture of £ °
and K" would appear to be quite ditferent, de-
pending upon whether or not AS=AQ. In this ex-
periment the A *’s were produced in the annihila-
tion of p’s which stopped in the BNL-Columbia
30-in. hydrogen bubble chamber. With limited
statistics, the results were in agreement with
AS=AQ. Of the 5000 events measured, only 45
met the stringent criteria required to establish the
3-body leptonic decay.

Analysis by Columbia and Rutgers experimenters
of the charged K production in these same photo-
graphs resulted in a rather precise determination
of the masses and lifetimes of the 3-pion resonance
known as the w meson and a K-k resonance known
as the ¢ meson, the latter a previously reported
Brookhaven discovery. A number of experiments
had given limits to the width of the w, but the
width itself had been masked by the experimental
resolution. This experiment, however, had suf-
ficiently good resolution to exhibit the natural
width. The technique employs the capture of anti-
protons at rest in the reactions

p+p—K+| K+t 47 47"
—-K*+K 47 +a

The results obtained were a mass value for the w
of 784.0£0.9 MeV and a width of 9.5+2.1 MeV,
corresponding to a lifetime of (0.69=+0.15) x 1022
sec. They also obtained partial decay rates for the
w into three 7’s and into neutrals. Using a similar
technique they found the mass of the ¢ meson to be
1018.60.5 MeV with a width of 3.1=1.0 MeV,
corresponding to a lifetime ~3 times that of the w.
It is possible that the measurements of the width of
the w and ¢ will help to clarify their roles in the
conjectured w-¢ mixing in the SU(3) symmetry
scheme.



Certain theoretical considerations of the unitary
symmetry scheme have suggested the possible ex-
istence of fractionally charged particles with charge
magnitudes of %3 and % in units of the electron
charge. Such a possibility immediately stimulated
experimental activity at Brookhaven. Both the
80-in. bubble chamber and counters were used in
this investigation. Gell-Mann, who emphasized
the importance of investigating the existence of
such particles, named them “quarks.” They would
be found, if they existed, in the form of an iso-
spin doublet with charges of — 3¢ and +%e and a
singlet with a charge of — ¢ with their corre-
sponding antiparticles. The theory shows that at
least one of the charge Y3¢ quarks must either be
stable or decay very slowly by 8 decay into the
charge —%e quark. No quarks were found in
either of the experiments or in similar work done
at CERN. It is interesting, however, to see how a
counter experiment and a bubble-chamber exper-
iment again complement each other in particle
physics research.

The bubble-chamber experiment was carried
out by a Pennsylvania group using the 80-in.
chamber and an unseparated beam of positive
secondaries. The highest possible beam momentum,
8.5 BeV/¢, was used in order to cover the largest
possible mass range in the hunt for quarks. The
fractionally charged particles would be detected
through the expected lower bubble density relative
to ordinary “minimum ionizing” tracks. It was
important to guard against “early” tracks, made
before the bubble chamber is fully scnsitive, since
such tracks also have lower bubble density. Most
of these were eliminated by proper timing. As a
final check, low-density tracks were carefully ex-
amined for  rays (low-energy recoil electron tracks
which always have ordinary density). A 6 ray hav-
ing bubble density similar to that of the track from
which it came would identify the parent track as an
“early” track and not a fractionally charged track.

The film was scanned twice by physicists and
scanners. Sixteen low-density tracks were found
but were identified as early tracks. Fourteen had
0 rays of low bubble density. The other two had
no measurable § rays, but could also be identified
unambiguously as early tracks by virtue of having
larger (and therefore older) bubbles than all other
tracks in the same pictures.

The counter experiment was carried out by a
combined Brookhaven-Yale University team who
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used a target in the internal 28-BeV proton beam
for the production process. The search for quarks
was divided into two parts following different as-
sumptions as to the interaction of the quarks. The
first method assumed a weak coupling of quarks to
regular particles, so that their behavior would be
expected to be much like that of muons. It was
also assumed that for production of quarks the
only coupling of importance was the electromag-
netic coupling which was known to be %3¢ and %3e.
Calculations showed that the production by elec-
tromagnetic processes of quark pairs in which the
mass of the quark was about the mass of the pro-
ton would result in a quark-7-meson ratio of
~500/10".

The beam of concern was a mixture of 7 mesons
and postulated quarks produced at the target. The
effect of the AGS magnetic field would be the
same for pions of momentum p and quarks of
momentum p/3. In traversing the 40 m between
the point of production and the detector counters,
~1.6 kg/cm? of varying types of absorber had to
be penetrated. After a flight of perhaps 4 m, on
the average, the m mesons entered the absorber
and were largely eliminated from the beam. Some
decayed into muons, which have almost exactly
the same direction. The muons and quarks of the
appropriate momentum would have nearly the
same evolution on their path to the detector, since
they are similarly affected by both multiple scat-
tering and magnetic fields. Therefore, the number
of muons measured at the detectors would provide
a measure of the number of quarks to be expected.
The counters were plastic scintillators of a thick-
ness such that the energy loss by a particle with
unit charge in one of the counters was =11 MeV,
whereas a quark would lose =~1.2 Mev. The count-
ing system showed no evidence of a charge — 3¢
particle. Not one appropriate event was found in
a set of events corresponding to the passage of
3% 107 u mesons through the detector. Each muon
detected was estimated to represent =300 pions,
so that the final sensitivity of the experiment was
~1 quark/10"° pions. This was =0.2% of that ex-
pected for the electromagnetic coupling alone.
This small number indicated that quarks having
an interaction cross section with nucleons of <3
mb and a mass of <2 BeV/¢*> do not exist.

The possibility could not be excluded that
quarks interact strongly with nucleons but are
still produced with small probability, although
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presumably with a probability much greater than
that deduced from the electromagnetic coupling
alone. The second phase of the experiment covered
this possibility. The same apparatus was set up in
a beam without the intervening absorber between
the primary target and the detector. In this case
the limit of the ratio of quarks to pions was estab-
lished as <(5/10'°, =1% of the estimate for electro-
magnetic production. It was therefore concluded
that quarks with a mass of <<2 BeV/¢* do not
exist.

Theory

The theoretical group is mainly concerned with
the specific and general aspects of the problems of
particle physics. Some of the work completed dur-
ing the past year is summarized below.

A study of scattering amplitudes for high energy
was made using perturbation theory. A common
method for discussing high energy behavior is to
sum the most dominant terms in each order of
perturbation theory. In the scalar meson theory
with a trilinear coupling this leads to high energy
behavior characteristic of an amplitude dominated
by a simple Regge pole. For this study, additional
terms of the perturbation theory were summed. In
particular, the sum of the next most dominant
terms in each order was found to be larger than
the sum of the most dominant terms, and the de-
pendence on energy was not that of a simple
Regge pole. When the class of terms to be summed
is further enlarged in a well-defined way, the sim-
ple Regge behavior is restored. The question of
the high energy behavior of the complete sum
remains open.

Crossing relations for scattering amplitudes for
particles with arbitrary spin were investigated.
Using Lorentz invariance and the assumption that
the amplitudes for crossed processes are simply re-
lated by analytic continuation, a simple geomet-
rical relation was obtained between these ampli-
tudes. The crossing relations obtained above plus
the optical theorem were shown to require that,
for forward elastic scattering, the crossed ampli-
tudes with positive parity, positive G-parity, and
positive signature cannot be negligible. Hence, if
the scattering is dominated by the exchange of a
system with definite quantum numbers, the quan-
tum numbers must be those of the vacuum. This
result has implications relating to the spin depen-
dence of high energy scattering amplitudes.

By using the impact parameter representation
as a method of describing high energy elastic scat-
tering phenomena, the first corrections to the
unitarity condition satisfied exactly at infinite
energy have been obtained. This method of de-
scribing the scattering amplitude was used to ex-
amine models of the Van Hove type, and the
elastic scattering was obtained as the shadow scat-
tering from multiparticle inelastic processes. Com-
parison with the high energy 7-p elastic scattering
data indicates that if the parameters of the model
are fixed by the total cross section and elastic-to-
total ratio a good fit is obtained on the assumption
that the scattering is purely imaginary. In the
proton-proton case, however, the simple Van Hove
model cannot fit; it seems plausible that the dis-
crepancies can be explained by adding a real part
to the amplitude correlated with the difference
between p-p and p-p total cross sections. At present
this hypothesis is being examined. For all these
fits the corrections to the asymptotic formulas are
negligible.

An interpretation was made of the observed
resonance in the 7-w system at 1220 MeV (the B
meson). It was pointed out that the dynamical
assumption that the 7-p-w coupling was respon-
sible for the interaction suggested a close analogy
with the 3-3 resonance of the m-nuclean system,
Simple considerations led to the hypothesis of a
resonance in the 2 state, of roughly the observed
width. Subsequent work using a fully relativistic
calculation of the effective range model confirmed
the quantitative correlation between the shape of
the observed resonance and the coupling constant,
chosen to fit the width of the w meson, and gave a
more comprehensive discussion of the angular
momentum assignment.

The problem has been examined of the angular
and energy distribution of the 3-body final states
resulting from isobar-type processes in which 2 of
the 3 particles come from the decay of an isobar of
known spin, mass, and width, and in which the
contributions of several such isobar processes can
interfere. An expression has been obtained for the
relativistic matrix element for such a process for
arbitrary spins of the particles and isobars, and a
program has been written to compute the distribu-
tions, carrying out all helicity sums for any given
case. This has been applied to generalization of
previous calculations of others to higher angular
momenta and to the analysis of the A-7-7 decay of



the 1660-MeV 1, * resonance, which gives possible
evidence for a D;,, assignment.

Some of the principles of S-matrix theory are
being applied to the study of nuclear forces below
350 MeV. The force is parameterized in terms of
effective coupling constants between the nucleons
and pion resonances, which are treated as “par-
ticles” exchanged by the nucleons. A new tech-
nique involving dispersion integrals of experi-
mental data removes many of the ambiguities of
previous efforts along these lines. In view of the
rapid proliferation of the resonances this work is
not conclusive, but a comparison with singlet p-p
and p-n experimental data is encouraging.

The problem of mass relations of the strongly inter-
acting particles (mesons and baryons) has been in-
vestigated. A number of linear mass relations have
been obtained which connect the masses of various
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particles. These mass relations are partly based on
the empirical observation of equal mass differences
for different pairs of particles and on the existence of
several sequences of particles with equal mass spac-
ing. A simple mass formula for the strongly interact-
ing particles is proposed which has been found to be
in good agreement with mass values among the
presently known particles and resonant states.

The International Conference on Fundamental
Aspects of Weak Interactions was held at Brook-
haven National Laboratory in September 1963.
This conference was sponsored by the US AEC
and ITUPAP. It was organized and supervised by
members of the BNL Physics staff and was attended
by more than 140 physicists invited from all over
the world, including the USSR. The sessions lasted
3 days with 16 invited talks and 24 contributed
papers on all phases of the weak interactions.

Figure 11. Aerial view of the 80-in. bubble-chamber complex. Part of the AGS ring is visible at the right, under the
mound of earth shielding. The separated beam emerges from the ring (right center) through a concrete shield wall and
is guided into the large building in the center, which houses the 80-in. bubble chamber. The cooling tower is visible to
the left of the main building. The low-pressure and high-pressure gas storage tanks for hydrogen are also at the left, in
front of the service building. The spherical tank (lower left) provides high-pressure containment for the gaseous hydro-
gen when the liquid hydrogen in the chamber must be dumped.
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80-in. Bubble Chamber

As reported last year, the Brookhaven 80-in.
hydrogen bubble chamber was operated success-
fully on its first cool-down on June 2, 1963. This
is the largest bubble chamber in the world, with
an effective volume of 850 liters. An aerial view of
the 80-in. bubble-chamber complex is shown in
Figure 11. Since it first began operation, the 80-in.
chamber has taken 566,736 stereo-triad photo-
graphs during 4 operating periods. About 18,000
photographs were used for engineering studies in
order to understand chamber performance and to
accumulate operating experience. Of the remain-
ing pictures, 58,251 useful pictures (this number is
normalized for proper number of beam tracks and
desired purity of beam) were of 6-BeV /¢ 7~ mesons
for an experiment by a Brookhaven Bubble Cham-
ber Group, 31,038 useful pictures were of 5-BeV/¢
7~ mesons for a Johns Hopkins University experi-
ment, 10,000 useful pictures were of 8.5 BeV /¢ 7*
mesons and protons for a University of Pennsyl-
vania experiment, and 60,000 useful pictures were
of 7-BeV /¢ antiprotons for a cooperative experi-
ment by Yale University and BNL. In addition,
127,603 useful pictures were of 5-BeV /¢ K~ mesons;
in one of these the first example of - production
and decay was obscrved. The chamber was in its
fifth operating period at the end of fiscal 1964.
Chamber reliability has been better than expected,
and in general the over-all performance has pre-
sented no major difficulties. The most scrious
failurc oceurred on the third cool-down in Novem-
ber 1963, when a leak from atmosphere to vacuum
oceurred in the flexible metal bellows that isolates
the chamber from the vacuum can. This leak
terminated the third cool-down before any useful
pictures had been obtained. The failure was re-
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paired, and a secondary seal has been incorpo-
rated to prevent a reoccurrence. Another problem
arose in connection with the retrodirectors (“coat-
hangers”) used for chamber illumination. This
was solved by strengthening the mounting tabs
and the support brackets. In May, with only 56 hr
of downtime necessary for routine maintenance
and repairs, chamber performance reached a level
that made it possible to take 212,000 pictures, of
which =~175,000 were useful. A process control
computer has been installed at the chamber and is
aiding considerably in logging and recording. As
more experience is gained it will take over some
of the controls of the chamber. A continuing pro-
gram of modification is heing carried on with tle
aim of obtaining improved picture quality and
reliability of operation. During the coming year it
is anticipated that a soft glass window can be in-
stalled to decrease the distortion now introduced
by the tempered window. Other improvements
will require additional expanding pistons and a
new oil-free vacuum pump system, bright-field
modification to the illuminating system, and modi-
fication of the electronic controls.

High-purity beams in which the different kinds
of particles are separated by means of electrostatic
fields are brought to the chamber from the scatter-
ing target in the AGS primary beam by an array
of 28 beam transport maguets. This array com-
prises focusing and deflecting magnets and is com-
pletely analogous to an optical system of lenses
and prisms. In addition to the quadrupnles which
perform the focusing function, the heam also con
tains sextupoles and octupoles for correcting aber-
rations (see Figure 12). Although this beam is much

Figure 12. A sketch of the beam transport and separating
system that provides beams of A mesons and antiprotons
of high purity for the 80-in. bubble chamber. About 4 K~
mesons at 5-BeV /¢ momentum and 10 antiprotons at 7.5-
BeV /¢ momentum are available when 10" primary AGS
protons strike the tungsten target.
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more complex than those used for counter experi-
ments, it is essentially semipermanent and is used
for many different experiments over a long period
of time. It has been operated successfully at mo-
menta as high as 8.5 BeV/c. It provides up to 5-
BeV /¢ K- mesons with a purity of 95%. The in-
tensity of the particles available at the bubble
chamber is 4 K~ mesons or 10 antiprotons per 10"
protons/pulse in the internal beam of the AGS.
Tuning this beam for the proper particle and mo-
' mentum is a very complex process, but experience
gained in the past year now enables this to be done
more rapidly. After the beam has been tuned, a phys-
icist must continuously supervise the operation in
order to maintain optimum intensity. Instabilities
in the high-voltage supply to the electrostatic sep-
- arators considerably complicate the problem of direct-
ing the beam through the precise collimating slips.
A program to improve this stability is under way.

Data Analysis

Following the first phases of research in a new
high energy region the complexity of the experi-
mental problems and setups gradually increases.
A natural consequence is the need for more elabo-
rate and sophisticated data analysis. Conventional
measuring equipment has continued to bear the
principal burden of bubble-chamber analysis
efforts at BNL. 'Three Hermes automatic measur-
ing machines are now in use for measurement of
80- and 30-in. chamber pictures. The two Mark II
BNL measuring machines have been mwdified to
accept 400-ft rolls of film and can now provide mea-
surement facilities for the 35-mm Hough-Powell
Flying Spot Digitizer (FSD). Design work has been
‘completed for the modification of the Mark I BNL
measuring machines to measure 3 views of 70-mm
film from the 30-in. bubble chamber.

Of the 7 Vanguard scanning machines in oper-
ation, 3 can be equipped to rough-digitize 35-mm
pictures, and 1 is a prototype for rough-digitizing
machines to be constructed to handle the 80-in.
bubble-chamber 70-mm film. Of the 6 BNL
scanners, 4 have been converted to scan 2 views
of 30-in. chamber pictures. :

The automatic measuring system using the FSD
has been used in the analysis of 3 experiments per-
formed with the 20-in. bubble chamber. In the
first experiment some 6000 2-prong events were
measured, and in the second, a sample of ~~2000
4-prong events was measured. In the third experi-
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ment, 7000 2-prong, 2500 4-prong, and a few
hundred single and double V events were measured.

The production measurement rate on the FSD
with manual intervention at the IBM 7094 com-
puter console for difficult cases (Manual Filter)
has stabilized at =80 events/hr. Recent hardware
and program developments have permitted the
transfer of Manual Filter to an off-line CRT; the
measurement rate for this mode of operation has
been found in initial tests to be =110 events/hr.
This rate is considered satisfactory for the system.

The rejection ratio for a second pass through the
system, including rerough-digitizing at the scan
table, is found to be comparable with that for the
first pass. The 2-pass rejection ratio for the most re-
cent 10,000 eventsis =~3% for 2-prong events and
~10% for 4-prong events. The 2-pass strange-
particle rejection ratios observed are =20%, but
a separate study is needed using an input sample
richer in types of strange-particle events. All re-
Jjection ratios are believed to be susceptible of con-
siderable further reduction, based on the observed
rate of decrease over the past few months.

Bubble density is measured by the FSD for each
track. An ionization-momentum X is calculated
for each event in addition to the usual kinematic
Xx2. Both x?’s are used in event identification, and
the human judgments involved in the use of these
criteria have been incorporated in a computer
program for event identification. The ionization-
momentum x? distribution suggests a measured
ionization error only 1.15 times that expected from
the statistics of bubble formation; however, further
study is required.

For events occurring every few frames, each
rough-digitizing scan table can supply events to
the FSD at the rate of 15 events/scanner-hour.
For events spaced =50 frames apart, the rough-
digitizing can be done at the rate of =10 events/
scanner-hour. (The latter figure was obtained in
the course of doing remeasurements in cases in
which the frame numbers containing the events
were known.) In general, the original expectation
of scanning rate, based on 1 min per frame
scanned plus 3 min for rough-digitizing an event
when found, seems to be reached or exceeded in
practice. For 30 hr of FSD measuring time per
week, 3 rough-digitizing scan tables, each manned
2 shifts per day, are required.

All the results given abave were obtained with
the 35-mm FSD. The 70-mm FSD transmitted its
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first pictures to the 7094 computer just at the end
of fiscal 1964. A moderate amount of work remains
in-operational testing of the equipment, especially
the computer-controlled film transport. The modi-
fications required in the FSD program HAZzE are
expected to be small for 30-in. but substantial for
80-in. bubble-chamber film.

The FSD computer-scanning programs are in
the phase of small-scale production testing, as
described in the section on Applied Mathematics.

To interpret measurements obtained with the
data handling equipment, elaborate computer
programs must be employed, specifically on the
Brookhaven IBM 7094. Progress has been made
in adapting programs to operations on the FSD
and also to interpretation of data from 70-mm
film, obtained with the 30- or 80-in. chambers. A
new library program has been written and is being
nsed at Brookhaven for collecting the data of kin-
ematics programs for final physics interpretation,
such as the preparation of histograms, effective
mass distributions, scattergrams, etc.

A Brookhaven group has completed the con-
struction of a flying spot scanner for the automatic

measurement of spark-chamber photographs, as.

well as a preselector that enables an operator to
instruct the scanner to measure only certain photo-
graphs which have been chosen by visual inspec-
tion. These two instruments havc been used to
study 150,000 spark-chamber photographs ob-
tained in a K-p elastic scattering experiment per-
formed at the AGS in the momentum range 3 to
5 BeV/c. The preselection showed that =% of the
photographs should be measured by the automatic
scanner; the rate of preselection of photographs
was 50/min. The automatic scanner measured a
photograph in =25 sec; an analysis time of 2 sec
per measured photograph was required by the
IBM 7094 computer for processing (off-line) the
magnetic tape output data from the scanner. The
over-all analysis rate, =2 measured photographs
per min, is =10 times faster than the rate attained
when conventional scanning and measuring
methods are used.

In connection with a p-p scattering experiment
carried out by a Brookhaven group and described
last year, it was pointed out that the group had
designed a data analysis system permitting almost
simultaneous collection and analysis of data, which
greatly increased the efficient use of beam time.
This equipment has now been much improved.

The original digital data-handling system had 96
input bits and a 32-word memory and was limited
to recording 32 events/pulse or =250,000.events/hr
at the AGS. It became clear that this rate was far
below that which might be required for many ex-
periments. In collaboration with the Instrumenta-
tion Division staff, the group developed a high-
capacity system having 48 input bits followed by
a 4096 memory which could record several million
48-bit word events/hr. Two of these basic units
could be used in parallel if desired. For their small-
angle scattering experiment at the- AGS (see
above) the group used 192 input bits/event, which
the data handler automatically broke up into 15
words of 48 bits each, stacking them successively
in its 4096 memory. In this way they could handle
more than a million events per hour. The data
were gathered at a rate up to an order of magni-
tude faster than the Brookhaven Merlin computer,
used vu line, could prooess it. Thus Merlin was
uscd only for sampling, and the remainder of the
data was stored on magnetic tape and proccssed
at the IBM 7094. This high-capacity digital data-
handling system was designed to accept data bits
from counter hodoscopes, wire chamber hodo-
scopes, sonic chambers, and any other digitizable
electronic pulse-generating detectors while oper-
ating on line to a computer. These new techniques,
which have already become quite important,
should have an even greater impact on high
energy physics experiments in the future.

Particle Physics Apparatus

Brookhaven high energy physicists, besides par-
ticipating in experimental work at the AGS and
the Cosmotron, devate much effort to the activities
essential (o the planning and execution of the par-
ticle physics program. Among other things, they
are involved in the conception and design uf new
research facilities and instruments and data-
handling methods and devices.

The 20-in. bubble chamber, which took 1.3
million photographs in fiscal 1964, will undergo
major modifications in the coming fiscal year. A
new chamber body has been designed to increase
the size of the chamber to 31 in. A bright-field
optical system will use Scotch light as the retro-
director. With this system the useful optical
volume of the chamber will be 30 in. long by 9 in.
high by 13 in. deep, equivalent to 57 liters, a large
increase over the present dimensions of 17X 8% X 10



in. for 24 liters. New magnet coils have also been
designed which will produce a magnetic field of
=24 kG, compared with the present magnetic
field of =17 kG. New coil tanks and vacuum bell
end sections are being constructed to accept the
new magnet toil. A low-pressure deuterium gas
storage facility will also be provided for this
chamber.

The 30-in. bubble chamber took 1.4 million pic-
tures during fiscal 1964. It also is being modified
to use the Scotch light bright-field illumination. It
will be shut down for a short period during the
coming fiscal year to permit modification of the
separated beam which provides the A" mesons and
antiprotons. This change will result in greatly im-
proved purity of these particle beams.

The Brookhaven Bubble Chamber Group has
devoted considerable time to the consideration of
bubble chambers that may be needed for future
experimentation, in particular for exposure to neu-
trino beams and to beams of particles at higher
energies than have been explored so far. Because
of the extremely small cross section of neutrinos,
the size of a bubble chamber (which also acts as a
target) is important, and because of the high com-
plexity of interactions at very high energies the in-
sertion of large metal plates for detection of un-
seen neutral particles is necessary. Possible cham-
bers that have been under discussion (partially
with members of the MIT staff) involve a 14-ft-
diam liquid hydrogen bubble chamber and a 4-m-
long propane (or other heavy liquid) chamber.
Studies on the large hydrogen chamber are most
advanced at this time, and a 14-ft-diam liquid
hydrogen bubble chamber containing 40,000 liters
of liquid, with 25,000 liters visible to 3 stereoscopic
cameras, will be proposed for construction at
Brookhaven. The chamber is to be expanded at
least once a second by means of a new hydraulic
control system, with the added possibility of mul-
tiple expansions for each AGS beam puise. A
20,000-G magnetic field with vertical axis is to be
provided. Wide-angle lens photography and retro-
directive lighting are to be employed.

A new instrument, under development in col-
laboration with the Instrumentation Division,
should increase the effectiveness and speed with
which many types of high energy experiments can
be carried out. The new device is a digitized
discharge plane, sometimes called a wire dis-
charge plane. Its principal use is to form magnetic
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spectrometers possessing an extremely useful com-
bination of characteristics. Discharge planes, like
spark chambers, locate a particle’s trajectory by
means of a discharge initiated by ions left in the
gas, the discharge being produced by a short-
duration voltage pulse. Unlike spark chambers,
one of the elements between which the discharge
takes place consists of fine wires spaced =~1 mm
apart, each passing through a small ferrite memory
core. The discharge is located by a core or cores
that have been “flipped” by the discharge current
in the wire. Two crossed discharge planes will thus
provide X and ¥ coordinates of the trajectory. The
location of the flipped cores is determined by a
fast readout system on line with a fast computer
(see the section on Instrumentation). This system
is capable of very high operating speeds. For ex-
ample, a spectrometer system consisting of X and
¥ discharge planes totaling 10,000 wires can be
read out in =500 usec, corresponding to =~1000
events per machine burst.
Magnetic spectrometers incorporating these
planes can have the following characteristics:
1. Angular resolution, A®, 1 mR
2. Momentum resolution, dp/p, <1%
3. Solid angle of acceptance, =102
steradians (limited by magnet aperture)
4. Momentum acceptance of several BeV /¢
5. Counting rate, =~1000/pulse
6. Resolving time, =300 nsec

The combination of these characteristics makes
the spectrometers unusually effective. The large
solid angles permit complete kinematic analysis,
as performed by bubble chambers, of a large class
of events. The speed of the system and the fact
that laboratory coordinates of the particle are im-
mediately available mean that events can be
selected on the basis of their kinematics (for ex-
ample, selection of 7° production events and re-
Jection of 27° production events). High momentum
resolution permits, for the first time, kinematic
analysis of the highest AGS energy events. Finally,
since the time-consuming process of extracting
data from photographic film is eliminated, the
analysis of the data can be achieved quickly. The
rapid acquisition and quick availability of data
will permit a shorter interval between successive
experiments than is now possible. These devices
have been tested at the Cosmotron and appear to
be eminently practical. They should be useful in a
wide variety of applications; for example, in B-ray
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spectrometers, in beam profile indicators, and in
the study of cosmic rays.

The program aimed at producing high mag-
netic fields is continuing. Some solenoids were
wound of superconducting niobium-zirconium
wire for particular application to certain experi-
ments being conducted at the Laboratory. These
solenoids were designed for fields of only 10 to 20
kG. To compare 3 promising superconductors
(RCA Hastelloy ribbon on which Nb;Sn is de-
posited, NRC niobium ribbon on which tin is
reacted, and Westinghouse HI-120 wire), 3 similar
solenoids are being wound to study the perform-
ance of these materials. The RCA material when
wound on a solenoid with a %-in. i.d. produced a
magnetic field of 30 kG, which was its design field.
This material was also wound in pancakes with a
1-in. i.d. using %-mil Mylar as turn-to-turn insula-
tion. A number of pancakes were tried in two ar-
rays, one in which the pancakes were clamped
- together with only Mylar sheet insulation between
them, and a second in which the pancakes were
clamped with spacers between them to permit
more ready circulation of liquid helium. In the
second case, the pancakes performed considerably
better than in the first, in some instances carrying
double the current. The Mylar insulation in these
pancakes is being replaced by anodized aluminum
to improve the low field stability of the RCA mate-
rial. A large Nb-Zr solenoid designed for 50 kG
with a 2-in. i.d. is also being wound to serve as
a facility for testing samples of different super-
conductors. - :

Advanced Concepts .

During fiscal 1963 many members of the Physics
Department joined groups undertaking (1) a
formal study of the design and experimental pro-
gram for future accelerators (including one of 600
to 1000-BeV), (2) a study of storage rings for use
with the AGS, and (3) consideration of possible
modifications and improvements of the AGS. A
special intensive summer study, representing the
combined efforts of Brookhaven and specially in-
vited university physicists, considered the useful-
ness of storage rings and experimental programs
for super high energy accelerators. The question
of storage rings had been discussed with consider-
able interest by the scientific community both in
" ‘America and in Europe. The Ramsey panel had

specifically recommeiided that Brookhaven Na-

tional Laboratory undertake a study of this ques-
tion. The technical findings have been published
as Informal Report BNL 7534, Proceedings of the
1963 Summer Study on Storage Rings, Accelerators, and
Experimentation at Super High Energies. This group
also discussed the possibility of achieving a major

_ increase in the intensity of the AGS by raising the

energy of its injector. It soon became evident that
the community of high energy physicists showed
much more enthusiasm for this project than for
storage rings. Increasing the present injector en-
ergy of 50 MeV by factors of 10 or more would
give corresponding factors in ultimate AGS in-
tensity. Other more immediate changes are ex-
pected to raise the present AGS intensity of
~2X 10" protons/sec to =~10'? protons/sec. With

‘a new 500-MeV linear accelerator and with a

simultaneously proposed increase in AGS cycling
rate, the intensity could reach 2 10'® protons/sec,

. higher by a factor of 100 than the present value.

In addition, construction of a 500-MeV proton
linac would provide a valuable extension of the
accelerator art, and the new linac would be a
model for the several-BeV injector for a 600 to
1000-BeV machine.

A separate study on beams and experiments for
a high intensity AGS was therefore undertaken by
the Physics Working Committee of the Super
High Energy Policy Committce with the eollabo-
ration of high energy physicists from various uni-
versities and institutions as well as from the Brook-
haven staff. The study, published as Informal
Report BNL 7957, Possible Beams and Experiments

Jor a High Intensity AGS, is divided into five sections:

(A) Experimental Facilities and Targets, (B) Un-
separated Beams, (C) Separated Beams, (D) Pos-
sible Experiments Involving the Weak and Elec-
tromagnetic Interactions, and (E) Possible Experi-
ments Involving Strong Interactions. -

Many experiments that are at present either
completely impossible or in an unsatisfactory state
could profit from an increase in the AGS intensity.
The gain would be not only in event rate but also
in quality. A list of these experiments would in-
clude low momentum transfer-weak interaction
experiments, such as those on the leptonic decay
modes of hyperons and mesons; high momentum
transfer—weak interaction experiments, mainly
concerned with neutrino and muon interactions;
high momentum transfer-strong interaction ex-
periments, including p-p scattering, neutron-anti-



neutron interactions, hyperon-neutron scattering,
and 7-p and K-p scattering; and experiments on
the electromagnetic structure of strongly inter-
acting particles.

NUCLEAR STRUCTURE

In the area of nuclear structure, work has con-
tinued on a large number of experimental and
theoretical problems. Basically, the experimental
program consists of the determination of (1) the

various properties of nuclear energy levels — their

energy, spin, parity, lifetime, and electromagnetic
moment; (2) the characteristics of transitions be-
tween states of a nucleus or between neighboring
nuclei; and (3) the parameters of nuclear reac-
tions, where these are important in the interpreta-

tion of current theories of nuclear structure. The -

experiments fall into two general classes, those
‘dealing with unstable (radioactive) nuclei pro-
duced at the 60-in. cyclotron or the Brookhaven
Graphite Research Reactor (BGRR), and those
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TFigurc 13. Decay curves showiiig the precession uf the
angular correlation of the 78- and 68-keV y rays of Sc*
in an applied magnetic field. The upper curve shows the
exponential decay of the 68-keV level at zero field. The
middle and lower curves show the oscillation of the angu-
lar correlation about the exponential decay curve for the
two directions of the applied field.
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concerned with the instantaneous products of nu-
clear reactions produced by charged particles or
neutrons. The theoretical investigations cover a
broad range, including fundamental aspects of nu-
clear structure, the development and interpreta-
tion of nuclear models, the treatment of extra-

nuclear interactions such as internal conversion,

and studies of nuclear reactions.

The method of precession of a y-ray angular cor-
relation pattern in an applied magnetic field has
been successfully applied to the measurement of
the nuclear g factors of excited states in Sc** and
Tm169.

In Sc**, a 146-keV excited state decays to the
Sc** ground state via a cascade of two successive y

- rays with energies of 78 and 68 keV. The 68-keV

state has a measured half-life of 1.53 X 1077 sec.
With the parent Ti* source in dilute HCI solution,
the angular correlation between the two y rays is
found to be undisturbed for at least 1 psec. The
¢ factor of the 68-keV state has been measured by
perturbing the directional correlation with a mag-
netic field of 7550 G applied perpendicular to the
v-ray detection plane. The Larmor precession fre-
quency was measured for an angular separation of
the detectors of 135° by observing the resulting
oscillations about the exponential decay curve
with a time-to-amplitude converter. The behavior
of the time spectrum with applied magnetic field
(up or down) is shown in Figure 13. With each
counter detecting both y rays with equal effi-
ciency, the unperturbed time spectrum (B =0) is
symmetric about t=0. With an applied field, the
oscillations vary continuously through t=0 and
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Figure 14. The net effect of the precession of the y-ray
angular correlation pattern in Sc**. The counting rate
ditference (field up minus field down) divided by the
counting rate sum (field'up plus field down) is plotted”
against delay time. -
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can be followed for =5 half-lives on each side
of t =0 without visible amplitude attenuation.
The oscillations are more clearly exhibited in
Figure 14, in which the counting rate difference
(field up minus field down) divided by the count-
ing rate sum at a particular delay time is plotted
against delay time. The observed precession fre-
quency and phase at ¢ =0 gives a value for the g
factor of the 68-keV state in Sc** of g =0.342+
0.006.

" A g-factor measurement has also been made on
the 138-keV %+ member of the K =% rotational
band in Tm'®® by an integral-type method made
necessary by the short lifetime (7=0.42 X 10-° sec)
of the state. The adoption of a paramagnetic cor-

rection factor 8=>5.56 appropriate for a thulium -

ion in a 43 charge state gives a value for the g fac-
tor of the %+ state of 0.428+0.031.

Mossbauer-effect studies concerned with the
recoil-free emission and resonant absorption of nu-
clear y rays emitted by nuclei of atoms bound in
solids have continued. The effect has been ob-
served for the 90-keV transition in Ru®®. The com-
bination of a resonant absorber of metallic iron
into which was incorporated 2.3 atom % ruthe-
nium enriched in Ru®® and a single-line source of
Rh?? in Ru metal (both source and absorber held
at a temperature of 5°K) clearly showed the com-
ponents of the magnetic hyperfine spectrum. This
spectrum, shown in Figure 13, is consistent with
the following interpretations:

(a) The 90-keV state in Ru®® has spin %.

(b) The 90-keV transition to the spin % Ru®®

ground state is a mixed M1 4 E2 transition
with M1/E2=0.4-+0.1 as deduced from in-
tensities of the component lines in the hy-
perfine spectrum.
The ratio of the magnetic moments of the
excited state and ground state is . /p, = 0.46.
With a value of —0.6 nuclear magnetons
for the ground-state moment, the magnetic
field at the Ru®® nucleus is 5 10° Oe.

(c)
(d)

Positrons annihilating in amorphous solids
and plastics have been found to exhibit a third
component 7; of lifetime intermediate in value
between the previously known components T,
(usually a few X107 sec) and 7, (a few X 107'Y sec).
The exact values of the lifetimes and intensities
vary from substance to substance. A certain cor-
relation between 7, and -7, seems to exist in the
sense that a material exhibiting a relatively long
(or short) 7, will generally exhibit a relatively long

(or short) 7,. This pattern of behavior suggests a
common feature in the mechanism that deter-
mines 7, and 7.

A search has been carried out for charge ¢/3
particles (quarks) in the cosmic radiation at sea
level. Pulses from a counter telescope (7 counters
in a vertical array, plus a large anticoincidence
guard counter to veto signals originating in Lucite
light guides) have been exhibited on a dual-beam
oscilloscope and photographed in a search for
events which show ==~ of the minimum ioniza-
tion of a particle with charge ¢ in all 6 displayed
counters of the 7 in the coincidence counter tele-
scope. No events satisfying the proper criteria were
found during an interval in which =3 X 10° mini-
mum ionizing muons triggered the counter tele-
scope.

A search has been undertaken for double in-
ternal conversion in radioactive decay. This was

- done by counting coincident electron pairs of ap-

propriate total energy entering selected gaps of an
Orange f-ray spectrometer equipped with a split
detector. From a source of In***™, two coincidence
groups are observed, with total energies corre-
sponding closely to those expected for “AL” and
“LL” double conversion parallel to the 191-keV
isomeric transition. However, investigation of the
angular distributions between these coincident

" electrons and the source orientation indicated that
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these groups arise from elastic (Moller) scattéring
of the single K- and L-shell conversion electrons
of the isomeric transition on electrons in the 6000-
A aluminum source backing. This scattering
mechanism cannot produce coincident pairs with
energies corresponding to “KK”’ double conver-
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Figure 15. Mdssbauer absorption spectrum of the 90-keV.
transition in Ru®® for a single-line source of Rh*? in Ru
metal and an absorber of 2.3 atom % Ru®® in Fe metal.
Both source and absorber were at a temperature of 5° K.



sion, and, in fact, no significant coincidences of this
type are observed. If isotropic energy and angular
distributions for the unobserved processes are as-
sumed, the present experiment indicates that
KK/K<5x10, where K stands for the intensity
of single K conversion of the isomeric transition.
This limit is consistent with the upper limit on
double photon emission yy/y <3 X 10° already
known for this transition. Both of these upper
limits are distinctly less than current expectations.
Until recently the chief obstacle to coincidence
studies of low energy internal conversion electrons
from nuclear transitions has been the inability of
electron detectors suitable for coincidence work,
usually plastic scintillators, to detect electrons with
energies < =20 keV. This problem has been met
at Brookhaven National Laboratory with the de-
velopment of techniques for the preacceleration of
electrons in a B-ray spectrometer. The method is
particularly useful because low energy transitions
in nuclei are usually highly converted, so that the
observation of internal conversion electrons may
often be the only feasible way to study them. In
this technique thin sources of the element (or iso-
* tope) under study are prepared by electron beam
bombardment and activated in the BGRR. Their
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Figure 16. The low energy electron spectrum of Re*$5™

taken in a Gerholm spectrometer at 5-keV preacceleration.
The lower peak consists of two unresolved components:
the M Auger electrons of rhenium and the N internal con-
version electrons of the 2.4-keV nuclear transition in
Re'#8™ The upper, partially resolved peak consists of the
Ly, internal conversion electrons of the 15.9-keV nuclear
transition in Re'*$™ and the Ly, and L,y Auger electrons
of rhenium.
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electron spectra are obtained with the help of a
Gerholm electron-electron coincidence spectrom-
eter. The resolution of the instrument is typically
3% at 3% transmission. The electrons are detected
by plastic scintillators. In order to extend the en-
ergy range of the scintillators the source is held
at a potential negative with respect to the spec-
trometer which can be varied between 0 and 25
kV. Thus the electrons are accelerated before the
magnetic momentum selection takes place.

The decay scheme of the isomer Re'8%™ (18.7
min) was studied with this arrangement. Two
hitherto hidden isomeric transitions of 2.4 and
15.9 keV were detected.

Figure 16 shows the low energy electron spec-
trum of Re'®™ taken at 5-kV preacceleration. L
and M conversion lines of the 15.9-keV transition
and the / conversion line of the 2.4-keV transition
are seen. The Ly line of the 15.9-keV transition
is partly resolved from the L Auger spectrum. The
low energy peak was found to consist of two com-
ponents by studying the y spectrum in coincidence
with the left part of the line (Figure 17, curve 4:
the 92- and 105-keV peaks are approximately
equal) and with the right part of the line (curve
B: the 105-keV peak is considerably more promi--
nent than the 92-keV peak), which made it pos-
sible to identify the left part with the M Auger
spectrum and the right part with the 2.4-keV ¥
line. The energy values given are based on very
precise crystal spectrometer results on the 63-,
92-, and 105-keV lines, obtained by a group in
Munich. Figure 18 gives the decay scheme of the
isomer, which is of interest in the study of the
structure of odd-odd nuclei in the transition region
between strongly deformed and spherical nuclei.

In the course of studies of thermal neutron cap-
ture y rays carried out at Brookhaven National
Laboratory, new data on the intensities of the pri-
mary Yy rays, i.e., those that de-excite the state
formed in neutron capture, have been obtained for
a number of isotopes. A comparison has been
made of the strengths of those transitions identi-
fied as having £1 multipole order with the spectro-
scopic factors for the (4, p) reaction on the same

_target leading to the same individual final states.

Some interesting results are found for /=1 final
states in odd-neutron nuclei in the 4:=60 region.
Certain states near the ground state which are
strongly excited in the (4, p) reaction (those having
large components of single-particle p state in their
wave functions) also have large E1 strength from
the capturing state. In the region between 1.5 and
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abilities B(E1) of y-ray transitions from the state formed
by neutron capture to lower-lying levels in Fe®'; the lower | | | | |
curve shows the weighted spectroscopic factors (2 /+1)$ 0.01 0 1 2 3 3
for levels of Fe®” populated in the (4,p) reaction. EXCITATION ENERGY OF FINAL STATE, MEV
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4 MeV, however, there are groups of states that
have large E1 strengths but small spectroscopic
factors; in fact, an anticorrelation exists between
the (4, p) and (n,y) transition strengths to individ-
ual levels. Previously it had been believed that the
two reactions were to some degree correlated. The
data for the (n,y) and (d, p) reactions on Fe®® are
shown in Figure 19. From the pattern (observed in
coincidence measurements) of the y-ray decay to
lower states of the states strongly fed in the (n,y)
reaction but not in the (d, p) reaction, it is con-
cluded that many of these states are seniority-three
excitations (2-particle, 1-hole states). About the
right number and type of seniority-three states are
expected in this energy region. The E1 transitions
in neutron capture thus come from seniority-three
(or , in some cases, perhaps seniority-five) compo-
nents in the capture state wave function. That is,
these transitions are not due to direct capture, nor
to decay of a fully developed compound nucleus.
They seem to be due to the effects of the “inter-
mediate resonances’ so widely discussed recently,
and are perhaps among the most convincing ex-
perimental confirmations of the “intermediate
resonance’ hypothesis.

Some data are also available on the ( p, p’) re-
action on Fe®” (in which the energy of the outgoing
proton fixes the final nuclear state of the reaction
before y-ray emission). There is some correlation
between the (n,y) and (p, p’) strengths, except for
the 0.37-MeV state. That state is perhaps excited
in the ( p, p") reaction through its collective com-
ponents.

A number of lithium-drifted germanium y-ray
detectors have been successfully fabricated by the
Nuclear Structure Group. Typically, these detec-
tors have sensitive depths of 4 to 7-mm thickness,
with areas of 2.5 to 9 cm®. The best resolution at-
tained is <{5 keV. These devices are now in rou-
tine use for investigations of complex y-ray spectra
from unstable nuclei, charged particle reactions,
and thermal neutron capture.

In the Van de Graaff research program the
problem of the parity of Be'! has been solved in
two ways. This radioactive nucleus decays par-
tially by allowed [B-ray transitions to a state at
7.99 MeV and Lo one of two 6.76 to 6.81-MeV
doublet levels in B**. Prior to this work the parity
of the 7.99-MeV state was not known. Although
the upper and lower members of the 6.8-MeV
doublet in B'* were known to be of even and odd
parity, respectively, it had not been established to
which member of the doublet the B decay takes
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place. In one experiment, through measurements
on radiations from the Be?(He?, p)B'! reaction
with a magnetic pair spectrometer, it has been
shown that the y-ray transitions from the 7.99-
MeV state to the ground state and to the 2.13-
MeV state of B'* (both known to have odd parity)
are both electric dipole. This requires that the
7.99-MeV state have even parity, and, in turn,
that Be'* must have even parity. In the other ex-
periment a lithium-drifted germanium y-ray de-
tector was used to demonstrate that Be'! decays
to the upper, or even-parity, member of the 6.8-
MeV doublet, which again requires even parity
for Be''. Although the original shell-model pre-
diction for the spin-parity of the Be'* ground state
was %2 —, a more refined calculation has recently
been carried out by a group in Israel according to
which the %2 — and Y24 states of Be'* should be
inverted. The present result therefore confirms the
new theoretical prediction that the Be'' ground
state should be of even parity.

A search has been made for double y-ray
emission in competition with the electric mono-
pole pair emission from the 0+, 6.06-MeV, first-
excited state of O'®. The state was excited in the
F**( p,a)O' reaction, and the radiations were de-
tected in two 5 X 5-in. Nal crystals. By means of a
2-dimensional pulse-height analysis technique an
upper limit of 1.1 X 10* was placed on the inten-
sity of double y-ray emission relative to the normal
mode of nuclear pair emission. This limit is 20
times smaller than a positive value for the effect
that has been reported in the literature. There is
now no known case in which double y-ray emis-
sion has been observed and reconfirmed.

Detailed studies have been made of two energy
levels in B'® at 4.77 and 5.16 MeV which are en-
ergetically unstable against a-particle emission.
The states were excited in the B**(He?,a)B'° reac-
tion in a thin, self-supporting B** target. Alpha
particles, recoil nuclei, and y rays were detected in
coincidence. In a variety of experiments it was
shown that the 4.77-MeV level decays almost en-
tirely by a-particle emission but that it has a par-
tial y-ray branch with a relative intensity of 2.5
% 1073, On the other hand the 5.16-MeV state de-
cays 85% of the time by y-ray emission and the
remainder by a-particle emission. In separate ex-
periments on the Li®(a,y)B'° reaction it was es-
tablished that the y-ray partial width of the 4.77-
MeV level in B'? is 0.056 eV. By combining the
two experiments on this level, the partial a-parti-
cle width of the 4.77-MeV state is found to be
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~27 eV, which is more than twice as great as the
Wigner limit. The reason for the abnormally large
width is not yet understood.

At the 60-in. cyclotron the investigation of final-
state interactions in few-nucleon systems, carried
out in collaboration with members of the Chemis-
try Department and guests from Bell Laboratories,
has continued. The reaction p(d,2p)n has been in-
vestigated. The energies of coincident pairs of pro-
tons were registered by two semiconductor particle
detectors. The correlated energy information was
stored on-line in a small digital computer pro-
grammed as a 2-dimensional pulse-height ana-
lyzer. The computer was also used to generate
curves showing relevant kinematic and theoretical
information presented in the same display format
as the experimental data for rapid comparison
during the experiment. Figure 20 shows cathode-
ray-tube displays of experimental data in a 64
X 64-channel array. 7, and 7, are the kinetic en-
ergies of the coincident recoil protons. The two
pronounced bumps on the curve at high 73, low
T, and at low T, high T,, represent the formation
of quasi-deuterons in the singlet state. The bump
at low Tj, low 7, is due either to the low energy
p-p interaction or to a direct knockout feature of
the reaction mechanism. Such direct knockout
features were found to be very prominent in a
study of the reaction d(d, pd )n. Coincident proton-
deuteron pairs were measured with the same tech-
nique as above. No strong peaks were expected in
tlie experimental data since there are no strong
resonances in the possible intermediate systems
(d+p) and (d+n), and the tormation of the singlet
deuteron is forbidden by isospin conservation,
since it is /=1 and all the other particles are
I=0. The experimental data for one pair of detec-
tor angles are shown in Figure 21. The two p-d
coincidence curves are clearly seen. Several
straight lines and spots due to random coinci-
dences and 2-body reactions are also visible.
The outer curve, in which the deuteron energy is
7, and the proton energy 7,, has a very strong
peak which is seen as a faint broad curve of white
dots above the black part of the data curve. Mea-
surements at many angles show that this peak is
not a final-state interaction in any system, al-
though it cannot be distinguished from such by a
measurement at a single pair of angles; rather, it
always appears when the laboratory momentum
of the unobserved neutron is very small. Although
this peak is several MeV broad in the 7, or 7, co-

Figure 20. Cathode-ray-tube display of the energy dis-
tribution of the coincident recoil protons from the p(d,2p)n
reaction. The coordinates 1, and 7, are the kinetic en-
ergies ot the recoil protons. The two pronounced bumps
on the curve at high 7, low T, and at low T, high T,
represent the formation of quasi-deuterons in the singlet
state.

ordinates, it is much sharper in the laboratory
neutron energy 7. Most of the reaction cross sec-
tion appears in a region where 7; is <200 keV.
The strong peaking at low valucs of 7 is a general
feature of the various other reactions that have
been investigated. It is attributed to a dircct
knockout process, and for this reaction it may be
shown that the shape of the experimental peak is
quantitatively described by a simple plane-wave
knockout calculation, based on the assumption
that the cross section in the region of the knockont
“pole” is dominated by the effect of small momen-
tum transfer to the neutron.

The reactions d(He?®, pt)p, d(He®, pHe*)n, and
d(He?, pd )d have been investigated in a search for
final-statc interactions in the ( p+1£), (He®+n), and
(d+d) intermediate systems. These final-state in-
teractions would be due to particle unstable ex-
cited states of He*. These investigations have thus
far identified two excited states in He*. One is at
an excitation of 19.99+0.02 MeV with a width of
0.1 MeV. This state, being below the He®+n
threshold, can only appear in the ¢+ p brcakup.
The second state is at an excitation of 21.2+0.2
MeV, with a width of 1.2 MeV, and is observed
to decay by both proton and neutron emission
These two excited states have been measured at
many angles and are observed to be genuine levels
of He* in the sense that their energies and widths
are independent of the angle of observation.



Figure 21. Cathode-ray-tube display of the energy dis-
tribution of the coincident recoil deuterons and protons
from the d (d,pd )n reaction. The coordinate T is the kin-
etic energy of the recoil deuteron, and 7, is the kinetic
energy of the recoil proton. The very strong peak on the
outer curve corresponds to a knockout process in which
there is a high prohability that the recoil neutron will
possess a very small kinetic energy.

The previously unreported 2-neutron pickup
reaction Mg?*(He*,He®)Mg®* has been investi-
gated. A scattering chamber was used in conjunc-
tion with a counter telescope having a thin dE/dX
counter, an E counter (sufficiently thick to stop all
He* particles), and a veto counter in anticoinci-
dence to reject all particles that were able to pene-
trate the first two counters. The detector system
was able to discriminate He® particles in a He*
background 100,000 times stronger. Figure 22
shows a typical mass spectrum as observed with
the system.

A number of levels of Mg** were studied with
the Mg?®(He*,He®)Mg®** reaction and the results
compared with similar studies on the Mg*®( p,t)Mg**
reaction. The main findings of interest to nuclear
structure are: unnatural parity states are more
strongly excited in the (He*,He®) reaction than in
the ( p,t) reaction; the angular distributions oscil-
late strongly and indicate a direct process which
may be easily analyzed; and the ground and ex-
cited states are excited with comparable strengths,
while in the ( p,t) reaction only the ground and
low-lying states are strongly excited. The 3-neu-
tron pickup reaction Mg*°(He?,He®)Mg** has also
been observed.

Several advances in nuclear theory have been
made during the year. The calculation of the
properties of spherical nuclei from a detailed shell
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Figure 22. The mass spectrum of recoil particles regis-
tered by a telescope of semiconductor £ and dE/dX count-
ers in anticoincidence with a veto counter, in a study of
the Mg*°(He*,He®)Mg** reaction.

model is a subject of general interest. The Belyaev
and Zelevinski perturbation method has been
used to calculate the smaller deviations from har-
monicity; it is an expansion in 1/, where £ is the
number of available shell-model states. Since the
number is not a constant in the underlying
Bardeen, Coooper, and Schrieffer (BCS) method,
the number dispersion, as well as the usual num-
ber spuriosities, appears also in this method.
However, since the expansion is explicit in 1/§2,
it is possible, first, to write the number operator
explicitly up to the desired order, and second, to
make explicit to this order the dependence on the
number dispersion. It is not possible to actually
diagonalize the number operator without violat-
ing the expansion. However, since the number
dispersion is explicit, it is straightforward to con-
struct the excitation operators so as to commute
with the number operator, and thus to insure that
the excitations contain no spurious parts corre-
sponding to changes in the number of particles.
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In this way the recent results of Nogami and of
Nilsson on the effect of number dispersion in the
calculation of the ground-state energy have been
verified, and it is established that their procedure
holds in the leading order and the next order. Fur-
ther, the spurious states having to do with number
dispersion are explained and removed. Finally,
higher orders of perturbation theory can be com-
puted free from spurious contributions.

The Hartree-Bogolyubov self-consistent field
equations in a rotating reference frame have been
studied. The rotational energy has been found in
the form of a series in the angular momentum J,

E,=§,12+BJ4.

Uf particular interest is the B coefficient. With
pairing plus quadrupole-quadrupole forces taken
into account, the B coefficient can be decomposed
as follows:

BZBV.R,+BA+BCoriolis )

where By . corresponds to a centrifugal stretching
of the mass quadrupole moments due to rotation
and has exactly the form, but not the hydrody-
namical values, required by the Bohr-Mottelson
model for the vibration-rotation coefficient; B, is
a contribution arising from the change in the en-
ergy gap for fixed quadrupole moment; and
Beorioris is a pure fourth-order cranking modcl
term. Numerical calculations are being made. The
rotational phase transition predicted by Mottelson
and Valalin is also being studied by this method.

I'irst-order corrections to the distorted-wave
Boin approximation (DWBA) amplitude for (d, p)
reactions have been shown to occur. These corre-
spond to excitation of the target nucleus by the
outgoing proton, with subsequent capture of the
stripped ncutron (o form the residual nucleus.
These corrections have been included in the the-
ory in such a way as to facilitate computation by
high-speed computers. Calculations of the first-
order correction terms indicate a 10% increase
in the total cross sections for the reactions
O'(d, p)O5% 7 and Ca**(d, p)Cal' at E;=~5 MeV.
A computer search is now being made for the best
optical model parameters needed to fit the
Li¢(d, p)Li] ¢, reaction. The DWBA amplitude van-
ishes for this latter case, and only the correction
terms will coutribute to the angular distribution.

Values of the quadrupole antishielding factor y.,
have been obtained for the Al**, Co*, I, Pr®*, and
Tm?** ions. From the density of induced quadru-

pole moment as a function of distance from the nu-
cleus, values of the atomic shielding factor R have
been calculated for the 4 f electrons of praseo-
dymium and thulium. An estimate of the second-
order effects on vy, for the Cl- ion has been ob-
tained by including the effect of the induced quad-
rupole moment in the calculation of y... The value
of the second-order term is found to be only =~10%
of the dominant term of y,,, which is calculated by
first-order perturbation theory.

NEUTRON PHYSICS

At the BGRR a continuing program of investi-
gations of the scattering of very slow or “cold” neu-
trons by liquids and solids i3 being carried out.
Recently the rescarch effort has been directed to-
ward understanding the interaction of cold neu-
trons with a system of rotating molecules in con-
densed mattcr. Two guest scientists from the Insti-
tute of Nuclear Physics in Krakow, Poland, par-
ticipated in one phase of this work. The molecular
rotations of CH, in gas, liquid, and solid form
were studied. In the gaseous form good agreement
exists between experiment and theories based on
the Sachs-Teller mass tensor description of the in-
teraction of the neutron with a freely rotating
molecule; however, as the gas condenses, first to
liquid and then to solid phases, the agreement
with mass tensor theories vanishes. Experimen-
tally, the “effective mass” of the rotating molecule
increases as the molecules condense from gaseous
to liquid or solid phases. The study was cxteuded
to provide a comparison with liquid CII, ulsub-
stances (CH,I, NH,CIlO,, and NH,PF,) which are
known from other physical data to contain freely
rotating groups of CH; and NH, molecules. The
spectra of inelastically scattered neutrons from all
these substances showed similar deviations [rom
theory. These measurements provide an empirical
means for determining the freedom of rotation for
CH, and NH, molecules in liquids until some
better theoretical framework is evolved.

At the Brookhaven fast neutron chopper, im-
proved measurements of cross sections in the rare
earth region have been carried out in a search for
evidence for a J-dependence of the S-wave
strength function. A plot of the compound nucleus
cross section for low energy neutrons (or equivalent
S-wave strength functions) as a function of mass
number shows the typical peaks and valleys pre-
dicted by the optical model. There appears on
such a plot, however, considerably more scatter of



experimental points than expected. This has led to
the speculation that the optical model potential
should include a term depending on the J values
of the compound states formed.

Recent improvements in the fast chopper facii-
ity have made it possible to measure strength func-
tions more accurately by determining the energy
variation of the total cross section in the region of
1 to 10 keV where the individual resonances are
not resolved. These improvements include exten-
sion of the flight path from 20 to 30 m, a larger
detector bank, and an improved data-recording

_and analysis system built around a small, on-line

computer.

With this system the S-wave strength functions
of odd-4 isotopes of gadolinium and dysprosium
have been measured. In each case an average is
taken over two spin systems, J=I=*%, and the
analysis shows that if a strength function propor-
tional to J is assumed, the average strength func-
tion will be proportional to 2/+ 1. For Gd*** =%,
and for Gd'*" I=7%. On the other hand, Dy'®* and
Dy'¢® both have I=7%. The results of the measure-
ment are summarized below.

Strength Function

Isotope 1 (I.°y/D
Dy's % 1.95*0.14
Dy'® % 1.92+0.16
Gds %' 1.5220.09
Gd"’ % 1.49+0.09

The conclusion is that there is no evidence for a
J-dependent term in the optical model potential.
During the past several years, investigations
have been made of the y-ray spectra originating
with the capture of neutrons in resonance levels of

- the compound nucleus. One very obvious conclu-

sion from these measurements is that the capture
y-ray technique permits the detection of very weak
S- and P-wave levels that are difficult or nearly
impossible to observe in transmission. However,
conventional methods of obtaining the Breit-
Wigner parameters of resonance levels are based
on transmission (total cross section) measurements,
and hence are not directly applicable in the case
of capture y-ray detection.

The problem of obtaining the Breit-Wigner
parameters from capture y-ray measurements,
alone was therefore investigated. An extension of
the self-indication method first proposed by Bethe
was arrived at. It consists of using a resonance de-
tector of a given sample thickness and interposing
various thicknesses of the same material as reso-
nance absorbers. Ratios of counting rates with and
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without absorbers are compared with those calcu-
lated numerically by means of a program written
for the IBM 7094. The program computes these
ratios as a function of n,0, and A/T', where n; is
the number of atoms/cm? of the transmission sam-
ple and the other symbols are conventional. The
combination of thin and thick sample measure-
ments yields the Breit-Wigner parameters ¢, and
T'. A calculation has also been developed to cor-
rect for multiple scattering in the measurements.
The method has been applied to data obtained at
the General Atomic linac for the eight strong low
energy levels in Th?3? in order to obtain an ac-
curate value for the resonance absorption integral.

For some time data collected in the slow and
fast chopper time-of-flight experiments at the
BGRR have been accumulated in a time-shared
SDS 910 computer system. This time-sharing
process has recently been extended so that the
computer may be utilized for computational pur-
poses not necessarily directly related to the events
being processed. Thus, the present system per-
forms three functions at the same time: (1) proc-
essing and storage of fast chopper data, (2) proc-
essing and storage of slow chopper data, and (3)
performance of routine computational jobs. The
data rates are such that ==99.7% of the computer
time is available for function (3). The computer
will be used in writing and debugging programs
for multiparameter experiments at the High Flux
Beam Research Reactor (HFBR) and for routine
data transformations such as calculation of cross
sections and transmissions.

The construction and testing of the major com-
ponents of the new cold neutron facility and the
new [ast chopper, to be installed at the HFBR, is
proceeding, and both facilities are expected to be
in operation late in 1964. The cold neutron facil-
ity, intended for studies of the scattering of long-
wavelength neutrons by condensed matter, is a
neutron chopper system employing 3 rotors, 1 with
a vertical axis and 2 with horizontal axes, each
=1 m in diameter. This system combines high
neutron intensity with variable wavelength and
time resolution. The rotors will be driven at 15,000
rpm by synchronous motors with stringent condi-
tions maintained on the relative phase of the ro-
tors. The fast chopper, which will be employed in
studies of the interaction of neutrons with nuclei
in the resonance region, consists of a single rotor
of heavy material which will rotate at 15,000 rpm.

Work is continuing on the experimental pro-
gram for the determination of the total angular
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momenta of the compound states corresponding to
various slow neutron resonances with the use of
polarized monochromatic neutrons and polarized
nuclear targets. Recently resonances in Gd'®,
Gd'?, Tb'**, Er'®’, and Eu'®’ have been mea-
sured. An absolute method for such assignments
has been devised and has been successfully applied
to each of the above isotopes. This method makes
use of a statistical weighting factor involving the
Clebsch-Gordon coefficients associated with the
relative orientation of the neutron and nuclear
spins. The method is of considerable importance,
since it removes the need to know the absolute
signs of the hyperfine interaction constant, the nu-
clear magnetic moment, and even the direction of
the applied magnetic field.

In addition to assigning spins to neutron reso-
nances, the measurements yield the sign and mag-
nitude of the nuclear magnetic hyperfine interac-
tion. Of special interest are results obtained for
europium and gadolinium, expressed in terms of
local effective field at the nucleus: H,;; is negative
for both EuS and Eu metal (magnitude not deter-
mined); and Hy ;= —(3.420.4) X 10° Oe for Gd
metal. Only a small polarization. could be obtained
in the Eu metal because it is antiferromagnetic;
however, very substantial nuclear polarization was
obtained in EuS, which is ferromagnetic. It was es-
tablished that the sign of the nuclear hyperfine
field is negative in EuS, since the observed magni-
tude of the neutron transmission effect at 0.364 eV
is in excellent agreement with the calculated effect
for an I+ % resonance and a negative hyperfine
field and clearly inconsistent with an I — % reso-
nance and a positivé field. Since the transiission
effect in Eu metal is of the same sign, although
much smaller, the sign of the ﬁeld is also negative
in the metal.

It was also observed that the nuclear relaxation
time in EuS is strongly dependent on the applied
magnetic field. Increasing the field from 10 v 17.5
kG increased the nuclear relaxation time from
something less than 10 min to a value =15 times
as great. This surprising result is now being investi-
gated in greater detail.

As reported previously, neutron transmission
measurements on polarized holmium nuclet in a
holmium single-crystal sample had yielded a value

for the coupling constant of 4/k=0.595+0.010°K

This result was obtained by fitting the data to a
spin % Brillvuin function of the form

Sv=CBi(A/2kT),

where fy is the nuclear polarization, B, is the
Brillouin function, and C is a constant. The
constant C was found to be 0.92. For a single crys-
tal and the applied external field of 10 kG, the con-
stant C is expected to be unity. Efforts are being

 made to explain the discrepancy. Depolarization

measurements on the holmium single crystal
showed that total magnetization was indeed
achieved. However, a detailed study of the neutron
beam polarization showed that the polarization
was lower than previously assumed. The lower
beam polarization increased the value for the cou-
pling constant to 4/k=0.605+0.005, and the con-
stant C increased to 0.975 for the best-fitting val-
ues. Any contribution to the nuclear polarization
from the electric hyperfine structure has been
neglected. There is evidence, however, that even a
small electric hyperfine structure term w1ll change
the magnetic term appreciably.

Attempts have been maude to polarize U?% nuclei
by using the hyperfine coupling in the ferromag-
netic intermetallic compound U***Fe,. The avail-
able specimen contained 1.10% U?** which pro-
duced an a-decay heating of =250 erg/sec. In an
effort to-cool such a sample to temperatures below
0.1°K, an exceptionally large paramagnetic salt
pill, containing 1.7 kg iron-ammonium sulfate,
was constructed to serve as the cold reservoir. Even
this massive refrigerant failed to cool the UFe, sam-
ple appreciably below =~0.7°K, and consequently
the nuclear polarization was very small. Further
investigation has indicated that UFe, has very poor
thermal conductivity at low temperatures; this, to-
gether with thc large a-particle heating, holds the
sample at high cquilibrium temperature, The nn-

“clcar polarization achieved could be observed but

was too small to be useful in determining the spin
dependencc of the U?3® neutron cross section. This
work will be continued with U?** samples being
prepared at ORNL from isotopes containing only
0.1% U323,

The specific heats of U??** and U?%® metals have
been measured below 0.75° K. The results show a
large T -% contribution to the specific heat of U?2®
which is negligible in U?®8. This indicates the pres-
ence of a large hyperfine interaction in U?®®. The
U2* specific heat can be represented by the
expression ‘

Cz35"—'f(T)+BT_2 >

where the first term is the electronic and the second
the hyperfine contribution. The data give =(10.9
20.7) m J-deg/mole. Two possible choices for the



electronic term fit the data about equally well:
f(T)=121T,0r f(T)=70exp(—1/T) m J/mole-
deg. The latter is the approximate BCS expression
for a superconductor with y=12.1 m J/mole-deg®
and a critical temperature of 0.7°K. Since the data
do not clearly distinguish between the two choices
it was impossible to tell whether or not the sample
was superconducting.

At present an unambiguous interpretation of

the hyperfine specific heat of U?*® cannot be made.
Both nuclear magnetic and nuclear electric quad-
rupole interactions give rise to heat capacities pro-
portional to T ~* in the high-temperature approxi-
mation. The assumption that the interaction is en-
tirely electric leads to a value for its strength com-
parable to those obtained for U?*° in various salts.

The U?3® specific heat can be represented by the
equation

Coas=YT+BT*,

where y=(12.12£0.3) m J/mole-deg® and $=0.15
m J-deg/mole. Although magnetic measurements
have shown some samples of uranium to he super-
conducting, the U3¢ specific heat data cannot be

fitted with an electronic term consistent with the

BCS predictions for a superconductor.

The low-temperature specific heats of most of-

the rare earth metals have now been measured. Of
all the measurements those on praseodymium are
the most perplexing and are the only ones that are
seriously sample-dependent below 1°K. Careful
mieasurements have been made on Pr metal be-
tween 0.25° and 4°K. For the sample measured, a
small peak at 3.4°K and a contribution to the spe-
cific heat which increases with decreasing temper-
ature are found. This latter contribution, at tem-
peratures above 0.5°K, can be described by
CT?/R=6.4X107. The temperature-dependence
of this term, which is presumably a hyperfine in-

* teraction contribution, is not consistent with the
recent hypothesis put forward by Bleaney that
small ferromagnetic clusters exist in Pr metal.
However, the existence of the peak at 3.4°K sug-
gests that some sort of magnetic ordering may be
setting in. '

A very detailed study has been completed of the
Doppler broadening of a neutron resonance over a
wide temperature range. The purpose of these
measurements was to test the practical validity of
the theories in common use in-recent.years. Most
neutron resonance analysis has used an ideal gas
model to take account of Doppler broadening re-
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sulting from the thermal motion of the target nu-
clei. A more rigorous theory in occasional use was
proposed by Lamb to take account of the lattice
binding of the atoms in a solid target. To make
practical use of the theory, an approximation
which is known as the effective temperature model
must be used. Despite the enormous effort devoted
to neutron cross section measurements, there has
been no careful experimental verification of the
theory.

The 4.14-eV resonance in W'*2 was selected for
investigation because of its narrow natural width
and the desirable properties of metallic tungsten.
The shape of the resonance was investigated in de-
tail at several temperatures ranging from 4.2° to
825°K. At higher temperatures (above the Debye
temperature) the Lamb effective temperature
model was found to give an adequate description
of the Doppler broadening for most practical ap-
plications. However, even at the highest tempera-
tures small departures between observed shape
and calculated shape were found. At low tempera-
tures these departures were enhanced, and the ef-
fective temperature model did not give an ade-
quate representation of Doppler broadening. A
more elegant theory employing the actual phonon
spectrum appears promising, and computations
are now in progress to test its success.

In a cooperature program with Columbia Uni-
versity, a number of neutron crystal spectrometer
measurements have been made on the dynamics
of molecular motion in various families of inor-
ganic and organic compounds and on other prob-
lems. These have included studies of the slow neu-
tron scattering from CO, in the gas phase hear the
critical point, the scattering of neutrons due to ro-
tational motion of methyl groups in synthetic and
natural polymers as a function of sample tempera-
ture and neutron wavelength, magnetic inelastic
scattering cross sections of manganese and iron
compounds, first- and second-order phase transi-
tions in hydrogenous compounds by total neutron
cross section measurements, and the thermal dif-
fuse neutron cross section of single quartz crystals
at roorn and liquid nitrogen temperatures.

Equipment for a cryogenics laboratory, on
which work was started last year, has been built
and is being used in Mossbauer effect studies and
liquid helium experiments. A He® cryostat enables
experiments to be performed at temperatures
down to 0.35°K, and a superconducting solenoid
provides magnetic fields of up to 55 kOe.
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The experimental possibility of observing the
Moéssbauer effect in suitably chosen liquids has
been established. Experiments were performed
using as a source Co®’ in various host compounds
which were dissolved in glycerol. By varying the
glycerol temperature the viscosity could be varied
over a wide range. Figure 23 shows the experi-
mentally obtained linear variation of the emission
line width with T/% (temperature divided by vis-
cosity) of the source for Co*’Cl in glycerol. The
maximum line width studied was =600 times the
natural line width of the Fe®’. The line shape was
approximately Lorentzian over the entire range of
T/m studied. Similar results were obtained by
using Co®’ in porphyrin and hemoglobin with

.glycerol.

In all cases the line was centered near zero ve-
locity, and no recoil effects were observed. These
results provide evidence that the chemical entity
in which the source nucleus is embedded diffuses
classically during the time of emission of the y ray.
The results are in agreement with a theory of the
Mossbauer effect in liquids proposed by Singwi

.and Sjolander, based upon Vineyard’s calculation

for neutron scattering from liquids.

ATOMIC-AND MOLECULAR PHYSICS

The atomic beam magnetic resonance tech-
nique is being used to study hyperfine structures

‘of various radioactive nuclei. The apparatus at

Brookhaven is designed for-work of extremely high
precision. Nuclear magnetic moments can be mea-
sured with sufficient precision to permit the de-
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Figure 23. The diffusion broadening of the Méssbauer
emission line of Fe’" in glycerol. The line width (Ae-T')I" is
shown plotted as a function of T/7 (temperature divided
by viscosity). The variation of the emission line width
with T/7 is seen to be linear over a range of 600 in the
line width.
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termination of nuclear hyperfine structure anom-
alies. Recently this work has centered on Lu'™*™
(3.7 hr). The magnetic dipole and electric quad-
rupole interaction constants have been determined
with high precision for the atom in both the ?D;,,
and 2D;,, electronic states.

" Higher-order effects are most clearly shown by
comparing each interaction parameter in the two
electronic states in Lu'’®™ with the same param-
eters in Lu'™ (cvaluated elsewhere). In partlcular
the ratlo

[ A(175).]
AQT76m))yys _ [1+11sBuomlsrz _ i Gosog |

[A(175) ] — [MHasBurenlss
A(176m),,»

where A( ) represents the appropriate magnetic
interaction constant and A the magnetic hyperfine
anomaly, i.c., a small effect on the interaction en-
ergy arising from the penetration of the elcctrons
into the nucleus. While the values of A cannot yet
be measured separately, the fact that the differ-
ence of the two is as large as 0.3% signifies that the
A’s themselves may be quite appreciable.

A similar comparison of the electric quadrupole
interactions, which are among the largest yet mea-
sured ylelds the ratio

[_ﬂl_@] :
%Zf_ﬁm))f =1.000005 .
B(176m) |5,

The principal limitation at present on the pre-
cision of these ratios lies in the measurements of
Lu175

The measured values of the mteractlon parame-
ters for Lu'"®™ are, in cycles/sec,

2D, ,,: A=97,196,440+300 ,
B=—635,193,140+700 ;
Dy, A=173,172,830+300

B=—781,974,690=-700 .

The new atomic beam apparatus,.designed for
high precision, greater sensitivity, and greater
flexibility, has been completed.

SOLID STATE PHYSICS

Theory _ ,
Several theoretical advances have been made
during the year. Studies on the dynamics of radia-
tion damage in a bcc lattice (a-iron) have been



continued and extended to higher knock-on ener-
gies. The probability of divacancy production by
a 100-eV knock-on was calculated by running

>50 dynamic events in a large variety of initial -

directions to simulate isotropic distribution. At
higher energies the effect of lattice anisotropy on
the number of defects created was studied. A se-
quence of nonproductive replacements is caused
by a knock-on in a penetrating direction, i.e., be-
tween the low-index crystal directions. The un-
usually deep penetration of heavy ions (super-
channeling) has also been studied theoretically.
Recent experiments have shown that a small frac-
tion of a beam of heavy ions incident on a clean
single-crystal surface penetrates deeply (several
microns) into the crystal lattice. Such collisions
provide a new means of studying the non-adia-
baticity of slow atomic collisions involving large
angulaf momenta. Unique conditions exist in
channels because (a) impact parameters are
independcnt of ion energy and are precisely
known, and (b) the same atom makes a rapid
succession of collisions with essentially constant
impact parameter and kinetic energy. Calcu-
lations show that rare gas atoms can be multiply
excited in their outer shells and lose electrons by
auto-ionization in such collisions. A consequence
of this process is enhanced penetration into the
crystal lattice because the interaction potential
governing their slowing-down will be greatly re-
duced after ionization. A model based on such col-
lisional excitation and auto-ionization of chan-
neled atoms explains the observed experimental
results satisfactorily.

Calculations concerning the nature of point de-
fects have been carried out with a lattice model
simulating a-iron by using high-speed computer
techniques. Iron interstitials, carbon interstitials,
lattice vacancies, and various small clusters of

these have been studied. The atomic configura-

tion, the motion energy, and the motion volume
have been determincd for the different defects,
and agreement with experiment, where available,
is good. The iron interstitial migration energy was
found to be 0.3 eV, which indicates that stage I
radiation-damage annealing in a-iron proceeds by
free interstitial migration. The carbon interstitial
calculations tend to confirm and augment the
model proposed to explain experimental results
on the iron-carbon system obtained at BNL in the
past few years. The iron-carbon interaction was
represented by a cubic equation with the param-
eters chosen to yield the experimental value for
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the carbon migration energy and activation vol-
ume and the binding energy of a carbon atom to a
vacancy. With this model the approximate experi-
mental value of the energy of a carbon atom in
solution in iron relative to Fe,C was obtained.
When the constants of the iron-carbon potential
are scaled to nitrogen in iron and nitrogen in
vanadium, the experimental activation volumes
for diffusion of nitrogen, effectively zero in iron
and 0.14 atomic volumes in vanadium, are
obtained.

The distortion around a CI° interstitial atom in
a NaCl lattice and its relaxation energy have been
obtained for various positions of the CI° by a
method involving the exact calculation of electro-
static, polarization, dipole-dipole, and repulsive
energies. The relaxation of the order of 20 neigh-
boring ions has been taken into account. The
cube-centered and cube-diagonal positions are al-
ways found to be stable relative to the face-
centered and face-diagonal positions. There are
two energy minima of almost the same value along
the body diagonal, one in the center of the cube
and one straddling a CI- lattice position, separated
by a potential barrier of ==0.2 eV. The energy dif-
ferences for the various configurations along the
face diagonal are small, with the face center the
position of lowest energy. The face-centered posi-
tion is metastable with respect to the body-
centered position by =~0.03 eV. The energy dif-
ference between the body-centered and face-
centered positions is 0.44 eV, which gives an acti-
vation energy along this line of motion of 0.47 eV.

A model has been proposed to explain fission
fragment tracks in thin polycrystalline metal films.
The model predicts that the fragment energy will
be transferred to the electrons within a crystallite
and thence to the lattice, which will cause evap-
oration provided that certain conditions are satis-
fied. One is that the energy per atom imparted to
the lattice by, the electrons exceeds the sublimation
energy. Another is that the competing process of
thermionic emission from the crystallite is quenched
because the crystallite becomes charged. The lat-
ter condition implies that tracks will be observed
in thin films of high resistivity, but not in those
whose resistivity is about equal to the bulk value.

A number of theoretical problems in the field of
magnetism have been completed. The theory of
polarized neutron scattering was extended to in-
clude spin-orbit scattering of neutrons. This was
motivated by a recent experiment in which inter-
ference between spin-orbit and nuclear scattering
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was observed. The theory shows that in magnetic
substances an additional effect due to interference
between spin-orbit and magnetic scattering should

be observable in a.number of substances. The the-

ory of spin-orbit coupling in atoms-was developed
for rare-earth and 4d-shell atoms and ions. Calcu-
lations of coupling constants from first principles
showed good agreement with experiment. The
spin-spin interaction in paramagnetic ions has
been analyzed in detail. Calculations show that this
interaction is weaker than previously believed.
The theory of polarized neutron scattering by
targets in which both electrons and nuclei are
polarized has been completed and has been used
in the analysis of a transmission experiment on
holmium. : )

The shape of the soft x-ray emission spectrum of
lithium has been calculated in the Hartree-Fock
approximation taking into account the fact that
an atom about to emit a K x ray is a point defect
in the otherwise periodic potential. The perturba-
tion from the 1s hole was treated in the lowest-
order “strongly localized” approximation. Starting
from Ham’s calculated density of states function
and gradually increasing the strength of the per-
turbation, one observes the formation of a reso-
nance state (virtual bound state) and then a real
bound state. For reasonable values of the pertur-
bation parameter the results show a peak =1 eV
below the Fermi energy, a feature which resembles
the measurements of Crisp and Williams.

Crystal Imperfections

A major experimental research activity in solid
state physics is the study of defects in crystals.
While the main emphasis is on radiation effects in
solids, other departures from perfect periodicity,
e.g., order-disorder phenomena, are under active
investigation. : '

The study of the effects of strain on color center
~ formation and of radiation on mechanical proper-

ties in the alkali halides is being continued. Recent
results indicate that straining a NaCl crystal modi-
fies the well-known relation between the M-center
and F-center concentrations. This relation is
usually stated as follows: the M-center concentra--
tion is proportional to the square of the F-center
concentration. In a strained crystal a constant ad-
ditive term appears which increases with increas-
ing strain. As an example of the effects of irradia-
tion on mechanical properties, the changes in yield
point of NaCl with increasing y-ray dose have
been investigated. The yield stress of unirradiated

NaClis =10 to 30 kg/cm?. It increases mono-
tonically with increasing y-ray dose to =200 kg/
cm? for irradiations of 6 X 10".R. There is a large
change in slope at ==5X 10°® R which is apparently
related to the defects present. This can be demon-
strated by the behavior of M-centers. In crystals
subjected to <{5X 10° R, the M-center concentra--
tion, which is relatively low, decreases with time
after the irradiation. In contrast, in crystals sub-
jected to >5x10° R the M-center concentration
is about four times larger and increases after the
irradiation is completed.

The y-ray irradiation facility, which provides a
means of making optical absorption measurements
on samples while they are being irradiated, is be-
ing used to study the growth and annealing of F-
centers in KCl. The study of the formation of F-
centers as a function of dose rate at room tempera-
ture has been completed. The initial coloring was
found to be proportional to total dose, i.e., inde-
pendent of dose rate. In this region =100 eV must
be deposited in the crystal by the y-ray field to
produce one F-center. The initial portion is fol-
lowed by a region in which a steadily increasing
dependence on dose rate prevails. The stability of
the KCI F-center at room temperature was deter-
mined by coloring the crystals to saturation and
then “turning ofl ” the y-ray field. The F-center
concentration was then measured for periods of
time extending from a few seconds to scveral days.
There is an initial rapid decay, which is roughly
the same.in all crystals, followed by a very slowly
decreasing component. I'rom isothermal anneal-
ing measurements the kinetics were found to be
bimolecular, which suggests that F-centers are de-
stroyed by recombination of electrons trapped on
vacancies with holes that have formed V-centers.
This mechanism is supported by the observation
that V-centers are formed by irradiation and dis-
appear as F-centers disappear.

Electron spin resonance studies continue to
yield detailed information about crystalline de-
fects. In y-ray irradiated a-Al,O,, for example, a
single, asymmetric, paramagnectic-resonance ab-
sorplion was produced with g,=2.0122=0.002 and
g1 =2.008=0.002, where || and L are with respect
to the ¢-axis. The line width is =50 G at 300° and
77°K. The absorption line has been analyzed as a
supcrposition of three gaussian lines with the iso-
tropic g'values: g,=2.020=+0.003, g,=2.006=
0.003, and g, =2.006=2=0.003. The component lines
are tentatively attributed to two types of centers:



a trapped hole localized on an anion adjacent to a
cation site which is deficient in positive charge,
and an electron trapped at an anion vacancy. The
cation site may be vacant or may contain a mono-
valent or divalent substitutional impurity.

A study is in progress of the effect of neutron
irradiation of Al-Cu, a precipitating alloy. It was
anticipated that the severe local damage associ-
ated with a displacement spike could serve as a
nucleus for precipitation and that an acceleration
of the precipitation -process could be observed.
(This effect has been observed and studied in Fe-C
alloys at this Laboratory.) Preliminary experi-
ments on an Al-Cu (1%) alloy have shown that
neutron irradiation of =10 nvt (fast) causes the
resistivity decay curve at 110°C, associated with
the late GP zone or early §’ phase, to be acceler-
ated by a factor of 2 to 3.

Structure of Solids

Another major activity is the use of neutron and
x-ray diffraction in structural and extrastructural
studies of crystals. These have largely been con-
fined to magnetism and vibrational characteristics.
The work in these areas has been greatly strength-
ened by experiments involving the Mossbauer ef-
fect and by the establishment of a materials-
preparation and crystal-growing laboratory.

Detailed measurements are being made on a
natural single crystal of fayalite, Fe,SiO,, since
powder data gave evidence of a noncollinear anti-
ferromagnetic spin arrangement. The temperature
dependence of the intensities of magnetic reflec-
tions shows that one component of the antiferro-
magnetic arrangement appears around 60°K, fol-
lowed by the other at 30°to 40°K. Noncollinear
magnetic structures have also been found over a
wide composition range between ferromagnetic
CrTe or MnSb and antiferromagnetic CrSb. De-
tailed measurements as a function of temperature
have been made on selected compositions in order

- to determine the direction and magnitude of the
various spin components.

A diffraction study of a single crystal of gadolin-
ium has removed an ambiguity in the magnetic
structure of this metal. A single crystal disk of
gadolinium cut parallel to (00.1) has been studied
in zero magnetic field. A careful search along the
¢-axis and perpendicular to it in the neighborhood
of the (00.2) reflection has failed to reveal any
satellites in the temperature range 77° to 290°K.
Thus, unlike the rare earth elements from terbium
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to thulium, gadolinium is a normal ferromagnet.
Above 248°K the moment is aligned along the ¢-
axis. Below this temperature the moments make

an angle with the ¢-axis which reaches a maxi-
mum of 75° at 195°K and approaches 30° at 4°K.

The unpaired electron density in the inter-
metallic compound ZrZn,, reported to be ferro-
magnetic by Matthias and Bozorth, has been in-
vestigated. The magnetic scattering is very small
(#=0.17 pp per molecule) but is readily observ-
able with the highly sensitive polarized beam tech-
nique. The results show that the moment is al-
most entirely on the zirconium atoms and is more
diffuse than would be expected for a 4d electron
distribution, which suggests possible polarization
of the 55 conduction band. Moreover, there is
definite evidence for movement of electrons into
the tetrahedral bonds joining zirconium atoms;
the appreciable spin density along these bonds
indicates that a localized model is inappropriate
for explaining the ferromagnetism. )

The distribution of magnetic moments in the
Fe-Rh system has been investigated by neutron
diffraction in the composition range between 35
and 50 atom % rhodium. These alloys have chemi-
cal order of the CsCl type; the body corner posi-
tions are occupied by Fel atoms and the body cen-
ters by rhodium and Fell. The magnetic moments
in ferromagnetic alloys containing 35, 40, and 48%
rhodium aré pp,=3.1 pg, Pren=2.5 s, and
pra=1.0 pg at 25°C. The moment of the Fel atom
in the 50% rhodium alloy, which is antiferromag-,
netic at room temperature, increases to 3.3 pg. A
detailed study of the unpaired spin density distri-

. bution in the 48% rhodium alloy was made by the

polarized beam technique. While the Fel atom
has'a nearly spherical density distribution, that of
the rhodium atom shows a strong tendency to-
ward ¢, symmetry.

A number of crystals having the tetragonal
scheelite structure have been examined with x-rays.
These studies have yielded the heavy atom posi-
tions, but in most cases the oxygens could be located
only from packing considerations, and in all cases
the uncertainty in the oxygen position is quite
large. With neutron diffraction data, direct refine-
ment of all parameters is possible, Reliable oxygen
positions have been obtained from such data.

Scattering of cold neutrons by light water and
salt solutions is under investigation by means of
the filter-cutoff technique. The method has been
refined and energy resolutions of 2.5 and 1% have
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been achieved. Broadening of the quasi-elastic
peak has been observed as a function of scattering
angle, but no evidence.of low energy quantum
transitions has been found. Measurements on a
concentrated solution of NaCl do not show a de-
crease in the broadening, although it is known
that the coefficient of self-diffusion of H,O in this
solution is ==25% less than the pure water value.
The data are being compared with various the-
ories of cold neutron scattering by liquids.

Room-temperature Mgssbauer spectra have
been obtained for Fe*” in the following hcp metals:
Cd, Co, Dy, Gd, Mg, Ru, (Se), (Te), Ti, Zn. The
field gradients determined from the experiment
show a ¢/a dependence in qualitative, but not
quantitative, agreement with De Wette’s calcula-
tion for a point ion model and a uniform conduc-
tion electron density. The measured isomer shifts
are not tully explained by using conduction elec-
tron densities of the pure host metals but can be
accounted for if the iron impurity is considered to
be charged and screened by the conduction elec-
trons of the host metal. The screening charge
would also contribute to the field gradient at the
Fe’" nucleus and might account for the quantita-
tive differences in the observed field gradients and
De Wette’s results. : ’

The BNL: cold neutron facility has been used to
obtain inelastic scattering cross section data from
three first-row transition elements, titanium,
vanadium, and nickel, and a random binary alloy,
Ti yu-Zr ;5. The vibrational frequency distributions
have been'computed from the dara with use ol an
incoherent scattering approximation. These dis-
tributions exhibit peaks corresponding to majur
critical points. A comparison of distributions from
different samples leads to the following conclu-

sions: (1) the shape of the frequency distributions
of the bce metal (vanadium) and fcc metal (nickel)
are remarkably similar, the relative positions of
the critical points being the same for both; (2) the
frequency distribution of the hcp metal (titanium),
which has two atoms per primitive cell, shows
structure corresponding to acoustical and “opti-

- cal” modes of vibration; and (3) the Ti-Zr alloy

has hcp structure, and its experimental frequency
distribution is similar to that of titanium, except
at low frequencies where alloying with the heavier
mass zirconium atoms tends to smear out the
peaks corresponding to acoustical modes. The fre-
quency distributions above and below the critical
temperature for the phase transition to bce struc-
ture are different, the most striking feature being a
shift of the high-frequency critical points to lower
values in the high-temperature (bee) phase.

The ncutron inelastic scattering study of simple
high polymers was continued. Vibrational spectra
between 1000 and 30 cm™, derived from measure-
ments of the inelastic scattering of cold neutrons,
have been obtained for isotactic polypropylene at
temperatures below and above the glass transition
and the melting point. In addition to the skeletal
optical modes, the neutron spectra for isotactic
polypropylene indicate the existence of two acous-

_ tical modes, skeletal deformation and skeletal tor-

sion, with high-frequency limits at 62050 cm™!
and 11010 cm™, respectively. As in polyethyl-
ene, these modes appear to be strongly influenced
by the presence and phase of the disorder in the
samplc. Similar spectra for atactic polypropylene
above and below the glass transition show a much
less pronounced structure, although weak bands
are observed which correlate well with the skeletal
optical modes observed in the isotactic polymer.



High Energy Accelerators

The Accelerator Department is responsible for
the operation, maintenance, and improvement of
the Cosmotron and the Alternating Gradient
Synchrotron (AGS). It also has the responsibility
for advanced accelerator development programs
and the design, fabrication, and operation of ex-
perimental community property such as beam
separators and special magnets.

The activities in all these areas are summarized
in the following sections.

ALTERNATING GRADIENT SYNCHROTRON

Operations

The demand for experimental time on the AGS
continues to increase. Operation of the machine is

on an around-the-clock schedule, 7 days/week.
Intensities of 3 to 4 X 10'" protons/pulse are rou-
tinely accelerated. During .he fiscal year, 6569 hr
of operating time were available and were utilized
as follows: high energy physics, 62%; accelerator
studies, 6%; experimental setup, 3%; machine
start-up, shutdown, and readjustment, 5%; accel-
erator failure, 17%; experimental equipment fail-
ure, 1%; downtime requested by experimenters,
1%; and routine maintenance, 5%.

In general the performance of the various
machine components has been good. A continuous
program of apparatus redesign is being followed
in the attempt to improve over-all reliability.

Radiation damage to the transistors used in the
AGS rf system has been a constant source of trou-

Figure 1. Aerial view of the Alternating Gradient Synchrotron.
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Figure 2. New Southwest Experimental Area.

ble. New circuits have been designed, and when
fabrication is completed they will be mounted
under a concrete radiation shicld at each of the 12
power amplifier locations. A second source of dif-
ficulty has been vacuum leaks in the accelerating
cavities. This problem is being solved in two steps.
The first is the installation of vacuum flanges of
an improved design as the failures occur. The
second, a longer-term project, involves complete
mechanical redesign of the assembly. The system
changes instituted last year on the linear accel-
erator (linac) have resulted in a more stable in-
jector for the AGS. The demand for higher in-
tensities will be met with improvements in ion
sources, an improved rf system, and replacement
of the first few low energy drift tubes. The per-
sonnel safety and access control system for the
synchrotron complex has been in use for most of
the year. It has proved (o be operationally effec-
tive and flexible to the changing machine require-
ments. The main magnet power supply has been
pulsed 20.7 million times since its installation. The
linac and AGS vacuum systems have performed

well. Pump failures have been reduced by an effec-
tive maintenance program, and studies of ad-
vanced pump designs are continuing. Modeling
and testing of equipment for rf-type separators are
yielding sufficient data so that the design of the
final system can proceed. The cylindrical and
rectangular types of dc beam separators are in use
on three beams at the AGS. One of these beams,
which guides particles to the 80-in. bubble cham-
ber, is composed of 6 rectangular separations con-
nected to form 2 triplets.

A third experimental area of =~45,000 sq ft was
activated this year. The ring tunnel was breached
and a 1-ft-diam pipe connecting the tunnel to the
ncw Southwest Fxperimental Area was installed.
The first experiment in this area was a second
stage of the original neutrino experiment com-
pleted at the AGS. The area is completely out-
doors, and preparations for the experiment in-
volved the moving and erecting of 7600 tons of
steel, 9100 tons of concrete, and 30 tons of lead,
as well as the necessary magnets and detection ap-
paratus. The final translation of an experimental



beam from a drawing to apparatus on the floor
has become a matter of long-range planning.
Availability of magnets, separators, vacuum ap-
paratus, and raw and converted power is an im-
portant consideration in all scheduling for the
machine. The beams erected and utilized for the
recently completed program ranged from a simple
test beam of relatively few elements to the com-
plex beam to the 80-in. hydrogen bubble cham-
ber, which utilizes 9000 kVA of power and con-
sists of 28 beam transport magnets, 6 rectangular
beam separators, 5200 tons of concrete shielding,
and 450 ft of vacuum piping.

The main magnet of the synchrotron had its
first coil failure on February 15, 1964. The shorted
pancake was located and removed, and the
machine was back in service in 16 hr. A water
leak in one of the brazed coil joints was the initial
cause of the failure. A destructive test of this joint
showed that it probably had been improperly
processed during fabrication.

On July 1, 1963, personnel associated with the
AGS numbered 269. On July 1, 1964, the num-
ber was 297. This increase was necessary to ac-
commodate the growing high energy physics pro-
gram at the AGS.

Theory

Coherent Instabilities. ~When the beam in an
accelerator becomes intense enough, the field it
produces reacts on the beam itself and may pro-
duce instabilities limiting the number of particles
that can be accepted.

One such instability, leading to growing trans-
verse oscillations, has been observed at a number
of accelerators, including the Cosmotron at Brook-
haven. A theory to account for this effect, devel-
oped at Berkeley, has been modified and refined.
The effect is known to arise from the finite resist-
ance of the vacuum chamber walls. The theory
postulates that the threshold for this effect depends
on beam dimensions and on the spread in intrinsic
betatron oscillation frequencies in the beam. Nu-
merical calculations indicate that the present AGS
intensity is close to the threshold, but so far the
effect has not been observed at the AGS. At the
Cosmotron, a simple servomeclianism has been
employed successfully to overcome this instability,
and it appears plausible that similar measures
can control any instability that may occur at the

AGS.
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Experimental Programs

In the past year, the program at the AGS has
been expanded to include five experimental facil-
ities. Furthermore, simultaneous operation of ex-
periments in any four of these areas at a given
time has been successful. A sixth facility is for
radiochemistry work. Separated beam No. 1 from
the F-10 target (described in the 1962 Annual
Report) provides particles of medium momenta
for the Brookhaven 20-in. bubble chamber. At
the F-20 target, separated beam No. 2 (described
in the 1963 Annual Report) provides particles
with momenta up to =1 BeV/¢ for use with the
Brookhaven 30-in. bubble chamber. The program
of counter and spark-chamber experiments at the
G-9 and G-10 targets areas has been continued
with a modest expansion required by the increased
complexity of such experiments. One new facility
is separated beam No. 3, which uses a target
placed in the /-10 straight section to provide high
momentum particles (up to =9 BeV /¢) for the
new Brookhaven 80-in. bubble chamber. Another
addition to the experimental facilities, located at
the B-10 area, allows the internal beam to be ex-
tracted by a rapid ejection system and transported
to an adjacent area for use by the experimenters.

More than 700,000 photographs have been
taken of interactions in the deuterium-filled 20-
in. bubble chamber resulting from particles ob-
tained from separated beam No. 1. These photo-
graphs include 100,000 with antiprotons at 3.7
BeV/c for a Brookhaven group; 110,000 with £+
mesons at 2.3 BeV /¢ for one group from the Uni-
versity of California at Berkeley and 20,000 with
the beam tuned for deuterons at 4.0 BeV /¢ for
another; 100,000 with &~ mesons at 2.3 BeV /¢ for
the Indiana University group; 106,000 with 2.5-
BeV /¢ 7 mesons for the University of Illinois
group; 60,000 with 7* mesons at 3.7 BeV /¢ for the
University of Michigan group; 30,000 7* mesons
at 2.8 BeV /¢ for a joint Brookhaven—Johns Hop-
kins University group; 100,000 with 3.0-BeV /c 7"
mesons for the Columbia University group; and
75,000 with 1.7-BeV /¢ 7* mesons for a joint group
from Carnegie Institute of Technology and
Brookhaven.

Following completion of this deuterium pro-
gram the 20-in. chamber was filled with hydrogen.
Since then, >>300,000 pictures have been taken.
Among these are 50,000 with K * mesons at 2.3
BeV /¢ for a group from the University of Cali-
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fornia at Berkeley; 100,000 with 3.7-BeV /¢ 7+
mesons for a Brookhaven group, and 150,000 with
2.0-BeV /¢ m mesons for the University of Pennsyl-
vania group. It is planned to obtain =300,000
additional photographs of interactions in hydro-
gen before the chamber is filled with deuterium
again. A program totaling =~400,000 photographs
for several groups has been approved for studies
using deuterium in the chamber.

Approximately 1.2 million pictures resulting
from particles obtained from separated beam No.
2 have been taken in the 30-in. bubble chamber.
Of these, 700,000 were for studies of stopped anti-
protons and A~ mesons in hydrogen for the group
from Columbia University. Exposures yielding
~2400,000 photographs to measure £ p cross sec-
tions from 650 to 950 MeV /¢ have been com-
pleted. These have been divided between two
groups, one from the University of Maryland and
the other from Brookhaven. The Brookhaven
group will study the momentum range from 650
to 800 MeV /¢, while the University of Maryland
group will study the higher momentum region.
Several experiments for study of stopped A~ mesons
and antiprotons in deuterium are in progress at
the 30-in. chamber for groups from Brookhaven,
Syracusc University, and the University of Illinois.
More than 100,000 photographs have been
nbtained.

The approved program for the present separated
beam No. 2 has =800,000 pictures remaining. It
is planned to complcte this program early in the
fall of 1964. The beam will then be removed, and
a new No. 2 beam, providing particles in the same
momentum range but employing two stages of
separation, will be installed. The design of this
beam has been completed and the fabrication of
special elements is in progress.

Separated beam No. 3 has been in operation
since the fall of 1963. This beam is one of the most
sophisticated to be installed at the AGS. It is de-
signed to give a satisfactory intensity of K* mesons
from =~3.0 to 5.5 BeV /¢ and of antiprotons up to
~8.5 BeV/e. It emplays two stages of separation
having 15 meters of electrostatic separator in each
stage. Over 250,000 photographs have been taken
in this beam. These consist of 60,000 with antipro-
tons at 5 and 7 BeV /¢ for a joint group from Yale
University and Brookhaven; 75,000 with 7~ mes-
ons of momenta from 4 to 8 BeV /¢ for a Brook-
haven group; 150,000 with 5-BeV /¢ A~ mesons for
another Brookhaven group; and 10,000 with 8.5-

BeV /¢ 7 mesons for the University of Pennsyl-
vania group.

At the G-10 target area 7 counter and spark-
chamber experiments were completed last year.
In July 1963 the p-p elastic scattering experiment
(described in the 1963 Annual Report) was com-
pleted. Concurrently with the above experiment a
group from Princeton University used a neutral
beam placed at 30° to the G-9 target on the inside
of the ring. This group studied the regeneration of
K," mesons in hydrogen and other materials.

Following the shutdown in August, an experi-
ment to study large momentum transfer proton-
proton scattering was installed for a joint Brook-
haven—Cornell University group. This experiment
nsed the hydrogen in a 1-mm-thick polyethylene
disc placed at the G 10 target position Lo scalter
the internal proton beam of the AGS. The scat-
tered and recoil protons leaving the target were
then momentum-analyzed by magnetic spectrom-
eters placed at the correct angles to accept elasti-
cally scattered events. The positions of these mag-
nets were changed as the momentum transfer was
varied. Momentum transfers up to 24.4 (BeV/¢)?
were observed.

In November two beams were established on
the outside of the ring in the G-10 area. One of
these accepted particles emitted from the target at
=~5°, and the other, particles emerging at =~12°.
This configuration allowed two relatively elabo-
rate experiments to run simultaneously. Four ex-
periments using these beams were completed be-
tween December 1963 and April 1964. A Brook-
haven group using the smaller-angle beam mea-
sured total cross sections of %", K*, and p* on nen-
trons in deuterium for particle momenta between
6 and 20 BeV /c. The Johns ITopkins University
group searched for leptonic decays of the p and w
resonances using the larger-angle beam tuned for
3-BeV/c m mesons. A group from MIT carried out
an extensive measurement of the process 7~ +p—
7’ +n. Cross sections for the forward charge ex-
change process were obtained for momenta from
2 to 16 BeV/c. The larger-angle beam was used to
obtain 7 mesuns for momenta np to 6 BeV/c,
while the smaller-angle beam provided particles
for the higher momentum measurements.

In April two new beams were installed in the G-
10 area. Their configuration is similar to that of
their predecessors. In this case, the smaller angle
beam was designed to transport higher momen-
tum particles than the previous beam and will be



used by a Brookhaven group to study the differen-
tial elastic scattering of 7*, K*, and p* by protons.
This experiment employs counter hodoscope ar-
rays connected on line to the Merlin computer. In
the larger-angle beam, a Brookhaven group will
carry out a high precision measurement of the
total cross section for 7* on protons in the momen-
tum interval from 2.5 to 5.5 BeV /c.

The rapid extracted proton beam at the B-10
area was operated successfully for a 3-week period.
Measurements of proton fluxes by activating foils
placed in the beam indicate that =~86% of the cir-
culating beam is extracted at 30 BeV /c. The pres-
ent beam transport system focuses these particles
on a 0.600-in.-diam target. This provides 7= and
K= mesons, which subsequently decay into neu-
trinos. The neutrino “beam” is then purified by a

Figure 3. Conjunction section beam No. 3
to the 80-in. bubble chamber.
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massive absorbing shield consisting of 7600 tons of
steel and 9100 tons of concréte. The Columbia
University group is using this facility for a spark-
chamber experiment. To date, =1000 neutrino
events have been observed.

The Chemistry Department has continued to
use the AGS on an average of =2 hr/week for its
studies with irradiated targets.

Linear Accelerator

The emphasis during the past year has been on
three major areas of linac development. First, ef-
forts to improve linac reliability have been con-
tinued. Second, development and design of various
beam transport elements and linac drift tubes has
been pursued. These items, when incorporated in
the linac, will aid in the improvement of beam in-
tensity. Third, further work has been done on the
development of the duoplasmatron source and a
short, internal high-gradient accelerator column.
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To improve linac performance and reliability,
work on the components for the 50-MeV pulsed
momentum analyzer has continued. The lami-
nated magnet is under construction, and the re-
quired electronic circuits are nearing completion.
The whole system awaits final installation during
the next major shutdown period. The over-all rf
system has been further improved by the installa-
tion of an additional FTH 470 cavity. This allowed
the preceding rf amplifier to be run more conserv-
atively, which improved its sometimes erratic per-
formance. Additional improvements on this system
are under way. The low-level rf drive system has
been duplicated and partly rebuilt. Easy switch-
over between the two systems is now possible.

In anticipation of high linac beam currents,
satisfactory progress has been made on the over-all
rf system modification. The hard tube modulator
and power supply is being fabricated and will be
installed shortly. A cavity for the 7835 tube (high-
level system) is under study.

To improve beam stability with respect to en-
ergy spread, a significant amount of linac study
time is being devoted to the study of problems con-
nected with an rf field regulation system. Because
of the closeness in frequency of standing wave
modes other than the accelerating mode, it has
not been a straightforward matter of constructing
a servo loop; however, valuable information has
been gained.

Significant improvement in over-all perform-
ance has been obtained with the installation of the
new “lock-in” linac timing system. The linac beam
pulse can now be accurately adjusted to the syn-
chrotron acceptance time without affecting inter-
dependent linac rf, chopper, and ion sources pulses.
The greatest benefit is that rf beam loading in the
cavity can now be made constant in amplitude
and shape, which permits more consistent com-
pensation. Preinjector performance has been im-
proved, mainly by the installation of a pulsed 120-
kV focusing supply. With this supply and the
pulsed extraction supply, it is now possible to run
higher voltages on the beam focusing elements. As
a result, preinjector output currents with the PIG
source are now ~80 to 100 mA. However, linac
intensities have not been >>25 mA, partly because
beam losses occur with the present Cockcroft-
Walton-linac beam transport system (1-in. diam).

Development and design of the 3-in. beam trans-
port elements is nearly complete. In addition, the
new drift tubes with associated quadrupoles for

the low energy section only of the linac are practi-
cally finished.

Progress has been made in the development of
high-intensity duoplasmatron ion sources. Itis
now possible to obtain =500 mA of total beam
from an expanded plasma from a modified duo-
plasmatron source. Sophisticated emittance mea-
surements are under way. To handle these high
intensities adequately, a short, high-gradient col-
umn has been designed and a prototype section
will be tested shortly. The internal beam optics
and electrode shapes are being studied.

Development and Engineering Programs

Power. During the year the AGS primary
power distribution system operated very satisfac-
torily. 'I'here were no service interruptions except
those scheduled for expansion of the basic system.
A [ew vollage dips did occur; these were due (o
both internal and external malfunctions.

Approximately 50 million kWh of energy were
consumed in the AGS complex. The maximum
demand on the feeders varied from 40% to 85% of
feeder rating, with an over-all average of 66%.
Many of the experimental branch circuits were
loaded at times to full capacity. However, the
various peaks did not occur at the same time.

A new substation of 2300 kVA capacity was in-
stalled to service the apparatus for the Southwest
Experimental Area (neutrino experiment). In ad-
dition, the engineering design has been completed
for 10,000 kVA of electrical power. When the
equipment (two portable substations) is installed,
the secondary power will be distributed to the East
Experimental Building.

A study of various types of water-cooled cable
was undertaken. A satisfactory system has been
adopted for use in areas of heavy concentrations of
dc power for experimental magnets.

The main magnet power supply for the AGS
was pulsed ~7.5 million times during the year.
On September 12, 1963, the slip rings of the main
motor flashed over, with considerable damage to
the rings, rigging, brushes, etc. All defective equip-
ment was replaced or repaired, and the system
was operational in < 48 hr. Two problems that
still cause some difficulty are the erratic behavior
of motor control equipment and the poor cooling
of the alternator on very hot days. Solutions to
both problems are being implemented.

Mechanical - General. A large-aperture bend-
ing magnet with a peak field of 15 kG has been



designed for use in the experimental program. The
magnet is 3 ft long with a 2-ft-high by 10-ft-wide
aperture and is designed to translate 6 ft and ro-
tate 40°. The movement will be achieved hydrau-
lically by using flat hydrostatic and semihydro-
static bearings. The total weight of all components
is =~400,000 1b. The core is on hand and has been
assembled, and work is continuing on the fabri-
cation of the coils and hydraulic and control
equipment.

The design of a special “C” magnet for use on
the low energy separated beam has been com-
pleted. This magnet can be mounted close to the
synchrotron orbit, which permits the beam to be
deflected away from the machine at a production
angle of 12° toward the inside of the ring. The re-
sult is a considerable increase in the flux of A~ me-
sons in the separated beam. The design field is 15 kG.

The fast ejection system for the primary proton
beam was installed and put into operation during
the past year. The major components are the fer-
rite kicker to apply the initial deflection, a rammed
septum, and a rammed ejector magnet. For beam
transport to an external target, vacuum chamber
sections totaling =260 ft, 3 pickup electrodes, 6
pitching magnets to raise the beam 10 ft to the
level of the Southwest Experimental Area, and 7
focusing magnets were installed. After some diffi-
culty with the system, an extractcd proton beam
was successfully delivered to the neutrino experi-
ment during a run of =3 weeks.

A plasma lens for use in conjunction with the
neutrino experiment has been designed and fab-
ricated. This device is used to focus the mesons
produced after interaction of the external beam
with a target to increase the neutrino flux and the
number of events in the spark chamber. The de-
vice consists of 2 electrodes separated by a dielec-
tric tube =2 m long, which form a vacuum cham-
ber. Argon or a similar inert gas is bled into the
vacuum chamber at 100 to 500 p to serve as a con-
ductor between the electrodes. Power modules
supply a pulsed voltage of 16 to 18 kV for 20 usec
during every machine pulse; this results in a plasma
arc between the 2 electrodes. The ground return
path is supplied by a stainless steel tube surround-
ing the electrode and dielectric tube assembly, and
the coaxial unit thus formed cancels out stray fields.
Total weight of the assembled unit is =~700 1b.
The lens has been used with some success with the
beam. Details of the electronic system for the lens
are given below under the heading “Electronics.”
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Motor-driven flip targets have continued to per-
form reliably with no failures. Some of the mecha-
nisms have exceeded 4 X 10° cycles. One remote
cycling airlock has been installed in the AGS ring
and has performed satisfactorily.

As beam intensities in the AGS increase, in-
duced activities in some machine locations exceed
tolerances for even the shortest practical opera-
tions. To overcome this problem the Department
has undertaken the development of special-pur-
pose handling devices. These include a pro-
grammed target blade changer, a complete air-
lock which can be remotely replaced, and, in a
very early stage of planning, a mechanism for the
remote changing of a complete targeting straight
section. Investigations into the possibilities of
general-purpose remote handling devices are also
progressing.

Vacuum. During fiscal 1964 the vacuum sys-
tem on the linac has been most effective and reli-
able. The pressure has remained in the low 1077
torr region throughout the year.

The ion source vacuum pumps have given con-
siderable difficulty because of an increase in the
amount of hydrogen gas being put through the
source. A pair of high-speed mercury diffusion
pumps has been purchased to replace the Evapor-
Ion pumps on the system.

The ring vacuum system has been strained to
the limit by an increase in the number of experi-
mental boxes located in such areas as L-10, 4-10
and B-10. These are all potentially high leak-rate,
high outgassing-rate areas, and supplementary
pumping systems have been placed at these spots.
Other high outgassing boxes, e.g., those in the
F-20, G-10, and I-10 areas, will be equipped with
large sputter-ion pumps purchased for this purpose.

One superperiod (“D”) has been operating for
3 months with sublimation pumps. These have re-
quired no maintenance or attention during this
period, and the pressure has been averaging 2 to
3X 1077 torr. It is expected that all ring vacuum
pumps will be equipped with sublimation dcvices
as rapidly as installation time can be scheduled.

Controls. The personnel safety and security
system for the magnet enclosure, linac tunnel, and
associated areas has been completed and is oper-
ativual. Various minor modifications and refine-
ments have been made to improve the system’s
effectiveness. In addition, the system has been ex-
tended to includc the external beam tunnel in the
Southwest Experimental Area, which presents a
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particularly high radiation hazard during external
beam operation. Additional circuits with appro-
priate door switch interlocks, remote operating
circuits, and special key-operated switches have
been incorporated in the plasma lens circuits to
protect personnel from high voltage hazards. Var-
ious control and coaxial cables have been installed
from the Southwest Experimental Area and the
external beam equipment to both the main con-
trol and experimental control rooms to permit
integrated operation of these activities. The vacuum
system for the external beam pipe has been appro-
priately interlocked and instrumented for safe and
proper operation.

Since the circuits of all vacuum system com-
ponents are “fail-safe” and in addition can be
started only locally, power [ailures of even short
duration often result in several hours of machine
downtime while the system is being restored.
Therefore an auxiliary power supply driven by a
gasoline engine to provide continuous electrical
power has been specified and will be used to sup-
ply power to certain key circuits of the vacuum
system. In addition, time-delay relays will be in-
corporated in other circuits to permit power-failure
override.

The public address system serving the entire
AGS complex has been reviewed and certain addi-
tions and modifications have been designed. In
particular, the arrangement of preamplifiers,
power amplifiers, and associated circuits centrally
located in the main control room has been revised
to include simplified graphic panels, built-in cir-
cuits for component and feeder checking, and var-
ious patch cord facilities. These features will make
possible direct and quick methods for finding sys-
tcm faults and substituting components. Provision
is included for convenient and orderly expansion
of the public address system. Thesc facilities are
now in the process of fabrication.

DC Beam Separators:.  Electrostatic beam
separators continue to be used in 3 beams: the
beam to the 30-in. bubble chamber (1 rectangular
separator); the beam to the 20-in. bubble chamber
(2 cylindrical separaluis); and the beam to the
80-in. bubble chamber, in which 6 rectangular
beam separators joined together to form 2 triplets
are currently being used to provide =100 ft of
electric field length.

Stable operation has been achieved with the
rectangular separators by using an clcctric field
voltage of 450 to 500 kV on a 4-in. electrode gap.

Voltages of 350 to 400 kV continue to be used on
a 2-in. gap with the cylindrical separators. In-
strumentation and control systems have been im-
proved and modified so that electric and magnetic
fields are automatically restored after separator
spark-offs. In addition, tank pressures in the region
of 10-* to 10~ torr can now be controlled more
precisely.

The three short separators are being assembled.
One of them has been completed and is under-
going tests to determine the electrical and mag-
netic characteristics of this type of separator.

RF Beam Separators. Testing of the various
components and systems for an rf beam separator
is continuing. '

The dimensions of the deflecting iris-loaded
waveguide were finalized. A 40-iris prototype with
wavcguide couplers was delivered and subjected
to cold tests. High-power and deflection tests re-
main to be done. The 118-iris waveguides (3 m
long) for a 3-deflector system have been ordered.
A modulator (65 MW with 5-usec flat-top) for
klystron tests was delivered. It uses a thyratron
K U274 switch tube and has proved to be very
reliable. Two more modulators of identical design
are on order. A 20-MW klystron TV2011B2 has
been tested and seems satisfactory for the sepa-
rator. I'he similar klystron RCA A1230G is being
evaluated. A limiting factor of an rf separator is
the attainable phase stability, and considerable
effort was required to solve this problem. A pre-
cision phasemeter for dc and pulsed signals was
developed, and a phase servo system is being
tested. The varactor multiplier chain is now oper-
ational; it exhibits, however, a detrimental phase
modulation. An alternative scheme using a single
multiplication through a step recovery diode is
under development.

Studies have been completed of suitable beam
transport systems incorporating 1 rfseparator
stage (2 deflectors, 40 m apart) for exposures in
the 80-in. hydrogen bubble chamber. It is pro-
posed to use a second fast external beam emerging
at straight section /-10 (North Experimental Area)
with an external target as a source of secondary
particles. This beam system will coexist with the
present dc separalor facility (beam No. 3) every-
where cxcept near the bubble chamber. Two
classes of experiments can then be performed in-
tcrchangeably without displacement of heavy
equipment: (1) rf separated particle beams (2,
7=, and K *) in certain momentum regions between



10 and 20 BeV /¢, and (2) unseparated beams of 7~
mesons and protons of up to 30 BeV/¢. Further-
more, it will be possible to transport the external
beam at full machine energy to a location outside
the conjunction tunnel to the North Experimental
Area.

Electronics. The control of the main magnet
power supply has been converted to a solid-state
system. This system regulates the firing of the igni-
tions to minimize ripple and firing faults and also
controls the power supply during flat-top opera-
tion. The converted system has been in use for
several months; and no difficulties of any kind
have been encountered. The flat-top slope is held
to a desired position so that proper beam spills on
targets can be maintained.

A design has been completed for the main mag-
net ripple filter. All the power tubes and auxiliary
components are on hand, and initial assembly is
starting. A supply has been placed on order which
will enable the high-power shunt tube to have
enough anode-cathode voltage during flat-top
operation when the main magnet voltage drops
to <1000 V.

The “bump” magnets for the multiturn injec-
tion trials have been assembled, and the power
supplies for pulsing them have been built. The
new vacuum system hardware for mounting these
magnets in the ring at the -7 and 4-13 locations
is being fabricated.

The radiation damage to the transistors in the
rf power amplifier saturating supplies has been an
increasingly serious problem. In two locations
(H-20 and K-10) transistor degradation occurred
after several weeks of operation. At H-20 the
transistor bank was removed in October 1962 and
placed under concrete shielding. There have been
no subsequent transistor failures. When a cleanup
target was installed at K-1, the downstream spill
was damaging the supply at K-10. The entire
saturating supply was repackaged and placed
under concrete and it, too, has had no further
failures. All components have been ordered to con-
struct 15 (including 3 spares) new saturating sup-
plies packaged to roll under a concrete shield.
These will be similar to the unit at K-20. They
will be adapted for quick disconnect and it will
be possible to change an entire supply in a few
minutes.

In the main control room the program for
changing over to solid-state construction is con-
tinuing. The variable time-delay units and peak-
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ing-strip chassis have been so modified. The entire
timing system has now been converted.

The plasma lens utilizes the magnet field associ-
ated with current flow in a gas plasma to focus
pion beams. The plasma is contained within a
fused silica tube =2 m long and 40'cm in diam-
eter. A 100-k] storage bank was constructed to
generate the plasma. This comprised 33 modules
each containing a capacitor and discharge igni-
trons. The system runs in the 16 to 18-kV range
and is capable of delivering a pulsed current of 10°
A. The modules were life-tested to >1 million
pulses at 33 kA/ignitron. A separate 30-kJ bank
provides an axial magnetic field to control the
plasma pinch rate. The first runs were made at the
start of 1964 with argon or argon-nitrogen gas mix-
tures. Unexpectedly high resistive losses associ-
ated with pinch effect limited the peak current in
the lens to /=0.5 X 10° A. The probe measurements
of field show that the current distribution can be
made reasonably constant within the plasma. The
lens was used operationally for a short period in
April 1964. The development of this lens has been
a cooperative venture between Brookhaven and
Columbia University (Physics Department).

The components of the system to extract the
AGS beam were installed in the summer and fall
of 1963, the first external beam being achieved at
the end of October, During the next few months
the system was calibrated for optimum perform-
ance and unreliable components were weeded out.

The thyratrons in the fast-kicker power supply
have now been pulsed 1 million times with no sign
of deterioration. This life was the design objective.
The only major failure during this time was a
capacitor short in one of the 4-Q pulse-forming
networks. Many parts of the high-voltage assembly
of the fast kicker were fastened together with nylon
screws, which have started to fail mechanically
because of radiation damage. Servicing the fast
kicker was complicated by the high radiation levels
present; this situation was alleviated by placing a
cleanup target upstream to minimize beam spill
on the ferrite magnets.

The septum power supply has proved to be very
reliable. On two occasions ground currents result-
ing from shorts in the septum magnet have caused
the current regulating circuit to become unstable
and further damage the septum magnet. Several
independent protective circuits have now been in-
stalled to automatically shut down the power
supply if ground currents occur.
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The storage capacitor bank and high current
switching ignitrons of the ejector magnet power
supply have performed well without any failure
to date. The charging supply for the capacitor
bank determines the azimuthal stability of the
external beam by ensuring that the pulse-to-pulse
jitter in deflected angle is low. The power supply
has excellent stability, but the reliability of the
regulating circuits has been poor, a component
failure occurring every 100 hr or so. A new supply
is being designed for the ejector to be installed at
the 1-10 location. ‘

Survey. The survey group furnished marks for

the advanced construction of the Southwest Ex-
perimental Area as well as positions for its exper-
imental equipment. A triangulation was extended
above the ring from stations formerly used for
controlling the North Experimental Area in order
to complete as much of the construction as prac-
ticable before shutting down the machine to in-
stall the'exterior beam pipe for the Southwest
Experimental Area in the tunnel wall.

Some difficulty was encountered with radiation
exposure when realigning magnets near the target
box some 36 times at intervals of 6 to 100 hr be-
tween runs of the p-p elastic scattering experiment.
Careful monitoring and rotation of personnel was
necessary to avoid overexposure.

The machine with its supporting structures is
operationally stable within 0.020 in. except when
large changes are made in shielding loads or con-
struction is in progress near it. A change of 1000
tons in its immediate vicinity is likely to cause a
settlement or rebound of ==0.060 in.

Mechanical Services. All cooling systems of the
AGS have performed well and without interrup-
tion of accelerator operation during this period.
Treatment of the primary cooling well water with
complex phosphates continues on a carefully con-
trolled basis. This treatment and the use of
copper-lined heat exchanger tubes have decreased
the frequency of mechanically cleaning the ex-
changer to twice a year.

Two closed-system, 1-MW water coolers op-
erating with an ethylene-glycol solution have
performed satisfactorily in the Southwest Exper-
imental Area. A 12-MW cooling tower has pro-
vided additional capacity for the East Experimen-
tal Area. In addition, demineralized-water, closed-
system cooling equipment ranging in capacity from
10 to 200 kW has been designed for use with those
systems having special water-cooling requirements.

A new 256-ft*/min 600-psig helium compressor
has been installed and placed in operation. This
new facility doubles the high-pressure helium
available at the synchrotron for experimental use.

Advanced Accelerator Development

The program of the Advanced Accelerator
Development Division a year ago included studies
of super energy accelerators and of storage rings
for use with the AGS. The latter study was not
initiated by Brookhaven but was undertaken at
the recommendation of the Ramsey panel (the
President’s Scientific Advisory Committee — Gen-
eral Advisory Committee joint panel on high
energy accelerators). During 1963 it became ev-
ident that the storage ring project did not have the
unanimous support of the AGS users, and a sum-
mer study was organized during June and July of
1963 to explore the probable usefulness of storage
rings at Brookhaven and to compare their desir-
ability with that of other possible projects The
proceedings of that study have been published as
Informal Report BNL 7534, /1963 Summer Study on
Storage Rings, Accelerators and Experimentation at
Super High Energies. The summer study and many
subsequent discussions indicated that there ismuch
more interest at Brookhaven and among outside
users of Brookhaven’s facilities in improvement
of the AGS than in the addition of storage rings.
Specifically, it appears desirable to increase the
intensity of the AGS beam by as large a factor as
can be achieved. Consequently the storage ring
study has heen discontinued and an AGS conver-
sion program initiated Tn addition, the design
study for a 600 to 1000-BeV acceleratar is heing
continued, since it appears to have enthusiastic
support in all quarters.

This year the AGS is expected to reach the space
charge limit for the present 20-MeV injection, and
a further increase in intensity will be possible only
if the injection energy is increased. The first step in
the conversion program will be the replacement of
the present injector by a new 500-MeV linac. This
will increase the AGS intensity by a factor of =10.
Another factor of 2 will be gained by additions to
the AGS magnet power supply to double the pres-
ent cycling rate of the machine. These two changes
will raise the average AGS intensity to =2 x 10"
protons/sec.

Major changes in the AGS itself will be necessary
as a consequence of the increased intensity. Shield-
ing must be added in many places, and structural



changes must be made to support or enclose this
shielding. Residual radioactivity will reach such
levels that many operations now done manually
must be reorganized for remote handling. Com-
ponents that require appreciable maintenance
will be removed from the AGS tunnel to a new
equipment gallery above the AGS ring. Changes
and additions will be made in experimental beams
and areas to allow full use of the increased intensity
and to give additional flexibility in the use of the
machine. It is expected that simultaneous exper-
imental operations can be expanded materially
when the new intensity is reached. )

A proposal for the AGS conversion program has
been prepared and will be submitted to the Atomic
Energy Commission during the summer of 1964.
Approval will be requested for construction to
start during fiscal 1966.

Many of the design studies in support of the
AGS conversion are equally necessary for the 600
to 1000-BeV project. Shielding problems, remote
handling techniques, and methods for controlling
residual activity will apply in quite similar fashion
to the super energy accelerator. In addition the
super energy study now includes work on magnet
design to establish the optimum magnetic field for
the 600 ta 1000-BeV machine. In the light of re-
cent analysis by the Midwestern Universities Re-
search Association, magnet modeling has been post-
poned and magnet studies are in progress using
computers. This now appears to be a more efficient
approach. Attention also is being given to develop-
ments on superconducting magnets; it appears pos-
sible that the use of such magnets in accelerators
will soon become practical. Probably the major
activity in the super energy study is in the high
energy physics group, whose members are giving
much attention to the probable experimental pro-
gram in the new energy range. Conclusions about
this program will have a profound influence on
the design of the machine itself, on the arrange-
ment of components to make desired experimental
beams available, and on the location of the ma-
chine and its experimental areas for maximum
usefulness.

COSMOTRON

During fiscal 1964 the high energy research
program at the Cosmotron was varied. Total cross
sections for proton-neutron and neutron-neutron
collisions were measured in the neutral external
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beam from the Cosmotron. A search was made fora
neutral boson that might be detected from an anal-
ysis of the velocity spectrum of a slow He? nucleus
resulting from a proton-deuterium collision.

Work in pion physics was extended by a thorough
investigation of neutral pion production from neg-
ative 7 mesons colliding with protons for incoming
pion momenta in the region around 1 BeV/c. An
experiment in which a deuteron and pions are
formed in proton-proton collisions is in progress in
connection with a study of pion production multi-
plicities. Measurement of the 2-body process in
which 1 pion is formed is complete.

Research in K-meson physics was active with
counter-spark-chamber experiments for measur-
ing the lifetime of the K,° and the electronic decay
rate of the K* meson. The K,° regeneration in
heavy elements was determined, and a hydrogen
bubble chamber experiment has begun to measure
K,° regeneration from protons. Two experiments
are in progress to investigate the decay products
from stopped K* mesons. In this work, aimed at
determining the nature of the weak interaction,
information will be collected on the momentum
distributions of the u* and ¢*. The angular distri-
bution of the decay electron from the muon will
determine the polarization of the decay muon.
The decay rate of the K, will be further studied.

Three experiments concerned hyperons. The
‘magnetic moment of the A hyperon has been
measured; work has been completed to determine
the rate of the leptonic decay mode of the A; and
a counter—-spark-chamber experiment to detect a
short-lived, bound state of the - and the neutron
has satisfactorily passed the particle detection
phase.

Of the total beam time available for research in
high energy physics, 70 to 75% was scheduled for
experiments conducted wholly or in part by insti-
tutions other than BNL. Although the time re-
quired to perform experiments in some cases ex-
ceeded the original estimates by factors of 2 or 3,
all attempts were successful insofar as the acquisi-
tion of data was concerned.

During the first half of fiscal 1964, the Cosmo-
tron reliably circulated beams of 4 to 510"
protons/pulse; however, during the latter half of
the year beam intensity was between 2 to 310"

" protons/pulse. The reduction in beam intensity

was partly due to performance of the acceleration
tube in the Van de Graaff injector. Jitter of the
emergent beam position prevented the injection
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system from being tuned to a sharp maximum.
Steps are being taken to realize the best acceler-
ator tube that recent developments in tube tech-
nology will permit.

The loss of circulating beam intensity did not
impair the progress of the experimental program.
The experiments scheduled during this period
largéIy made use of the counter—spark-chamber
combination. In all cases these experiments re-
quired attenuation of the circulating beam.if it
was in excess of 3 X 10!, usually because the re-
sponse times of the anticoincidence counter cir-
cuits were insufficiently short-to reduce back-
ground in the spark chambers to a level that
would permit high scanning efficiency.

Operational reliability of the Cosmotron for the
year was the best in its history. There were no
shutdowns lasting more than two weeks. Beam
time for experiments in high energy physics rose
from 55% in 1963 to over 70% in 1964, and accel-
erator failure fell from 13% to slightly more than
8%. The change from corona-point voltage gra-
dient control to fixed resistors in the Van de
Graaff injector eliminated a large source of ozone
production and increased the charging belt life by
a factor of 10, which reduced the downtime re-
quired for opening and closing the Van de Graaff
tank for belt changes. The conversion of the mag-
net water-cooling system from evaporative cooling
to heat exchange with ground water permitsa
more rapid repetition rate during times of high

COSMOTRON
FAILURE

HIGH .ENERGY
PHYSICS

MACHINE
EXPERIMENTS
7.9%

Figure 4. Cosmotron utilization during fiscal 1964.

humidity and temperature. The removal of the
proton beam bunching,during flat-top spill en-
ables the experimenter to make full use of the 250-
msec spill duration, as compared to the 60 to 100-
msec duty time available last year. Although these

"last two items are not reflected in the time analyses

shown in Figures 4 and 5, they nevertheless mate-
rially increase the efficient use of experimental
time. During the year the average machine pulses
per month increased from 400,000 to 700,000.

Preventive measures against prolonged machine
shutdowns have been taken in the case of vacuum
chamber leaks. Special jigs and fixtures have been
built and an overhead crane has been installed
adjacent to the magnet ring. Vacuum chamber
quadrants can now be removed without removal
of the massive radiation shielding and the con-
sequent risk of machine misalignments resulting
from disturbances to the floor loading.

Many improvements not directly related to in-
creased usage of beam time have been made.
Ionization chambers have been rebuilt with re-
sponses linear within 10% for the normal ranges of
external beam intensities. Digitized scalers dis-
playing the beam intensity have been located in
the control room and at convenient points in the
experimental area. Four radius-positioning target
rams and a remotely controlled jump targct are
ready for installation in the vacuum chamber.

Accelerator studies were particularly fruitful
with respect to the elucidation and solution of a
circulating beam instability which, if uncontrolled,
would limit the development of high-intensity pro-
ton accelerators. It1s well known from electro-
magnetic theory that a heam of charged particles
will create electrical images in the metallic struc-

C—JPOTENTIAL RUNNING TIME
PzZZA USED BY HIGH ENERGY PHYSICS

Y
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Figure 5. Use of the Cosmotron for experiments
in high energy physics during fiscal 1964.



tures surrounding the beam. Theoretical con-
sideration of this phenomenon showed that for
materials of finite electrical resistivity a coherent
out-of-phase energy coupling between the proton
bunch and its image exists. The sign of one of these
couplings is such as to cause the beam, when a
critical intensity is reached, to break into a co-
herent vertical oscillation which will grow until
the entire beam is destroyed by the vacuum cham-
ber wall.

Pickup electrodes, tuned to the proper fre-
quency, were installed in the Cosmotron. They
sensed the buildup of this effect as induced voltage.
These pickup signals were amplified, shifted in
phase, and applied to a second set of electrodes
which canceled the growth of the instability. Re-
versing the phase of the correcting electrodes
lowered the proton intensity threshold for appear-
ance of the oscillations. Theory predicted several
discrete frequencies for these vertical oscillations.
However, study of the equipment installed in the
Cosmotron showed that one of these frequencies
controlled all the others; hence correction of the
problem at this frequency solved the problem at
all frequencies. In addition to the Cosmotron,
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beam instabilities arising from the same cause had
been observed on two other accelerators.

The hydrogen target group now includes 19
persons engaged in the design, construction, test-
ing, operation, and development of cryogenic tar-
gets for the entire high energy program at the
Laboratory. A target controlling the density of
liquid hydrogen to 1 part in 10,000 was supplied
to an experimental group.

This year all liquid hydrogen (nearly a million
liters) was bought from outside vendors. The hy-
drogen liquefier at the Laboratory is in stand-by
condition. Storage capacity for liquid hydrogen is
being increased from 3000 to 14,000 gal. This
group, the sole supplier for gaseous deuterium,
electrolyzed >132,000 ft* during fiscal 1964 for
experimental use at the Laboratory and for off-site
institutions such as CERN, Argonne, Carnegie
Tech, Princeton, and the Lawrence Radiation
Laboratory.

The Cosmotron complex activated a new wing
chiefly for housing the machine shop and drafting
facilities. The area formerly occupied by the ma-
chine shop has been converted into engineering
laboratories.



Instrumentation

RESEARCH AND DEVELOPMENT

This year substantial advances were made in
computer applications and automatic data han-
dling systems. Spark position detectors with digital
output were developed and tested. There was con-
tinuing progress in the development of circuits and
of semiconductor radiation detectors.

Last year a data processing system for high
energy physics experiments was described. This
system has been improved and expanded. Several
hundred fast logic circuits (gates) have been built
to obtain digital output signals from scintillation
detectors. Three buffer storage systems were assem-
bled. These are arranged to receive digital data
from experiments at a very high rate during an
accelerator pulse and to reproduce the data ata
slower rate between pulses for computer analysis
and for recording on magnetic tape. The storage
section is a commercial computer memory unit
with a capacity of 4096 words of 48 bits each.
Control circuits were added to perform the desired
loading and unloading operations. A set of coaxial
lines was laid between the AGS Building and the
Merlin computer for transfer of data at a high
rate. The new equipment can handle =100 times
as much data as the original and can be used in 2
experiments simultaneously.

Single-gap wire spark chambers have been
studied for use with the system described above to
determine the trajectories of high energy particles.
After passage of a particle a high voltage is applied
to one electrode, which causes a spark discharge
to one of the many wires in the other electrode.
Each of the wires passes through a small ferrite
core. Current from the spark reliably sets the
associated core. When the particle track passes
midway between adjacent wires, both cores are
set, so that the spatial resolution is somewhat finer
than the wire spacing (1 mm). With appropriate
gas filling and high-voltage pulse characteristics,
the efliciency is nearly 100%, spurious sparking is
rare, and recovery time (=200 psec) is very much
shorter than that of conventional spark chambers.

Several of these spark position planes will be
used in an experiment, each plane having several
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hundred parallel wires and cores. A system has
been designed to scan the cores in groups of 32
and search for cores that have been set by sparks.
When one is located, a 16-bit binary address is
generated and transmitted to the buffer memory
for future analysis. A system with three planes,
scanning circuits, buffer memory, and magnetic
tape output has been tested at the Cosmotron
(Figure 1).

Another computer system has been developed
for neutron time-of-flight analysis in cooperation
with R. Chrien of the Physics Department. The
system consists of time-measuring circuits, a com-
mercial digital computer (SDS 910), and a cathode
ray tube (CRT) (Figure 2). Two experiments and
nonrelated computations may be run simultane-

Figure 1. Wire spark chamber. One electrode consists of
225 parallel wires threaded through cores; the other is
thin aluminum foil. High-voltage pulse circuits are at left,
and cores and readout circuits are at right.



ously. Separate electronic clocks are provided for
the two experiments. When a neutron is detected,
the appropriate clock is read and the computer
signaled to accept data. The computer interrupts
its program, stores the data, and then returns to
the program. One computer program generates
on demand a CRT display of the data accumu-
lated in either of the experiments. Experimental
runs are controlled and results typed or punched
out upon command of the console typewriter.
Computer input-output lines go to a patch board
so that there is a wide choice of channel assign-
ments, time ranges, display modes, etc. The system
may be expanded to handle both pulse-amplitude
and time-of-flight information.

Work has begun on a computer system to con-
trol and record the data from seven neutron crystal
spectrometers.
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In the field of semiconductor radiation detec-
tors, factors affecting the generation of noise have
been investigated. The bulk material is of very
high purity, and the main source of noise is be-
lieved to be at the surface, where a single layer of
foreign atoms may have a profound effect. An
apparatus was built to measure the surface poten-
tial and conductivity by means of probes, and a
computer program was written to determine the
internal electric field distribution which matches
the measured surface potentials. Measurements on
lithium-drifted silicon detectors showed that after
cleaning and exposure to room air the surface
was n-type, like the lithium-rich region, instead
of intrinsic. Ideally, the potential should drop
smoothly from one electrode to the other. Instead,
there is a virtual short circuit at the surface so that
most of the potential drop occurs in a very short

Figure 2. The Physics Department’s neutron time-of-flight an-
alyzer, showing plotter, patch board and CRT, and computer.
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Figure 3. Low-noise preamplifier using field-effect transistor.

distance at the p-type terminal. This surprising
result emphasizes the need for more care in the
preparation and protection of the detector surface.

Further work with field-effect transistors has
clarified their advantages and limitations. They
have been used in a low-noise preamplifier for use
with semiconductor detectors. The preamplifier is
small, can be used inside a vacuum system, and
has a wide range of sensitivities (Figure 3). An
analogue multiplier circuit was developed which
can form a product in 0.02 psec.

Circuits have been designed to sense differences
in shape of detector pulses, regardless of amplitude.
They may be used, for example, to separate scin-
tillation pulses from photomultiplier tube noise or
to tell when two pulses are almost superimposed.

The 1962 Annual Report described several
methods for automatically stabilizing the gain of a
pulse-height analyzer system. A more versatile sys-
tem was designed this year. Reference pulses may
be obtained from a precision pulse generator or
from certain standard radiation sources. The refer-
ence pulses should fall into a specified channel or
channels in the analyzer. Errors are sensed digitally,
and the gain or zero settings of the system are
adjusted automatically to correct the error. The
system is flexible and more straightforward than
previous models.

A vibrating capacitor electrometer has been
built with a digital output. The analogue-to-digital
conversion is done inside the feedback loop. The
circuit will be used with an ionization chamber to
record background radiation and can be operated
on the ac power lines or on batteries. The digital

output, recorded on paper tape, makes it possible
to cover a wide range of intensities. Sensitivity
and stability were not impaired by combining the
analogue and digital circuits.

A number of special-purpose circuits were built
during the year. One of these simulates radiation
damage in glass. The heavy glass windows in “hot”
cells are expensive. Under intense gamma radia-
tion, displacement of charge within the glass gives
rise to electric fields which may become high
enough to shatter the window. An electronic an-
alogue model has been built. When it is in use an
ionization detector is placed by the window. The
circuit integrates the radiation and causes charge
to leak off in the same way as it does within the
glass window. A meter indicates the field within the
glass, and an alarm is tripped before a dangerous
situation can occur.

LABORATORY SERVICES

About 25% of the Division’s man-hours are now
devoted to repair and service activities. As the
amount and complexity of research equipment
increases, so does the need for skilled technicians.
Three small digital computers were obtained dur-
ing the year, and a technician was engaged to
maintain them. An instrument pool has been
instituted in conjunction with the Supply and
Materiel Division, which collects unused instru-
ments and repairs and reissues them. This has
already resulted in a considerable saving of money.
A few examples will illustrate the variety and scope
of the services performed: construction of a num-



ber of low-background proportional counters,
neutron detectors, and x-ray detectors; repair of
81 counting circuits, 30 multichannel analyzers,
116 oscilloscopes, 115 meters, 50 spectrometers,
and hundreds of other items; construction of 600
assorted small circuits, 2400 cables, and 300 printed
circuit boards; conversion of the police radios for
narrow band operation and repair of all on-site
receivers and transmitters; and calibration and re-
pair of 630 health physics radiation monitors on a
quarterly schedule.

METEOROLOGY

The Meteorology Group has expanded slightly
during the past year. There are now four members
of the scientific staff as compared to two during
fiscal 1963. One addition has also been made at
the professional level.

Instrumentation

In many respects, the most important work ac-
complished during the past year has been the
completion of the wind instruments and auxiliary
recording equipment necessary for many other
phases of the research work. Thirty-five fast-
response anemometers have been completed. Built
according to the design and techniques worked
out in earlier years, they are particularly suitable
for low-level turbulence and wind profile work.
The development of recording devices for use with
these anemometers has also been important. The
devices are of various types, depending on the data
required. One, for example, is a highly reliable
printing-counter assembly, capable of recording
the inputs from several anemometers simulta-
neously and permitting the determination of mean
wind profiles to an accuracy of =0.5%.

The investment casting techniques used in
fabricating the components of the anemometer
have resulted in instruments suitable for hurricane
recordings. One currently in use at the top of the
420-ft tower (Figure 4) is identical in appearance
to other Brookhaven equipment, but it can with-
stand 200-mph winds because its exterior parts are
of stainless steel.

The investigative phase of altering the paper-
tape recording system, whiclh lias been in use at
Brookhaven to record meteorological data for the
past five years, has been completed. The new
anemomcters demand an increase in the recording
speed capability, and the older system will be con-
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verted from paper to magnetic tape as soon as
final details can be worked out.

Particulate Studies

The diffusion-deposition field work, involving
Cu® spheres and uranine dye, has been confined
largely to an initial study of the behavior of the
tracers in forested areas. This change was made
partly because of the basic interest of the Meteor-
ology Group in extending the studies into the
forested areas and partly because of difficulties in
the operation of the main deposition field. The
vacuum system serving 150 sampling positions in
the deposition field was initially equipped with
plastic pipe, which was thought to be more adapt-
able to climatic changes as well as less expensive
than a metallic installation. Unfortunately, the

Figure 4. Three-cup anemometer, typical of the 35 now
in use at the Laboratory. These instruments are formed
from investment castings and are both strong and uniform.
The instrument shown has stainless steel components and
will withstand winds >>175 mph.
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plastic has not lived up to expectations, and com-
plete conversion of the field to a metallic-pipe vac-
uum system has just been effected.

In addition, careful study of the initial airborne
concentration data showed the behavior of the fil-
ter samplers to be somewhat disconcerting. The
investigators had expected that the efficiency of
the Millipore samplers would be a strong function
of the horizontal wind speed when large (5 to
10-p) particles were involved, and wind tunnel
tests had been undertaken to establish factors to
correct for this. Data observed in the field, how-
ever, showed that the collection efficiency for cop-
per spheres appeared to be sensitive to atmospheric
stability as well as the horizontal wind speed. This
in turn suggested that the basic problem might be
sensitivity to slight changes in the angle of attack
of the wind, and accordingly a refined series of
experiments, patterned after some earlier work at
the University of Michigan, was conducted. These
tests showed that changes in the angle of attack of
the wind of as little as 10° could produce sub-
stantial variation in the collection efficiency for
5 to 10-p copper particles. Revisions in the field
installation have been made to include impactor-
type samplers for determination of the airborne
concentration of the copper particles, since there
is no possibility of deriving a reliable correction
factor for the filters. Fortunately, these difficulties
with the samplers invalidate only a small portion
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Figure 5. Standard deviations of tracer plumes derived
from all the various diffusion studies conducted at the
Laboratory. These separate distinctly according to the
four types of wind gustiness used routinely for the classifi-
cation of atmospheric turbulence in this area.

of the data collected earlier and do not substan-
tially reduce their value.

The study of the penetration of particulates
into forested areas has been conducted with rag-
weed pollen and Cu®* spheres with intriguing re-
sults. The tests, which are still too limited to be
fully conclusive, suggest that particles emitted
close to the edge of the forested area diffuse into
the woods in a manner almost identical to that
found over open terrain.

The work with ragweed, timothy, and corn
pollen has progressed very satisfactorily. Analysis
of data obtained in 1962, as well as the first por-
tion of the 1963 material, has for the first time
revealed the relationship between deposition of the
pollen particles on flat-plate collectors and esti-
mates of the deposition derived from the change in
the mass flux of the pollen through successive sam-
pling sectors downwind. The agreement, which is
generally within a factor of 2, is both surprising
and encouraging in view of the inherent difficulties
in obtaining accurate estimates of the mass of
tracer material passing through a given y-z plane.

Diffusion Parameters

Partly in response to the need for the best pos-
sible specification of diffusion parameters to be
included in the forthcoming revision of the AEC’s
1955 publication entitled Meteorology and Atomic
Energy, a thorough review has been conducted of
all atmospheric difTusion data obtained at Brook-
haven. This has included concentration data from
oil fog and Ar*' released from elevated sources, as
well as low-level estimates based on the uranine
studies of recent years. The data fall into easily rec-
ognized classes of diffusion conditions, as shown
in Figure 5, and are in very good agreement with
similar estimates based on the results obtained at
similar installations throughout the U.S. and
Great Britian.

Wind and Turbulence

Until the final portion of the present fiscal year,
much of the study of wind and turbulence has
consisted of planning new experimentation and
conducting a detailed literature search on specific
problems of interest to the Group. Perhaps the
most significant finding, from both the literature
survey and thc initial records from the accurate
anemometer-counter assemblies, has been the in-
dication of the need for a painstaking review of
wind profile theory. In studies of this problem,



the differences among the more important theoret-
ical formulations are difficult to distinguish unless
the experimental data are both adequate in num-
ber and extremely accurate. Now that the Group
isin a position to obtain such data routinely, it is
hoped that some of these questions, such as the
validity of the logarithmic relation between wind
speed and height under neutral meteorological
conditons, can be resolved.
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Cloud Rise Studies

Field experiments on the rise of hot clouds have
been awaiting the development and testing of heat
sources that could be depended upon to be con-
stant over short periods of time. When tests indi-
cated that very uniform rates of heat release could
be obtained over periods as short as 10 sec, full-
scale experiments were resumed, in June. |



Chemistry

The researches in the Chemistry Department
are carried out by members of the staff, postdoc-
toral appointees, and visitors from other institutions.
The fields include experimental and theoretical
studies in nuclear reactions and spectroscopy, geo-
and cosmochemistry, activation analysis, chemical
effects of radiation (both primary radiations and
recoil particles), molecular and crystal structure,
chemistry of isotopes, inorganic solution chemistry,
and ion-molecule reactions.

HIGH ENERGY NUCLEAR REACTIONS

The principal aims of the high energy reaction
studies are (1) to obtain information on the sys-
tematics of the very complex patterns of reactions
observed, i.e., knowledge of how the cross section
for formation of any particular product depends
on bombarding particle, on bombarding energy,
and on mass and atomic number of target nucleus;
(2) to gain an understanding of the reactions in
terms of mechanisms and models. Additional goals
of at least some of the reaction studies are, on the
one hand, to correlate the behavior of complex
nuclei under high energy bombardment with in-
teractions between elementary particles and, on
the other hand, to obtain informalivn on the
structure of atomic nuclei.

From knowledge of reaction cross sections alone,
it is usually not possible to deduce reaction mecha-
nisms. Greater insight into the details of reactions
can he obtained if, in addition, there is informa-
tion about the energy and momentum trauslerred
to the reaction products. Such information comes

" from experiments on the angular and energy dis-
tributions of reaction products recoiling out of ex-
tremely thin targets. Experiments of this type are
therefore receiving increasing cmphasis. Addi-
tional details about reactions are obtained from
observations of the various charged particles (re-
coil nuclei, fragments, a particles, protons, mesons)
in nuclear emulsions and in bubble chambers.

The detailed interpretation of high energy
reactions in terms of mechanisms usually involves
comparison of experimental results with calcula-
tions based on certain models, and these calcula-
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tions are so complex as to require extensive use of
high speed computers. In particular, Monte Carlo
methods have been found very useful in this work.

Studies of the interaction of high energy protons
with various target elements (e.g., Al, Cu, Ag, Pb,
U) have continued at the Cosmotron and the
AGS, with emphasis on more specific problems.
The production of nuclei with mass numbers in
the range of 7 to ==25 is under study by a variety
of techniques for the purpose of investigating the
mechanism of fragmentation in high energy nuclear
reactions. Cross sections have been measured for
the production of delayed-neutron emitters (Li®,
C'¢, N'") from various targets in this mass range.
Conventional radiochemical procedures liave been
used to obtain cross sections for Na*? and Be’ pro-
duction and ranges for the latter. High sensitivity
mass spectrometry has been used to measure pro-
duction cross sections for the stable Ne isotopes
from a variety of targets, and a fast gas transport
system has been employed to obtain cross sections
for Ne?** production. Studies of delayed-proton
emitting isotopes have also been started. The aim
of all these studies 1s to obtain information cou-
cerning the nuclear charge distribution in the
fragmentation process.

To illustrate some of the canclusions emerging
from these studies, Figure 1 shows the recently
determined cross sections for the production of
the delayed-neutron emitter N** by 3-BeV pro-
tons, together with older data for production of
F:%. The descending (left-hand) branch of the
curves is ascribed to formation of the praducts as
spallation residues, the ascending (right-hand)
branch to the fragmentation process. The latter
mechanism is seen to be greatly enhanced for the
neutron-excess product N'* (ncutron/proton ratio
1.4) relative to F'%, which lies near the B-stability
line (neutron/proton ratio 1.0), whereas the spalla- -
tion mechanism shows the opposite trend.

Several different approaches are being used to
obtain additional informatien on the phenome-
nology and mechanismg of fission processes in-
duced by multi-BeV protons. Comparisons be-
tween the cross sections for formation of a wide
variety of products from lead and from uranium
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Figure 1. Formation cross sections of N'” and F*®
in 3-BeV proton bombardments of various targets.

targets have been under way and await detailed
analysis. Angular distributions and differential
ranges of several uranium fission products have
been measured. These indicate substantial differ-
ences between the neutron-excess and neutron-
deficient products (see Figure 2), in qualitative
agreement with what might be expected if these
products arise, as has been previously hypothesized
on the basis of charge distribution data (see Figure
3), from low energy and high energy processes
respectively. Further analysis will presumably give
information on the time scales of the breakup proc-
esses. Differential range curves for several products
fromn silver irradiated by 2.9-BeV protons have
been obtained in an attempt to distinguish be-
tween spallation and fission mechanisms. These
data have been compared with predictions of
Monte Carlo cascade plus evaporation calcula-
tions and with emulsion data. The comparison
indicates that Na** is formed in a two-body break-
up (fission), but that products heavier than or
equal to 4 =42 are probably spallation residucs.

Previous studies of the Cu®*( p, p7*)Ni®® reaction
have been extended to include measurement of
differential range curves and the angular distribu-
tion. The results are being compared with pre-
diclions from a calculation based on a one-pion
exchange model. Whereas such a model fits the
thick target integral range data reasonably well,
agreement with the differential data is less satisfac-
tory. However, this discrepancy appears to be due
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to the oversimplified nuclear model assumed
rather than to failure of the one-pion exchange
model.

Further absolute determinations of cross sections-

for the monitor reaction C'*( p, pn)C'* have been
made at proton energies of 50 MeV and 1 BeV to
fill gaps in existing data. A summary of the cross
section data for this reaction is given in Figure 4.

Monte Carlo Cascade Calculations

Continued use is being made of the IBM 7094
computer for Monte Carlo calculations of inter-
nuclear cascade processes. The object of these cal-
culations is to obtain quantitative predictions of
‘the results of the interaction between high energy
bombarding particles and complex nuclei. These
calculations represent a considerable extension
and refinement of earlier published work. They
have already been carried out for incident nucleon
energies below 400 MeV (where pion production
can be neglected) and have proved the impurtance
of using the proper nuclear density distributions
and of including reflection and refraction effects.
~ Pending extension of these new calculations to
higher energies, considerable use has been made
of the results of the old cascade calculations in con-
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junction with Monte Carlo calculations of the
evaporation phase of the reaction. Results of these
calculations are being compared with various ex-
perimental data to test whether a particular
reaction can be accounted for by the two-step
(cascade plus evaporation) mechanism of high
energy nuclear reactions. In one such study, with
targets of Ru®®, Mo®¢, and Zr°®, the neutron/proton
ratio of the target material was found to have
marked effects on the isobaric yield distribution of
spallation products some 25 mass numbers below
the target mass (see Figure 2). These results are
in fair agreement with the Monte Carlo calcula-
tions. In another investigation, the experimentally
observed cross sections for much simpler reactions,
of the type p, pxn, were found to be significantly
higher than the calculated oncs when x is 2 or 3,
although the discrepancy is not as large as in the
previously investigated p, gn reaciions (x=1). The
refinements in the nuclear model incorporated in
the new cascade calculations appear to improve
the agreement with the experimental data.

Antiproton Interactions in Emulsions

The interaction of 2.9-BeV antiprotons with Ag
and Br in nuclear emulsion is being investigated.
Comparison of the results with those from a 3-BeV
proton irradiation allows examination of the effect
of the proton-antiproton annihilation on the fol-

- lowing properties: total cross section, multiplicity

of emitted particles, energy spectrum and angular
distribution of a particles, range distribution of the
nuclear recoils, and angular distribution of the re-
coils with respect to the beam direction and with
respect to emitted particles. No striking differences
between proton and antiproton induced stars has
been observed in the results from preliminary
scanning.

Electromagnetic Separator and
Spark Source Mass Spectrometer

. The High. Voltage Engineering Corporation
isotope separator has been delivered to the Chem-
istry Department and passed an extensive testing
program. The separator was designed with the
objective of versatility in the type of sample to be
processed. It-has sources capable of handling gases,
solids with vapor pressures of the order of microns
at 1500°C, and even less volatile solids with com-
parable vapor pressures at 2500°C. The separator
employs a 160-cm-radius 90°-sector electromagnet
and can be operated with resolved ion beam cur-



rents in the range 10 to 50 pA. A separation to
provide sources of Ag'®® and Ag''® has been car-
ried out on a silver sample that had =6 weeks’

irradiation in the MTR at Arco, Idaho. The oper- -

ation has demonstrated the utility of the instru-
ment for handling radioactive sources and the
relative simplicity of decontamination procedures.

Studies of the high resolution spark source mass
spectrometer have been continued to develop it as
a special tool for the study of nuclear reactions.
The ion source efficiency has been improved to the
point where the spark source spectrometer can be
applied to the measurement of high energy reaction
products. Samples of fission products in U?*®
matrices have been analyzed with the object of
accurately determining sensitivity and relative
ionization and collection efficiencies of the trace
constituents. Partial mass yield curves from U?*®
fission were obtained from samples which con-
tained 15 ppm of the more abundant fission

products. These studies showed that analysis of

products of nuclear reactions in targets irradiated
in the BNL high energy accelerator will require
chemical as well as instrumental techniques.
Studies are now under way on methods which in-
clude one stage of chemical separation of nuclear
reaction products from the major constituents of
the target matrix. So far, sensitivity which permits
detection of 107° g of rare earth nuclide has been
achieved. This sensitivity is adequate for nuclear
reaction studies provided that problems of back-
ground contamination of target and reagent mate-
rials can be solved. These problems are currently
under investigation.

LOW ENERGY NUCLEAR REACTIONS

Various studies of low energy nuclear reactions
have been continued. Excitation functions for
products from the compound nucleus Po*'* formed
either by a-particle irradiation of Pb*°¢ or proton
irradiation of Bi**® have been made with improved
precision. Detailed analyses with the IBM 7094
of these and other suitable data from the literature
are in progress to investigate the effects of y-ray
emission and angular momentum on excitation
functions for nuclear reactions.

The cooperative program with members of the
Bell Telephone Laboratories and the Physics De-
partment is being continued to investigate nuclear
reactions between relatively simple projectiles and
targets at the 60-in. cyclotron. The reactions in the
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systems He®*+H?; H*+H?; and H*4+ H" leading to
three-body final states have been studied. The
formation of particle emitting states in the various
possible intermediate nuclei, such as He*, dipro-
ton, virtual singlet deuteron, etc., have been ob-
served to play a significant role. This work has
been greatly facilitated by the use of an on-line
SDS 910 digital computer for multiparameter
analysis and for the calculation and display of
simulated experimental data to be expected on the
basis of various models.

NUCLEAR SPECTROSCOPY

Internal conversion electrons from odd mass Te
isomers have been measured with the high resolu-
tion double-focusing S-ray spectrometer. Some
mixed transitions, partially magnetic dipole (A1)
and partially electric quadrupole (E2), were in-
vestigated. In these cases it is indicated that the
M1 part represents mainly particle excitation
while the E2 part represents mainly collective ex-
citation. In the sequence Te'?', Te'?%, Te'?5, the
E2/M]1 ratio decreases, as does the £2 enhance-
ment. The ratios are given in Table 1. This trend
is opposite to that predicted recently by one theo-
retical calculation but agrees with the results of
another calculation.

A few M shell internal conversion coefficients in
Te?i™ Te'**™ and Ba'*"™ have been measured
and compared with theory. Reasonable agreement
is obtained if account is taken of the screening of
M electrons by K and L shell atomic electrons.
These semiempirical corrections to the theory ap-
ply over a wide range of multipolarities, energy
values, and nuclear charges.

Preliminary measurements were made of the
KLL Auger electrons of Kr™®. This source was pre-
pared at the Nobel Institute of Stockholm and
measured at BNL with the double-focusing 8-ray

Table 1

E2 Transition Speeds for the d;,,—s5,,, Transitions
in TCIZIm, Te123m, and Te‘l25m

Energy, T(E2)s . /T(£2)exp
Isotope  keV E2/M1 =6 =E2 enhancement
Te'>'= 2122 0.050 =0.003 26
Te'*™ 159.0 0.0067 =0.0011 4.5
Te'2om 35.3  0.00035 2
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Figure 5. Partial decay
scheme of Y® and Y®™,

spectrometer. It was necessary to place a very thin
window (0.1 mg/cm?®) on the proportional counter
to allow transmission of these very soft electrons.
All 9 lines, in‘c‘luding the 2 KL,L, lines predicted
by intermediate coupling, were observed.

After completion of the investigation into the
decay of Y®% and Y*, whose decay scheme is given
in Figure 5, experiments were begun on Rb*:. So
far it has been shown that the previously reported
“single” y ray at 525 keV really consists of a triplet
at 521,530, and 553 keV. Only the first two tran-
sitions are to the 1.9-hr isomeric level of Kr®?; the

third is to a level 9 keV above the ground state of .

Kr# In this work a new lithium-drift germanium
solid state detector was used, courtesy of the
Physics Department.

SOLAR NEUTRINOS

Radiochemical Detection Systems

The fusion reactions in the sun produce neu-
trinos which leave the sun with little absorption
or energy loss. These particles, which serve as a
direct signal from the center of the sun, carry de-
tailed information on the solar energy generation
process. This approach to the study of solar energy
generation has not yet been explored, since detec-
tion systems with sufficient sensitivity have not

been developed. An exploratory experiment along
these lines must be guided by the results of cal-
culations of solar neutrino fluxes. Sears, Bahcall,
and Fowler have recently investigated the solar
model calculations and the relevant nuclear re-
action data to deduce the neutrino flux and have
also evaluated the possible errors associated with
these calculations. The neutrino producing re-
actions and the flux at the earth presented by this
group are as follows: H(H,e*v)D, ¢ =5.8 X 10¢;
Be'(e,»)Li", $=0.8x10"°; and Be®—>Be® +¢* 4+,
¢=1.9%10" cm™ sec™. These fluxes are considered
to be in error by at most a factor of two.

A pilot experiment was performed in an attempt
to observe solar neutrinos by a method based on
the reaction CI*"(»,¢")Ar®” to form the 35-day
radioactive Ar®’. The target was 1000 gal of
perchlorethylene (C,Cl,), and a 2300-ft-deep mine
at Barberton, Ohio, was chosen as the irradiation
area so that the target would be shielded from cos-
mic rays. A low level counting system for Ar®” was
developed that has a high sensitivity for the char-
acteristic 2.8-keV Auger electron from Ar*’ decay.
The present system has a background of <{1 count
in 10 days. Measurements with this counting sys-
tem were done on samples from the 1000-gal.ap-
paratus in the Barberton mine. From these obser-
vations the solar neutrino capture rate was con-
cluded to be <C0.5 per day in the 1000 gal of C,Cl,, .
a limit close to the forecasted rate of 0.07 per day.
The limit set was of value in eliminating from con-

-sideration certain rcactions postulated in the past as

contributors in the solar energy generation process.

The performance of this small-scale experiment
showed that the method could be extended in sen-
sitivity sufficiently to measure the calculated solar
flux, and that background effects from cosmic radi-
ation and local radioactivities could be reduced to

100,000 GALLON
PERCHLORETHYLENE

SHIELDING

Figure 6. Brookhaven solar neutrino observatory.



a factor of 100 below the calculated neutrino sig-
nal. Plans are under way to increase the sensitivity
of the method by working with a 100,000-gal de-
tector, and design studies were made of this larger
apparatus. Design of the physical arrangement in
the mine (shown schematically in Figure 6) was
based on considerations of the shape and size of a
cavity that could be excavated and supported in a
deep mine. A method of agitating and purging the
liquid with helium in a tank 20 ft in diameter and
45 ft long has been tested on a small scale. Two
mines suitable for the apparatus have been located,
and discussions with the owners have established
that either could be made available for the neutrino
experiment.

Low Level Fast Neutron Detector

A fast neutron detector has been developed,
based on the Ca*’(n,a)Ar®’ reaction, that is capable
of observing fast neutron fluxes <107° neu-
trons/cm?-sec. This detector was used to evalu-
ate the background effect from fast neutrons pro-
duced in the mine from small amounts of uranium
and thorium contained in the surrounding rock
wall.

NUCLEAR GEOCHEMISTRY

lend Isatapic Abundances
of Archaeological Specimens

A new method for determining the place of
manulacture of ancient lead-containing meral or
glass objects based on a lead isotopic abundance
measurement has been developed in cooperation
with the Corning Museum of Glass. The method
i8 bascd o the fact that lead vres o dilferent
localities have differing isotopic abundances he-
cuuse of diflferences in their geological histories.
For example, objects madc from lcad mincd in
Great Britain show a lead isotopic abundance dis-
tuctly different from that of objects matde from
lead mined in Greece.

Lead metal was used in a variety of ways in
ancient civilizations because of its easy work-
ability and resistance to corrosion. Lead is also
an important constituent of pottery glazes and
decorative glass. Some of this lead came from small
ore deposits in the central Mediterranean region,
but in later times the Phoenicians and Romans
obtained lead from larger deposits in southern
Spain and from as far away as Great Britain.
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Of all the chemical elements, lead is the only
one which shows large changes in isotopic com-
position from place to place in the earth; that is,
the relative amounts of the isotopes Pb**¢, Pb*?,
Pb*'", and Pb**® are not fixed. For example, a sam-
ple of lead from the Witwatersrand in South
Africa contains twice as much Pb*°® as a sample
from the Pretoria district. These variations occur
because three of the isotopes — Pb*°¢, Pb*’", and
Pb?°* — are produced as a result of the radioactive
decay of natural uranium and thorium and there-
fore increasing amounts of these isotopes are con-
tinually being mixed with the lead present since
the earth was originally formed.

In most cases the variations from one locality to
another are much smaller than in the above ex-
ample, but small variations in isotopic composition
may be measured with a mass spectrometer.
Studies have been made on a number of samples
of lead ore, as well as lead objects made from the
ore, from an ancient mine in Greece and from
several ancient mines in England and Wales. The

Figure 7. Pottery jug with lead cover from Jemdet Nasr,
Ur, ca. 3000 B.c. (Courtesy Prof. Robert Dyson, Univer-
sity Museum, Philadelphia, Pa.)
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samples from Greece are distinctly higher in Pb*®
than those from Great Britain. The samples from
England contain more Pb*°® than those from
Wales. With this information, isotopic analysis
should help an archaeologist determine the origin
of the lead in a particular sample. A thorough
study might be able to show the extent to which
the Romans transported lead from Great Britain
to Italy and to reveal other information about
commerce thousands of years ago. Work with lead
isotopes should provide an independent approach
in the archaeological studies carried out here in
recent years, which depend on activation and
chemical analyses of key trace elements.

METEORITE STUDIES
Cosmic-Ray Flux in Space

The spatial variation of cosmic-ray intensity can
be determined by measuring short- and long-lived
activities induced in meteorites. The short-lived
activity measures the cosmic-ray flux close to the
earth and requires fresh dated fall meteorites.
Long-lived activities integrate over a time com-
parable to the half-life of the induced activity.
Most of this time is spent while the meteorite is
distant from the earth. Such measurements require
samples of known trajectory or orbit.

The two isotopes of argon, Ar®’ (35-day half-
life) and Ar®*® (270-yr half-life), are ideally suited
for this purpose. The activity ratio Ar®"/Ar*’ is
observed on the meteorite immediately after its
fall. The observed ratio is then compared with the
same ratio for these isotopes measured with high
energy protons on meteoritic material at the Brook-
haven Cosmotron. During the past year two new
meteorites have been investigated. However, the
most important result was the revised half-life of
Ar®®, which changes the interpretation of our pre-
vious results. The result of these studies with the
270-yr half-life, except for the meteorites Hamlet
and Ehole, which show the effects of intense solar
flares, is that the Ar®’/Ar®® ratio is lower than the
cross section ratio. This shows that the cosmic-ray
intensity at the earth is lower than the intensity
200 to 300 million miles from the earth. 'I'he di-
minished cosmic-ray intensity near the earth could
result from the outstreaming solar plasma. The
sun spot number serves as a measure of the plasma
emission from the sun. The coming year is ex-
pected to be a period of minimum solar activity,

and the Ar®"/Ar®® ratio is expected to increase,
perhaps approaching the value of the cross section
ratio.

Exposure Ages

Work in the past year has been devoted to Ar®®
activity and rare gas measurements on samples of
the various classes of meteorites. In particular,
metallic iron was separated from meteorites so that
samples of uniform chemical composition were
available for measurement. This procedure affords
an easy comparison between the meteorite classes
and with high energy proton bombardments on
iron targets. The particular problem is to ascertain
the time meteorites have been exposed to cosmic
radiation in space. This is done by comparing a
radioactive cosmic-ray produced nuclide such as
Ar®’ to a stable cosmic-ray produced nuclide, of
which good examples are He?, Ne*!, Ar®¢ and
Ar®®. The radioactive nuclide is a measure of the
cosmic-ray intensity over the mean life of the
nuclide, and the stable nuclide integrates the total
cosmic-ray flux. Measurements on chondrites,
which are by far the most common class of mete-
orites, are given in Table 2. They indicate that the
chondrites have been in space for time periods
ranging from 3 to 40 million years, although one
extreme case gave an exposure of 15,000 years or
less. There is no evidence for a grouping of expo-
sure ages, which suggests that chondrites were
formed by continuous collisions of larger bodies
rather than by a small number of catastrophic
events.

Helium-Uranium Dating of Fossils

One of the major problems in geochronology is
the dating of fossils. The geological time sequence
from early Cambrian to recent is well defined rela-
tive to the fossil record in ancient layered sedi-
ments. At present, such absolute dating of the fos-
sil time scale is primarily accomplished by dating
of granitic rocks, which are then related by field
studies to sedimentary sequences. Unfortunately,
cases in which such a relationship can be precisely
and unambiguously defined are quite rare. In
addition, many geological situations arise in which
not even a remote relationship between sediments
and datable phases can be established (e.g., the
ocean basins, where no granites occur). In such
sedimentary sequences dating via igneous phases
is usually impossible. In relatively young sediments
(<107 years) there are seldom enough igneous



Table 2

Ar**-Ar®® Exposure Ages of the Iron Phase of Chondrites

Exposure age,

Meteorite millions of years
Beardsley 5.0
Cape Girardeau 32
Forest City 5.0
Bjurhole 13
Peace River 29
Harleton 39
Farmington <0.4
New Concord 2.0
Bruderheim 27
Abee 5:1

Table 3

Comparison of He-U Ages of Fossils With Th?**°-U=*
and Stratographic Control Ages

Age, thousands of years

Sample He-U Control
Pacific coral
50 ft deep 120 20 107 10
85 1752 30 155 . 15
100 370+ 60 330+ 50
700 80002000 12000==2000
950 1700023000 15000==3000
2000 2600024000 230003000
Gastropod shells
Israel 405+ 50 360 60
Nevada 440+ 60 400=%= 150
Nevada 500%= 60 400 150

phases available to define time sequence, and the
last 10 million years (especially the last 1 million)
are of extreme interest to geologists.

It has been found that aragonitic fossil shells
and corals usually contain a few ppm of uranium
and, in addition, that the He* produced by this
uranium and daughters is retained 1n the aragonite
lattice for periods of 1 million years and probably
for periods of up to 30 million years. This conclu-
sion is based on comparison of He ages with
Th?2°/U?** ages on shells and corals <3 X 10°
years old and by comparison with age estimates
based on stratographic position for corals up to 30
willivu years old. From the data in Table 3 it ap-
pears that the He method probably is a practical
geochronometer for the direct dating of fossils.
This work was done in collaboration with the
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Lamont Geological Observatory (Columbia Uni-
versity), which provided the Th**°/U®*** age
control.

AUTORADIOGRAPHY OF OIL PAINTINGS
BY NEUTRON ACTIVATION

The art conservator has benefited greatly by
being able to look through an object with x rays
and perceive details of its inner structure, even
though the details so revealed are limited to differ-
ences in physical thickness or in the distribution of
atoms of relatively heavy atomic weight. In ex-
amining an oil painting the conservator might well
regret the inability to perceive placement of lighter
atomic weight pigments whose distributions are
likely to be obscured. A particularly unfortunate
situation in the conventional radiography of oil
paintings arises when an electronically dense pig-
ment such as white lead has been used in the
ground, because the dense absorption of the
ground layer can almost completely mask the de-
tails of the layers of the design. A probable ex-
ample of such an occurrence is shown in Figure 9,
in which a photograph of a portion of a 17th cen-
tury painting is compared with an x radiograph
of the same area. The details of the radiograph
appear to be primarily only those of the support
and ground. Figure 10 presents several contrasting
radiographs of the same painting fragment pro-

Figure 8. Fossil aragonite shells and coral suitable for He-U dating.
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duced by nuclear activation autoradiography. It
is immediately apparent that the neutron radio-
graphs, although they greatly resemble conven-
tional x radiographs, provide considerable addi-
tional information. The different pictures in this fig-
ure only in part exemplify the variety of character-
istically different autoradiographs of this painting
that potentially might be produced through varia-
tion in the autoradiographic procedure.
Different autoradiographs are obtained by tak-
ing exposures at different times following activa-
tion, by interposing appropriate filters between
the painting and the film, and by varying condi-
tions of activation. It is a fortunate coincidence
that many of the components of colored pigments,
e.g., copper, manganese, cobalt, mercury, arsenic,
and the aluminum or barium present in the mor-
dant of lake pigments, are activated very effectively
by thermal neutrons, while the components of the
common white pigments and the organic material
comprising most supports are relatively ineffec-
tively activated. The analysis of the entire series of
autoradiographs, each differing from the next, that
can be made from one painting, provides informa-

tion about the pigment composition and distribu-
tion throughout the painting. In comparing the
two upper autoradiographs in Figure 10 it is ap-
parent that the one on the left tended to be domi-
nated by radiation from pigments used in the
foliage constituting the painting foreground,
whereas the one on the right primarily arose from
pigments constituting the background behind and
to some extent beneath the foliage. It would ap-
pear that the artist left free of background pig-
ment a large fraction of the lower left area in
which he intended to place the foliage. However,
when he later added the foliage, he at some places
painted over the region in which he had placed
background. In this instance the basic approach of
the artist in the application of pigment layers has
in part been revealed.

Other methods and conditions of activation and
other means of registering the radiation from thc
painting should produce yet additional signifi-
cantly different autoradiographs. Most promising
among these variations would be (1) scanning of
the activated painting by counting equipment
which can be considerably more selective in its

Figure 9. Conventional radiograph (right) of part of a 17th century Dutch painting (left).
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Figure 10. Four neutron activation autoradiographs of the same painting as in Figure 9.
Since these were taken at different times after irradiation, they highlight different pigments.
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response to individually different types of radia-
tion than photographic emulsions, and (2) activa-
tion by fast neutrons.

At its present stage of development, the tech-
nique of neutron activation autoradiography of oil
paintings can be considered as a successful method
of analysis which does not require the taking of
samples, and, when further developed, it promises
to supply the conservator with a large body of in-
formation about an individual painting before any
treatment is initiated. Indeed, it should greatly
facilitate the planning of a course of treatment for
the work of art. This method permits the examina-
tion of a painting in depth, hopefully without
altering it in any significant way, and affords the
conservator an insight into the materials, struc-
ture, and some of the techniques originally used in
its creation.

RADIATION AND HOT ATOM CHEMISTRY

Radiolysis in the Adsorbed State

The y-ray decomposition of azoethane adsorbed
on the surface of inert mineral solids is being in-
vestigated. Azoethane is chosen because forma-
tion of nitrogen gas from this compound requires
relatively little energy while methane and hy-
drogen may be formed from states of higher en-
ergy. It is found that considerable decomposition
of the organic material occurs by energy taken up
from the radiation by the solid and transferred in
some way through the solid and then to the or-
ganic molecule adsorbed on its surface. The results
are interpreted in terms of the interaction of ex-
cited electronic states of the solid with the organic
molecule. With azoethane adsorbed on silica gel,
the amount of decomposition products increased
as expected with the amount of azoethane present.
However, on magnesium oxide prepared by ther-
mal decomposition of the basic carbonate, the
amount of each gaseous product reached a maxi-
mum and then declined with increasing azoethane
coverage. 'I'he position of the maximum depends
on the ignition temperature of the oxide and ap-
pears at lower coverage, the lower the ignition
temperature. The adsorbate molecules are thought
to interact with a surface state which can draw
excitation energy from a considerable volume of
the solid. On magnesia, the data appear to sug-
gest that the available energy is divided among the
molecules present, so that at low coverages some
molecules are raised to high states of excitation

whereas at higher coverages only states of lower
energy are formed. It is found that color centers
formed by irradiation in silica gel are bleached by
simple contact with azoethane. This type of study
offers a unique approach to the problem of energy
transfer within solids, as well as from a solid sur-
face to an adsorbed molecule.

lon Yield in Liquids

The number of ions formed at zero applied field
by irradiation of a liquid with x or y rays has been
determined for the first time by methods which
appear to be, in principle, straightforward and
theoretically unobjectionable. Measurements of
four quantities are required: (1) conductivity of
the liquid extrapolated to zero field, as a function
of radiation intensity; (2) ion recombination coeffi-
cient, by rate of current decay when radiation is
switched off; (3) drift mobility of the positive and
negative ions; (1) radiation “dosc,” or energy in-
put to the liquid. In hexane, 1000 eV are expended
per ion pair formed when the agent producing the
ionization is a Compton electron of energy around
0.5 MeV, while with conversion electrons from dis-
solved Ar®” having an energy of only 2400 eV,
about 2000 eV are required per ion pair. The
yield of ions in the liquid is only about 2% of the
number formed in the vapor. Similar results were
obtained with carbon tetrachloride. These results
contrast with the situation in water, where the
yield of solvated electrons has been shown to be
practically equal to the yield of ions in water
vapor. An attempt is being made to extend the
conductivity measurements to ethers and other
liquids of intermediate polarity.

Lifetimes of Intermediates

Apparatus, which includes the Van de Graaff
electrostatic generator as a source of radiation,
has been set up for the spectroscopic study of in-
termediates of lifetimes down to a few micro-
seconds, Studies have been started on the inter-
mediates formed in radiolysis of oxygenated fer-
rous salt solutions in water and solutions of elec-
tron-capturing substances in organic solvents.

Solvated Electrons

Studies on competitive systems of mixed scav-
engers in water are being continued in an effort
to understand why certain systems seem to indi-
cate a higher yield of solvated electrons produced
in neutral water than do other systems. The yield



of neutral hydrogen atoms, apparently formed
along with the electrons, has been determined in
several systems. The reaction between ethanol and
hydrogen peroxide in dilute solution has been
shown to proceed by a chain reaction, the mecha-
nism of which has been worked out in detail.

Carbon-14 Recoil Studies in Acetamide

Work on acetamide using the N**(n, p)C** re-
action has been extended to very low radiation doses.
Very short contact times in the reactor (/=1 min)
were used. The low level of activity produced in
such short times was assayed by means of low level
counting facilities now available at BNL. Activities
assayed as acetic acid (hydrolysis of acetamide)
and acetone (recoil replacement of an NH, group
in acetamide) were found to increase markedly as
the radiation dose was reduced. Yields of labeled
acetonitrile and acetamide were essentially un-
affected in the range studied (21072 to 10 eV/
molecule). In addition, only small differences in
yiclds were found when different crystalline states
or phases were irradiated. No appreciable anneal-
ing effect could be observed. The use of fractional
fusion as a purification technique for recoil labeled
materials was extensively studied in this work and
was shown to be highly effective in some systems.

Carbon-11 Reactions in Alkanes, Nitrogen,
and Cylic Hydrocarbons

The effect of oxygen on major products from the
reaction of “hot” C'' with gaseous alkanes was
studied with oxygen concentrations up to 23 vol %.
A rapid increase in CO yield at very low O, con-
centrations followed by a much slower and linear
rise indicates a fast thermal reaction which quickly
reaches a saturation value. A reaction between the
thermalized carbon atom and oxygen seems rea-
sonable. The subsequent slow increase in CO
along with a concomitant decrease in acetylene
and ethylene suggests a competition between O,
and the substrate alkane for the hot carbon atom
(and perhaps also methyne, -CH ). A simple ki-
netic treatment fits the observed facts and indi-
cates that the reaction probability for reaction be-
tween the carbon atom and oxygen to give CO is
about three times as great as for the reaction be-
tween the carbon atom and the alkane to give
acetylene.

The reactions of energetic carbon atoms with
nitrogen have also been studied under a variety of
conditions. Recoil range studies on C' as a func-
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tion of total gas pressure have been carried out for
the p,a and 7,27 reactions. The three major prod-
ucts in nitrogen-alkane mixtures have been shown
to be acetylene, ethylene, and hydrogen cyanide.
The alkanes used were ethane, propane, and the
corresponding perdeutero compounds. Yields of
each of these three products have been determined
as a function of (a) nitrogen-alkane ratio, (b) ab-
sorbed energy during nuclide formation, (c) oxygen
concentration at various ratios of alkane to nitro-
gen, and (d) presence of the inert moderators, he-
lium, neon, argon, krypton, and xenon. A pattern
similar to that observed in pure alkanes is found.
The formation of HCN is considerably less sensitive
to O, than the formation of either acetylene or
ethylene. The noble gases, helium, neon, and ar-
gon, are found to behave similarly after correction
is made for their mass and energy absorbance, but
krypton and xenon show marked but dissimilar
effects. Moderation experiments also show acety-
lene yields to be considerably more sensitive than
ethylene yields.

In connection with the reactions of energetic
carbon atoms with alkanes, work on acyclic sat-
urated hydrocarbons has continued, and determi-
nations have been completed on compounds
through C; plus a few C; compounds. In addition,
the C; to G; alicyclic hydrocarbons have also been
studied. The structural dependence of the yield of
ethylene was found to be consistent with the pos-
tulate of hot insertion reactions by - CH - (methyne)
formed while the carbon atom is thermalizing.
The relationship

yield of ethylene = 3" total hydrogens in molecule
is strictly obeyed for all C, to C4 acyclic saturated
hydrocarbons thus studied. The yield of ethylene
from G, to G, alicyclic hydrocarbons is seen to be
equal to the value obtained by extrapolating the
plot of yield versus the above hydrogen ratio to
zero value for the ratio.

Spin State of Methylene

Insertion reactions by hot methylene were first
suggested in 1956 as a mechanistic rationale for the
reactions obtained by allowing hot carbon atoms
to thermalize in organic substrates. The spin state
of this hot methylene has now been determined by
applying the criterion of stereoselective synthesis.
Methylene-C?' reacts with cs- and trans-2-butene
to produce the corresponding cis- and trans-1,2-di-

P > primary hydrogens in molecule
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methylcyclopropane almost exclusively, thus es-
tablishing the hot methylene to be in the singlet
(first excited) state.

Specific Radiation Synthesis of Alcohols

The high yield of propanol-C** from recoil re-
actions in the NH,;-CH,OH system led to the pre-
diction that propanol-C** could be produced in
good yield by nuclear reactor irradiation of solu-
tions of ethylene in CH,;OH for periods of the order
of one day. The first experiment confirmed these
predictions, and symmetrically labeled propanol-
2,3-C,"* was produced in 40% yield based on eth-
ylene. Similar experiments with methanol-pro-
pene-1-C'* mixtures gave 70 to 80% chemical
yields of specifically labeled isobutanol. The ab-
sence of n-butyl suggests as the mechanism a fast
addition of a radiolytic hydrogen atom to propene
followed by radical recombination with hydroxy-
methylene radical. These radiolytic syntheses are
simple and convenient methods for the prepara-
tion of the labeled compounds.

Bromine Recoil in Hexabromoethane

An extensive investigation has been made of the
annealing of recoil Br 8 in crystalline hexabromo-
ethane following neutron exposure at — 196°C.
The interaction between radiation defects and re-
coil atoms in the crystal was investigated over a
large range of radiation doses (0 to 20 Mrad) and
temperatures ( —80 to +120°C). Clear evidence
was obtained for a multiplicity of annealing proc-
esses, having distinct activation energies, in the
very low dose region (a few roentgens); these have
been designated the “intrinsic” annealing proc-
esses. The activation energies and Arrhenius fre-
‘quency factors of two of these intrinsic processes
werc obtaincd: their kinctics were first order.

When small doses (up to about 1000 R) of radi-
ation were applied to the crystals, the process hav-
ing the highest activation energy for “intrinsic”
annealing showed an extraordinarily sensitive
response; its acceleration could be clearly seen with
doses even as low as 10 to 20 R. With further in-
crease in radiation dosage a complicated pattern
of interaction between defects and recoil atoms
emerged, the over-all trend being the influencing
of processes having lower and lower temperature
ranges (and, by inference, activation energies).

When differing intensities of radiation were em-
ployed to produce the same total dose, differences in

the subsequent thermal annealing of the Br®* atoms
appeared, suggesting that transient species, pro-
duced by radiation, could interact with one another
before decay. Taken together, these results demon-
strate that the thermally stimulated interaction of
radiation defects and recoil atoms in an organic
crystal has a complexity hitherto unappreciated.

MOLECULAR AND CRYSTAL STRUCTURE

Magnetic Structures

The maghetic structures of several intermetallic
compounds, in which the components are rare
earth and transition metals, have been determined
by neutron diffraction. The ferrimagnetic nature
of HoCos, inferred by other workers from system-
atic trends in the saturation moments of the iso-
morphous rare earth series, has been confirmed by
neutron diffraction. A study of the isostructural
compound ErNi; supports the supposition that in
the nickel-rare earth series the three valence elec-
trons of the rare earth metal just fill the holes in
the 34 bond of the nickel, which results in zero
magnetic moment for the nickel. ,

Investigation of the first-order transition in
MnSn, and its accompanying magnetic transition
has been extended by the study of the effect of par-
tial substitution of indium for tin. The two mag-
netic phases previously associated with the.tem-
perature regions above and below the first-order
transition in pure MnSn, have been shown to co-
exist above the transition temperature in the
substituted compound.

The antiferromagnetism of MnSe, was reinves-
tigated following a suggestion in the literature that

this compound might provide a test of the Landau-
Lifshitz theory of second-order phase transitions.
The temperature dependence of magnetic scatter-
ing intensity was found to exhibit an unusual ab-
rupt transition from short-range order to well
developed long-range order. The radical departure
from Brillouin behavior makes it unlikely that the
theory of second-order transitions would be
applicable to this case.

Atomic Charge Distribution in Fe,N

The development of the modern x-ray diffrac-
tometer, using a scintillation counter, has made it
possible to determine the electron charges of atoms
in crystals by measuring reflection intensities at
small scattering angles.



A powder sample of Fe,N was examined in
order to determine the electron charge on nitro-
gen. Fe,N has a moment of 8.86 Bohr magnetons

per Fe,N or 2.2 8 per Fe, the same as pure iron.

The crystal structure is cubic with closest packing
of Fe. The atomic positions are Fe: 000; $430; 404;
043; and N: $44. Thus nitrogen is nearest the
face-centered irons and somewhat more distant
from the iron occupying the cube corner. Two
distinct and different electron configurations con-
sistent with this structure and a total magnetic
moment of 9 Bohr magnetons have been proposed
by Wiener and Berger and by Zener. In the
Wiener-Berger model each nitrogen atom donates
one electron to each face-centered iron atom.
Zener’s model has face-centered iron cations and
N3-. Neutron diffraction measurements by Fraser
have shown Fe,N to be ferromagnetic and were

interpreted in favor of the Wiener-Berger model.

Inasmuch as N3* seems unlikely in a metal nitride,
the problem has been investigated by the x-ray
diffraction method.

The presence of nitrogen in the Fe,N lattice
gives rise to “superlattice” lines, the 100 and 110
reflections. These reflections occur at sufficiently
low angles that a significant contribution is made
to the intensities by the outer electrons of nitrogen.
IHence il was possible to reach a’conclusion re-
garding the nitrogen electronic charge by com-
paring observed and calculated “superlattice” re-
flections, together with the “normal” reflections
for different states of ionization of nitrogen. In this

Figure 11. Perxenate ion with surrounding water mole-
cules. A twofold axis coincides with the line O,-Xe-O,.
The dashed lines are hydrogen bonds. The sodium ions
coordinated to the perxenate ion and the water molecules
are not shown.
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experiment it could only be concluded that nitro-
gen is somewhat more negatively charged than
N*- because there are no calculated scattering
factors for N?- and N*-.

If one assumes the simple Wiener-Berger model
to be correct, the neutron and x-ray diffraction re:
sults are compatible only if one further assumes
some degree of covalency to bring about the elec-
tron spin alignment of this model.

Automated Diffractometry

The automatic data collecting devices for neu-
tron diffractometers méntioned in last year’s re-
port have been successfully collecting data for
several months, and computer programs have been
developed for preparing and processing the paper
tapes which are input and output for these devices.

Structure of Perxenate and Tellurate lons

The work in xenon chemistry continued with
the characterization, through x-ray diffraction
techniques, of the crystalline product formed when
XeF; reacts with aqueous NaOH. Characteriza-
tion by conventional techniques was ineffective,
partly because of a lack of knowledge of xenon
chemistry. The product was found to be sodium
perxenate octahydrate, Na,XeO,-8H,O. The
perxenate ion resembles the periodate ion geo-
metrically and presumably in its physical and
cheinical properties. The structure consists of regu-
lar octahedra with a Xe—O distance of 1.865=
0.012 A. The perxenate ions are extensively hy-
drogen bonded by the water molecules in the
crystal. The structure is shown in Figure 11. The
structure of potassium acid tellurate, KTeO(OH); -
H,O, has been determined. The tellurate ion has
been shown to be similar to the perxenate ion. The
structure shows one Te—O distance of 1.83 A and
5 Te—O bonds of 1.92 A. These are interpreted as
the Te—O and Te—OH bonds respectively.

$—O Bond Léngih

The determination of the crystal structure of the
methyl ester of o-nitrosulfenic acid has led to the
first measure of the length of the S—O single bond
and has explained the stability of the compound
by indicating a weak intramolecular bonding
between the sulfur atom and one of the oxygen
atoms of the nitro group. The structure is shown
in Figure 12.



s Figure 12. Bond distances and angles in
o-nitrosulfenic acid methyl ester. The mole-
L5 cule is planar except for the methyl group.
1n3e
0

1.39

Configuration of Guanylhydrazone

The crystal structure of an antileukemia drug
has been studied in-order to provide pharmaceu-
tical chemists with the configuration of the mole-
cule. The substance is methylglyoxal bis(guanyl-
hydrazone); the conjugated C—N chain of the
‘molecule has been shown to have the anti-ant: con-
figuration. 'T'he final bond distances and angles
await refinement of the anisotropic thermal pa-
rameters now in progress.

Inorganic Hydrates

The structures of a number of inorganic hydrates,
MgSO,-4H,0, MgSO,-7H,0, and FeSO,-7H,0,
have been completed. The role of water in the
crystallization in these systems and the nature of
the hydrogen bonding have been studied.

Hydrogen Bonding and Metal Hydrogen Bonds

Efforts in the study of hydrogen bonding con-
tinued with the refinement of neutron diffraction
data on KHF, and with the development, by com-
bination of the diffraction and spectroscopic data,
of a suitable potential function for the stretching
region in potassium acid fluoride. Both the neu-
tron diffraction and spectroscopic data are con-
sistent with a symmetric hydrogen bond in KHF,
and KDF,.

Nonstoichiometric Oxides

The structure of the hydride HRh(CO)-
[P(C¢H;);]s has been determined to a very high
accuracy, and the H—Rh bond length character-
ized. The Rh—H bond has been determined to be
1.60+0.12 A. The rhodium is near the center of
a trigonal bipyramid as shown in Figure 13. Sig-
nificant features of this study are the determina-

" tion of the geometry of five-coordinated rhodium

and, more important, the finding that the Rh—H
bond is of normal length. There are arguments in
the literature that the transition metal-hydrogen
bond is abnormally short, but these are all based
on indirect information. That the bond is of nor-
mal length, if a general result, is extremely im-
portant to the whole of metal hydride chemistry,
particularly since this hydrogen plays a crucial
role in a variety of reactions, such as hydrolormyl-
ation. Proposed mechanisms attempt to take ac-
count of the strength of the bond.

-The structural analysis of HMn(CO), has been
completed. In complete disagreement with the in-
direct infrared analysis, HMn(CO), was found to
have C,, symmetry.

Slrucﬂére of Bis(maleonitriledithiolato) nickelate () lon

. Compounds containing the anion

R 4
//S\\C//

M
Ns/ g/,

with p= —1or —2 and M =Ni, Co, Pd, etc,
show unusual magnetic properties. There has
been much controversy concerning the bonding
of these compounds, but no structure determina-
tion on which to base the arguments. The struc-
ture of the —2 anion (containing Ni) has been
determined and shown to be square planar with
the Ni—S—C lying in a plane. The symmetry of
this part of the ion does not differ significantly
from D,,. The energy states of the ion have been
calculated in the ligand field approximation of
the molecular orbital (MO) method. The elec-
tronic spectrum has been assigned, and the lowest
transition in the visible is attributed to a charge
transfer band from the metal ion to the ligand.
The ultraviolct band at 31,700 cm™ is a ligand-
ligand transilion analogous to the band of the un-
coordinated maleonitrile at 29,500 cm™. A strong
ligand to metal charge transfer band appears at
37,000 cm™ and a weaker one at 26,300 cm™.



Theory of Structural Analysis

Interest in the theory of structural analysis con-
tinues. In particular, a new treatment of ahoma-
lous dispersion effects has been derived that seems
more tractable than those proposed previously.
Also, refinement of the structure of dibenzene
chromium, in which the benzene rings were con-
strained to their normal symmetry, has shown that
the usual tests of significance of differences in bond
lengths must be applied with caution.

ISOTOPE EFFECTS

Computer Calculations of Equilibrium
and Kinetic Isotope Effects

During the past year, digital computer pro-
grams have been sct up which make possible the
calculation of equilibrium (kinetic) isotope effects
corresponding to given force field assumptions for
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reactants and products (transition states). These
programs first calculate the normal vibrational
frequencies and then use these to evaluate the
relevant partition function ratios. In the past, the
calculation of vibrational frequencies with a hand
calculator has been very difficult. Consequently.
approximation procedures for isotope effect cal-
culations have been developed which bypass the
calculation of vibrational frequencies. It has now

. become possible to test these approximation pro-

cedures and to find their limits of applicability.
Further insight into the “structure” of isotope
effects has been obtained. Indications have been
obtained that the isotope effects for very large
molecular systems-can be studied theoretically by
working with smaller model molecules (“cutoff

~

" Figure 13. A pcrspective drawing of
one molecule of HRh(CO)[P(CsH,);]s.
Ring hydrogen atoms are not shown.
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procedure”). The programs have also been used
to elucidate further the nature of secondary iso-
tope effects (in particular secondary hydrogen
isotope effects). It has been shown that secondary
kinetic isotope effects should be quite small in the
absence of force changes (between reactant and
transition state) at the isotopically substituted posi-
tion(s) and that geometry changes are fairly unim-
portant. Secondary isotope effects may thus be
taken as probes for such force constant changes.

Translation-Rotation-Vibration
Coupling in Condensed Phases

It has previously been proposed that the restric-
tion of the rotational and translational motion of
molecuies in the condenscd phase will lead to
interactions between these motions and the in-
ternal vibrational motions, and that these inter-
actions will lead to vapor pressurc isotope effects.
The theory of these interactions has been further
explored, and application has been made to the
case of the liquid isotopic ethylenes. Let B desig-
nate the zero-point energy.change of the internal
frequencies of a given isotopic ethylene on con-
densation minus the corresponding change in
C,H,. The isotopic vapor pressure measurements
previously carried out at this Laboratory show
that the ratios Bg u,p, /Be,u,» for the three dideu-
tero ethylenes (cis, trans, gem.) differ from 2.0 and
trom each othér. The abuve desurilbbed interactions
permit rationalization of these B ratios. Force
fields have been constructed for liquid cthylene
which yield almost quantitative agreement both
with the vibratinnal spectral data available for the
liquid and with observed vapor pressure isotope
effects (including C*#). These latter calculations
were again carried out with the help of a digital
computer. : '

A number of years ago some experiments were
carried out jointly with LASL to measure the
Henry’s law constants of dilute solutions of HT in
H, and DT in D,. The purpose of these experi-
ments was to look for a difference in vapor pres-
sure of HT and D, and to obtain as much data as
possible on phase equilibria involving the isotopes

~ of hydrogen. The use of Henry’s law constants for
the evaluation of liquid partition functions awaited
the development of a theory of nonideal isotopic
mixtures. A rigorous thermadynamic treatment
of such solutions has now been carried through
starting from the basic assumption of Prigogine,
Bingen, and Bellemans that the excess free energy

24n F{Hp-HT)

0.40

of mixing arises from the difference in molal
volumes of the pure isotopes. The most important
contribution-was shown to arise from the gas im-
perfection, and a significant term comes from the
fact that the partition function is related to the
Helmholtz free energy while the Gibbs function
determines the state of equilibrium. The theory
gives a good description of solutions of the neon
isotopes as well as other properties of solutions of
hydrogen isotopes. .

The experimental data on HT-H, solutions dis-
played in Figure 14 show conclusively that HT is
22 to 24% more volatile than D, over the tempera-
ture range 14° to 30°K. The difference arises from
a coupling in the liquid between translation and
rotation. Theoretical calculations of the effect
were carried out starting from the ground state -
approximation and making an approximate cor-
rection for the Bolizuiann ¢xcitation of the pho-
nons. The results showed that such an approxuna-
tion is adequate for the study and in fact cast
doubt upon all studies on quantum effects in lig-
uid hydrogen which start with the first quantum

1.40
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20 . 30
104 /712
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Figure 14. Henry’s law constants for dilute solutions of
HT in liquid hydrogen. The dashed curve is for a similar
solution of D, in liquid hydrogen.



correction. Calculations of the shift in ground
state energy by perturbation theory were carried
out for rough models of the liquid. First-order
perturbation theory gives a value of the coupling
parameter twice the experimental value. Exten-
sion to second order by Bellemans and Friedmann
gives remarkable agreement between the cal-
culated and experimental coupling parameters.

Isotope Effect on Molal Volume

A correlation of the molal volumes of the isotopic
liquid hydrogens with their zero-point energies
was carried out through the use of a Griineisen-
type equation of state. Within the assumption of

an isotope independent compressibility, the value
of the Griineisen constant derived from isotopic

molal volumes is in reasonable agreement with
that from thermal measurements and the equatlon
of state of liquid D,

"Chemical Identity of the Proton
in Aqueous Solution

The equlhbrlum constant for the fractlonatlon
of deuterium between water and the solvated pro-
ton, i.e., for the reaction

H,0+D*(H,0), = HDO +H*(H,0),

has been measured in two different ways. The first
depends upon the fact that the proton magnetic
resonance frequency for a mixture of two species
in rapid equilibrium is a concentration-weighted
mean of the frequencics of the individual species.
In this way, the concentration of H* in acid solu-
tions in H,O and H,0-D,0O mixtures can be deter-
mined, with subsequent evaluation of the equilib-
rium constant for the above reaction. The second
method is based on the mass spectrometric mea-
surement of the D/H ratio in acid solutions com-
pared with the ratio in the equilibrated vapor
phase. This information, combined with analogous
data for pure water, also leads to a value for the
same equilibrium constant. Each of these methods
gives an equilibrium constant dependcnt on g, the
number of equivalent protons in a hydronium ion
(¢=2n+1). The values from the two methods are
concordant only if » is unity. This provides evi-
dence for the formulation of the hydronium ion in
solution as H,O", corresponding to the structure
which has been found in certain crystalline acid
hydrates. No doubt this ion is further solvated, but
the additional water molecules do not contain
hydrogen atoms which are equivalent to the pro-

\
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ton by the criteria of isotopic fractionation and
proton magnetic resonance shifts.

Analogous measurements of the ID/H ratio in
the vapor above alkali hydroxide solutions have
been used to obtain the equilibrium constant for
the reaction

OD-+H,0=0H-+HDO.

The combination of this and the equilibrium con-
stant for acid solutions can be related to the ratio
of the dissociation constants of light and heavy
water. The values are in good agreement.

Energy Surfaces for Atom-Molecule Reactions

Kinetic isotope effects in the reaction of bromine
atoms with H,-HD, H,-HT, and H,-D, mixtures
have been measured over the temperature range
175° to 350°C. The rate constant ratios thus ob-
tained are very similar to those found in the re-
action of chlorine atoms with the same hydrogen
isotopes. (Because of the difference in the tempera-
tures at which measurements can be made, the

.chlorine atom data are extrapolated from lower

temperatures.) This observation contradicts cer-
tain previously made generalizations relating the
isotope effect to bond strengths or activation
energles since these quantities are qulte different.
in the two systems.

The experimental results are compared in
Figure 15 with certain models for the activated
complex, with not very good agreement. However,
an ad hoc fit of the data by adjustment of the vibra-
tional frequencies of a linear transition state leads
to agreement within <{10% for all three isotopic
species. Figure 16 shows the fits obtained with a
repulsive H-H force (set 4 ), with a repulsive H-Br
force (set B'), and with a 1-3, 2-3 force concomitant
with a zero value for the 1-2 force (set C).

Concerted Versus Two-Step Reactions

Isotope effect studies in the decomposition of
dialkyl azo compounds have been continued. A
new azo compound together with its deuterated
isomers was synthesized. In previous work, the
magnitude of the secondary a-deuterium isotope
effect indicated that azobis-a-phenylethane (I) de-
composed thermally with both C—N bonds rup-
turing in a concerted manner. The same was true
for a-phenylethylazo-2-propane (II) except that
the secondary effect indicated that the benzylic
carbon-nitrogen bond is stretched more than the
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2-propyl carbon-nitrogen bond at the transition
state. This correlates well with the resonance
energies of the incipient radicals. A more unsym-
metrical mechanism might be obtained when the
two different groups on either side of the azo link-
age show a greater difference in resonance energies
than in cases (I) and (IT). This was realized with
compound (III). a-Phenyl-a-d-azomethane shows
an effect of £, /k, =1.1320.01 while a-phenyl-a-
d-azomethane-d; gives an effect ky/k5,=0.97710.01
at 160°C. This indicates that the benzylic carbon-
nitrogen bond is breaking but the methyl nitrogen
bond is not; in fact there may even be some tight-
ening during this process. To check the latter effect

methane-C'* (natural abundance) by burning
the methane produced and analyzing the CO,.

CGHS—(F—N=N—(|3—CGH5 CGHS—(ll—NzN—(IJ—CHa
H H H H
M (IT)

H,
CH,—C—N=N—CH,

the C'3-effect was studied for a-phenylethylazo- (I1I)
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The effect, £,,/k,; = 1.0068=£0.0007, is very small
and less than that calculated on the assumption
that the CH;N, - moves away from the

CH,—C-
H

g
I

group (v, 1 /v,,} =1.0082). Again, the fact that
the measured effect is less than the calculated may
mean that there is some C—N bond tightening in
the methyl azo group at the transition state. The
isotope effects, therefore, indicate the transitory
existence of the CH;N, - radical. The rate constant
for the decomposition of CH;N, - can be set at

about 10" sec™’. The entropy of activation has also -

been measured.

Another case of methyl radical production has
been studied: the thermal decomposition of the
cumyloxy radical. The decomposition was studied
over the temperature range —9° to 75°C. One of
the methyl groups in the cumyloxy radical was
fully deuterated [¢—C(CH,)(CD;)O -] while the
other equivalent one was protonated. The second-
ary isotope effect was studied as an intramolecular
competition. The results for the secondary isotope
effect can be represented in an Arrhenius form
with a pre-exponential of 0.93 and an activation
energy difference of 1170°K. From the rule of the
mean this corresponds to a secondary isotope effect
per H atom in « C—C bond rupture of 1.17 at

—9° (and 1.12 at 75°C). The values of the “pre--

exponential” factor and the activation energy dif-
ference are consistent with a model of the transi-
tion state in which the methyl radical is rather
detached from the molecular skeleton. Szwarc has
found a similar result for the analogous inverse
reaction in studies of the addition of methyl radi-
cals to styrene. The studies serve to substantiate
the method of secondary a-deuterium isotope ef-
fects as a tool for the differentiation between con-
certed and two-step mechanisins.

Mechanism of Diels-Alder Reaction

The study of the mechanism of the Diels-Alder
reaction has been continued with the use of sec-
ondary effects. Both exo (IV) and endo (V) adducts
of malenide and 2-methylfuran have been pre-
pared with (a) x=y=H,; () x=D, y=H; and (¢)
x=H,y=D.

(IV) M

The results at 85°C show that for the exo adduct
ku/kp=1.13 (case b) and ky/kp =1.07 (case ¢).
These results parallel those obtained for the exo
adduct from 2-methylfuran and maleic anhydride
and probably represents a case of concerted two-
bond rupture. The isotope effect for the endo com-
pound (65°C) is kuy/kp =1.15 (case b); the effect

- for case ¢ is not known with certainty as yet. Acti-

vation parameters are being measured and will
be compared with the isotope effects.

PHYSICAL CHEMISTRY .

Kinetics of Electron Transfer Reactions

The rate laws for a large number of rapid oxida-
tion-reduction reactions were determined with
fast-flow and temperature-jump techniques. Oxi-
dants employed included cerium(IV), manga-
nese(I1I), cobalt(III), and iron(III). Reductants
included iron(II), a series of substituted phenan-
throline complexes of iron(II), dipyridyl and
mixed dipyridyl-cyanide complexes of iron(II),
and chromium(II). Reactions involving cyanide
complexes of molybdenum, tungsten, and iron
were also investigated. The results afford extensive
confirmation of the linear free energy relationships
predicted by the theory of redox reactions devel-
oped by R.A. Marcus. This theory leads to a sim-
ple relationship between the specific rate of the net
reaction and the specific rates of the corresponding
clectron exchange reactions, when the mechanisms
are all of the outer-sphere type. A comparison of
experimentally determined rate constants with -
those so predicted is given in Table 4. The agree-
ment is gratifying in most cases. Large deviationa
may indicate complex reaction mechanisms, a
point worth further study. In one reaction of in-
terest, the manganese(Il)-manganese(I1I) electron
exchange, the specific rate predicted from data on
several cross reactions is quite slow; attempts to
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Table 4

Comparison of Observed and Calculated Rate Constants
in 0.5 M Sulfuric Acid at 25.0°

k,,, mole™ sec™’

Reaction Observed Calculated
Ce(IV)-W(CN),* >10° 6.1x10°
Ce(IV)-Fe(CN)¢*- 1.9x10° 6.0x10°
Ce(IV)-Mo(CN),*- 1.4x107 1.3x107
IrCl>--W(CN)g* 6.1 107 8.1x 107
IrClg*-Fe(CN)4*- 3.8x10° 5.7x10°
IrCl,>-Mo(Cn)g* 1.9% 10 1.0x10°

. Mo(CN)g*-W(CN)g* 5.0%10° 1.7x10°
Mo(CN)g*-Fe(CN),* 3.0x10* 2.7x10*
Fe(CN).*--W(CN).*- 4.3%10* 5.1% 10"

measure it directly have continued to be unsuc-
cessful presumably because of separation induced
* exchange,

A result of considerable interest was obtained in
experiments on the oxidation of iron(II) by co-
balt(III) in the presence of chloride. The question
involved was whether the electron transfer pro-
ceeds by an inner- or outer-sphere mechanism.
Definite experimental evidence for inner-sphere
mechanisms has hitherto been obtained only in
those cases in which the transfer of a bridging
group in the activated complex results in a sub-
stitution-inert species. By fast-flow méthods it has
now been demonstrated that the substitution-
labilc species FeCl** is the direct product of the
oxidation of Fe** by CoCl?**, and that this reaction
proceeds via an inner-sphere activated complex
in which the chloride is bonded directly to both
the cobalt and the iron. .

Metal lon Complexing by Anions

A considerable body of data on the effects of
chloride on the thallous-thallic exchange reaction
has been obtained in the past but could not be
quantitatively interpreted hecause of the lack of
definitive values for the stability constants of the
chloro complexes of trivalent thallium. A similar
problem arose in connection with recent studies of*
the oxidation of Cr(II) by TI(III) in the presence
of chloride. Solvent partition equilibria of thallium
chlorides have been under investigation with the '
hope that reliable values of the stability constants
of TICly (44, and TICl,"(,,, could be obtained by
this method.

Table 5

Stability Constants of T1Cl; and TICl,- Estimated
From Solvent Extraction Data
[Ionic strength 0.50 A1, (H*) =0.04 M,
chloride range 3.5x 10~ to 0.46 M,
extractant 1% tributyl phosphate in hexane]

7—, °C Da Ka K4
20 1.51 488 39
25 1.22 484 41
30 0.98 479 43

AH (kcal/mole) —17.6 —04 +1.7

NoTEs:

1* DS=(TICla)organic/(TlCla)nqueous 5
K;=(TICL)/(TICL,*){(Cl") aqueous phase ;
K,=(TICL")/(TICL)Cl") aqueous phase .

2. In the analysis of the low chloride data a value
K,=9%10* was assumed.

3. In the analysis of the high chloride data a value
K; =(TICl;)/(TIC1,") =0.4 was taken for best fit. It is
not known whether the pentachloro species exists in
solution, or whether the effect so fitted is an activity

- coefficient change due to change of medium.

It has been found that diisopropyl ether extracts
both TICl; and HTICI,, and that the extraction
equilibria arc complicated by both dissociation
and polymerization phenomena in the organic
phase. On the other hand, conditions have been
found under which tributyl phosphate-hexane
mixtures appear to extract only TICl,. Esti-
mates of the stability constants of TICl,,,, and
TICl, (., at various lemperaturcs were obtained
from systematic extraction measurements with
TBP-hexane mixtures and are given in Table 5.
An estimate of the hydrolysis constant of '1'1CI*
has also been obtained. There is gratifying, al-
though not yet complete, agreement with results
recently obtained by different methods in other
laboratories.

The extraction of methylene blue perchlorate
into 1,2-dichloroethane is also under study. This
provides one of the most convenient methods for
the analytical determination of trace amounts of
perchlorate in aqueous solution. The physical
chemistry of this system is being investigated. Ex-
traction quotients and the absorption spectra of
both phases have been determined over a widc
range of ¢onditions. Some unanswered questions
remain as to the state of aggregation of the material
in each phase.
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Figure 17. Taft’s resonance terms, R, for the ionizations
of para-substituted analinium ions plotted against those
for the ionizations of para-substituted benzoic acids. Inset:
the same plot to the same scale for meta-substituted cases.

Complex equilibria involving Hg(1I), Cl-, and
SCN- have been investigated spectrophotometri-
cally. The results obtained to date do not agree
with conclusions in the literature, and it appears
that Hg(SCN), may be polymerized in aqueous
solution. Conductance measurements indicate
that the aggregates are uncharged.

Linear Free Energy Relationships

Substituent effects on the reactivities of organic
systems are being investigated by the linear free
energy relationships of the Hammett-Taft type as
well as by semiempirical quantum mechanical
calculations by the LCAO*-MO method. Attempts
are being made to interrelate the two approaches
with the hope of providing quantum mechanical
bases for the linear free energy relations.

Empirical refitting of the Taft parameters has
been carried out with special emphasis on the o°
reactivities. These apply to reactions in which
resonance is precluded between the substituent
and the reaction center. These reactions provide a
good basis from which to construct a set of linear
free energy parameters. In particular, it has been

*Linear combination of atomic orbitals.
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found that meta inductive effects are, in fact, pro-
portional put not equal to the para effects. These have
formerly been explicitly assumed to be equal to
one another. The implications of this result to the
problem of separation of resonance and inductive
effects is under investigation. The calculations
show that inductive effects are transferable, after
scaling, from aliphatic to aromatic systems in the
absence of resonance contributions. A quantum
mechanical calculation employing the Hiickel
method up to second-order perturbations has been
carried out for aromatic systems with both con-
jugative and nonconjugative substituents. These

“lead to linear free energy equations for reactivities

in which the substituent and reaction center effects
are separable. In agreement with experiment it is
found that a plot of log k/k, versus o plots, as
shown in Figure 17, shows a nonlinear relation-
ship. The condition that resonance and inductive
effects be proportional to one another has been
established theoretically. The ratio of para to meta
inductive parameters has been calculated by the
above quantum method to'be 0.8 as compared
with the value 0.85 to 0.90 derived by the statistical
analyses of the available pertinent data.

Hyperconjugation in Carbonium lons

The hydrolysis of olefins and the dehydration of
alcohols have been selected as prototype reactions

* involving carbonium ions. Electronic energies have

been calculated by the Wheland-Mulliken MO
method with self-consistent charge redistribution.
Hyperconjugation gives significant stabilization to
carbonium ions derived from alkyl substituted
olefins by proton addition. These results show that
hyperconjugation alone suffices to explain the
Baker-Nathan effect, and the Markownikoff and -
Saytzeff-Wagner addition rules. Contrary to ex-
perimental indication, these theoretical calcula-
tions predict relative C—H to C—C hyperconju-
gative effects to be the same in olefinic and ar-
omatic systems undergoing similar reactions.

The relative rates of anti- to direct Markownikoff
addition have been studied experimentally to test
the theoretical prediction of substantial hyper-
conjugation. The system investigated was protiwn-
deuterium exchange of the secondary hydrogen of
isopropanol in D,0-D,S0O, media. The ratio
kanti/kuorma) Was found to be <4x 10~ at 60°C.
This is in agreement with the predictions of hyper-
conjugative stabilization of the carbonium ion but
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does not rule out some stabilization from inductive
effects. Isotopic effects in the interconversion rates
have also been determined and support the hy-
pothesis that the transition state or states resemble
hydrated classical carbonium ions.

Molecular Excitation by Electron Impact

Theoretical calculations have been continued
on excitation and de-excitation of molecular vi-
bration by slow electron impact. A mechanism has
been proposed which involves compound negative
ion states as intermediates. Numerical calculations
have been carried out for the nitrogen molecule.
The multipeak structure observed in experimental
excitation functions has been accounted for. Figure
18 shows the agreement between calculations of
the total cross section for vibrational excitation of
ground state N, and experiment.

Hypen;virial Theorem

A unitary operalor formalism has been inves-
tigated which allows generation of a general eigen-
function from a knowledge of the function for one
value of a parameter. This operator formally al-
lows generation of a diatomic wave function at
any internuclear distance, R, from a knowledge of
the wave function when thc atoms are an infinite
distance apart. The properties and significance of
superoperators have been discussed. The diagonal

matrix elements of the equaiivn of inotion are con- -

stant in time (hypervirial theorem). The off-
diagonal elements of the hypervirial opcrator os-
cillate in time with frequencies related to the en-
ergy differences between the corresponding sta-
tionary states of the system.

The oft-diagonal hypervirial theorem is as
powerful as the hypervirial theorem for dealing
with many quantum mechanical problems. The
off-diagonal theorem is useful in the construction
and improvement of wave functions. As a special
example, the restricted fourth alternative expres-
sion for the dipole transition matrix elements has
been derived hetween states with nonzero or-
bital angnlar momenta in hydrogen-like atoms. A
scheme has been evolved for improving wave func-
tions of excited states. Finally, the theorem has
been used to relate statistical fluctuations to the
unéertainty principle.

lon-Molecvle Reactions

During the past year the following ion-molecule
reactions have been studied:
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.Figure 18. A comparison of the experimental and theo-
retical total excitation functions for vibrational excitation
of the ground N, molecule. The continuous curves are the
present calculation and the crosses are obtained by sum-
ming up the normalized experimental data measured at
an angle of 72°.

-~ HeH'+D

HD*4+Hc
TS HeD'+H
/ NeH*+D
T~ NeD* +H

/)r ArH* +D

T~ ArD* +H

HD*+Ne

-Art+HD

KrH*+D
‘ Kr++HD/

: TS KiD+ 4+H

Mixtures of HD and rare gas molecules were
subjected to ionization by electron impact, and the
yields of the reactions listed above were determined
as a function of reactant ion kinetic energy. In all
cases isotope effects were observed which varied
with reactant kinetic energy. For reactant ion
kinetic energy <1 eV, the ratio of rare gas hy-
dride to deuteride was <1 and increased with
increasing ion kinetic energy. Above 1 eV a grad-
ual increase continued in the Ar* and Kr* reac-
tions. For reactions of HD* with He or Ne the
ratios HeH*/I1eD* and NeH*/Nel)* increased
with reactant ion kinetic energy up to 2 to 3 eV
and then decreased. These results are not easily
explained by one simple reaction mechanism. The
difference in behavior between reactions of HD*
-and He or Ne and rare gas ions and IID ncutral
species is correlated with the observation of an
apparent decrease in reaction rate with increasing



Table 6

Calculated Stabilities of Rare Gas Hydride Ions

Dissociation energy,

Equilibrium  Force D,, eV
internuclear constant,
distance, K, . Exptl.
Ton e, A dynes/cm Calculated  limits
NeH* 081  552x10°  (2.15) 2.15
ArH* 1.14 5.53x10° 3.03 2.1 -
KrH* 1.27 5.66x10° 3.46 34 -4.09
XeH* 1.46 3.79%10° 2.66 1.20 - 3.19

ion kinetic energy in the H,*-He and H,*-Ne ion-
molecule reactions. The effect had hitherto been
ascribed to a decrease in collision efficiency for
high velocity reactant ions. It is now concluded to
result from a loss of product by decomposition of
excited molecule ions produced in the reaction.
The excitation energy comes in part from the in-
ternal energy in the reaction. Similar energy trans-
fer is not effective in dissociating the products of
the Ar* and Kr*-HD reactions because the internal

energy available in HD molecules is considerably -

less than in some of the HD* ions produced by
electron impact. This component of product ex-
citation is lacking.

The lower ion kinetic energy reactions in all
four HD-rare gas systems provide evidence of
energy transfer processes which, when considered
in the light of previous work, indicate encrgy
transfer subsequent to the initial reactive collision
rather than energy transfer simultaneous with that
collision. It is concluded that a special threshold
concentration of internal energy is required to
initiate the reaction, but after the process has be-
gun there are ' mechanisms which permit the flow
of a small fraction of the reactant kinetic energy
into internal degrees of freedom of intermediate
complexes and the final reaction product.

Force Fields for Rare Gas Hydrfdes and Hydride lons

Analysis of the results of rare gas-HD ion-
molecule reactions has been aided by a theoretical
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investigation of the properties of the rare gas—hy-
dride diatomic molecules and molecule ions. An
electrostatic model proposed originally by Platt
has been used to estimate internuclear distances
and force constants for the XH* and XH species
(where X refers to He, Ne, Ar, Kr, and Xe). These
data were then used semiempirically to obtain a
set of dissociation energies for the respective di-
atomic species. The results are given in Table 6.
Calculations on neutral XH molecules indicated
extremely weak bonding with dissociation en-
ergies so low that observation of these species
under ordinary conditions of temperature and
pressure is considered very improbable.

Enzymatic Reactions Below 0°C
in Methanol-Water Solvents

The present research on complete enzymatic
reactions below 0°C may be regarded as the first
stage in the study of the intermediate reactions at
low temperatures. The course of the enzymatic
rates was followed by fluorometry. Mixtures of
water and methanol in high concentrations served
as solvents. Buffered 42 vol % methanol at room
temperature produced irreversible and reversible
denaturation of a-chymotrypsin and lactic acid
dehydrogenase. These processes in the two en-
zyme systems proceeded differently with change
in temperature. Incubation experiments of solu-
tions prepared at 4 15°C showed that a-chymo-
trypsin in buffered 40, 50, and 60% methanol lost
no perceptible activity over time intervals long
compared with those needed for measurement of
initial rates. Solutions prepared below +10°C had
kinetic properties reversible with temperature. At
0°C, their rates were found linear with enzyme
concentration, and with that of the substrate, N-
acetyl-L-tryptophan ethyl ester, in the range of
low concentrations. Activation energies of the en-
zymatic rates in 40, 50, and 60% methanolic solu-
tions were, practically equal between +10°C and
—10°C. a-Chymotrypsin exhibited sufficient
catalytic activity at —33°C in 50% methanol to
furnish a definite rate within <1 hr and in 80%
methanol within <1 day.



Nuclear Engineering

In January 1964 Dr. Herbert J.C. Kouts, As-
sociate Head for Experimental Physics of the Nu-
clear Engineering Department’s Reactor Physics
Division, became chairman of the AEC’s Advisory
Committee on Reactor Safeguards. \The 31st
Brookhaven Lecture, The Nuclear Reactor Comes of
Age, was presented in November 1963 by Mr. Jack
Chernick, Associate Head for Theoretical Physics
of the same Division. Dr. Robert L. Hellens, leader
of the Reactor Physics Analytical Group in this
Division, will be working for a year in England at
Winfrith Heath on the physics of fast reactors.
Nine papers for the Third United Nations Inter-
national Conference on the Pcaceful Uses of
Atomic Energy, to be held in August and Septem-
ber 1964 at Geneva, Switzerland, were authored
or co-authored by members of the Nuclear Engi-
neering Department.

Basic research is the first and largest, in terms
of man-years of effort, of three categories that de-
scribe the current program of the Department.
This research encompasses fundamental studies in
reactor physics, chemistry, and metallurgy. Stud-
ies are also carried out in the fields of reactor ma-
terials at high temperatures, liquid-metal heat
transfer and containinent, and the direct conver-
sion of heat into electricity.

In the second rategory is the long-range work of
developing components that may bring about sig-
nificant advances in reactor technology and radia-

. tion application. Some of the morc important

phases of this work are the development of reactor
facly; high.tempﬁratug'gt Volatility and fluidized
bed processing schemes, radiation engineering

* methods, and waste processing devices.

The engineering and evaluation studies in the
third category arc focused on practical application
of the work in the preceding categories. Typical
studies that continued during the year concerned
settled bed, chemonuclear, and rotating bed reac-
tor concepts. Assistance was given to the Division
of Reactor Development of the AEC in the evalu-
ation of military reactor and nuclear safety pro-
grams.

Construction of the High Flux Beam Research
reactor (HFBR) was essentially complete at the end
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of June 1964, and control of the facility was taken
over by the BNL Reactor Division. A safety anal-
ysis report has been transmitted to the AEC with a
request for approval to operate the facility. Hear-
ings before the Advisory Committee on Reactor
Safeguards are tentatively scheduled for July
1964. In the first several months of fiscal 1965 the
HFBR will undergo preoperational tests with light
water and dummy fuel elements. After the system
has been drained, dried, and filled with heavy
water, a conventional loading to criticality will be
carried out.

Design was completed and construction com-
menced on a 100-kW source reactor in the Critical
Assembly Area. This reactor will be used to irradi-
ate small miniature lattice assemblies and also plu-
tonium exponential assemblies for experiments in
basic reactor physics.

A dry box was set up in the Critical Assembly
Area to handle radioactive materials in conjunc-
tion with the U?*30,-ThO, lattice experiments.
This box was used for some plutonium experi-
ments several years ago and is adequate to contain
the alpha contamination of either plutonium or
U233‘

An addition to the Metallurgy Division Build-
ing was started, and an alpha facility for handling
radioactive plutonium fuel materials was designed
and coustruction begun. -

A neutron generator to be used for research on
fast neatron reactions was set up in a specially
built shielded room in the Hot Laboratory (see
Figure 1).

The Ihgh-Temporature Liquid-Metal Technology Re-
view, a bimonthly review of current research and
development in the high-temperature liquid-metal
field in the U.8., is now in its second year of publi-
cation by the Department’s Chemistry and Chem-
ical Engineering Division and has proved very
popular as a reference source for workers in this
fast-growing field.

Work in the area of liquid-metal heat transfer
has involved complction of design of a boiling po-
tassium heat transfer loop, a cross-flow rod hundle
for a NaK heat transfer loop, and a new eccentric
annulus test section for a mercury heat transfer



loop. A pumped boiling sodium loop has been de-
signed and is now being fabricated.

Investigations are in progress on a high flux re-
actor to accommodate large in-pile loop and cap-
sule experiments. The possibility of modifying the
Brookhaven Graphite Research Reactor (BGRR)
for an increased neutron flux is being studied.

The installation in the BGRR of an air-cooled
capsule irradiation facility was completed this
year. The facility is required for testing settled
bed reactor fuels in a NaK fluid environment at
760°C (1400°F). Tests of the facility were com-
pleted and two capsule irradiations were made. A
continuing effort is required to improve present
capsule designs and to design and build capsules
for irradiation at the Engineering Test Reactor
(ETR).

A conceptual report is being prepared for a
1000-MW(e) settled bed reactor. Both an axial
and a radial flow core will be discussed, with the
reference design and plant layout made for the
axial flow core.

Effort on the chemonuclear in-pile loop in-
creased this year. This facility will be used for
studies of gas-phase chemical reactions using fis-
sion fragments as an energy source. The design of
the in-pile section was completed. All major com-
ponents of the loop have been ordered or designed.

This year the High Intensity Radiation Devel-
opment Laboratory (HIRDL) went into full oper-
ation. Approximately 1,375,000 curies of Co®’
were received and handled. Cs**" in the amount of
217,000 curies has been received from the Savan-
nah River plant and is being processed.

Personnel from the Nuclear Engineering De-
partment, and also from the Biology, Medical,
and Physics Departments and the Information
Division, operated gamma facilities and presented
lectures at exhibits in Bogot4, Colombia, and Bel-
grade, Yugoslavia, sponsored by the US AEC
Division of Special Projects.

REALIUR PHYSICS

Theoretical Reactor Physics

Research in the Reactor Physics Theoretical
Group has been devoted to problems in multi-
velocity transport theory for thermal neutrons, re-
actor kinetics, flnid flow, and general reactor stud-
ies. Research in thermal neutron transport theory
has included (1) use of the WKB method to com-
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pute infinite medium spectra, (2) study of the time
eigenvalues and diffusion lengths of various mod-
erators, and (3) direct numerical simulation of the
approach to equilibrium of a pulsed system. Stud-
ies in reactor kinetics include adefinitive investiga-
tion of the 2-temperature feedback problem. Gen-
eral studies of 2-phase flow and fluid flow past a
line of spheres have been started. General reactor
studies included work on Pu-fueled reactors with
high conversion ratios and calculations in support
of the HFBR project.

Several papers were published on aspects of the
Milne problem in order to determine angular dis-
tributions of neutrons and extrapolation distances
at a vacuum boundary. A series of calculations of
diffusion parameters of graphite was carried out in
support of an experiment performed at BNL. An
invited review paper on practical methods for
computing thermal neutron spectra was presented
at the June 1963 meeting of the American Nu-
clear Society. A review paper on the resonance ab-
sorption of neutrons was prepared for the third
Geneva Conference, and the theoretical group
participated in the preparation of a second paper
on neutron thermalization. Papers comparing the-
ory with experiment were completed on tempera-

Figure 1. Neutron generator being set up in the Hot
Laboratory for research on fast neutron reactions. The
pneumatic tube penetrating the shield (right) is used for
carrying samples.
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ture coefficients in graphite reactor lattices and on
TREAT transients. It was determined that the
slowing-down time in hydrogen depends very little
on the neutron scattering model but is strongly de-
pendent on absorption rates.

The hydrodynamic equations for 2-phase flow
have been studied. A new relationship between
void volume and quality and a simple (steady-
state) slip ratio correlation was developed. Good
agreement was obtained with transfer function
data generated by the Space Technology Labora-
tory. Solutions have been obtained for potential
flow past a line of spheres, and viscous effects are
under investigation. Reactor stability studies were
completed on the 2-temperature feedback prob-
lem. It was shown that discrepancies in earlier
studies were due to the existence of solutions of
finite escape time.

Experimental Reactor Physics

Several problems related to research reactor
development were investigated during the year.
Work continued on neutron physics experiments
in direct support of the HFBR. Experiments on
near homogeneous U***-graphite assemblies at the
minimum reflection critical facility and a series of
experiments utilizing U***O,-ThO, fuel rods in
water lattices were initiated.

Papers on the uses and potentialities of research
reactors and on the HFBR were prepared for pre-
sentation at the third Geneva Conference.

The critical experiments in support of the
HFBR included power mapping ot a tresh core
and also of a core poisoned to simulate burnup
conditions. The minimum reflection critical ex-
periments included measurements on three differ-
ent assemblies of (1) critical mass and buckling,
(2) the thermal neutron disadvantage factor, (3)
the room return of neutrons and its eflect on reac-
tivity, (4) the effect of control rods, (5) tempera-
ture coefficients, (6) prompt neutron generation
time (by pulsed neutron techniques), and (7) spec-
tral indices. Measurements on slightly enriched

U lattices were carried out primarily tor improve-
ments in experimental techniques. Considerable
improvement was obtained in the measurement
of thermal neutron disadvantage factors of water
lattices and the resonance absorption in U**,

Nine hundred full-length fuel elements and 200
shorter elements (for use in measuring microscopic
parameters) were received from Oak Ridge Na-
tional Laboratory (ORNL). The fuel, composed

of particles of U***O, dissolved in ThO, that had
been prepared by the sol-gel process at ORNL,
was vibration-compacted in 0.500-in.-o0.d. Zirca-
loy tubes. The length of time that fuel can be han-
dled directly is severely limited by the buildup of
gamma activity from daughter products of U***
present; for the same reason the amount of fuel
that can be handled is limited. A view of the
water-filled tank used both for critical experiments
and for fuel storage is shown in Figure 2. Han-
dling tools for the fuel were designed and con-
structed. Remotely operated television cameras
and a crane were installed. A series of safety ex-
periments was conducted to establish the nuclear
and radiation safety of the new facility, and a sec-
ond series of experiments was completed to es-
tablish safe exponential loadings for each water-
to-fuel volume ratio. Buckling and reflector sav-
ings were measured for seven different lattices, and
preparations were begun for measurements in
poisoned moderator lattices.

The construction of Neutron Source Reactor II
to be located in the Critical Facilities Area was be-
gun. The reactor, which is basically similar to the
Neutron Source Reactor (NSR), will be used as a
source of neutrons for basic reactor physics studies
of water-moderated lattices and related systems.

Cold neutron production experiments have
been carried out by use of cryostats in a D,O ther-
mal column in the NSR. Methyl methacrylate
was found to be comparable to methane or para-
hydrogen in its ability to moderate neutrons in the
inelastic scattering region. A critical assembly has
been built for use in improving pool reactor neu-
tron heams.

Figure 2. Water-filled exponential facilities and
fuel storage facilities for 11223 ThO), fuel rads




Reactor Physics Analysis

Research in the Reactor Physics Analysis Group
has proceeded along three lines. First, existing
methods have been used to analyze the expo-
nential experiments done at BNL. These in-
clude the U-metal rod and slab lattices, the UO,
rod lattices, and the Th-U?** rod lattices. Second,
improvements in the theoretical descriptions are
being made: better treatment of the fast effect,
consideration of the effect of cladding on reso-
nance capture, and improved treatment of anisot-
ropy in neutron migration. Finally, various ex-
perimental procedures for analyzing buckling
data (variable loading and flux shape) have been
investigated theoretically to uncover possible syste-
matic errors.

The methods developed for the treatment of
heterogeneous fast neutron effects have been ap-
plied to calculations of first-order changes in fast
neutron leakage, fission, and slowing-down in lat-
tices. Comparison with Monte Carlo (MocA)
results shows satisfactory agreement. This code
has also been used to determine the anisotropy of
the slowing-down moments in uranium oxide wa-
ter lattices. The effect of cladding on the Dancoff
factor for closely packed fuel rods has been investi-
gated by the Monte Carlo method and by an ap-
proximate analytical method. Good agreement
was found between the two methods.

A theoretical analysis of the uranium oxide ex-
ponential experiments at BNL was carried out.
When the experimental values of the bucklings
obtained by the “flux shape” method were used,
the average eigenvalue of the 20 lattices was
0.9918=0.0058. With use of the “variable load-
ing” experimental bucklings, the average value
was 0.9953-0.0075. The problem of systematic
errors in buckling measurements was discussed at
the IAEA Symposium on Exponential and Ciriti-
cal Experiments at Amsterdam (September 1963).
An analysis of experimental data on heavy water
lattices was completed in cooperation with the
Savannah River Laboratory. The analysis of the
Th-U?*? oxide lattices being measured at BNL has
been started.

The comparison of theory and experiment for
the neutron flux distribution in a lattice cell has
shown that the experimental data obtained at
BNL and at the Bettis Atomic Power Laboratory
are now so accurate that systematic differences of
only a few percent in disadvantage factor can be
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detected. Systematic differences between theory
and experiment on the resonance absorption of
neutrons in U?** rods have been cleared up with
improvements in experimental techniques.

The specifications and formats for a punched
card system for storing evaluated nuclear data
have been developed and reported. This work
originated in a series of panel meetings sponsored
by the Reactor Mathematics and Computation
Division of the American Nuclear Society. Com-
puter programs to process the data are being writ-
ten at BNL.

Sigma Center

The major effort of the Sigma Center has been
directed toward the compilation of neutron cross
section data and their evaluation. Work on the
second supplement of BNL 325 is under way, and
Volumes I and IIT on the light elements and
heavy elements respectively are to be published
for presentation at the third Geneva Conference.

A study of the limitations of the optical model
for inelastic and differential elastic scattering was
carried out by use of the ABAcUs-2 program. It
was found that the optical model adjusts to good
fits of the data for the heavy elements U, Th, Bi,
Pb, Au, W, and Ta. A detailed investigation of the
statistics of neutron resonance parameters was car-
ried out.

On the theoretical side, R-matrix theory was
generalized to include the possibility of channel-
channel correlations, and several models of the
statistical fluctuations of energy levels were investi-
gated. An invited paper on the statistical prop-
erties of compound states was presented at the
Gatlinburg Conference on Compound Nuclear
States (Oct. 10-12, 1963), and a paper on eigen-
value distributions and level densities was read at
the Eastern Theoretical Physics Conference at
Chapel Hill, N.C. (Oct. 25-26, 1963). The staff of
the Sigma Center was instrumental in organizing
a symposium on the statistical properties of atomic
and nuclear spectra, held at Stony Brook, N.Y.
(May 3,.1963). Theoretical investigations of the
ground-state energy of the triton and the diffuse-
ness of charge of Li® were carried out.

Reactor Evaluation and Advanced Concepts

Settled Bed Reactors. 1. Bed engineering studies.
The feasibility of utilizing randomly packed fuel
beds in settled bed reactors depends upon the suc-
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cess of demonstrating sufficient randomness, re-
producibility, and spatial stability of the bed. In
accordance with physics calculations, abrupt con-
solidations of the bed should not be permitted to
exceed values equivalent to an arithmetic change
of 0.2% in void fraction.

The experimental program throughout the year
has been centered on the study of the stability of
beds containing %-in. SS spheres, through con-
solidation by various means, after settling out from
a state of fluidization (Figure 3). Two particular
accomplishments during the previous fiscal year
made it possible to proceed to the study of bed
stability with confidence. The first of these was the
finding that bed stability is increased substantially
by How-induced drag torces; the second was the
development of a simple and direct means for ac-
curately determining the average void fraction of

a packed bed. Proceeding from these two findings
the stability study involved the progressive consoli-
dation of settled beds by imposed external dis-
turbances and disturbances transmitted to the bed
via liquid pulsing. Liquid pulsing by abrupt up-
and-down cyclic flow through the bed has proved
to be the most satisfactory method and has con-
sistently produced beds which resist further con-
solidation to the extent that some 4000 blows by
a 3-Ib hammer were required to bring about 0.2%
decreases in void fraction of a 6-in.-diam bed.

An experimental study was begun to investigate
an alternative method of bed packing applicable
to the Fast Settled Bed Reactor as well as to the
fabrication of fuel elements for other reactors. The
method is based on the rhombohedral packing of
spheres in their most stable configuration to ob-
tain ordered packed beds dropped randomly into

Figure 3. Water test loop (1000-gal/min capacity) with 14-in.-diam bed vessel,
designed for scale-up of engineering studies on the settled bed reactor concept.



rigid, square containers. The spheres in any layer
form corners of squares, at whose centers cusps
are formed into which the spheres in the next layer
fall. The bottom layer must be oriented on a base
which is either an inverted tetrahedron or a flat
plate with suitably spaced countersunk holes. The
sides of the square column parallel the diagonals of
the basic square (Figure 4). By changing the apex
angle of the tetrahedron or the hole spacing, the
closest center-to-center spacing of spheres in each
layer can be varied between 1.00 and 1.23 diam-
eters, and there is a 6% spread in packing density,
from 68.05 to 74.05%.

The ordered packed beds exhibit great structural
flexibility, and it was found that spheres can move
within the bed without disrupting its uniformity.
Vertical movement of the bed inside square
columns with large height-to-width ratios caused

Figure 4. Square Lucite column with ordered packing
of Y4-in. stainless steel balls.
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no diminution in bed order. Mixtures of spheres of
two sizes varying as much as 5% in diameter, as
well as spheres flattened on two opposite sides,
could also be packed in ordered beds. This
method of containment should make it possible to
obtain high bed stability and improved fuel
burnup.

2. Fuel development. Enriched cermet fuel
pellets of UO,-SS, UO,-Fe, and UO,,-Ni in the
range of 80 vol % fuel and 20 vol % matrix have
been ordered for irradiation testing. Out-of-pile
environmental tests and tests at the BGRR and
ETR for low and high burnup screening studies,
respectively, will be performed.

The vertical irradiation facility at the BGRR
(Figure 5) has been in operation for almost a year.
In the first test, 20%-enriched UC spheres were ir-
radiated to a fuel burnup of 0.13% in 1600 hr at
650° C. Postirradiation examination revealed no
deleterious effects. A second capsule containing
UC and some U-Zr-C spheres is now being irradi-
ated. Preliminary design of an ETR capsule for
high burnup irradiation has been completed, and
a second vertical hole for an additional in-pile
facility at the BGRR has been drilled.

Studies are continuing on the U-Zr-C system.
A combination of metallography and lineal anal-
ysis, x-ray diffraction, and electron microprobe
analysis has been used to establish the phase
boundary of the single-phase alloy carbide region
at 1600°C. Methods of preparing experimental
quantities of spherical carbide pellets are being
investigated.

The lattice parameter of ZrC vs temperature
was measured to 2200°C. The average volume co-
efficient of expansion, a=1/v(dt/dt), derived from
these data was 19.3 X 10-¢ between 0° and 1000°C
and 22.0 X 107 between 0° and 2200°C.

3. Physics. Calculations have been carried out
for fixing the reference design of the settled bed
axial and radial flow reactors. These have entailed
studies on fuel loading, breeding rates, and tem-
perature coeflicients for possible design configura-
tions. These studies have shown that thin cores
must be used in both radial and axial flow reactor
types to assure an over-all negative temperature
coeflicient. Besides providing the negative temper-
ature coeflicient, such cores present two additional
advantages: (1) increased leakage out of the core
shifts more of the breeding to the blanket, and (2)
less power is required for pumping through a thin
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wide core. The high breeding rate in these settled
bed reactors gives a core breeding rate close to
unity and; therefore, a smaller reactivity change
with burnup.

The following additional parametric studies
were made. (1) Cermets containing 80 vol % fissile
and fertile element oxide and 20 vol % matrix ma-
terial were investigated as substitutes for the ref-
erence carbide fuel. (2) The effects of variation of
coolant volume fractions between 0.25 and 0.75
were investigated. (3) Calculations were made of
the effects of substituting Pb or Bi for the Na cool-
ant, and of the control capabilities of Li as an
alloying element in Na.

Other work included the planning of a water-
moderated critical experiment for measuring set-
tled bed properties, studies of the kinetics of settled
bed reactors, and computer studies of random bed
packing.

4. Design study. An extensive study was initi-
ated with the assistance of Burns and Roe, Inc., to
investigate the feasibility and design of a 1000-
MW(e) fast settled bed reactor. Specific areas of
investigation included engineering design, heat
transfer and fluid dynamics, reactor physics, fuels,
and economics. A similar study will be conducted
for a reactor with ordered packing.

Reactor Evaluation. Technical assistance was
given to the AEC’s Division of Reactor Develop-
ment in a wide variety of programs, a major part
being devoted to program reviews of the Army
Reactors Program and the Nuclear Safety Pro-
gram. Fred Hittman Associates and 3.M. Stoller
Associates assisted in the respective studies. A
number of individual proposals and concepts were
submitted by the Division for BNL evaluation, in-
cluding the Fast Reactor Test Facility (FARET)
and studies of fuel management and the chemo-
nuclear production of ozone. Technical assistance
was also given to the AEC’s New York Opera-
tions Office for the 1000-MW(e) pressurized water
reactor study.

Chemanuclear Reactors. A study was initiated
to determine the characteristics of an =~40-MW(t)
reactor to produce 100 tons/day of gas-phase ozone
from the direct deposition of fission fragment en-
ergy in an O, process-coolant stream. The reactor
utilizes ultrathin fuel foils and is moderated by ex-

ternal and internal graphite reflectors. It - would.

operate at a temperature near 0°C to minimize
ozone product decomposition.
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Fuel Cycle Analysis. Work was continued on a
general fuel cycle economics code (cyco) and the
THORCYC code for analyzing Th-fueled, fast breeder
reactor fuel cycles, both programmed for the IBM
7094 computer. Checkout of THORCYC was com-
pleted and the code is now operational.

Direct Conversion. 1. Closed cycle electrochemi-
cal converter.  Work was continued on the Pb(l),
PbBr,(1), Br,(g) direct conversion device, and cells
can now be constructed having a predictable re-
sistance which does not vary with time. Polariza-
tion studies were completed for liquid Pb elec-
trodes in contact with the fused salt, and the spe-
cific conductance of the salt was determined over
the entire liquid temperature range (373° to
918°C). The duration of corrosion studies has been
extended to 1300 hr.

2. Reciprocating liquid-metal piston magnetohydro-
dynamic generator. Theoretical studies indicated
that a very light (0.5 lb/kW), high thermal effi-
ciency (20%), compact (1 kW /cc), high-tempera-
ture liquid-metal generator can be made by using
aslug of liquid K driven by K vapor (2400°F)in
reciprocating motion. It can be coupled to a re-
actor heat source for space or commercial power.

A small, steady-flow dc generator was tested
with Hg over a wide range of velocity, field, and
load. Measured efficiency was only 60% because
of high hydraulic loss; an efficiency of >90%
would have been obtained with K. An improved
oscillating-flow ac generator (10 kW) is being
constructed.

Slug stability studies with accelerated Hg cyl-
inders in magnetic fields showed that the slug is
stable-at several hundred g’s for a travel length
greater than that required for the generator.

METALLURGY
Reactor Metallurgy

Material for Containing Boiling Liquid Metals.
The long-time containment of Hg boiling at 650°
Cin Cb-1 wt % Zr alloy may be limited by stress
corrosion failure of this alloy. Investigation of stress
corrosion by Hg in capsule test has shown that
cracking is dependent on the amount of Zr present
in the Cb and the presence of a tensile stress. A
thermal convection loop fabricated of Ta and con-
taining Hg boiling and condensing at 650°C and
superheated to 760° C has now operated for more
than 12,500 hr (as of May 12, 1964) without any
indication of failure. A Cb-1 wt % Zr loop con-



98

taining Hg boiling and condensing at 760°C and
superheated to 870°C has operated for 552 hr (as
of May 12, 1964).

The ability of refractory metals to resist cor-
rosion by boiling Na at temperatures >1100°C is
being investigated. Since the refractory metals
oxidize rapidly at these temperatures and become
embrittled by constituents of the atmosphere, these
corrosion tests are conducted in a high-vacuum
chamber capable of attaining pressures of 10~ torr
or lower. Nb-1 wt % Zr in capsules refluxing at
1205°C and in a natural circulation boiling loop
operated at 1090°C was not attacked by Na after
5000 hr.

A proposed liquid-metal coolant for the settled
bed reactor is a Na-Li alloy. A program has been
initiated to study the containment of this alloy in
stainless steels.

HFBR Metallurgy. Both curved-plate and flat-
plate fuel element tests were satisfactory up to 35
to 40% burnup of the Uin 35 wt % U in an Al
core. The Dy,O; control rod coupon tested satis-
factorily to an exposure of 2 X 10?! thermal neu-
trons/cm?; no additional distortion was found.

High-Temperature Properties of Materials

Thermodynamic Properties of Refractory Metal
Carbides. Thermodynamic data in the Th-C
system have been obtained from measurements on
solid electrochemical cells at 800° to 1000° C. The
cells employed were of the following types:-

1. Th,ThF, | CaF, | ThF,, ThC,,C .

2. Th,ThF, | CaF, | ThF,, ThC,, ThC

3. Th,ThF, | CaF, | ThF,,ThC, (1 >x>0.7)
4. Th,ThF, | CaF, | ThF, IhC, ., Th

The free energies, entropiesl and enthalpies of
formation of ThC and 'I'hC, were measured. The
activities of Th and C in nonstoichiometric ThC
between the compositions ThG, ; and ThC have
been determined. A reasonable qualitative picture
of the bonding in nonstoichiometric ThC has been
developed based on the assumption that Th and
C form covalent bonds which increase in strength
as C is removed from the lattice.
Cesium-Graphite Compounds. A kinetic study of
the decomposition of Cs-graphite compounds 2 vacuo
has been carried out over the temperature range 400°
to 650° C. A tracer technique was used in which the
concentration of Cs in the compounds was mea-
sured by a scintillation scanning probe which con-
tinuously monitored the activity of tracer Cs'3*.

Table 1

Reaction Sequence for Decomposition of C¢Cs

(1) 5CCs(s)—4C,,Cs(s)+Cs(g);
AE =361 kcal/g-mole

(2) ¥ C,Cs(s)—3C,,Cs(s)+Cs(g);
AE=32=1 kcal/g-mole

(3) 3C.,Cs(s)—>2C,Cs(s) +Cs(g);
AE=32+1 kcal/g-mole

(4) 4C;Cs(s)—>3C,5Cs(s)+Cs(g);
AE=32%*1 kcal/g-mole

(5) 5CCs(s)—>4CCs(s) +Cs(g);
AE=132=1 kcal/g-mole

The kinetic data indicated the existence of a

‘Cs-graphite phase (C,,Cs) not previously reported.

In Table 1 is shown the sequence of reactions
through which the decomposition proceeds, along
with the activation energy obtained for each re-
action. A mechanism for the observed rates of de-
composition has been formulated which assumes
the rate-limiting process to be the evaporation of
Cs from the external surface of the solid.

High-Temperature Physical Properties Measure-
ments. The high-temperature x-ray diffraction
equipment has been further modified to make pos-
sible more prolonged operation at temperatures
up to 3000°C. Lattice parameter data were taken
for Re and for ThO.,. These data were fitted to an
equation of the form

Ly=Lo(1+aBT+BBT )

where L is the lattice parameter at temperature
T, L, is the lattice parameter at 20°C, AT is T—20°,
and a and B are empirical constants. The results
are given in Table 2.

Diffusion of Xenon in Carbides. The diffusion
of Xe in ZrC powder of varying carbon composi-
tion (ZrC, ;5 to ZrC, ,,) has been determined at
temperatures to 1950°C. The general conclusions
that may be drawn are (1) the release of Xe fits a
bulk dittusion model, (2) the activation energy for
diffusion increases with increasing C content, and
(3) at low temperatures (< 1800°C) diffusion is
more rapid from low C materials than from high
C materials.

Alloy Theory and Nature of Solids

Liquid Metals. Late this year, a new program
on the properties of alkali metal alloys replaced

~
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Table 2

. \
High-Temperature Lattice Parameters

Material T max, °C Ly(A) a B
Re :
a-axis 3000 2.7604=+0.0009 (6.27 *=0.20) x10-° (4.83 *£0.91) x10°
c-axis 3000 4.4590+0.0011 (3.907=0.009)x 10-¢ (1.45820.0014)Xx 10
ThO, 2400 5.600 +0.001 (8.87 %0.19) X 10 6.1 +11) X107

the long-standing project on properties of Bi and
Hg alloys. Final results in the latter program are
discussed here.

The electrotransport properties of small amounts
of Ag and Cr in liquid Bi have been studied. Ag
migrates against the flow with a mobility ranging
from 1:7X10~* cm?®/V-sec at 300°C to 2.4 10
cm?®/V-sec at 600°C. Preliminary values of the
diffusion coeflicient are 2.8 X 10°° ¢cm?/sec at
300°C and 7.3 xX107% cm?/sec at 600°C. Cr mi-
grates in the same direction as the electron flow
with a mobility of =6X10™* cm?/V-sec at 500°C,
compared to its diffusion coeflicient in liquid Bi of
~3 to 5% 105 cm?/sec at 500°C.

The electromotive forces (emf’s) of solid metal-
liquid metal concentration cells (between two dif-

ferent alloys of Fe and Cr in contact with liquid

Bi) directly correlate with the electromobility of
Fe and Cr in Bi and the known thermodynamics
of Fe-Cr alloys. '

The solid-liquid interfacial energy (y) has been
shown to be related to the partial molal enthalpy
of solution (AH ) of the solid in the liquid (esti-
mated from solubility measurements) by the simple
relationship AH /y = V/d (the molal volume of the
solute divided by its atomic diameter). This equa-
tion prédicted, and experiment proved, embrittle-
ment of Cb by Bi. ) .

A stress-sensitive selective leaching of Zr from
Cb-1 wt % Zr by Hg was identified, and the pa-
rameters of stress, temperature, and heat treat-
ment were studied.

An equation for liquid-metal dissolution was
developed which relates the dissolution rate to free
energy changes rather than the concentration
gradient.

Electron Microscopic Studies of Fission Fragment
Tracks in Thin Metal Films.  Calculations show
that an isolated crystallite model of a thin film can
explain the ability of a film to register tracks. The
model indicates that this ability should correlate

with the film’s electlrical resistivity. Expérimen-
tally, it has been found that fission fragment tracks
are readily observed in films whose resistivities are
orders of magnitude larger than bulk resistivity.
Films whose resistivities are <10 times bulk re-
sistivity do not show tracks. '

Superconductivity. A joint program has been
initiated with the Physics Cryogenics Group to
study the fundamental and metallurgical aspects
of superconducting materials. A low-temperature
laboratory has been set up with four experimental
units capable of reaching 0.9°K by pumping on
He*. Temperatures down to 0.01°K will be ob-
tained by demagnetization with He® pumping
used as an intermediate cooling stage. Surface
superconductivity was studied in type I and type
IT superconductors. Groups at BNL and the Radio
Corporation of America simultaneously demon-
strated the existence of surface superconductivity
in type I superconductors. Surface superconduc-
tivity was studied by comparing bulk magnetiza-
tion and ac susceptibility measurements which are
capable of high precision.

The effects of surface treatments and coatings
on the superconductivity transitions and on the
temperature dependence of the Ginzburg-Landau
parameter (K ') were measured. Surface supercon-
ductivity work in progress includes studies on the
changes in penetration depth with varying K,
changes in the thickness and critical current- -
carrying capacity of the surface layer as a function
of the rate of change of the external magnetic field,
and changes in the surface transition in transverse
magnetic fields.

Radiation Eﬁecis

Effect of Neutron Irradiation on the Mechanical
Properties of Body-Centered-Cubic Metals. Ap-
parent contradictions on the effect of neutron ir-
radiation on the parameters of the Petch equation,
0,,=0;+K,d~*/?, which relates the yield strength
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of body-centered-cubic metals with the grain size,
can be reconciled by considering the neutron expo-

sure and the C concentration. Neutron irradiation

produces changes in ¢, at relatively low exposures
and in K, only at higher exposures. In fact, the
yield strength of Fe with low (=30 ppm) C con-
tent is virtually independent of grain size after
radiation exposure above 10'® nvt. C increases the
exposure level at which a change in K, is noted.
A ductile-to-brittle transition at 125° to 130°K is

produced in Fe with C contents of 30 ppm or .

greater after irradiation to 2 X 10'® nvt and above.
This embrittlement is attributed to the trapping of
C atoms by radiation-produced vacancies. Alloy-
ing with sufficient Cr or vacuum-remelting pre-
vents embrittlement at this temperature.

Recovery of this brittle transition is initiated by
postirradiation anneals of 4 hr or more at 250°C.
However, complete recovery of the increase in
yield strength requires annealing temperatures of
350° to 400°C.

Studies of mechanical twinning in Fe indicate '

that twinning is not responsible for (1) the inflec-
tion observed in the yield stress vs temperature
" curve at =50°K, or (2) the onset of embrittle-
ment. Our data indicate that C inhibits slip and
twinning at low temperatures, as does neutron
irradiation.

Electron Microscopic Study of the Effects of Neu-

tron Irradiation on the Properties of Iron and Other
. Body-Centered-Cubic Metals. Spccimens of Fer-

rovac E Fe containing 0.003 wt % C irradiated

with fast neutrons (E >1.45 MeV) at 60° to 80°C

to integrated fluxes of 2 10'%, 110, and 2X 10%*’

nvt were examined in an RCA EMU-3D electron
microscope. The substructure was similar to that
of unirradiated specimens. After heating in vacuum
at 350°C for 2 hr, the 1 xX10"? and 2 X10%° nvt
specimens contained dark spots =50 A in diam-
eter. The density of spots decreased as the tem-
perature of heat treatment was raised, while the
diameter of thespots increased. At 400°C and
higher the spots could be resolved as dislocation
loops. Selected-area electron diffraction studies
indicated that the loops lie parallel to the {110}
planes of the Fe lattice. At constant temperature,
the total area of loops per unit volume rose fairly
rapidly with time and then decreased much more
slowly.. These defects are believed to be vacancies
or small clusters of vacancies: The maximum con-
centration of spots was lower than the concentra-
tion of primary knock-ons, and the maximum con-

centration of vacancies in loops was lower than
the concentration of vacancies generated by the
irradiation, each by a factor >10°.

Specimens from some Ferrovac E which had
been remelted under vacuum to reduce the con-
centrations of interstitial impurities to <{0.001 wt
%, and irradiated to 2 x 10?° nvt, showed spots in
the “as-received” condition. Interstitial impurities
affect the mobility of the defects.

It may be concluded that the irradiation-
induced defects that have the greatest effect in
raising the yield stress and lowering the ductility
of Fe are too small to be observed by electron
microscopy. The clustered defects large enough to
be detected by electron microscopy have a much
smaller effect upon the mechanical properties.

Irradiation Effects in Graphite. A model for
radiation damage to graphite has been proposed
'to account for the rate of accumulation of damage
as a function of irradiation temperature. The ab-
solute rate of formation of displaced atoms and the
migration energy for the single interstitial have
been obtained from ¢-axis, stored energy, thermal
resistivity, and dimensional changes. Radiation
damage can be removed from graphite by properly
selecting the magnitude of the exposure between
low-temperature anneals in alternately irradiated
and annealed graphite.

CHEMISTRY AND CHEMICAL TECHNOLOGY

Reuctor Ch@misln’y

High-Temperature Equilibria. A variety of
thermodynamic data was obtained by techniques
involving galvanic cells in which the-electrolytes
consisted of solid or fused salts. Some of these were
set up as concentration cells, the junction between
the two liquid-salt phases being made through a
glass or porcelain membrane. permeable only to
the cation whose concentration differed. Thus,
with a Na porcelain, mixing energies were deter-
mined in the systems NaCl-MgCl,, NaCl-CaCl,,
NaCl-BaCl,, and. NaCl-5rCl,; the results are
shown graphically in Figure 6. It is noteworthy
that the mixtures become nearly ideal as the size

:of the alkaline earth cation increases. A porcelain

in which the conductivity was due to the migra-
tion of Li* and a glass permeable to K* ions were
also eventually obtained, and with them similar
measurements were made on the systems LiCl-
CaCl,, LiCl-PbCl,, and KCIl-CaCl,. A series of
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Figure 6. Activity of NaCl in alkaline earth chlorides
vs mole fraction at 825°C.

cells containing solid electrolytes was made up for
the purpose of determining free energies of forma-
tion of salts. An example is the cell Mo|ALAIF*(s)|
CaF,(s)|PbF,(s),Pb(l)| Mo, whose emf is propor-
tional to the difference between the free energies
of AIF, and PbF,; the former is well known and
the latter can be obtained. Other salts for which
this property was determined were CoF,, CoCl,,
NiF,, and NiCl,.

The absorption spectra of several high-tempera-
ture systems were measured. Among these were
liquid KNO; and NaNO,, for which good ultra-
violet data were obtained for the first time by the
use of a thin-film technique; and solutions of Cd in
CdCl,, which had absorption bands that showed
the presence of a subhalide, presumably Cd,**.

Radiation Chemistry of Fluorocarbons. The
series of experiments in which the radiation sta-
bility of aromatic and alicyclic fluorocarbons was
compared was completed with perfluoronaphtha-
lene, C,,F. The G value for destruction of starting
material was 1.3 molecules per 100 eV of energy
absorbed (from a 1.5-MeV electron beam). This is
about the same as the figure for biphenyl (1.4) and
slightly less than that for the alicyclic analogue,
perfluoronaphthalene (1.7). Almost all the radi-
olysis product was material of higher molecular
weight than C,,F.

Perfluorobiphenyl was exposed to Co®® gamma
rays at 450°C, for comparison with results at 100°.
Its radiation stability remained good at the higher
temperature. The over-all G was 1.5, as compared
with 1.4 at the lower temperature, and G for gas
production was ~=0.002.

Noble Gas Chemistry. The applicability of
ionizing radiation as a catalyst in the synthesis of
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noble gas compounds was further investigated.
Krypton difluoride was prepared for the first time
in weighable amounts by irradiating a mixture of
the elements in a vessel whose walls were cooled
to —140°C. Both electron and proton beams were
effective, but the latter gave greater yields because
of their more complete absorption in a short path
through a gas phase. The compound proved to be
a white solid, capable of being sublimed in a
vacuum at —30° to —40°C. It is not stable at
room temperature, differing in this respect from
XeF,.

Mixtures of Ar and F given similar radiation
treatment did not yield any isolatable compound.

Chemical Technology

Mechanism of Graphite Formation. In studying
the mechanism of graphite formation from H.-
hydrocarbon mixtures, it was found that the C/H
ratio and not the initial hydrocarbon composition
determines whether a carbon sublimes from, or
deposits on, a graphite filament al a given tcm-
perature. This sublimation temperature was ex-
perimentally investigated at 0.1 atm pressure as a
function of the C/H ratio in the temperature range
2500° to 2800° K, with CH, and C,H, used as the
hydrocarbons, and it was found to agree with
thermodynamic predictions. Addition of Ar de-
creased the C/H ratio at which graphite deposits,
but increased the percent of C,H, in the hydro-
carbon mixture. In carrying out these experiments
using C+H,, it was found that the rate of reaction
increased very rapidly above 2750° K, where the
mechanism appears to involve the evaporation of
C,, C,, and C, species. In flash heating experi-
ments, it was found that C,H, can be formed from
C and H, at energy requirements of <300 kcal/
mole (4.0 kWh/Ib).

Nitrofluor Volatility Process. The Monel
equipment for investigating the dissolution be-
havior of kilogram amounts of U-Zr alloy fuel was
completed and leak-tested. Operation of the equip-
ment was begun toward the end of the fiscal year,
after the fume scrubber for the ventilating system
had been completed. The dissolving agent used
is the azeotropic residue (bp=95°C) produced by
distillation of a mixture of NOCI and IIT". This
product was formerly thought to be NOF - 3HF,
but spectral studies have shown that it also con-
tains a relatively small amount of N,O,.

Experiments concerned with the volatilization
of Pu from dissolved UO, power reactor fuel have
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Figure 7. Nine-rod simulated fuel element subassembly after oxidation.

shown that Pu does not form a volatile compound
upon treatment of the dissolver residue with NOF
or with the vapor from the 95°C azeotrope. U is
readily separated as NOUF, by this treatment at
400° C. Tests showed that essentially all the Pu in
the residue can be volatilized by treatment with
pure F, at 500°C. The separation is not appreci-
ably allected by the presence of fission product
elements.

The corrosion kinetics of unstressed Monel and
Ni in HF solutions containing up to 30 mole %
NO, was studied by using a technique based on
the change in electrical resistance of a wire speci-
men. A protective film forms on Monel in 30 mole
% NO, solution in a matter of hours at 125° and
150" C. The film on Ni is not as protective, and on
continued exposure corrosion occurs at a linear
rate of 2 to 3 mils/yr. Both films resist attack at
temperatures up to 150°C and in solutions con-
taining as little as 10 mole % NO.,.

'I'he dissolution of UQO, in HF solution contain-
ing 25 mole % NO, does not measurably increase
the corrosion of Ni, except around 125°C where
the formation of a protective film is not as rapid.
Monel corrosion increases considerably in the
presence of dissolved UO,, but the effect is re-
duced when a larger amount is dissolved or when

the temperature is increased. The behavior of

Monel and Ni in process equipment may be con-
siderably different than reported above, since
stress may cause breakdown of the protective film.
A new series of experiments to study this effect
is under way.

Volatility Process Development. The Fluid-
Bed Volatility Reprocessing Pilot Plant has been
complcted and is being operated with use of un-
irradiated graphite matrix fuel. U recovery >99%
has been obtaincd.

The process, as applied to graphite fuel, in-
volves two steps: oxidation at 700°C to remove C
as CO.,, followed by fluorination at 450°C to re-

cover U as UF,. Each step is carried out in a sepa-
rate 4-in.-diam reactor. Since the oxidation step
is limiting with respect to throughput, it is carried
out on a continuous basis, whereas the fluorination
is carried out batchwise. In such a system com-
paratively high throughput rates may be achieved
in a relatively small unit. Othur advautages ac-
cruing from the 2-reactor system arc that cor-
rosion and problems associated with thermal
cycling are reduced to a minimum.

In bench-scale studies on the recovery of U
from SS-clad UQO, fuel by means of fluidized beds,
>99% U recoveries have been achieved. In the
decladding step, the SS is converted to oxide by
oxygen at =725°C in a fluidized alumina bed
containing =~5% iron fluoride. The exposed U is
then recovered as UF; hy contacting the bed with
fluorine under fluidized conditions. Encouraging
results have also been obtained on decladding
clusters of rods that simulate actual fuel element
subasscmblies. In Iigure 7 a rod cluster is shown
after the oxidation step. Experiments are currently
directed toward obtaining information required
for demonstration of this process on an engineering
scale in the Volatility Reprocessing Pilot Plant.

Ultimate Waste Disposal. Efforts at Brook-
haven involving both bench-scale and pilot-plant
operations have been directed toward the building
of a prototype at Hanford to demonstrate the
phosphate glass process as a method for disposal
of radioactive waste.

During the fall of 1963, several extended runs
were made in the phosphate-glass pilot plant.
These runs had a threefold purpose, i.e., to pro-
vide data for the establishment of more compre-
hensive design criteria, to establish the necd for
additional plant instrumentation, and to deter-
mine more thoroughly the operational parameters
essential to process control.

At the conclusion of these runs, the plant, hav-
ing given 900 hr of glassmaking service, was shut



down so that the instrumentation could be revised
in accordance with joint recommendations of
Hanford and Brookhaven.

As part of the program to determine the feasi-
bility of the Brookhaven phosphate glass process,
a small hot cell experiment will be run at Hanford
with high-level Purex waste. The bench-scale
equipment designed for preliminary cold runs has
been developed and thoroughly tested at Brook-
haven over a period of several hundred hours.

Release of Fission Products From Nuclear Fuels.
A thorough understanding of the factors affecting
fission product behavior, particularly that of iodine,
is of prime importance in assessing the consequences
of a potential nuclear reactor accident. During the
year, iodine transport phenomena and chemical
reactions during release were studied in detail.

The release of iodine from metallic U in steam
is accompanied by H, formation. An average of
8010% of the iodine released from U heated in
the range 1100° to 1300°C was collected as an
iodide, =~ 1% as iodate and periodate, and the re-
mainder as elemental iodine. The majority of the
released iodine undoubtedly reacted with H, to
form HI, as predicted theoretically. In contrast,
an average of 857=15% of the iodine released from
UO, heated under identical conditions was col-
lected as elemental iodine, =% % as iodate and
periodate, and the remainder as an iodide. This
was to be expected, since little H, formed during
the conversion of UO, to UQO, ,, the stable oxide
under these conditions.

Additional data were obtained as further evi-
dence that a uranium iodide is released from U
heated to 1200°C in He. At 1800°C the iodide
and elemental iodine were released together, since
the iodide is partly dissociated at the higher tem-
perature. The indide condensed on surfaces in the
neighborhood of 300° C, while the elemental iodine
was relatively volatile at much lower temperatures.

A program was initiated to study the diffusion
of iodine in hypostoichiometric UC. The current
interest in UC, particularly for use in liquid-metal
and fast reactors, prompted this investigation.
Diffusion coefficients ranging from 6.4 X10°*?
cm?/sec at 1400°C to 5.3 X107*° cm?/sec at
1735°Ci were measured; the activation cnergy for
this process is =133 kcal.

Liquid-Metal Heat Transfer Research

The heat transfer research program at Brook-
haven is restricted almost entirely to convective
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heat transfer between surfaces and flowing liquid
metals. For the past several years there have been
continuing studies, both theoretical and experi-
mental, of the general case of heat transfer to lig-
uid metals flowing through rod bundles, owing to
its direct relevance to the design of liquid-metal
cooled reactors and their associated heat-exchange
equipment. For the particular case of in-line flow,
the following semiempirical equation, based on
theoretical analysis, is now recommended for
bundles having equilateral triangular spacing.

Nu=a+pB({Pe),
where

Nu = (4D,)/k = Nusselt number,
h = heat transfer coefficient,
D, = equivalent diameter of bundle,
= thermal conductivity,
a = 6.66+3.126(P/D)+1.184(P/D)?,
B = 0.0155,
v =0.86,
P = distance between rod centers,
D = o.d. of rods,
Y = effective average value of ¥,
{ = ratio of eddy diffusivity of heat to that
of momentum,
Pe = (D,v,0C,)/k = Peclet number,
. = average linear velocity,
= density of liquid metal,
C, = specific heat,
Pr = Prandtl number = C,u/k, and
= viscosity.

The equation above is compared in Figure 8 with
recent experimental results obtained at Brook-
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Figure 8. Heat transfer to liquid metals flowing in-line
through unbaffled rod bundles under conditions of uni-
form heat flux and fully established turbulent flow. The
data points for mercury were taken about a year apart
on two different test elements, both wetted by the mercury.
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Figure 9. Boiling potassium heat transfer research facility
during latter stages of construction.

haven on both Hg and NaK. The agreement be-
tween theory and experiment is seen to be very
good.

Preliminary to starting an experimental project
to study heat transfer to NaK flowing at right
angles through a rod hundle, a thearctical study
was carried out. The following equation was de-
veloped for predicting average heat transfer co-
efficients for liquid metals flowing at various angles
across rod bundles (or tube banks).

Nu = 0.958(¢,/D)"*(Pe)'/? [ sin @ + sin® 6 ] 1/2

1 +sin®f

-

where

Nu = /4D/k = Nusselt number,
h = coeflicient based on average rod sur-
face temperature,
¢, — unit hydraodynamic potential at the
rear stagnation poiut of a rod, and
6 = angle of approach, zero for parallel
flow and 90° for normal cross flow.

The above equation agrees quite well with exper-
imental results obtained some years ago at Brook-
haven far crass flow of Hg through a staggered rod
Lundle. At that time only the red under study was
heated; in the new study with NaK, all the rods
\r\fil] br heated

The purpose of the largest experimental project
in thc Heat Transfer Group is to obtain funda-
menlal heat transfer information on forced-con-
vection hniling and condensation of K at temper-
atures up to 982°C (1800°F). Since the facility
for this work (Figure 9) was completed and placed
in operation only in June 1964, results are not yet
available.

As part of the general research program on boil-
ing liquid-metal heat transfer at Brookhaven, a
thcory was developed during the past year for pre-
dicting boiling cocflicients under conditions of net
vapor generation and forced convection The corre-
lation was found to be in fair agreement with early
experimental results on Na and K obtained at other
laboratories.

APPLIED RADIATION

Radiation Effects in Organic Solids

The electron spin resonance (ESR) spectra of
powdered and single-crystal samples of acrylamide
irradiated and examined at —196°C indicate that
the radical has the same structure as that formed



Table 3

G Values for Gas Formation

Toluene ) 0.16
Toluene-d, 11
Toluene-d; i
Toluene-d .06
Toluene and toluene-d, (equimolar) 14
Toluene and toluene-d; (equimolar) 1l
Toluene-d, and toluene-d; (equimolar) .10

by loss of an alpha hydrogen from propionamide.
This is evidence of the scavenging of hydrogen
atoms by acrylamide and explains the low-tem-
perature hydrogen yicld obtained in solid solutions
of acrylamide in propionamide noted in last year’s
annual report.

Between —196° and —20°C, the temperature
above which measurable postirradiation polymer-
ization is known to occur, the orientational de-
pendence of the ESR spectrum shows that the free
radical can add at most one monomer unit, prob-
ably along the crystallographic b-axis. At —20°C
and above, thermal motion sufficient for polymer-
ization occurs and the directional dependence of
the ESR spectrum disappears.

It has been found that doses of 1 to 2 million
rads can effect almost 100% polymerization of
solid trioxane, contrary to a reported upper limit
of 60 to 70% conversion. The reaction is character-
ized by a high degree of irreproducibility.

Radiation Chemistry of Aromatics

The study of the radiolysis of pure toluene has
been completed. The data obtained are given in
BNL 823 (5-65).

The results of the radiolysis of benzene-toluene
mixtures indicate that benzene has a slight pro-
tective effect in the radiolysis of toluene.
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The radiolysis of deuterated toluene was com-
pleted during fiscal 1964; however, all the data
have not been analyzed. Table 3 lists the G values
for total gas formation for the various materials
and mixtures investigated. Table 4 lists the isotopic
composition of the hydrogen and methane evolved
during irradiation of these materials.

Polymerization Mechanisms

A linear dependence of optical density at 610
my for solutions of the sodium salt of anthracene
in tetrahydrofuran (1.4 to 17.5 X 10-° moles/liter)
and the behavior of equivalent conductance at
30°C over the same concentration range lead to
the following conclusions: (1) the molar extinction
coeflicient is 3.60 % 10*, (2) the reduction of an-
thracene by Na is quantitative, and (3) the dis-
sociation of ion pairs into conducting ions has an
equilibrium constant of =5X 107",

The liquid-phase radiation polymerizations of
highly purified and exhaustively dried styrene and
a-methylstyrene show extreme sensitivity to traces
of water. Rates of polymerization of styrene as
high as 57% per megarad have been observed at
0°C and 2.2410° rads/hr, and as high as 30%
per megarad for the substituted monomer. The
polymerization rate of styrene under these condi-
tions appears to depend linearly on the dose rate
up to 3 10° rads/hr, while the average molecular
weight is constant. When methyl methacrylate
was studied under similar conditions of prepara-
tion, no enhancement in the rate of polymerization
was observed.

Chemonuclear Reactors

Dosimetry. With use of the N,O gas dosimeter,
a fission fragment energy deposition efficiency of
61% for a 2-dimensional array of 3-u U-bearing
glass fiber at a loading of 0.29 mg/cm® was ob-

Tahle 4

Isotopic Composition of Hydrogen and Methane Evolved During Irradiation

H, HD D, CD,H CD.H, CDH, CH, CD;
Toluene-d, 32 48 20 47 > >3 4 45
Toluene-d, 61 33 6 - - 8 90 -
Toluene-d, >1 >2 97 6 =1 >2 - 92
Toluene-d, and toluene-d; 14 41 46 39 >2 =3 =2 53
Toluene and toluene-d, 69 26 5 32 >1 34 32 >2
Toluene and toluene-d, G| 34 16 41 - =26 49 5
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tained. An energy deposition efficiency of 63% was
observed for a 20 wt % U-Pd alloy foil. A plot of
efficiency as a function of metal foil thickness for
U-Al and U-Pd alloys is shown in Figure 10, to-
gether with theoretical values. The energy deposi-
tion efficiency for these 2-dimensional foils falls
between values approximated by analytical ex-
pressions based on the linear and quadratic energy
loss dependence of the range-energy curves, with
the assumption of a constant G value for chemical
conversion along the length of the fission track.

Fission Fragment and Reactor Radiation Chem-
istry. The formation of NO, and N,O from syn-
thetic air mixtures is being studied as a function of
fission fragment and reactor irradiation conditions.
Figure 11 gives the NO, and N,O yields as a func-
tion of the total dose for mixed fission fragment
plus reactor irradiation. The initial G values based
on these data are Gy,,~0.9 and Gy,,=0.6 and ap-
pear to be independent of pressure. The steady-
state concentration at 5 atm pressure is 19.7% for
NO, and 6.2% for N,O. A steady state has not
been reached in the high-pressure, 68-atm exper-
iments, although a concentration high enough to
condense liquid N,O, has been achieved. Studies
are in progress to determine the effect of varying
N,-O, concentration and of increasing temperatures.

Chemonuclear Source and Fuel Development.
Metal alloys containing significant concentrations
of U*** for chemonuclear applications are being
developed. A solid solution of U in Pd has been
rolled to 2.5-pu (0.1-mil) thickness on a Sendzimir
mill and has been further etched to 1.5 p. Tests in
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Figure 10. Relative fission fragment efficiency for foils
as a function of thickness to range ratio.

air at 1000°F indicated some surface oxidation.
In-pile tests up to 0.5% burnup indicated a small
amount of corrosion in air. Larger amounts of cor-
rosion have been noted in atmospheres containing
high concentrations of NO,. Coatings of Al, Al,O,,
and SiO improve the resistance of the foil to cor-
rosion. High-burnup studies indicate that radia-
tion damage alone may not be severe. Further
radiation damage studies are being made with
different coatings, with other alloys of U, and with
cermets of UQO, in metal matrices.

Fabrication of a structurally stable honeycomb
array of 4-p (0.18-mil), 20 wt % U-Pd similar to
the model shown in Figure 12 has been achieved.
Aerodynamic tests on single thin foils indicate that
the controlling stability feature is the length and
prestressing of the unsupported section of foil.
Pressure loss measurements for honeycomb arrays
have also been made.

Chemonuclear In-Pile Research Loop. The loop
(Figure 13) is designed to be a versatile facility for
handling light gases at pressures up to 1000 psig
and temperatures from —30° to 1000°F in contact
with fixed fuel elements. The capacity of the loop
is =66 g of U*** to give a maximum power level
of 5100 W. The design has been completed, and
most of the equipment is in the process of being
fabricated. A critical item is the gas circulators
which will feature a corrosion-resistant, completely
sealed gas bearing design. Start-up of the loop is
scheduled for the summer of 1965.

Radiation Chemical Processing

Ethylene Polymerization. Following initial
experiments with a falling pressure technique, a
series of Co® gamma radiation-induced polymer-
ization experiments has been carried out under
constant pressure conditions. The effects of dose
rates between 5.8 10* and 8.47 X 10° rads/hr,
doses ranging from 0.1 to 1 X 10° rads, and pres-
sures from 2500 to 10,000 psig have been tested.
The rate of polymerization is being measured as
a function of pressure and intensity. The physical
properties of the polymers are being measured and
correlated. The molecular weight, ranging into
the millions as determined by means of intrinsic
viscosity, increases with decrcasing dose rate and
increases with pressure in the rauge 5000 to 10,000
psig. The densities of the polymers are in the inter-
mediate range 0.93 to 0.94. Most of the polymers
have been found to be soluble in Decalin at 135°C.
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Figure 11. Fission fragment plus reactor irradiation of syn- Figure 12. Honeycomb fuel assembly model
thetic air (N, =77.3%, O, =22.7%). Temperature, =40°C. using 0.255-mil stainless steel foil.
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Ethylene-Carbon Monoxide Copolymerization.
An extensive study of the Co®" gamma radiation-
induced synthesis of copolymers of CO and ethyl-
ene (E) has been made. The final copolymer com-
position as a function of the initial E/CO com-
position from 0.05 to 45 has been determined. The
polymers exhibit a polyketone structure with an
E/CO ratio between 1 and 2 when initial compo-
sition is >>0.23. It has been possible to produce a
copolymer with an E/CO ratio of <1 when the
initial composition was highly enriched in CO.
The reactivity ratio for the 1:1 E/CO mixture de-
creases with increasing temperature, and the rate
of polymerization also decreases. Measurements
on a differential scanning calorimeter indicate a
melting point in the range 187° to 213°C for the
1:1 E/CO copolymer produced at 2500 and
10,000 psi. Decomposition occurs at 290°C. The
polymer has been found to be insoluble 1n all the
common solvents.

Ethylene-Sulfur Dioxide Copolymerization. Ex-
ploratory measurement indicated the formation of
a polysulfone on the irradiation of ethylene-SO,
and ethylene-SO,-CO mixtures. Transition and
decomposition of this material occurs at 237° and
367°C, respectively.

Chemical Irradiator Design. Equations werc
derived permitting the calculation of the transient
and steady-state concentrations of reactive inter-
mediates in response to intermittent (square wave)
irradiation as a function of frequency of irradia-
tion, relative duration of light and dark periods, ir-
radiator type, and reactor mechanism. The ir-
radiators included were the batch irradiator, the
continuous stirred tank irradiator (both with inter-
mittent sources), and the tubular irradiator with
partial or total recycle. The effect of mixing in the
direction of flow in the tubular irradiator with re-
cycle was briefly examined. The reaction mecha-
nisms treated included first- and second-order re-
actions of intermediates and consecutive first-order
reactions.

Calculations of the ratio of conversion in the
presence of perfect mixing to conversion in the
absence of mixing have been made for slab and
annular reactors with sources of exponentially at-
tenuated radiation and of constant energy loss
radiation. For the two types of radiation at equal
optical thicknesses (reactor thickness measured in
units of radiation mean free path or particle range),
the ratio is greater for the annulus than for the
slab, and it is greater for constant energy loss radi-

ation than for exponentially attenuated radiation.
Mixing changes conversion by a maximum of
100% at optical thicknesses of 16 for the slab and
9.2 for the annulus (ratio of outer to inner radius
is 5) with exponentially attenuated radiation and
at optical thicknesses of 4 for the slab and 2.4
for the same annulus with constant energy loss
radiation.

Two experiments have been initiated to study
the mixing effect just described. One involves a
continuous tubular reactor and a liquid-phase
photochlorination. The other experiment involves
a photopolymerization in a stirred tank reactor.

Radiation Engineering

High Intensity Radiation Development Labora-
tory. 'The preparation cell is in operation. Sources
containing 300,000 curies of Co®®, received from
the Engineering Test Reactor (ETR), were re-
moved from their reactor irradiation containers,
remotely encapsulated in SS envelopes (see Figures
14 and 15), and finally leak-tested. The second
encapsulation of these sources has been completed;
36,000 curies of Co®® have been shipped to the
University of Florida, and 15,000 curies have been
allocated to the University of Michigan.

Sources containing 217,000 curies of Cs*7, to be
used for experimental purposes in the HIRDL,
were received from ORNL. BNL standard sources
containing 225,000 curies of Co®® were received
from the Savannah River Plant. Following a second
encapsulation, these will be shipped to Gloucester,
Mass., for use in the Marine Products Develop-
ment Irradiator (MPDI) for the Bureau of Com-
mercial Fisheries.

BNL Standard Source. The standard Co®°
source developed at Brookhaven (Figure 16) will
be used in the Bulk Grain Irradiator and a por-
table irradiator, in addition to the MPDI. This
source has been further improved by bonding the
first SS encapsulation to the Co (Figure 17).

Irradiator Design. Conceptual design studies
for a shipboard Co®® radiopasteurizer and a bulk
grain irradiator have been completed. Also com-
pleted were the design of an interim research ir-
radiator, to be installed on the campus of the
University of Hawaii during fiscal 1965, and the
design of a small, 16-ton, portable irradiator, of
which two arc to be constructed during fiscal 1965.

Gamma Irradiation Services and Operations.
In addition to the standard irradiation services



Figure 14. Loading ETR Co®°
sources into stainless steel
envelopes prior to welding.

Figure 15. Remote welding of
stainless steel encapsulations.
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Figure 17. Cross section of cobalt metal clad with stainless steel by coextrusion.

provided during the year, 16 BNL flat sources,
each containing =123 curies of Co®, were doubly
encapsulated and shipped to Mission, Texas, for
use by the U.S. Department of Agriculture in its
screwworm fly eradication program. A 1600-curie
Co®® ETR source was calibrated, tested, and sent
to Texas A & M University to be used by its
Physics Department for research studies. A 600-
curie Co®® tubular source was lent to the U.S.
Department of Agriculture for use at the Plum

Island Animal Disease Laboratory in its research
program.

Source Assay and Calibration. An ETR Co®
source assay and calibration unit (Figure 18) has
been constructed and is now in operation. The
unit is equipped with an n-on-p solar-cell dose-
rate detector and provides information on both
the activity distribution and total activity of each
ETR strip. To date this analyzer has catalogued
~700 strips of ETR Co®".



Figure 18. Calibration unit seen
through remote viewing window.

Electrical Discharge in Shielding Glass. A math-

ematical model has been developed which isa
good order-of-magnitude approximation of the
discharge phenomenon. Experimental studies in-
dicate that an electronic process associated with
storage of electrons in color centers similar to
those of Ce is involved in the discharge phenom-
enon. The presence of Pb and similar heavy ions
in glass may cause buildup of stress and thus de-
crease the dielectric breakdown strength. Na or
other highly mobile ions may decrease the buildup
of net charge, inhibit browning of the glass, and
increase ionic conductivity.

Measurement of Self-Absorption of Co®° Sources.
A large calorimeter, which was designed, con-
structed, and tested at BNL, has been successfully
used to measure the self-absorption and total curie
content of the ETR Al-clad Co"® sources.

A second calorimeter, capable of handling the
larger BNL standard source, has been designed
and is being constructed.

Gamma Monochromator. Development work
has proceeded on a gamma monochromator, an
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instrument to produce fairly monochromatic,
variable-energy gamma rays by Compton scatter-
ing from an intense radionuclide gamma source.
Energy resolutions of =1 or 2% are expected to be
attained at intensities equivalent to a millicurie
for a high resolution form of the instrument, with
correspondingly higher yields at lower resolutions.
The instrument is expected to be useful in dosim-
etry studies, radiobiology, and solid-state and
nuclear physics.

HOT LABORATORY

Isotopes

The feasibility of making a generator from which
Te'™, Te'** and Te''’ can be milked from their
respective longer-lived metastable isomeric par-
ents was shown. The anomalous adsorption and
elution behavior of I'** and Te'** with alumina
was shown to be due to differences in behavior of
Te(IV) and Te(VI) on alumina and to oxidation
of Te(IV) to Te(VTI).

Efforts to prepare ultrahigh specific activity Mg*®
by recoil showed that recoil does occur, the range
of the most energetic Mg** atom being 0.4 to 2.4
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mg/cm®. The excitation functions for Mg*®(¢,p)Mg**
and Mg®*°(t,a)Na** were measured; they are
virtually identical.

The Ar*°(a,2p)Ar** and Ar*°(¢,p)Ar*® reactions
were detected, the latter with reactor-produced
tritons, and this has paved the way for a possible
practical generator from which carrier-free K**
might be milked.

A new extended table of nuclidic masses from
which unknown masses may be estimated was
constructed. The method used was based on the
known parabolic relationship of masses at constant
A. The standard deviation between calculated and
measured masses was 0.35 MeV for 763 cases.
Pairing corrections (8’s) for protons and neutrons
were also calculated.

Previously unknown Ir'?¢ was successfully pre-
pared by the reaction Pt'*(d,a)Ir'*® and was
found to have a half-life of =90 min, a gamma
spectrum similar in some respects to that of Au'’,
and an excitation function for formation different
from that for Pt"*(d,a)Ir'**.

Useful methods were found for extracting Ga*®
from the EDTA complex furnished by Brook-
haven’s Ga®* generators.

A method was developed for preparing carrier-
free Cs'*® and Cs'*? from the I'*"(a,2n)Cs'?*° and
I'*°(ar,n)Cis'* reactions, respectively.
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Analytical Chemistry

'I'he proximity of the half-wave potentials of Pb
and Cd at the dropping Hg electrode in molten
LiNO,-KNO, eutectic was shown to be due to a
specific effect of the molten nitrate environment
on one or both of the solute ions rather than to a
temperature effect, which is small.

A mathematical model for current reversal
chronopotentiometry was developed and analyzed
with use of the IBM 7094 computer. The model
was successfully applied to the disproportionation
of U(V) in perchloric acid solution. This approach
can be used for studying analogous systems, with
rate constants ranging from 1 to 10° liters/mole-sec.

Free radicals of the complexes between Se and
derivatives of 1,2-diaminobenzene

/N\
Se
\N//

~

s

were prepared by electrolytic or Na reduction.
They are believed to be the first anion radicals
containing Se to be reported. In all cases only one
species was formed initially.

Thus far a study of the synergistic effects be-
tween thenoyltrifluoroacetone (HT) and tri-n-
octylamine (R;IN) in the extraction of americium
indicates that two species, R,NHCI and R,;NHT,
cause the enhanced extractive effect of one solvent
in the presence of the other.

Methods developed included those for deter-
mining Th**®, Th**°, and Th?**? in Thorotrast; O,
in Na; Zr, Nb, and Mg in Hg; and S in “Tc*™
colloid” (Tc,*°™S; in sulfur emulsion).

Hot Laboratory Operations

One of the functions of the Hot Laboratory
Division is the production of certain isotopes rc-
quiring chemical processing following irradiation.
Table 5 is a 3-year summary of this effort. The

Figure 19. Holder developed for Y*° bead (right).
Pin head (left) is shown for size comparison.
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Table 5

Production of Special Isotopes by Hot Laboratory Division

Fiscal 1964 Fiscal 1963 Fiscal 1962
No. of No. of No. of
shipments Activity, mC shipments Activity, mC shipments Activity, mC

On Off On Off On Off On Off On Off On Off

site site  site site site  site site site site  site site site
Al*® generators - - — - - 3 - 0.3 = - - -
Ar?® = 5 = 0.24° - 8 - 0.3> = 8 - 0.24°
Cu® = 1 . 1 = - = = = = =
F - = = = = 4 - 32 = - - —
Ga“ generators  — 1 0.5 - 2 11 = = = -
T2 = = = = = = - - 10 = 165.8 =
1'% generators 76 = 1,220 — 72 - 720 - 71 - 1,480
a8 - 3 = 60 - 1 - 20 = 1 - 20
Ks 19 - 16 = 20 = 10 - 19 1 9.1 0.1
Mg?** = 172 - 24.5 1 203 0.05 34 2 169 0.1 25
Mo** - 23 = 2,210 - 18 - 1,620 - 15 - 1,010
Sr®"™ generators - 1 - 1 - 5 = 5 ~ = = =
T generators - 116 - 11,450 - 27 = 2,650 = 20 = 2,000
Tel29m . _ _ _ _ e - - 1 — 1
Te'? = 7 s 70 - = 81 - - - -
Xet?® = 1 = 0.02° - 1 = 0.02° — - = -
Y? beads = 4 = 65 - 12 = 492¢ = 60 - 2,233¢
Y®° generators - 3 B 250 = 3 = 300 - 9 - 1,000

*Production discontinued February 1964;customers referred toPhysikalisch-Chemisches Institut der Universitit Ziirich,

Switzerland.

"Ar®* and Xe'?® are stable; unit is cc, not mC.
‘Not mC, but number of individual beads (see Figure 19); activity per bead controlled by length of irradiation re-

quested by customer.

28% decrease in demand for Mg** was more than
offset by the burgeoning increase in demand for
Tc*™. This increase is partly due to the develop-

provement in external visualization of organs such
as the liver. Requirements for high-purity carrier-
free Mo?’ led to the successful development of a

ment at BNL of a method for incorporating Tc*™ process for removing traces of radioactive I, Ru,

in a colloid which has permitted outstanding im-

and Te.



Applied Mathematics

The Applied Mathematics Department fulfils
an important and continuing set of responsibilities
to the entire Laboratory. These are to promote
the researches of the Laboratory through the ac-
quisition and maintenance of an appropriate com-
plement of computing machinery, to provide con-
tinued programming support in the constantly
evolving application of computers to research, to
advise members of other departments on the
mathematical formulation of problems for com-
puters and the feasibility and necessity of com-
puters for various novel applications, and to con-
duct a research program in the related areas of
mathematics and mathematical physics, with
special emphasis on the use of computers.

CENTRAL COMPUTING FACILITY

Systems and Utility Programs

No additions to the Central Computing Facility
have been made during the past fiscal year, and
the complement of equipment described in last
year’s report remains unchanged. Briefly, this
consists of a 4-channel, 16-tape IBM 7094 system
with two 1BM 1401’s, a CDCU Y24 system, and a
small caLcowmp plotter. In addition, the Merlin
computer, constructed by the Instrumentation
Division, is administered by the Department. The
capacity of the commercially acquired computers
has now been effectively saturated. However, de-
mands on this equipment continue to increase,
and plans for the next two fiscal years must in-
volve its expansion and elaboration. These plans
have been submitted to the Atomic Energy Com-
mission for approval.

The increase in the use of the IBM 7094 can be
seen in Figure 1. In interpreting this figure, it is
important to note two facts. First, the 1401’s are
not in themselves independent computers; they
merely serve as peripheral processors for the 7094.
To a large extent this is also true of the CDC 924.
The latter, however, is increasingly used for a
variety of small, independent problems for which
it is more economical than the IBM 7094. Second,
the hours of use indicated in the histogram are
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“clocked” research use and do not include mainte-
nance time, programming training, or updating
of the subroutine library, nor is service time due
to machine malfunction taken into account. In
view of these desiderata, it is unrealistic to assume
that >1800 usable hours will be available per
quarter. Thus, the 1650 hours used in the last
quarter of fiscal 1964, considered together with
the obvious gradient, indicate a saturation of the
facility in the uncomfortably near future. This
saturation is imminent in spite of a complete re-
vision of the Brookhaven Operating Systein ot
the 7094. In this revision particular attention was
paid to the more efficient buffering of input and
output, a problem of special importance at Brook-
haven National Laboratory.
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SUPPORTING ACTIVITIES

Computer and Programming Research

The Engineering Group of the Department has
completed construction of the optical spark-
chamber film reader designed last year (Figure 2).
This work was done in collaboration with a group
from the Physics Department and with the aid of
personnel from the Instrumentation and Mechan-
ical Engineering Divisions. In addition, the pro-
grams for processing the output of this device were
completed, and the entire complex constituted an
operating system at the close of the year. In the
interest of efficiency, a “preselector’” was added to
the system. This allows an operator to reject film
that contains no “events of interest” and speeds up
the over-all operation of the system. This reader
is being used with the associated 7094 programs in
the analysis of a 200,000-photograph K *-p scatter-
ing experiment.

In cooperation with the Cosmotron Division, a
cathode-ray-tube photograph reader has been de-
signed for installation as an integral part of the
CDC 924 computer. To minimize hardware con-
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struction and expense, the design emphasis is on
the use of programming techniques and the com-
puter’s own hardware. The resulting reader will
be sufficiently precise to be used for many spark-
chamber experiments.

In a different direction, members of the staff
were heavily involved in a continuing joint project
with the Chemistry Department and the Solid
State Group of the Physics Department to design
a computer control system for several neutron dif-
fractometers to be used at the new High Flux
Beam Research Reactor. Instrumentation Division
personnel also collaborated. The project involves
the installation of a small computer for program
control of several diffractometers and the prepara-
tion of the appropriate programs, so that several
experiments may be run simultaneously.

The Sigma Center of the Nuclear Engineering
Department maintains a library of =~500,000
multientry items describing experimental neutron
cross section data; this library’s current rate of
growth is 200,000 items/yr. To keep the library
orderly and usable, automatic filing and retrieval
methods must be used. A Sigma Center informa-

Figure 2. Optical film reader. The film handler and optical system are on
the right. Electronics racks and the magnetic tape handler are on the left.
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tion storage and retrieval system based on mag-
netic tape files has been prepared by this Depart-
ment for use on the IBM 7094. The system is de-
signed to make the Center’s present files of in-
formation more readily accessible and, in par-
ticular, to allow rapid mechanized encoding of
data from automatic measuring devices.

The preceding exemplify some long-term co-
operative projects. Besides well-defined collabora-
tive efforts such as these, there is continuous in-
formal interaction between members of the De-
partment and other researchers at the Laboratory
concerning proper applications of computer equip-
ment and techniques to the program of the entire
Laboratory.

APPLIED MATHEMATICS RESEARCH

Included under this heading are research pro-
grams explicitly initiated and carried out by De-
partment personnel. However, even this distinc-
tion is a mere convention, since much of the work
is directly inspired by the Laboratory’s program,
and all of it is directed toward those scientific
areas of particular interest to the Laboratory.

Differential and Integral Equations

Work continued on the problem of locating
brain tumors by a technique involving the inges-
tion by the patient of radioactive material which
1s preferentially absorbed by the tumor. However,
retrieval of the pertinent information by observa-
tion of the decay trom counters arranged around
the patient’s head presents a formidable mathe-
matical problem. The solution clearly lies in a
fundamental mathematical theorem which gives
the point-value of a function on a circle in terms
of an equation involving the integral of the func-
tion over chords. Because of imperfect collimation,
background noise, the obvious necessity for a finite
number of counters, etc., the necessary numerical
implementation of this approach requires a con-
siderable amount of “‘mathematical experimenta-
tion” with a computer. Figure 3 is an example of
the results obtained. It should be noted that this
project is a prime example of a very common oc-
currence: a purely mathematical problem of great
intrinsic interest simultaneously has an important
practical application.

Research has been carried out on generalized
eigenfunction expansions associated with linear

Figure 3. The spatial distribution of radioactive material,
recovered from coincidence counter data. This computer-
generated display shows two concentrations of radio-
active material, one at the center and the other above
and to the right of the center. The numerical data show
a much greater contrast than can be depicted by this
method of indicating concentration by spot size.

transformations possessing an absolutely multiple
continuous spectrum. In this way a clearer under-
standing has been gained of previous results on
singular integral operators. This work is part of a
continuing general investigation of the continuous
spectra possessed by some linear operators.

Research was conducted on the differential
equations that describe heat flow problems. Of
primary interest was the question of calculating
the temperature patterns in a conductor for cer-
tain kinds of conditions given at the boundary of
the conductor. For example, if the temperature
distribution at the edge of a thin metal plate is
prescribed and maintained for a long time, then
the steady-state temperature at any point inside
the plate can be calculated approximately by
either of the two methods developed and reported
last year. Methods were also developed for treat-
ing some unsteady-state heat flow problems.

In cooperation with members of the Biology
Department, a theoretical method for handling
enzyme kinetics was studied. The method consists
of utilizing the experimental data in such a way
as to arrive at numerical values that are useful
in explaining enzyme reactions. The method was
studied with the aid of the computer, and the re-



sults of the study are currently being applied to
experimental data.

Programmed Pattern Recognition

As indicated in previous reports, an extensive
program is directed toward eliminating the need
for detailed human intervention in the initial
scanning phase of processing bubble-chamber
film. The quantity of data output by the Labo-
ratory’s flying-spot digitizer (FSD) for each pic-
ture is rather large, and the first task of an auto-
matic scanning program is to reduce it to a more
manageable form. Moreover, the economics of
bubble-chamber data processing imposes rather
stringent requirements on the speed at which this
data reduction must be carried out. This problem
has been solved by the development of an IBM

7094 program which, using special coding tech-.

niques, associates most of the input data into
individual particle tracks and produces a descrip-
tion of each of the reconstructed tracks in terms of
suitable parameters. The program is designed to
operate serially on the input data, at an over-all
rate comparable with the data rate of the FSD.
As the second stage of processing, it is necessary to
include a track-editing program to check the

spurious tracks in the output of the track recon-

struction program and link possibly incomplete

segments together into complete tracks. A third,

vertex-finding stage may then attempt rudimen-
tary scanning operations that result in the listing
of all possible vertex candidates recognizable in a
single stereo view. Prototype versions of both track-
editing and vertex-finding were completed in fis-
cal 1964 and tested by using Brookhaven and
CERN FSD data.

Present plans call for the merging of all three
stages into a single program whose output will be
a summary of each picture in terms of vertex
candidates, precision coordinates of associated

tracks, fiducial locations, and certain over-all’

statistics associated with the energy and intensity
of the beam. This output will be collected on mag-
netic tape and used for the selection of specified
types of physical events.
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Maihemuti,cul Physics

A few years ago Regge showed that, in non-
realistic potential theory, the high energy behavior
of scattering amplitudes in the crossed channel is
closely related to the bound-state solutions of the
corresponding Schrddinger equation. Recently,
field theoretical extensions of Regge’s analysis
have been achieved by several groups, either from
S-matrix theory based on the assumption of the
validity of the Mandelstam representation, or
from the off-the-mass-shell theory based on the
Bethe-Salpeter formalism. In the latter approach,
Bertocchi, Fubini, and Tonin have shown, within
the framework of the multiperipheral model, that
the leading asymptotic behavior of the scattering
amplitudes is determined by a homogeneous equa-
tion equivalent to the partial-wave Bethe-Salpeter
equation. A result equivalent to that obtained by
Bertocchi et al., which, however, is independent of
the approximations used by these authors, has
been obtained via the use of the perturbation
theoretical integral representation. In particular,
the connection between the high energy behavior
of the scattering amplitude and the analyticity in
the complex angular momentum plane has been
clarified in this work. Furthermore, it was shown
that other types of non-Regge behavior become
possible in the high energy limit. Work related to the
question of subtractions in the perturbation theo-
retical intégral representation has also been done.

It has also been shown that an SU; symmetry
analogous to that for I-spin and hypercharge in
strong interactions may exist also for ordinary spin
and baryon number.

Informal courses taught by members of the De-
partment have included the topics of programming,
numerical analysis, and Monte Carlo methods and
have drawn participants from many departments
of the Laboratory. In addition, an Applied Math-
ematics Department Seminar was initiated this
year; distinguished visitors and local scientists have
contributed to a stimulating series of lectures on ap-
plied mathematics and computational methods.
These, too, have drawn part of their audience from
interested members of the entire Laboratory.
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Biology

The activities of the Biology Department center
on the special facilities of the Laboratory and in-
clude studies of the biological effects of radiation
and the use of isotopes for the elucidation of basic
problems in biology. In general, problems are being
investigated by the methods of molecular biology.
The growth of the Department has been increas-
ingly in the direction of this approach to biology
and has involved studies on protein structure, en-
zyme kinetics, the molecular structure and function
of antibodies, the molecular structure of chromo-
somes and its relation to the mutation process, etc.
These concepts and techniques have found imme-
diate application in such pressing problems as the
nature of radiation-induced mutations, the inti-
mate nature of the mechanism of radiation damage
in plants and animals, and the details of the basic
reactions involved in photosynthesis.

Each year the Department sponsors a symposium
on a topic of current interest in biology. This year
the symposium, entitled Subunit Structure of Proteins,
was attended by 250 scientists in addition to mem-
bers of the Brookhaven laboratory staff and will be
published as the 17th volume in the Brookhaven
Symposia series.

A major addition to the Biology Building is in
the process of construction and will add =33,000
sq ft of laboratory and special facility space. The
addition is specifically for expansion in the plant
sciences and will provide extensive controlled
growth chambers, as well as several shielded rooms
for growing plants under controlled conditions in
the presence of various levels of ionizing radiation.
Completion is scheduled for April 1965.

This report briefly indicates major areas of re-
search and some findings made during the year.

ANIMAL PHYSIOLOGY

Radiation-Induced Aging

Radlation causes a decrease in the life expect-
ancy of animals which closely resembles the natural
aging process. A study of both natural and radia-
tion-induced aging is being undertaken to deter-
mine the causes of each. It has been postulated
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that aging results from the accumulation of viable
mutations in the somatic cells of the body. This
theory gains support from the fact that radiation
both shortens the life-span and is a patent muta-
genic agent. A quantitative evaluation of the
theory requires a measure of the mutation fre-
quency in somatic cells. Chromosome aberrations
in liver cells have been assumed to be proportional
to such mutations. The following correlations have
been established: (1) Aberrations increase linearly
with age in normal animals, and as many as 80%
of all cells may show aberrations in old animals.
(2) After x-irradiation, the aberrations increase
strikingly and are eliminated slowly over a period
of months. (3) With chronic gamma irradiation,
both the increase in chromosome aberrations and
the life shortening are only =~2.5% of that produced
by an equal dose administered acutely. (4) Acute .
neutron irradiation causes a rapid and sustained
increase in aberrations. (5) Chronic neutron ir-
radiation causes as much chromosome damage
and as much life shortening as an equal dose given
acutely. (6) Normal mice of a long-lived strain
develop chromosome aberrations at a much slower
rate than do mice of a short-lived strain.

Thus it appears that aging results from an in-
stability in the chromosome structure of somatic
cells. Experiments in progress are designed to
assess the factors responsible for chromosome sta-
bility. Present results indicate that in tissues in

"which cells divide often, aberrations are eliminated

by cell selection; in tissues with nondividing cells
the chromosomes exhibit a remarkable degree of
repair. Small chromosome irregularities are re-
paired in minutes or hours; more severe aberra-
tions can be healed over a period of months, pro-
vided that the cell is not required to undergo cell
division. Very severe damage such as that caused
by neutrons can not be repaired.

Effects ot X-Rays on lon Transport in Erythrocytes

Irradiation is known to induce loss of potassium
and gain of sodium in a variety of animal cells,
This interference with ion transport was studied in
human erythrocytes in vitro. The findings indicate
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inactivation by radiation of the potassium- and
metabolism-dependent process concerned with re-
moval of sodium from the cell. In the erythrocyte,
as in other cells, functional activity is considéred
to be coupled with hydrolysis of adenosine triphos-
phate (ATP), which represents stored energy de-
rived from metabolism. The erythrocyte membrane
hydrolyzes ATP, and two components appear to
be involved. One requires magnesium ions, but
not sodium and potassium, and is not inhibited by
certain glycosides that interfere with ion transport.
The other requires all the ions and is inhibited by
the glycosides. This component is considered to be,
involved in the system that removes sodium from
cells. Inhibition of this form of ATPase activity was
found to parallel the inhibition of sodium efflux’
from the cells. The levels of ATP and metabolism
in the cells were not affected by irradiation that
depressed transport and the Al'Pase activity. It
appears, therefore, that the effect of radiation on
ion transport is attributable to action at the cell
membrane.

Fate of H3-Thymidine in the Marmoset

Administration of tritium-labeled thymidine
with subsequent autoradiographic estimation of
the radioactive tritium in cell nuclei is used for
study of deoxyribonucleic acid (DNA) synthesis
and other aspects of the kinetics of cell replication.
The thymidine is a precursor of DNA. It is'gen-
erally assumed that any method of administration
results in “pulse labeling” of DNA, i.e:, the thymi-
dine is available to cells for a.relatively short
period of time. As a preliminary to study of the
kinetics of cell formation in the oral mucosa of the
marmoset, tests were made for labeled thymidine
in blood plasma following intravenous, intra-
peritoneal, and intramuscular administration of
the precursor. With intravenous injection the thy-
midine in plasma was maintained briefly at a high
level, which fulfilled the conditions for pulse label-
ing. With the other methods of admiuistration the
precursor was present in plasma at lower levels for
relatively long periods of time, >1 hr with intra-
muscular injection. Thus, these methods are not
suitable for pulse labeling. About 1% of the ad-
ministered thymidine was estimated to be incor-
porated into DNA; the remainder was degraded.
It has been assumed that the major fraction of the
tritium-labeled degradation products is repre-
sented by water and that the nonvolatile labeled

material in plasma represents thymidine. How-
ever, the proportion of thymidine in the non-
volatile material was found to decrease rapidly
with time after administration.

DNA Synthesis in Cells
of the Mouse Mammary Gland

By appropriate administration of the DNA
precursor thymidine labeled with radioactive hy-
drogen or carbon and subsequent estimation of the
radioactive elements in cell nuclei by autoradiog-
raphy, the kinetics of DNA synthesis and cell pro-
liferation may be studied. This procedure has been
used in examining the effect of ovarian hormones
on DNA synthesis in the mouse mammary gland.
I controls the duration of synthesis in alveolar
cells varied from 15 to 28 hr. In ovariectomized
animals treated with 17-8-estradiol and proges-
teronc the time of synthesis was shorter and less
variable, 10 to 12 hr. Markedly different amounts
of the administered hormones shortened the period
of synthesis to the same extent. Other cell types in
the gland were affected by hormone administra-
tion in the same way as the alveolar cells. The dif-
ferences in duration and variability of the syn-
thetic time between the controls and experimental
animals presumably reflect cyclic and limited hor-
mone levels provided by ovarian secretion in the
controls and the relatively high and constant levels
in the other animals. I cach typc of ccll the dura-
tion of synthesis appears to have a characteristic
minimum value under hormone treatment. Con-
ceivably, the hormones may affect the rate of
nucleic acid synthesis or may synchronize chromo-
some duplication. It has been proposed that in
general the duration of DNA synthesxs does not
depend upon the rate of cell proliferation. How-
ever, in the mammary gland at least it appears
that the synthesis varies with proliferation.

Action of Insulin on Liver

Glucose-C' infusion experiments in which
biopsy samples of liver tissue were collected and
analyzed for glycogen content and for the amount
of C'* contained in liver glycogen have allowed
further clarification of the effect of insulin on glu-
cose production hy the liver and glucose utiliza-
tion by the tissues. In the period from 18 to 23 hr
after the last meal the dog has a steadily diminish-
ing liver glycogen content. The uptake of blood
glucose-C* by liver at this time is quite small, and
the incorporation of blood glucose-C'* into liver



glycogen is practically nil. However, when insulin
. isgivenintravenously, accompanied by just enough
glucose to prevent the usual fall in blood glucose
concentration, several effects on liver are seen. In
the first hour of insulin infusion the steady decline
_in liver glycogen content is interrupted; however,
during this time there is little increase in the
amount of blood glucose-C'* incorporated into
glycogen. Continued infusion of insulin beyond
this time results in an increase in the.incorporation
of blood glucose-C'* into glycogen which in the
third and fourth hours of insulin infusion becomes
very large. Little or no further change in total liver
glycogen content accompanies this incorporation
of blood glucose-C** into glycogen. At all periods
the insulin infusion increases the uptake of glucose
from. the blood by the rest of the body (other than
liver). The uptake of glucose by the liver itself, for
glycogen synthesis, which is seen in the third and
fourth hours of insulin infusion may represent as
much as %th of the total blood glucose uptake of the
whole body; prior to insulin and during the early
period of insulin infusion, blood glucose uptake by
the liver is quite small. The effects of insulin on the
liver are then (1) to inhibit glycogen breakdown and
glucose production, and (2) to enhance glycogen
synthesis from blood glucose. These two effects
appear to have different causal mechanisms.

Differences in the Amino Acid

Composition of Antibodies

Previous investigations have indicated no differ-
ences in the structure of antibodies which would
account for their specificity, that is, their ability to
react only with homologous antigen. However, by
the use of improved analytical procedures, signifi-
cant differences were detected in the amino acid
composition of certain rabbit antibodies. The
antibody directed against a negatively charged
haptenic group had the higher arginine and iso-
leucine content, while the antibody directed against
a positively charged hapten had the higher aspartic
acid and leucine content. The levels of the other
amino acids were strikingly similar. The purity of the
preparations, established with radioactive reagents,

showed that negligible contamination occurred dur- -

ing the isolation of the antibodies and that the ac-
tivities of the final products were practically 100%.

These results suggest that antibody synthesis is
under genetic control and-that the observed differ-
ences represent changes in the amino acid residues
at or near the active site. However, proof of this
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interpretation depends on the demonstration that
the differences do not merely represent pools of
different gamma globulin molecules in which the
antibody activities are segregated. This possibility
was minimized by isolating both antibodies from
individual rabbits which were homozygous with
respect to their globulin production and finding
the same differences in amino acid composition.
Further evidence for the interpretation was re-
cently obtained from the amino acid analyses of
a third rabbit antibody directed against an un-
charged haptenic group. This antibody differed
from the others in tyrosine, aspartic acid, and
serine content, which again demonstrates a unique
amino acid composition for an antibody.

GENETICS

Relative Biological Efficiency of lonizing Radiations

Studies comparing the relative biological effi-
ciency (RBE) of different types of ionizing radia-

Table 1

Comparison of the Amino Acid Compositions
of Three Rabbit Antibodies

Antibody directed against

Positively ~ Negatively

Amino acid charged charged Uncharged

residue hapten hapten . hapten

Moles residue/mole antibody

Lysine 69.4 69.6 70.8
Histidine 16.6 ’ 16.5 16.9
Arginine 42.5 44.6 44.6
Aspartic acid 110 106 112
Threonine 162 162 163
Serine 149 150 . 143
Glutanic acid 123 122 121
Proline 110 110 110
Glycine . 110 109 109
Alanine 81.4 79.8 77.3
Valine - 128 128 129
Methionine 135 - 13.8 13.6
Isoleucine 46.4 48.8 48.3
Leucine 91 89 : 89
Tyrosine 56.2 56.2 50.9
Phenylalanine 449 44.3 445

The boldface amino acid contents for a given antibody
differ significantly from the corresponding contents for
the others. The differences are considered the basis for
antibody specificity.

’

Y
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tion were carried out by using the ¥g,/y¢, geno-
type in maize. Seeds of this genetic stock were ir-
radiated. When loss of the 7g, allele occurs be-
cause of chromosome breakage, a yellowish ( yg,)
streak appears in the seedling leaves. The fre-
quency of such streaks was used as a quantitative
measure of radiation damage. The effectiveness in
breaking chromosomes with monoenergetic fast
neutrons (0.43, 0.63, 1.0, 1.5, and 1.8-MeV) was
compared with that of 250-kVp x rays. RBE
values, calculated from the relative slopes of linear
regression lines for neutrons and x rays, averaged
78 in one experiment and 68 in another. Neutrons
of 0.43 MeV were the most efficient of the neutron
energies tested. The average yg, “mutation” rate
per krad for x rays was calculated to be 10.2 104,
and that for neutrons (1.0 and 1.5-MeV), 576 10,
The amount of energy absorbed in the chromo-
some arm, on which ¥, is located, to inducea
break was estimated to be 0.22 X 10~ ergs of x rays
" and 0.39%10-° ergs of fast neutrons.

Maize seeds of the same Yg,/yg, genotype were
also irradiated with ==8-BeV 7~ mesons and =7-
BeV muons from the Alternating Gradient Syn-
chrotron at Brookhaven. Compared to 250-kVp
x rays, the RBE for 7~ mesons was found to be

" =~3.2, and that for muons, =0.8.

-Studies are now being directed toward deter-
mining the energies absorbed by the nucleus,
chromosome, and chromosome arm in order to
cause chromosome breakage, growth inhibition,
and lethality with radiations of different linear
energy transfér.

The Genetics Map in Salmonella

The genetic linkage map of Salmonella typhi-
murium, which has been primarily worked out in
this laboratory, contains >>130 gene loci. A similar
map of Escherichia coli, prepared in other labo-
ratories, contains a similar number of loci. Coru-
parative study of these maps reveals complete
homology between the two genera of bacteria with
regard to the positions and functions of compa-
rable genes on their chromosomes. This observed
high homology is a very unexpected feature, since
in higher organisms chromosomal rearrangements
are observed as the first step in evolutionary dif-
ferentiation. A possible explanation for this phe-
nomenon comes from the information accumulated
during a number of years: In S. typhimurium gene
loci are not distributed at random along the chro-
mosome, but genes controlling related functions

are often clustered together. Fourteen groups of
phenotypically different. mutants, representing 87
loci, have been analyzed. Of these, 63 (72.4%) oc-
cur in 17 functionally similar clusters which are
scattered throughout the genome. Where there is
a mechanism capable of dispersing the genes of a
cluster, as exists in bacteria, they should, given
sufficient time, become randomly distributed
throughout a genome. If a cluster is to persist,
therefore, the gene arrangement it represents must
give some selective advantage to the organism.
Consequently, chromosomal rearrangements that
would disturb clusters would be detrimental and
selected against.

Transduction experiments with S. ¢yphimurium
X E.coli hybrids show that the Salmonelia phage
P22 is able to transport fragments derived from
either Salmonella or E. coli chromosomes. Integra-
tion of E. ¢coli genetic material into Salmonella chro-
mosomes, however, occurs with a frequency which
is <1% of the frequency of integration ol Sulmonella
material. Evidence indicates that this failure of
integration is due to a lack of homology at the sub-
genic level. Thus the evidence suggests that be-
tween S. typhimurium and E. coli a high degree of
homology exists with respect to gross structure of
the genome, but a low degree with respect to fine
structure. This divergence in homology may origi-
nate through changes within coding triplets that,
because the code is degenerate, do not affect
transcription. '

Genetic Trons_formbiion in Bacteria

The mechanism of entry of transforming DNA
into pneumococcus, the molecular fate -of this
material within recipient cells, and the integration
of its genetic information with that of the cells are
under study. Earlier work revealed that the ini-
tially double-stranded transforming DNA shortly
after entry is present as single strands and frag-
ments, inorganic phosphate, a sugar phosphate,
and 5'-deoxyribonucleotides. This suggests involve-
ment during entry of a deoxyribonuclease which
cleaves the 3’-deoxyribose phosphate linkages in
one strand of the DNA. Therefure the deoxyribo-
nucleases of pneumococcus are being fractionated
and tested to see whether any has the. appropriate
specificity. 'L'he single-stranded DNA arising dur-
ing entry of the transforring material presumably
bears the genetic information. Integration of this
information with that of the recipient cell is being
considered in terms of a genetic analysis of some
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66 different mutations at the amylomaltose locus.
For this purpose experimental procedures were
established for suitably reproducible measurement
of the frequency of integration of marker from
wild-type DNA and frequency of recombination
between mutants to give the wild type. Results to
date indicate that the frequency of transformation
of a single-site mutant by wild-type DNA is char-
acteristic of the mutation and can vary 20-fold;
the frequency of recombination between two mu-
tant sites increases with the distance between the
sites determined by means of overlapping “‘dele-
tions”; and the frequency of recombination de-
pends upon the frequency of integration of wild-
type marker corresponding to a recipient mutation
but not upon the frequency of integration of donor
mutation. These findings, although preliminary,
provide a first step toward formulation of a model
for genetic recombination in transformation.

Cooperative Radiation Mutation Program

The facilities at Brookhaven National Labo-
ratory are used to irradiate seeds, cultures, and
whole plants in attempts to induce beneficial
mutations. Plant breeders and cytogeneticists pro-
vide the plants and seeds and are responsible for

5 L. A L L B L = 58
50,000 \\ ds0
E I
20,000}~ - 20
10,000 —10
= - (1
i F . =1
5000 3711£434 keV \QLETHA/L Erree 18 =
C 2330+ 371 keV = =
2000 - SEVERE GROWTH - 202
I INHIBITION XN a2
1000 E1570 % 206 kev qlou
SO0 SLIGHT GROWTH Jo.25
= INHIBITION 4
200F Jo.2
Ioor— U 8 1 O o A I O O 10 O 0.1
ol 02 05 | 2 5 10 20 50 100200 500

INTERPHASE CHROMOSOME VOLUME, pu3

Figure 1. Chromosomes and radiosensitivity in plants.
The relationship pictured derives from study of a series of
herbaceous plants. For each effect of radiation the dose,
expressed as kR, is linearly related to the average volume
occupied per interphase chromosome. Thus, the radio-
sensitivity of each plant in the series is determined by its
average chromosome volume. This volume in turn deter-
wines the energy absorbed per chromosome. As indicated,
roughly the same energy absorption per chromosome pro-
duces the same degree of effect in all the plants. The
energy absorption per chromosome required for a given
effect in woody plants is =2 that in herbaceous plants.
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culturing the irradiated material and screening for
mutations.

I. Forbes Jr., of the Georgia Coastal Plain Ex-
periment Station, Tifton, Ga., reports that the
relative effectiveness of thermal neutrons and x
rays in producing mutations varies according to
the genetic locus or change considered. He studied
the frequency in Blanco blue lupine of the muta-
tions, big cotyledon, brilliant yellow, white plu-
mule, and yellow-green. For production of big
cotyledon and yellow-green, x rays and thermal
neutrons were equally effective. However, neu-
trons were 3 times as effective as x rays in pro-
ducing brilliant yellow and 6 times as effective
in the case of white plumule.

G.W. Burton and D.K. Ourecky, also of the
Georgia Coastal Plain Experiment Station, sug-
gest that thermal neutrons and ethylmethane
sulfonate are not always effective in achieving
variability in Pennisetum glaucum. For 1 of the 6
characteristics studied, plant height, they state,
“On the average, 30 minutes of thermal neutrons
and 0.2% solution of ethylmethane sulfonate did
not significantly reduce plant height. The heavier
dosages did significantly reduce plant height and
the greatest reduction was observed in plants from
seeds treated with thermal neutrons for 90 min-
utes. This treatment reduced plant height about
7 inches, on the average. Itis interesting that inbred
34 was not reduced in height by any thermal neu-
tron treatment but was significantly reduced with
ethylmethane sulfonate treatments. On the other
hand, inbreds 13, 27 and 239 were reduced in height
by thermal neutron treatment but were not affected
by cthylmethane sulfonate treatments.”

A.L. Anderson of Michigan State University
reports the release of a new bean variety called
Gratiot which displays greater disease resistance
than the previously released Sanilac and Seaway
varieties. R.P. Pfiefer and R.D. Schein of Pennsyl-
vania State University Agricultural Experiment
Station report a new barley variety, Pennrad,
which has the characteristic of better winter hardi-
ness. This mutation was produced by thermal
neutron treatment.

CELL PHYSIOLOGY

Radiosensitivity in Plants

It is clear that the responses of plants and other
living systems to ionizing radiations are mainly
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expressions of injury produced in chromosomes.
A continuing study of radiation effects in plants
has led to the theory that the radiosensitivity of a
chromosome is directly proportional to its volume.
This theory is sufficient to account for a number
of phenomena: the difference between the sensitiv-
ities of individual members of a complement of
chromosomes within a cell, the difference between
the sensitivities of the same cell at various stages
of its life cycle, and the difference between the
sensitivities of plant species. In each instance the
difference can be related to differences in chromo-
some volume. The sensitivity of a complement of
chromosomes and thus of the cell and hence ulti-
mately of the whole plant is some average of the
sensitivities of individual chromosomes and is

directly related to some average of the volumes of
all chromosomes of a complement. In comparisons
between plants, slight or severe growth inhibition
or lethality serves to describe the sensitivity of the
chromosome complement. Although the particular
average of the volumes of the chromosomes that
determines the sensitivity of the chromosome com-
plement is not readily defined, it practically equals
the directly determined average volume per chro-
mosome, which in turn closely approximates the
nuclear volume divided by the chromosome num-
ber. The interphase nuclear volume is readily
determined in the apical shoot meristem.

Using the measures of sensitivity and approxi-
mation of average volume per chromosome indi-
cated, further work was carried out on the effects

Figure 2. Intcrphase nuclei in apical meristems. Radiosensitivity in plants is a function of the average vol-
ume occupied per chromosome. T'his volume may be estimated from the volume of the nucleus at interphase
divided by the number ot chromosomes. The photographs of apical meristem cells of four plants illustrate
the differences between plants in size of the nucleus. Interphase nuclei are outlined. The plants and respec-
tive chromosome numbers are (@) Sedum, 128; (b) Luzula, 6; (c) Tradescantia, 12; (d) Chrysanthemum, 198.

¥



of acute and chronic x or gamma radiation on ad-
ditional species of woody and herbaceous plants.
For all end points of sensitivity used, with both
kinds of exposure, both kinds of plants showed
sensitivity directly proportional to average in-
terphase chromosome volume. However, woody
species exposed to acute irradiation were about
twice as sensitive as herbaceous species having
comparable interphase chromosome volumes.
With chronic irradiation the woody plants toler-
ated ~%th the daily exposure tolerated by the
others. It is of interest that many gymnosperms
and some angiosperms are killed by acute expo-
sures between =600 and 1200 R, a range known
to be lethal to many mammalian species. The
reasons for the difference between the sensitiv-
ities of woody and herbaceous plants are not yet
clear.

The role of chromosome volume in determining
radiosensitivity becomes more understandable
when energy absorption is considered. The larger
the volume, the greater the amount of energy ab-
sorbed and damage effected during exposure to a
given amount of radiation expressed in the usual
roentgens or rads. However, when the exposure is
calculated as average energy absorbed per chro-
mosome it appears that in all herbaceous species
(3.7£0.4) X 10° eV produces a lethal effect,
(2.32£0.4) X 10° eV produces severe growth in-
hibition, and (1.1==0.2) X 10° results in slight in-
hibition. For all woody species tested the corre-
sponding values are =% those given. It appears,
therefore, that the genetic damage produced per
unit of energy absorbed within the chromosomes
is about the same for all chromosomes in all species
within each of the two groups studied.

The Ultrastructure and Pigments
of the Photomotor System of Euglena

Although Euglena has been a favored object for
studies of phototaxis during the past century, rel-
atively little is definitely known about the cellular
basis of this phenomenon. Over the years the con-
cept has developed that orientation to light is
mediated by the shading effect of the eye spot
upon the “real” photoreceptor which is located in
the swelling of the flagellum, the paratlagellar
body. This concept is based on inference from the
behavior of strains of Euglena that appear to lack
one or the other of these structures. Direct evidence
that the so-called photoreceptor is pigmented or
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even an accurate absorption spectrum of the eye
spot has been lacking.

Attempts to obtain highly purified eye-spot
preparations have now proved successful. The rel-
ative freedom from contamination from other
components has been assessed spectrophotomet-
rically and by electron microscopy. The absorption
spectrum of these granules matches the published
action spectra for positive phototaxis exceptionally
well. These observations suggest that the eye spot
has a more direct role in phototaxis than is cur-
rently believed. The eye-spot pigments have been
fractionated and identified.

The fine structure of the motor system has been
studied in some detail. Two points are particularly
worthy of note with regard to the problem of photo-
taxis. The eye spot is intimately associated with
structural components of the motor system, spe-
cifically some of the fibers that pass from the
blepharoplast of the emergent flagellum up along
the reservoir and become associated with the pel-
licle. In addition, the so-called photoreceptor is
only the lenticular portion of an intraflagellar
complex which extends far out into the emergent
flagellum. These observations indicate that the
photomotor system of Euglena is more complex
than has been assumed and may provide the basis
for an explanation of the direct effect of light ab-
sorption by the eye spot in determining the flagel-
lar activity or the form of this activity in Euglena,
or both.

Photoperiodism and Development in Plants

Many plant processes are controlled by low en-
ergies of red (=660-mp) and far-red (=730-mp)
light acting through the chromoprotein photo-
receptor phytochrome. Low-noise spectrophoto-
metric methods are being used to assay phyto-
chrome, both iz vivo and in extracts, in connection
with various experimental systems in which phys-
iological processes can be studied concurrently. In
the growth of excised stem segments of etiolated
Pisum plants, there is a striking disagreement be-
tween the state of phytochrome assayed spectro-
photometrically and that indicated by physiolog-
ical responses. Attempts to relate phytochrome
transformations to anatomical, developmental,
and photoperiodic characteristics of many other
materials are also in progress. Methods of obtain-
ing stable phytochrome in cell-free systems are
being developed and directed towards reproducing
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Figure 3. An experiment relating elongation in etiolated
Pisum stem segments to the initial photostationary state
(PSS) of phytochrome, that is, the percentage of the pig-
ment in the far-red-absorbing form. Segments were ini-
tially 4.5 mm long. Growth was for 20 hr in darkness after
the initial light exposure. Each point is the mean of 10
segments. The apparently simple relationship here illus-
trated is profoundly modified under other conditions.

in such systems the phytochrome transformations
so far observed only in vivo. Finally, the role of
endogenous circadian rhythms in the flowering of
Lemna perpusilla is under detailed study in an at-
tempt to understand the relationship of phyto-
chrome, as the photoreceptor, to the basic timing
mechanism in photoperiodism.

Morphogenesis in Plants

New cells, tissues, and organs of plants develop
from meristematic tissues. If these meristematic
cells are in any way changed by chemical and
physical means, the whole course of plant develop-
ment is also affected. 'T'he excised shoot apex of the
fern Osmunda claytoniana L. grown under controlled
conditions of sterile nutrient culture and irradiated
with a 25-u deuteron microbeam at a threshold
dose of 127,000 rads was examined at 2 levels of
organization. At the macromorphogenetic level
the irradiated apex exhibited no change in leaf
development, no interfoliar growth centers, and no
disturbance in phyllotactic patterns. At the tissue
level of organization the following were observed:
development of a radiogenic lesion in the path of
the microbeam within three weeks postirradiation;
confinement of the radiogenic lesion to within the
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Figure 4. An experiment indicating the participation of
an endogenous circadian rhythm in the photoperiodic re-
sponsc of Lemna perpusilla grown in axenic culture with
minerals, sucrose, and ethylenediaminetetraacetic acid.
Percentage of flowering (FL %) is plotted as a function of
the length of a dark period preceding exposure of all cul-
tures to 7 repetitions of the schedule: % hr of light and 13
hr of darkness; % hr of light and 10% hr of darkness.

promeristem apical initial cells and a few of the
cells of the pith mother cell zone; a wound response
to the microbeam that develops peripherally to
the radiogenic lesion; development of a new, iso-
lated, and organized growth center from normal
promeristem cells adjacent to the area of the wound
response; and production of incipient vascular
tissue together with a new pith mother cell zone in
association with the new center of growth.

At astill lower level of organization and activity,
i.e., DNA synthesis, it was found that 127 krads
from the 25-p deuteron microbeam reduced DNA
synthesis in the prismatic layer and subjacent re-
gions of the cultured meristem complex (=500
X 10° u? of tissue) by 50 to 80% immediately after
treatment. Studies of DNA synthesis recovery are
under way to help gain a better understanding of
the events observed at histological and macro-
morphogenetic structural levels.

Mechanism of Protein Synthesis

Ribosomes are considered of central importance
in the manufacture of all proteins. Ribosomes from
the bacterium Escherichia coli can be reversibly dis-
sociated into two ribonucleoprotein subunits, a
30 S and a 50 S subunit with molecular weights of
=~0.7Xx10° and 1.8 10° respectively. Protein
synthesis requires the presence of both the 30 and
50 S subunits and attachment to the ribosome of
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messenger ribonucleic acid (RNA), the template
of protein synthesis. Earlier suggestion that mes-
senger RNA binds exclusively to the 30 S ribo-
somal subunit was strongly supported by studies
of binding between ribosomes and synthetic poly-
ribonucleotides. In particular, polyribouridylic
acid (poly U), the synthetic messenger RNA for
polyphenylalanine synthesis, was found to bind
strongly to either the 70 S ribosome or its 30 S sub-
unit, but little or not at all to the 50 S subunit.
Optimum interaction between ribosomes and poly
U occurs in 5 mA Mg** with the formation of
complexes containing one poly U molecule and
one or more ribosomes. The lower the ratio of poly
U to ribosomes the larger the average aggregate
size; these aggregates are called polysomes.

It seems likely that the ribosomal site to which
the messenger RINA attaches is well defined with

180

MESSENGER RNA

»o

Figure 5. A model for the role of the ribosome in protein
synthesis. Messenger RN A and adapter RNA are believed
to interact at the surface of the 70 S ribosome. Their coding
units are indicated by the short straight projections from
the main chain. Messenger RNA is a single polynucleo-
tide chain; adapter RNA is probably a double helix with
irregular base-pairing except for the exposed coding units.
The growing tip of the protein is attached to an adapter
RINA, which in turn is bound to a specific site on the mes-
senger RNA template. An amino acid-adapter RNA
complex is adsorbed at an adjacent specific site on the
messenger RN A template, which results in the addition
of an amino acid to the growing protein. Peptide bond
formation is believed to be mediated by an enzyme called
protein synthetase. ‘I'he ribosome provides a stabilizing
surface for maintaining messenger RNA in an active con-
figuration and adapter molecules in proper register. Be-
cause of its great length (450 nucleotides or more), only
part of the messenger RNA molecule, including the re-
acting portion, can be attached to the ribosome surface at
one time.
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respect to location and size. To determine these
properties in E. coli ribosomes, binding with the
synthetic messenger poly U is being studied. Poly
U is employed because it has a strong affinity for
ribosomes, lacks secondary structure, is readily
degraded by pancreatic RNase, and has a chain
length that may be accurately determined.

It has been found that treatment of the complex
of poly U and the 70 S ribosome or its 30 S sub-
unit with pancreatic RNase results in degradation
of most of the poly U except for an oligonucleo-
tide firmly attached to the ribosome. Since free
poly U would be degraded under the conditions
used, the residual oligonucleotide must be pro-
tected by virtue of interaction with the ribosome.
The homogeneity of the fragment is impressive
and suggests that the binding site of the ribosome
is at least large enough to accommodate a poly U
molecule with =27 residues. Such a polynucleotide
would have an estimated chain length of 184 A,
with 6.8 A used as the translation per monomer
unit. The chain is highly flexible, and many dif-
ferent configurations are possible, but certain ar-
guments favor the concept that the active part of
the template adopts the extended configuration
during protein synthesis. The 30 S subunit is ap-
proximately disk-shaped with a thickness of =70
A and a length of 160 to 180 A. Thus the length of
a fully extended poly U molecule of 27 residues 1s
commensurate with the long dimension of the 30 S
subunit to which it specifically binds. It may be
imagined that a segment of template poly U of
about this size is bound to the 30 S subunit and
that the template as a whole moves along the sub-
unit as it participates in protein or polypeptide
synthesis.

Poly U combines with ribosomes to form poly-
somes rapidly and without prior incubation, un-
like some synthetic and naturally occurring mes-
sengers such as the RNA of tobacco mosaic virus
or T, messenger RNA, which require incubation
before forming polysomes. In some cases this dif-
ference probably reflects the secondary structure
of the messenger RNA, since prior treatment with
CH,O, which destroys H-bonded secondary struc-
ture, augments spontaneous polysome formation.
Polyriboadenylic acid (poly A) binds poorly, even
after CH,O treatment. The poor binding ot poly
A to the ribosome may be caused by the relatively
high energy state of its extended chain configura-
tion. In support of this, the high hypochromicity

shown by single-chain poly A is consistent with a
stable folded structure in which adjacent adenine
bases are in close contact.

BIOCHEMISTRY

Protein Structure

The digestive enzymes that originate in the
pancreas have long been the objects of extensive
kinetic and specificity studies. They are therefore
ideal for the investigation of protein structure-
function relationships. Two prevalent enzymes in
this group have not hitherto been subjected to
structural investigation: bovine chymotrypsin B
and rarhovypeptidase B, which arise by tryptic
activation of the zymogens chymotrypsinogen B
and procarhoxypeptidase R in the intestine, Re-
search with these protcins has been hampered by
the notable ease with which the zymogens are
activated and denatured during conventional iso-
lation procedures that start with intact tissue. A
preferable source of the zymogens is lyophilized
pancreatic juice, from which gram quantities may
be obtained by simple chromatographic methods
developed here during the past few years.

The nature of the progress madc in this research
may be illustrated by the preliminary results ob-
tained with chymotrypsinogen B. This protein is
in many respects similar to the well-known zymo-
gen chymotrypsinogen A: activation to the re-
spective chymotrypsins appcars to proceed by
identical processes, and the specificities of the en-
zymes formed are very similar. However, there are
obvious differences in amino acid composition.
For structural study the single peptide chain of
chymotrypsinogen B has been reduced with mer-
captoethanol in denaturing solvents to break the
five disultide bonds. 'I'he thiol groups in the re-
duced protein have been masked by reaction with
ethylene imine. The reaction is highly specific,
and the S-fB-aminoethylcysteine residues generated
are potential sites for proteolysis with trypsin.
When reduced aminoethylated chymotrypsinogen
B is subjected to tryptic hydrolysis, a mixture of
relatively small, soluble peptides is produced. The
yields in which the peptides are formed are favor-
able. Since the residues found in these peptides
account for all the amino acids in the parent pro-
tein, the tryptic fragments represent a logical ac-
cess to the amino acid sequence of bovine chymo-
trypsinogen B.



Determination of Macromolecular
Structures by X-Ray Diffraction

The detailed 3-dimensional spatial configura-
tions of proteins and nucleic acids underlie their
unparalleled capacities for highly specific catalysis,
replication, information transfer, energy conver-
sion, etc. Facilities have nearly been completed for
determining such structures by single-crystal x-ray
diffraction. An automatic x-ray diffractometer has
- been specified, constructed, and delivered; it is

controlled by computer-generated tapes and op-
erates continuously, unattended, to produce data
tapes suitable for computer processing. When
equipped with a detector system to measure three
reflections simultaneously, designed and con-
structed here, the diffractometer will be one of the
most reliable, rapid, yet economical single-crystal
data collection systems extant. A computer pro-
gram package for diffractometer control, error
detection, and data processing has been written
and tested. A high-intensity, rotating-anode x-ray
generator has been specified and is under con-
struction; it will make possible more rapid data
collection and much better intensity statistics than
are feasible with the usual x-ray sources. Mean-
while, a conventional single-crystal diffraction
installation and a chemical laboratory have been
put into operation. A new type of x-ray ‘safety
shutter has been designed and is in use; it reduces
the possibilities of accidental personnel exposure
drastically below those inherent in previous de-
signs. In preparation for the isomorphous replace-
ment technique used in determining large struc-
tures, some 30 compounds of uranium and thorium
have been synthesized.

Exploratory studies are in progress of two en-
zymes already under biochemical investigation
here, a-chymotrypsin and carboxypeptidase B;

" the combination of functional and structural
studies should prove especially powerful in eluci-
dating the stereochemical mechanisms involved.
Carboxypeptidase B is a good choice for the ad-
ditional reason that the structure of the similar A
form is being determined elsewhere; a comparison
of the two structures in light of their largely com-
plementary specificities should be rewarding.
Interest in a-chymotrypsin stems both from the
extensive knowledge of its biochemical behavior
and from the availability of structurally modified
forms prepared here which are technically useful
for diffraction studies.
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Hemoglobin Synthesis

Study is being made of the effects on the syn-
thesis of hemoglobin components of substances
that are required for or adversely affect hemo-
poiesis. A number of vitamins and minerals are
among the required substances; lead, certain
drugs, and radiation depress hemopoiesis. In var-
ious kinds of animals a deficiency of iron, a re-
quired material, is known to depress erythrocyte
formation and give rise to cells with a lower level
of hemoglobin and higher level of nonheme or free
protoporphyrin than normal. These altered levels
are considered to be due simply to lack of iron in
the cell. Tests in the iron-deficient duck indicated,
as expected, that the erythrocytes contained a high
level of free protoporphyrin. Also, the cells in vitro
produced less heme and globin and more free por-
phyrin than normal cells. Addition of iron in-
creased heme but not globin formation and pre-
vented free porphyrin accumulation, but did not
lower the preformed level of porphyrin. The find-
ings suggest that the depressed globin formation
and excessive porphyrin content of the the eryth-
rocytes represent irreversible defects in the cell
arising as a consequence of iron deficiency.

Pancreatic Enzymes

To gain detailed information about the protein
composition of the bovine pancreatic secretion on
a day-to-day basis, daily collections of juice ob-
tained from a Holstein cow during an 8-week
period were assayed for hydrolytic enzymes and
zymogens (enzyme precursors). The enzymes and
precursors studied accounted for >85% of the
total protein in the juice. The zymogens of trypsin,
chymotrypsin A, chymotrypsin B, carboxypepti-
dase A, and carboxypeptidase B were found to con-
stitute practically constant fractions of the total
protein. Occasional variations were attributable
to spontaneous conversion of the zymogens to
active enzymes and their subsequent autolysis.
The proportions of deoxyribonuclease and amyl-
ase were somewhat variable. These findings indi-
cate relatively constant quantitative relationships
between proteins in the pancreatic secretion.

A low molecular weight material that inhibits
trypsin was found in bovine pancreatic juice. The
relationship of this material (which has been par-
tially purified by gel filtration on G-75 Sephadex)
to other trypsin inhibitors is not yet clear. With
enzyme activity as a basis, the inhibitor is present
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in the juice at a concentration equivalent to =1%
of the trypsinogen concentration. Studies leading
to the chemical identification of the inhibitor and
to the determination of its distribution within the
cell are currently under way.

Techniques have been developed for the isolation
of zymogen granules from porcine pancreas. This
will allow comparison of the proteins in granules
and juice. The porcine system, because it is high

in amylase, may be used to determine to what'

extent, if any, newly synthesized protein can by-
pass the storage stage at the level of the zymogen
granules.

The quantitative relationship between the
zymogens of trypsin and chymotrypsin A and B
in fraction of pancreas obtained from tissue ho-
mogenates by differential centrifugation was ex-
amined and found to be constant. This is inter-
preted to indicate that there is no selective segre-
gation of these zymogens within the pancreas.

Role of Serine in Enzyme Action

About 18 years ago it was discovered that the
nerve gas diisopropyl fluorophosphate inhibits
acetylcholinesterase, an enzyme involved in nerv-
ous function, and that the inhibition is attribut-
able to phosphorylation of a serine residue in the
enzyme. Analogous findings were then obtained
with other enzymes. This appeared to identify a
serine residue at the active site in all the enzymes.
As time progressed, however, the presence of a
serine residue at the active site and its role in en-
zyme reaction became ambiguous. First, the res-
idue has no obvious catalytic properties. Second,
kinetic anomalies appeared which could be ex-
plained in some cases by assuming the serine was
a bypass of no direct consequence to the enzyme
catalysis. Third, blocking of enzyme action by
phosphorylation of serine could be explained by
assuming that the added bulky group on the serine
residue preverited access of substrate to the true
catalytic residue, possibly histidine. Because of the
importance of serine in a large number of enzymes
of different activities and because it is one of the
few residues whose identity with the active site
seems most clear, a resolution of the dilemma was
undertaken.

A single tosyl group was covalently bonded to
the serine of the active site of chymotrypsin. Treat-
ment of this tosyl chymotrypsin with base at 0°
resulted in elimination of the tosyl group and pro-

duction of a dehydroalanine residue in the place
of the original serine. By use of radioactively
labeled materials it was determined that the tosyl
group was completely removed. In addition, assay
indicated that one mole of dehydroalanine was
produced for each mole of tosyl group eliminated.
Since the dehydroalanine residue is smaller than
the original serine, the steric access argument
would be eliminated. If the hydroxyl group of
serine plays an essential catalytic role, its elimina-
tion should result in an inert protein. If the hy-
droxyl group merely competes with normal sub-
strates of the enzyme-catalyzed reaction, the pro-
tein should be equally as active as the native en-
zyme or more so. The dehydroalanine-containing
protein was found to be inert. This demonstrates
that serine plays an essential role in the catalytic
action of chymotrypsin and other enzymes and is
not simply a competitor of normal substrate.
Models of the enzymes will therefore have to take
into account the presence of serine at the active

* site and explain its unusual role in catalysis of a

wide variety of reactions.

BIOPHYSICS

Bacteriochlorophyll-Protein Complex
of Green Photosynthetic Bacteria

The water-soluble bacteriochlorophyll-protein
complex characteristic of green photosynthetic
bacteria has been obtained in a highly purified
form from-Chloropseudomonas ethylicum. Absorbancy
indices at 415 mpu were determined on the bases of
nitrogen content and bacteriochlorophyll a con-
tent. From these indices the chlorophyll-to-nitrogen
ratio was calculated to be 8.2 10™* mole/g. Pre-
liminary amino acid analyses indicated that the
protein moeity is 17.2% nitrogen. Thus the chloro-
phyll-to-protein ratio is 1.5 10-* mole/g.

. M(1—Vd,)

N= ——_, y {Chl]

where M is the molecular weight of the complex,
V the specific volume, d, the solvent density,  the
solution density, and [Chl] the chlorophyll con-
centration. From sedimentation equilibrium stud-
ies in the ultracentrifuge, M(1 — Vd,) was found to
be 3.50 10* g/mole. From measurements of d and
d,, the ratio of N to M(1 — Vd,) was found to be
5.3 107* mole/g. Based on these data the value of
N is estimated to be between 18 and 20.



" From the chlorophyll-to-protein ratio and N, -

the molecular weight of the protein moiety in the
complex is 1.2X10°. The combined weight of
chlorophyll and protein is 1.4 X 10°. Tests for the
presence of lipid and other components in the
complex are currently under way.

An oversimplified spherical model of the photo-
synthetic particle (MW ==1.5 X 10°) in green bac-
teria has a radius of roughly 80 A. In the center of
the particle is a sphere (r=18 A) of bacteriochlo-
rophyll; next is a protein shell extending to 35 A.
The outer layer contains Chlorobium chlorophyll,
carotenoid, lipid, and protein. The bacteriochlo-
rophyll-protein complex isolated from alkaline
extracts corresponds to the 35-A sphere.

In both Cps. ethylicum and Chlorobium thiosul-
Satophilum, the action spectra for light-induced
cytochrome oxidation indicate energy transfer
from Chlorobium chlorophyll to bacteriochlorophyll
with a quantum efficiency of =70%. The quantum
efficiency of the cytaochrome reaction itself was
found to be ==50% in vivo. Further studies of chloro-
phyll-cytochrome interactions iz vitro are planned.

Transport Through Biological Membranes

Studies are continuing of closed circuit systems
composed of two barriers with different perme-
abilities, separating aqueous phases of different
compositions. As already reported, when the
aqucous phases contain ions, an electric current
flows in the closed circuit. It is also easy to dem-
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Figure 6. Absorption spectra of bacteriochlorophyll-
protein solutions. The solid curve is for a samplc kept in
the dark. The dashed curve is for a sample exposed to a

150-W reflector spot lamp for 7 hr. Isubestic points arc at-

308 and 415.0 mp.
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onstrate the presence of other material currents
even when the phases contain only neutral mol-
ecules. Experimentally it is quite difficult to
quantitatively measure these material currents.
For this reason such systems have perhaps not re-
ceived the attention they deserve, despite the fact
that they might well prove to be excellent models
for the adsorption and secretion of neutral mol-
ecules by the kidney, the gut, or other sites in living
animals in which material transfer through two or
more membranes is effected. In the theoretical
analysis of such systems it is useful to introduce
the concept of a chemomotive force which is en-
tirely analogous to that of an electromotive force,
employed when the materials being transferred
are ions. :

Membrane transfer systems in which the energy
required to maintain a stationary state is derived
from an enzymatically catalyzed chemical re-
action are also under study. In such systems it is
found that ions can move through an inert cello-
phane membrane contrary to both their concen-
tration and electrochemical potential gradients
during the approach to a stationafy state. In a
system in which the hydrolysis of urea by urease is
taking place, potassium, sodium, and lithium ions -
accumulate in the enzyme phase, while chlorine
ion appears in higher concentration in the nonen-
zyme phase. The system has little ionic selective
power at the chemical reaction rates and mem-
brane fluxes of the metabolites so far achieved,
being only ==2% for the potassium-sodium pair and
4% for the potassium-lithium pair in favor of potas-
sium’s being higher in concentration than the
other ion in the enzyme phase when the réspective
ions are of equal concentrations in the nonenzyme
phase. Attempts are being made to achieve higher
fluxes, since the theory indicates that the log of
the selectivity should be proportional to the fluxes
of the chemical reactants.

ENVIRONMENTAL BIOLOGY

Metabolism of Plants in the Field

Measurement of the metabolism of plants in the
field is important because it enables immediate
appraisal of function under natural conditions and
extends greatly the possibility for experimental
manipulation of plants. The central problems in-
volved in field measurements of metabolism have
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Figure 7. CO, exchange in white oak in the field. A sys-
tem for monitoring CO, exchange of tree leaves, stems
and branches, and of ground cover, and other pertinent
variables, has been established in a natural forest for
study of radiation effects. The data are for white oak on a
bright day in August 1963. Uptake of CO, by leaves
during the daylight hours and loss during absence of solar
radiation are evident.

been two: First, enclosures needed for the measure-
ments must not alter natural €nvironmental con-
ditions. Second, there is need to monitor a host of
environmental variables, many of which can be
controlled under greenhouse or laboratory condi-
tions. Monitoring of environment is a complex
and technical procedure which produces large
volumes of data which are in themselves difficult
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Figure 8. Automatic sampling and data-recording system
for monitoring metabolism of plants in the field. Airis
supplied at a constant rate to each of the three types of
assimilation chambers shown. The exhaust from these
chambers is sampled, its CO, content is measured and
compared with the COQ, content of the air supplied, and
these measurements, wuh pertinent environmental meas-
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Figure 9. Effect on Pinus rigida (1961 needles) of pro-
longed exposure to gamma rays in the field. Weekly maxi-
mum rates of CO, gain through photosynthesis and loss
through respiration were estimated from data supplied
by an automatic sampling and data-recording system.

to handle. During the past three years ecologists
at Brookhaven, with the assistance of the Instru-
mentation Division, havc built and operated a
system for measuring the metabolism of plantsin
the field and recordmg the data with pertinent
environmental measurements on punched tape.

The data on the tape can be handled automatically
by the computer, which greatly simplifies analyses.



The system was designed around the three 'types
of assimilation chambers: leaf, stem, and ground-
cover chambers. All chambers operate on the
same principle: air is supplied from a central
source where its flow rate is measured. The air
passes over the plant and is exhausted to the at-
mosphere. The CO, content of this exhaust is
measured by infrared absorption. Air and leaf
temperatures within leaf chambers hover within
2°C of that of ambient air. Stem chambers operate
similarly, except that they are opaque. Ground-
cover chambers are relatively large and must be
cooled by a refrigeration unit small enough to'be
taken to the field. Data from these chambers along
with other data on microclimate are fed through
the timed switches to the tape punch and are
handled by the computer thence forward. The
measurements, used with detailed data on the
structure of the forest, allow calculation of rates of
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metabolism of populations and of the entire forest.
The CO, ekxchange of pines under two levels of

" radiation was measured during the winter and

spring of 1961-62, when the radiation source was

first installed. Trees exposed to low rates of irradi-

ation showed the normal depression of photosyn-

thesis during winter and recovery in the spring;

irradiated trees died during the winter, but main-

tained low rates of CO, absorption until imme-

diately prior to the death and dehiscence of the

needles. During the past winter photosynthesis.
was measured at low rates even on days when

leaf and air temperatures within the chambers

were within '1°C of freezing. This type of field
measurement seems to hold much promise in elu-

cidating the function of ecosystems and in clarify-
ing relationships between laboratory cbservations

and behavior in the field.



Medical Research

In developing its research program, the Medical
Department has several responsibilities. It has the
broad responsibility to advance medical knowl-
edge and the more specific responsibility to ad-
vance understanding of the effects of ionizing radi-
ations in man. Some of the investigations are di-
rected toward beneficial applications of these radi-
ations and toward improvement of measures to
prevent or counteract their detrimental effects.
Other investigations are centered on elucidation
of disease states and development of improved
methods of diagnosis and therapy. Investigations
in these two areas complement each other, since
the study of radiation effects contributes to the
understanding of diseases, and vice versa, yet the
pace of progress in both is controlled by the ad-
vances in knowledge of the normal biological
processes of man.

A great influence on these advances is the rapid
development of new techniques for the examina-
tion of structures and mechanisms at the molec-
ular as well as the subcellular and biochemical
levels of organization. Information revealed
through these techniques and with the aid of such
instruments as the electron microscope, dictates
re-examination of medical and biological phe-
nomena at even finer levels of organization. Find-
ings from such investigations present the Depart-
ment with the additional responsibility to exploit
them for clinical applications.

The diversified talents and extensive facilities

uniquely concentrated at Brookhaven provide the
Department with unusual advantages for pursu-
ing its objectives. Its broadly based program in-
corporates the experience and skill not only of
those devoted to research in the field of medicine
but of many from the various disciplines in other
Departments and from collaborating institutions.
The interchange of ideas, information, facilities,
and services is essential for the staff to keep abreast
of the new developments that have medical impli-
cations, and within the framework of the program
opportunities are limited only by the scope of the
vision and interest of the individual investigatar.

Thus, in its role of service to Associated Univer-
sities, Inc., to the Atomic Energy Commission, and
to the medical community, the Department’s pri-
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mary responsibility is the assemblage of talented
scientists-.capable of elucidating biological phe-
nomena at the finest level of organization and ex-
perienced physicians capable of relating these re-
searches to clinical studies.

Specific examples of research under way are
given in the following pages. The report is not
comprehensive, and the reader may obtain addi-
tional information from publications of the De-
partment.,

BIOLOGICAL EFFECTIVENESS OF FAST NEUTRONS

The series of experiments to determine, in vari-
ous tissues of the mouse, the relative biological ef-
fectiveness (RBE) of fast neutrons of relatively dis-
crete energies as compared to x or gamma radia-
tion were continued. The fast neutron irradiation
technique employs a 3-MeV Van de Graaff accel-
erator with a tritium target and permits accurate
determination of effects in tissue of fast neutrons as
a function of their energy level as well as compari-
son with the “standard” x or gamma rays.

Groups of mice were exposed to graded doses of
(1) neutrons of 14 MeV at 1 of 3 dose rates cover-
ing a 2-decade span, or (2) neutrons of 1,80 MeV.
Comparison exposures of other groups employed
Co®® gamma rays. Determinations of spermato-
gonia depletion were made microscopically from
testis sections and revealed an avérage RBE of 2.7 .
for the 14-MeV neutrons and 5,4 for 1.80-MeV
neutrons. The 14-MeV neutron results suggested
a slight dependence upon dose rate. This effect is
appreciable with x or gamma rays, but could not
be demonstrated previously with 0.6-MeV neu-
trons. The RBE values found appear to be related
to the linear energy transfer (LET) associated with
each type of radiation, being least for x and gam-
ma rays, and highﬁsf for 1.80-MeV neutrons.

In further studies of lens opacities caused by
radiations such as fast neutrons, a slit-lamp micro-
scope was employed in conjunction with a me-
chanical mouse restrainer as shown in Figure 1.
Anterior and posterior lens opacitics, found to dil-
fer significantly in appearance and growth, were
scored separately, rather than “lumped” as has
been the usual practice elsewhere.
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Figure 1. Lateral view of the facility employed in examination of the mouse, showing
the approximate position for study of the right eye. The light source, usually posi-
tioned almost parallel and adjacent to the microscope, has been omitted for clarity.

Lens opacification was studied as a function of
time following the exposure of 16-wk-old mice to
low and divided doses of 250-kVp x rays or to neu-
trons at energies of either 0.43 or 1.80 MeV. (The
monoenergetic fast neutron technique, utilizing a
3-MeV Van de Graaff generator in conjunction
with a tritium target, was employed for these stud-
ies in the same manner described in previous
Bulletins for earlier studies of other cell systems in
the mouse.) The data have revealed to date an in-
crease in lens opacification for all 3 radiations with
either time or dose, even for values of the latter as
low as 1 rad of neutrons. An RBE of =10 has
been obtained for lens opacification by neutrons
of either energy tested, when compared to x rays.
Posterior opacities have been found to appear
earlier and progress more rapidly than those lo-
cated at the anterior pole of the lens.

Studies on fine structure alterations during for-
mation of radiation-induced cataracts, using con-
ventional and electron microscopy, are under way.

BIOLOGICAL AND PHYSICAL FACTORS
OF NEUTRON REACTIONS

During the past year, the physical studies were
directed primarily toward the development of a
dosimetric system capable of evaluating the vari-
ous components present in a mixed field of reactor
radiations. By using the results from the physical
dosimetry, the optimal physical conditions can be
chosen for the application of the neutron capture
process to the therapy of neoplasms. The neutron
capture therapy technique involves the localiza-
tion in a tumor of a capture element, such as B'?,
Li% or U?*, which interacts strongly with thermal
neutrons reaching the tumor site. A neutron beam,
of necessity, exposes some intervening and ad-
jacent normal tissue; the absorbed dose to these
normal tissues must be kept at a minimum. The
poor penetration in tissue of a thermal neutron
beam has previously militated against successful
use of the technique. An epithermal beam has
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Figure 2. Neutron flux in tissue-equivalent phantom
head vs distance for various D,O thicknesses.

been developed which gives increased neutron
penetration in tissue, such that the neutron flux
density in the clinically interesting region from 0
to 7 cm is always greater than that at the surface
(Figure 2). This increased penetration is in con-
trast to that of the thermal beam, which falls off
by a factor of =16 in 7 cm.

Threshold detectors and tissue-equivalent cham-
bers have been used to evaluate the dose to a small
amount of tissue from fast neutrons at both the
thermal and epithermal beam ports of the Medi-
cal Research Reactor. Results from the two differ-
ent methods agree to within 15%. Activation foils
and graphite-CO, chambers have been used to
evaluate the neutron flux density and gamma ex-
posure, respectively. Results of the above mea-
surements have shown that (1) the most favorable
conditions for the irradiation of tissue with epi-
thermal neutrons occur with all the D,O moder-
ator in place, and (2) even with the installation of
a cadmium filter in the reactor reflector to pro-
duce an epithermal beam, the gamma contamina-
tion from the reactor is insignificant.

A system of tissue-equivalent chambers with re-
placeable electrodes has been developed to evalu-

ate the absorbed dose from fast neutrons, thermal
neutrons, and gamma rays in any kind of tissue-
equivalent phantom. This information is necessary
to evaluate the biological results of experiments
and to estimate the amount of radiation that can
be delivered before the tolerance of normal tissue
is exceeded. Typical results are shown in Figures
3 and 4, as measured along the axis of a phantom
man at the epithermal beam port. Results of the
above measurements and of measurements made
at the thermal beam port have shown:

1. The amount of gamma contamination origi-
nating from the reactor at both the epithermal
and thermal beam ports is relatively low.

2. The epithermal beam has the capacity to give
a dose to the tumor that is up to 1.6 times the dose
to boron-free tissue, at all depths >1 c¢m in a
phantom head (assuming the selective presence in
tumor of a neutron-capturing isotope at a con-
centration that would give the same effect as 35
ng/g BY).

3. The addition to normal tissue of 1/6 the tu-
mor B'® concentration does not greatly affect the
tumor tissue/normal tissue dose ratio, because the
epithermal beam delivers a minimal thermal neu-
tron flux density in the sensitive region of the sur-
face tissue.

Accompanying biological experiments are sum-
marized below.

Incomplete studies using HeLa cells indicate
that the radiobiological response, in terms of sur-
vival curve shape and dependence on dose rate
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Figure 3. Absorbed dose rate as measured on the long
axis of a phantom man at the epithermal beam port of
the Medical Research Reactor. Long axis of man coin-
cides with beam axis. Reactor power, 5 MW.
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and oxygen tension, is consistent with that ex-
pected from high-LET radiation.

Studies with a variety of naturally occurring tu-
mors in dogs indicate that inorganic boron is vari-
ably partitioned between tumor and normal tissue.
The blood boron concentration usually exceeds
that of tumor or normal tissue stroma; thus nor-
mal vessel endothelium may receive a higher dose
than does tumor tissue.

The “whole-body” dose distribution for vari-
ous geometries of exposure has been determined.
The dose obviously depends on the length of ex-
posure, but is appreciable with exposures consid-
ered to be therapeutic.

Experiments with swine are under way in an ef-
fort to estimate dose-equivalent (loosely, rem-dose)
curves for these beams.

EFFECTS OF HIGH ENERGY PARTICLES
ON MAMMALS

With the cooperation of the staff of the Cosmo-
tron, studies of the effects of protons in the 2.0 to
3.0-BeV range are continuing, and studies with
7~ mesons have been initiated.

Primary effort during the past year has been de-
voted to the development of methods of delivering
completely uniform whole-body proton radiation
to small animals. The construction of special ap-
paratus was completed, and the [.D;, for mice for
2.2-BeV protons, uniformly distributed over the
cross-sectional area of the animal’s body, has been
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determined. Departures from this “flat” field of as
little as 15% have the effect of lowering the lethal
dose by nearly one-half. This effect is thought to
be due to a preferential irradiation of radiosensi-
tive organs and tissues, since the irradiations are
given along the longitudinal body axis. Pending
adequate dosimetric measurements, values for the
RBE of protons in this energy range will be calcu-
lated. Methods are being designed for study of
LET and of the nature and contribution to dose of
the secondary particles resulting from nuclear in-
teractions of the proton beam.

Because of theoretical considerations which
attribute a high depth-to-surface dose ratio to 7~
mesons, an investigation with regard to possible
use of such particles in radiobiology and radiation
therapy is in progress. When a beam of 7~ mesons
is stopped in an absorber, many of the particles
will be captured at the end of their paths by one of
the absorber nuclei, and free energy equivalent to
the meson’s rest mass (=140 MeV) will be set free.
A low-intensity beam from the Cosmotron was
used, and positive and negative particles of low
momentum were studied with a tissue-equivalent
ionization chamber and a counter telescope. The
momenta of the particles were chosen to correspond
to a range of 6 in. in wet tissue. The identifica-
tion of the 7~ mesons among other particles of the
same charge and momentum was done by means
of coincidence-anticoincidence techniques, which
make it possible to measure the effects of interest
even in the presence of a heavy background of un-
desired particles. Absorption curves indicating the
number of particles with increasing penetration
into an approximately tissue-equivalent absorber
as well as range curves of the beam were de-
termined. A multichannel analyzer supplied in-
formation on the amplitude distribution of the
electronic pulses that result from the particles’ en-
ergy losses in plastic scintillation counters. The
change in this distribution with increasing ab-
sorber depth indicates the increase of energy trans-
fer from the particles to the absorber material and
makes it possible to observe the meson capture
events with their particularly high energy release.

EXTRACORPOREAL IRRADIATION
OF THE CIRCULATING BLOOD:
EFFECTS ON LYMPHOCYTES AND RED CELLS

A significant improvement in the technique of
extracorporeal irradiation of the circulating blood
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was the development of improved arterial venous
fistulae. These provided flow rates up to 1500 ml/
min with a transit dose variable of from 25 to 900
rads. In general, the system now provides for an
exchange of 1 blood volume through the irradia-
tion field every 7.5 min. With transit doses of the
order of 50 rads, a significant lymphocytopenia
was attained. Recovery of the peripheral lympho-
cyte takes place over a very prolonged period of
time (40 or more days).

In studies on extracorporeal irradiation com-
bined with thoracic duct drainage, a very rapid
exchange of blood lymphocytes with lymphocytic
tissue lymphocytes has been shown to occur. The
outflow of lymphocytes from the lymph duct pri-
marily retlects feeding of the lymphocytic tissues
by blood lymphocytes, rather than the reverse.

Studies have been initiated to compare the
results of extracorporeal 1rradiation of leukemic

and normal cows. It has been demonstrated that
a lymphocytopenia can be induced in bovine
chronic lymphocytic leukemia; however, the
therapeutic effectiveness of this has not yet been
evaluated.

With improved techniques of autotransplanta-
tion and homotransplantation of skin of cows,
studies of the influence of lymphocyte depletion
upon homotransplantation have been initiated.
Similarly, studies are under way on the influence
of lymphocytopenia produced by extracorporeal
irradiation upon the induction of a primary im-
mune response by tetanus toxoid.

RADIOSENSITIVITY OF ANTIBODY RESPONSES

Mice were immunized with either a single in-
jection of tetanus toxoid only or a single injection
of toxoid complexed with mouse antitoxin (anti-

Figure 5. Extracorporeal irradiation of the blood in the new large animal facility.
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Figure 6. Comparison of primary and secondary tetanus antitoxin responses in
nonirradiated mice elicited either by toxoid (antigen) or by the same amounts
of toxoid complexed with mouse antitoxin. (Ag = antigen; Ab = antibody.)

body to toxoid). The complexes were prepared in
toxoid-antibody ratios of antibody excess, equiva-
lence, and toxoid excess. Primary antibody re-
sponses were detected earlier along with greatly
increased amounts of antibody in mice immunized
with the complexed toxoid as compared with re-
sponses obtained in mice immunized with the
same amounts of antigen only. Enhanced anti-
body responses were also obtained in irradiated
mice (400 rads) when the various complexes were
injected 1 day after irradiation. The greatest de-
gree of enhancement of primary antibody re-
sponses in normal (Figure 6) and irradiated mice
occurred when the complexes were prepared in
ratios of equivalence and antigen- excess. The
demonstration of the enhancement phenomenon
provides conclusive evidence that the antibody
portion of the complex need not be of foreign
origin in order to elicit enhanced antibody forma-
tion. Secondary antibody responses were slightly

depressed when booster injections of the various.

complexes were used to elicit booster responses.
Corresponding depression of secondary responses
was observed in irradiated mice (400 rads) given
booster injections of the various complexes. Com-
plexes of toxoid and mouse antibody are more ef-

ficient in eliciting primary responses, whereas the -

same amount of antigen only is more efficient in
eliciting booster responses. '

Studies on the role of the thymus in the develop-
ment of immunologic competence dealt with the

effect of thymectomy in newborn mice upon the
development of their ability to produce antibody
as adult animals. The thymus was surgically re-
moved from 1 to 8 days after birth. The thymecto-
mized and the nonthymectomized littermate con-
trol animals were given a primary immunization
with tetanus toxoid when 4 wk of age. A booster

" injection of toxoid was given 3 wk later to elicit

secondary antitoxin response. With these time in-
tervals, thymectomized mice showed only slightly
impaired primary antibody response but severely -
repressed secondary response as compared to the
littermate controls. These data indicate that post-
natal thymectomy does not abolish the ability to
respond later to antigenic stimulation at the age
of 4 wk.

IN VIVO MEASUREMENT OF RADIONUCLIDES
IN MAN: KINETIC STUDIES AND
BODY BURDEN MEASUREMENT

The sensitivity and precision of the whole-body
counter permits the measurement of the biological

turnover of various elements in man with low

levels of tracer. The whole-body counter also per-
mits the rapid identification and quantification of
body burdens of gamma emitters in large popula-
tions. A FORTRAN 11 program for the IBM 7094 was
developed for reduction of complex pulse-height
data to quantify the levels of Cs'*", Zn®®, and K*°
in 600 Brookhaven employees. The program (re-
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ferred to as GamsTRIP) performs a nonlinear least-
squares fit of a Gaussian function to the total ab-
sorption peak. The associated Compton contribu-
tion required in the program is computed by in-
terpolation from an experimentally derived matrix
of seven monoenergetic gamma rays in a phantom.

Compartmental models of calcium and stron-
tium metabolism were developed by analogue and
digital (IBM 7094) computer analysis of the Sr®®
and Ca*" data from short-term kinetic tracer stud-
ies. Kinetic studies carried out on patients with
normal skeletal metabolism and patients with
partial parathyroid deficiency were extended to
permit comparisons of the biological turnover fol-
lowing chronic administration of Sr® and Ca*’
with that following acute parenteral administra-
tion. A current chronic feeding study, using Sr®® in
four patients, allows a more complete labeling of
the “stable’ bone compartments with long time
constants. By this means it should be possible to
derive the function describing the rate of bone re-
sorption and long-term exchange from ‘“‘stable”
bone compartments.

A new technique was developed to measure Sr®*

and Ca*’ turnover in a bone compartment by ex-
ternal scanning with a collimated detector. Data
from a study on several patients with this tech-
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nique show differing uptakes in contralateral
homologous bones as a function of the amount of
use of a limb.

The kinetic studies of calcium and strontium
turnover in rats have been continued and supple-
mented by the use of a newly developed neutron
activation technique for the analysis of stable
strontium in plasma and tissues. This analytical
technique has been applied in a study of the effects
of stable calcium and strontium‘feeding on the
turnover of Sr®° in blood and other tissues.

Studies on the in vivo measurement of Thorotrast
have continued with emphasis on the gamma-ray
spectrometric analysis. Because of the complexity
of the decay chain of Th?*?, the interpretation of
the spectral data is carried out with the IBM 7094
computer. The levels of gamma-emitting daugh-
ters of Th?*? (T1*°® and Ac??®) in various organs
were determined by comparison of the Thorotrast

patient’s spectrum with that of a phantom con-

taining a calibrated solution of Th(INO;,), at secu-
lar equilibrium.

STUDIES ON HYDROXYLYSINE AND COLLAGEN

Collagen forms ~~30% of the protein of the
mammalian body and serves to hold together the
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Figure 7. Pancreatic ribonuclease digestion of normal and tumor tissue RNA.



structural form of the organs. Hydroxylysine is an
amino acid that occurs only in collagen and pre-
sumably gives the latter some of its unique prop-
erties. Hydroxylysine has the structure NH, -CH, -
CH(OH)-CH,-CH,-CH(NH,)- COOH. If it is
bound in the collagen molecule by the usual pep-
tide linkage of its carboxyl and adjacent a-amino
group, the hydroxyamino group.NH,:CH,-
CH(OH)shown at the left of the above chain
should be free and capable of entering into chemi-
cal reactions unless it either (1) is made inaccessi-
ble by steric hindrance due to its geometrical place
in the protein molecule, or (2) is made nonreactive
by chemical combination of the NH, or OH
group. Reaction with periodate oxidizes the group
NH, -CH,-CH(OH)‘R to NH,+CH,0+OCH-R.
With free hydroxylysine the reaction is com-
plete in a few minutes. When the periodate reac-
tion is applied to gelatin made from the collagen of
bone, however, only 60% of the hydroxylysine is
found to be destroyed, 40% being completely non-
reactive. To determine whether the nonrcactivity is
due to steric hindrance, the gelatin has been split
into small peptides by digestion with collagenase,
and the periodate reaction has been applied to the
digest. If the nonreactivity were due to steric
hindrance, the enzymatic hydrolysis to peptides
should remove the hindrance. However, the digest
showed, as did the intact gelatin; 40% of the
hydroxylysine to be nonreactive. The results indi-
cate that either the NH, or the OH group of the
hydroxylysine in collagen is probably bound in
chemical linkage. Such combination could contrib-
ute cross-links essential to the structure of the col-
lagen molecule. Work is planned to identify the
chemical nature of the linkage.

NUCLEIC ACID STUDIES IN NORMAL
AND TUMOR-VIRUS-INFECTED CELLS

Studies have been initiated of the structure of
ribonucleic acids (RNA’s) extracted {rom normal
chick-embryo chorioallantoic membranes and
those infected with the Rous sarcoma virus. An
analysis of the structure of 30 S and 18 S RNA’s
from normal chorioallantoic membrane cells has
shown that there are distinct differences in the
nucleotide sequences of these two RNA’s (Figure
7). Following diethylaminoethyl-Sephadex ion ex-
change chromatography and analysis of the oligo-
nucleotide products of ribonuclease digestion, it
was found that 30 S RNA appears to have a much

OPTICAL DENSITY AT 260 m
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greater abundance than 18 S RNA of the follow-
ing proposed sequences of nucleotides:

where
Py = pyrimidine nucleoside,
P = phosphate linkages,

G = guanosine,
C = cytidine,
A = adenosine.

After infection of embryos with the Rous sar-
coma virus, identical differences in 30 S and 18 S
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Figure 8. Chromatographic profiles of ribonuclease di-
gestion products of normal microsomal RNA (top) and
Rous sarcoma microsomal RNA (bottom).
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tumor RNA’s were found; however, no differences
between normal and tumor RNA were detected in
either the 30 S or 18 S RNA’s. The patterns of
ribonuclease digestion were similar, and chromato-
grams of the digests revealed no significant dif-
ferences between normal and tumor extracts.

A comparison of oligonucleotide digestion prod-
ucts of extracts from highly purified nuclei and
from the cytoplasm of normal membrane cells has

indicated a similarity in nucleotide sequence ar- -

rangement (Figure 8). This finding supports re-
cent evidence from other laboratories that some
RNA’s of normal cell nuclei are similar to cyto-
plasmic ribosomal RNA’s. Additional studies with
ribosomal RNA’s extracted from the cytoplasm
and RNA’s from purified cell nuclei of Rous sar-
coma cells indicated very close similarity of clusters
of nucleotides between normal and tumor tissue,
which confirmed the findings with 30 S and 18 S
total cell RNA. These results with Rous sarcoma
tissue suggest that in this particular tumor ribo-
somal RNA’s may be largely unaltered in struc-
ture and that these RNA’s may be functioning in
a fashion similar to normal cells in the synthesis of
cell proteins.

In another study, iododeoxyuridine (IDU) la-
beled with a gamma-emitting isotope of iodine is

used to label cells with little or no turnover rate in

the adult. The labeled IDU is administered to
mice at a time when these cells are rapidly prolif-
erating, i.e., just before or soon after the mice are
born. At present this is being accomplished by in-
jecting the label into pregnant mice 1 to 5 days be-
fore parturition. Nearly all the tissues in the entire
litter are tound to be labeled. However, as time

passes the cells with a short life-span die and their .

label is excreted. By the time the mice are 2
months old, >80% of the label is present in cells
with a life-span >>1 yr. The determination of the
distribution and longevity of these cells in various
tissues and the effect of ionizing radiation and mu-
tagenic chemicals on the viability of these cellsisin
progress.

VITAMIN AND AMINO ACID METABOLISM
IN NEOPLASIA

In studies of prL-tryptophan metaholism on
anemic patients, a controlled diet was given 7 days
prior to an oral dose of 2 g L-tryptophan. Urine
analysis for kynurenic acid, xanthurenic acid, indi-
can, anthranilic glucuronide, o-aminohippuric
acid, acetylkynurenine, kynurenine, and hydroxy-

kynurenine showed no abnormal excretion of these
urinary products in the patients studied.

As a therapeutic measure for one patient (21
years old) with microcytic hypochromic anemia
whose urinalysis showed very high urinary quino-
linic acid, N*-methylnicotinamide, and N*-methyl-
2-pyridone-5-carboxamide hydrochloride levels,
vitamin B, was administered (100 mg, three times
a day) for a period of 2 wk and the 2 g L-trypto-
phan overload test repeated. The high levels of
urinary quinolinic acid, N*-methylnicotinamide,
and N'-methyl-2-pyridone-5-carboxamide hydro-
chloride were lowered significantly after vitamin
Bq, and the increase (after tryptophan overload) in
the levels of these urinary components was much
less than that abserved prior to the vitamin B,
treatment. The urinary excrction data suggested
a relationship between quinolinic acid production
and vitamin By. The straight-chain compound (1-
amino-4-formyl-buta-1,3-diene-dicarboxylic acid)
formed when the ring of 3-hydroxyanthranilic acid
is split apparently requires vitamin B, for its me-
tabolism down to CQO,, and when the tissue By
level is low or its utilization is blocked, the 1-
amino-4-formyl-buta-1,3-diene-dicarboxylic acid
cyclizes to form quinolic acid, which appears as an
increased level of quinolinic acid (and its products)
in the urine.

In the study of 3-hydroxyanthranilic acid-
carboxyl-C'* metabolism,.a female achondroplas-
tic patient with normal tryptophan metabolism, as
determined by quantitative urinary analysis for a
number of tryptophan metahnlites hefore loading
with 2 g L-tryptophan, was given orally 14.088 mg
carboxyl-labeled 3-hydroxyanthranilic acid con-
taining 51.055 pCi C*¢. The expiration of C*O,
by the patient was similar to that observed in rats,
except that a smaller percentage of the dose was
expired as C*Q,,

The percentage of urinary C**-quinolinic acid
was found to be much higher in man than in the
rat, which suggests some quantitative difference in
the manner in which hydroxyanthranilic acid is
metabolized in the two species. The order of mag-
nitude of percent of activity present in each iso-
lated urinary component suggested that renal
clearance of compounds as well as dosage adminis-
tered plays a role in thec over-all results obtained
with labeled compounds. The normal pathway of
hydroxyanthranilic acid metabolism was assumed
to be via quinolinic acid, nicotinic acid, N*'-meth-
ylnicotinamide, and then pyridone; therefore, it
was noteworthy that the order of components ex-



creted was quinolinic acid, pyridone, N*'-methyl-
nicotinamide, and nicotinic acid.

The total radioactive content of the serum
seemed to consist of at least two components, a
major portion that does not precipitate with the
serum proteins, and a minor portion that does.
This bound activity decreased with time at a
much slower rate than did the soluble activity.
The chemical nature of the protein-bound radio-
activity was not determined; however, it may re-
sult from incorporation of breakdown products of
hydroxyanthranilic acid or intact hydroxyanthra-
nilic acid. It is possible that this kind of tissue-
binding of hydroxyanthranilic acid or its metab-
olites may play a role in carcinogenesis.

UTILIZATION OF GLUCOSE AND INTERMEDIATE
CARBOHYDRATES IN DIABETES AND OBESITY

Further clinical studies of the simultaneous
oxidation of glucose-1-C** to C**O, and of glucose-
1-H? to H*OH have been carried out by using the
tracer technique. These studies show that obese
patients with normal blood sugar but mildly di-
abetic according to glucose tolerance tests will
manifest decreased carbohydrate oxidation under
basal conditions as compared with nonobese, non-
diabetic subjects. In addition, obese patients with
very mild or preclinical diabetes show a definite de-
crease in the extent of oxidation of pr-lactate-2-
C'* and pyruvate-2-C** to C**O,, sometimes to
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one-half that of control subjects. Usually the rate
of conversion of pr-lactate-2-H® to H*OH is also
depressed in diabetic patients, but results are less
consistent than with C*¢. The decrease in C**O,
from labeled lactate and pyruvate is found to be
accompanied by greater than normal amounts
of C'* converted to glucose and generally slower
rates of disappearance of labeled lactate from the
blood. These findings emphasize the importance
of considering intermediary carbohydrate metab-
olism in the mechanisms of action of hormones in-
volved in diabetes and obesity. The extent of the
abnormalities in formation of C'*O, and H*OH
and the relative ease of measurement of these
simple compounds give encouragement to the
possibility that sensitive and practical clinical tests
for the early or prediabetic state may be developed.

STUDIES OF THE RELATION OF CHEMICAL
ATTACHMENT TO PHYSIOLOGIC ACTION
OF NEUROHYPOPHYSEAL PEPTIDES
ON MEMBRANE PHENOMENA

In order to obtain H*-labeled neurohypophyseal
peptides of increased specific activity, particularly
for studies of subcellular sites of localization em-
ploying high-resolution radioautography, at-
tempts to modify the Wilzbach procedure have
been continued. In addition, a program of peptide
synthesis has been initiated as an additional means
of obtaining labeled peptides and for selected studies

Tigure 9. Apparatus for continuous measurement of breath for C** in expired carbon dioxide




146

of the relation of chemical structure to the affinity
and intrinsic activity of antidiuretic hormone.

The interaction of tritium-labeled oxytocin with
the rat kidney was investigated in order to get
information about the chemical specificity of the
antidiuretic action of mammalian neurohypo-
physeal hormones. Tritium-labeled oxytocin was
prepared and injected into the renal arteries of
ethanol-anesthetized rats in dosages ranging from
10-? to 10~* g. No antidiuretic action was noted in
this dosage range, and no evidence of sulfur-sulfur
linkage to renal tissue was observed after homog-
enization and treatment of washed labeled kid-
ney sediments by methods that cleave SS bonds
but do not disrupt peptide bonds (0.1 M cysteine,
pH 8; 0.05 M sulfite in b M urea, pH 7). Control
studies using H?-lysine vasopressin showed SS
linkage of hormone to tissue at all dosage levels,
with direct correlation between binding and anti-
diuretic activity in the lower dosage range. These
findings support the hypothesis that the formation
of SS bridges between the neurohypophyseal pep-
tides and kidney tissue represents a functional
hormone-receptor interaction.

In a continuing collaboration with Dr. H. Ras-
mussen of the University of Wisconsin, an analysis
of the effect on membrane permeability (in the
toad bladder) of 35 analogues of arginine vaso-
tocin was concluded. The data in conjunction with
studies of the pH dependence of the response of
the bladder to hormone also supported the sug-
gestion that an SH-SS interchange reaction in-
volving receptor SH and hormonal SS initiated
the chain of events leading to the increase in
membrane permeability.

In another series of studies, intrinsic and ex-
trinsic factors that tend to diminish activity of the
target organ (again the toad bladder) to hormone
were i1dentified and shown to be related to the
history of previous hormonal challenge, partic-
ularly with respect to dosage, duration, and fre-
quency. Studies have also been conducted in
which changes in composition of the bathing
medium were found to evoke reproducible changes
1n reactivity to hormone. 'I'hese changes are at-
tributed tentatively to alterations in the conforma-
tion of the receptor molecules.

BIOENERGETIC MECHANISMS
INVOLVING FREE RADICALS

Tonizing radiations are known to produce free
radicals in tissue, and much of the radiobiological

Electron paramagnetic resonance (EPR) spec-
trometry provides a means of identifying and de-
scribing free radicals with great sensitivity and
specificity. It is a nondestructive technique based
upon the magnetic properties of unpaired elec-
trons, such as those of free radicals. These para-
magnetic properties are not possessed by the usual
diamagnetic organic molecules with paired elec-
trons; thus EPR spectrometry can be used to study
free radicals in the presence of other reactants,
including the constituents of living cells.

Recent work here has resulted in improved re-
action systems and experimental apparatus for
eliciting EPR spectra from labile free radicals.
Samples are retained in the liquid state to provide
maximum spectral information regarding the
electron configuration of free radicals, and con-
stant-flow procedures are used to regenerate short-
lived free radical products while EPR is recorded.
Dead time between radical production and EPR
has been reduced, and previous requirements for
relatively large amounts of reacting materials have
been lowered. As a result, EPR spectra have been
elicited for the first time from free radical forms of
biochemical compounds available only in small
amounts, such as some hormones.

Data have been obtained describing free rad-
icals from catecholamine hormones (epinephrine,
norepinephrine, and synthetic analogues), indole
hormones of animals (serotonin, adrenochrome)
and plants (indole acetic and butyric acids), thy-
roid hormones and related analogues, estrogens
(phenolic steroids, synthetic estrogenic substances),
and from one protein hormone (insulin). Other
preliminary investigations showing promise have
used the EPR—constant-flow technique to simulate
the chains of radiochemical reactions initiated by
the action of ionizing radiation upon aqueous
systems.

AUTORADIOGRAPHIC STUDIES OF GROWTH,
AGING, AND REPAIR OF SKELETAL STRUCTURES

Tritiated thymidine was used in autoradio-
graphic studies of the proliterative potential of
the cellular complement of mouse incisors and
the migration rate of ameloblasts in 5-wk-old fe-
male mice. Preameloblastic and preodontoblastic
effect of such radiations is believed to result from
further reactions of these radicals. The extent to
which these effects are mediated by the free rad-
ical mechanisms that are intrinsic to life processes
is unknown.



populations exhibited the highest labeling indices,
0.292 and 0.290, respectively. One hour after H?-
thymidine administration, no labeled ameloblasts
or odontoblasts were observed. Labeling indices
of pulp cells and fibroblasts in the periodontal
membrane were small. The migration rate of
ameloblastic cells, measured at intervals from 1 hr
to 24 days, was found to be linear with time after
16 hr. A period of 24 hr appeared to be required
for ameloblasts to complete proliferation and
maturation and to reach the functional zone. The
average migration rate of ameloblasts was 365
p/day during the observation period of 24 days.
Appearance of globular structures in the stratum
intermedium and ameloblastic layer indicated
degeneration of labeled ameloblasts 9 days after
maturation. The average daily growth of the in-
cisor was measured grossly (at 338 p/day) and
correlated with the migration rate of ameloblasts
assessed microscopically (at 365 p/day).

LYMPHOID CELLS IN THE DOG BONE
MARROW AND BLOOD

The kinetics, origin, and fate of lymphoid cells
in normal and irradiated dog bone marrow and
blood were studied by the following method: Cir-
culation arrest of one or both hind legs was achieved
by clamping the femoral artery and vein. Im-
mediately thereafter, H*-thymidine (1 mCi/kg
body weight) was injected into a front leg or sub-
lingual vein. Serial smears for autoradiography
were then made of venous blood and of bone mar-
row aspirated from different parts of the clamped
leg (experimental marrow) and other parts of the
skeleton (control marrow).

The following results were obtained for the non-
irradiated dog: Heavily labeled leptochromatic
lymphoid cells of medium and large size were
found in the blood and control marrow within 15
min after H*-thymidine injection and in the ex-
perimental marrow within 5 min after the rclease
of the clamps. Heavily labeled small lymphoid
cells began to appear in the experimental marrow
at 2 to 3 hr post H*-thymidine and reached a max-
imum on days 2 to 6. Their labeling indices (max-
imal values 15 to 20%), however, were significantly
lower than those of the control marrow (maximal
values 25 to 30%). After 7 hr, erythroblasts of all
stages of maturation had a very low labeling index
and mean grain count, whereas the latter was
significantly higher in the control marrow up to
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day 3. On the other hand, the mean grain count
of the erythroblasts of the experimental marrow
was significantly lower than that of lymphoid cells
during the first two days.

The data suggest that the dog bone marrow
may contain two populations of small lymphoid
cells, one originating from initially labeled pre-
cursors within the marrow (larger transitional
cells?), the other immigrating from the blood. No
evidence has been obtained that the lymphoid
cells that have migrated can transform into he-
mopoietic cells within two days.

In comparison, the following results were ob-
tained for the irradiated dog: Clamping and H?*-
thymidine procedures were carried out during the
early recovery phase (days 6 to 10) following
whole-body x-irradiation with 250 R. At similar
time intervals in both normal and irradiated dogs,
labeled lymphoid cells were observed in the blood
and in both the experimental and control mar-
rows. In the irradiated dog, however, the labeling
index of these cells exceeded 40% on day 1 follow-
ing H*-thymidine injection in the blood and in
both marrows. During the first 24 hr labeled eryth-
roblasts were found only in the control marrow.
On subsequent days, however, the experimental
marrow showed labeling in some unidentifiable
blast-like cells. Although the high grain count of
these cells largely excludes their labeling via DNA
reutilization, it remains to be proved that trans-
formation of labeled lymphoid cells into erythro-
cytic or myelocytic precursors has occurred.

LIFE CYCLE OF GRANULOCYTES IN MAN

In the continuing studies utilizing tritiated thy-
midine to characterize the life cycle of granulo-
cytes in hematologically normal individuals and
in patients with pathologically altered hematopoi-
esis, it has been clearly shown that the release of
labeled granulocytes from the bone marrow is a
random process and does not follow a “pipeline.”
It has also been demonstrated that there are two
mechanisms by which granulocytes are lost from
the blood stream. First there is a random loss from
the blood at the epithelial surfaces of the body as
demonstrated in oral lavage preparations. In addi-
tion, a proportion of the granulocytes undergo a
24 to 30-hr process of senescence and become pyk-
notic. This process of senescence truncates the ran-
dom loss of granulocytes at =30 hr after their ap-
pearance in the peripheral blood.
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In related studies on leukemic patients, tritiated
cytidine is being used for in vitro labeling of the in-
dividuals’ own cells. Upon autotransfusion of these
cells, their disappearance rate from the peripheral
blood and their appearance in the bone marrow
are measured. Within 24 hr the fraction of labeled
cells diminishes by a factor of 2. Thereafter, the
intensity of the grain count and the fraction of
the small to medium-sized lymphocyte cells that
are labeled remains constant for a period >3 wk.
Thus it appears that in chronic lymphocytic leu-
kemia some of the newly formed cells have life-
spans significantly in excess of 3 wk.

PREVENTION OF IRON ACCUMULATION
IN AREGENERATIVE ANEMIA

As a part of studies on iron and vitamin B,
metabolism, the effect of anemia per se in iron ab-
sorption was investigated. A considerable number
of anemic conditions are amenable to therapy only
by blood transfusion. One of the many problems
in treating patients with aregenerative anemia is
the gradual, but incessant, increase of iron stores,
brought about by the limited ability of the body to
excrete iron. The iron that is administered as an
integral part of the hemoglobin of the transfused
blood is eventually stored in the liver, spleen, pan-
creas, and other organs and may then play a part
in further deterioration of the patient’s condition.

In recent experiments with animals made ane-
mic by exposure to Sr®, it was shown that anemia
per se influences iron absorption. To determine
whether this holds for human beings, seven pa-
tients with aregenerative anemia were given iron
absorption tests when anemic, and when hemo-
globin was maintained at normal levels with trans-
fusions. The iron absorption procedures, using Fe®*
and the whole-body gamma spectrometer, showed
that in six of the patients iron absorption was sig-
nificantly greater during the anemic period.

These studies point to a basic mechanism in-
volving perhaps a humoral factor in iron absorp-
tion; or the results may reflect the response of the
Lowel o liy poxia.

Desferrioxamine B, a siderochrome chelating
agent, will remove from the body 25 to 50 times
the amount of iron normally excreted. The effect
of this agent on excretion of Fe’*-labeled stores is
under study. At present no curative agent for these
disease states is known, but it is hoped that preven-
tion of iron accumulation will prolong useful life
beyond its present limits.

STUDIES OF PHYSIOLOGY OF TRACE METALS

The investigations of the physiology of some
trace metals have led to the study of an extrapy-
ramidal disease of man, chronic manganese poi-
soning. This disease, which often resembles the
spontaneously occurring Parkinsonian syndrome,
is found among miners who inhale manganese ores
and is being studied under the joint sponsorship of
Brookhaven National Laboratory, the National
Institutes of Health, and the Pan-American Health
Organization, by teams located at the Catholic
University of Chile at Santiago and the Medical
Research Center here.

The continuing studies on manganese have
shown that (1) Manganese accumulatcs 1n mito-
chondria where it is essential to many steps of oxi-
dative phosphorylation. (2) This metal stimulates
the synthesis of cholesterol. (3) Its radioisotope,
Mn®*, becomes incorporated in hemoglobin heme
and can label a single generation of red cells in vivo.
(4) Treatment of patients or animals with corti-
sone or some of its analogues induces significant
losses of radiomanganese, so that manganese defi-
ciency can no longer be considered as a hazard
exclusively to grazing animals and chickens. (5)
Chronic manganese poisoning is becoming recog-
nized as a model for the study of human extrapy-
ramidal disease. (6) Melanin granules (such as
those lost from the brain in Parkinsonism and in
phenylpyruvic oligophrenia) are loci of high accu-
mulation of Mn?*.

Neutron activation analysis has shown that the
metal’s concentration in serum or blood is quite
steady from patient to patient and from sample to
sample. Its distribution among tissues is altered by
surgical stress. Administration of prednisone in-
duces a marked initial rise of plasma manganese,
a marked redistribution among various tissues,
and significant losses of metal into the feces. These
findings support the earlier notion that manganese
(and possibly other essential trace metals) is sub-

ject to homeostatic control.

Manganese is not excreted by the kidneys, but
into the gastrointestinal tract. It was thought
therefore that one of the tributaries to the gastro-
intestinal canal (i.e., biliary excretion) might func-
tion as a surrogate kidney in the homeostasis of
manganese. Obstruction of the bile flow showed
marked accumulation of manganese in the liver
and probably also in the muscles of rats. Rats with
biliary obstruction seem to lose their ability to
regulate the excretion of the dietary manganese



absorbed from the gut. Sequential analyses of ex-
teriorized rat bile indicated a striking dependence
of the element’s biliary excretion on the dietary
supply of the element.

INTERRELATIONSHIP OF SODIUM
AND GENETICS WITH HYPERTENSION

In the studies oriented toward the significance
of the role of sodium in the pathogenesis of human
hypertension, it has been observed repeatedly,
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markedly in their response to salt: one strain, the
so-called Sensitive Strain, rapidly develops severe
and fatal hypertension from a salt intake to which
the other, the so-called Resistant Strain, responds
hardly at all. Similar variations in genetic sensi-
tivity to salt in man would explain, at least in part,
the observed fact that whereas some human beings
are remarkably responsive to increments and dec-
rements of salt, others are notably unresponsive.

Despite the fact that salt consumption precipi-
tates hypertension in rats of the Sensitive Strain,

Figure 10. Measurement of blood pressure in rats made hypertensive by salt feeding.

in both man and rats, that some individuals failed
to develop hypertension despite life-long high salt
intakes. In contrast, at least in the experiments
with rats, some animals died of fulminating hyper-
tension a few months after commencing high salt
diets. These marked variations in response to simi-
lar amounts of the same agent suggested that dif-
ferences in genetic constitution were involved.
During the last four years this possibility has been
explored with the technique of selective inbreeding.
Two strains of rats have been evolved that differ

the subsequent restriction of salt more often than
not fails to cause a fall in blood pressure. Further-
more, recent studies have failed to reveal increased
sodium in the tissues of these salt-fed hypertensive
rats as evidenced (1) by carcass analysis, (2) by
total exchangeable sodium (measured with either
Na®? or Na**), or (3) by differences in the biologi-
cal half-life of Na** in animals with and without
hypertension. Thus, while a high salt intake may
initiate the hypertensive process, continuation of
this salt intake is not required for maintenance of
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hypertension, and there is no evidence of gross ac-
cumulation of sodium in the hypertensive animal.
Furthermore, a number of hypertensive human
beings who did not have a prolonged biological
half-life for Na** have now been observed. This
study was an extension of earlier studies in man
in which a statistically significant increase in the
biological half-life of Na** among hypertensive
subjects was observed. The exceptions found re-
cently suggest that such an increase is not a neces-
sary correlate of the disease, and this finding is in
keeping with the observation in rats.

In patients with hypertension, vascular hyper-
reactivity is usually present, but it has always been
uncertain whether this preceded or followed the
disease. If it preceded the onset of frank hyperten-
sion, this could play an important role in the
development of the high blood pressure. Normo-
tensive rats of the Sensitive Strain have shown an
increased blood pressure response to vasoconstric-
tor agents before salt feeding as compared with
animals of the Resistant Strain. It seems probable
that innate vascular hyperreactivity is part of the
genetic component that characterizes those rats
destined to become hypertensive and that this may
have a bearing on the process of essential hyper-
tension in man.

MEDICAL STUDIES OF THE PEOPLE
OF THE MARSHALL ISLANDS ACCIDENTALLY
EXPOSED TO FALLOUT

Annual medical surveys are carried out on the
people of the Marshall Islands who were acci-
dentally exposed to fallout in March 1954. Con-
siderable knowledge of the effects of fallout radia-
tion on human beings has been gained from these
studies, which are conducted under the auspices of
the Division of Biology and Medicine of the U.S.
Atomic Energy Commuission and under the direc-
tion of the BNL Medical Department, with the
assistance of medical and technical personnel from
the Trust Territory of the Pacific Islands. Gamma
radiation with hemopoietic depression was the
most serious consequence of the exposure; beta
burns of the skin, although partly disabling, were
less serious; and internal absorption of radioiso-
topes appeared to be the least serious of the
hazards. Other findings over the past 10 years in-
clude: (a) The gamma radiation (highest dose,
175 rads) does not appear to have been related di-
rectly to the deaths, illnesses, or diseases that have
occurred. (b) The marked depression of peripheral

Figure 11. Survey personnel examining Marshallese.

white blood cells and platelet levels that occurred
early was followed by rapid increase during the
ensuing months, but a slight deficit still persists in
the mean levels of these elements compared with
levels in the unexposed population. (c) Growth
and development studies have shown a slight re-
tardation in the exposed children, particularly in
males exposed between 15 and 18 months of age.
(d) Studies of late effects, such as leukemia, pre-
mature aging, cataracts, and genetic effects, have
had largely negative results, although some of the
exposed women had an increased incidence of mis-
carriages and stillbirths during the first few years
after exposure. (e) Development of thyroid nod-
ules in three exposed teenage girls (not scen in
nonexposed girls) is being investigated. (f) Beta
burns of the skin healed within a few months, and
in persons with epilation hair regrew by six
months. A few skin residua persist in some people
in the form of scarring and pigment aberrations
but with no indication of malignant changes. (g)
Radioisotopes absorbed internally were rapidly elimi-
nated during the first few years, but since the re-
turn of the people to Rongelap (1957) low but
detectable levels of Cs'*", Zn®’, and Sr®° have been
present in both the exposed and unexposed groups
as a result of low-level contamination of the island
plant and marine life.

In the 1964 survey peripheral blood and skin
cultures from irradiated individuals were obtained
on Rongelap Island, and the samples were brought
to this Laboratory for cytological studies on the
effects of ionizing radiation in producing altera-
tions in numbers and aberrations of chromosomes.
Initial observations indicate that certain aberra-
tions are present.
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Technical Operations and Services

The technical services and facilities essential
to the Laboratory’s research programs are pro-
vided by a number of organizational units whose
operations are described below under appropriate
headings.

REACTOR OPERATIONS

The Brookhaven Graphite Research Reactor
(BGRR) continued its record of reliable perform-
ance by operating throughout the year without a
major operating incident. Full power operation
was maintained for 84.6% of the year. There were 19
scheduled shutdowns for service and maintenance
of the reactor and experimental equipment. Four
shutdowns were scheduled on short notice for
inspection or correction of operational difficulties.

. A total of 15 shutdowns of short duration occurred
. without notice. Six of these were caused by inter-
ruptions in electrical power, and the remainder
were due to equipment malfunctions or human
error. This unusually high incidenee of unplanned
outages is attributed to “shakedown” of new
instrument systems installed during the year and
to the heavy training requirements entailed in
staffing the High Flux Beam Research Reactor
(HFBR). ’ :

The practice of frequently annealing the graph- '

ite structure of the reactor was continued through-
out the year. Annealing operations were conducted
on a routine basis following 18 scheduled shut-
downs. Periodic measurements of growth recovery
. indicate that the annealing program is effectively
reducing the net vertical displacement of the
center of the graphite structure.

During the annual Christmas-holiday shutdown,
several inspections and tests were conducted in
areas that usually are of limited accessibility. The
emergency diagonal shot wells were satisfactorily
tested; the area of the central air gap.in which
broken graphite bars had protruded last year was
inspected, and the bars were found to be in their
correct positions; and the exit air filters were tested
with dioctyl phthalate aerosol to confirm their
satisfactory performance.

During the long holiday shutdown, work was
largely completed on a program to optimize the
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distribution of cooling air flow through the fuel
channels by adjusting the size of orifice disks at-
tached to individual fuel channel anchors. This
program, undertaken to reduce the cost of cooling
the reactor, appears to have been quite successful.
A computer program prepared as part of this
project will be used in periodic reappraisals of air
flow distribution.

In May, excavation was begun for installation
of a bypass exit-air filter facility to provide for fis-
sion product removal from the effluent in the un-
likely event of a major accident. The HFBR will
also be serviced by this facility.

Improvements in the instrumentation of the
BGRR, part of a long-term program, were es-
sentially completed with the installation of a new
fuel-temperature limiting system. This system, of
unique design, combines rate of change signals
with signals proportional to actual temperatures
to produce a trip condition that anticipates a pre-
set maximum temperature. A 2-out-of-3 logic sys-
tem permits testing and maintenance of individ-
ual channels while the reactor is in operation.

The training program for personnel hired to
staff the HFBR continued throughout the year,
culminating in the qualification of the last 7 of the
15 trainees as operators of the BGRR. With com-
pletion of the program, a staff of experienced op-
erators is available for initial operation of the
HFBR and qualified crews can be maintained at
the BGRR.

As in the past years, several audits of the various
activities of the Reactor Division were conducted
by representatives of the AEC, the Division of
Reactor Safeguards of the International Atomic
Energy Agency, the BNL Audit Group, and the
ad hoc committees regularly appointed by the
Laboratory’s Director. The results of these inspec-
tions were generally favorable.

Utilization of the Graphite Research Reactor

Figure 1 illustrates the continued downward
trend in operating expense at the BGRR; total
operating costs have dropped consistently over the
past four years. However, the charges to the users
depend not only on operating costs but also on
total utilization of the reactor.



154

1.3
1.2
1
10
<09
308
o
w 0.7
o
» 06
<
So0s
3
Z0.4
0.3
0.2

0.1

During the year a third 4-in.-diam vertical hole
was drilled in the moderator structure (most of the
experimental holes are horizontal). Such addi-
tional and improved irradiation facilities are de-
sirable to offset the loss of use charges from com-
pleted experiments and experiments that may be
relocated at the HFBR when that reactor becomes
operational.

. The use of the BGRR and the associated charges

for the last three years are summarized in Table 1.
Approximately 35 experimental holes continued
to be assigned to research departments of the
Laboratory. Projects under way at these facilities
are described in the appropriate sections of this re-
port. The number of controlled temperature
facilities and of experimental holes assigned to the
graphite monitoring program and the average
number of facilities occupied by outside users re-
mained at last year’s level, i.e., 8, 5, and 4, respec-
tively. Brief descriptions of the activities of outside
users are given below.

Columbia University. Studies of atomic motion
in gases, liquids, and solids were performed with a

" single-crystal neutron spectrometer having an ef-

fective neutron energy range from 0.0006 to 10
eV. Investigations of fission-fragment mass dis-
tributions in binary fission and alpha-particle
energy distributions in ternary fission were con-
tinued. The fission products were detected with
solid=state devices. _

Two techniques for producing intense beams of
low energy neutrons, which are essentially free
from fast neutrons and gamma rays, were investi-
gated and developed for future use at the HFBR.
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Figure 1. Costs connected with operating the BGRR.

In the first method, neutrons are conducted by
total reflection through long, curved beam tubes;
in the second, fast neutrons and gamma rays are
removed from the reactor beam by single-crystal
filters which are cooled to liquid nitrogen temper-
atures.

Naval Ordnance Laboratory. In cooperation
with the BNL Physics Department (Solid State
Division), diffraction studies were made by using
single crystals and a polarized beam of neutrons.
In addition, powdered magnetic materials were
studied with use of a powder diffractometer.

Brown University. Metallurgical specimens of
aluminum and copper were irradiated to study
radiation damage. Some interesting effects were
found in the irradiated copper specimens. Short-
term irradiation of several types of alkali halide
crystals has been carried out to study radiation
damage versus thermal neutron dosage.

Rensselaer Polytechnic Institute. A circulating
gas loop experiment is in progress to study the ef-
fects of various parameters (temperature, pressure,
and gas composition) on the production of NO,
from oxygen-nitrogen mixtures using fission frag-
ment energy. The high-pressure stainless steel loop

" contains uranium-bearing glass wool (total U?*®,

1.5 g). Nitrous oxide is being used as the dosimeter.

A second in-core loop has been installed recently
in a reflector channel. It is the same as the first
loop except that it contains no uranium. Data
from capsule irradiations indicate that much in-
tercating information can bc obtained without the
presence of uranium. In this loop the cnergy
dcposition in the process gases is due only to neu-
trons and gamma rays from the reactor.

* In addition, static tests were carried out by ir-
radiating sealed quartz ampules containing various
gaseous mixtures, with and without uranium, at
different temperatures and different pressures.

Naval Research Laboratory. . Long-term ir-
radiation is in progress of special alloy specimens
at reactor ambient temperature. Upofl removal

from the reactor the specimens will be returned to

NRL for an evaluation of radiation damage effects.

Bell Telephone Laboratories. Studies have been
successfully made of the magnetic and crystal struc-
tures of KRe, T,0,, V,0s, and hiibnerite at liquid
helium temperatures.

General Electric Company. During tiscal 1964
the General Electric neutron spectrometer was
used for investigation of (1) the magnetic struc-
tures of manganese alloys of composition Mn, X,
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Table 1 i

Summary of Reactor Use Charges

Use charges (in thousands of dollars)

. "Percent: Dollar
0 100 200 300 500 600 700 of total usage amounts
Fiscal 1964
Outside Organizations 9.0 $ 108,952
Irradiation Service Group 4.0 40,992
BNL Research Departments
Physics 60.0 647,930
Chemistry 8.0 94,620
Nuclear Engineering 15.0 169,100
Biology - 4.0 40,860
100.0 $1,102,454
Fiscal 1963
Outside Organizations 9.5 $ 100,996
Irradiation Service Group 31 -40,992
BNL Research Departments .
Physics - 58.9 688,002
Chemistry 9.8 110,520
Nuclear Engineering 15.6 -7 182,927
Biology 3.1 . 40,860
100.0 $1,164,297
Fiscal 1962 )
Outside Organizations 5.7 $ 65,156
Irradiation Service Group 4.6 51,739
BNL Research Departments
Physics 63.2 724,096
Chemistry 9.7 111,870
Nuclear Engineering 13.0 149,008
Biology 3.8 43,500
100.0 $1,145,369

where X =S8n, Ge, or Rh (a continuation); (2)
the 4-4 interaction in spinels Co3O,, CoAl,O,,
and FeAl,O,; and (3) the structure of calcia-sta-

bilized zirconia, Ca,Zr,_,O,_,, with 0.13<x<0.19.°

Irradiation Services and Isotope Production

Table 2 presents a summary of the volume and
income involved in providing irradiation services
to outside organizations over the past three years.
There has been a continuing but smaller decrease
in reactor irradiations during the past year. This
. trend is expected. to continug, in line with the
AEC’s policy of noncompetition and the increasing
availability of similar services in commercial re-

actors. The number of processed radioisotopes,
however, has continued to increase, since these are
of a specialized nature and are not yet com-
mcrcially available. :

Last year it was noted that the volume of ir--
radiation services in terms of reactor usage ap-
peared to be leveling off, and this forecast was
borne out during fiscal 1964. The increased pres-
sure by the AEC for noncompetition with com-
mercial reactor facilities makes future volume
uncertain. o ’

The distribution of the services covered in Table
2 is presented by type of customer in Table 3. No .
significant or marked changes are apparent.
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Table 2

Summary of Irradiation Services to Outside Users
(Handling and Other Charges Included)

Fiscal 1964

Fiscal 1963 Fiscal 1962 -

Number  Volume, § -Number  Volume, $ Number  Volume, §
Reactor irradiations 453 52,209 466 55,196 641 75,918
Processed radioisotopes 441 72,032 376 72,726 349 59,926
Co®° sources 3 4,158 4 19,442 3 . 3,077
Cyclotron irradiations 3 580 8 2,095 12 2,342
Total 900 128,979 854 149,459 1,005 141,263
Table 3
Types of Customers Receiving Shipments
Fiscal 1964 Fiscal 1963 Fiscal 1962
% of % of % of % of % of % of
Customers  Shipments Customers  Shipments Customers  Shipments
Hospitals 26 40 - 25 39 22 51
Industrial 38 30 35 C22 36 .24
Universities 25 21 27 34 26 19
Government 4 . 3 5 1 8 3
Foreign 7 6 8 4 8 3

Procurement of Special Materials

The procurement for the scientific departments

of all radioactive and stable isotopes as well as

special materials controlled by the AEC is a re-
sponsibility of the Isotopes and Special Materials
Group. In this connection, 325 purchase orders
were placed for radioisotopes, 47 for stable iso-
topes, and 74 for special materials. Against these
orders =600 shipments were received and proc-
essed. These figures represent an increase over
last fiscal year of 8% in orders placed and 3% in
-receipts. Of the orders placed, =33% were for the
Medical Department, 21% for Biology, 16% for
Chemistry, 14% for Nuclear Engineering, 11%
for Physics, 1% for Instrumentation and Health
Physics, and 4% for the Reactor Division.

The Isotopes and Special Materials Group is
responsible also for annual inventories of radium
sources and purchased stable isotopes and for
negotiations for the loan of valuable isotopes. The
.number of radium sources at Brookhaven was
essentially unchanged at 38 with a total activity
"of 5.86 curies and a value of ~$39,495. The
year-end inventory of purchased stable isotopes

($22,900) was much smaller ‘than last year’s
($32,900), since consumption during the year
($17,700) exceeded new purchases ($7700). The
stable isotopes lvan agreements continued to de-
crease, going from 39 to 33 in number and from
$180,000 to $129,000.in value, exclusive of 5
special samples valued at $1.28 million.

The Brookhaven irradiation programs in the
Materials Testing Reactor (MTR) and Engineer-
ing Test Reactor (ETR) are summarized below.

BNL-28: Radiation Damage in Carbon. This
program was a continuation of previous programs
BNL-19, 23, and 24. The irradiation of two cap-
sules containing diamond chips was completed
and the program was terminated in October 1963.

BNL-29: Settled Bed Reactor Fuel Test Program.
This program, approved in February 1964, pro-
vides initially for irradiation of two instrumented
capsules containing a 10% enriched uranium-
bearing fuel in liquid-metal.. Actual irradiation is
expected to begin early next fiscal year.

BNL-30: Neutron Irradiation Burnup Studies on
Chemonuclear Fuel Materials. This program was
approved in February 1964 as a continuation of
the BNL-26 program. Seven capsules containing
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uranium-bearing samples have been irradiated,
and the program will be terminated early in fiscal
1965.

BNL-31: Radiation Damage in Pure Iron, Iron
Alloys, and Pure Niobium. This program, ap-
provéd in June 1964, provides for the irradiation
of two capsules containing several iron and nio-
bium tensile test specimens. The program is ex-

pected to be completed by the middle of fiscal 1965."

Source and Special Nuclear
Materials Accountability

Table 4 presents a 3-year summary of the
amounts of source and special (SS) nuclear mate-
rials on hand at Brookhaven at the end of each
fiscal year. Based on dollar values published by
the AEC, the current inventory of SS materials
represents a value of ==$8.6 million. The net in-
crease from last year’s estimated value of $6.6 mil-
lion was due primarily to the large amount of U?**
received during the year.

As menticned in last year’s report, an order
was placed for 1400 BGRR fuel elements. Be-
cause of many difficulties in fabrication, the ven-
dor was able to deliver only 457 finished fuel ele-
ments. Since this vendor is located on the West
Coast, frequent inspection trips and close surveil-
lance by Brookhaven personnel were not possible.

! Table 4

Source and Special Nuclear Materials on Hand
at End of Year (in kilograms)

Fiscal year

1964 - 1963 1962

Station BRL

Natural U 1,701 1,720 2,043
Depleted U 763 669 2,968
U >75% 212 211 . 142
U L75% 6,342 6,412 6,410
U 23 0.047 0.027
Pu® 2 2 3
Th 942 204 216
Heavy water 54,430 53,591 15,030

Station BRG (Graphite Reactor Fuel)

U>75% 82 99 108
Station BRM
Uzs>>75% "3 3 3
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An order was placed for 140 HFBR fuel elements
with a fabricator in New Haven, Conn., a location
that made it possible to follow the work closely,
even to the extent of taking gamma-counting
equipment to the fabricator’s plant for inspection
purposes. As a result of this close surveillance,
some problem areas were uncovered and rectified.

The gamma-counting equipment referred to
above was acquired for use in nondestructive
verification of U?** content. It was initially used
for inspection of the two fuel element orders, but
itis also intended for general use, where applicable,
in verification of inventory items and receipts and
removals made under the SS Accountability Sys-
tem. The availability of this equipment for non-
destructive assays supplements the destructive
facilities available through the Chemistry and Nu-
clear Engineering Departments and the AEC’s
New Brunswick Area Office. The use of these
facilities under the SS Accountability System is to
be summarized in an SS Material Measurement
Program in accordance with AEC requirements.

As part of an AEC requirement and for general
Laboratory use, a revision of the Special Nuclear
Materials Manual was issued in February 1964
covering the specific rules and procedures for the
handling of fissile materials at Brookhaven, pri-
marily from the aspect of nuclear safety.

Continuing effort was directed toward reduction
of the SS material inventories through removal of
surplus items and disposal of scrap. This year =7
kg of natural uranium and 4 kg of thorium were
removed, and an additional 5 kg of enriched U?*?,
1124 kg of natural uranium, and 115 kg of thorium
are scheduled for removal early in fiscal 1965.
Shipment of spent BGRR fuel elements continued
during the year, with 9 shipments containing 1512
elements being made to the Phillips Petroleum
Chemical Processing Plant at Idaho Falls, Idaho.

Under the Four Reactors Agreement with the
U.S. Government, effective June 1, 1962, the In-
ternational Atomic Energy Agency (IAEA) per-
formed two inspections this year, the fourth and
fifth under the agreement. The first was made
from November 12 to 15, 1963, by three inspec-
tors, Mr. Carlos Buchler, Mr. Juan Eibenschultz,
and Dr. Robert Skjoeldebrand. They were accom-
panied by two consultants from AEC Headquar-
ters, Mr. James Herring and Mr. Russell Weber,
who advised them on formal auditing procedures.
During this inspection the IAEA selected a spent
BGRR fuel plate to be sent to their laboratory in
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Europe for destructive analysis as verification of
the reactor burnup calculations. This plate was.
packaged by BNL for shipment, but, because of
contractural delays between the JAEA and the
U.S. Department of State, shipment has not yet
been made. t o

The second inspection was made from April 23
to 27, 1964, by Mr. Buchler and Dr. Skjoelde-
brand. Both inspections involved auditing of the
SS imaterial inventories and of accounting and
operating records for evidence of diversion, and
review of facility usage in terms of peaceful pur-
poses. The results of these inspections were satis-
factory. The U.S. Government Agreement with
the IAEA, which originally was to expire on June
1, 1964, has been extended for an additional five
years.

Medical Research Reactor BN

The Medical Research Reactor (MRR) was
operated on 286 occasions during the year, and
586,542 kWh of operation were accumulated. The
total integrated energy to date is 2,009,508 kWh.
Figure 2 illustrates the use of the reactor during
the last five years, expressed in terms of the num-
ber of reactor runs and integrated power accumu-
lated per year. Epithermal neutron irradiation
studies, utilizing the animal treatment facility for
phantom and animal irradiations, are continuing.
Other experimental programs being conducted
are concerned with the effects of ionizing radiation
‘on.tree seedlings, the application of neutron radi-
ography to biological materials, and thermal neu-
tron irradiation of bacteria. The pneumatic tube
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facility is being used in many neutron activation
analysis studies. '

Replacement of the aluminum tubes in the
MRR heat exchangers with stainless steel tubes
has resolved the problem of heat exchanger leaks.
The heat transfer area of the stainless steel tube
bundles was increased to prevent any significant
change in reactor operating temperatures.

Improvements in the system of locks and inter-
locks on access doors to potentially hazardous
areas in the MRR have removed the possibility
of accidental overexposure of persons unfamiliar
with the facility. The console operator is now pro-
vided with indicators informing him of the position
of shielding devices, and he can take appropriate
action when hazardous areas are inadvertently
entered during operation.

Minor swelling of one of the reactor control rods
was discovered during a routine semiannual in-
spection in October 1963. Since no evidence of a
leak in the control-rod envelope was found, it was
concluded that the mechanical seal had allowed a
small amount of water to enter the rod. Studies

‘conducted with a solid, borated, stainless steel ma-

terial have shown this material to be suitable for
use as control rods, and fabrication of solid rods to
replace the present rods was in progress at the end
of the year.

Increased usage of the pneumatic tube facility
for activation of biological samples has resulted in
a sharp increase in total integrated energy over the
past year. The reactor core loading has been in-
creased to 20 BSF-type fuel elements in order to
maintain sufficient excess reactivity so that fission
product poisoning will not prevent consecutive
daily start-ups of the MRR. Central-element fuel
burnup is still <5%, and discharge of fuel elements
because of burnup is not yet being considered.

An in-place efficiency test of the absolute type
of reflector exhaust-air filter bank was conducted
in January. A polydisperse dioctyl phthalate aero-
sol (average particle size, =~0.8 1) was introduced
into the air exhaust system, and relative aerosol
concentrations were measured upstream and down-
stream from the filter bank.by means of a Sinclair-
Phoenix light-scattering photometer. Results indi-
cate the efficiency of the filter installation to be
=~99.9%.

HEALTH PHYSICS

Service activities of the Health Physics Division,
which include general safety, waste disposal, and



reclamation functions as well as radiation protec-
-tion, continued at about the same level as last
year. The scale of monitoring duties at the Alter-
nating Gradient Synchrotron (AGS) increased
markedly as a result of increasing levels of opera-

. tion and completion of the new neutrino facility.

Considerable effort was devoted to radiation safety
aspects of the design of the tandem  Van de Graaff
accelerator and the Biology Department’s con-
trolled environment laboratory in collaboration
with the scientific groups concerned. These proj-
ects, as well as a proposed 12,000-Ci irradiation
facility planned for the Physics Department, were
reviewed by the Laboratory Safety Committee. A
revised edition of the BNL Safety Manual was issued
in the fall of 1963.

Facilities for in-place testing of filters used for
air cleaning in various parts of the Laboratory
were completed, and tests were carried out on the
filters at the shotblasting facility, the BGRR, and
the MRR. A Tri-Carb scintillation counting sys-
tem for urinalysis and assay of environmental
samples for tritium was procured to meet the
problems expected when the HFBR goes into
operation next year. Other items of capital equip-
ment obtained during the year were a new densi-
tometer for personnel monitoring, a spectrum plot-
ter for the gamma spectrameter, and a fluorimeter
for use in uranium urinalysis.

Personnel Monitoring

Regular personnel monitoring service was pro-
vided for 2835 individuals during calendar 1963, a
13% increase over 1962. Film dosimeters were pro-
vided for ~7200 visitors. A key punch was ob-
tained so that quarterly and annual exposure data
for all individuals can be recorded on Remington
Rand cards by the Personnel Monitoring staff for
processing and tabulation by the Data Processing
Center of the Fiscal Division.

The distribution of exposures for the 2835 indi-
viduals regularly monitored is shown in Table 5.
There was a substantial decrease in the higher ex-
posures; only 17 were >>2.5 Rem, as compared
with 41 in 1962. All exposures were <3 Rem per
13-wk period, and in no case was the prescribed
limit on integrated exposures exceeded.

Radioactive Waste Disposal and Reclamation

The first shipment of waste disposal vaults was
sent to the newly opened N.Y. State burial area
for radioactive wastes at West Valley, N.Y. Pack-
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aging procedures have been adjusted so that all
vaults now meet ICC requirements for rail ship-
ment. A 1-yr accumulation of 38 vaults-weighing
330 tons and containing =75 Ci of activity was
shipped.

Disposal of large contaminated items, such as
tanks, was greatly facilitated by the use of formed
explosive charges. This technique makes it possible
to cut up such objects with a minimum spread of
contamination. Usually they can then be decon-
taminated with the shotblaster and taken to the
Laboratory dump.

The capacity for distillation of reclaimed mer-
cury from contaminated was doubled to keep up
with demand. A total of 3900 lb was returned to
stock during the year.

Data relating to the liquid waste system are pre-
sented in Table 6. The amount of activity leaving
the site in the stream to which the effluent is dis-
charged totaled 89 mCi during the fiscal year, and
the average concentration was 8.3 x10-® uCi/cc,
which is 17% of the applicable off-site drinking

“water limit. The activity in the cooling-air effluent
from the BGRR was relatively constant, with an
average discharge rate of 16,000 Ci of Ar*' and
0.0062 Ci of I'** per day.

Synchrotron Monitoring and Dosimetry

Control of exposures at the AGS requires con-
siderable effort by all concerned. Beam intensities

Table 5

Distribution of Exposures of Individuals Receiving
Regular Personnel Monitoring Service

Exposure index range* Calendar 1963 Calendar 1962 .

0.00-0.49 2572 2330
0.50-0.99 149 79
1.00-1.49 58 . ‘30
1.50-1.99 25 ° 13
2.00-2.49 14 11
2.50-2.99 8 14
3.00-3.49 3 8
3.50-3.99 1 5
4.00-4.99 4 6
5.00=5.99 1 7
6.00-6.99 0 1

Total 2835 2504

*Exposure index =% of B exposure in rads + v ex-
.posure in R + neutron exposure in Rem.
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Table 6

Summary of Liquid Waste Data

Fiscal Fiscal
1964 1963
Input to filter beds, gal/day 844,000 720,000
Output from filter beds, gal/day 666,000 578,000
Net loss in filter beds, % 21.2 19.5
Stream above discharge point, )
gal/day 74,000 121,000
Stream at site boundary,
gal/day 775,000 - 661,000
Rainfall, in./mo 3.0 3.5

Activity concentration at input
to filter beds, Ci/cc

Activity concentration at output
from filter beds, Ci/cc

Activity concentration at site
boundary, Gi/cc

Activity at input to hlter beds,

1.0x10'* 1.4Xx10-'®
1.0X10-* 1.3x10°"¢

0.83xX107"* 1.1x10-*

.mCi/mo . 9.7 10.6
Activity at output from filter beds,

mCi/mo 7.8 8.8
Activity at site boundary, mCi/mo 7.4 8.1

Figures are averages for each fiscal year.

have-increased to the extent that there is substan-
tial activation of machine components, and work
inside the synchrotron enclosure during shutdowns
must be carefully controlled. This problem will
become even more acute in the future as addi-
tional increascs in intensity are made.

Very extensive measurements of radiation levels,
both within the buildings of the AGS complex and
in the surrounding area for distances of half a mile,
were carried out as a basis for forecasting condi-
tions to be expected for the greatly increased ma-
chine intensities that may result from improve-
ments being considered for the future.

A Hankins-type neutron monitor has been ac-
quired for determining neutron dose rates directly
in Rem/hr at the synchrotrons. Some additional
data have been obtained on the variation of dose
with depth in a phantom. A new vacuum system

" for use with the Rossi-type linear energy transfer
(LET) chamber has been acquired, and a series
of determinations of the distribution of dose with
LET for a variety of locations is planned for the
fall of 1964.

Environmental Monitoring

Background radiation dose rates measured with
an ionization chamber mounted 6 in. above the

roof of an off-site station averaged 5.6 mR/wk
during the last half of 1963. On January 1, 1964,
the chamber was mounted 2 ft above the roof so as
to yield values comparable to those 3 ft above the
ground, a location often used elsewhere for back-
ground monitoring. Values for the first half of
1964 averaged 3.0 mR/wk, which is roughly % of
what would have been obtained with the previous
chamber location. The background dose rate in a
typical frame house was found to be =2 mR/wk.

The average fallout rate in rain and settled dust
was 155 mCi/sq mile/mo as compared with 488
mCi/sq mile/mo last year. The rate varied con-
siderably from month to month, with a maximum
value of 470 mCi/sq mile/mo during July.

The highest radiation level at the site bound-
ary occurred at a point opposite the gamma
forest source and averaged 7.0 mR/wk. This may
be broken down into 3 components of 1.5, 0.9,
and 1.6 mR/wk due to background, Ar*' from
the BGRR, and the forest source, respectively.
Thus, the total addition to background due to
Laboratory operations was 2.5 mR/wk, which
may be compared with the permissible level of 10
mR/wk.

General Safety

The general safety program continued to em-
phasize prevention of the catastrophic, more se-
vere type of accident, while at the same time con-
trolling the less serious, ordinary accidents. As in
the past several years, the injury frequency rate for
calendar 1963 was maintained below 4.0, with ac-
cident costs decreasing to the average for clerical
employees in New York State.

Liquid hydrogen safety research, conducted
under contract, included a theoretical study of
the ability of various configurations of bubble-
chamber blockhouses to withstand maximum
credible explosions.

Consulting services were provided to design en-
gineers in connection with the fire and safety
aspects of a number of new projects. Several new
fire and safety standards were established for
Laboratory-wide application. '

Inspection activities included on-site construc-
tion projects as well as those conducted in coopera-
tion with the Laboratory’s operating departments.
Each of the ad hoc satety committees established by
the various operating departments to review the
hazards of proposed experiments was assisted by
an ex-officio member from the Division’s Safety
Services Office.



Table 7

Assignment of Mechanical Engineering Division
Personnel as of June 30, 1964

Designers  Secretarial
Engi- and and
neers draftsmen clerical
Accelerators
AGS 24 24 2
Cosmotron 10 7 P
Central Design - 1 8 1
Nuclear Engineering 6 21 1
Physics
Bubble chambers 15 13 -
General design 9 19 -
Safety Services 1 - -
Total 66 92 4

Total personnel — 162

MECHANICAL ENGINEERING

This past year the number of full-time personnel
in the Mechanical Engineering Division increased
from 146 to 162. The distribution of personnel
among the various BNL departments is shown in
Table 7.

Division personnel assigned to the Cosmotron
continued to support the experimental program
and the development of new equipment for the
accelerator. Three internal target rams were de-
veloped to make possible remote positioning and
ramming of a target to any machine radius. One
ram (for radiochemistry experiments) has built-in
detection apparatus with which a target can be
exposed, removed from the beam, calibrated and
counted, and returned to its original position with-
in the 2.5-sec repetition rate of the Cosmotron. A
hydraulic ramming system has been designed to
insert the ejection magnets after injection and so
increase the injection aperture.

The main Cosmotron magnet cooling system
which was based on water cooling towers has been
replaced by a closed system utilizing a heat ex-
changer cooled by water from the Laboratory’s
system. Because of the lower temperature of the
Laboratory water the magnet coil temperature has
been reduced to 90°F, and this has lowered the
ambient temperature in the magnet shielding tun-
nel. To reduce the use of Laboratory water, a 36-
MW cooling tower has been put into operation to
cool beam transport magnets, which can operate

.
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at higher temperatures. A central control room
was constructed for all mechanical systems.

A combination beam pipe and beam plug has
been developed to be placed in external beams. It
can be evacuated for beam traversal or filled with
water to serve as a beam stopper. It is planned to
install this system in the three external beams. The
Division’s liaison engineers have assisted in the
layout, construction, and operation of various ex-
perimental arrays during the past year. Among
these was a liquid nitrogen supply system for a
high-field pulsed magnet with a peak evaporation
rate of 800 liters/hr. Three experiments utilized
heavy beam transport magnets in an array which,
mounted on a roller table, could be accurately
traversed through an arc.

Engineers of this group supervised the operation
of the heavy water electrolysis plant, which pro-
duced 110,000 ft* of deuterium gas, and the liquid
hydrogen facility, which distributed 100,000 gal of
liquid hydrogen.

Technical assistance was given the Purchasing
Division in the selection of a liquid hydrogen ven-
dor and a liquid nitrogen vendor and also to the
Architectural Planning Division in the selection of
equipment and preparation of the site for a 14,000-
gal liquid hydrogen storage facility.

A major effort of Division members at the Cos-
motron has been the design, fabrication, and oper-
ation of 11 targets for use with liquid hydrogen or
liquid deuterium at the Cosmotron and 12 at the
AGS. These targets consist of a Mylar target vessel
surrounded by a vacuum vessel and superinsula-
tion, Auxiliary equipment includes a liquid hydro-
gen reservoir, a liquid level indicator for the target
and reservoir, a vacuum-insulated transfer line,
and vapor vent lines.

In addition, three special targets were fabri-
cated and arranged to operate side by sideona
carriage and rail system. Each target has an inner
envelope with 6-in.-diam by 120-in.-long working
dimensions, surrounded by a concentric container
wrapped with superinsulation. In operation one
target is filled with liquid deuterium surrounded
by liquid hydrogen, the next has liquid hydrogen
in both chambers, and the last has its inner cham-
ber evacuated and the outer filled with liquid hy-
drogen. Thus, by moving the targets on the track,
difference measurements can be easily taken to
determine the effect of the target material, liquid
hydrogen, and liquid deuteriurmn.

Two of these targets were later modified to in-
clude a larger (400-liter) reservoir to reduce the
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number of fillings necessary and thus keep the
temperature and density of the liquid in the target
constant to 1 partin 10,000.

At the AGS three short beam separators, each
6.5 ft long, were designed for use in the low energy
separated beam. They offer the possibility of in-
stalling two stages of separation instead of one in
the available space. These units were designed
with an aluminum vacuum chamber and a non-
integral iron core magnet, which eliminated most
of the difficult fabrication problems encountered
in previous designs. All parts are on hand, one
unit has been assembled, and magnet tests are
under way.

Three rf beam separators of the iris waveguide
type are on order. The first experimental cavity,
delivered late last year, has been tested to evaluate
its electrical and mechanical accuracy. On the
basis of these test results a 1-m prototype separator
structure has been delivered. Electrical tests and
measurements are now being made on this proto-
type and have progressed to the extent that three
. full-sized 3-m-long cavities have been ordered.

The first eight drift tubes of the AGS linac have
been redesigned to increase beam intensity. The
diameter of the bore tube has been enlarged from
0.5 to 0.75 in. Machining of drift tubes, quad-
rupoles, and associated hardware is complete, and
final fabrication and assembly are in progress.

Work is.continuing on the tabrication and in-
stallation of a pulsed momentum analyzing system
to continuously monitor the linac beam for energy
and energy spread. The system consists of a pulsed
deflecting magnet, focusing quadrupoles, slit
boxes, viewing boxes, an analyzer magnet, and a
Faraday cup in which the analysis is made.

The central tube and vacuum seals in the rf
cavities have been redesigned to eliminate some
operational problems. New ceramics are on hand
and new hardware is on order. Conversion is ex-
pected to take place one cavity at a time during
the coming year.

Work is continuing on the fabrication and as-
sembly of a large-aperture bending magnet. The
magnet is 3 ft long with a 2-ft-high by 10-ft-wide
aperture. The weight of the core is 300,000 1b and
of the copper 20,000 Ib. The design field is 15 kG,
and the magnet is designed to translate 6 ft and
rotate 40°, the movement being achieved hy-
draulically by using flat hydrostatic bearings.

Design of a special “C” deflecting magnet with
a field of 15 kG for use on a low energy separated
beam at the AGS is now complete. This magnet

can be mounted close to the synchrotron orbit,
which allows the separated beam to be deflected

. away from the synchrotron-at a smaller produc-
tion angle. The result is a considerable increase in
the flux of K~ mesons in the separated beam.

The complete system for fast ejection of the
primary proton beam to the Southwest Experi-
mental Area was installed and put into operation
during the past year. It consists of the ferrite kicker,

-septum magnet, and ejector magnet assemblies.
Vacuum chamber sections totaling =260 ft and
some 14 deflecting and focusing magnets were in-
stalled for beam transport. All components have
operated successfully, and useful experimental
beams have been delivered to the neutrino ex-
periment. ‘

A plasma lens for use in conjunction with the
neutrino experiment has been designed and fabri-
cated. This device is used to focus the external
beam after interaction with a target to increase
the neutrino flux and thereby increase the number
of events in the spark chamber. A pulsed voltage
of 15 kV is supplied to the lens for 20 psec during
every machine pulse; this produces a plasma arc
between two electrodes separated by a dielectric
tube =6 ft long. The tube and the electrodes form
a vacuum chamber into which an inert gas is bled
to serve as a conductor between the electrodes.
The lens has been used with some success with the
beam but final installation is still in progress.

Fabrication and installation have been com-
pleted on the =400 ft of vacnum system for the
high energy separated beam to the 80-in. bubble
chamber. ‘

Motor-driven flip targets have continued to per-
form very reliably; no failures have occurred de-
spite the fact that some of the mechanisms have
exceeded 4 X 10° cycles. One remote cycling air
lock has heen installed in the AGS ring and has
been performing satisfactorily. A working proto-
type of the programmed target change system has
been tested and is now being adapted for installa- .
tion in the machine.

As beam intensities in the AGS increase, in-
duced activities in some machine locations exceed
tolerances for even the shortest practical opera-
tions. Increasingly these operations must be per-
formed remotely. Some of the special-purpose
handling devices in various states of preparation
include a programmed target blade changer, a
modified air lock which can be remotely replaced,
and, in a very early stage of planning, a mecha-
nism for the remote changing of a complete tar-



geting straight section. Investigations into the pos-
sibilities of general-purpose remote handling de-
vices are also progressing. ‘

Members of the Division participated in the

preparation of a proposal for the construction of -

a new 500-MeV linear accelerator injector for the

AGS and the conversion of the AGS to permit -

operation at higher intensity.

Additional details of the Division’s extensive
work at the AGS are given in the section on High
Energy Accelerators.

At the Nuclear Engineering Department, in
addition to general design and fabrication support
for the Reactor Physics Division, major engineer-
ing support was provided in the following areas:
fuel-handling tools and devices for the UO,-ThO,
lattice experiment, a miniature lattice assembly for
UQO, fuel, the Mark IT Source Reactor, and a foil
experiment for the thermal column at the MRR.

On the HFBR project, members of the Division

have been providing engineering support in the
following arcas: administration, preliminary and
final design, procurement, and inspection. Ad-
ditional support consisted of the design, construc-
tion, and installation of reactor components in the
HFBR training facility.

In radiation source development and associated
arcas the following contributions were made. The
development of standardized cobalt sources was
continued, and the research irradiator at the
. University of Florida was installed and put into

service. Several conceptual designs for both re-

search and production facilities were made. Engi-
neering services for the High Intensity Radiation
Development Laboratory (HIRDL) and the radi-
ation chemistry section were continued.

Support work in the area of liquid-metal heat
transfer has involved completion of design of a
boiling potassium heat transfer loop, a cross-flow
rod bundle for a NaK heat transfer loop, and a
new eccentric-annulus test section for a mercury
heat transfer loop. A pumped boiling sodium loop
has been designed and is being fabricated.

Work has been done on the design of liquid-
metal magnetohydrodynamic test devices and on
the design and construction of a test device for the
rotating fluidized-bed missile propulsion reactor
concept.

Investigations are in progress on a high-flux re-
actor to accommodate large in-pile-loop and
capsule experiments. The possihility of modifying
the BGRR to obtain an increased neutron flux
is being studied. i
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Division personnel have participated in the
initial studies for the Chemistry Department’s pro-.
posed deep-mine solar neutrino experiment.

The effort of Division personnel on the chemo-
nuclear loop increased considerably this year. This
facility will be used to study gas-phase chemical
reactions using fission fragments as an energy
source. The design of the in-pile section has been
completed, and all major components of the loop
have been ordered or designed. The preliminary
design of the auxiliary systems is complete, and
detailed design of the out-of-pile piping is under
way.

The installation in the BGRR of an air-cooled
capsule irradiation facility was completed this
year. The facility will be used for testing settled
bed reactor fuelsin a NaK environment at 1400°F.
Tests of the facility were completed and two cap-
sule irradiations were made. Work is continuing
on the improvement of present capsule designs
and the design and construction of capsules for
irradiation at the ETR.

A report has been prepared on a 1000-MW(e)
settled bed reactor. This sodium-cooled fast breed-
er reactor could be considered for central station
power generation. Both an axial and a radial core
are discussed; the reference design and plant lay-
out given are for the axial core.

Representation was maintained on the Research
Components Standards Committee of the Amer-
ican Nuclear Society and the Sodium Steam Gen-
erator Subcommittee of the AEC’s Sodium Com-
ponents Development Committee.

Personnel assigned to the Physics Department
have been involved in many problems of both
high and low energy physics. Preliminary design
for the conversion of the 60-in. conventional cyclo-
tron to a sector-focused cyclotron has been com-
pleted. A full-scale rf model has been fabricated
and is being used to develop the rf drive system,,
Final design is in process and equipment is being
purchased.

A polarization spectrometer for use with the
HFBR has passed the preliminary design stage.
It will position a crystal in six degrees of freedom to
direct a precisely monochromated beam of polar-
ized neutrons through a guide field to a target
sample held at temperatures close to 0.1° K. All
motions are to be remotely actuated and recorded,
and the main arm and the 2:1 reducing mecha-
nism are to be accurate to *=3.seconds of arc. The
final design and fabrication will be subcontracted
shortly.
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Six neutron spectrometers have been assembled
and tested, and a method for automatically pro-
gramming a complex of seven neutron spectrom-
eters has been initiated with the Instrumentation
Division which will allow independent experimen-
tal studies to be made on each machine while
under computer control.

Work is continuing on the second version of the
high-current particle lens with the fabrication of
a new Mylar form for casting the lithium. The
lens can be made of sodium if lithium of the
proper purity is not obtained. An apparatus to in-
vestigate the transfer properties of molten lithium
is being constructed which will simulate the actual
lens construction.

A spark-chamber film reader was completed,
and the first group of experimental photographs
is being processed.

A slow neutron chopper system, described in,
the 1963 Annual Report, is'in the final stages of
design and some components are being fabricated.
The rotors will consist of aluminum forgings with
the neutron passages cadmium-plated for absorp-
tion. Cadmium plating has been tested on 5-in.-
diam aluminum rotors running at 100,000 rpm for
2 days with no evidence of plating failure. It was
originally planned to make the horizontally
shafted rotor -of a cadmium-magnesium alloy.
However, by using the aluminum-forging—cad-
mium-plating system, an increase in safety factor
of 1.5 can be obtained.

A vertically shafted fast neutron chopper is in

final design and partial fabrication. The rotor

consists of an upper and lower disk with retaining
lips around the circumference which hold four 90°
sectors of sintered tungsten material in a symmet-
rical relationship. The edges of the insert material
form two horizontal slots through the rotor into
which are placed collimating slit packages for the
neutron beam. The upper and lower disks are
made of maraging steel forgings which have a
yield strength at room temperature of 289,000
psi.

Each rotor for use in the choppers will be tested
at a speed giving a stress factor of 1.25 over the de-
sign safety factor of 1.5. A spin-test facility has
been set up and instrumented for observation of
rotors at different speeds and testing of chopper
rotating components. Another spin-test facility
with expendable apparatus is being set up to test
rotors at overspeed. If a rotor fails at overspeed,
the rotor fragments will be brought to a stop by a
lining of sand bags and can then be examined.

A finite difference method has been developed
for stress analysis of rotating disks with complex

'loading and asymmetrical geometry. The method,

which has been programmed on the computer, per-
mits a design to be investigated very rapidly.

The design of the fast neutron chopper facility
for the HFBR is nearing completion. This design
involves a system of shielding blocks with a 20-ton
motor-driven door and a track system. When the
door is opened the chopper system can be removed
from the shield on the tracks. In addition, fab-
rication has started on the in-pile collimation
equipment.

The Central Design Group has been engaged
in supporting the work of personnel assigned to

~ the Biology, Chemistry, and Medical Departments

and the Meteorology Group, as well as augment-
ing the efforts of personnel assigned to the Physics
Department. Work was done on the development
of a cell scanner for the Medical Department
which traverses a distance of 10 u with a perpen-
dicular jump of 2 p. An encapsulating system for
protecting tulip bulbs in a satellite from the ac-
celerations of orbital flight and an irradiation
source mechanism that electromechanically sim-
ulates radiation fallout decay were designed for
the Biology Department. Other projects included
a machining system for grinding plutonium in a
glove box, an intermittent pollen-collecting device,
a hodoscope positioning mechanism, a large alu-
minum-foil spark chamber, and a flat hydrostatic
bearing for movmg a 200-ton largc-aperture
magnet.

Most of the personncl assigned to the Bubble
Chamber Group have been involved in the opera-
tion of the 20-, 30-, and 80-in. bubble chambers and
also in their modification and improvement. Exist-
ing film-reading equipment is being adapted to
rolls of larger size. Members of this group partici-
pated in the preparation of a proposal for a new
14-ft liquid hydrogen bubble chamber facility at
BNL.

MACHINE SHOPS

Three general categories of service are provided
by the Central Shops Division: on-site fabrication,
fabrication by vendors, and inspection and qual-
ity control. In addition, management of the Labo-
ratory-wide machine-tool acquisition and replace-
ment program, the machine-tool standards pro-
gram, and the small-tool standards program are
the responsibility of the Division.



Table 8

Contributions to Machine Shops Workload

% Man-hours

Fiscal Fiscal Fiscal
1964 1963 1962
Accelerators
AGS 12.7 11.0 8.4
Cosmotron 9.1 8.3 15.7
Biology 2.1 2.0 2.6
Chemistry 2.1 3.0 3.3
Instrumentation and
Health Physics 1.7 1.2 0.9
Medical 157, 2.4 3.2
Nuclear Engineering 32.8 32.6 28.6
Physics 28.8 32.5 29.7
Reactor 4.8 3.6 45
Miscellaneous 2.0 2.1 } 31
Outside contracts 2.2 1.3 ’

The Division provided 143,872 productive man-
hours of work in fiscal 1964, about 4% above the
fiscal 1963 level. Table 8 indicates the contribu-
tions of the several departments to the Division’s
workload. The Nuclear Engineering and Physics
Departments continue to be the principal con-
tributors, each accounting for =30% of the entire
workload. The Accelerator Department accounted
for another 22%. More than 3100 man-hours were
applied to work for outside institutions, a sub-
stantial increase over the figure for the previous
year. Work processed through intralaboratory
requisitions accounted for 85.7% of the total, and
14.3% represented work done on a short-order
basis. Jobs in the latter category exceeded 20,000
man-hours for the first time. The average backlog
was reduced by >>4000 hr to a level =22% below
that in fiscal 1963. The backlog was still divided
~70 to 30 between the machining section and the
sheet metal and welding sections.

The Division’s fabrication problems have be-
come increasingly demanding and complex; hence
the contracting of fabrication work to vendors is of
considerable importance. Although the volume of
such work did not increase significantly over that
for fiscal 1963, the need for highly qualified and
reliable vendors has increased. Work valued at
~$98,000 was fabricated by 59 different vendors
during the year. Individual orders placed varied
in amount from $2.50 to $8500, with an over-all
average of =~$400. While the orders covered work
for 12 departments, the Physics and Nuclear En-
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gineering Departments and the Cosmotron Divi-
sion accounted for =85% of the total volume of
work contracted to vendors.

A Vendor Survey Committee was established
during the year consisting of one member each
from the Central Shops Division, the Mechanical
Engineering Division, and the Purchasing Divi-
sion. Vendor firms were surveyed and evaluated,
and a list of approved vendors was issued at the
end of the year. The high rejection rate (=30%)
of vendor work should be substantially reduced
with more experience in the selection of qualified
vendors.

The Inspection and Quality Control Section
handled 6445 jobs involving 58,322 individual
pieces, of which 40,827 were made in the Central
Shops and 17,495 by vendors. The high level of
in-process inspection maintained in the Division
undoubtedly was an important factor in achieving
a low rejection rate (<4%).

Substantial progress was made during the year
in strengthening the machine tool program. A
committee was organized to provide over-all ad-
vice on the probable future fabrication needs of the
Laboratory and their impact on the type, number,
and optimum distribution of machine tools on site.
About $200,000 was available for machine tool
additions and replacements for the Laboratory
during fiscal 1964. Of this amount 76% was ap-
plied to replacements and 24% to the acquisition
of additional machine tools. About $145,000 was
spent on machine tools for the Division, the bal-
ance of $55,000 being used for the departmental
staff shops. Surplus machine tools acquired from
the Government in fiscal 1964 had an acquisition
value of only $17,000. This reflects the fact that
much of the Government’s available inventory of
such tools is old, worn out, or obsolete, and the few
good tools are requisitioned by Government de-
partments having higher priority.

The Division worked on nearly 2000 jobs dur-
ing the year and fabricated >>40,000 individual
parts. These jobs ranged from those requiring but
a few minutes to one involving ~>4000 man-hours
of shop time, and from the simplest type of washer
to complex pieces of apparatus requiring extensive
experimentation and development in the fabrica-
tion process.

A number of jobs were of particular interest. A
machine was developed and fabricated for per-
forming a remotely controlled milling operation
on the BNL standard cobalt sources to permit re-
covery of the stainless steel encapsulated cobalt
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Figure 3. Dry box for semiautomatic welding of thin
stainless steel encapsulations of plutonium disks.

Figure 4. Inside view of dry box, showing positioning and holding fixture and welding tip.



strips after irradiation. This operation had to be
accomplished by using a minimum of space and
remote-handling devices of limited power. Other
requirements were simplicity of tool changes, ease
-of cleaning, and positive safety.

A special dry box was developed for the semi-
automatic encapsulation and welding of disks of
plutonium in 0.010-in. stainless steel. Because of
the hazards involved in handling plutonium, the
dry box was designed to enclose the work com-
pletely and provide maximum protection against
contamination while at the same time providing

simple, accurate, and positive positioning of the

parts and torch and removal of gas fumes (see Fig-
ures 3 and 4).

Three HFBR fuel element storage cells were
fabricated of 304 stainless steel containing 1%
boron. Because of the material’s costliness these
units were fabricated as prototypes in order to ob-
tain realistic cost estimates for outside fabrication
of an additional 50 units. A hodoscope positioner,
carriage, and a 60-ft length of track were fabricated
and subassembled. The track, constructed of 20-
.in. I-beams, was leveled to 0.010 in., and the posi-
tioner provided micrometer adjustment of the
vertical and horizontal location of the hodoscope.
A 42-in.-diam vacuum tank with a 1-in.-thick wall
was fabricated for the slow neutron chopper test
facility.

Probably the largest and 'heaviest piece of
equipment, and the one requiring the most ma-
chining of any job accomplished by the Division
in recent years, was the 3-crystal’'spectrometer
constructed for the Physics Department. It was
necessary to roll a 60-in.-diam, 1%-in.-wall steel
cylinder, perform complex machining operations
and heavy welding, and pour lead and boron-
paraffin mixtures to complete this 8-ton piece of
equipment. The handling alone of such a heavy
unit posed serious problems during fabrication.
Another job involving large and heavy pieces was
the fabrication of a sliding collimator and saddle
assembly for the Universal Spectrometer 1. This
unit was constructed mainly of 2-in.-thick die
stock Masonite.

Several jobs involved special tools or procedures,
critical dimensions, and close tolerances. Among
these were the fabrication of some 2000 zinc com-
bustion boats for the Medical Department by
using high-speed steel dies and a punch press, and
the fabrication of beryllium targets for the Cos-

motron, in which the machining was all done by -

grinding and special fixtures were needed to ob-
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tain the precision required. The fabrication of
fuel-handling tongs for the HFBR required high
precision to obtain the necessary positive action,
and special techniques were developed to elim-
inate the use of toxic coolants in the process of
polishing the internal surfaces of Cb-1 wt % Zr
tubing. '

Occasionally Division personnel are called upon
to perform specialized work on a facility. The ex-
tensive repairs required to make the water canal
in the HIRDL satisfactory for operation belong
in this category. This work involved heliarc weld-
ing of stainless steel coves and other pieces requir-
ing difficult welding positions." Meticulous and re-
peated dye-penetrant inspections were required to
locate leaks and check for soundness of repairs,
and special provision had to be made [or exhaust-
ing the fumes from both the welding and the dye-
penetrant inspection work.

In addition to the work for Brookhaven groups,
the Division also did work during the year for the
Massachusetts Institute of Technology, the Weiz-
mann Institute of Science, Columbia University
(Nevis Cyclotron Laboratories), the University of
Pennsylvania, and Rensselaer Polytechnic Institute.

TECHNICAL INFORMATION

All the Laboratory’s technical information ac-
tivities falling within the scope of the Information
Division showed increases over the previous year.
In the Research Library, the circulation of books,
journals, and reports increased despite the avail-
ability of a fast copying service. A saving in book
costs was effected with no loss in service by placing
orders for domestic publications through 4 new
vendor. Several changes in procedure include the
rescheduling of binding shipments at six-week
intervals to reduce the time period in which cur-
rent journals are not on the shelves. The recent
addition to the Library staff of a clerk to operate
the Xerox copying machine is already resulting
in improved and more economical service for users
of the library facilities. A preliminary study on the
feasibility of maintaining serial records in the
Laboratory’s Data Processing Division has re-
sulted in a system that is expected to be in opera-
tion by the next subscription renewal period. The
Reference Section, together with staff members of
the Biology and Applied Mathematics Depart-
ments, has concluded plans for updating the Bibl:-

" ography on the Effects of Ionizing Radiations on Plants,

1896-1955 (BNL 504); information will be stored
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in the computer so that indexes can be issued reg-
ularly or on demand.

In the Classified Library, more than 1000 re-

ports_ have been received from other installa-
tions. The annual inventory reveals total holdings
of 15,700 research and development reports, of
which 8000 are secret. No classified formal reports
were published by the Laboratory during the past
year. With the issuance by Goodyear Atomic
Corporation of a compilation entitled A Supplement
to the Indexes of NSA and ACR, it has been possible
to dispense with the subject section of the classified
.card catalogue. All searching by subject can now
be performed by using the indexes in the current
issues of Nuclear Science Abstracts and Abstracts of
Classified Reports in conjunction with the Goodyear
compilation. Two representatives of the AEC’s
Declassification Branch were here in September
1963 to review classified correspondence and
drawings; this visit resulted in the declassification
of =~300 items, with a consequent reduction in the
Laboratory’s classified files.

The number of scientific manuscripts originat-
ing from Brookhaven-supported research and
published as journal articles and Laboratory re-
ports continues to increase. During the year 1044
such documents (including published abstracts of
speeches) have been processed by the Information
Division, compared with 959 in the previous year,

- 710 in fiscal 1962, and 708 in fiscal 1961. The Ed-
itorial Section, which edits and otherwise prepares
formal BNL reports for publication, has also ex-
perienced an increased workload.

Exchange agreements continue to be made with
foreign research institutions, whereby the Labora-
tory’s reports are exchariged for similar material
from many nations. Publications received under
such agreements are deposited with the Research

" Library.

The continuing expansion of the Laboratory’s
output of technical information was again reflected
in the activities of the BNL Patent Office, which is
‘responsible for the review and clearance for patent
matters of all scientific manuscripts. The rate of
increase in the number of documents requiring
such clearance continued the trend first noted in
fiscal 1963, with a growth of =19% when com-
pared with that year. Although the numbers of
preliminary invention reports and records of in-
vention remained within the general range of the
past several years, the number of patent applica-
tions reached a new high. The continuing growth
in patent clearance activity is probably a result of

Table 9

Fiscal year

1964 1963 1962

Patent clearances 1085 909 768
Preliminary invention reports 43 45 40
Records of invention 27 20 19
Patent applications 14 12 7

the increased activity in high energy physics as-
sociated with the completion of the 80-in. bubble
chamber, coupled with the normal growth in the
other fields of fundamental research.

Table 9 summarizes the activities of the BNL
Patent Office during fiscal 1964 and the two pre-
ceding years.

PHOTOGRAPHY AND GRAPHIC ARTS

The gencral level of activity in the Photography
and Graphic Arts Division continued to be high
during fiscal 1964. The production figures for
the past three years are shown in Table 10 for
the Photography Group and in Table 11 for the
Graphic Arts Group.

The slight general decrease in thc productlon
figures for the Photography Group was more than
offset by the large increase in the amount of film
processed for the bubble-chamber operations —
double the amount processed in fiscal 1963. To
meet the denfand in this area the operating stall
for the 2 film-processing machines was increased
from 3 to 5 persons. The rate at which film is ex-
posed at the bubble chambers fluctuates widely,
depending on the schedules for AGS operations
and for experiments utilizing the bubble cham-
bers. Accordingly, the rate at which film was proc-
essed during fiscal 1964 ranged from a low of
58,000 to a high of 880,000 ft/mo, or an average
of 378,000 ft/mo for the year. The two film-
processing machines have operated well, and it
has been possible to step up the output of each
machine from 40 to 60 ft/min. A number of com-
ponents of the machines have been improved as a
result of the experience gained from their contin-
ued use.

Some add1t10na1 space for the Phntography
Group was obtained by converting an old battery
room for use as a photomicrography laboratory.
This room provided a ground-floor concrete pad
on which to mount the microscopes and the equip-
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Table 10 Table 11
Fiscal year Fiscal year
1964 1963 1962 1964 1963 1962
Photographs . 12,100 12,937 11,062 Offset impressions 13,304,220 13,;/09,625 11,207,710
Photomicrographs 1,799 2,290 2,768 Mimeo impressions 1,430,510 1,721,044 2,283,530
Lantern slides 13,883 15,423 10,371 Ektalith impressions 3,715,548 2,008,140 -
Prints 50,990 58,275 52,212 Sheets collated .
Photostat-Xerox copies 210,680 185,804 46,291 and bound 9,035,573 6,773,150 3,363,100
Film processed, ft 4,525,997 2,289,985 1,409,730 Reports and booklets, ,
Charts and graphs drawn 5,038 6,164 3,982 copies produced 92,625 75,905 100,725

Motion picture footage
Ozalid prints

14,794

55271* 140,981 506,128

*These prints are almost all engineering drawings re-
produced on a self-service basis.

ment used for interference microscopy. The greatly
improved stability of the instruments, compared
with that in the previous second-floor location,
has resulted in much more satisfactory operation
and consistent quality of the work. This new space
includes a small darkroom with a semiautomatic
film processor.

The half-hour motion picture mentioned last

year, “Of Man and Matter,” depicting the AGS -

and the high energy physics program, has received
a Merit Award for “Outstanding Industrial Mo-
tion Picture Production in Research and Develop-
ment Category” from the Princeton Film Review
Board. A 15-min film was completed this year on
the pilot plant for a process of incorporating fission
products in phosphate glass as a medium for the
disposal of high-level radioactive wastes. ‘

A design patent was granted for a stand devel-
oped by the Illustration Section that greatly in-
creases the portability and flexibility of exhibit
displays.

The production figures for the Graphic Arts
Group for fiscal 1964 show a small over-all in-
crease over those for 1963 (see Table 11). The 85%
increase in the number of Ektalith impressions re-
flects a shift from mimeograph, photo-offset, and
Ozalid processes for the reproduction of preprints,
- internal reports, and memoranda. The use of the
Ozalid machine for many of these items has been
all but discontinued. The 1964 figure for Ozalid
prints in Table 10 represent the use of this ma-
chine on a self-service basis principally for repro-

duction of engineering drawings and other mate-
rial requiring large sheets.

Three persons were added to the Graphlc Arts
Group during the year: one was assigned to the
Ektalith work, one to composition, and one to the
office staff. An Assistant Graphic Arts Supervisor
was appointed to be responsible for personnel ad-
ministration within the Group and to assist the
Supervisor in the many operational details. He
continued to be responsible for the supervision of
the composition work.

A contract was negotiated for the commercial
production of Supplement No. 2, Neutron Cross Sec-
tions, BNL 325, 2nd Ed. This publication, repre-
senting ~~2 million production units, was needed
within 6 to 8 weeks in order to be ready for the
Third United Nations International Conference
on the Peaceful Uses of Atomic Energy. Because
of the short production time the work could not be
undertaken by the BNL plant, and it was there-
fore necessary to purchase the work from a com-
mercial printer.

Some of the larger reports produced by the
Graphic Arts Group during the past year are listed

below.
Total

Pages impressions

Brookhaven Symposia in Biology No. 16,
Meristems and Differentiation, BNL
805 (C-38) 262
Annual Report, July 1, 1963, BNL 806
(AS-17) 212
International Conference on Fundamental X
Aspects of Weak Interactions, BNL
837 (C-39) 474
Final Safety Analysis Report on the
Brookhaven High Flux Beam Research
Reactor, BNL 7661 (in 2 volumes) 636

1,179,000

508,800
616,200

254,400



Administration and Operations

The management operations reviewed in this

section have been carried out in a manner de-
signed to facilitate and encourage. the research
activities of the Laboratory’s scientific staff.

PERSONNEL

Scientific Staff and Students

For the second successive year, the number of
regular statt members and salaried visitors at
Brookhaven increased by =~10% during the 12

months ending May 31. Comparative year-end.

statistics for 1963 and 1964 are shown in Table 1.
Turnover continued to be significant: 59 scientists
and engineers were appointed to the staff, and 27
terminated or were granted leaves of absence, for
a net increase of 32 regular staff members.

The number of salaried visitors as of May 31'
reached a new high due, in part, to an increase in
postdoctoral . Research Associate appointments
which carry limited terms. During the year, 41
recent graduates began appointments as Research
Associates, and 36 terminated or.were transferred.
Of the latter, 10 were promoted to the regular
staff.

Although the number of nonsalaried appoint-
ments continued to increase, the number of guests
participating at the Laboratory on a full-time
basis did not change appreciably. Graduate and
undergraduate students held 41 of the additional
93 nonsalaried appointments.

May 31 was used in Table 1 to exclude from the
statistics several hundred visitors holding tempo-
rary summer appointments. Similarly, the 12-
month period ending May 31 was used in Table

Table 1

Scientific Staff and Students on May 31, 1964 and 1963

Visitors
‘Regular staff Salaricd Nousalaried
1964 1963 1964 1963 1964 1963
By appointment category
Staff ,
‘Senior Scientist 66 57 1 1 42 20
Scientist 131 120 10 5 123 121
Associate Scientist 151 130 10 9. 120 122
Assistant Scientist " 53 62 12 11 84 77
Research Associate — — 85 80 62 39
Students N -
Junior Research Associate — — 4 5 93 75
Research, Assistant — — 0 o -85 62
Total 401 369 122 111 . 609* 516**
By academic degree
Ph.D.or M.D. 276 248 114 103 . 407 338
Master 52 50 8 5 87 81
Bachelor 68 66 0 3 105 90
No degree 5 5 0 0 10 - 7

*55 of these appointees were at BNL on a full-time basis as of May 31, 1964.
**57 of these appointees were at BNL on a full-time basis as of May 31, 1963.




171

Table 2

Classification of Visiting Scientists and Students Participating in BNL Program
for One Month or More, June 1, 1963 - May 31, 1964

Guests and salaried visitors

More than
3 months

Less than
3 months program Total

1963 Summer h

Salaried Guest

Salaried Guest

Salaried Guest Individuals Institutions

University staff 28 35 12
Thesis students 6 28 1
Student Research Assistants 1 8 0

Subtotal 35 71 13
Industry 1 5 0
Other institutions 20 39 2

Total 56 115 15

57 75 41 248 106
20 2 4 61 24
18 119 34 180 73
95 196 79 489 142 different
2 0 4 12 7
21 7 13 102 54
118 203 96 603 203 different

"2 to include participants in only one summer
program.

Table 2 lists the numbers of visiting scientists
(not including salaried Research Associates) and
students who worked at Brookhaven for a cumula-
tive period of one month or more during the year.
The total of 603 individuals is greater by 10% than
the previous all-time high reported last year. In
addition’to those included in Table 2, 270 scien-
tists and students worked at the Laboratory for
less than one month.

Table 3 shows the extent to which consultants’
services have been employed during each of the
past three years.

Summer Program for 1964

Arrangements have been made for 304 visiting
scientists and students to work at Brookhaven dur-
ing the summer of 1964. Of this number, 164 are
students and 140 are staff members from colleges,
universities, industrial organizations, and other
institutions.

Special groups include 19 Health Physics Fellows
and 100 students in the Laboratory’s thirteenth
annual summer student program.

Labor Relations

New agreements were reached during the year
with the Oil, Chemical, and Atomic Workers In-
ternational Union (Local 8-652) and the Long
Island Guards Union.

. The OCAW contract which became effective in
January 1964 remains basically unchanged. It
continues to provide an indefinite contract term
and application of the Laboratory’s merit wage
system, Laboratory policies, and changes in such
policies as they apply to nonbargaining-unit wage
employees.

The new two-year agreement with the Long
Island Guards Union provides for annual rate in-
creases of 2.5% effective in March 1964 and 3.5%
in March 1965. - '

There were no contract negotiations during the
year with Directly Affiliated Local Union No.
24426, AFL-CIO. The contract entered into as of
December 31, 1962, with this union continues in
effect until December 31, 1965. )

The Union Relations Committee which was
established as a means of communication between
DALU and Laboratory management has just
completed a successful first year. With a primary

Table 3

Consultants’ Services

Fiscal year

1964 1963 1962

Total contracts in effect June 30 92 88 88
No. of cousultants used 63 60 59
No. of man-days of service 626 761 577
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objective of resolving labor-management prob-
lems, the committee of union representatives and
members of management have met on more than
20 occasions to freely discuss Union and Labo-
ratory problems as well as other subjects of mutual
interest.

Employment

The population of the Laboratory continued to

increase during the year (see ngure 1). Early in
calendar 1964 BNL passed the 3000 employee
mark. For the year, a total of 453 employees joined
the Laboratory tofill new employment opportu-
nities, replace retirees, and fill other vacancies.
The Laboratory’s population, excluding tempo-
rary appointccs, research collaborators, and guests,
has now reached 3065, a net increase of 155 over
fiscal 1963 (see Table 4).

This year’s new employees were the first to par-
ticipate in the formal orientation program con-
ducted by the Personnel Department. The pro-
gram has been successful in acquainting the new
employee with the Laboratory’s history, organiza-
tional structure, personnel policies and practices,
and employee services.

A major area of concentration continues to be
the seminars conducted for first-line supervisors
and other management personnel. A series of
supervisory scminars based on the importance of
good human relations was held from January
through March 1964. More than 175 first-line
supervisors participated in the series, which was
conducted by a consultant from the Cornell Uni-
versity School of Industrial Relations and mem-
bers of the personnel staff. In May, other manage-
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Figure 1. Laboratory growth.

ment personnel who are normally more concerned
with labor-management decisions were partici-
pants in a labor relations seminar directed by the
Laboratory’s special legal counsel.

Employee Services

Improvements were made in the Retirement
Plan and the Long-Term Disability Insurance
program. Very briefly, the improvements are (1)
the addition of a tax-deferred option to the retire-
ment annuity plan for monthly salaried exempt
employees, and (2) a new provision in the dis-
ability insurance plan which offers disabled em-
ployees the option of continued participation in
the variable annuity option (CREF) of the Labo-
ratory’s retirement plan. Previously, the CREF

Table 4

Employment Statistics*

June 30, 1964 June 30, 1963

Scientific staff 516 . 477
Professional staff 323 297
Nonscientific staff 2226 2136
Total 3065 2910
1964 1963
Annual - Annual
rate rate
Turnoverdata  Number (%) Number (%)
Accessions
Scientific staff 120 24 127 28
Professional staft 69 22 78 28
Nonscientific staff 264 12 “ 403 20
" Total 453 15 608 22
Separations
Scientific staff ~ 81 16 89 . 19
Professional staff 43 . 14 Y 13
Nonscientific staff 174 8 165 8
Total 298 10 291 11
Net Acressions
Scientific staff 39 8 38 8
Professional staff 26 8 41 15
Nonscientific staff 90 4 238 12
Total . 155 5. 317 12

*Figures.do not includc 87 temporaty summer non-
student employees. Guests and temporary student em-
ployees are included in Table 2.




option was not available to an employee while on
disability because a separate fixed annuity retire-
ment fund had been established in place of TIAA/
CREF for disabled employees.

BNL employees have continued to show in-
creasing interest in self-improvement courses.
Under BNL’s tuition refund policy, 247 employees
have been reimbursed in part for tuition costs of
formal courses taken at 13 different universities
and colleges.

Fifty-three employees were awarded 10-year
service pins, and 16 employees retired during the
year. -

ARCHITECTURAL PLANNING

The following major building projects, with a
total value of slightly less than $29,500,000, were
initiated, under construction, or completed during
fiscal 1964.

High Flux Beam Rescarch Reactor
Chemistry Building
Instrumentation and Health Physics Building
Controlled Environment Laboratory
Physics and Mathematics addition
to the Physics Building
Water treatment plant
Steamn plant addition
Low-level radiation counting facility
for clinical research

Tn addition, engineering work will begin this
summer on a tandem Van de Graaff accelerator
facility whose cost is currently estimated at
$12,000,000.

The contracts for architect-engineer and con-
struction work were held by the AEC and admin-
istered by its Brookhaven Office, except that for

the water treatment plant, which is held by Asso--

ciated Universities, Inc., and administered at
BNL by the Architectural Planning Division. The
Division also acted on behalf of BNL in all other
work to provide the liaison required from early
planning through construction.

Construction is also scheduled to begin in fiscal
1965, contingent on congressional approval, on a
Lecture Hall-Cafeteria and extension of site util-
ities. These projects are currently cstimated to cost
$2,975,000. Preparation and development of the
technical and planning information for these
projects are currently under way.

Smaller projects initiated or undertaken during
fiscal 1964 amounted to $1,300,000 under the
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General Plant Projects program. There were more
than 150 of these minor additions to, or modifica-
tions of, research and supporting staff facilities,
many of which presented special engineering prob-
lems and required considerable engineering effort.
The general plant projects which exceeded $50,000
were as follows: an office building at the AGS; an
addition to the north side of the Metallurgy Build-
ing; a liquid hydrogen storage facility; an addition
to the underground steam distribution system,;
and an addition to the Central Shops Building. As
in past years, the Architectural Planning Division
worked closely with the Plant Maintenance Divi-
sion to coordinate many of these projects.

Early in 1964 the Architectural Planning Divi-
sion began preparing the facilities section (buildings)
of the budget request for fiscal 1966. This involved
site locations, preliminary building plans, cost esti-
mates, and descriptive brochures for the projects
listed below (total estimated cost, $20,285,000).

Hot Laboratory addition ,

AGS Target Building addition

AGS Service Building addition

. Technical Photography and Graphic Arts Building

Central Shops Building

Supply and Materiel Building

Animal laboratories :

Molecular Biology addition

High-Pressure Gamuna Radiation Loop Facility

HIRDL addition

During the spring of 1964 the Division assisted
the Accelerator Department in delineating the
scope of the proposed AGS conversion program
and estimating the costs for the buildings, struc-
tures, utilities, and site work involved; this also in-

" cluded such layouts and site plans as were required

for the final budget proposal report.

PLANT MAINTENANCE

The many responsibilities of the Plant Mainte-
nance Division have made it the most diversified
at the Laboratory; its more than 400 employees
include engineers, painters, carpenters, electricians,
plumbers, janitors, riggers, model makers, tele-
phone and teletype operators, heavy equipment
operators, automotive mechanics, mail carriers,
drivers, food service workers, housing and travel
arrangers, landscapers, and many others.

During the past year the Plant Maintenance
Division initiated and substantially completed 195
major maintenance projects and/or facility modi-
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fications at a total cost of ~$800,000. These proj-
ects included the incorporation of 4 buildings into
1 to provide additional shop areas for the Utilities
Maintenance Group; conversion at the Cosmo-
tron of the machine shop space to 8 laboratories
and a utility room; modifications to the gas storage
warehouse; preparation of a basement area of the
Medical Research Center for use as a fallout shel-
ter; expansion of the Meteorology Group’s facil-
"ities; refurbishing of 2'waste processing labora-
tories for the Nuclear Engineering Department;
rehabilitation of part of the railroad siding; reloca-
tion and rehabilitation of a warehouse in the
apartment area; continued progress on air condi-
tioning installations; improvements in lighting,

electrical feeders, heating, and plumbing; installa- -

tion of security fences, fume hoods, access ladders,
and roof walks; and interior and exterior painting,
waterproofing, and roof repairs.

Telephone, mail, and wire service is part of the
responsibility of the Division’s Communications
Group. In the past 12 months the number of tele-
phone lines has grown from 1376 to 1436, and the
number of telephone instruments has increased
from 2320 to 2363. The 4% inicrease in lines and
the 2% increase in telephones compare with a 5%
increase in total personnel at the Laboratory. New
telephone service has been initiated in the Instru-
mentation and Health Physics Building, Acceler-
ator Development Division, High Flux Beam Re-
search Reactor, AGS Assembly Building, Cosmo-
tron addition, Liquid Hydrogen Storage Facility,

Table 5

Manpower Utilization

Fiscal 1964 Fiscal 1963

Productive Percent of Productive Percent of

Type of work man-years total work man-years total work
Maintenance, repairs, and utilities operations 136 36 125 35
Major maintenance programs 10 3 15 4
Facility improvements 6 2 7 . .2
Research program support 88 23 ' 81 . 23
Building janitor services 67 18 64 18
Decontamination 6 2 5 1
Hot Laundry operation 7 2 7 2
Conferences and miscellaneous services 7 2 5 1
‘I'elephone and telegraph services 12 3 12 4
Transportation, housing, and mail services 34 9 a2 10
Total . 373 100 A 353 100

Table 6

" . Costs of Supplies, Materials, and Contracts

.

Fiscal 1964 - Fiscal 1963

Maintenance and utilities materials
Major maintenance materials and contracts
Facility improvement materials
Building janitor supplies
Decontamination

Hot Laundry

Fuel oil

Electricity

Gasoline

Telephane, telétype, and mail
Housing and cafeteria

Total

$ 313,685 $ 306,826
451,983 612,605
277,351 351,751
54,211 ! 55,443

329 ‘ 474
21,657 19,571 .
305,382 305,336

1,694,364 1,410,260
24,490 24,834
* 359,221 319,793
51,838 75,000

$3,554,511 $3,381,883




both the large and small animal quarters, and else-
where. Plans have been made for telephone ser-
vice in the dynamatron experimental section of
the cyclotron. Provision was made to place under-
ground the overhead telephone lines along Rail-
road Avenue. A more efficient system of telephone
jacks and portable telephones was installed in the
AGS Target Building to allow experimental sta-
tions to be moved from place to place without in-
curring additional telephone costs. The Medical

Research Center further improved its telephone

service through the changeover of 28 manual ex-
tensions from its subswitchboard to direct dial
lines, which will eventually lead to disconnection
of 1 of the 2 operator positions at this switchboard.
Toll diversion was accomplished on the foreign
exchange trunks to Metropolitan New York along
with the application of the group channel rate;
this has resulted in a decrease in telephone costs of
$800/month. Several “G” wiring plans were dis-
connected and replaced with the more efficient
call-director equipment, and a new data-proc-
essing method of automating the telephone equip-
ment records was inaugurated. A standard operat-
ing procedure covering the communications func-
tion was written, and the groundwork was laid for
Laboratory participation in the Federal Telecom-
munications System, the nationwide Government
network of leased long-distance circuits. U.S. mail
and intra-Laboratory mail continue to ‘be col-
lected and delivered on a dependable, efficient,
regularly scheduled basis between'57 buildings
having 88 mail-drop points.

The Laboratory’s role as host to scientific semi-
nars, conferences, and meetings is supported by
the Division’s Staff Services Group, which pro-
vides transportation and travel arrangements,
housing, and other accommodations required by
the participants, who come from all parts of the
world. Each year the number of participants in
such functions continues to increase markedly.

Continued use was made during the year of the
services of consulting engineers in the examination
of BNL operating problems. A study of the well
clogging problem was conducted by Gibbs and
Hill, Inc., of New Yark to recommend methods for
preventing recurrence of incrustating deposits
which have clogged the Laboratory’s water-supply
wells and caused a falloff in pumping capacity.

The utilization of man power and the distribu-
tion of costs within the Plant Maintenance Divi-
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sion for fiscal 1963 and 1964 are analyzed in
Tables 5 and 6. '

SECURITY AND PLANT PROTECTION

The Security and Plant Protection Division
continued to perform its assigned functions during
fiscal 1964.

Although the scope of the security function at
the Laboratory has contracted substantially since
Brookhaven’s early days, the Laboratory con-
tinues nevertheless to maintain an extremely ac-
tive AEC security clearance program. At the end
of fiscal 1964, =800 Laboratory employees and
affiliates had active “Q” clearances and =300
had active “L” clearances. These clearances are
required to carry out the classified work at the
Laboratory and also to give Brookhaven scientific
and technical personnel full access, when neces-
sary, to restricted data, both at BNL and at other
laboratories and institutions.

The physical growth of the Laboratory and the
expansion of its research program have necessi-
tated ever-increasing emphasis upon the Labora-
tory’s plant protection program. The increase in
this aspect of the Division’s functions has been met
through adaptation of industrial plant protection
techniques and practices to the specialized re-
quirements of Brookhaven.

The Fire Group maintained its excellent record
in meeting potentially dangerous fire situations at
the Laboratory. An active fire-inspection and fire-
prevention program is a continuing and important
aspect of the Fire Group’s activities; close liaison
with scientific and technical personnel engaged in
research experiments and other activities present-
ing potential fire hazards is regularly maintained
with gratifying results. During the year, fire-fight-
ing equipment has been increased and modern-
ized, and mutual-aid fire-fighting agreements with
nearby communities have béen continued. Train-
ing of the regular fire fighters, as well as the auxil-
iary and volunteer fire fighters, has been accelerated.

Fortunately, there were no major fires on site
during fiscal 1964, and responses to fire alarms de-
creased, as shown in the tabulation below.

1964 1963 1962

Responses on site 152 209 165
Responses off site 5 7 7
Investigations 47 70 49

Total 204 286 221
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Table 7

Distribution of Personnel

Fiscal Fiscal
1964 1963
Staff Clerical total total

Business Office 3 2 5 5
Purchasing Division 17 17 34 31
"Supply and Materiel
Division 8 75 83 80
Total 28 94 122 116
Table 8

Summary of Business Operations

Fiscal 1964  Fiscal 1963

Number of procurements 35,628 36,582
Value of procurements $21,800,000 $24,900,000
Number of receiving actions 41,435 42,697
. Number of stores issues 251,584 149,255

Value of inventory turnover .§ 3,418,500 $ 2,935,300

BUSINESS MANAGEMENT

Comparative statistics for Business Office op-
erations during fiscal 1963 and 1964 are given in
Tables 7 and 8.

The reductions in the numbers of orders and re-
ceiving actions reflect efficiencies gained through
bulk procurement under offers of sale, invitation/
bid/awards, and charge account agreements, as
well as extensive use of electronic data-processing
equipment in calculating economic reorder quan-
tities based on physical inventories of selected
categories of stock. The higher value of procure-
ments in fiscal 1963 was due to 6 large transactions
involving heavy water and data processing equip-
ment totaling ~~$4 million.

Planned progress has been the keynote of Busi-
ness Office operation during fiscal 1964, especially
in the areas of organizational and procedural de-
velopment and cost improvement. The more sig-

nificant accomplishments are highlighted below.

Purchasing Division

The Purchasing Division conducted a critical
examination of its organization and procedures.
The resultant organizational changes and im-

proved methods were documented in a new Pur-
chasing Manual issued in October 1963. Organi-
zational changes included the appointment of a
new Purchasing Manager, the realignment of
buyers into commodity groupings to- afford better
work continuity and greater familiarity with prod-
uct lines, and the assumption of the excess-property
acquisition function.

In addition: (1) A Traffic-Rate Guide has been
published and distributed to key personnel as an
aid in selecting the most economical routing of
purchased materials and supplies. (2) Committees
have been formed to review vendor facilities and
capabilities, and a directory of Approved Machine
Shop Vendors has been published which indexes
the processes each is capable of handling. (3) A
cost reduction program to ensure continued cost
awareness has been implemented. (4) Increased
emphasis has been placed on procurement nego-
tiations to secure improved prices and/or better
discount schedules. (5) Plans for continued prog-
ress during fiscal 1965 have been formalized.
The active participation of all personnel in the
Division’s cost reduction program resulted in
documented savings estimated to be in excess of
$900,000 for fiscal 1964.

Supply and Materiel Division

The Supply and Materiel Division alsu uude: -
took a self-examination of its organization and
procedures. Completion of Phase I of a 2-phase
program has resulted in the adoption of many im-
provements and the publication of a Procedure
Manual reflecting operations as of May 1, 1964.
Phase II, now under way, entails a more critical
review of key areas (flagged in Phase I) requiring
closer analysis for long-range improvement.

The Division has continued to expand its use of
electronic data processing. The central storage
areas are now operating under a “check-out” issue
systemn utilizing prepunched cards. Plans are in
progress to operate outlying stockrooms indepen-
dently under the same system. This new issue sys-
tem has greatly reduced keypunching time and
now provides a greater degree of accuracy in in-
ventory reporting. The new Inventory Manage-
ment program has been debugged to the extent
that machinc:calculatcd rcorder quantitics arc
reliable enough to allow consideration of machine
preparation of orders and releases to replenish
stock.



All inventory items have been converted from
manually controlled stock records to edge-punched
Smith-Corona-Marchant cards which allow auto-
matic preparation of blanket orders, order/releases,
and storage bin tags. In addition, address lists for
the internal distribution of catalogues and the ex-
ternal preparation and mailing of excess lists have
been prepared for automatic reproduction.

CONFERENCES, PUBLIC INFORMATION,
AND EDUCATION

The fifth annual series of George B. Pegram lec-
tures was delivered at the Laboratory on August
26, 28, and 30, 1963, by Dr. J. Robert Oppen-
heimer, Director of the Institute for Advanced
Study. These three lectures, with the title “Niels
Bohr and His Times,” reviewed the history of
physics during the first half of the twentieth cen-
tury. The lectures, which were held outdoors, were
attended by a large number of interested indi-
viduals from neighboring communities as well as
from the Laboratory staff.

Among the large conferences held at Brook-
haven during the fiscal year was the Symposium
on Biological Effects of Neutron Irradiations, Sep-
tember 9-11. This was the first meeting sponsored
by the International Atomic Energy Agency to be
held in the United States; it was attended by =150
scientists representing 18 foreign countries, 4 inter-
national agencies, and the United States. The
meeting was opened by Dr. H. Seligman, Deputy
Director of the IAEA; the Honorable Glenn T.
Seaborg, Chairman of the US AEC, was the ban-
- quet speaker. Other conferences were as follows:
Evaluated Nuclear Data Files Meeting, May 4-5;
National Research Council Solid State Sciences
Advisory Panel, May 11-12; AEC Meteorological
Activities Conference, May 19-21; and Brook-
haven Biology Symposium No. 17, entitled “Sub-
unit Structure of Proteins,” June 1-3.

In addition to these conferences, the Laboratory
was host organization for the following meetings:
* Dosimetry Workshop, April 22-24; AEC Advisory
Committee for Biology and Medicine, May 7-9;
Advisory Committec on Reactor Safeguards Sub-
committee Meeting, June 4-5; AEC Division of
Isotopes Development Contractors Meeting, June
18-19; and three High Energy Discussion Group
meetings, December 12, February 19, and May 7-
8. The tenth annual Naval Reserve Nuclear Sci-

177

ences Seminar was held at Brookhaven, March 1-
13, on the topic of Health Physics.

The fourteenth annual Visitors’ Day for the gen-
eral public was attended by 9043 individuals, in-
cluding students from 110 junior high schools, on
October 19. The sixth College Visitors’ Day, held
on October 25, was attended by 1013 students
representing 61 colleges and universities. The
tenth annual High School Visitors’ Day, held on
October 26, was attended by 5682 students from
160 high schools. On February 11, the Laboratory
held its eighth annual Science Youth Day in ob-
servance of Thomas Alva Edison’s birthday. Be-
cause of inclement weather only 152 students;
representing 28 Suffolk County high schools, were
able to attend. ) .

During the year the following foreign groups
visited Brookhaven: 6 Japanese chemical engi-
neers, September 26; 13 University of Toronto
Engineering Society students, October 31; 11 Rus-
sian scientists, headed by Andronik M. Petrosyants,
Chairman of the State Committee for Utilization
of Atomic Energy, November 19; 18 students from
the Institute of Nuclear Science and Engineering,
Argonne National Laboratory, January 31; 7 Rus-
sian solid state physicists, February 11-12; 11
members of the Euratom Two-Phase Flow Team,
April 27; 46 European medical technicians, May
6; 12 Japanese science writers, May 8; and a joint
team of 7 USSR and U.S. movie producers, June
10. In addition, 489 professional, governmental,
and industrial representatives from foreign coun-
tries visited for short periods during the year. Most
of these visits were suggested by the AEC.

Other visitors included =~1000 persons repre-
senting 28 professional groups and =150 graduate
students representing 10 colleges and universities.
Members of 6 National Science Foundation teach-
ers-in-training institutes spent 1 day at the Labo-
ratory, receiving indoctrination in research proj-
ects in their particular fields of interest. The Long
Island Personnel and Guidance Association held
a.l-day meeting at Brookhaven, with 118 teachers
in attendance.

In addition to its more routine activities in
issuing press releases and servicing requests for
technical information from book publishers, stu-
dents, and the public, the Public Information
Office arranged for a press conference on the dis-
covery of the omega-minus particle by a Brook-
haven team of physicists. Through the courtesy
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and cooperation of the American Institute of

Physics, the conference was held on February 21
in the Institute’s board room in Manhattan, which
ensured optimum attendance. A press kit, includ-
ing photographs, was prepared for the meeting,
which was attended by 40 representatives of do-
mestic and foreign news media. Dr. Maurice Gold-

haber presided, giving an introductory review of .

the research leading up to the experiment in
which this important new particle, predicted by
theory, was discovered. He was followed by the
.leading scientists involved in various aspects of the
experiment. A question period followed. Undoubt-
edly, the wide and thorough coverage given in the

news to the omega-minus particle was largely due

to this meeting. ‘

In the field of education, the activities of the
Public Information Office continued to grow,
mainly because of the increasing emphasis on the

. nuclear sciences in school science curricula. This is

resulting in a heavy demand for literature and
other information and assistance on science proj-
ects'and term papers. To meet such demands,
stocks of more than 150 separate information

. booklets and brochures are now available. While

some of these have originated at Brookhaven,
others have been obtained from the AEC’s Divi-
sion of Technical Information and from many

- other sources. The Laboratory continues to pro-

vide speakers for neighboring civic, educational,
and semiprofessional audiences and to lend motion
pictures from its extensive film library.
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' Appendix A

PUBLICATIONS, JULY 1,

1963 - JUNE 30, 1964

This list includes official Laboratory publications, abstracts of papers which were
or will be presented at scientific meetings, and publications by staff members, con-
sultants, and guests. All these listings result from work done at the Laboratory; they
were submitted during the review period.* Abstracts are indicated by (A); letters to
the editor, (L); and notes, (N). Acceptance for future publications is designated:by

(in press).

GENERAL PUBLICATIONS

Annual Report, July 1, 1963. BNL 806 (AS-17).
Progress Reports, Nuclear Engineering Department:

January 1 - April 30, 1963. BNL 799 (S-64).

May 1 - August 31, 1963. BNL 823 (S-65).

September 1 = December 31, 1963. BNL 841 (S-66).

Conference Reports:
Brookhaven Symposia in Biology No. 16. Meristems and
Differentiation. BNL 805 (C-38).

International Conference on Fundamental Aspects of Weak In-
teractions, Brookhaven National Laboratory, September 9-11,
1963. BNL 837 (C-39).

Brookhaven Lecture Series:
23. Neutrino Physics, L.M. LEpERMAN. BNL 787 (T- 300)
26. Trace Metals: Essential vr Detrimental to Life, G.C.
Cortzias. BNL 828 (T-323).
31. The Nuclear Reactor Come quge J. Cuernick. BNL
838 (T-329).
34. The Biology of Aging, H. J. Curtis. BNL 854 (T-340).
High-Temperature Liquid-Metal Technology Review:

Vol. 1, No. 4, August 1963. BNL 825 (PR-4).

Vol. 1, No. 5, October 1963, BNL 836 (PR-5).

Vol. 1, No. 6, December 1963. BNL 844 (PR-6).

Vol. 2, No. 1, February 1964. BNL 855 (PR-7).

Vol. 2, No. 2, April 1964. BNL 866 (PR-8).

Vol. 2, No. 3, June 1964. BNL 875 (PR-9).

Weekly Bulletin 16, No. 52; 17, No. 1-52; 18, 1-5.
Weekly Selected Reading List 16, No. 15-52; 17, No. 1-15.

STAFF PUBLICATIONS AND ABSTRACTS

Accelerator Department

Apalr, R.K. - See LEIPUNER, L.B.

Apams, R.R. - See PLotkin, M.; Spiro, J.

Avrrr, C., NauenBerG, U., NussBauMm, M., Rarauy, ],
SCHULTZ, J., STEINBERGEK, J., KirscH, L., PLano, R,
BerLEY, D, AND PrODELL, A.G. Z°-A° relative parity.
(A) Bull. Am. Phys. Soc. 8, 514 (1963).

*Also included are those listings from the last annual report
[BNL 806 (AS-17)] for which complete reference information
was not then available.
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Barcg, D.A., CHu, W.T., LErrUNER, L.B., CRITTENDEN,
R.R., MarTiN, H. J.,, KErRNAN, W, AYER, F., Mar-
suaLr, L., anp L1, A.C. K-p interactions at 2.00
BeV/c. (A) Bull. Am. Phys. Soc. 9, 441 (1964).

Barce, D.A. - See also Cuu, W.T.

BarTon, M.Q. Notes on coherent effects in the Cosmo-
tron. In Proc. Intern. Conf. High Energy Accelerators, Dubna,
USSR, Aug. 1963, pp. 157-60, A.A. Kolomensky et al.,
Lditors, Atomizdat, Moscow, 1964.

Barton, M.Q., BennerT, G.W., CorTiNGHAM, J.G,,
EnriGHT, A. J., GLENN, J.W,, Harris, J.L., Morcan,
G.H,, Smitn, LW, Tranis, A., AND WARKENTIEN, R. J.
A summary of the Cosmotron experiments on the co-
herent vertical instability. Informal Report BNL 7674.

Barrton, M.Q., CorTingHaM, J.G., anp TraANIS, A
Damping of a resistive wall beam instability in the Cos-
motron. Rev. Sci. Instr. 35, 624-5 (1964).

BenneTT, G.W. - See BarTON, M.Q),

BerLEY, D. A brief description of separated beam #2.
Informal Report BNL 7272.

BerLEY, D. Low energy pion and muon fluxes at the
AGS. Informal Report BNL 8087.

BerLEY, D. - See also ALFF, C.; Bruccer, H.

BLeweTT, J.P. Accelerator design studies for production
of high center-of-mass energies. In Proc. Intern. Conf.
High Energy Accelerators, Dubna, USSR, Aug. 1963, pp. 75-
9, A.A. Kolomensky et al., Editors, Atomizdat, Mos-
cow, 1964.

BLEwEeTT, J.P. New design for a proton linear accelera-
tor. Informal Report BNL 7669.

BLeweTT, J.P. Particle accelerators — Synchrotron. Arti-
cle in 1964 Yearbook of Science and Technology, McGraw-
Hill, New York (in press).

BLewerT, J.P. — See also vAN STEENBERGEN, A.

BrewerTt, M.H. Experimental beams at the AGS. In
Proc. Intern. Conf. High Energy Accelerators, Dubna, USSR,
Aug. 1963, pp. 711-17, A.A. Kolomensky et al., Editors,
Atomizdat, Moscow, 1964.

RrewrrT, M.H. aND DanBY, G.T. Design and perform-
ance of bending and quadrupole magnets for the AGS
experimental program. Ibid., pp. 767-74.

Bruccer, H., KirscuH, L., Prano, R., BerLey, D,
GEeLFAND, N, M1.LER, D., STEINBERGER, J., AND TaN,
T.H. Three- body K° decay (A) Bull. Am. Phys. Soc. 8
514-15 (1963).
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CarMEen, R.L. - See Swartz, C.E.

CHinowsky, W, - See Lerpuner, L.B.

CHu, W.T., Barcg, D.A., LEIPUNER, L.B., CRITTENDEN,
R., Martin; H. J.; KErRNAN, W, AYER, F., MARSHALL,
L., anp L1, A.C. Production of Z- and 2= by 2.0-BeV/¢c

K~-p interaction. (A) Bull. Am. Phys. Soc. 9, 441 (1964).

CHu, W.T. - See also Barce, D.A.; Lerpuner, L.B.

CorringHAM, J.G. Excitation of a linear resonant system
from a fast frequency sweeping source. Proc. IEEE (in
press).

CorTincHAM, J.G. External beam cross section distribu-
tion display. (N) Rev. Sci. Instr. 35,517-18 (1964).

CoTtringHAM, J.G., GrOssMaN; A.S., aND FELTMAN, A V.
A solid-state motor control for a pulse-loaded 1750-
horsepower induction motor. Elec. Eng. 82, 629-32
(1963).,

CortingHAM, J.G. anp Kovarik, V. J. Liquified gas level
indicator for H, and N,. Nucl. Instr. Methods 25, 244-6
(1964).

CorTINGHAM, J.G. - See also BarTon, M.Q.; FELTMAN,
AV,

Courant, E.D. Computations in accelerator design. (A)
Prcsented at IBM Scientific Computing Symp. Large-
Scale Problems in Physics, Yorktown Heights, N.Y.,
Dec. 1963.

Courant, E.D. Particle dynamics in storage rings. In
Proc. Intern. Conf. High Energy Accelerators, Dubna, USSR,
Aug. 1963, pp. 361-4, A A. Kolomensky et al., Editors,
Atomizdat, Moscow, 1964.

Courant, E.D. Some features of 200-Mc injection into
the AGS. Informal Report BNL 7911.

CouranT, E.D. Some remarks regarding high-energy in-
jection into the Brookhaven AGS. Informal Report
BNL 7451.

Courant, E.D. Where is zero? Informal Report BNL
7643.

Courant, E.D. - See also PLoTkiN, M.

CritTeNDEN, R.R. - See Barce, D.A,; Cuu, W.T ;
LEeipuNER, L.B.

Dansy, G.T. anp Jackson, J, W, Design of small angle
beam quadrupolés for the AGS. Informal Report BNL
7438. '

Dansy, G. T. anp Jackson, J.W. Magnetic measure-
ments of AGS experimental beam quadrupoles. Infor-
mal Report BNL 7700.

Dansy, G.T., Jackson, J.W., aNnD WEISENBLOOM, ].
Magnetic measurements of AGS external beam mag-
nets. Informal Report BNL 7862.

Dansy, G.T. - See also BLewert, M.H.

ENRIGHT, A. J. - See BarTON, M.Q,

Fausrt, J. - See Pork, L.

FeLtMaN, A V. anD CotTiNGHAM, J.G. Torque reversing
drive for light dc target motor. Rev. Set. Instr. 35, 814-15
(19G4).

FrLarau, C.R. Possible handling methods for radioacti-
vated accelerator components. Informal Report BNL
7706.

Fratau, C.R. - See also Porxk, I.

ForsyTH, E.B. A hydrogen thyratron magnet pulser. Proc.
8th Symp. Hydrogen Thyratrons and Modulators, Fort Mon-
mouth, N. J., May 1964 (in press).

ForsyTH, E.B. - See also Spiro, J.

Gerers, W.F. - See ProTkIN, M.; SPIRO, J.

v

GEeLFaND, N. - See BrRuGGer, H.

GLENN, J.W. - See BarTon, M.Q.

GrucksTERN, R.L. Coupling of longitudinal and trans-
verse oscillations in linear accelerators. Informal Re-
port BNL 8035.

GrucksTErN, R.L. Magnet errors in linear accelerators.
Informal Report BNL 7796.

GrLucksTERN, R.L. RF structure of proton linac beams.
Informal Report BNL 7618.

Green, G.K. AGS performance and plans. In Proc Intern.
Conf. High Energy Accelerators, Dubna, USSR, Aug. 1963,
pp- 110-15, A.A. Kolomensky et al., Editors, Atomizdat,
Moscow, 1964.

Green, G.K. - See also PLotkin, M.; Spiro, J.

Hann, H. The deflecting mode in circular iris-loaded
waveguides. Rev. Sci. Instr. 34, 1094-1100 (1963).

Hanun, H. anD Havama, H. J. Perturbation techniques
for the deflecting mode. Informal Report BNL 7378.

Havrama, H. J. - See ' Hann, H.; PLoTkin, M.; Sriro, J.

Hagrris, J.L. - See BarTon, M.Q.

Jackson, JW. - See Danby, G.T.

KirscH, L. - Sce ALrr, C,; Brucaer, H.

Kovarik, V. J. - Scc CorTiNgHAM, J.G.

T.arsen, R.C. - See LErpunER, L.B. ’

Lasky, C. Failure of coil #871. Informal Report BNL
7999.

LascerT, L. J. Coil systems for measurement of field and
field-gradient in two-dimensional magnetic fields. In-
formal Report BNL 7270.

LasLerT, L. J. Some aspects of search coil design. Infor-
mal Report BNL 7269.

Lerruner, L.B., Caivowsky, W., CRITTENDEN, R.; ADAIR,
R., MuscrAVE, B., AND SuiveLy, F.'T. Anomalous re-
generation of K,° mesons from K,° mesons. Phys. Rev.
132, 2285-90 (1963).

Lerruner, L.B., Cru, W.T., LarseN, R.C., AND ApaIr, R.
Partlcles w1th a charge ofﬁe (L) Phys. Rev. Letters 12,
423-5 (1964). '

Lerpuner, L.B. - See also Barce, D.A.; Cuu, W.T.

Leving; G.8. - Sce Swakiz, C.E.

MascHKE, AW, - See Sriro, J.

MILLER, D. - See BrucGer, H.

Moore, W.H. - See Jesseph, J.E. (Mcdical); LippiNcort,
S.W. (Medical).

Morcan, G.H. - See Barton, M.Q.

Muscrave, B. — See Lriruner, L.B.

NAUENRERG, 1] = Scec Avrg, C.

Nusssaum, M. — See Avrrr, C.

OLEksIUK, L.W. - See van STEENBERGEN, A.

Parzen, G. Effects of radial straight sections in a spiral-
sector FFAG accelerator. Informal Report BNL 7635.

Parzen, G. The scalar potertial in magnectic field cal-
culations. Informal Repart RNT. RnaN.

Parzen, G. Space-charge limits and injection and aper-
ture requirements for a 1000-BeV synchrotron. Infor-
mal Report BNL 7668.

Prano, R. - See Avrr, C.; BrucGer, H.

Protkin, M., Apams, R.R., Courant, E.D., GEFERs,
W.F, Green, G.K., HaLama, H. J., Raka, E.C., anp
Seiro, J. Beam observation and manipulation in the
AGS. In Proc. Intern. Conf. High Energy Accelerators, Dubna,
USSR, Aug. 1963, pp. 958-64, A A. Kolomensky et al.,
Editors, Atomizdat, Moscow, 1964.



ProTkiN, M. - See also Spiro, J.

Porxk, I., Faust, J., FLatay, C.R,, anp King, R. Internal
target system and induced radioactivity at the AGS. In
Proc. Intern. Conf. High Energy Accelerators, Dubna, USSR,
Aug. 1963, pp. 745-58, A.A. Kolomensky et al., Editors,
Atomizdat, Moscow, 1964. ’

PortTER, C.G. An accurate autoreflection system for the-
odolites. Informal Report BNL 7268.

Raka, E.C. - See PLoTkIN, M.

RATAU J. - See Avrrr, C.

ReapinG, O.S. Precision surveying for the 33-GeV syn-
chrotron at Brookhaven National Laboratory. In Proc.
Intern. Conf. High Energy Accelerators, Dubna, USSR, Aug.
1963, pp. 116-28, A A. Kolomensky et al., Editors,
Atomizdat, Moscow, 1964.

Rueaume, R.H. Hard tube modulator for the AGS linac
rf power amplifier. Proc. 8th Symp. Hydrogen Thyratrons
and Modulators, Fort Monmouth, N. J., May 1964 (in press).

ScHuLTz, J. - See ALFF, C.

SHaYLOR, H.R. The effect of electrical Q and electrical
resonance on accelerating cavities. Informal Report
BNL 7699.

SHivery, F.T. - See LErpuner, L.B.

SmitH, LW. - See Barton, M.Q.

Seiro, J., Apams, R.R., ForsytH, E.B., GEFERs, W,
Green, G.K., Harama, H. J., MascHkE, AW, aND
Protkin, M. Multiple experimental operation at the
AGS. In Proc. Intern. Conf. High Energy Accelerators,
Dubna, USSR, Aug. 1963, pp.129-36, A.A. Kolomensky
et al., Editors, Atomizdat, Moscow, 1964.

Seiro, J. - See also ProTkin, M.

STEINBERGER, ]J. - See ALFF, C; BruGGERr, H.

Swartz, C.E., LEving, G.S., AND CarMEN, R.L. Non-
saturating ionization chamber for high intensity ex-
ternal proton beam. Rev. Sci. Instr. 34, 1398-9 (1963).

Tan, T.H. - See BRuGGER, H.

. TueveNET, B. Energy loss by ionization of relativistic
particles in xenon. I. Informal Report BNL 7934.

THEVENET, B. AND ZsemBERY, J. An empirical pion-
nucleon spectroscopy. (L) Phys. Rev. Letters 13, 40-2
(1964).

THEVENET, B. - See also ConnoLLy, P.L. (Physics).

Tranis, A. —- See BarTon, M.Q.

VAN STEENBERGEN, A. Beam current limitations in the
AGS with multiple-turn injection related to ion source
emittance characteristics. Informal Report BNL 7943.

VAN STEENBERGEN, A. Low-energy injection into an 800-
Mc/s linac structure. Informal Report BNL 7910.

vaN STEENBERGEN, A., OLeksiuk, L.W., aNpD BLEweETT,
J.P. Some characterisitics of the AGS linac beam and
related ion source studies. In Proc. Intern. Conf. High En-
ergy Accelerators, Dubna, USSR, Aug. 1963, pp. 489-98,
A.A. Kolomensky et al., Editors, Atomizdat, Moscow,
1964. )

WAaRKENTIEN, R. J. - See BarTon, M.Q.

WEeIsENBLOOM, J. — See Dansy, G.T.

ZsEMBERY, J. - See THEVENET, B.

Applied Mathematics Department

AuersacH, E.H. anp Moorg, S.O. Calculations of in-
elastic scattering of neutrons by heavy nuclei. Phys. Rev.
(in press).
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AuersacH, E.H. - See also listing under Nuclear Engi-
neering.

Bearp, W. J., MaRrR, R.B., RaBinowrTz, G., AND WENESER,
B. Current status of the digital pattern recognition pro-
gram at BNL. In Proc. Conf. Programming for HPD and
Other Flying Spot Devices, Collége de France, Paris, Aug.
1963, CERN 63-34, pp. 201-8, CERN, Geneva, 1963.

Bearp, W. J. aNpD WENESER, B. A digital scanning pro-
gram for single-view bubble-chamber photographs. In-
formal Report BNL 7323.

CarkiN, JW. A mathematician looks at bubble- and
spark-chamber data processing. In Proc. Conf. Program-
ming for HPD and Other Flying Spot Devices, College de
France, Paris, Aug. 1963, CERN 63-34, pp. 191-200,
CERN, Geneva, 1963.

CanNON, J.R. A priori estimate for continuation of the
solution of the heat equation in the space variable. Ann.
Mat. Pura Appl. (in press).

Cannon, J.R. A Cauchy problem for the heat cquation.
Ann. Mat. Pura Appl. (in press).

Cannon, J.R. A Dirichlet problem for an equation of
mixed type with a discontinuous coefficient. Ann. Mat.
Pura Appl. 61, 371-8 (1963).

Canwnon, J.R. The numerical solution of the Dirichlet
problem for Laplace’s equation by linear programming.
J- Soc. Ind. Appl. Math. 12, 233-7 (1964).

Cannon, J.R. anp DoucLas, J. Three-level alternating-
direction iterative methods. Contrib. Differential Equations

"3, 189-98 (1964).

Cannon, J.R. anp Jones, B.F. Determination of the dif-
fusivity of an anisotropic medium. Intern. J. Eng. Sci. 1,
453-5 (1963).

Cannon, J.R. anp MiLLEr, K. Some problems in nu-
merical continuation. Submitted to Numerische Math.

Cannon, J.R. - See also FiLmer, D.L. (Biology).

FucHEL, K., Garrison, J.D., aNp Zavitsas, L.R. Eigenvalue
Spacing Distributions for Comparison With Experimental Data:.
A Serzes of Computer Programs. BNL 863 (T-346), May 1964.

FucHeL, K. anp LEGERLOTZ, A. ouTBIN: A 7090/94 bi-
nary peripheral computer output system. In Proc. Share
XXII, San Francisco, March 196¢, IBM (in press).

FucHeL, K. - See also Wu, A.C.T.

Garrison, J.D. - See FucHet, K.

HEeLLER, S, PApwa, L., AND PERLMAN, L. sTEAM: A Com-
puter Program To Analyze Spark Chamber Data Ob-
tained by Use of an Automatic Flying Spot Digitizer.
BNL 833 (T-237), Dec. 1, 1963.

HEeLLER, S. - See also Wy, A C.T.

Jones, B.F. - See Cannon, J.R. :

LARseN, A. GRAPE: A computer program for classical
many-body problems in radiation damage. I. Informal
Report BNL 7979.

LEecerLoTZ, A. — See FucHEL, K.

Marg, R.B. anp SHiMamoTO, Y. On a Lee model with a
four -point coupling. Nuovo Cimento 31, 599- 614 (1964).

MagR, R.B. - See also BEarp, W. J.

MILLER K. - See Cannon, J. R

Naxkanisui, N. Asymptotic behavior of the scattering am-
plitude and normal and abnormal solutions of the
Bethe-Salpeter equation. Phys. Rev. (in press). )

NaxanisHi, N. Fundamental properties of perturbation-
theoretical integral representations. II1. J. Math. Phys.
(in press).
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Naxkanisui, N. High energy asymptotic expansion of
Green’s function for forward scattering. (L) Submitted
to Phys. Letters.

NaxkanisHi, N. Invariant solutions of the exact Bethe-
Salpeter equation in general-mass case. J. Math. Phys.
4, 1229-35 (1963).

Naxkanisui, N. Perturbation-theoretical integral repre-
sentation and the high-energy behavior of the scatter-

- ing amplitude. Phys. Rev. 133, 8214-19 (1964).

Naxkanisai, N. Perturbation-theoretical integral repre-
sentation and the high-energy behavior of the scatter-
ing amplitude. IL. Phys. Rev. 133, B1224-31 (1964).

NakanisHi, N. Remarks on the double dispersion ap-
proach to the Bethe-Salpeter equation. J. Math. Phys.
4,1235-40 (1963).

Papwa, L. — See HELLER, S.

PerLMAN, I. - See HELLER, S.

Rapivowrrz, G. Current status of the digital pattern rec-
ognition program at BNL. In Proc. Conf. Programming
JSor HPD and Other Flying Spot Devices, Collége de France,
Paris, Aug. 1963, CERN 63-34, pp. 243-54, CERN,
Geneva, 1963.

Rasivowrrz, G. - See also BEARD, W, J.

SHiMAMOTO, Y. — See, MARrR, R.B.

SkiBINskY, M. Maximum likelihood prediction for a two-
point bio-assay with prior information. Submitted to
Ann. Math. Statistics. )

WENESER, B. Lorentz invariant momentum space 7090
program LiMs. Informal Report BNL 7308.

WENESER, B. - See also BEard, W. J.

Wu, A.C.T., Wu, T.T., anp Fucuer, K. Intermediate
bosons: Pair production cross section by protons. (L)

" Phys. Rev. Letters 11, 390-4 (1963).

Wu, A.C.T,, Yang, C., FucheL, K., AND HELLER, S. In-
termcdiate bosous: Production cross section from neu-
trinos. (L) Phys. Rev. Letters 12, 57-61 (1964).

Wu, T.T. - See Wu, A.C.T.

Yang, C. - See Wy, A.C.T.

Zavrrsas, L.R. - See Fucuet, K.

. Riology Department

ALonzo, N. — See YonDa, A. (Instr. & Health Physics).

Amano, E. Experiments with ethylmethane sulphonate
(EMS) and radiation. Maize Genetics Cooperative News
Letter No. 38, 27-31 (April 15, 1964).

Baker, D.G., CARSTEN, A L., AND SaFrorD, C, A methnd
of characterizing protein changes in serum after x-
irradiation. Radiation Res. 20, 431-2 (1963).

Barnes, B.G. The fine structure of the mouse adenohy-
pophysis in various physiological states. Collog. Intern.
Centre Natl. Rech. Sci. Paris 128, 91-109 (1963).

BecHERER, F.R. - See WoobpweLL, G.M.

BerecH, J. AND Uurtis, H. J. The role of age and x-
irradiation on kidney function in the mouse. Radiation
Res. 22, 95-105 (1964).

BerceroN, J.A. Studies of the localization, physicochem-
ical properties and action of phyocyanin in Anacystis
nidulans. Proc. Symp. Photosynthetic Mechanisms of Green
Plants, Warrenton, Va., Oct. 1963, Natl. Acad. Sci.—Natl. Res.
Council Publ. 1145, 527-36 (1963).

Bisuop, J.S., SteELE, R., ALTszULER, N., Dunn, A,
BjerknEs, C., anp pEBopo, R.C. Effects of insulin on

liver glycogen synthesis and breakdown in the dog.
Submitted to Am. J. Physiol.

Bisnor, J.S., SteeLE, R., DUNN, A., ALTSZULER, N,
BjerkneEs, C., RaTHGEB, 1., anp DEBODO, R.C. Hepatic
effects of insulin: Inhibition of new glucose release and
stimulation of direct uptake of blood glucose for glyco-
gen synthesis. (A) 6th Intern. Congr. Biochemistry, New
York, July 1964, Abstracts of Papers, 714 (1964)

Bisnor, J.S. - See also STEELE, R.

B]ERKNES C. - See Bisnop, J.S.

Brackman, D. - See LUK'TON, A,

Bourpeau, P.F. aND WoobpweLL, G.M. Field measure-
ments of carbon dioxide exchange by Pinus rigida trees
exposed to chronic gamma irradiation. Ecology 45, 403-
6 (1964).

Bresciant, F. A comparison of the cell generative cycle in
normal, hyperplastic and neoplastic mammary gland of
the C3H mouse. Proc. 18th Ann. Symp. Fundamental Can-
cer Research, Houston, March 1964 (in press).

Bresciang, F. Duration and rate of DNA synthesis in the
mammary gland of the C3H mouse as studied by incor-
poration of H*-thymidine. (A) 6th Intern. Congr. Biochemis-
try, New York, July 1964, Abstracts of Papers, 45 (1964).

Bresciang, F. Effect of ovarian hormones on duration of
DNA synthesis in cells of the C3H mouse mammary
gland. Submitted to Exptl. Cell Res.

Bresciang, F. X-radiations and membrane metabolism
connected to active Na-transport. (A) Radiation Res. 22,
170 (1964).

Bresciang, F.; AuriccHio, F., anp Fiorg, C. A biochemi-
cal study of the x-radiation-induced inhibition of active
sodinm transport (Na pump) in human erythrocytes.
Rudiation Res. 22, 463-77 (1964).

Brescrant, F. AURICCHIO F., ann FIORE C. Effect of x-
rays on movements of sodlum in human erythrocytes.
Radiation Res. 21, 394-412 (1964).

Brices, R.-W. anp Smith, H.H. Effects of x-irradiation
on intracistron recombination at the WX/wx locus.
Maize Genetics Cooperative News Letter No. 38, 25-7 (April
15, 1964).

Brown, J.A.M., MikscHe, J.P., anp SMrte, H.H. An
analysis of H3-thymidine distribution throughout the
vegetative meristem of Arabidopsis thaliana (L.) Heynh.
Radiation Botany 4, 107-13 (1964). ’

Brown, J.A.M. anp SmrtH, H.H. Incorporation and ef-
fects of thymidine analogues in gametophytic tissue of
Arabidvpsiy shaltan, Muatotion Res. 1, 45-54 (1964).

Brown, J.A.M. - See also MikscHE, J.P.

BuTERra, R. ~ See Nims, L.F.

CarsTEN, A.L. anD InNEs, J.R.M. The effects of partial-
body irradiation on delayed responses. Ann. N.Y. Acad.
Sci. 114, 316-27 (1964).

CarsTen, A L. avp Noonan; T.R. Hewatological effects
of partial-body and whole-body x-irradiation in the rat. -
Radiation Res. 22, 136-43 (1964).

CaRrsTEN, A.L. anp ZEMAN, W. ‘The design and calibra-
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Karl I1. Heinzinger
(postdoctoral appointment)
Shiu Kwong Ho
(postdoctoral appointment)
Jerome Hudis
Andries Hummel
(on leave from
Minustry of Education, Arts, and Sciences,
The Hague, Netherlands)
James A. Ibers
Adolph P. Irsa
Takanobu Ishida
(postdoctoral appointment )
Karin Karlstrom
(assigned from Columbia Univ.)
Seymour Katcofl
John D. Kelley
(postdoctoral appointnent)
Ann M. Kistner*
(assigned from Columbia Univ.)
Fritz S. Klein*
(on leave from Weizmann Inst. of Science,
Rehovoth, Israel)
Walter Kunnmann
Sam J. LaPlaca
Anne M. Lautzenheiser
Pak Sang Leung
(graduate student from Columbia Univ.)
Peter Lieberman
(graduate student from Broaklyn College)
George H. Megrue
(postdoctoral appointment)
Sandro Meloni*
(on leave from Univ. of Pavia, Italy)

. James P. Mollenauer*

Thomas F. Moran
(postdoctoral appointment)
George H. Nancollas*
(on leane from Univ. of Glusgow, Scotland)
Beverly J. Nine
A. Edward Norris
(postdoctoral appointment)
Elinor F. Norton

- Lars Borje Ostman

(postdoctoral appointment)
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Catherine T. Paul
Morris L. Perlman’
Norbert T. Porile
Arthur M. Poskanzer
Neil Purdie*

(postdoctoral appointment)
Birgit M. Rabe
Johann G. Rabe

(NATO Fellow)
Srinivasan Raman

(postdoctoral.appointment)
Carol S. Redvanly
Paul L. Reeder

(postdoctoral appointment)
Louis P. Remsberg, Jr.
J. Keith  Rowley
William Rubinson
Edward V. Sayre
Oliver A. Schaeffer
Harold A. Schwarz
William A. Seddon

(postdoctoral appointment )
Stanley Seltzer
Kohji Shimaoka

(postdoctural appointment)
Frederick J. Silkworth, Jr.
Morris Slavin
Gerhard Stocklin

(postdoctoral appointment)
Raymond W. Stoenner
Norman Sutin
Shigeo Tanaka*

(on leave from Unw. of Tokyo, Japan)
Sydney O. Thompson
Richard B. Timmons

(postdoctoral appointment)

Reginald M. Walters
" (postdoctoral appointment )
Jesse M. Wamnpler

(postdoctoral appoiniment)
Freddie H. Watson, Jr.
Ralph E. Weston, ]Jr.
Alfred V. Willi

(on leave from Univ. of Bern, Swztzerland)
Ronald Withnell
Alfred P. Wolf
Mux Wolfsberg
Tucker T. Yee

(graduate student from

Univ. of Massachusetts)
Ursula Zahn

(assigned from

Univ. of Munich, West Germany)
Andreas A. Zavitsas ‘
(postdoctoral appointment)

Instrumentation and -
Health Physics Department

Horner Kuper, Chatrman
Abraham Arnold
Frank R. Berry*

*Terminated before July 1, 1964.

Robert M. Brown
Robert J. Champagne
Robert L. Chase
David O. Clark
Lester A. Cohen
Jerome Constant
Frederick P. Cowan
Carl H. Distenfeld
Jack C. Faust*
Joachim Fischer
Charles W. Flood, Jr.
Charles F. Foelix
John A. Frizzola
Lee Gemmell
William J. Hartin
William A. Higinbotham
Andrew P. Hull
John F. Jacobs
Robert J. King*
Peter S. Littlcfield
(on military leave of absence)
Jorge Llacer
Robert O. M¢Clintock
Charles B. Meinhold
Constance M. Nagle
Anthony Nappi
Casimir Z. Nawrocki
Michael J. O’Brien
David Ophir
(on leave from
Israel Inst. of Technology, Haifa, Israel)
James P. Palmer -
Howard R. Pate
Smith G. Pearsall
Leigh F. Phillips
David W. Potter
Veljko Radeka
(postdoctoral appointment)
Seymour Rankowitz
Gilbert S. Raynor
Edwin J. Rogers
Martin J. Rosenblum
(on leave to CERN, Geneva, Switzerland)
George E. Schwender
Stanley I. Silverman
Irving A. Singer -
Maynard E. Smith
Robert J. Spinrad
Raymond W. Stong
Luis Tepper*
(on leave from Atomic Energy Commission,
Tel-Aviv, Israel)
Sanford E. Wagner
Gaylard N, Wall
John B.S. Waugh*
Stanley Wood
Anthony H. Yonda, Jr.

Mechanical Engineering Division

Irving J. Polk, Head
Richard W. Aichroth
Richard C. Albert

Joseph E. Allinger
John G. Androulakis*
Robert D. Baldwin, Jr.
Joseph A. Bamberger
Alden J. Banslaben
Paul Bezler .
Thomas J. Blair
Donald P. Brown
Robert H. Browne -
Vernon J. Buchanan
Leonard N. Chimienti
Henry O. Courtney
Rudolph Damm
Jack E. Detweiler
Basil De Vito
Julius J. Diener
Carlo Ferraro, Jr.
Carl R. Flatau
Edward H. Foster
Donald W. Gardner
Robert J. Gibhs
Eugene O. Glittenberg -
Jules B. Godel
Carl L. Goodzeit
Charles L. Gould
Philip E, Greenberg
John J. Gries
Melvin E. Griffing
John J. Grisoli
Eugene E. Halik
Charles R. Hedberg
John J. Hennessy
Rudolph S. Hodor
Kenneth C. Hoffman
John N. Hopping, Jr.
Hendrik Houtsager
Hank C.H. Hsieh
Donald W. Huszagh
Jack E. Jensen
Michael B. Karelitz
(deceased November 4, 1963)
David A. Kassner
Andrew Kevey
John T. Koehler
Calman Lasky
Boris M. Lomonosoff
Joseph Lypecky
Stanley J. Majeski
Paul Mandel
John G. Marinuzzi
Robert J. McCracken
Anthony P. Meade
Kurt F. Minati '
Shih Chia Mo*
Geurge Nugent
Joseph M. O’Donnell, Jr.
Adolph Oltmann
Frederick O. Pallas
Trancis C. Pechar
Paul A. Pion
Carl J. Pozgay
Oliver S. Reading
Clive E. Reed

s
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Morris Reich

Wesley G. Ripperger -
Albert P. Schlafke, Jr.
Joseph C. Schuchman
Anthony Semplicino
Donald B. Sisson
John R. Sisson
Charles Theisen
Harvey J. Thomas
Reese D. Thomas
Helmuth Thorwarth
Vincent Troisi, Jr.
John C. Walker
William G. Walker
Irving J. Winters, ]Jr.
Henry H. Woelfel
Donald H. Wright

Medical Department

Victor P. Bond, Chairman
Vicente Alcober*
(on leave from Facultad de Medicina,
Univ. de Valencia, Spain)
John O. Archambeau
Robert B. Aronson
Harold L. Atkins
John L. Bateman
(assigned from National Inst. of Health)
Donald C. Borg
Salvador R. Bozzo :
(on leave from Univ. of Chile, Santiago)
Amos A. Britton*
(on leave from Univ. of Bogotd, Colombia)
Bernard J. Bryant

Arjun Dev Chanana
(on leave from District General Hospital,
Bolton, England) .

Donald H. Clifford*
(on leave fram Univ. of Minnesota)
Stanton H. Cohn

‘Spencer L. Commerford

Robert A. Conard, Jr.
Constantinos Constantinides
Hans Cottier*
(on leave from Univ. of Bern, Switzerland)
George C. Cotzias
Eugene P. Cronkite
Lewis K. Dahl
Nicholas Delihas
Ruth M. Drew
Ralph G. Fairchild
Ludwig E. Feinendegen*
(assigned from EURATOM)
Theodor M. Fliedner*
Edith M. Forsyth*
Norman Z. Glatstein*
(on leave from
Mu. Sinai Hospital, New York)
Ernest A. Gusmano
Leonard D. Hamilton
Lawrence V. Hankes

*Terminated before :]uly 1, 1964.

Max W. Hess
Carl Hirsch
(graduate student from Univ. of Cincinnati)
Donald R. Huene
(assigned from U.S. Navy)
Walter L. Hughes*
Wen-Shui S. Hwang
John E. Jesseph
(on leave from Veterans Administration
Hospital, Washington, D.C.)
Horton A. Johnson
Septimus M. Joubert*
(on leave from
Univ. of Natal, Union of South Africa)
Hooney C. Kahng*

. (medical associate )

Georg A. Keiser

(on leave from

Unuv. Hospital, Zurich, Switzerland)
Matina Kesse*

(on leave from

Alexandra Hosprtal, Athens, Greece)
Louis C. Lax*

Robert A. Love
Nicholas Odartchenko*
Nobuyoshi Oji

(on leave from

Osaka Univ. Medical School, Japan)
Paul S. Papavasiliou
Mildred Pavelec
Edwin A. Popence
Kedar N. Prasad
José Ramos

(on leave from Facultad de Medicina,

Univ. de Sun Marcos, Lima, Peru)
Paul Reilly*

Luis Rizo-Patrén*

(on leave from Facultad de Medicina,

Univ. de San Marcos, Lima, Peru)
James S. Robertson
Charles V. Robinson
Arthur Sakamoto
Eckart Schackow*

Lewis M. Schiffer

Hanspeter Schnappauf
(on leave from Justus Liebig Univ.,
Giessen, West Germany)

Stephen L. Schwartz

(graduate student from Univ. of Cincinnatz)

Vinod C. Shah*
Walton W. Shreeve
Clyde R. Sipe
Richard D. Stoner

Pierre A. Stryckmans

(on leave from

Inst. Jules Bordet, Brussels, Belgium)
Andrew ]J. Tashjian .

(U.S. Public Hmlt/z Service Fellow )
George M. Tisljar-Lentulis
Edgar A. Tonna
Donald D. Van Slyke
Adrianus A. van Soestbergen
Melvin H. Van Woert
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Wallace M. Wass*
(on leave from Univ. of Minnesota)
Charles R. Young

Nuclear Engineering Department

Warren E. Winsche, Chairman
George Adler
Christopher Agritellis
Sidney J. Altschuler*
(graduate student from Columbia Univ.)
Eigil Andersen*
(assigned from
Kjeller Research Establzshment Norway)
Arnold L. Aronson
Seymour Aronson
Clemens Auerbach
Allan Auskern
David S. Ballantine
Charles B. Bartlett,
Morris Beller
William N. Bishop
Fritz Bloch
John S. Bookless
William Bornstein
Joseph S. Bryner
Carlos A. Cannistraci*
(assigned from
Atomic Energy Commussion,
Buenos Aires, Argentina)
Albert W. Castleman, ]Jr.
M.S. Chandrasekharaiah*
(postdoctoral appointment )
Renate W. Chasman
John Chen
Jack Chernick
Chang S. Choi*
(assigned from
Atomic Energy Research Inst.,
Seoul, Korea)

~ Joe G.Y. Chow

Evelyn A. Cisney*
John T. Clarke
Carol H. Collins*
(postdoctoral appointment)
Peter Colombo
Helen R. Connell
Noel R. Corngold
Anita J. Court
Russell N. Dietz
Robert F. Doering
Roy F. Doiuish
Kenneth W. Downes
James M. Dwyer*
(postdoctoral appointment)
Orrington E. Dwyer
James J. Egan
Leonard C. Emma
Lester G. Epel
Seymour G. Epstein
Jack Fajer
(postdoctoral appointment)
Peter T. Fallon
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Joan F. Felberbaum

Stephen W. Feldberg*
(postdoctoral appointment)

Harmon L. Finston*

Albert H. Fleitman

Markley H. Flom

Jack J. Fontana

Joseph Forrest

Bernard R. Fox

Leonard Galanter

John D. Garrison*

(on leave from San Diego State College)

Ajoy K. Ghatak
(postdoctoral appointment)

Althea Glines

Donald A. Goellner

Murrey D. Goldberg

Barry M. Gordon

Stephen K. Gordon*

Leon Green:

Margaret W. Greene

David H. Gurinsky

Yuuki Hachiya*
(assigned from
Nippan Electric Co., Ltd.,
Kawasaki, Japan)

John C. Hasson
(graduate student from
Polytechnic Inst. of Brookiyn)

Loranus P. Hatch

Michael A. Helfant

Robert L. Hellens

Joseph M. Hendrie

Raymond J. Heus

Frank B. Hill

Manny Hillman

Peter J. Hlavac

Ting-Chang Ho
(graduate student from
Polytechnic Inst. of Brookiyn)

. Henry C. Honeck

Frederick L. Horn

Chia-Jung Hsu
(postdoctoral appointment)

Robert J. Isler

Stanley D. James

‘Richard Johnson

Stuart C. Jones

Sheldon Kalish

"Otto F. Kammerer

Herbert M. Katz v

John J. Kelsch

Richard L. Kiefer -
(pustdoctoral appointment )
Akiichi Kigoshi* -
(assigned from
Tohoku Unin., Sendat, Japan)
Mary T. Kinsley
George Kissel
Carl J. Klamut
Paul J. Klotz

*Terminated before July 1, 1964.

‘Herbert J.C. Kouts
Henry Kramer
Theodore J. Krieger
Otto A. Kuhl
Lawrence E. Kukacka, Jr.
Maret Kukk
Fumio Kurosawa
(assigned from
Nippon Electric Co., Lid.,
Kawasaki, japan)
Daniel F. Leahy
Dean T. Lee
(graduate student from
Polytechnic Inst. of Brooklyn)
Gerald S. Lellouche
Melvin M. Levine
Stephen Lewkowitz

- Dominic J. Macchia*

Donald R. MacKenzie

Benjamin Magurfio

Bernard Manowitz

Michael W. Maresca

Victoria L. May

David K. McGuire
(postdoctoral appointment)

James J. McNicholas

S. Bradford McRickard

Donald J. Metz

Paul A. Michael

Julius Milau

Francis T. Miles
(on'leave to IAEA, Vienna, Austrm )

Jacobus G. Mohr
(graduate student from New York Univ.)

Sophie O. Moore

Albert C. Muller

Kunihiko Nakamura

Leonard Newman

Bruce Nimmo

Philip F. Palmedo

Guyon P. Pancer

Raymond J. Parsick

Arthur Paskin

Sol Pearlstein

John H. Petropoulos*
(on leave from

" Nuclear Research Center, Athens, Greece)

James P. Phelps

Charles E. Porter, Jr.

James R. Powell, Jr.

Richard M. Powers

Thomas F. Prach

Glenn A. Price

Jacob Pruzansky .

Bernard C. Quiquemella
(on leave from EURATOM )

Hanumantha M. Rao
(assigned from
Atomic Energy Establishment,
Bombay, India)

Chad J. Raseman

James J. Reilly, Jr.

Powell Richards

Francis X. Rizzo
Anthony Romano
Michael A. Rothbart
Jerome -Sadofsky
Francis J. Salzano
-Sergio Santiago-Paez*
(assigned from
Junta de Energia Nuclear, Madrid, Spain)
César A: Sastre
Clifford H. Scarlett - -
Donald G. Schweitzer
Alfred Seguel-Moas
(on leave from
Catholic Univ. of Santiago, Chile)
_Balraj Sehgal
Charles S. Shapiro*
(graduate student from Syracuse Univ.)
. Thomas V. Sheehan
Louis M. Shotkin
(postdoctoral appointment)
Richard S. Siegel*
(on leave from
Bronx High School of Sczence)
-Robert M. Singer
Louis M. Slater
John L. Speirs .
Govindasharama Srikantiah
- (postdoctoral appointment )
Louis G. Stang, Jr.
John R. Stehn
Meyer Steinberg
Gerald Strickland
Herbert Susskind-
James W. Sutherland
Ignatius Ning-Bang Tang
Yau C. Tang
(postdoctoral.appointment)
Silvio J. Tassinari
Paul R. Tichler
Richard J. Tivers
Elmer M. Tory
. Walter D. Tucker
William J. 1'unney
Edwin J. Tuthill
James O. Tveekrem
Nazakat Ullah*
(postdoctoral appointment)
John D. Van Norman
Stephen J. Wachtel
Jean I. Wagner
Charles H. Waide
John R. Weeks
Eugene V. Weinstock
Allen J. Weiss
Jerome Weiss
George G. Weth.
Michael M.R. Williams* - Y
(postdoctoral appointment) ‘
Robert G. Wilson
Virginia H. Wilson
Henry H. Windsor
Edward Wirsing, Jr.
Richard H. Wiswall, Jr.
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Wen-Shi Yu*
(graduate student from
Polytechnic Inst. of Brooklyn)
Martin S. Zucker

Physics Department

George H. Vineyard, Chairman
Fernando Agullo-Lépez*
(on leave from Junta de Energia Nuclear,
Madrid, Spain)
Ian J.R. Aitchison*
(postdoctoral appointment) -
David E. Alburger
Harvey A. Alperin
(assigned from
U.S. Naval Ordnance Laboratory)
Richard Arndt .
Frederick Ayer, IT*
Trevor C. Bacon
(postdoctoral appointment)
Charles P. Baker
Winslow F. Baker
(on leave of absence)
Virgil E. Barnes
(postdoctoral appointment)
George E. Barr*
(graduate student from Oregon State Univ. )
John A. Becker
(postdoctoral appointment)
Lewis I. Berlent*
Brother Austin Bernabei*
(grauate student from New York Univ.)
Mulki R. Bhat*
(postdoctoral appointment)
Edward J. Bleser

(postdoctoral appoiniment) '

Martin Blume
Dermot J. Bredin*
Gunter Brunhart

- Yau W. Chan

(postdoctoral appointment)
Chellis Chasman
Robert E. Chrien
Eugene L. Church
(assigned from Frankford Arsenal)
J-J. Anselm Citron
(assigned from CERN,
Geneva, Switzerland)
Colin D. Clark
(on leave from Reading Un.w., England)

. Jack A. Cockrill

Victor W. Cohen

Isaac W. Cole

George B. Collins

Philip L. Connolly

Philip I. Connors
(graduate student from
Ponnsylvania State Univ. )

Rodney L. Cool

William N. Cottingham
(postdoctoral appointment)

*Terminated before July 1, 1964.

Ernest D. Courant

David E. Cox

Paul P. Craig

David J. Crennell
(postdoctoral appointment)

Bernard B. Culwick

Stephen A. Cutler

Arthur C. Damask
(assigned from Frankford Arsenal)

Horace R. Danner*

William C. Delaney

Mary A. Derengowski
(graduate student from Columbia Univ. )

Edward der Mateosian

George J. Dienes.

Jean V. Domish

Richard M. Edelstein
(assigned from
Carnegie Inst. of Technology )

Frederick R. Eisler

Guy T. Emory

Cavid Erginsoy

* Horst W. J. Foelsche

(graduate student from Yale Univ.)
Kenneth J. Foley
Hugie L. Foote, Jr.
William B. Fowler
Joan F. Franz*
Paola Franzini
B. Chalmers Frazer
Joseph L. Friedes
(postdoctoral appointment)
Tadao Fujii
William Galbraith
(on leave from
United Kingdom Atomic Energy Authority,
Harwell, England)
Robert S. Gilmore
(assigned from National Inst.
Jor Research in Nuclear Science,
Harwell, England)
Eli Glazer
Allen N. Goland
Malcolm Goldberg
Gertrude S. Goldhaber
Julio A. Gonzalo*
(assigned from Puerto Rico Nuclear Center)
Samuel A. Goudsmit
Michael G. Gundzik )
(graduate student from Syracuse Univ.)
Patrick Hagerty
(graduate student from Syracuse Univ.)
Edward L. Hart
Arthur Herschman .
(assigned from The Physical Review)
Benjamin H. Hertzendorf
Nguyen C. Hien
(assigned from
Carnegie Inst. of Technology)
Virgil L. Highland
(assigned from Cornell Univ. )
William J. Hilger
-(on military leave of absence)
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David A. Hill
(assigned from
Massachusetts Inst. of Technology)
David G. Hill
(postdoctoral appointment)
Akio Honma
(on leave from
Tokyo Univ. of Education, Japan)
Henry W K. Hopkins
(postdoctoral appointment )
John Hornbostel
Paul V.C. Hough
James J. Hurst, Jr.
Hidetsugu Ikegami
(on leave from Tokyo Univ., Japan)
Adeshwar P. Jain*
(postdoctoral appointment)
Edgar W. Jenkins

* Robert A. Johnson

(postdoctoral appointment)
Keith W. Jones
Roger 8. Jones
Jovan V. Jovanovic*
(postdoctoral appointment)
Siegfried Kalbitzer
(postdoctoral appointment)
Walter R. Kane
Paul B. Kantor
(postdoctoral appointment)
David T. Keating
Stuart H. Kern
Ottmar C. Kistner
Joshua K. Kopp-
Saul Krasner :
(assigned from Picatinny Arsenal)
Tzee-Ke Kuo
(postdoctoral appointment)-
Thaddeus F. Kycia
Kwan Wu Lai
(postdoctoral appointment)
Ronald E. Larsen*
(assigned from Frankford Arsenal)
Boran A. Leontic
Frank S. Levin
(postdoctoral appointment)
Paul W. Levy
Kelvin K.Y. Li
(graduate student from )
Massachusetts Inst. of Technology)
Seymour J. Lindenbaum
Max Lipsicas
Demetrios T. Liverios*
John L. Lloyd i
(postdoctoral appointment)
Andrew M. Lockett, III
(assigned from
Los 4lamos Screntefic Laboratory)
Georges W. London
(graduate student from Univ. of Rochester)
Robert I. Louttit
(on leave to
Centre d’Etudes Nucléaires, Saclay, France)
William A. Love
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Eugene R. Marshalek
(postdoctoral appointment )
Clyde L. McClelland
(on leave to
Arms Control and Disarmament Agency,
Washington, D.C.)
Michael McKeown
Daniel McSweeney
John Mellor
(postdoctoral appointment)
Jack Menes
Sergio Monaro*
(postdoctoral appointment)
John A. Moore
Thomas I. Moran*
Thomas W. Morris
- Bernard Mozer
Said F. Muchabghab
(postdostoral appointment)
Vernon W. Meyers
(assigned from
National Bureau of Standards)
Joseph A. Nardi, Jr.
Robert Nathans
John W. Olness
James J. O’Reilly
Yona Oren
(postdoctoral appointment)
Kare Otnes -
Satoshi Ozaki
Harry Palevsky
Robert B. Palmer
Peter D. Parker
T.aurence Passell
Ronald F. Peierls
Roger G. Perret
(postdoctoral appointment) -
Jorgen S. Petersen*
(on leave from
Atomic Energy Commzsszon
Risg, Denmark)
Robert H. Phillips
Stanley J. Pickart
(assigned from
U.S. Naval Ordnance Labamtory)
Louis K. Potter, Jr.
Albert G. Pmdcll
Dusan Radojicic
David C. Rahm
R. Ronald Rau
A. Lincoln Read
James T. Reed
(graduate student from Unuv. of Rochester)
Clarence R. Richardson
Martin E. Rickey*
(on leave from Unw. of Colorado)
Kenneth F. Riley*
(postdoctoral appointment)

*Terminated before July 1, 1964.

Robert A. Ristinen*

* (postdoctoral appointment)

Donald K. Robinson
Roy Rubenstein
(assigned from Cornell Univ.)
Henry Ruderman
(postdoctoral appointment )
John J. Russell, Jr.*
Brice M. Rustad
(assigned from Columbia Univ.)
Eileen Saffron*
Vance L. Sailor
Edward O. Salant
Nicholas P. Samios
Yoshiki Sato*
(on leave from
Japan Atomic Energy Research Inst.,
Tokai-mura, Japan)
Robert I. Schermer
Janet C. Schnecke?*
Ivan Schroder
(graduate student from Columbia Univ. )
Arthur Z. Schwarzchild
Romeo A. Segnan
(postdoctoral appointment)
Akinao Shimizu*
(assigned.from
Nippon Atomic Industry Group Co Lid,
Tokyo, Japan)
Gen Shirane
Ralph P. Shutt

" Henry B. Silsbee

(on leave from Univ. of Washington)
John R. Smith
(postdoctoral appointment,)
Joseph E. Smith
John H. Sondericker
Robert L. Stearns
(on leave from Vassar College)
Morton M. Sternheim*
" (postdoctoral appointment)
Rudolph Sternheimer
David L. Stonehill
Richard C. Strand
Elizabeth D. Stretch*
Myron Strongin
Robert Stump*
(on leave from Univ. of Kansas)
John Sunderland
(graduate student from Columbia Univ.)
Andrew W. Sunyar
Richard J. Sutter
Kasuke Takahashi
(postdactoral uppointment )
Michael J. Tannenbaum
(graduate student from Columbia Univ.)
William M. Thompson
Alan Thorndike
John R. Townsend*
(on leave from Univ. of Pittsburgh)

‘Sukeyasu S. Yamamoto

Peter D. Townsend
(assigned from Picatinny Arsenal)
George L. Trigg
(Editor of The Physical Review)
T. Laurence Trueman
(postdoctoral appoiniment)
Frank Turkot
William A. Tuttle
Issachar Unna
(postdoctoral appointment)
John HM. Van Der Lans
Cesare F. Voci
(on leave from Univ. of Padua, Italy)
Robert L. Warasila
Ernest K. Warburton
Neil W. Webre*
Medford S. Webster
Harvey E. Wegner
David M. Weigand
Joseph Wencser
Gian Carlo Wick
Erich H. Willen
(pustdoctoral appointment )
Willium J. Willis
Ernest Windschauer
Estarose Wolfson
Chien-Shing Wu*
(on leave from Columbia Univ.)
Rjuji Yamada
(postdoctoral appointmerit)

o~

Tsu Yao

(postdoctoral appointment)
Jean Yoccoz

(on leave from

Univ. of Strasbourg, F‘rame)
Thomas J. Ypsilantis*
Luke C.L. Yuan
Martin S. Zucker
Charles A. Zuroff

e

Reactor Division

Robert W. Powell, Head
Frederick Allenspach
Paul Colsmann

George Demirjian

- Francis A. Dugan

John J. Floyd
Gerald C. Kinne
Paul E. Mamola
Frederick J. Morse
(yraduate student from
Rensselaer Polytechnic Inst.)
Charles L. Osborne
Jack E. Phillips
dePuyster G. Pitcher
Seyinour R. Protter
Walter H. Reed
Dudley Thompson





