
ANNUAL REPORT 

Associated Universities, lnc. 
under contract with the 

United States 
Atomic Energy Com mission 



DISCLAIMER 

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, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



COLUMBIA 6 
% \q - UNIVERSITY 
,# 

- 
CORNELL 

UNIVERSITY . 
v, 

HARVARD 
UNIVERSITY 

JOHNS HOPKINS 
UNIVERSITY 

MASSACHUSETTS 
INSTITUTE OF 
TECHNOLOGY 

PRINCETON 
UNIVERSITY 

UNIVERSITY 
OF 

PENNSYLVANIA 

UNIVERSITY 
0 F 

ROCHESTER 

BNL 867 (AS-18) ' 
(General, Miscellaneous, and Progress 

Reports - TID-4500, 36th Ed.) 

Annual Report 

July 1,1964 

cn 

YALE. v, 
UNlVERSlTY 6 . 

B R O O K H A V E N  N A T I O N A L  L A B O R A T O . R Y  
. Upton, Long Island, New York - 
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coritract between t h e  Un i t ed  States Atomic  Energy 
Commission and  Associated Universities, Inc .  This ,  t he  
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period July i, 1963- June 30; 1964, a n d  its plan for the  
future.  I t  is submit ted  unde r  t h e  terms of Con t rac t  
No. AT-30-2-GEN-16 between Associated Universities, 
Inc., and  the Atomic Energy Commission. 
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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 orcorpo- 
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 ~ a b h r a t o r ~  (Figure I). 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 engineer- 
ing, and physics, and report annually to the Board of Trustees. 
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taken in the 80-in. liquid hydrogen bubble chamber at the Alternating ~rad ien t  synch;.btron. 
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 

conservation of mass and energy, or a combination of both. The observation of the Q-, whose 
istence was predicted by a group of theoretical physicists, is significant in that it may he 

orderly arrangement of the previously known particles. For a complete de- 
periment and a photograph of the first (2- event, see the section on Physics. 

L--n . W E  8 jgy-  e* L'E4E,I L - -.>:, - -  - .  - 1 l - 1  



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: 

1. FUNDAMENTAL STUDIES OF ATOMIC NUCLEI, 

THE PARTICLES THAT CONSTITUTE THEM, AND THE 

FORCES INVOLVED IN THEIR STRUCTURE. These 
studies, which are basic to all nuclear science and 
technology, involve the use of all the major ma- 

Figure 2. Technical publications. 



Figure 3. A paper pulp column used to separate the two 
forms of kynurenine, a prodllct 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 C14-labeled kynurenine for extensive 
studies of kynurenine metabolism in man. Naturally 
occurring kynurenine is always in the lev0 (L) form. 
Organically synthesized biological products are always 
obtained as a mixture of  the^ and D (dextro) forms, which 
are usually handled differently by the animal body. Both 
forms of kynurenlne 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 D and L forms of kynnrenin~ 
is slowly (48 hr) flushed through the column. The two 
forms proceed down the column at different rates and 
are drawn off a t  the bottom at separate times as pure 
L-kynurenine and D-kynurenine. This process provides 
the first separation of kynurenine in quantities sufficient 
to permit studies in humans. The two GI4-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- 
sul.elue~~l uf h e  properties of undisturbed nuclei to 
study of thc violcnt dixl-111:lliu11u resulting from nu 
clear fission or from bombardment w~th  high en- 
ergy protons from the Laboratory's 3-BeV Cosmo- 
tron and 33-BeV Alternating Gradient Synchro- 
tron (AGS). 

1 

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 SCTFNTTFIC FX- 

SEARCH. In this broad and diverrcitied 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 
scattermg, minute details of physical and chemical 
structure can bc studied. Wide use is rnade 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 siihjects. 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 I N  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), 
llas cullli~~ued lu Lc all i~llpurlanl center for Ihc: 
performance of research in high energy physics. 
The machine schedule of 21 8-hr shifts per week 
provided ~ 6 6 0 0  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 4x 10" 
protons/pulse were routine. During the year 2.5 
~rlillion 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 

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 lo1' protons/pulse 
continued to be routine. The Cosmotron operates 
on a schedule of 2 1 8-hr shifts per week. Of the 
~ 7 9 0 0  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, He4 ions to 40 MeV, 
and He3 ions to 30 MeV. The ability to accelerate 
He3 ions is the result of the addition to the cyclo- 
tron during the past year of field correcting coils 
and a HeS recirculating system. At present, in- 
ternal and external beams of He3 ions are pro- 
duced routinely with intensities comparable to 
those for He4. The He3 beam is used chiefly in 
nuclear reaction studies but is also used for the 
production of neutron-deficient isotopes through 
the (He3,2n) and (He3,3n) reactions which have 
appreciable cross sections at 30 MeV. Deflected 
beams of up to SU 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 ~ 6 2 %  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 C R 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 lncurred by various cells and tissue structures. The rissuet 
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. Thc imtrumcnt incorporateo a number of novel 
features that have greatly increased its utility. A pho- 
tometer with longitudinal flow cells permits accurate 
analy3ia in thc range between 1 x and 1 X lo-' moles 
nf each aminn acid. Thus, a total amino acid analysis ~f 
a protein may be obtained with as little as 0.1 mg of 
material. Manual calculation of the data (an o~eration \ .  
formerly requiring =2 hr) is eliminated by a digitizer that 
transmits a record of the analysis to punched paper tape in a 
form suitable tor 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 He4 
ions, and 54 MeV for He3 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 He3 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 &om 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 5 x 10-lo 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 1013 neu- 
trons/cm2-sec. The reactor loading remained at 
61 5 channels. The graphite annealing procedure 
to repair graphite radiation damage was carried 

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 Graaff accelerator), 
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 head& 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 
same of the many instruments and controls required to monitor and precisely regalate the 
operation of the large, complex components and systems constituting the bubble chamber. 



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 Commissior~er Gerald P. 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 Co60 sources, produced in the Engineering 
Test Reactor in Idaho, were encapsulated and 
tested. In addition, 21 7,000 curies of Cs13' were 
received from Oak Ridge National Labora~ury, 
and 225,000 curies of CoeO were received from the 
Savannah River plant. 

Additional information on the HIRDL is given 
m 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,QOO photographs. One very important experi- 
ment using the 80-in. chamber verified the exist- 
ence of the previously predicted Q- particle. 

This bubble chamber, with an effective volume 
of 850 liters, is the largest in the world. It is p i -  
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 

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 2 ~ 1 0 ' ~  
neutrons/cm2-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 fkicilities. 

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 
BGRRYs 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 z4MeV to 30 or 4Q 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. 





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. Existlng experimental programs at the 
cyclotron and the small Van de Graaff at Brook- 
haven will be extended Into the energy reQon 
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 
occupled at the end of'the fiscal year. 'l'his struc- 
ture, which replaces 4 temporary World War I1 
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. 

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 
addltlon, the Central Shops Building, the Molec- 
ular Biology addition, and the HIKDL addition. 
Brookhavcn will rcqucst a continuation of this 
building program for future years so that its h c -  
tion as a research center can be efficiently and 
economically fulfilled. 

PERSONNEL 

The total number of enlployees a1 Bruukhavcsn 
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.1). 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 51 6 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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Figure 13. Scientific staff and students. 

' FISCAL \ PHYSICAL \ 

SALARIES 8 WAGES 
(INCLUDING INSURANCE) 

MISCELLANEOUS 
67.9% 

FISCAL \ \ 

OPERATING COST DISTRIBUTION BY PROGRAMS 

FISCAL PHYSICAL REACTOR LIFE ISOTOPE TRAINING B OTHER TOTAL 
YEAR SCIENCES DEVELOPMENT SCIENCES DEVELOPMENT (NET) COST EDUCATION 

1964 27,856,193 5,318,029 6.21 1,430 979,385 174,142 737,511 41,276,690 
1963 24,291,685 4,723,994 5,776,303 964,471 135,985 1,111,563 37,004,001 

I 1962 18,930,903 3,892,953 5,216,925 547,238 145,587 929,043 29,662,649 

M4JOR CATEGORIES O F  OPERATING EXPENDITURES 

MATERIALS B SUPPLIES 
FISCAL SUBCONTRACTS, TRAVEL 8, MISCELLANEOUS OPERATING 
YEA# SALAKltS (L WAGES SPECIAL PROCUREMENTS POWER (NET) TOTAL 

Figure 14. 
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Table 1 

.Organizational Expenditures - Fiscal 1962, 1963, 1964 
(Includes Operating, Services to Fixed Assets,.and Work for Others. Direzt Costs of AGS and Other Fixed Assets and Additions tolnventory Are Not 

Sllaries, Wages, Insurance Sub- 
contracts Total 

Consultants . Material & Special Miscel- Organi- % 
& Temporary & Procure- laneour zational of 

Staff Employees Travel Supplies ments Power (Ket) Costs Total 

Physics & Chemistry Research 1964 1C,054,3 1 7 302,001 224,039 4,500,694 104,392 977,705 - 16,163,148 39.2 
1963 €:637,495 335,333 198,836 3,686,095 94,830 634,176 - 13,586,765 36.7 
1962 E,703,649 229,532 163,881 2,399,307 250,803 402,092 (1,000:r 10,148,264 34.2 

Biology, Medicine & Biophysizs Researzh 1964 ::046,927 116,484 64,371 775,220 - - (111 I 4,002,891 9.7 
1963 '2,753,044 112,478 76,131 721,110 125 - (1,1281 3,661,760 9.9 
1962 2,493,351 86,324 81,635 603,116 770 - (,5,3031.3,259,893 11.0 

Nuclear Engineering Research 1964 2,788,603 71,227 80,476 855,197 563,009 - - 4,358,512 10.6 
1963 2,420,259 72,127 91,592 769,155 437,859 - - 3,790,992 10.2 
1962 :.208,169 38,870 85,757 592,567 113,116 - - 3,038,479 10.2 

Isotope Development 1964 404,902 7,632 9,045 120,246 44,444 - - 586,269 1.4 
1963 345,204 6,570 8,356 135,446 103,935 - - 599,511 1.6 
1962 193,727 6,897 10,165 67,888 47,119 - - 325,796 1.1 

Training & Education , 1964 50,093 29,561 24,079 16,475 8,504 - - 128,712 0.3 
1963 48,485 2,752 . 31,139 5,582 7,029 - - 94,987 0.3 
1962 47,838 3,419 26,789 30,185 2,093 - (6,800) 103,524 0.4 

Radiation Protection 1964 569,289 2,321 2,943 1 1 1,436 - - (13) 685,976 1.7 
1963 523,807 2,201 4,412 179,110 11 - (491) 709,050 1.9 
1962 475,329 2,258 5,677 85,619 - - - 568,883 1.9 

supporting Scientific & Technical Se?vices 1964 ~,912,675 28,379 35,577 777,441 747,017 252,521 (129,001) 6,624,609 16.0 
1963 +,456,791 17,93 1 30,827 738,555 758,812 255,073 (134,7493 6,123,240 16.5 
1962 :.,607,195 22,184 26,812 1,116,269 19,470 281,880 ( 129,824) 4,943,986 16.7 

Security & Plant Protection 1964 641,497 15 1,934 18,726 - - 2,352: 664,524 1.6 
1963 584,084 - 619 18,661 - - 3,952: 605,296 1.6 
1962 .580,958 552 876 9,841 - - 2,351 594,558 2.0 

Miscellaneous (including Lighting, T h T, 1964 - - 2,409 94,532 ( 13,936) 464,133 855,963 1,403,106 3.4 
Heating Fuels, Spec i~ l  L4aintenanc.e: etc.) 1963 - - 2,246 266,568 (1  1,457) 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 4,907,509 57,778 150,206 1,229,515 (704) - (268,921) 6,075,353 14.7 
1963 r,357,676 55,716 89,366 870,938 2 1,757 - 9?,690 5,493,143 14.9 
1962 4,053,265 51,371 151,104 572,470 15,200 - (2?, 1'23,) 4,816,287 16.2 

Laboratory Total 1964 2',375,812 615,398 595,079 8,499,482 1,452,726 1,694,359 460,242 40,693,100 98.6 
1963 24,126,845 605,108 533,524 7,391,220 1,412,901 . 1,310,258 901,060 36,280,916 98.0 
1962 20,363,481 441,407 553,604 5,661,062 439,744 1,047,376 671,OlE 29,177,690 98.3 

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 2'?,375,812 615,398 595,079 8,499,482 1,452,726 1,694,359 935,244 41,168,100 99.7 
1963 21,126,845 605,108 533,524 7,391:220 1,412,901 1,310,258 1,376,060 36,755,916 99.3 
1962 213,363,481 441,407 553,604 5,661 :062 439,744 1,047,376 901,7 16 29,408,390 99.1 

Work for Others, Direc: Costs Only 1964 26,138 - 7,206 33,033 42,213 - - 108,590 0.3 
1963 63,409 30 1 1,501 152,217 20,922 - - 248,085 0.7 
1962 75,079 1,806 4,015 111!789 61,570 - - 254,259 0.9 

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 
1963 2.4,190,254 605,144 545,025 7,543,437 1,433,823 1,310,258 1,376,0@ 37,004,001** 100.0 
1962 22,438,560 443,213 557,619 5,772,851 501,314 1,047,576 901;71E 29,662,649t 100.0 

*8675,186 of this total was distributed to Fixed Asets and as services to Work for Othen  and Inventory. 
**$925,374 of this total was distributed to Fixed Asem and as services to Work for Others and Inventory. 

Included; See Tables 3 & 4) 

Man-Years 

Scientific & 
Professional 

(Incl. Guests) Others Total 

461.5 628.5 1,090.0 
425.5 584.5 1,010.0 
375.0 438.0 813.0 

155.5 226.0 381.5 
148.5 212.0 360.5 
140.5 194.5 335.0 

130.5 141.5 272.0 
1 18.0 141.5 ." 259.5 
113.0 129.0 242.0 

23.5 19.5 43.0 
19.5 18.0 37.5 
13.5 10.5 24.0 

4.0 5.0 9.0 
3.5 1.5 5.0 
3.5 0.5 4.0 

12.0 55.5 67.5 
12.5 53.0 65.5 
3.0 47.0 50.0 

78.5 443.5 522.0 
63.0 422.5 485.5 
67.0 365.5 432.5 

- 75.0 75.0 
- 75.5 75.5 
- 75.0 75.0 
- - - 
- - - 
- - - 

42.5 624.5 667.0 
37.0 576.5 613.5 
- 563.5 563.5 

908.0 2,219.0 3,127.0 
827.5 2,085.0 2,912.5 
715.5 1,823.5 2,539.0 
- - - 
- - - 
- - - 

908.0 2,219.0 3,127.0 
827.5 2,085.0 2,912.5 
715.5 1,823.5 2,539.0 

3.0 4.0 7.0 
8.5 ' 5.0 13.5 
7.5 7.5 15.0 

91 1.0 2,223.0 3,134.0 
836.0 2,090.0 2,926.0 
723.0 1,831 .O 2,554.0 

t$7 12,038 of this total was distributed to Fixed Asets and as services to Work for Others and Inventory. 



Table 2 

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

Fiscal 1964 Fiscal 1963 Fiscal 1962 . 
$ % $ % f % 

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 7,05 1,633 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, illsu~bance - - - - - - - - - 
Materials, construction, etc. 74,607 245,413 1,226,016 

Subtotal direct 74,607 
Charges.from organizational units - 

Total 74,607 275,307 1,248,247 

Othcr, Includin~ High Flux Beam Research Reactor and 80-in. Rl~hhle Chamber 

Direct 
Salaries, wages, insurance 600,399 20.5 33.0 557,471 21.0 29.0 776,466 32.5 49.5 
Materials, construction, etc. 9,290,045 14,178,652 10,079,560 

Subtotal direct 9,890,444 
Charges from organizational units 479,700 

Total 10,370,144 15,371,525 11,332;232 . 

Table 4 

Inventory at Close of Fiscal Year 

Type uf illvcfiL~i.y 

Fiscal year 

1361, 1963 1962 

General stores* 
Precious metals and radi~.~m 
Stable isotopes 
Heavy water 

Total $1,630,641 ; $1,626,745 $1,522,939 
. . . -. . - -.- -. 

*The number ofmonths 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. 1.1. Rabi of Columbia University as Chairman 
of the Board; Mr. Edward Reynolds, formerly 
Adr~lir~istrative 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. Chamberlain 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 e a ~ h  pro, 
gram and the major categories of operating ex- 

penditures are shown in Figure 14. Details of the 
operating expenditures of the Laboratory on a 
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 

COMPARATIVE BALANCE SHEET 

June 30, 1964 .June YO, 1963 

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 

Accounts payable 
Accrued vacations 
Accrued payroll 
Atomic Energy Commission 

Total liabilities 

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 7-1 1, was the first meeting 
sponsored by the International Atomic Energy 
Agency to be held in the United States. It was 
attended by z 150 scientists representing 19 

countries and 4 international agencies. Other con- 
ferences were as follows: Fundamental Aspects of 
Weak Interactions, September 9- 1 1 ; Evaluated 
Nuclear Data Files Meeting, May 4-5; National 
Research Council Solid State Sciences Advisory 
Panel, May 11-12; AEC Meteorological Activities 
Conference, May 19-2 1 ; 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-afliliated organization with headquarters in Vienna. Approximately 150 scientists from 
19 countries attended the symposium. 
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Physics 

The physics research program consists of experi- a Columbia University 
mental and theoretical studies concerned with the Cornell University 

structure and fundamental properties of matter. 
Various features of the complex structure and . 
properties of matter can be most effectively studied 

Harvard University 
Johns Hopkins University 
Massachusetts Institute of Technology 
Princeton Universitv 

by observing the interactions of charged particles, University of Pennsylvania 
neutral particles, and radiation with matter. Some University of Rochester 

of these studies deal with the interactions involv- Yale University 

inP individual atoms. atomic nuclei. or nucleons. The following organizations were also represented: 
U 

and others with conglomcrates of alums and mole- Brandeis University, 

cules in bulk matter. The Alternating Gradient Brown University 
California Institute of Technology 

Synchrotron, Cosmotron, 60-in. cyclotron, Van Carnegie Institute of Technology 
de Graaff accelerator; and the Graphite Re- City University of New York 
search Reactor at Brookhaven provide a'widc Duke University 

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 numher of visiting and guest scientists 
on leave from other institutions in this country and 
abroad. '~hese visitors and guests are attracted to 
Brookhaver: nut only by the availability of its facil- 

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 
Rulgers 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 Illinuis 
Universitv of Indiana . . 

ities but also bv the o~por tun i tv  to collaborate University of Maryland . . 
with Brookhaven scientists. The interchange of 
ideas and experience resulting from the presence 

University of Miami 
University of Michigan 
Universitv of' 'rennessee 

of hese visiting scientists is very important to an University of Washin.gton 
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 ~ r a d i e n t  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 AUI institutions: 

t~niversity of.  isco cons in 
Vanderbilt University 

Guest scientists also included representatives of 
the following foreign laboratories : AERE, Harwell, 
~ n ~ l a n d ;  AERI, Seoul, Korea; CambridgeUni- 
versity, England; CERN, Geneva, Switzerland; 
Ecole Polytechnique, Paris, France; Imperial Col- 
lege, London, England; Middle East Technical 
University, Ankara, Turkey; Pisa University, Italy; 
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 



the 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 
( Z  10-l3 times as weak as nuclear forces) are re- 
spons~ ble for the slow (>, 10-'"-scc) decay of pa'= 
ticles and the /3 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 particlcs 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 co~~servation of 
energy and momentum, seem comprehensible to 
us because of their farniliar~ty. The law of con- 
servation of charge is also familiar, but it g u v e ~ ~ ~ s  
an intrinsic property of particles rather than the 
properties of their motion. It has its basis In ihe 
q u a l ~ l u ~ ~ l  mechanical con~cptc nf physics. 

Other new conservation laws revealed in par- 
ticle physics appear to have equal validity but 
qeem very peculiar because their relatiu~l to thc 
familiar space-time properties of our world of ex- 
perience 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- 
slrictcd combinations in association with each 
other (associated production). Nucleons and T 
mesons, which are not ~roduced by associated pro- 
duction, have strangeness q~lantunl ilumbcr 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). It is 
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 interactions.the 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 
21+ 1 components are said to have isospin 1, in the 
same WAY cliai a pal L;c~c with 2 s  I 1 indep~nrlnnt 
polarization states has spin S. .Just as a system of 
several particles can be assigned's total spin de- 
pending on the individual spins and polarizations, 
so a total isospin can be assigned depending in h e  
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. Tile sallli 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 ch'arge 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 (T), 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. 

5 

lems of particle 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+ T+ 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 T 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+v+ thus represents investigation of a little 
explored area. It is also one of the few 2-body re- 

Research at the Cosmotron 

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

Figure 1. Experimental equipment for the study of the reactionfi+fi+d+&. The Cosmotron 
external proton beam emerged fiom the 12-m. plpe at left. The interaction tuuk place h a liquid 
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 a 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. 



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 - B e V  incident proton 
energy. A vatidactmy explanation of this peak has 
been made in terms of a one-pion exchange (OPE) 
involving h e  a+-p resonance with isospin I=% 
and total angular momentum I=%, 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 diierential cross secbon measurements. 
It  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 c, p, and X0 
mesons. Since the experimental situation concern- 
ing the existence of a s-s 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-s decay of the w meson. Their work was 
mainly restricted to low momentum transfer events 
(90% <400 MeV/c), 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 a-+p+sO + n in the neighborhood of the second 
(1.52-BeV) and third (1.68-BeV) nucleon reso- 
nances, and (2) the production of the 17, meson by 
the process n-+fl+qu+p. In these expcrimcnts y 
rays from decaying so and 17, mesons were detected 
by conversion in a steel spark chamber surround- 
ing a hyclrngen target, and the y-ray kinematic 
properties were used to separate the so from the 17, 
production processes. 

Angular distribution for the charge exchange 
process near the third nucleon resonance showed 
asymmetries supporting the assignment of F5/2 
(orbital angular momentum L=3,  total angular 
momentum J=%) to this state with I = %  con- 
sistent with dispcrsion 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 q0 +n = 1.48 BeV is very close to the 
total energy of the second nilclenn resonance 
P = 1.52 BeV. Part two of this experiment dealt 
with the possible relittinnnhip between the produc 
tion of the 17, meson and this second nucleon reso- 
nance. The olxrlerved 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 wna found to be nearly li~leur 
with energy in the center-of-mass system, suggests 
a S,,, or PI,, production state in contrast to a 
D3/ ,  state believed to be characteristic of the 
second nuclear levcl. I t  thus appears that the ex- 
citation of the second nuclear level i s  not related 
to the production of the 7, mesons. 

The A I =  % 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 thc Lagrai~gian 
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,O mesons into leptons. Rela- 
tions between the various modes of decay of the 
KO 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 K20 to the K10 
decays of the KO 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 ~r +p+ A + K o  by us- 
ing 1-BeV/c pions from the Cosmotron incident 
on a liquid hydrogen target. The K 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 KO in 
the hydrogen target and the subsequent 2-body 
decay of a A. Analysis of the corresponding kaon 
decays leads ta identification of events that are 
consistent with the 2-body decay of the KlO, 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 KlO. Events selected as non- 
2-body decay, which were identified as K,O decays, 
were observed to be distributed uniformly in time, 
as would be expected for these long-lived 
sec) particles. After appropriate corrections for 
counter geometry and arbitrary limitations of 
event selection criteria due to experimental design, 
the measured ratio of K,O to KI0 decays established 
that the hl= '/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 ( z  150 MeV) 
&om the neutrons associated with pion production. 
This rr~e~hod of producing a monoenergetic n m -  
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. For a 
solid angle of 1.6 x 1 0-5 steradians a flux of charge 

exchange neutrons of =lo5 neutrons/pulse is ob- 
tained. This flux produces a counting rate in the 
detector system of ~ 3 0 0 0  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 e 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 P-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 properlsity 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 /3 decay of the 
A (A+@ +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 



mechanism must be similar to that described by 
the Fermi theory for /3 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 /3 decays of the neutron (or nuclei). 
I t  is fortunate that A's are produced in a highly 
polarized state from the reaction n-+p+A+K0. 
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 n- mesons incident 
on a liquid hydrogen target produced the polarized 
A's. The A's, the associated KO'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. 
The Cerenkov counter was a high-pressure vessel 
~8 ft in diameter containing a spherical mirror 
for light collection. I t  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 n mesons. It thus served to 
signal the occurrence of a /3 decay and triggered 
the cameras recording the event. Since the A de- 
cays into a proton and a n- meson two-thirds of 
the time, these unwanted events would not trigger 
the system. About one-third of the A's decay into 
a prutu~l and a a0 meson, and these, together with 
a no meson &om the K U  decay, have a decay scheme 
that finally results in electrons which can prodnce 
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 K 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 charn- 
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 KP3 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 Ke3 and Kn3 
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 
Ke2/KF2 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 inter- 
actions and decays of KzO mesons and in particular 
is making a further study of the anomalous coher- 
ent production of KLO mcoons from thc &" Leu11 
(see below, under the hcading "Research at the 
Alternaling 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 KZ0 
charged decay modes and the characteristics of 
the decay spectra. 

A group from the University of Washington is 
using the reaction n-+d+Z-+n+K+ to search for 
a bound state of the Z--n system by measuring the 
ehWgy spectra of the K + mesons. The 2--n would be 
thc "deuteron" of strange particle physics. SU(3) 
theory (see below) makes it possible to calculate 
thr  mapa value that should bc expcctcd f u ~  ~llis 
hyperdeuteron. 

The detailed analysis of the data from the ex- 
periment to measure the magnetic ~r~oment of the 
A reported last year is almost complete, but no 
res~llt~ 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 K10 and KZ0, which dif- 
fer from one another in life time, in decay modes, 
and only very slightly in mass. The K10 decays so 
quickly that it travels only inches before changing 
into two a mesons. The KzO 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 KzO may be converted into a 
K10 in passing through matter. This process is 
called regeneration. 

The KO 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 collimat~r, 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 enclosrxl 
the region of KO decays which could be detected 
by the spectrometer array. At this distance from 
the source of production (300 decay lengths) the 
short-lived KlO's had decayed out of the secondary 
beam. Thus, except for any regenerated K10 mesons, 
the beam consisted only nf the long-lived K,O 
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 K10 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 a 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 a 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 KzO was thought to 
decay only by a 3-body mode 

whereas the K10 nearly always decays into two n 
mesons. In contrast, decay of the KzO into two a 
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 KO decay, it was pos- 
sible to regenerate XI0 mesons which then quickly 
decayed into two a mesons. Since a k;" produced 
by coherent regeneration has the same momen- 
tum and direction as the K20 beam, the KI0 decay 
simulates the direct decay of the KZ0 into two a 
mesons. By this ingenious method, the apparatus 
was calibrated with sufficient exactness to thor- 



oughly establish this decay mode for the KzO, 
should it occur. The regeneration material was 
then removed, and decays were still observed that were 
identical with those from the regenerated KI0 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 KzO. 
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 KzO 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 K20 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 KzO. 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 KzO 
meson decays into two s mesons at the rate of z 2  
in every 1000 decays. This process violates CP in- 
variance and strongly implies that time reversal 
invariance does not hold, since CP and 7 are inter- 
dependent through the invariance of CPT. 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 K-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 sought-for Q-. More than 30 scientists, including 3 
physics. This may no longer be so, and further from Syracuse University and 1 from the Univer- 
work is in progress to check this result, which sity of Rochester, were directly involved in the ex- 
would have far-reaching implications. periment. The 80-in. hydrogen bubble chamber 

It is now apparent that the strongly interacting was exposed to the new mass-separated beam of 5- 
isotopic multiplets can be grouped into super- BeV/c K-  mesons at the AGS. About 100,000 pic- 
multiplets whose members have the same angular tures were taken containing a total K -  track 
momentum (spin) and parity. The supermulti- length of ~1 million ft. These pictures were ana- 
plets, which also include the resonant states lyzed for the more characteristic decay modes of 
of the baryons and mesons, show a remarkable the @. 
orderliness when analyzed on the basis of strange- An event is shown in Figure 5 which has been 
ness, isospin, and baryon number. Gell-Mann and interpreted as shown below. 
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 Yo* 
(1520 MeV) singlet (isospin = O), the TI* (1 660 
MeV) triplet (isospin = I),  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: From the momentum and gap length measure- 

Spin Parity ments track 2 is identified as a K+.  A bubble den- . 
-- sity of 1.9 times the minimum was expected for this , - . 

Pseudosc Jar meson octet n, K,q 0 - track, while the measured value was 1.7t0.2. - 
Vector meson octet P , K * , ( ~ P )  1 - Tracks 5 and 6 are the signature of a V particle - 

Z,.tV,E,A ?4 + Baryon octet which can be either a A or a KO. These tracks, 
Baryon decuplet &,Z*,~I*,~I,Z*,(?) ?4 + however, have the proper characteristics to be the 

However, one member of the baryon decuplet 
PARTICLE STRANGENE 

had not been discovered. Figure 4 illustrates the l l l l l l l  

position of the nlne known resonarit stares arid I l e  
predicted tenth particle plotted as a function of (1680) - 
mass and the third component of isospin. As 
can be seen from the figure, this particle (called N 

Q-, following Gell-Mann) is predicted to be a nega- 
tively charged isotopic singlet with strangeness 1 

-3. The spin and parity should be the same as 
those of the N3I2*, namely, W', but it would have a 
long enough lifetime ( z 1 0-lo sec) to be classified 
as a particle rather than a resonance. Conse- 
quently, the existence of the Q- particle has been 
cited as a crucial test of the theory of unitary sym- 

I I I I I I I  

- 3 2  -1 -112 0 +1/2 + I  +3/2 

metry of strong interactions. The mas5 is predicted 13 

by the Gell-Mann-Okubo mass formula to be 
1 680 MeV/c2. Many laboratories have been 4. The su~ermulti~let (decu~let) of particles with 

engaged in an effort to find and identify such a momentum ( J )  =% and positive parity> 
plotted as a function of mass vs the third component ofr 

particle. isospin (I,). The particle subscripts give the total isospin ' 
In February of this year a BNL team announced (I) assignment of the multiplets and hence indicate the . 

the observation of the production and decay of the number of possible charge states equivalent to 2 1  + 1. - 
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&way produds of a A, a gmtm, and a r. The 
wrvatwe dohem tracks in the magaetic field d 
the buBb1e &mk makes it g&Me 20 cake&@ 
the mmaenaa d &a grotan a d  tb 7 ~ ' .  The 4 
mass d&td &t)m dm m m m d  pmkoa and W 

klnemakicd qumtiItiw ( g ~ v m e d  by momnizm 
asld energy can-adm) is (6 1; 16321 MeVJz?, 
within <1 M?e.V/cs d%h~ ~~mq&ed vdhl3. It b b* 
partant ta be sure &at the Vparticle is not a X0 
11~asquwadiag a ia A. Xf this w e r ~  so, timpwitive 
decay product wdd he a pion intit~d d a  p t 4 ~ .  
Sjnm & bubble density d r m  gap leagth mm- 
s-mt af trwk 6 O 1.52 -CO- 17, eompard to 
I..Q&a~ptdhra&acnd 1.1 far s thin- 
terpmta&m drhe  W a s  a K0 ia dkeky.  TYLe- b e +  
mtim&o&tareamtmmionofbhbd 
flight and dimhate the pmsibi1Jty that it might 
barn mme h m  &t primary intmadon a f h  h 
coming Ax. The h appears six decay lmgb ikm 
the waZl of the bubble chaw-, which m&es it 
a&t%neIy w o e l W y  thet it ori@atsd there. The 

shm nx, otbm visible: ad& in he 

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

It is 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 m a s  of the two y rays is found 
to be (135.1 + 1.5) MeV/c2, consistent with a 1TO 
decay. The ?rO lifetime is so brief that it moves an 
undetectably short distance before it decays into 
two y rays. In a similar manner the calculated T" 
momentum and angles and the values already cal- 
culated for the A art used to determine the mass 
of the neutral decaying particle which gave birth 
to the A. The result is (1 3 16 +4) MeV/c2, in ex- 
cellent agreement with that for the E0 hyperon. 
The projections of the lines offlight of the two y's 
and the A intersect within the error of observation. 
The computed line of flight of the Z0 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 
X0 lifetime and the calculated momentum of (1906 
+20) MeV/c. It was also established that the 
transverse momenta of the E0 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 n- meson. From the mo- 
mentum and gap length measurements it was con- 
cluded that its mass was less than that of a K. The 
measured transverse momentum of this track, (248 
2 5 )  MeV/c, 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 E-+@-+#+ 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 n So, and a Z- is not massive enough to de- 
cay into n E0 and a r- meson. Using the E0 ma- 
mentum and assuming particle 4 to be a n- meson, 
the mass of particle 3 could be computed; the re- 
sult was (167729) MeV/c2. Its momentum was 
measured to be (2015 220) MeV/c. By using this 
value arid its measured track length, the proper 
lifetime of particle 3 was calculated to be 0.7 X 10-lo 
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 E0 with S =  - 2, this means that 
particle 3 must have had S = - 1 or S = - 3. But 
S= - 1 is ruled out because particle 3 would then have 
decayed by strong interaction (with AS = 0) into a 
smaller hyperon and meson ( T+ n) 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 (500225) MeV/cZ which has not been ac- 
counted for. This is in good agreement with the 
mass of the KO, the final member of the reaction. 

In view of the properties of charge equal to - 1, 
strangeness equal to -3, and mass equal to 
(1 67 7 2 9 )  Me V/cL established for particle 3, it is 
clear that it may be identified as the 52-. 

Still another 52- has been observed; however, it 
decays hy a different mode into a K-+A. 

Continuing their study of elastic scattering, a 
Brookhaven counter group has extended the inci- 

dent energy range (to ~ 2 5  BeV) and the accuracy 
of their measurements by using high energy pion 
and Kmesons, 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 
n+-p radius shows no energy dependence, the $-p 
interaction radius decreases with increasing en- 
ergy, the K--p radius seems to be independent of 
energy, but the K+-p radius, as previously found, 
increases with increasing energy. The average 
+-p, p-p, and X--p radii are z 1.1 fermis, the K+-P 
radius is smaller ( ~ 0 . 9 5  fermi), whereas the p-p 
radius is largest (z 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 (2 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 n'-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, srnall- 
angle scattering experiment (Figure 6) which con- 
clusively proved that there are sizable real ampli- 
tudes (Z 15 to 30% of the imaginary) in the inci- 
dent energy range 8 to 12 BeV in n'-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 S, are the scintil- 
lation counters comprising the beam-defining telescope. DATA INPUT STACKER 

C is a Cerenkov counter for measuring the particle speed 
which, curr~biried with the momentum (measured by -. 4 
means of a deflecting magnet), permits selection of the 
protons by establishing their mass. Before the proton is 
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scattered in the 10-in. liquid hydrogen target its direction 
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is determined by the beam hodoscope (H,'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 p-d. The direction of the of causality. They can also be used as a sensitive 
proton after scattering is determined by hodoscope HI. check of various high energy asymptotic thenrems 
The deflectmg magnets and hodoscope H, determine the The role of the muon in the particle scheme is 
momentum. The counter logic and data-handling ar- 
rangement are illustrated in the block diagram. puzzling. In many respects the muon behaves 

exactly like a heavy unstable eleclron. It is im- 
portant to detect any other underlying differences 

the direct interference with the Coulomb ampli- in behavior or character that might account for its 
tude (constructive in 6 - P  and destructive in a--p), large mass relative to the electron. An experiment 
which is almost predominantly real. The nilclear to this end, briefly mentioned last year, has now 
real amplitude sign was determined to be negative been sufficiently analyzed so that preliminary re- 
in both cases, corresponding to a repulsive poten- sults are available. A team of BNL, Columbia 
tial interaction. In the p-p scattering, a similar University, and University of Rochester physicists 
destructive interference effect was also observed measured the muon-proton elastic scattering at 
by this group and by groups at CERN and Dubna, high momentum transfers. The muon beam re- 
but since both protons have a spin the effect could sulted from the decay of 6 to 10-BeV/c pions held 
also be due to a spin-dependent interaction. In together over a 50-m flight path by a beam trans- 
the a'-p case this is not a problem, since the pion port system of 14 quadrupole magnets. About 10% 
is spinless. The a*-p result thus appears to fortify of the pions decayed in flight and prod~~ced muons 
the probability that the p-p result is due to the real which were also contained by the transport sys- 
amplitudes. tern. The beam passed through a cylindrical iron 

These results (especially those for a*-P) are of collimator 12.5 m long in which the first 9.5 m 
considerable significance from a theoretical point were filled with concrete to act as a filter against 
of view, but they are of particular significance for pions. The emergent beam of muons had a mo- 
checking the prediction of the forward dispersion mentum spread of 1.5 to 6 BeV/c (peaked at 2.5 
relations which are generated by the assumption BeV/c) and an angular divergence of < 1 ". The 
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intensity was z 1 0-5 times the circulating proton 
beam intensity in the accelerator. Since the n-p 
elastic scattering is known to be z lo4 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/c momentum and thus attenuated pions 
by a factor of z 4 ~  lo1. 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 a mesons to 
muons, <0.1% of the events measured should 
have resulted from n-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 

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 pas  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 fbund 
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 2 X 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 
CH2 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 practi~lly 
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 < z 2 % .  This 
has been confirmed by several other tests. When- 



Agure 7. Layout for the high momentum transfer$-p scattering experiment. The AGS primary heam of protons was 
elastically scattered by protons in the polyethylene (CH2) target (lett). The rec,oil and srattered 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. 

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 defhe the scattering angles and momenta of the recoil and scattered protons flank the magnet ring. 



.+re 9. T.., ., .. .,did h,,.,,. ,,gets ,,.,, ,,,.,,.,J 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 compartrncnts 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 a-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 U I ~  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 ~ 4 0 %  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 ferrrli ( 4 . 0 ~  10-l5 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 decreases by a factor of 10'. I t  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 ou~stallding struc- 
ture for elastic scattering interactions at high en- 
ergy and high momentum transfer. In contrast to 
the search for the Q-, this experiment was not 
undertaken to test any known theory but rather 
to provide fundamental knowledge in a hitherto 
unexplored region, whid~ ~11eory 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 1 0-23 sec, about 
the time it takes a ~r meson at the speed of light to 
travel a distance equal to the diameter of the pro- 
tbn. In contrast, the much more stable particle, 
the newly discovered Sl , has a very much longer 
lifetime 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. 



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 n* mesons on protons. This 
high precision measurement in the momentum in- 
terval from 2.5 to 5.5 BeV/c was obtained with a 
statistical accuracy of 0.05% for n--p and 0.08% for 
n+-@ 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- 
menhm to a precision never before attempted. 
The pion beam was designed to provide enough 
pions/pulse of the AGS so that, even at t h ~  highwt 
rrlomentun 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 20.05% 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 >20.4%, 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. h identical system, w th  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 r - 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 beam. However, the sigrd 
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 se~s,  
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 ?h and W 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 r - b  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 descnbed 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 n*-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 nnt 
yet received a formal name but has been tempo- 
rarily designated the XO. 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/c 
K- mesons with protons. An analysis was made of 
the following reaction channels: 

K- +@+A + neutrals (1) 
+A+T++r+T++w+T" (2) 
+A+a++a-+ (neutrals with m>&,) (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 ~ 9 6 0  MeV. C d  
analysis shows that the full width of the peak is 
<20 MeV. The data also exhibit the expected 
peaks for the A, IrO, qO, wO, and cpO, 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 XO. This new reso- 
nance is eilller 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 (I= %) with a proton ( I =  'h). Using 
the shorthand notation (I,JP) to indicate isospin, 
spin, and parity quantum numbers, this experi- 
ment strongly indicates that (0,O-) or (1,1+) can be 
the only choice. It is interesting to speculate on the 
role of the X0 within the framework of SU(3). If 
the assignment (1,1+) should be verified, the X0 
presumably heralds the existence of a new unitary 
multiplet. On the other hand, if (0,O-) is proved 
correct, the X O might be accommodated as a uni- 
tary singlet accompanying the pseudoscalar octet 
comprised of the lr mesons, K mesons, and the q 
meson. Since the quantum numbers of the q and 
X O are the same, mixing between these two states 
can in principle occur. However, since the q 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 XO. This is in contrast to the vector 

meson case in which the w and cp 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 q and cp 
mesons. The predominant decay mode is 

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 a-p interac- 
tions from exposures of the BNL 20-in. bubble 
chamber revealed the existence of a a-w resonance 
which has been named the B meson. It has a mass 
of zz 1.22 BeV and a width of 100 + 20 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 fO meson whose dis- 
covery was noted in last year's report. They fur- 
ther suggested that t hey ,  which at that time was 
known to decay only into T+ + a-, might simply be 
the neutral decay mode of the B. A Michigan 
group, using r - p  interactions photographed in the 
20-in. bubble chamber in an attempt to determine 
the spin of they,  tentatively concluded that the.f0 
and B probably were not the same particle, since 
their data favored L = 2 as opposed to L = 1 for 
they. 

The California workers had also indicated that 
a more definitive test would be the decay of the 
f"+d'+ao. If this occurred, t h e y  must have even 
spin, and the hypothesis that the B and fO 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 chamhen. Utilizing apparatus designed 
arid constructed for their charge exchange exper- 
iment (mentioned earlier), the Cambridge group 
definitely established that theJU decayed into two 
neutral a mesons and thus the B andfO mesons 
could not be identical. They also concluded Phat 
t h e y  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 T+-d interactions in photographs fbm 
the 20-in. BNL bubble chamber, confirmed the 



counter results and showed that the isospin was 
0 by establishing that the fO decayed half as often 
into neutral as into charged m mesons. Further 
work by the Michigan group, also using m+-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 m-p 
resonance in m+-p reactions and tentatively assigned 
to it a mass of 1.2 BeV with a width of 350 MeV 
and isospin I= 1 or 2. 

Pictures containing 150,000 stoppedp have been 
shared equally between the University of Rome, 
Syracuse University, and BNL. Scanqirkg is cam- 
plete on all pictures, and nearly all strange par- 
ticle events have been measured. The so-called FOG- 

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 @ +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 w0 production: 

p +n+0°+?rs(7k3) x 
of all p-n annihilations at rest. 

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

where the q0 is seen in both K+-K- and KO-z0 
decay modes. 

Charged pion multiplicities, given below, total 
~ 9 7 %  of all p n  annihilations: 

' 

In addition, kaons are produced in ~ 3 %  of 
events as estimated by scanning for KO decay 
products and K* mesons by ionization density vs 
curvature. The ratio of annihilations on neutrons 
to annihilations on protons is pn/@ = 0.75 k0.W. 

Interesting new results have come from the work 
UII 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 syrn- 
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 so. 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 h decays. The event was oboerved by a Yale- 
BNL team using photographs taken in the 20-in. 
bubble chamber. It was possible to establish the - 
C S ~ S ~ ~ B S R .  ~f the X0 withnlit any arnkiguit~r, 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 

An experiment is under way Lu measure  he spin 
and parity of the l~ypelu~l  lesullarlce with mass 
16GO MeV, l l~c  Yl * (1 660). An exposure dfthe 30- 
in. hydrogen bubble chamber yielded 180,000 
pictures at 9 K- momenta between 600 and 840 
MeV/c. The first results from the analysis show 
the effect of the TI* (1 660) in the reacti'on K-+p+ 
A+mo 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/c, a 
Brookhaven group has improved their measure- 
ment of the mass and lifetime of the X- hyperon. 
'l'he latest results based on 364 decays are m,- 
= 1320.420.3 MeV and T ~ -  = (1.8+t:,6)X 10-lo sec. 
From a sample of 29 X0 decays they have obtained 
mE0 = 1313.522.2 MeV, yielding mE--mm=6.99-t 



U 4 2.2 MeV. This latter result compares very favor- 
ably with the SU (3) prediction of 6.7 k0.4 MeV. 

These K--p photographs have also been ana- 
lyzed for the reaction K-+p+Z+m+ K. From a 
study of the Dalitz plot distribution of 368 events, 
strong production of E* (1530) and K* (880) as 
well as some indication of the K (730) was observed. 
This same plot shows no enhancement at a E-m 
mass of 1600 MeV, which suggests that a proposed 
JP= ?4- octet consisting of the JV* (15 12), To* (1520), 
and Y,* (1660) is not valid. A study of the decay 
angular correlations of Z* +E + s yields isospin 
I= ?4 and spin J )  ?4 for the E*. 

In research on hyperon production in j-fi inter- 
actions at 3.25 and 3.69 BeV/c, measurement of 
events has been completed and work begun on 

final statistical summaries. Most of the work was 
described in last year's report. Preliminary new re- 
sults on associated production events (A0-K+-j, 
ZO-K+-j, hO-K--p, and p-K--p) indicate cross see- 
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 r,* (1520) resonance in the K+-j 
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 Institbte 
of Technology in the investigation of the interac- 
tions of a separated beam of 2.8-BeV/c antiprotons 
with deuterium contained in the' BNL 20-in. 
bubble chamber. 

- 
Figure 10. An ur~usual photograph of an observation of the X-, the rarely seen antiparticle of the X-. All the subsequent 

strangeness-changing decays appeared in the photograph. The tracks are identified in the sketch. 



An event of the type 

- 
has been observed. Previous observations of the E-, 
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 Eannihilated 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 X' (or by K) exchange in a 
p-nucleon interaction of the antihyperon with the 
rerr~aining nucleon of the deuteron. It is also satis- 
fied by mechanisms involving virtual $-nucleon 
annihilation instead of meson exchange. 

The coherent regeneration of the K,O from the 
KZo 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 K10 and KzO. Theory shows that as a re- 
sult of nuclear interaction with the incoming KzO 
wave there is a change in the relative phase of the 
K and components which combine to form the 
XI0 and KzO particles observed in the forward di- 
rection. The result of this phase change is that the 
KzO and K10 intensities oscillate back and forth 
with a frequency depending on their mass differ- 
ence. Still another effect influencing the KzO and 
K10 relative intensity is the fact that because of 
their: diflerence in strangeness the KO component 
- 
can be absorbed by inelastic processes, while the 
KO 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 K,OYs into 
KIo's for different thicknesses of ion converter. 
They found the mass difference to be 0.8-kO.12 in 
units of R/r, where r is the mean life of the XI0 
meson. Previous measurements have yielded re- 
sults that vary between 0.5 and 1.9 $/T, 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 KO mesons were studied to test 
the validity of the AS = A Q  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 KO+ 
a-+p+(or e+) + v  are allowed, whereas Ko+a++ 
p-(or e-) + fi are forbidden, and vice versa for the - 
KO. 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 KO 
and KO would appear to be quite different, de- 
pending upon whether or not AS=AQ. In this ex- 
periment the KO's were produced in the annihila- 
tion ofj'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-Rresonance known 
as the cp 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 

The results obtained were a mass value for the w 
of 784.020.9 MeV and a width of 9.5k2.1 MeV, 
corresponding to a lifetime of (0.69 20.15) x 
sec. They also obtained partial decay rates for the 
w into three ~r's and into neutrals. Using a similar 
technique they found the mass of the cp meson to be 
1018.620.5 MeV with a width of 3.1 -+I ,O MeV, 
corresponding to a lifetime ~3 times that of the w. 
It is possible that the measurements of the width of 
the o and cp will help to clarify their roles in the 
conjectured w-cp 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 % and % in units of the electron 
charge. Such a possibility immediately stimulated 
experimental activity at Brookhaven. Both the 
80:in. bubble chambir 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 - %e and + ?4s and a 
singlet with a charge of - %e with their corre- 
sponding antiparticles. The theory shows that at 
least one of the charge %e quarks must either be 
stable or decay very slowly by /3 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/c, 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 chan~bcr is fully sensitive, 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 6 rays (low-energy recoil electron tracks 
which always have ordinary density). A S 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 
6 rays of low bubhle density. The other two had 
no measurable S 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 

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 %e and %e. 
Calculations showed that the production by elec- 
tromagnetic processes of quark pain in which the 
mass of the quark was about the mass of the pro- 
ton would result in a quark-n-meson ratio of 
~ 5 0 0 / 1 0 ~ ~ .  

The beam of concern was a mixture of m 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 
momentump/3. In traversing the 40 m between 
the point of production and the detector counters, 
~ 1 . 6  kg/cm2 of varying types of absorber had to 
be penetrated. After a flight of perhaps 4 m, on 
the average, the n 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 nf 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 z 11 MeV, 
whereas a quark would lose z 1.2 Mev. The count- 
ing system showed no evidence of a charge - %e 
particle. Not one appropriate event was found in 
a set of events corresponding to the passage of 
3 X 10' p mesons through the detector. Each muon 
detected was estimated to represent ~ 3 0 0  pions, 
so that the final sensitivity of the experiment was 
z 1 quark/lO1° 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/c2 do not exist. 

The possibility could not be excluded that 
quarks interact strongly with nucleons but are 
still produced with small probability, although 



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 <5/101°, z 1% of the estimate for electro- 
magnetic production. It was therefore concluded 
that quarks with a mass of <2 BeV/c2 do not 
exist. 

% 

Theory 

t 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. 

I= A study of scattering amplitudes for high energy 
was made using perturbation theory. A common 
rrlethod for discussing high energy behavior is to 
sum the most dominant terms in each order of 

I 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 ofthe most dominant terms, and the de- 
pendence on energy was not that of a simple 
Kegge pole. When the class of terms to be summed 
is hrther enlarged in a well-defined way, the sim- 
ple Regge behavior is restored. The question of 
the high energy behavior of the complete sum 
&mains open. 

Crossing relations for scattering amplitudes for 
particles with arbitrary spin were investigated. 
Usir~g 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 a-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 b-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 m-w system at 1220 MeV (the B 
meson). It was pointed out that the dynamical 
ossumption that the m-p-w coupling was respon- 
sible for the interaction suggested a close analogy 
with the 3-3 resonance of the w-nucleon 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 siich 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-m-m decay of 



the 1660-MeV TI* 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 stmngly 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 

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 IUPAP. 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. T h e  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. 



80-in. Bubble Chamber paired, and a secondary seal has been incorpo- 

As reported last year, the Brookhaven 80-in. rated to prevent a reoccurrence. Another Problem 

hydrogen bubble chamber was operated success- arose in connection with the retrodirectors ("coat- 

fully on its first cool-down on J~~~ 2, 1963.  his hangers") used for chamber illumination. This 

is the largest bubble chamber in the world, with Was solved by strengthening the mounting tabs 
an effective volume of 850 liters. An aerial view of and the suppo* brackets. In with Only 56 

the 80-in. bubble-chamber complex is shown in of downtime necessary for routine maintenance 

Figure 1 1. Since it first began operation, the 80-in. and repairs, chamber performance reached a level 

chamber has taken 566,736 stereo-triad photo- that made it possible to take 212,000 pictures, of 

graphs during 4 operating periods. About 18,000 which ~ 1 7 5 , 0 0 0  were useful. A Process control 

photographs were used for engineering in computer has been installed at the chamber and is 

order to understand chamber performance to aiding considerably in logging and recording. AS 
accumulate operating experience. of the remain- more experience is gained it will take over some 

ing pictures, 58,251 pictures (this number is of the controls of the chamber. A continuing pro- 

for proper number of be- tracks md gram of modification is being carried on with tl~c 

desired purity of beam) were of 6-BeV/c Ir mesons aim of obtaining improved picture quality and 

for an experiment by a ~ ~ ~ ~ k h ~ ~ ~ ~  ~ ~ b b l ~  reliability of operation. During the coming year it 

her G ~ ~ ~ ~ ,  3 1,038 pictures were of 5-BeV/c is anticipated that a soft glass window can be in- 

a- mesons for a ~~h~~ ~ ~ ~ k i ~ ~  university experi- stalled to decrease the distortion now introduced 

ment, 10,000 useful pictures were of 8.5 BeV/c T+ by the tempered window. Other improvements 

mesons and protons for a University of Pennsyl- will require additional expanding pistons and a 

vania experiment, and 60,000 useful pictures were vacuum Pump system, bright-field 

of 7-BeV/c antiprotons for a cooperative experi- modification to the illuminating system, and modi- 

ment by Yale University and BNL. In addition, fication Of the 

127,603 useful pictures were of 5-BeV/c K -  mesons; High-purity beams in which the different kinds 
in one of these the first example of 8- prodllrtion of particles are separated by means of electrostatic 
and decay was observed. The chamber was in its fields me brought to the chamber from the scatter- 
fifth operating period at +he end of fiscal 1964. ing in the ACS prifilary beam an array 

Chamber reliability has been h~t tc r  than expected, trnnoport m%llels- This array corn- 

and in general the over-all performance has pre- prises focusing and deflecting magnets and is com- 
Sented no major difficllltics. The most scriom pletely analogous to all uptical system of IcnSa 

failum oLcurred on the third cool-down in N ~ ~ ~ ~ -  and prisms. In addition to the quadnlples wldch 

hr lt~(j3, when a leak from atmaphere to vacuum perbrm the focusing function, the. hram also con 

uccuned in the flexible metal bellows that isolates tains sextupoles and octupoles for correcting aber- 

the chamber from the vacuum can. This leak rations F i ~ r e  12). Although this beam is much 

terminated the third cool-down before any useful 
pictures had been obtained. The failure was re- - 

12. A sketch of beam trarupt and sepnrating 
system that provides beams of K mesons and antiprotons 
of high purity for the 80-in. bubble chamber. About 4 K- . 
mesons at 5-BeV/c momentum and 10 antiprotons at 7.5- 
BeV/c 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. I t  provides up to 5- 
BeV/c 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 ofdirect- 
ing the beam through the precise c,ollirnating 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. 'l'hree Hermes automatic measur- 
ing machines are now in use for measurement of 
80- and 30-in. chamber pictures. The two Mark I1 
RNL measuring machincs have been ~s~odiliml to 
accept 400-ft rolls of film and can now provide mea- 
surement facilities for the 35-mm Hough-Powell 
Flying Spot Digitizer (F'SD). Design work has been 
completed for the modification of the Mark I BNL 
measuring machines to measure 3 views of 70-rnm 
film from the 30-in. bubble chamber. 

Of the 7 Vanguard scanning machines in oper- 
ation, 3 can be equipped to rough-digitize 35-mrn 
pictures, and 1 is a prototypesfor 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 experimcnts 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 ~ 2 0 0 0  
4-prong events was measured. In the third experi- 

ment, 7000 2-prong, 2500 4-prong, and a few 
hundred single and double Vevents 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 ~ 8 0  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 = 1 10 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 events is ~ 3 %  for 2-prong events and 
= 10% for 4-prong events. The 2-pass strange- 
particle rejection ratios observed are ~ 2 0 7 6 ,  but 
a separate study is needed using an input sample 
richer in types of strange-particle events. All re- 
jection 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 x2 is calculated 
for each event in addition to the usual kinematic 
x2. Both x2'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 x2 distribution suggests a measured 
ionizatioi~ 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 
r~ugh~digit izing scan table can supply events to 
the FSD at the rate of 15 events/scanner-hour. 
For events spaced ~ 5 0  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 pcr 
week, 3 rough-digitizing scan tables, each manned 
2 shifts per day, are required. 

All the results given ab&e were obtained with 
the 35-mm FSD. The 70-mm FSD transmitted its 



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 HAZE 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. 

T o  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. charribers. A 
new library program has been written and is being 
ilserl a,t, Hrowkhfi.ven for collectirig lhe 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 instrurr~ents havc been used to 
study 150,000 spark-chamber photographs ob- 
tained in a K-p elastic scattering experiment per- 
formed a.t the AGS in the ~noillentum range 3 to 
5 ReV/c. The preselection showed that z !k of the 
photographs should be measured by the automatic 
scanner; the rate of preselection of photographs 
was 50/min. T h e  automatic scanner measured a 
photograph in ~ 2 5  sec; an  analysis time of 2 sec 
per measured photograph was required by the 
IBM 7094 computer for processirlg (off-line) thc 
magnetic tape output data from the scanner. The 
over-all analysis rate, ~2 measured photographs 
per min, is z 10 times faster than the rate attained 
when c:or~ventional 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 collectiuri 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 ~50,000.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. Thc data 
were gathered at a rate up to an order of magni- 
tude faster than the Brookhaven Merlin computer, 
used uu li~it:., c.r,uld p~~uocon it, Thus I\/l~rlin was 
uscd only for sampling, and the remainder of the 
data was stored on magnetic tape and proccsscd 
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 

  rook haven high energy physicists, besides par- 
ticipating in experimental work at the AGS and 
the Cosmotron, devote rn11c.h effort to the activities 
essential lo the planning and execution of the par- 
ticle physics program. Among other things, they 
are involved in the conceptio~i arid clcslgr~ c.)T llew 
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 optic.al 
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 17 X 8% X 10 



in. for 24 liters. New magnet coils have also been 
designed which will produce a magnetic field of 
~ 2 4  k c ,  compared with the.present magnetic 
field of z 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 K mesons and 
antiprotons.   his 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 
enersies 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 pulse. 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 eff'ectiveness 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 

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 rnrn 
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 Y 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 
Y discharge planes totaling 10,000 wires can be 
read out in ~ 5 0 0  psec, corresponding to ~ 1 0 0 0  
events per machine burst. 

Magnetic spectrometers incorporating these 
planes can have the following characteristics: 

1. Angular resolution, A@, < 1 mK 
2. Momentum resolution, dp/p, < 1% 
3. Solid angle of acceptance, z 

steradians (limited by magnet aperture) 
4. Momentum acceptance of several BeV/c 
5. Counting rate, 1000/pulse 
6. Resolving time, ~ 3 0 0  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 a0 production events and re- 
jection of 2a0 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 P-ray 



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. T o  compare 3 promising superconductors 
(RCA Hastelloy ribbon on which Nb3Sn 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 
l-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 fbr future accelerators (including one of600 
to 1 0 0 0 . ~ e ~ ) ,  (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 usehl- 
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 recommended that Brookhaven Na- 

tional Laboratory undertake a stud~y 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 
~2 x 10" protons/sec to z 1012 protons/sec. With 
a new 500-MeV linear accelerator and with a 
simultaneously proposed increase in AGS cycling 
rate, the intensity could reach 2 x 1 013 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 beims and experiments for 
a high intensity AGS was therefore undertaken by 
the Physics Working Committee of the Super 
High Energy Policy Comrnittcc with thc collaho- 
ration of high cncrgy physici3t3 from various uni- 
versities and institutions as well as from the Brook- 
haven staff. The study, publishcd as Informal 
Report BNL 7957, Possible Seams and Experiments 

,f ir a H < f h  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 Interactio~ls. 

Many experiments that are at present eit.her 
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 n-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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Figu~ c 13. Decay curvcs sl~uwilig ~ l l e  prccessiu~l uf Llle 
angular correlation of the 78- and 68-keV y rays of S C ~ ~  
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. 

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 cdr- 
relation pattern in an applied magnetic field has 
been successfully applied to.the measurement of 
the nuclear g factors of excited states in S C ~ ~  and 
Tm'69. 

In S C ~ ~ ,  a 146-keV excited state decays to the 
S C ~ ~  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 1 0-7 sec. 
With the parent Ti44 source in dilute HCl solution, 
the angular correlation between the two y rays is 
found to be undisturbed for at  least 1 psec. The 
g 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 
y-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 pre'cession of the y-ray 
angular correlation pattern in S d 4 .  The counting rate 
ditt'erence (field up minus field down) divided by the 
counting rate sum (field'up plus field down) is plotted' 
against' delay time. 



can be followed for ~5 half-lives on each side 
o f t  = O  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 t = 0 gives a value for the g 
factor of the 68-keV state in S C ~ ~  ofg =0.342+ 
0.006. 

A g-factor measurement has also been made on 
the 138-keV % + member of the K= % rotational 
band in Tm169 by an integral-type method made 
necessary by the short lifetime (T=0.42 X lo-$ sec) 
of the state. The adoption of a paramagnetic cor- 
rection factor /3=5.56 appropriate for a thullum 
ion in a +3 charge state gives a value for the g fac- 
tor of the % + state of 0.428+0.03 1. 

Mijssbauer-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 RuS9. The com- 
bination of a resonant absorber of metallic iron 
into which was incorporated 2.3 atom % ruthe- 
nium enriched in Russ and a single-line source of 
Rhg9 in Ru metal (both source and absorber held 
at  a temperature of 5°K) clearly showed the com- 
ponents of the magnetic hyperfine spectrum. Thls 
spectrum, shown in Figure 15, is consistent with 
the following interpretations: 

(a) The 90-keV state in Rugs has spin Sh. 
(b) The 90-keV transition to the spin 5h RuS9 

ground state is a mixed M1+ E2 transition 
with M1/E2 =0.4%0.1 as deduced from in- 
tensities of the component lines in the hy- 
perfine spectrum. 

(c) The ratio of the magnetic moments of the 
excited state and ground state is p,/p, =0.46. 

(d) With a value of -0.6 nuclear magnetons 
for the ground-state moment, the magnetic 
field at the Russ nucleus is 5 x lo5 Oe. 

Positrons annihilating in amorphous solids 
and plastics have been found to exhibit a third 
component r i  of lifetime intermediate in value 
between the previously known components r ,  
(usually a few X sec) and r ,  (a few x 1 0-lU sec). 
The exact values of the lifetimes and intensities 
vary from substance to substance. A certain cor- 
relation between r1  and -ri seems to exist in the 
sense that a material exhibiting a relatively long 
(or short) r1  will generally exhibit a relatively long 

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

A search has been carried out for charge e / 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 ~ Y i o  of the minimum ioniza- 
tion of a particle with charge e 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 lo5 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 P-ray spectrometer equipped with a split 
detector. From a source of In114", two coincidence 
groups are observed, with total energies corre- 
sponding closely to those expected for "KL" and 
"LL" double conversion parallel to the 19 1 -keV 
isomeric transition. However, investigation of the 
angular distributions between these coincident 
electrons and the source orientation indicated that 
these groups arise ffom elastic ('h/l0lleij scattering 
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- 

Figure 15. Mossbauer absorption spectrum of the 90-keV. 
transition in Rug' for a single-line source of Rhg9 in Ru 
metal and an absorber of 2.3 atom % Rug9 in Fe metal. 
Both source and absorber were at a temperature of 5" K. 
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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<5 x where Kstands 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 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 < ~ 2 0  keV. This problem has been met 
at Brookhaven National Laboratory with the de- 
velopment of techniques for the preacceleration of 
electrons in a P-ray spectrometer. The method is 
particularly useful because low energy transitions 
i r ~  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'88m 
taken in a Gerholm spectrometer at 5-keV preacceleration. 
The lower peak consists of two unresolved components: 
thc M Auger electrons of rhenium and the N internal con- 
version electrons of the 2.4-keV nuclear transition in 
Re'88m. The upper, partially resolved peak consists of the 
L,,, internal conversion electrons of the 15.9-keV nuclear 
transition in Re'88m and the LA,, and L,, Auger electrons 
of rhenium. 

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 RelS8" (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 RelS8" taken at 5-kV preacceleration. L 
and M conversion lines of the 15.9-keV transition 
and the Nconversion line of the 2.4-keV transition 
are seen. The L,,, 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 A :  
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 N 
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 y 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 E l  multipole order with the spectro- 

' 

scopic factors for the (d, p) reaction on the same 
target leading to the same individual final states. 
Some interesting results are found for 1 = 1 final" 
states in odd-neutron nuclei in the A ~ 6 0  region. 
Certain states near the ground state which are 
strongly excited in the (d,p) reaction (those having 
large components of singie-particle p state in their 
wave functions) also have large E l  strength from 
the capturing state. In the region between 1.5 and 
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Figure 17. The y rays of ReLssm coincident with the two 
components of the lower energy peak in the electron 
spectrum shown in Figure 16. Curve A shows the y-ray 
spectrum coincident with the lower component of the 
peak (Auger electrons); curve B shows the y-ray spec- 
trum coincident with the upper component (~Vinternal 
conversion electrons of the 2.4-keV transition). The 105- 
keV transition is seen to be enhanced in curve H. 

Figure 19. A comparison of the strengths of transitions to 
individual final states in FeS7 for the (n.y) and (d,@) reac- 
tions. The upper curve shows the reduced transition prob- 
abilities B(E1) of y-ray transitions fkom the state formed 
by neutron capture to lower-lying levels in Fe3'; the lower 
curve shows the weighted spectroscopic factors (2 J+ 1)s 
for levels of Fe57 populated in the (d,p) reaction. 

Figure 18. The decay scheme of ReLssm. The energies of 
the excited states are shown to the left of the diagram, and 
the spin (I), parity (m),  and projection of the intrinsic 
spin on the axis of deformation (K)  are shown to the 
right. On the far right the Nilsson quantum numbers for 

. thc individual proton and neutron states are given. 

EXCITATION ENERGY OF FINAL STATE, MEV 



4 MeV, however, there are groups of states that 
have large El strengths but small spectroscopic 
factors; in fact, an anticorrelation exists between 
the (d,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 Fe5e 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,#) 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 El 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 rapture, 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,pl) re- 
action on Fe57 (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,pl) strengths, except for 
the 0.37-MeV state. That state is perhaps excited 
in the (p,pf) reaction through its collective com- 
ponents. 

A number of lithium-drifted germanium y-ray 
detectors have been successhlly 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 cm2. 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 8-ray transitions to a state at 
7.99 MeV ar~d to one of two 6.76 to 6.81-MeV 
doublet levels in B1'. 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 B1' were known to be of even and odd 
parity, respectively, it had not been established to 
which member of the doublet the decay takes 

place. In one experiment, through measurements 
on radiations from the Bes(He3, p)Bl1 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 Bl1 (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 Bell must have even parity. In the other ex- 
periment a lithium-drifted germanium y-ray de- 
tector was used to demonstrate that Be1' decays 
to the upper, or even-parity, member of the 6.8- 
MeV doublet, which again requires even parity 
for Bell. Although the original shell-model pre- 
diction for the spin-parity of the Be" ground state 
was ?4 -, a more refined calculation has recently 
been carried out by a group in Israel according to 
which the ?4 - and H + states of Bell 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 Ole. The state was excited in the 
F19(p,a)01e reaction, and the radiations were de- 
tected in two 5 ~ 5 - i n .  NaI crystals. By means of a 
2-dimensional pulse-height analysis technique an 
upper limit of 1.1 x lo-' 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 BIO at 4.77 and 5.16 MeV which are en- 
ergetically unstable against a-particle emission. 
The states were excited in the B"(Hea,a)BIO reac- 
tion in a thin, self-supporting B1' 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 alrnost en- 
tirely by a-particle emission but that it has a par- 
tial y-ray branch with a relative intensity of 2.5 
X 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 Lie(a,y)B10 reaction it was es- 
tablished that the y-ray partial width of the 4.77- 
MeV level in BIO 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 



~ 2 7  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- 

I 
lyzer. The computer was also used to generate 
curves showing relevant kinematic and theoretical 
information presented in the same disp!ay format Figure 20. Cathode-ray-tube display of the energy dis- 
as the experimental data for rapid comparison tribution of the coincident recoil protons from thefJ(d,2fJ)n 

during the ~ i , + . ~ ~ ~  20 shows cathdc- reaction. The coordirrnln 'I, and 7. are the kinetic en- 
erges of the recoil protons. The two pronounced bumps 

of data in a 64 on the curve at high ?,, low T,, and at low Ts, high 7, 
x 64-~hannel array- I 3  and are the kinetic en- represent the formation of quasi-deuterons in the singlet 
ergies of the coincident recoil protons. The two state. 
pronounced bumps on the curve at high T3, low 
T4, and at low T3, high T4, represent the formation ordinates, it is much sharper in the laboratory 
of quasi-deuterons in the singlet state. The bump neutron energy T5. Most of the reaction cross sec- 
at low T3, low T4 is due either to the low energy tion appears in a region where T5 is <200 keV. 
p-p interaction or to a direct knockout feature of The strong peaking at low valucs of T5 is a general 
the reaction mechanism. Such direct knockout feature of the various other reactions that have 
features were found to be vary prominent in a been investigated. It  is attributed to a dircct 
study of the reaction d(d,pd)n. Coincident proton- knockout process, and for this reaction it may be 
deuteron pairs were measured with the same tech- shown that the shape of the experimental peak is 
nique as above. No strong peaks were expected in quantitatively described by a simple plane-wave 
t l ~ e  experirrlental data since there are no strong knockout calculation, based on the assumption 
resonances in the possible intermediate systems that the cross section in the region of the knockni~t 

I (d+p)  and (d+n), and the formation ot'the singlet ccpole" is dominated by the effect of small momen- 
deuteron is forbidden by isospin conservation, tum transfer to the neutron. 
since it is I= 1 and all the other particles are The reactions d(He3, pt)p, d(He3,pHea)n, and 
I=  0. The experimental data for one pair of detec- d(He3,pd)d have been investigated in a search for 
tor angles are shown in Figure 21. The two p-d final-statc interactions in l l~e ( p + t ) ,  (He3+n), and 

1 cui~~cide~ice curves are clearly seen. Several (d+d) intermediate systems. These final-state in- - straight lines and spots due to random coinci- teractions would be due to particle unstable ex- 
dences and 2-body reactions are also visible. cited states of He4. These investigations have thus 
The outer curve, in which the deuteron energy is far identified two excited states in He4. One is at 
T, and the proton energy T4, has a very strong an excitation of 19.9920.02 MeV with a width of 
peak which is seen as a faint broad curve of white 0.1 MeV. This state, being below the He3 +n 
dots above the black part of the data curve. Mea- threshold, can only appear in the t+p brcakup. 
surements at many angles show that this peak is The second state is at an excitation of 2 1.2 20.2 
not a final-state interaction in any system, al- MeV, with a width of 1.2 MeV, and is observed 
though it cannot be distinguished from such by a to decay by both proton and neutron emissinn 
measurement at a single paw of'angles; rather, it These two excitedstates have been measured at 
always appears when the laboratory momentum many angles and are observed to be genuine levels 
of the unobserved neutron is very small. Although of He4 in the sense that their energies and widths 
this peak is several MeV broad in the T3 or T4 co- 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 (4pd)n reaction. The coordinate T8 is the kin- 
etic erltrgy of the recoil deuteron, and T4 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 prohahility that the recoil neutron will 
poswss a very small kinetic energy. 

The previously unreported 2-neutron pickup 
reaction MgZ6(He4,He6)Mgz4 has been investi- 
gated. A scattering chamber was used in conjunc- 
tion h t h  a counter telescope having a thin dE/dX 
counter, an E counter (sufficiently thick to stop all 
He6 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 He6 particles in a He4 
background 1 00,000 times stronger. Figure 22 
shows a typical mass spectrum as observed with 
the system. 

A number of levels of MgZ4 were studied with 
the MgZ6(He4,He6)Mgz4 reaction and the results 
compared with similar studies on the MgZ6(p,t)Mgz4 
reaction. The main findings of interest to nuclear 
structure are: unnatural parity states are more 
strongly excited in the (He4,He6) 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 MgZ6(He3,He6)Mgz3 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 E and dE/dXcount- 
ers in anticoincidence with a veto counter, in a study of 
the Mgz6(He4,He6)Mgz4 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/Q, where Q is the 
number of available shell-model states. Since the 
number is not a constant in the underlying 
Bardeen, Cooper, 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 /Q, 
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 operatar, and thus to insure that 
the excitations contain no spurious parts corre- 
sponding to changes in the number of particles. - 



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, 

Of part~cular interest is the B coefficient. With 
pairing plus quadrupole-quadruple forces taken 
into account, the B coefficient can be decomposed 
as follows: 

where Bv.,. 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 
Bcori , , i ,  is a pure fourth-order cranking modcl 
term. Numerical calculations are beiig made. The 
rotational phase transition predicted by Mottelson 
and Valalirl is also being studied by this method. 

Filut-order corrections to the distorted-wave 
DVI 11 approximation (D W BA) amplitude for (d,P) 
reactions have been shown to occur. These corre- 
spotld to excitation of the target nucleus by the 
outgoing proton, with subsequent capture of the 
stripped neutron lo 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 
016(d,p)0,1~o.,, and Ca40(d, p)Ca:' at E d z 5  MeV. 
A computer search is now being made for the best 
optical model parameters needed to fit the 
Lia(d,p)Li:.,, reaction.The DWBA amplitude van- 
ishes for this latter case, and only the correction 
terms will colltribute to the angular distribution. 

Values of the quadrupole antishielding factor y, 
have been obtained for the A13+, Co', I-, Pr3+, and 
Tm3+ 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 4f electrons of praseo- 
dymium and thulium. An estimate of the second- 
order effects on y, for the C1- 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- 
tmns hy l iq~~ids and oolida is b c i q  L ~ I  lied our. 
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 matter. 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 mnlecules condenoe from gaseous 
to liquid or solid phases. The study was cxteuded 
to provide a cnmparison with liquid CII, uf sub- 
stances (CH31, NH4C10,, 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 li.orn 
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 hnc- 
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-A 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 21+ 1. For GdlS5 I= 35, 
and for Gd157 I=%. On the other hand, Dy161 and 
DylG3 both have I= 7h. The results of the measure- 
ment are summarized below. 

Strength Function 
Isotope I - ( rno )/D 
DyI6' ?4 1.95k0.14 
DylG3 ?4 1.92k0.16 
Gd'55 %' 1.52k0.09 
GdI5' ?4 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 
t h e  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. Howcver, 
conventional methods of obtaining the Breit- 
Wigner parameters o l  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-indicatior~ rriethod 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 

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,a, and A/r, where n ,  is 
the number of atoms/cm2 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 a, and 
r .  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 ThZ3' 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 9 10 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 ~ 9 9 . 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 cord neutron facility and the 
llew rast chopper, to be installed at the HFSK, 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 
z 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 



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 Gd155, 
Gd15', Tb154, Er167, and Eu15' 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: Herr  is negative 
for both EuS and Eu metal (magnitude not deter- 
mined); and H e , ,  = - (3.420.4) x lo5 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 neiitron 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- '/2 reso- 
nance and a positive field. Si~lctr the i ral ls~l~issiu~~ 
eff'ect in Eu metal is of the same sign, al~liough 
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. lncreasing the field fro111 10 LO 17.5 
kG increased the nuclear relaxation time from 
something less than 10 min to a value z 15 times 
as great. This surprising result is now being investi- 
gated in greater detail. 

As reported previously, neutron transmission 
measurements on polarized holmium nuclei in a 
holmium single-crystal sample had yielded a value 
for the coupling constant of A/k=0.595 20.010°K." 
This result was obtained by fitting the data to a 
spin ?4 Brilluuil~ fu~lcliljn of tkc form 

where f, 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 A/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 hype~firle structurc tcrm will change 
the magnetic term appreciably. 

Attempts have been made to polarize U235 nuclei 
by using the hyperfine coupling in the ferromag- 
netic Intermetallic compound UZ3'Fe2. Tl?e avail- 
able specimen contained 1.10% U234 which pro- 
duced an a-decay heating of ~ 2 5 0  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 
salnplc at high cquilibrium temperature. The mi- 

clcar polarization achieved could be observed hilt 

was too small to be useful in determining the spin 
dependcncc of the U235 neutron cross section. Thiv 
work will be continued with U235 samples being 
prepared at ORNL from isotopes containing only 
0.1 a uza4. 

The specific heats of U235 and U23s metals have 
been measured below 0.75" K. The results show a 
large T-2 contribution to the specific heat of U235 
which is negligible in U238. This indicates the pres- 
ence of a large hyperfine interaction in U235. The 
U235 specific heat can be represented by the 
expression 

c235=f (7-)+BT-2 , 
where the first term is the electronic and the second 
the hyperfine contribution. The data give P=(10.9 
20.7) m J-deg/mole. Two possible choices for the 



electronic term fit the data about equally well: 
f(T)=12.1 T,or f(T)=70exp(-1/T) mJ/mole- 
deg. The latter is the approximate BCS expression 
for a superconductor with y= 12.1 m J/mole-deg2 
and a critical temperature of 0.7OK. 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 UZ35 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 tu those obtained for UZ3' in various salts. 

The U238 specific heat can be represented by the 
equation 

where y = (12.1 k0.3) m J/mole-deg2 and P ~ 0 . 1 5  
m,J-deg/mole. Although magnetic measurements 
have shown some samples of uranium to be super- 
conducting, the U33s 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 measi~red 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 
measurements have been made on Pr metal be- 
tween 0.25" and 4°K. For the sample measured, a 
small peak at 3.4OK 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 = 6.4 X 1 O-3. 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 3.4OK 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 re~e*t.~ears.  Most 
neutron resonance iir~alysis has used an ideal gas 
model to take account of Doppler broadening re- 

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. T o  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 WlS2 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 a n  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 nm- 
tron scattering from CO, in the gas phase near. 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 room and liquid nitrogen temperatures. 

Equipment for a cryogenics laboratory, on 
which work was started last yeas, has been built 
and is being used in Mossbauer effect studies and 
liquid helium experiments. A He3 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. 



The experimental possibility of observing the 
Mossbauer effect in suitably chosen liquids has 
been established. Experiments were performed 
using as a source Co57 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 1/17 (temperature divided by vis- 
cosity) of the source for in glycerol. The 
maximum line width studied was ~ 6 0 0  times the 
natural line width of the Fe57. The line shape was 
approximately Lorentzian over the entire range of 
1/11 studied. Similar results were obtained by 
using Co57 in porphyrin and hemoglobin with 
gl yrernl. 

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 kesults 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 forwork 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 Mossbauer 
emission line of Fe5' in glycerol. The line width (AE-T)T is 
shown plotted as a function of T/q (rempel.aiul.e divided 
by viscosity). The variation of the emission line width . 

with T/q 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 L u ' ~ ~ "  
(.3.7 hr). The magnetic dipole and electric quad- 
rupole interaction constants have been determined 
with high precision for the atom in both the 2D3,2 
and 2D5/2 electronic states. 

Higher-order effects are most clearly shdwn by 
comparing each interaction parameter in the two 
electronic states in L u ' ~ ~ "  with the same param- 
eters in (evaluated elsewhere). In particular, 
the ratio 

where A( ) represents the appropriatc 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 elcctrorlv 
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, yields the ratio 

The principal limitation at present on the pre- 
cision of these ratios lies in the measurements of 
LuI75. 

The measured values of the interaction parame- 
ters for Lu"~" are, in cycles/sec, 

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

SOLID STATE PHYSICS 

Theory I 

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 
angular momenta. Unique conditions exist in 
channels because (a) impact parameters are 
independcnt of ior~ 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 obscrvcd expel.il11erita1 
results satisfactorily. 

Calculations concerning the nature of point de- 
fects have bee11 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 tlic 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 
mnrlel proposed to explain expt l i~l~enta l  results 
on the iron-carbon system obtained at BNL in the 
past few years. The iron-carbon interactcon was 
represented by a cubic equation with the param- 
eters chosen to yield the experimental value for 

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 Lalue 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 C1° interstitial atom in 
a NaCl lattice and its relaxation energy have been 
obtained for various positions of the C1° 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 C1- 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 . 0 3  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 thc 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 



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 KB 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 [he pertur- 
bation parameter the results show a peak z 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 oh 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 welllknown relation between the M-center 
and F-center concentrations. This relati011 is 
usually stated as follows: the M-center concentra-J 
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 ofthe 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 

NaCl is z 10 to 30 kg/cm2. It increases mono- 
tonically with increasing y-i-ay dose to ~ 2 0 0  kg/ 
cm2 for irradiations of 6 x lo7 .R. There is a large 
change in slope at ~5 x lo6 R which is apparently 
related to the defects present. This can be demon- 
strated by the behavior of M-centers. In crystals 
subjected to <5 x lo6 R, the M-center concentra- 
tion, which is relatively low, decreases with time 
after the irradiation. In contrast, in crystals sub- 
jected to >5 X lo6 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 measurenients 
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 formatior1 0f.F- 
centers as a hnction of dose rate'at room tempera- 
ture ha.s been completed. The initial coloring was 
found to be proportional to total dose, i.e., inde- 
pendent of dose rate. In this region z 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 KC1 F-center at room temperature was deter- 
mined by coloring the crystals to saturation and 
then "turning OK" the y-ray field. The F-center 
concentration was then measured for periods of 
time extending from a few seconds to scvcral days. 
There is an initial rapid decay, which is roughly 
the same.in all crystals, followed by a very slowly 
decreasing component. From 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-A1203, for example, a 
single, asymmetric., paramagnctic-resonance ab- 
sorp in11 was produced with g,~ = 2.0 1 2 k0.002 and 
gl =2.008k0.002, where 1 1  and I are with respect 
to the c-axis. The line width is ~ 5 0  G at 300' and 
77°K. The absorption line has been analyzed as a 
supcrposition of three gaussian lines with the iso- 
tropic gevalues: g, =2.020+0.003', g, =2.006+ 
0.003, and g, = 2.006+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 A1-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 A1-Cu (1%) alloy have shown that 
neutron irradiation of 1 0l6 nvt (fast) causes the 
resistivity decay curve at 1 10°C, associated with 
the late G P  zone or early 8' 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 3O0to 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 th'e 
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 
c-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 

to thulium, gadolinium is a normal ferromagnet. 
Above 248°K the moment is aligned along the c- 
axis. Below this temperature the moments make 
an angle with the c-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 
(pz0.17 pB 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 5s 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 corne'r posi- 
tions are occupied by FeI atoms and the body ten- 

ters by rhodium and FeII. The magnetic moments 
in ferromagnetic alloys containing 35, 40, and 48% 
rhodium are pFeI=3.1 pB, pFa11=2.5 pB, and 
p,, = 1.0 pB at 25°C. The moment of the FeI atom 
in the 50% rhodium alloy, which is antiferromag-, 
netic at  room temperature, increases to 3.3 p,. A 
detailed study of the unpaired'spin density distri- 
bution in the 48% rhodium alloy was made.by the 
polarized beam technique. While the FeI atom 
has a nearly spherical density distribution, that of 
the rhodium atom shows a strong tendency to- 
ward e,  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- 
mcnt of all paranlete~b 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 



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. Measurenients on a 
concentrated solution of NaCl do not show a de- 
crease in the broadening, although it is knoyn 
that the coefficient of self-diffusion of H,O in this 
solution is ~ 2 5 %  less than the pure water value. 
The data are being compared with various the- 
ories of cold neutron, scattering by liquids. 

Room-temperature Mijssbauer spectra have . 
been obtained for Fe57 in the following hcp metals: 
Cd, Co, Dy, Gd, Mg, Ru, (Se), '(Te), Ti, Zn. The 
field gradients determined from the experiment 
show a c/a  dependence in qualitative, but not 
quantitative, agr~eement with De Wette's calcula- 
tion for a point ion model and a uniform conduc- 
tion electron density. The measured isomer shifts 
are not hdly explained by using conduction elec- 
tron densities of the pure host metals but can be 
accounted for if the iron impl~rity 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 
Fe57 nucleus and might account for the quantita- 
tive differences in the observed field gradients and 
De Wette's results. 

The BNLcold 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,,.,-Zr,,,. The vihratibnal frequency distributions 
have beencomputed from the data wirh use uf all 

incoherent scattering approximatioil. These dis- 
tributions exhibit correspoiiding ro 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 bcc metal (vanadium) and fcc metal (nickel) 
are remarkably similar, the relative positions of 
the critical points being the same for both; (2) the 
frequency distributiori of the hcp metal (titanium), . 
which has two atoms per primitive cell, shows 
structure corr'esponding 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 bcc struc- 
ture are different, the most striking feature being a 
shift of'the high-frequency critical points to lower 
values in the high-temperature (bcc) 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 620250 cm-' 
and 110k10 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 bclow thc glass transition-show a much 
lcss pionounecd 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 hy experimentcrs, 
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 atlempt 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. 



Figure 2. New Soutl~wcst Experimental Area. 

ble. New circuits have been designed, and when 
fabrication is completed they will be mounted 
under a concrete radiatioil 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 imprnved 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 LO be operationally effec- 
tive and flexible to the changing machine require- 
Ixleilts. 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 ~ 4 5 , 0 0 0  sq ft was 
activated this year. The ring tunnel was breached 
and a 1-ft-diam pipe connecting the tunnel to the 
ncw Southwest Experimental Area was installed. 
The first expcriment 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, 91 00 tons of concrete, and 30 tons of lead, 
as well as the necessary magnets and detection a p  
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 ofthe brazed coil joints was the initial 
cause of the failure. A destructive test of this joint 
showed that it probably had been impropcrly 
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 
Cosn-iolron, a simple servomeil~anism 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. 

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 z 1 BeV/c for use with the 
Brookhaven 30-in. bubble chamber. The propan1 
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 1-10 straight section to provide high 
momentum particles (up to ~9 BeV/c) 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- 
graphsinclude 100,000 with antiprotons at 3.7 
BeV/c for a Brookhaven group; 110,000 with K +  
mesons at 2.3 BeV/c for one group from thc Uni- 
versity of California at Berkeley and 20,000 with 
the beam tuned for deuterons at 4.0 BeV/c for 
another; 100,000 with K -  mesons at 2.3 BeV/c for 
the Indiana University group; 106,000 with 2.5- 
BeV/c T+ mesons for the University of Illinois 
group; 60,000 with a+ mesons at 3.7 BeV/c for the 
University of Michigan group; 30,000 ?r' mesons 
at 2.8 BeV/c for a joint Brookhaven-Johns Hop- 
Ens Univel-sity group; 100,000 with 3.0-BeV/c 1T' 
mesons for the Columbia University group; and 
75,000 with 1.7-BeV/c T+ mesons for a joint group 
from Carnegie Institute of Technology and 
Rrookhaven. 

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/c for a group from the University of Cali- 



fornia at  Berkeley; 100,000 with 3.7-BeV/c ?z' 
mesons for a Brookhaven group, and 150,000 with 
2.0-BeV/c IT- 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 K -  mesons in hydrogen for the group 
from Columbia University. Exposures yielding 
,400,000 ph~togaphs to meayu~c K--P orom sec- 
tions frum 650 to 950 MeV/c 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/c, while the University of Maryland 
group will study the higher momentum region. 
Several experiments for study ofstopped K- mesons 
and antiprotons in deuterium are in progress at 
the 30-in. chamber for groups from Brookhaven, 
Syracuse University, and the University of Illinois. 
More than 100,000 photographs have been 
clhtained. 

The approved program for the present separu~ad 
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 bcjarn, particles in the same 
momentum range but employing two stages of 
separation, will be installed. The design of thii 
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/c and uf antiprotons up to 
~ 8 . 5  BeV/c. It employs two stages of separation 
having 15 meters of electrostatic separator in each 
stage. Over 250,000 photographs have been taken 
in this beam. These consis1 of 60,000 with antipro- 
tons at 5 and 7 BeV/c for a joint group from Yde 
University and Brookhaven; 75,000 with w- mes- 
ons of momenta from 4 to 8 BeV/c for a Brook- 
haven group; 150,000 with 5-BeV/c K- mesons for 
another Brookhaven group; and 10,000 with 8.5- 

BeV/c n+ mesons for the University of Pennsyl- 
vania group. 

At the GI0  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 
K10 mesons in hydrogen and other materials. - 

FolIowing 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 
nand the hydrogen in a 1-mm-thick polyethylene 
d~sc placed al l l~e  C 10 target pnsition tu sLallcr 
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 ( B e v / ~ ) ~  
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 ~ 1 2 " .  
This configilration 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 smallcr-angle beam m a -  
surecl total cross sections ( ~ f  w+,  K*, and p* on nnil- 
trons in deuterium for particle momenta between 
G and 20 BeV/c. The Johns IIopkins University 
group searched for leptonic decays of the p and w 
resonances using the larger-angle beam tuned for 
3-BeV//: n mesons. A group from MIT carried out 
an extensive measurement of the process nA+p+ 
no +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 ~r mesons for momenta i ~ p  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 configuratiur~ 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 s', 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 + 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 successhlly for a 3-week period. 
Measurements of prston fluxes by activating foils 
placed in the beam indicate that ~ 8 6 %  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 Ir' 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. 

massive absorbing shield consisting of 7600 tons of 
steel and 9100 tons of concrtte. 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. 



To improve linac performance and reliability, 
work on the components for the 50-MeV pulsed 
momentum\ analyzer has continued. The larni- 
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 urlder 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 
hem gaihed. 

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 ~ 8 0  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. It is 
now possible to obtain ~ 5 0 0  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. 'l'here were no service interruptions except 
those scheduled for expansion of the basic system. 
A few voltage dips did occur; ~hese were due LW 

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 
Experin~en~al Area (neutrino exprir~~er~t.). 111 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 ~ 4 0 0 , 0 0 0  lb. 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 K- me- 
sons in the separated bea.m. The design field is 15 hG. 

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. Pol. beam 
transport to an external target, vacuum chamber 
sections totaling ~ 2 6 0  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 protoa beam 
was successfully delivered to the neutrino experi- 
ment during a run of z 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 pec  
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 thug: [~rmed cancels out stray fields. 
Total weight of the assembled unit is ~ 7 0 0  lb. 
The lens has been used with some success with the 
beam. Details of the electronic system for the lens 
are. given below under thc heading "Electronics." 

Motor-driven flip targets have continued to per- 
form reliably with no failures. Some of the mecha- 
nisms have exceeded 4 X loG 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 practicak 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 
sectior~. Investigations into the possibilities of 
general-purpose remote handling devices are also 
progrcssing. 

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 
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, A-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 1-10 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 
3 x 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- 
atiu~lal. 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 exrel.na1 beam tunnel in the 
Southwest Experimental Area, which presents a 



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 failures 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 eleclrical 
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 comporlerlts. Provision 
is included for convenient and orderly expansion 
of the public address system. Thcsc 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 separ,aluis); and the beam to the 
80-in, hubble 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 tile 
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 to 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 
wavewide were finalized. A 40-iris prototype with 
waveguide couplers was delivered and sub-jected 
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 M W  with 5-psec flat-top) for 
klystron tests was delivered. It uses a thyratron 
KU274 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. ' ihe  similar klystron RCA A1230G is being 
evaluated. A limiting factor of an rf separator is 
the attainable pllase stability, and considerable 
effort was required to solve this problem. A prc- 
cision phasemeter for dc and pulsed signals was 
developed, and a phase servo systerll is being 
tcstcd. The varactor m.illt.iplier chain is now oper- 
ational; it exhibits, however, a detrimental phase 
modulation. An alternative scheme using a single 
multiplication through a. sr.ep recovcry diode is 
under development. 

Studies have been completed of suitable beam 
transport Eystcms incorporating 1 1.f separator 
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 straiglit section I- 10 (North Experimental Area) 
with an exter~lal target as a source of sec0nda.r-y 
particles. This beam system will coexist with the 
present dc separator facility (beam No. 3) every- 
where cxcept near the buhhle chamber. Two 
classes of' experiments can then be performed in- 
tcrchnngeably without displacement of heavy 
equipment: (1) rf separated particle beams (6, 
T*, and K') in certain momentum regions between 



10 and 20 BeV/c, and (2) unseparated beams of .rr- 
mesons and protons of up to 30 BeV/c. 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. 

Nectronics. 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 
wi!l enable the high-power shunt tube to have 
enough anode-cathode voltage during flat-top 
operation when the ma.in magnet vol ta.ge drops 
to <I000 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 L.-7 and A-1 3 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-1'0) 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- 

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 z 2  m long and 40.cm in diam- 
eter. A 100-kJ 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 lo6 
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 loG 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 tlmes 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-a  pulse-forming 
networks. Many parts of the high-voltage assembly 
of the fast kicker were fastened together with nylon 
screws, which have started tb 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 
un  he krrilt: rr~agr~els. 

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. 



The storage capacitor bank and high current 
switching i'gnitrom 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 I-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 befbre shutting down the machine to in- 
stall theaexterior 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 . 0 6 0  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 Experirnen- 
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-ft3/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 
llnanimous support of the AGS users, and a surn- 
mer study was organized during June anrl July of 
1963 to explore the probable usefiilness nf 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 is much 
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 ha.s heen cliscnntin~~erl anrl an AGS cofiver? 
sinn program initiated Tn addition, the design 
study for a. 600 to I 000-Rev acceleratnr i s  hping 
continued, since it appears to have enthusiastic . 

support in all quarters. 
This year the AGS is expected to reach the space 

charge limit f ~ r  the present 50-MeV iqjection, and 
a further increa.se 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  1013 
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 to 1000-BeVmachine. 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 

beam from the Cosmotron. A search was made for a 
neutral boson that might be detected from an anal- 
ysis of the velocity spectrum of a slow He3 nucleus 
resulting from a proton-deuterium collision. 

Work in pion physics was extended by a thorough 
investigation of neutral pion production from neg- 
ative r 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,O and the electronic decay 
rate of the K+ meson. The KI0 regeneration in 
heavy elements was determined, and a hydrogen 
bubble chamber experiment has Leguri to measure 
K10 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 p+ and e+. The angular distri- 
bution 'of the decay electron from the muon will 
determine the polarization of the decay muon. 
The decay rate of the Kf13 will be further studied. 

Three experiments concerned hyperons. The 
'magnetic moment of the A hyperon has been 
measured; work has bee11 co~npleted to determinc 
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 Z- 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 5 >< 10'' 
protons/pulse; however, during the latter half of 
the year beam intensity was between 2 to 3 x 10" 
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 



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 
largely 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 l.Oll, 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. Ream 
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 permits a 
more rapid repetition rate during times of high 
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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 again.st 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 imprnvements 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 a.t convenient points in the 
experimental area. Four radi.us-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. It is well known from electro- 
magnetic theory that a bea.m of charged particles 
will create electrical imagcs in the metallic strut- 

0 POTENTIAL RUNNING TlME 
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Figure 5. Use of the Cosmotron for experiments 
Figure 4. Cosmotron utilization during fiscal 1964. 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 CQ- 
herent vertical oscillation which will grow until 
the entire beam is destroyed by the vacuum charn- 
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, 

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 ft3 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 scmtillahon 
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 at a 
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 ~ 1 0 0  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 passe. 
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 efficiency is nearly loo%, spurious sparking is 
rare, and recovery time ( ~ 2 0 0  pec) 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 

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 developexl 
for neutron time-of-flight analysis in cooperation 
with R. Chrien of the Physics Department. The 
system conqists 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 s w t a n e -  

Figure 1.  Wire spark chamber. Une 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. 

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. 



F i e  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 pec. 

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- 

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. 

tem was designed this year. Reference pulses may LABORATORY SERVICES 
be obtained from a precision pulse generator or 
from certain standard radiation sources. The refer- About 25% of the Division's man-hours are now 
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 

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 nurn- 



ber of low-background proportional counters, 
neutron detectors, and x-ray detectors; repair of 
81 counting circuits, 30 multichannel analyzers, 
11 6 oscilloscopes, 1 15 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 pat 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 thc 
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 asseii~bly, capablc 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- 

verted from paper to magnetic tape as soon as 
h a 1  details can be worked out. 

Particulate Studies 

The diffusion-deposition field work, involving 
Cua4 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 th_e 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 

tape recording system, w11ich has been in use at 
Brookhaven to record meteorological data for the F i ~ e  4. Three-cu~ anemometer, Ofthe now 

in use at the Laboratory. These instruments are formed 
past five years, has been The new h m  investment castings and are both strong and uniform. 
anemomctcrs demand an increase in the rmording The instnlment s h o w  has stainless steel components and 
speed capability, and the older system will be con- will withstand winds > 175 mph. 



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 
thc 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 sanlp1el.s invalidate only a small portion 
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Figure 5. Standard deviations of tracer p l u m e s  derived 
fro111 all the various diffusion s t u d i e s  conducted at the 
Laboratory. These separate d i s t i n c t l y  according to the 
four types of wind g u s t i n e s s  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 Cue4 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 giveny-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 Meteorn~!o,.yy and Atomic 
Energv, a thorough review has been conducted of 
all atmospheric diITusion data obtained at Brook- 
haven. This has included concentration data &om 
oil fog and Ar41 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 or 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 significarlt 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 nurn- 
ber and extremely accurate. Now that the Group 
is in 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. 

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 snme of the reaction studies are, on the 
one hand, to correlate the behavior of complex 
nuclei i~nder  high energy bombardment with in- 
teractlons between elementary parti~les and, an 
the other hand, to obtain infornlaliua on thc 
structure of atomic nuclei. 

From knowledge of reaction cross sections alone, 
it is usually not possihle to deduce reaction mecha- 
nisms. Greater insight into the details of reactions 
can he nhtained if, in addiiiun, there is informa- 
tion about the energy and momenrum tra11sfe1-1ell 
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 ofthis type are 
therefore receiving increasing emphasis. Addi- 
tional details about reactions are obtained from 
observations of the various charged particles (re- 
coil nuclei, fragments, cr particles, protons, mesons) 
in nuclear emuls~ons and in bubble chanlber s. 

The detailed interpretation of high energy 
reactions in terms of mechanisms usually involves 
comparison of experimepal results with calcula- 
tions based on certain models, and these calcula- 

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. 
 he production of nuclei with mass numbers in 
the range of 7 to ~ 2 5  is under study by a variety 
of techniques for the purpose of investigating the 
mechanism of fragmenta.t.inn in high energy nuclear 
reactions. Cross sections have been measured for 
the production of delayed-neutron emitters (Li9, 
C16, N17) from various targets in this mass range. 
Conventional radiochemical procedures have been . 
used to obtain cross sections.for NaZ2 and Be7 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 NeZ4 production. Studies of delayed-proton 
emitting isotopes have also bccn started. The air11 
of all these studies 1s to obtain iriformariorl cull- 
cerning the nuclear charge distribution in the 
fragmentation process.. 

To illustrate some of thc cnnclusions 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 
F18. The descending (left-hand) branch of the 
curvcs is ascribed to formation of the. prnrluca 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 Fie, which lies near the @-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 infbrmation on the phenome- 
~iology and mechan i~m~ of fission processes in- 
duced by multi-BcV protons. Comparisons be- 
tween the cross sections for formation of a wide 
variety of products from lead and from uranium 



MASS NUMBER OF TARGET 

Figure 1. Formation cross sections of N" and FI8 
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 pr-eviously hypothesized 
on the basis of charge distribution data (see Figure 
3), from low energy and high energy processes 
respectively. Further analysi3 will presumably give 
information on the time scales of the breakup proc- 
esses. Differential range curves for several products 
I;*UIII 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 Na2"s formed in a two-body break: 
up (fission), but that products heavier than or' 
equal to A = 42 arc probably spallation residucs. 

Previous studies of the CuG5(p,p7r+)NiG5 reaction 
have been extended to include measurement of 
differential range curves and the angular distribu- 
tion. The results are being compared with pre- 
ilicliuns 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 thc differential data is less satisfac- 
tory. However, this discrepancy appears to be due 

NEUTRON /PROTON RATIO OF PRODUCT 

Figure 2. Cross sections for products in the mass region 
6 6 < A  < 74 formed by 1.8-BeV proton bombardment of 
Zrg6 (neutron to proton ratio, N / Z =  1.40) and Rugs* 
( N / Z =  1.18). The data for Moss targets ( N / Z =  1.29).are 
intermediate. 
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Figure 3. Data indicating two modes of high energy fission 
of uranium. The upper figure shows a plot of yield vs neil- 
tron/proton ratio of the product. The  two peaks corre- 
spond to the two modes. The center figureshows the energy 
spectrum (as measured by penetration through Mylar) of 
one representative product frnm each peak. In the lowcr 
figure, characteristic differences in the angular distribu- 
tions of products typical of the two modes may be seen. 



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 CI2 ( p, p n )  C1l 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 calculadons 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 i~~lpurtance 
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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Figure 4. Excitation function for C" production by pro- 
tons from carhnn. The  symbols refer tu h e  work of vari- 
ous authors: 0 - Gumming; + - Hintz and Ramsey; 
r - Cassels et al.; * - Prokoshkin and  Tiapkin; rn - 
Crandall et al.; x - Parikh; v - Kosenfeld et al.; A - 
Goebil et al.; A - Poskanzer et al.; - Cumming et al.; 
0 - Cumming et al. . 

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 p'articulk- 
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 Rug6, Mog6, and Zrg6, 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,pn reac~.ir-jns ( x  = 1). The 
refinements in the nuclear lllodel incorporated in 
the new cascade calcula.tions 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 examinativrl of the effect 
of thc proton-antipr.oto111 annihila.tion 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 gngular distribution of the re- 
coils with respect to the beam direction and with 
respect to emitted particles. No striking differer~ces 
between proton a.nd antiproton induced stars has 
bee11 observed in the results from pre1imina.r~ 
scanning. 

Electromagnetic Separator and 
Spark Source Mass Spectrometer 

The High- Vo1,tage 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'OS and Ag'1° 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 U235 
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 UZ3' 
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 10-lo 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 PoZ'" formed 
either by a-particle irradiation of Pb206 or proton 
irradiation of Bi2Og 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 
fuilctiolls for i~ucltar 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 

systems He3+H2; H2+H2;  and H2+H1 leading to 
three-body final states have been studied. The 
formation of particle emitting states in the various 
possible intermediate nuclei, such as He4, 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 P-ray spectrometer. Some 
mixed transitions, partiall? magnetic dipole (MI) 
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 Te12', TelZ3, TelZ5, the 
E2/M1 ratio decreases, as does the E2 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 
T e 1 2 1 m  T e 1 2 3 m  , , and Ba'37m 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 Kr7" This source was pre- 
pared at the Nobel Institute of Stockholm and 
measured at BNL with the double-focusing P-ray 

Table 1 

E 2 ,  Transition Speeds for the d3,,+s,,, Transitions 
in T ~ I Z I ~  , TelZ3"', and Te'2sm 

Energy, T ( ~ ' ) , . ~ . / T ( & ~ ) ~ ~ ~  
Isotope keV E 2 / M 1 =  62 = E 2  enhancement 



Figure 5. Partial decay 
scheme of Y E 5  and YS5"'. 

spectrometer. It was necessary to place a very thin 
window (0.1 mg/cm2) on the proportional coynter 
to allow transmission of these very soft electrons. 
All 9 lines, inkluding the 2 KL3L3 lines predicted 
by intermediate coupling, were observed. 

After completion of the investigation into the 
decay of YS3 and.YS5, whose decay scheme is given 
in Figure 5, experiments were begun on RbS3. 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 Krs3; the 
third is to a level 9 keV above the ground state of,  
KI-S~: 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 10lO; 
Be7(e-,v)Li7, + = 0 . 8 ~  10''; and Bes+BeS*+e++v, 
+ = 1 . 9 ~  lo7 ~ m - ~  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 C137(v,e-)Ar37 to form the 35-day 
radioactive Ar37. The target was 1000 gal of 
perchlorethylene (C2C14), 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 Ar37 was 
developed that has a high sensitivity for the char- .. 
acteristic 2.8-keV Auger electron from Ar3I 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 <0.5 per day in the 1000 gal of c2c i4 ,  . 
a limit close to the forecasted rate of 0.07 per day. 
The limit set was of value in eliminating from con- 
.sideration ccrtnin reactions postulated in the past as 
contributors in the solar energy generation process. 

The perli.~rlrlarli:e or this snla.ll-sc.:a.lc experirr~en c 
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 looal r-ndionotivitieo could be reduccd to 

Figure 6. Brookliaven 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 Ca40(n,a)ArS1 reaction, that is capable 
of observing fast neutron fluxes neu- 
trons/cm2-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 

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 Pb204, Pb206, 
Pb201, and Pb208 are not fixed. For example, a Sam- 
ple of lead from the Witwatersrand in South 
Africa contains twice as much Pb206 as a sample 
&om the Pretoria district. These variations occur 
because three of the isotopes - Pb206, Pb201, and 
Pb208 - 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 

lend 1srZtapic Ahundunces 
of Archaeological Specimens 

A new method for determining the place of 
rrlarl~~fa:ac:iIlre of ancient lead-cnntaining mefa1 or 
glass objects based on a lead isotopic abundance 
measurement has been developed in cooperation 
with the Corning Museum of Glass. The method 
is b m ~ d  on t l ~ c  fact ~ 1 1 s ~  lcad ~ J I  r.s l; ~ I I I  rli &I el11 
localities have differing isotopic abundances be- 
cauw ol dilIkerctnow la their grrolrrgiacll hiatafica, 
For cxamplc, objects made &am lead mined in 
Great Britain show a lead isotopic abundance di- 
k i ~ ~ ~ i l y  &fle~eut l iun~ Lhak of IJL~P;CLN ~uatlc: f~rrrtl 

lead mined in Greece. 
Lead metal was used in a variety of ways in 

ancient civilizatioras 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. 

Figure 7. Pottery jug with lead cover from Jemdet Nasr, 
Ur, ca. 3000 B.C. (Courtesy Prof. Robert Dyson, Univer- 
sity Museum, Philadelphia, Pa.) 



sampiG3om Greece are distinctly higher in PbZo6 
than those from Great Britain. The samples from 
England contain more Pb206 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. 

and the Ar3T/Ar39 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 Ar39 
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 

METEORITE STUDIES 
radiation in space. This is done by comparing a 
radioactive cosmic-ray produced nuclide such as 

Sosmic-Ray Flux in Space Ar39 to a stable cosmic-ray produced nuclide, of 
which good examples are He3, NeZ1, Ar36, and 

The spatial variation of cosmic-ray intensity can Ars8. The radioactive nuclide is a measure of the 
be determined by measuring short- and long-lived cosmic-ray intensity over the mean life of the 
activities induced in meteorites. The short-lived nuclide, and the stable nuclide integrates the total 
activity measures the cosmic-ray flux close to the cosmic-ray flux. Measurements on chondrites, 
earth and requires fresh dated fall meteorites. which are by far the most common class of mete- 
Long-lived activities integrate over a time com- orites, are given in Table 2. They indicate that the 

arable to the half-life of the induced activity. chondrites have been in space for time periods 
ost of this time is spent while the meteorite is ranging from 3 to 40 million years, although one 

distant from the earth. Such measurements require extreme case gave an exposure of 15,000 years or 
samples of known trajectory or orbit. less. There is no evidence for a grouping of expo- 

The two isotopes of argon, (35-day half- sure ages, which suggests that chondrites were 
life) and Ar39 (270-yr half-life), are ideally suited formed by continuous collisions of larger bodies 
for this purpose. The activity ratio Ar3'/ArsS is rather than by a small nurrller ~Tcalaslrophic 
observed on the meteorite immediately after its events. 
fall. The observed ratio is then compared with the 
same ratio for these isotopes measured with high Helium-Uranium Dating of Fossils 
energy protons on meteoritic material at the Brook- One of the major problems in geochronology is 
haven Cosmotron. During the past year two new the dating of fossils. The geological time sequence 
meteorites have been investigated. However, the h m  early Cambrian to recent is well defined rela- 

important result was the revised half-life of tive to the fossil record in ancient layered sedi- 
, which changes the interpretation of our pre- ments. At present, such absolute dating of the fos- 

us results. The result of these studies with the sil time scale is primarily accomplished by dating 
0-yr half-life, except for the meteorites Hamlet of granitic rocks, which are then related by field 
d Ehole, which show the effects of intense solar studies to sedimentary sequences. Unfortunately, 
res, is that the Ar3'/W9 ratio is lower than the cases in which such a relationship can be precisely 
ss section ratio. This shows that the cosmic-ray and unambiguously defined are quite rare. In 
ensity at the earth is lower than the intensity addition, many geological situations arise in which 

200 to 300 million miles from the earth. 'l'he di- not even a remote relationship between sediments 
minished cosmic-ray intensity near the earth could and datable phases can be established (e.g., the 
esult from the outstreamlng solar plasma. The ocean basins, where no granites occur). In such 

spot number serves as a measure of the plasma sedimentary sequences dating via igneous phases 
ssion from the sun. The coming year is ex- is usually impossible. In relatively young sediments 

pected to be a period of minimum solar activity, ( < 1 OT years) there are seldom enough igneous 



Table 2 

Ar3B-Ar38 Exposure Ages of the Iron Phase of Chondrites 

Lamont Geological Observatory (Columbia Uni- 
versity), which provided the Th230/U234 age 
control. 

Exposure age, 
Meteorite millions of years 

AUTORADIOGRAPHY OF OIL PAINTINGS 
BY NEUTRON ACTIVATION 

Beardsley 5.0 
Cape Girardeau 32 
Forest City 5 .O 
Bjurhole 13 
Peace River 29 
Harleton 39 
Farrnington <0.4 
New Concord 2.0 
Bruderheim 27 
Abee 5.1 

Table 3 

Comparison of He-U Ages of Fossils With ThZS0-UZS4 
and Stratographic Control Ages 

Age, thousands of years 

Sample Control 

Pacific coral 
50 ft deep 
85 

100 
700 
950 

2000 

Gastropod shells 
Israel 
Nevada 
Nevada 

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 He4 produced by this 
uranium and daughters is retained m 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 
ThZ3O/Uz3" ages on shells and corals <3  X lo5 
years old and by comparison with age estimates 
based on stratographic position for corals up to 30 
luillbx CW$ old. From the data. in Table 3 it ap- 
pears that thc Hc method probably:s a 
geochronometer for the direct dating of fossils. 
This work was done in collaboration with the 

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. 



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 exemplifjr the variety of character- 
istically different autoradiographs of this painting 
that potentially might be produced through varia- - tion in the autoradiographic procedure. 

K 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 
backgronnd. 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). 



Figure 10. Four neutron activation autoradiographs of the same painting as in Figure Y. 

Since these were taken at different times after irradiation, they highlight different pigments. 



response to individually different types of radia- whereas at higher coverages only states of lower 
tion than photographic emulsions, and (2) activa- energy are formed. It is found that color centers 
tion by fast neutrons. formed by irradiation in silica gel are bleached by 

At its present stage of development, the tech- simple contact with azoethane. This type of study 
nique of neutron activation autoradiography of oil offers a unique approach to the problem of energy 
paintings can be considered as a successful method transfer within solids, as well as from a solid sur- 
of analysis which does not require the taking of face to an adsorbed molecule. 
samples, and, when further developed, it promises 
to supply the conservator with a large body of in- Ion Yield in Liquids 

formation about an individual painting before any The number of ions formed at zero applied field 
treatment is initiated. Indeed, it should greatly by irradiation of a liquid with x or y rays has been 
facilitate the planning of a course of treatment for determined for the first time by methods which 
the work of art. This method permits the exarnina- appear to be, in principle, straightforward and 
tion of a painting in depth, hopefully without theoretically unobjectionable. Measurements of 
altering it in any significant way, and affords the four quantities are required: (1) conductivity of 
conservator an lnslght Into the materials, struc- the liquid extrapolated to zero field, as a function 
ture, and some of the techniques originally used in of radiation intensity; (2) ion recombination coeffi- 
its creation. cient, by rate of current decay when radiation is 

switched off; (3) drift mobility of the positive and 
RADIATION AND HOT ATOM CHEMISTRY negative ions; (4) radiation "dosc," or energy in- 

put to the liquid. In hexane, 1000 eV are expended 
Radiolysis in the Adsorbed State per ion pair formed when the agent producing the 

The y-ray decomposition of azoethane adsorbed ionization is a Compton electron of energy around 
on the surface of inert mineral solids is being in- 0.5 MeV, while with conversion electrons from dis- 
vestigated. Azoethane is chosen because forma- solved Ar3' having an energy of only 2400 eV, 
; tion of nitrogen gas from this compound requires about 2000 eV are required per ion pair. The 

relatively little energy while methane and hy- yield of ions in the liquid is only about 2% of the 
drogen may be formed from states of higher en- number formed in the vapor. Similar results were 

- ergy. It is found that considerable decomposition obtained with carbon tetrachloride. These results 
of the organic material occurs by energy taken up contrast with the situation in water, where the 
from the radiation by the solid and transferred in yield of solvated electrons has been shown to be 
some way through the solid and then to the or- practically equal to the yield of ions in water 
ganic molecule adsorbed on its surface. The results vapor. An attempt is being made to extend the 
are interpreted in terms of the interaction of ex- conductivity measurements to ethers and other 
cited electronic states of the solid with the organic liquids of intermediate polarity. 
molecule. With azoethane adsorbed on silica gel, 
the amount of decomposition products increased lifetimes of Intermediates 

as expected wth the amount of azoethane present. Apparatus, which includes the Van de Graa.ff 
However, on magnesium oxide prepared by ther- electrostatic generator as a source of radiation, 
ma1 decomposition of the basic carbonate, the has been set up for the spectroscopic study of in- 
amount of each gaseous product reached a maxi- termediates of lifetimes down to a few micro- 
mum and then declined with increasing azoethane seconds. Studies have been started on the inter- 
coverage. 'l'he position of the maximum depends mediates formed in radiolysis of oxygenated fer- 
on the ignition temperature of the oxide and ap- rous salt solutions in water and solutions of elec- 
pears at lower coverage, the lower the ignition tron-capturing substances in organic solvents. 
temperature. The adsorbate molecules are thought 
to interact with a surface state which can draw Solvated Electrons 

excitation energy from a considerable volume of Studies on competitive systems nf mixed srav- 
the solid. On magnesia, the data appear to sug- engers in water are being continued in an effort 
gest that the available energy is divided among the to understand why certain systems seem to indi- 
molecules present, so that at low coverages some cate a higher yield of solvated electrons produced 
molecules are raised to high states of excitation 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-1 4 Recoil Studies in Acetamide 

Work on acetamide using the Nl4(n,p)CI4 re- 
action has been extended to very low radiation doses. 
Very short contact times in the reactor ( Z  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 (2 x 1 0-, to 10 eV/ 
molecule). In addition, only small differences in 
yiclds wcrc found when different crystalliile 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-1 1 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 ~ 0 1 % .  
A rapid increase in C O  yield at very low 0, 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 0, 
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- 

tion of total gas pressure have been carried out for 
the p,a and n,2n 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 0, 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 Ci to C, alicyclic hydrocarbons have also been 
studied. The structural dependence of the yield of 
ethylene was found to be consistent with the pos- 
tulate ofhot insertion reactions by CH e (methyne) 
formed while the carbon atom is thermalizing. 
The relationship 

C primary hydrogens in molecule 
yield of ethylene = k C total hydrogens in molecule 

is strictly obeyed for all C, to C, acyclic saturated 
hydrocarbons thus studied. The yield of ethylene 
from C, to C ,  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 cis- and trans-2-butene 
to produce the corresp&ding cis- and trans- 1,2-di- 



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-C14 from recoil re- 
actions in the NH,-CH30H system led to the pre- 
diction that propanol-C14 could be produced in 
good yield by nuclear reactor irradiation of solu- 
tions of ethylene in C H 3 0 H  for periods of the order 
of one day. The first experiment confirmed these 
predictions, and symmetrically labeled propanol- 
2,3-C, l4 was produced in 40% yield based on eth- 
ylene. Similar experiments with methanol-pro- 
pene-1-C14 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 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 
wcrc obtaincd: thcir kinctics wcrc first ordcr. 

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 a n  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 Bra2 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 magnetic 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 HoCo,, 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 3d 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 substitutior~ of indiurr~ for tin. 'l'he two rriag- 
netic phases previously associated with the.tem- 
perature regions above and below the first-order 
trailsitiorl irl pure MrlSrl, have beer1 shown to co- 
exist above the transition temperature in the 
substituted compound. 

'Yhe 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 secondiorder phase transitions. 

' 

The terxlperature dependence of magnetic scatter- 
ing intensity was foulld 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 Fe4N was examined in 
order to determine the electron charge on nitro- 
gen. Fe4N has a moment of 8.86 Bohr magnetons 
per Fe,N or 2.2 ,f3 per Fe, the same as pure iron. . 

The crystal structure is cubic with closest packing 
of Fe. The atomic positions are Fe: 000; 4 4  0; 404 ; 
0 4 4  ; and N: 444. 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 Fe4N 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. 
I-Ieace i l  was possible to reach a-conclusion re- 
garding the nitrogen electronic charge by com- 
paring observed and calculated "superlattice" re- 
flections, together with the "nnrma.l" 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 0,-Xe-0,.  
The  dashed lines are hydrogen bonds. T h e  sodium ions 
coordinated to the perxenate ion and the water molecules 
are not shown. 

experiment it could only be concluded that nitro- 
gen is somewhat more negatively charged than 
N1- because there are no calculated scattering 
factors for N2- and N3-. 

If one assumes the simple Wiener-Berger model 
to be correct, the neutron and x-ray diffraction reL 
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 mentioned 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 Ions 

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 
perxenite octahydrate, Na4Xe0 ,  8 H 2 0 .  The 
perxenate ion resembles the periodate ion geo- 
metrically and presumably in its physical and 
cl~elriical properties. The structure consists of regu- 
lar octahedra'with a Xe-0 distance of 1.865k 
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 2 0 ,  has been determined. The tellurate ion has 
been shown to be similar to the perxenate ion. The 
structure shows one Te-0 distance of 1.83 A and 
5 Te-0 bonds of 1.92 A. These are interpreted's 
the Te-0 and Te-OH bonds respectively. 

S - 0  Bond Length 

The determination of the crystal structure of the 
methyl ester of o-nitrosulfenic acid has led to the 
firs1 measure of the length of the S - 0  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. . . 



80 

Figure 12. Bond distances and angles in 

c\.45 

o-nitrosulfenic acid methyl ester. The mole- 
cule is planar except for the methyl group. 

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(guany1- 
hydrazone); the conjugated C-N chain of the 
molecule has been shown to have the anti-anti con- 
figuration. 'I'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, 
MgSO4.4H,O, MgS04.7H,0, and FeS0,-7H,O, 
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 spectrosco~c data are con- 
sistent with a symmetric hydrogen bond in KHF, 
and KDF,. 

Nonstoichiometric Oxides 

The structure of the hydride HRh(C0) -  
[P(C,H,),], 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 
1.6020.1 2 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 hfdride chemistry, 
particularly since this hydrogen plays a crucial 
role i r l  a variety of reactions, such as hydrolonr~yl- 
ation. Proposed mechanisms attempt to take ac- 
count nf 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. 

Structure of Bis(maleonitriledithiolato)nickelate(ll) Ion 

Compounds containing the anion 

with p = - 1 or - 2 and M = Ni, Co, Pd, etc., 
show unusual magnetic properties. There has 
been much controversy concerning the bonding 
of thesc 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 liga.ncl Lcld 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 barid [rum the metal ion to the ligand. 
The ultraviolct band at 31,700 cm-' is a ligand- 
ligand trarisitio~i analogous to thc band of the un- 
coordinated rr~aleollitrile at 29,500 cm-'. A strong 
ligand to metal charge transfer band appears at 
37,000 cm-' and a weaker orle at 26,300 cm-'. 



Theory of Structural Analysis reactants and products (transition states). These 

Interest in the theory of structural analysis con- programs first calculate the normal vibrational 

tinues. In particular, a new treatment of anoma- frequencies and then use these to evaluate the 

lous dispersion effects has been derived that seems relevant partition function ratios. In the past, the 

more tractable than those proposed previously. calculation of vibrational frequencies with a hand 

Also, refinement of the structure of dibenzene calculator has been very 

in the benzene rings were con- approximation procedures for isotope effect cal- 

strained to their normal symmetry, has shown that culations have been which the 
the usual tests ofsignificance of differences in bond calculation of vibrational frequencies. It has now 

lengths must be applied with caution. . become possible to test these approximation pro- 
cedures and to find their limits of applicability. 
Further insight into the "structure" of isotope 

ISOTOPE EFFECTS effects has been obtained. Indications have been 

Computer'Calculations of Equilibrium obtained that the isotope effects for very,large 

and Kinetic Isotope Effects molecular systems-can be studied theoretically by 
working with smaller model molecules ("cutoff 

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 

' Figure 13. A perspective drawing of . . 
4 one molecule of HRh(CO)[P(C,H,),],. 

Ring hydrogen.atoms are not shown. 
., . 



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(~) 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 
molecules in the condenscd phase will lead,to 
interactions between these motions and the in- 
ternal vibrational motions, and that these inter- 
actions will iead to vapor pressurc isotope effec~s. 
The theory of these interactions has been further 
explored, a ~ i d  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 ~ a b o r a t o r i  show 
that the ratios B C Z H Z D 2  / B C Z H 3 D  for the three dideu- 
tero ethylenes (cis, trans, gem.) differ from 2.0 and 
hom each other. The abuve CICSLI.~LCJ intcractiono 
permit rationalization of these B ratios. Force, 
fields have been constructed for liquid cthylene 
which yield almost quantitative agreement both 
with the vihratinnal spectral data available for the 
liquid and with observed vapor pressure isotope 
effects (including C13). The,s,c 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 H T  in 
H, and D T  in D,. The purpose of these experi- 
ments was to look for a difference in vapor pres- 
s111-e of H T  and D, and to obtain as much data as 
possible on phase equilibria involving the isotopes 
of hydrogen. The ust: of I-Ienry's law constants for 
the evaluation of liquid partition functions awaited 
the development of a theory of noriideal isotopic 
mixtures. A rigorous therrnndynamic treatment 
of such solutions has now been carried through 
starting from the basic assumption of Prigogine, 
Bingen, and Bellemans that the excess free energy 

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 H T  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 starring fro~ll l l ~ c  g i ~ ~ ~ i i ~ d  state ' 
approximation and making an approximate cur - 
rcction fhr rhe B u l i z l l ~ n ~ ~ ~ I  t xcitation of the phu- 
nons. The results showed that such an approxi~~~a-  
tion is adequate fnr the study and in fact cast 
doubt upon all studies on quantum effects in liq- 
uid hydrogen which start with the first quantum 

Figure 14. Henry's law constants for dilute solutions of 
HT in liquid hydrogen. The dashed curve is fbr 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 equation 
of state of liquid D,. 

Chemical Identity of the Proton 
in Aqueous Solution 

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

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,O-D,O mixtures can be deter- 
mined, kith 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 q, the 
number of equivalent protons in a hydronium ion 
(q = 2n+ 1). The values from the two methods are . . 

concordant only if n 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 furthersolvated, but 
the addi~ional  water molecules do not contain 
hydrogen atoms which are equivalent to the pro- 

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

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

The combination of this and the equilibrium con- t 

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 Hz-HD, H,-HT, and Hz-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 
energies, since these quantities are quite different 
in the two systems. 

The experimental results are compared in 
Figure 15 with certain models for the activated 
complex, with 11o1 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 A ), 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 



2-propyl carbon-nitrogen bond at the transition 
state. This correlates well with the resonance 
energies ofthe 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 (11). This was realized with 
compound (111). a-Phenyl-a-d-azomethane shows 

, an effect of k,/k, = 1.13 k0.01 while a-phenyl-a- 
d-azomethane-d, gives an effect k,/k, = 0.97+0.01 
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 
the C13-effect was studied for a-phenylethylazo- 

Figure' 15. .Comparison of theoretical and experimenta! 
values of log R (ratio of isotopic rate constants compared 
to H,) for bromirie atom rcactions with the isotopic H, 
molecules. - WTE potential; --- Sato potential; -1- 
BEBO of Johnston and Parr. 

methane-C13 (natural abundance) by burning 
the methane produced and analyzing the CO,. 

Figure 16. Comparison of experimental values of log R 
with theoretical ones calcu.lated from ad hoc force fields. 
-Set A ;  ---set B; ---set C. 



The effect, k,,/k,, = 1.0068+0.0007, is very small 
and less than that calculated on the assumption 
that the CH,N, moves away from the 

. 0 CH, 

3 N H e X  .X 

Y 0 
X X Y 

05 N,=o 

group (v,, 3 /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 -1 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 11 70°K. From the rule of the 
mean this corresponds to a secondary isotope effect 
pcr H atoll1 i r l  u 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 
dktached 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 sedondary a-deuterium isotope ef- 
fects as a tool for the differentiation between con- 
certed and two-step mechanisii~s. - 

Mechanism of Diels-Alder Reaction 

The study of the mechanism of the Diels-Alder 
reaction has beell 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; (b) x = D, y = H; and (c) 
x=H,  y=D. 

The results at 85°C show that for the exo adduct 
k,.,/kD = 1.13 (case b) and k H / k D  = 1.07 (case c). 
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 k H / k D  = 1.15 (case b); the effect 
for case c 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(III), cobalt(III), and iron(II1). Reductants 
included ironiII), a series of substituted phenan- 
throline complexes of iron(II), dipyridyl and 
mixed dipyridyl-cyanide complexes of iron(II), 
and chromium(I1). 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 ca.ses. Large deviations 
may indicate complex reaction mechanisms, a 
point worth further study. I n  one reaction of in- 
terest, the manganese(I1)-manganese(II1) electron 
exchange, the specific rate predicted from data on 
several cross reactions is quite slow; attempts to 



Table 4 Table 5 

Comparison of'observed and Calculated Rate Constants 
in 0.5 M Sulfuric Acid at 25.0' 

k12, mole-' sec-' 

Reaction Observed Calculated 

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

" exchangc. 
A result of considerable interest was obtaincd in 

experiments on the oxidation of iron(I1) by co- 
balt(II1) 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 methods it has 
now been demonstrated that  the substitution- 
labilc species FeC12+ is the direct product of the 
oxidation of Fez+ by CoC12+, and that this reaction 
proceeds via an inner-sphere activated compl.ex 
in which the chloride is bonded directly to both 
the co6alt and thc iron. 

Metal Ion 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 because of the lack of 
definitive values for the stability constant's of the 
chloro complexes of trivalent thallium. A similar 
problem arose in connection with recent studies of. 
the oxidation of Cr(I1) by Tl(II1) in the presence 
of chloride. Solvent partitior1 equilibria of thallium 
chlorides have been 11nrler investigation with the ' 
hope that reliable values of the stability constants 
ofiTlCl,,,,, and TlC1,-,,,, could be obtained by 
this method. 

Stability Constants of TICI, and TIC1,- Estimated 
From, Solvent Extraction Data 

LIonic strength 0.50 M, (H') 0 . 0 4  M, 
chloride range 3.5X to 0.46 M, 

extractant 1% tributyl phosphate in hexane] 

NOTES: 
1. D3=(T1Cl3)organic/(T1C13)nqueous ; 
K3=(T1C13)/(TIC12+)(CI-) aqueous phase ; 
K,=(TICI,-)/(TICI,)(CI-) aqueous phase . 

2. In the analysis of the low chloride data a value 
K2 = 9 ~  lo4 was assumed. 

3. In the analysis of the high chloride data a value 
li, = (TlCI,')/(TlCI,-) =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 
coefticient change due to change oflnedium. 

It has been found that diisopropyl ether extracts 
both TlCl, and HTlCl,, 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 
mixtlires appear to extract only TlCl,. Esti- 
mates of the stability constants of TlCl,,,,, and 
TlC1,-,,,, at various ten~peraturcs were obtained 
from systematic extraction measurements with 
TBP-hexane mixtures and are given in Table 5. 
An estimate of the hydrolysis cullstant of 'l'lC12+ 
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 bf the most convenient methods for 
the analytical Jctcri~~inntion of trace amounts nf 

perchlorate in aqueous solution. The physical 
chemistry of this system is being investigated. Ex- 
traction q~~ot ients  and the absorption spectra of 
both phases have been determined over a widc 
range of conditions. Some unanswered questivr~b 
remain as to the state of agg~egation of thc mat&ial 
in each phase. 



Figure 17,. Taft's resonance terms, R, for the ionizations 
oflura-substituted analinium ions plotted against those 
for the ionizations ofpara-substituted benioic acids. Inset: 
the same plot to the same scale for meta-substituted cases. 

Complex equilibria involving Hg(II), 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 u0 
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. 

found that meta inductive effects are, in fact, pro- 
portional but 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 a 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 ofpara to meta 
inductive para meters 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 Ions 

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 proticmi- 
deuterium exchange of the secondary hydrogen of 
isopropanol in D,O-D,SO, media. The ratio 
k,,,,/k ,,,,,, was found to be <4x lo-' at 60°C. 
This is in agreement with the predictions of hyper- 
conjugative stabilization of the carbonium ion but 



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 sectinn for vibrational excitation of 
ground state N, and experiment. 

Hypervirial Theorem 

A unitary operator forrr~alism has been invcs- 
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. Thc diagonal 
matrix elements of the equai iu~~ u l  lilotiqn are con- 
stant in time (hypervirial theorem). The off- 
diagonal elem.ents 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 off-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 1.1etween states with nonzero or- 
bital ang1ila.r 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 fluctuatiovs to the 
uncertainty principle. 

Ion-Molecule Reactions 

During the past year the following ion-molecule 
reactions have been studied: 

ELECTRON ENERGY, eV 

.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 a t  
a n  angle of 72". 

Mixtures of H D  and 1.al.t 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 HU' with He or Ne ~l le  
ratios HeH.'//IIeD+ and NeH+/Nc.D+ 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 mecha;lism. Thc 
difference in behavior between reactions of HD+ 
and He.or .Ne and rare gas ions a11d I ID 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 Do, eV 
internuclear constant, 

distance, K, . Exptl. 
Ion re,  A dynes/cm Calculated limits 

ion kinetic energy in the Hz+-He and Hz+-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 reactidn. 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 en'ergy 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. Jt 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 ~ ~ d r i d e s  and Hydride Ions 

Analysis of the results of rare gas-HD ion- 
molecule reactions has been aided by a theoretical 

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 X H  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 X H  molecules indicated 
extremely weak bonding with dissociation en- 
ergies so low that observation of these species 
under ordinary conditions of temperature and 
pressufe is considered very improbable. 

Enzymatic Reactions Below O°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 + 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 
O°C, their rates were found linear with enzyme 
concentration, and with that of the substrate, N- 
acetyl-L-tryptophan ethyl cster, 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 - 33OC 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 3 1st 
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 l'caceful 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, che~nistry, and metallurgy. Stud- 
ies are also carried out in the fields of reactor ma- 
terials at high temperatures, liquid-metal heat 
transfer and containr~lent, and the direct conver- 
sion of heat into electricity. 

In the E ~ C O ~  ca,tegory is the long-range work of 
developing components that may bring about sig- 
nificant advance-? in reactor technology and radia- 
tion application. Some of the inorc important 
phases of this work are the development of reactor 
f u ~ 1 3 ~  high-tcmp~,ratu~t: volatility and fluidized 
bed processing schemes, radiation engineering 
methods, and waste processing devices. 

The engineering and evaluation studies in the 
third categoiy arc focused on practical application 
of thc work in the preceding categories. Typical 
studies that continued during the year concerrlecl 
settled bed, chemonuclcar, and rotating bed reac- 
tor cor~cepts. Assistance was given to the Division 
of Rcactor Development of the AEC in the eval~i- 
atior~ of military reactor and nuclear safety pro- 
grams. 

Construction of the High Flux Beam Research 
reactor (HFBR) was essentially complete at the end 

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- 
mcnced on a 100-kW source reactor in the Critical 
Asse~ilbly 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 U23302-Th0 ,  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 
ant1 cu~~struction begun. 

A neutron generator to be used for research 011 
fast neutron reactions was set up in a specially 
built shielded room in the Hot Laboratory (see 
Fi,prc 1). 

T11e IIigh- Tcrr$uu.catsirr ,I.iqvid- Ahtal Tt~;I~nolo,~y RE- 
view, a bimonthly review of current research and 
development in the high-temperature liquid-metal 
field in the U.S., is now in its second year of publi- 
cation by the Depa.r~ment's Chemistry and Chem- 
ical Engirleering 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 hilndle 
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 Go6" 
were received and handled. Cs137 in the amount of 
21 7,000 curies has been received from the Savan- 
nah River plant and is being processed. 

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

Theoretical Reactor Physics 

Research in the Reactor Physics Theoretical 
Group has been devoted to problems in multi- 
velocity transport theory for thermal neutrons, re- 
artnr kinetics, fli~id flnw, and general reactor stud- 
ies. Research in thermal neutron transport theory 
has included (1) use of the WKB method to com- 

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 
difision 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. 



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 U235-graphite assemblies at the 
minimum reflection critical facility and a series of 
experiments utilizing U23302-Th02 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 
HVBK included power mapplng of a fresh core 
and also of a core poisoned to simulate burnup 
conditions. The minimum reflection critical ex- 
periments included measurements on three diff'er- 
ent assemblies of (1) critical mass and buckling, 
( 2 )  the thermal neutron disadvantage factor, (3) 
the room return of neutrons and its eff'ect 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 carrled out pnmarlly 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 UZ3*. 

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 U23302 dissolved in Tho ,  that had 
been prepared by the sol-gel process at ORNL, 
was vibration-compacted in 0.500-in.-0.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 U232 
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 I1 
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 
soilrce of nel~trnns for hitsir. 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 beams. 

Figire 2 Water-filled exponential facilities and 
file1 storage Licilitie~ for T123a-ThT), fiirl mrlq 



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-U233 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- 
paximate analytical method. Good agreement 
was found between the two methods. 

A theoretical analysis of thc 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 20.0075. The problem of systematic 
errors in buckling measurements was discussed at 
the IAEA Symposium on Exponential and Criti- 
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-U233 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 

detected. Systematic differences between theory 
and experiment on the resonance absorption of 
neutrons in U238 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 I11 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. k 
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 staffof 
the Sigma Center was instrumental in organizing 
a symposium on the statistical properties of atomic 
and nuclear spectra, held at Stony Brook, N.V. 
(May 3,1963). Theoretical investigations of the 
ground-state energy of the triton and the diffuse- 
ness of charge of Li6 were carried out. 

Reactor Evaluation and Advanced Concepts 

Settled Bed Reactors. I. Bed engineering studies. 
The feasibility of utilizing randomly packed fuel 
beds in settled bed reactors depends upon the suc- 



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 flow-mduced drag forces; 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-lb 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 he1 elements for other reactors. The 
method is based on the rhombohedra1 packing of 
spheres in their most stable configuration to ob- 
tain ordered packed beds dropped randoml_y 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. 

a . 0  ' 



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 %-in. stainless steel balls. 

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 U02-SS, U02-Fe, and U02,-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 capsuls for 
high burnup irradiation has been completedj 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 between 0" and 1000°C 
and 22.0 x 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 coefficients 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 
coefficient. Besides providing the negative temper- 
ature coefficient, such cores present two additional 
advantages: (1) increased lkakage 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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Figure 5. Cutaway diagram of vertical irradiation facility in the Brookhaven Graphite Research Reactor. 



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 a.ssistance 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 S.M. Sioller 
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. 

Chemon~lclenr Reactors. A study was initiated 
to determine the characteristics of an ~ 4 0 - M W ( t )  
reactor to produce 100 tons/day of gas-phase ozone 
from the direct deposition of fission fragment en- 
ergy in an 0, 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. 

Fuel Cycle Analysis. Work was continued on a 
general fuel cycle economics code (cuco) 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. I .  Closed cycle electrochemi- 

cal converter. Work was continued on the Pb(l), 
PbBr,(l), 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 
91 8" 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 
a slug 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" 
C in 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- 



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 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 U in 35 wt % U in an A1 
core. The Dy,O, control rod coupon tested satis- 
factorily to an  exposure of 2 x 1 0,' thermal neu- 
trons/cm2; 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, I CaF, I ThF,,ThC2,C . 
2. Th,ThF, I CaF, 1 ThF,,ThC,,ThC 

' 
3. Th,ThF, I CaF, ( ThF,,ThC, (1 >x)0.7) 
4. Th,ThF, I CaF', I 'T'hP,,'l'hC,,,,'l'h 

The free energies, entropies, and enthalpies of 
formation of ThC and 'l'hC, were measured. The 
activities of T h  and C in nonstoichiometric ThC 
between the compositions ThC, , 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 zn v a m  
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 Cs13,. 

Table 1 

Reaction Sequence for Decomposition of C,Cs 

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 ufclt- 
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 Mesrsure- 
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 fbrm 

where L, is the lattice parameter at temperature 
T, Lo is the lattice parameter a1 20°C,mis  T- 20°, 
and a and p 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,.,, to ZrC,.,,) has been determined at 
temperatures to 1950°C. The general conclasions 
that may be drawn are (1) the release of Xe fits a 
bulk diffusion 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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High-Temperature Lattice Parameters 
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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 1:7 X cm2/V-sec at 300°C to 2.4X 
cm2/V-sec at 600" C. Preliminary values of the 
diffusion coefficient are 2.8 x cm2/sec at 
300°C and 7.3 x cm2/sec at  600°C. Cr mi- 
grates in the same direction as the electron flow 
with a mobility of ~ 6 x  cm2/V-sec at 500°C, 
compared to its diffusion coefficient in liquid Bi of 
~3 tb 5 x  cm2/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 predicted, 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 crystalli,te 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 eleckical resistivity. Expirimen- 
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 fbur experimental 
units capable of reaching 0.9" K by pumping on 
He4. Temperatures down to 0.01 " K will be ob- 
tained by demagnetization with He3 pumping 
used as an  intermediate cooling stage. Surface 
superconductivity was studied in type I and type 
I1 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 Effects 

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, 
a,, =a, + Kyd-1/2, which relates the yield strength 



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 a, at relatively low exposures 
and in K, only at higher exposures. In  fact, the 
yield strength of Fe with low ( ~ 3 0  ppm) C con- 
tent is virtually independent of grain size after 
radiation exposure above 10lS 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 ~ 5 0 "  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 Fcr- 
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 x 10ls, 1 x lo1', and 2 x loz0 
nvt were examined in an RCA E M U - 3 ~  electron 
microscope. The substructure was similar to that 
of unirradiated specimens. After heating in vacuum 
at 350°C for 2 hr, the 1 x 101%nd 2 x loz0 nvt 
specimens contained dark spots ~ 5 0  in diam- 
eter. The density of spots decreased as the tem- 
perature of heat treatment was raised, while the 
diameter of the spots increased. At.400°C and 
higher the spots could be resolved as dislocation 
loops. Selected-area electron dif-fiaction studies 
indicated that the loops lie parallel to the (1 10) 
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 > lo3. 

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 loz0 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 str.ess 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 beer! 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 c-axis, stored energy, thermal 
resistivity, and dimensional changes. Radiation 
damage can be removed from graphite by properly 
selecting the ma.gnitude of the. exposure hetwe.cn 
low-temperature anneals in alternately irradiated 
and annealed graphite. 

CHEMISTRY AND CHEMICAL TECHNOLOGY 

Reactor ~hkrnistry . . 

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 NaCI-MgCI,, NaCI-CaCI,, 
NaCI-BaCl,, and NaCI-SrC11,; 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 KC1-CaCl,. A series of 



Figure 6. Activity of NaCl in alkaline earth chlorides 
vs mole fraction at 825OC. 

cells containing solid electrolytes was made up for 
the purpose of determining free energies of forrna- 
tion of salts. An example is the cell MolAI,AIF3(s)l 
CaF,(s)lPbF,(s),Pb(l)l Mo, whose emf is propor- 
tional to the difference between the free energies 
of AlF, 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, CIoF,. 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, 
perfluoronaphthaleae (1.7). Almost all the radi- 
olysis product was material of higher molecular 
weight than C,,F,. 

Perfluorobiphenyl was exposed to Co60 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 ~0.1102. 

Noble Gas Chemistry. The applicability of 
ionizing radiation as a catalyst in the synthesis of 

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 Hz- 
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 at a given tem- 
perature. This sublimation temperature was ex- 
perimentally investigated at 0.1 atm pressure as a 
hnction 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 or Ar cle- 
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/lb). 

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 NOCl and IIF. This 
product was formerly thought to be NOF. 3HF, 
but spectral studies have shown that it also con- 
tains a relativcly small amount of N,O,. 

Experiments concerned with the volatilization 
of Pu from dissolved UO, power reactor fuel have 



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 Pi1 in 
the residue can be volatilized by treatment with 
pure F, at 500°C. The separation is not apprrci- 
ably alTetcied by the presence of fission product 
elements. 

The corrosion kinetics of' unstressed Monel and 
Ni in H F  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 rnils/yr. Both films resist attack at 
temperatures up  to 150eC and in solutions con- 
taining as little as 10 mole % NO,. 4 

'l'he dissolution of UO, 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 
complctcd and is beit~g operated with use of un- 
irradiated graphite matrix fuel. U recovery >99% 
has becn 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 fli~orination 
is carried out batchwise. In  such a system com- 
paratively high throughput rates may be achieved 
in a relatively omall unit. 01 I ctdvalltagetj ac- 
cruing from the 2-reactor system arc that cor- 
rosion and problems associated with thermal 
cycling are reduced to a minimum. 

I n  bench-scale studies on the recove1 y of U 
from SS-clad UO, 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 ~ 7 2 5 ° C  in a fluidized alumina bed 
containing ~ 5 %  iron fluoride. The exposed U is 
then recovered as UF, by contacting the bed with 
fluorine under fluidized conditions. Encouraging 
results have also been obtained on decladding 
clusters of rods that sirnillate actual fuel element 
subassemblies. In Figure 7 a rod cluster is shown 
after the oxidation step. Experiments are currently 
directed toward obtaining infornlatiurl required 
for demonstration of this process on an engineering 
scale in the Volatility Reprocessing Pilot Plant. 

Ultimate Waste Disposal. Efforts at Brook- 
haven involving hot11 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 
wcrz n~dcle ill the phosphate-glass pllot 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 de td .  

The release of iodine from metallic U in steam 
is accompanied by H, formation. An average of 
8 0 2  10% of the iodine released from U heated in 
the range 1100" to 1300°C was collected as an 
iodide, z 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 85 + 15% of the iodine released fkom 
UO, heated under identical conditions was col- 
lected as elemental iodine, z%% as iodate atid 
periodate, and the remainder as an iodide. This 
was to be expected, since little Hz formed during 
the conversion of UO, to UO,.,, the stable oxide 
under these conditions. 

Additional data were obtained as further evi- 
dence that a l~ranium iodide is released from U 
heated to 1 200°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 iodide conden~ed on surfaccs 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 X 10-l3 
cm2/sec at  1400°C to 5.3 X 10-lo cm2/sec at 
1735°C were measured; the activation cncrgy for 
this process is z 133 kcal. 

Liquid-Metal Heat Transfer Research 

The heat transfer research program at Brook- 
haven is restricted almost entirely to convective 

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 liq- 
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 + B($Pe)y , 
where 

Nu = (hD,)/k = Nusselt number, 
h = heat transfer coefficient, 

D, = equivalent diameter of bundle, 
k = thermal conductivity, 
a = 6.66+3.126(P/D) + 1. 184(P/D)2, 
B = 0.0155, 
y = 0.86, 
P = distance between rod centers, 
D = 0.d. of rods, 
$ = effective average value of 4, 
4 = ratio of eddy diffusivity of heat to that 

of momentum, 
Pe = (D,v,pC,)/k = Peclet number, 
v, = average linear velocity, 
p = density of liquid metal, 

C, = specific heat, 
Pr = Prandtl number = C,p/k, and 
p = viscosity. 

The equation above is compared in Figure 8 with 
recent experimental results obtained at Brook- 

D= 0.500 IN. 
P/D = 1.75 
Pr = 0.0185 

Figure 8. Heat transfer to liquid metals flowing in-line 
through unbaffled rod bundles under conditions of uni- 
form heat flux and fully established hlrhulent 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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haven on both Hg and NaK. The agreement be- 
tween theory and experiment is seen to be vely 
good. 

Preliminary to starhng an experimental prujecl 
to study heat transfer to NaK flowing at right 
anglos through a rod kl.rrlrll~, a theorctical 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). 

sin B + sin2 B ] '1' 
Nu = 0.958(+,/D)1/2(Pe)1/2 [ + , 

where 

Nu = hD/k = Nusselt number, 
h = coefficient based on avel age rnd .silt-- 

face Temperature, 
9, - snit hydrndyna.mic poteqtial at the 

rear stsgnatiorl pui11t of a rod, and 
8 = 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- 
hawn fnr rrnw flnw of Hg through a staggered rod 
Luadlc. At that time only the rod under qtlldy was 
heated; in the new study with NaK, all the rods 
will lx heated 

The purpose of the largest experimental project 
in thc Hcat Transfer Group is to obtain filnda- 
menhl heat transfer information on forced-con- 
vection hniling and mndensatian of K at temper- 
atures up to 982°C (1800°F). Since the facility 
for th$ work (Figure 9) was completed and placed 
in opratinn nnly 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 wns developed during the past year for pre- 
dicting boiling cocfficients under conditions of net 
vapor generatiu~i ad forccd convcction 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, . l l  
Toluene-d, . l l  
Toluene-d, .06 
Toluene and toluene-d3 (equimolar) .14 
Toluene and toluene-d, (equimolar) . l l  
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 flee 
radical can add at most one monomer unit, prob- 
ably along the crystallographic 6-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 triosane, contrary to a reported upper limit 
of 60 to 70% conversion. The reaction is character- 
ized by a high degree of il-1-eproducibility. 

Radiation Chemistry of Aromatics 

The study of the radiolysis of pure toluene has 
been completed. The data obtained are given in 
BNL 823 (S-65). 

The results of the radiolysis of benzene-toluene 
mixtures indicate that benzene has a slight pro- 
tective effect in the radiolysis of toluene. 

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 
mp for solutions of the sodium salt of anthracene 
in tetrahydrofuran (1.4 to 17.5 X lo-' 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 
coefficient is 3 . 6 0 ~  lo4, (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 ~5 X 

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 . 2 4 ~  lo6 rads/hr, and as high as 30% 
per megarad for the substituted monomer. The 
polymerization rate ~f styrene under these condi- 
tions appears to depend linearly on the dose rate 
up to 3 x lo6 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-p U-bearing 
glass fiber at a loading of 0.29 mg/cm2 was ob- 

Isotopic Composition of Hydrogen and Methane Evolved During Irradiation 

Hz HD D2 CD3H CDzH2 CDH, CH4 CD4 
- - 

Toluene-d3 3 2 48 20 47 > 1 >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-d3 69 26 5 32 > 1 34 32 

- 
>2 

Toluene and toluene-d, 5 1 34 16 41 ~6 49 5 



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-A1 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 hnction of 
fission fragment and reactor irradiation conditions. 
Figure 11 gives the NO, and N 2 0  yields as a h c -  
tidn of the total dose for mixed fission fragment 
plus reactor irracliattionn. The initial G values based 
on these data are (&o,%l.9 and &,~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,04 has been achieved. Studies 
are in progress to determine the effect of varying 
N2-0, concentration and of increasing temperatures. 

Chemonuclear Source and Fuel Development. 
Metal alloys containing significant concentratiur~s 
of U235 for chemonuclear applications are being 
dttvclnped. A solid solution of U in Pd has been 
rnllcrl to 2.5-p (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 fi-agment efficiency for foils 
as a function of thickness to range ratio. 

air at 1000 O F  indicated some surface oxidation. 
In-pile tests up to 0.5% burnup indicated a small 
amount of corrosion in air. Larger amounts of wr- - 
rosion have been noted in atmospheres containing 
high concentrations of NO,. Coatings of Al, Al,03, 
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 UO, 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 
ihe controlling stability feature is the length and 
prcstrcssing of the unsupported section of foil. 
Prcssure loss measurements for honeycomb arrays 
have also been made. 

Chemonuclear In-Pile Research Loop. The loup 
(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 ~ 6 6  g of U235 to give a maximum power level 
of 5 100 W. The design has been completed, and 
lilost of the equipment is in the process of being 
fabricated. A critical item is the ga. 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 prcssure technique, a 
series of Co60 gamma radiation-induced polyrner- 
ization experiments has been carried out under 
constant pressure conditions. The effects of dose 
rates between 5.8X lo4 and 8 . 4 7 ~ 1 0 ~  rads/hr, 
doses ranging from 0.1 to 1 X lo6 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 intrn~ity Thc physical 
properties of the polymers are being measured and 
correlated. The molecular weight, ranging into 
the millions as determined by nlearls of intrinsic 
viscosity, increases with decrcasing dose rate and 
increase with pressure UI i l~e I auge 5000 to 10,000 
psig. The densities of the polymers are ill 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 1 1.  Fission fragment plus reactor irradiation of syn- 
thetic air (N, = 77.3%, 0, =22.7%). Temperature, ~ 4 0 ° C .  
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Figure 12. Honeycomb fuel assembly model 
using 0.255-mil stainless steel foil. 
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Ethylene-Carbon Monoxide Copolymerization. 
An extensive study of the CosO 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 2 13" C for Lhe 
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 In 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 meclia- 
nisms treated included first- and second-order re- 
actions of intermediates and consecutive first-order 
reactions. 

Calculations of the ra~io  of convcrsion in the 
presence of perfect mixing to conversion in Ihe 
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 radialiorl 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 Labom- 
tory. The preparation cell is in operation. Sources 
containing 300,000 curien of Cum, rerpi~r~r l  frnm 
the Engineering Test Rcactor (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 CosO have been shipped to the 
University of Florida, and 15,000 curies have been 
allocated to the Ur~iversity of Michigan. 

Sources containing 21 7,000 curies of C S ' ~ ~ ,  to be 
used for experimental purposes in the HIRDL, 
were received from ORNL. BNL standard sources 
containing 225,000 curies of Co6" were received 
fi-om the Savannah River Plant. Followirlg 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 CosO 
source developed at Brookhaven (Figure 16) will 
bc uscd 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 Co6" radiopastel~rizer 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 Ailring fiscal 1965, and Ih~e 
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 CoGU 
sources into stainless steel 
envelopes prior to welding. 

Figure 15. Remote welding ot 
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 z 123 curies of Go"", 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 
Co60 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 Co60 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 CoS0 
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 
~ 7 0 0  strips of ETR Co60. 



Figure 18. Calibration unit seen 
through remote viewing window. 

Electrical Discharge in Shielding Glass. A math- ' 
ematical model has been developed which is a 
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. 

Measument of Self-Absorption of Cod0 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-elad Co6" 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 

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 dosirn- 
etry studies, radiobiology, and solid-state and 
nuclear physics. 

HOT LABORATORY 

Isotopes 

The feasibility of making a generator from which 
Telz70, TelZ99, and Telslo can be milked from their 
respective longer-lived metastable isomeric par- 
ents was shown. The anomalous adsorption and 
elution behavior of 113* and Telaz with alumina 
was shown to be due to differences in behavlor of' 
Te(1V) and Te(V1) on alumina and to oxidation 
of Te(IV) to Te(V1). 

EfEorts to prepare ultrahigh specific activity Mg8 
by recoil showed that recoil does occur, the range 
of the most energetic MgZ8 atom being 0.4 to 2.4 



mg/crn2. The excitation functions for MgZ6(t,p)Mg28 
and MgZ5(t,a)Naz4 were measured; they are 
virtually identical. 

The Ar40(a,2p)Ar42 and Ar40(t,p)Ar42 reactions 
were detected, the latter with reactor-produced 
tritons, and this has paved the way for a possible 
practical generator from which carrier-free K42 
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 (6's) for protons and neutrons 
were also calculated. 

Previously unknown IrlS6 was successfully pre- 
pared by the reaction Pt138(d,a)Ir1s6 arid was 
found to have a half-life of ~ 9 0  min, a gamma 
spectrum similar in some respects to that of AulSs, 
and an excitation function for formation different 
from that for Pt1s6(d,a)Ir194. 

Useful methods were found for extracting Gas8 
from the EDTA complex furnished by Brook- 
haven's Gass generators. 

A method was developed for preparing carrier- 
free CslZ9 and Cs13Z from the 1127(a,2n)Cs129 and 
1129(~,n)Cs132 reactions, respectively. 

Analytical Chemistry 

'I'he proximity of the half-wave potentials of Pb 
and Cd at the dropping Hg electrode in molten 
LiN0,-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 
chrnnopotentiometry 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 1 O5 liters/mole-sec. 

Free radicals of the complexes between Se and 
derivatives of 1,2-diaminobenzene 

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 (R3N) in the extraction of americium 
indicates that two species, R,NHCl and R3NHT, 
cause the enhanced extractive effect of one solvent 
in the presence of the other. 

Methods developed included those for deter- 
mining Th2", ThZ3O, and ThZ3' in Thorotrast; 0, 
in Na; Zr, Nb, and Mg in Hg; and S in "TcSgm 
colloid" (TC,~~"S, in sulfur emulsion). 

Hot Laboratory Operations 

One of the functions of the Hot Laboratory 
Division is the produc~ior~ of certain isotopes re- 
quiring chemical processing following ~rradlatlon. 
Table 5 is a 3-year summary of this effort. The 

Figure 19. Holder developed for YsO bead (right). 
Pin head (left) is shown for size comparison. 



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 

AlZ8 generaton - - - 
Ar3' - 5" - 
cus7 - 1 - 
El8 - - - 
Gas' generators - 1 
I 1 2 4  - - - 

113' generators - 76 - 
I133 - 3 - 
K43 19 - 16 
Mgz8 - 172 - 
MogS - 23 - 
Srs7" generators - 1 - 
Tcg9" gcuerdtors - 116 - 
Te129r - - 
Tela2 - , 7  - 
XelZ8 - 1 - 
YgO beads - 4 - 
YsO generators - 3 - 

aPrduct io~~ discontinued February 1964;customen referred toPhysikalisch-Chemisches lnstitut der Universitat Ziirich, 
Switzerland. ,.. 

bAr38 and XelZ8 are stable; unit is cc, not mC. 
'Not rnC, but number of individual beads (see Figure 19); activity per bead controlled by length of irradiation re- 

qucstcd by customer. 

28% decrease in demand for Mg2* was more than provement in external visualization of organs such 
offset by the burgeoning increase in demand for as the liver. Requirements for high-purity carrier- 
Tcggm. This increase is partly due to the develop free Moss led to the successful development of a 
ment at BNL of a method for incorporating Tcggm process for removing traces of radioactive I, Ru, 
in a colloid which has permitted outstanding irn- 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 varlous 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 IBM 1401 '~~ a CUL: 924 system, and a 
small CALCOMP plotter. In addltlon, the Merlin 
computer, constructed by the lnstrumentatlon 
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 

"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 >I800 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 SYY~CIIA IUI 
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. 

1963 1964 
FISCAL YEAR QUARTERS 

Figure 1. A histogram of central computer usage 
at Brookhaven National Laboratory. 



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 Xi-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- 

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 st& 
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 difiactometers 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. 



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 
is preferentially absorbed by the tumor. However, 
retrieval of the pertment information by observa- 
hon of'the decay horn 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 hnc- 
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 experlmenta- 
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 

Fipre 3. The spatial diatrihution of radioactive material, 
recovered &om 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. 

Kesearch 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 nbmerical 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. 

~ro~ramrnecj 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. 

Mathemati.cal 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 Schrodinger 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 integral representation has also been done. 

It has also been shown that  an'^^, 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 haire 
contributed to a stimulating series of lectures on ap- 
plied mathematics and computational methods. 
These, too, have drawn part of their audience fi-om 
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 irnme- 
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 ~ 3 3 , 0 0 0  
sq ft of 1abora.tory and special facility space. Thc 
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 

Radiation 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. I t  has been postulated 

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 strairi. 

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. Ver.y severe damage such as that caused 
by neutrons can not be repaired. 

Effects ot X-Rays on Ion 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 
huinali erythrocytes in vitro. The findings indicate 



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 considered 
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'sodlum efflux' 
from the cells. The levels of ATP and metabolism 
in the cells were not affected by irradiation that 
depressed transport and the A'l'Pase activity. Ir 
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 autora.diographic estimation oC 
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 isgen- 
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 ofthe 
marmoset, tests were made for labeled thymidine 
in blood plasma following intravenous, intra- 
peritoneal, and intramusculal 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 adr~iir~islration thc 
precursor was present in plaqma 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 r,erl~aindcr was dcgrnded. 
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 nbn- 
volatile material .was found to decrease rapidly 
with time after administration. 

D,NA Synthesis in Cells 
of the Mouse Mammary Gland 

By apprdpriate 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- 
liferatio\n may be studied. This procedure has been 
used in examining the effect of ovarian hormones 
on DNA synthesis in the mouse mammary gland. 
111 controls thc'duration of synthesis in alveolar 
cells varied from 15 to 28 hr. In  ovariectorllized 
animgls treated with 17-P-estradiol and proges- 
teronc rhc ti1116 ufsynthesis was shorter and less 
variable, 10 to 12 hr. Markedly different amounts 
of the adlllinistercd hormones shortened the perind 
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 
anirrlals presumably reflect cyclic and limited hnr- 
mone levels provided by ovarian secretion in the 
controls and the relatively high and constant levels 
in the other ani~nals. 111 cad1 typc of ccll the dura- 
tion of synthesis appears to have a characteristic . 

minimum value under liorlnone 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 synthesis does not 
depend upon the rate of cell prolireration. How- 
ever, in the mammary gland at least it appears 
that the synthesis varies with proliferation. 

Action of Insulin on Liver 

Glucose-C14 infusion experiments in which 
biopsy samples of liver tissi~e 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 llre 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-C14 by liver at this time is quite small, and 
the incorporation of blood glucose-C14 into liver 



glycogen is practically nil. However, when insulin 
is given intravenously, 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-C1"ncorporated into 
glycogen. Continued infusion of insulin beyond 
this time results in an increase in the.incorporation 
of blood glucose-C14 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-C14 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 uptakc 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 ofthe total blood glucose uptake ofthe 
whole body; prior to insulin and during the early 
period of insulir~ infusion, blood glucose uptake by 
the liver is quite small. The effects of insulin on the 
liver are then ( I )  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. Howcvcr, by 
the use of improved analytical procedures, signifi- 
cant differences were detected in the amino acid 
compositio-n 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 
prepar~tions, 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 pi.aclically 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 

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 

~elat ive Biological Efficiency of Ionizing Radiations 

Studies comparing the relative biological effi- 
ciency (RBE) of different types of ionizing radia- 

Table l 

Comparison of the Amino Acid Compositions 
of Three Rabbit Antibodies 

- -- 

Antibody directed against 
.. .. 

Positively Negatively 
Amino acid charged charged Uncharged 

residue . hapten hapten , hapten 

Lysine 
Histidine 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutanic acid 
Proline 
Glycine 
Alanine ' 
Valine - 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 

Moles residue/mole antibody 

69.4 69.6 70.8 
16.6 ' 16.5 16.9 
42.5 44.6 44.6 
110 106 112 
162 ' 162 163 
149 150 . 143 
123 122 121 
110 110 110 
110 109 109 
81.4 79.8 77.3 
128 128 129 
13.5 ' 13.8 13.6 
46.4 48.8 48.3 
9 1 89 89 
56.2 56.2 50.9 
44.9 44.3 44.5 

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. 



tion were carried out by using the Yg,/yg, geno- 
type in maize. Seeds of this genetic stock were ir- 
radiated. When loss of the Tg, 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, 0.65, 1 .O, 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 1 0 . 2 ~  
and that for neutrons (1.0 and 1.5-MeV), 5 7 6 ~  
The amount of energy absorbed in the chromo- 
some arm, on which re, is located, to induce a 
break was estimated to be 0.22 x ergs of x rays 
and 0.39 x ergs of fast neutrons. 

Maize seeds of the same Tg,/yg, genotype were 
also irradiated with ~ 8 - B e V  m- mesons and ~ 7 -  
BeV muons from the Alternating Gradient Syn- 

- chrotron at Brookhaven. Compared to 250-kyp 
x rays, the RBE for m- 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 transfer. 

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. Corn- 
parative study of these maps reveals complete 
homology between the two genera of bacteria with 
regard to the positions and functions of compa- - 
rabl; genes on the& 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. typhimurium 
x E:coli hybrids show that the Salmonella phage 
P22 is able to transport fragmerils derived from 
either Salmonella or E. coli chromosomes. Integra- 
tion of E. coli genetic 111ale1-ial into Salmonclh chrro- 
mosomes, however, occurs with a frequency which 
is < 1 % of the frequency of integration uCSc~knotlella 
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 
slructure. This divcrgcncein homology may origi- 
nate through changes within coding triplets that, 
because the code is degenerate, do not affect 
transcription. 

Genetic Transformation 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 preseril 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. Therefore (lie deoxyribo- 
nucleases of pneumococcus are I;eing fractionated 
and tested to see whether any has the.appropriate 
specificity. 'l'he single-stranded DNA arising dur- 
ing entry of the transfoririirlg riiaterial piesumably 
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 



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 f h t  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 
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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- 
L ~ I I ~ :  &e 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 Z M  that in herbaceous plants. 

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  he average. It is interesting that inbred 
34 was not reduced in height by any thermal neu- 
tron treatment but was significantly reduced with 
ethylmethane sulfonate treatments. Qn the other 
hand, inbreds 13,27 and 239 were reduced in height 
by thermal neutron treatment but were not affected 
by cthylmethant: sulrmate 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 



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 hnction of the average vol- 
ume occupied per chromosome. This volume may be estimated from the vulumedthe nucleus at interphase 
divided by the number of chromosomes. The photographs uf api~al mcristcm cello 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 (a) Sedum, 128; (b)  L w l a ,  6 ;  (c) Tradescantia, 12; (d)  Ch~sartthemum, 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 ~ % t h  the daily exposure tolerated by the 
others. It is of interest that many gymnosperms 
and some angiosperms are killed by acute expo- 
sures between ~ 6 0 0  and 1200 R, a range known 
to be lethal to many mammalian species. The 
reasons for thc 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 20.4) x 1 O6 eV produces a lethal effect, 
(2.3 20.4) X lo6 eV produces severe growth in- 
hibition, and (1.1 k0.2) x 1 O6 results in slight in- 
hibition. For all woody species tested the corre- 
sponding values are '/2 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 paraflagellar 
body. This concept is based on inference from the 
behavior of strains of Euglena that appear to lack 
one or the othcr of these structures. Direct evidence 
that the so-called photoreceptor is pigmented or 

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 in 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 mrn 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 obsemed 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 agected. The excised shoot apex of the 
fern Osmunda claytoniana L. grown under controlled 
conditions of sterile nutrient culture and irradiated 
with a 25-p 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; 

1 ' .  confinement of the radiogenic lesion to within the 

Figure 4. An experiment indicating the participation of 
an endogenous circadian rhythm in the photoperiodic re- 
sponse of L ~ m n a  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: ?h hr of light and 13 
hr of darkness; L/4 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 a still 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 ( ~ 5 0 0  
X lo6 p3 of tissue) by 50 to 80% immediately after 
treatment. Studies of DNA synthesis recovery are 
under way to help gair~ 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 
YO S and a 50 S subunit with molecular weights of 
~ 0 . 7  x lo6 and 1.8 x lo6, respectively. Protein 
synthesis requires the presence of both the YO and 
50 S subunits and attachment to the ribosome of 



70 S RIBOSOME 

SENGER RNA 

messenger ribonucleic acid (RNA), the template 
of protein synthesis. Earlier suggestion th&t mes- 
senger RWA binds exclusively to the 30 S r i b  
somal subunit was strongly supported by studies 
of bindkg between ribosomes and synthetic ply- 
ribonucleotides. In particular, polyribouridylic 
acid (poly Uj, the synthetic messenger RNA for 
polyphenylalanine synthesis, was found to bind 
strongly to either the 70 S r i b m e  or its 30 S sub- 
unit, but little or not at all to the 50 S subunit. 
Optimum i n a d o n  between ribosomes and pol9 
U o w  in 5 mil4 Mg" with the formation of 
complexes containing one poly U molecule and 
one or more ribomes. The lower the ratio of poly 
U to ribosames the larger the average aggregate 
f i e ;  these aggregates are called polysomes. 

It seems liiely that the ribosomal site to which 
the messenger RNA attaches is well defined with 

F i  5. A model for the role ofthe ribosome in protein 
synthel. Messenger RNA and adapter RNA are believed 
to interact at the surface ofthe 70 S ribosome. Their coding 
units are indicated by the short-straight pmjections from 
the main chain. Messenger RNA is a single polynu&o- 
tide chain; adapt& RNA is probably a double helh with 
irregular base-paihg except for the exposed coding units. 
The growing tip of the protein is attsrched to m adaptkr 

which in ttdtn 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 RNA 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 spthetase. 'l'he slbosome provides a stabiibg 
mrke for maintaining messenger RNA In an active con- 
figuration and adapter molecules in proper register. %- 
cause of its great length (450 nucleotides or more), ody 
part of the messenger RNA molecule, including the re- 
acting portion, can be attached to the ribosome surf&ce at 
one time. 



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 h r  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 p l y  U 
molecule with ~ 2 ' 1  residues. Such a polynucleotide 
would have an estimated chain length of 184 A, 
with 6.8 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 ~ 7 0  
A and a length of 1 6 0  to 180 A. Thus the length of 
a fully extended poly U molecule of 27 residues ~s 

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 of 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 - -  q 
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 rarhrzuypeptidase B, nlhici;~ ari~e by tryptic 
activation of the zymogens chymotrypsinogen B 
and prncarhnxypcptirlas~ R in the intestine. Re- 
search with these protcins has been hampered hy 
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 made 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 zyrno- 
gen chymotrypsinogen A: activation to the re- 
spective chymotrypsins appears 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 struct~~ral study the single peptide chain of 
chymotrypsinogen B has been reduced with mer- 
captoethanol in denaturing solvents to break the 
five disulfide bonds. 'l'he thiol groups in the re- 
duced protein have been masked by reaction with 
ethylene imine. The reaction is highly specific, 
and the S-B-aminoethylcysteine residues generated 
are potential sites for proteolysis with trypsin. 
When reduced aminoethylated chyrnotrypsinogen 
B is subjected to tryptic hydrolysis, a mixture of 
relatively small, soluble peptides is produced. The 
yields in which the peptide-s are formed are favor- 
able. Since the residues found in these peptides 
account fbr 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 a c ~ i d e n t a ~  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 usehl 
for diffraction studies. 

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 ofjuice 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 don- 
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 bhvine 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 



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 r~lat ionship between the 
zymogens of trypsin and chymotrypsin A and B 
in fraction of pancreas obtained from tissue ho- 
mogenatks by differential centrifugation was ex- 
amined and fbund to be constant. 'l'his is inter- 
preted to indicate that there is no selective segre- 
gation of these zymogens within the pancreas. 

Role of Serine in Enzyme Action 

Abowt 1 8  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 enzimes. 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 prevented 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 eliininated. 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 41 5 mp were determined on the bases of 
nitrogen content and bacteriochlorophyll a con- 
tent. From these indices the chlor~.ophyll-to-ni11.oger1 
ratio was calculated to be 8.2 x mole/g. Pre- 
liminary amino acid analyses indicated that thc 
protein nloeity is 17.2% nitrogen. Thus the chloro- 
phyll-to-protein ratio is 1.5 x mole/g. 

where M is the molecular weight of the complex, 
v the  specific volume, do the solvent density, d the 
solution density, and [Chl] the chlorophyll con- 
centration. From sedimentation equilibrium stud- 
ies in the ultracentrifuge, M(1- Fdo) was found to 
be 3 . 5 0 ~  10"/mole. From measurements of d and 
do, the ratio of N to M ( l  - vd,) was found to be 
5.3 x mole/g. Based on these data the value of 
N is estimated to be between 1 8  and 20. 



From the chlorophyll-to-protein ratio and N, . 

the molecular weight of the protein moiety in the 
complex is 1.2 x 1 05. The combined weight of 
chlorophyll and protein is 1 . 4 ~  1 05. 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 ( M W z  1.5 x lo6) 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- 
fatofihilum, the action spectra for light-induced 
cytochrome oxidation indicate energy transfer 
from Chlorobium chlorophyll to bacteriochlorophyll 
with a quantum efficiency of z 70%. The quantum 
efficiency of the. cytnchrorne reaction itself was 
found to be ~ 5 0 %  in vivo. Further studies of chloro- 
phyll-cytochrome interactions in 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- 

Figure 6. Absorption spectra of bacteriochlorophyll- 
protein solutions. The solid curve is for a samplc kcpt in 
the dark. The dashed curve is for a sample exposed to a 
150- W reflector spot lamp for 7 hr. Isuhestic points arc at 
308 and 415.0 mp. 

onstrate the presence of other material currents 
even when the phases contain only neutral mol- 
ecules. ~ x ~ e r i m e n t a l l ~  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 electrochem.ica1 potential gradients 
during the approach to a stationary 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 metabulites 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 r2spective 
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 

M-easurement of the metabolism of pla1lt.s ill 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 



TIME. HR 

Figure 7. CO, exchange in white oak in the field. A sys- 
tem for monitoring CO, 6xchange 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 
radiatiur~ are evident. 

been two: First, enclosures needed for the measure- 
ments must not alter natural environmental con- 
ditions. Second, there is need to monitor a host of 
erlvironmental variables, many of which can be 
~~i i t ro l l ed  .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. Air is 
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 
cornpa~ed with the CO, content of thc air supplicd, and . 
thcsc mcasufements, wilh pertinent environmental meas- 
urements, are recorded on a punched tape. All data are. 
then handled by machine. 
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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 

I by 'an autoll~atic sampling and data-recording system. 

to handle. During the past three years ecologists 
at Brookhaven, with the assistance of the Instni- 
mentation Division, havc built and oper,ateJ a 
system for measuring the metabolism of plants in 
the field and recording 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 ofthat ofambient 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 

metabolismof populations and of the entire forest. 
The CO, exchange 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 C0,'absorption until imme- 
diately priorto 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 observations 
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 eff'ects 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. 1t$ 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 
oppoi-tuilities are lir~iited only by the scope of the 
vision and interest of the individual investigator 

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- 

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 aLtritium 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 nf 
(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 
Co60 gamma rays. Determinations of spermato- 
gonia depletion were made microscopically from 
testis sections and revealed an average 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 highest fnr 1.80=McV 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 dif- 
fer significantly in appearance and growth, were 
scored separately, rather than "lumped" as has 
been the usual practice elsewhere. 



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 1 6-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 z 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 BIO, 
Li6, or U235, 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 therr~val 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 thicknesws. 

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 z 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- 
surerr~ents 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 reactoi 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. Thii 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 cm in a 
phantom head (assuming the selective presence in 
tumor of a neutron-capturing isotope at a con- 
ccntration that would give the same effect as 35 
pg/g B1"). 

3. The addition to normal tissue of 1/6 the tu- 
mor B1° 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 a.nd d e p n d r n c e  on dose rate 

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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Figure 4. The region h m  0 to 18 crn in Figure 3, 
redrawn to show more detail. 

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 T- 

mesons, an investigation with regard to possible 
use of such particles in radiobiology and radiation 
therapy is in progress. When a beam of T- 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 ( ~ 1 4 0  MeV) will be set free. 

and oxygen tension, is consistent with that ex- A low-intensity beam from the Cosmotron was 
pected from high-LET radiation. used, and positive and negative particles of low 

Studies with a variety of naturally ~ ~ i n g  tu- momentum were studied with a tissue-equivalent 
mom in dog's indicate that inorganic boron is ionization chamber and a counter telescope. The 
ably partitioned between tunor and normal tksue. momenta of the particles were chosen to correspond 
The blood boron concentration usually exceeds to a range of 6 in. in wet tissue. The identifica- 
that of tumor or normal tissue stroma; thus nor- tion of the r- mesons among other particles 
ma1 vessel emdothelium may receive a higher dose same charge and momentum was done by means 
than does tumor tissue. of coincidence-anticoincidence techniques, which 

The "whole-body" dose distribution for vari- make it possible to measure the effects of interest 
ous geometries of exposure has been determined. even in the presence ofa heavy background ofun- 
The dose obviously depends on the length of ex- desired particles. Absorption curves indicating the 
posure7 but is appreciable with exposures consid- number of particles with increasing penetration 
ered to be therapeutic. into an approximately tissue-equivalent absorber 

Experiments with swine are mder way in an ef- as well as range curves of the beam were de- 
fbrt to estimate dose-equivalent (loosely, rem-dose) termined. A multichannel analyzer supplied in- 
curves for these beams. formation on the amplitude distribution of the 

electronic pulses that result from the particles' en- 
EFFECTS OF HIGH ENERGY PARTICLES ergy losses in plastic scintillation counters. The 

ON MAMMALS change in this distribution with increasing ab- 
sorber depth indicates the increase of energy trans- 

With the cooperation of the staff of the Cosmo- fer from the to the absorber material and 
tron, studies of the effects of protons in the 2.0 to makes it possible to observe the meson capture 
3.0-BeV range are continuing, and studies with events with their particularly high energy release. 
r mesons have been initiated. 

Primary effort during the past year has been de- 
voted to the development of methods of delivering EXTRACORPOREAL IRRADIATION 
completely uniform whole-body proton radiation OF THE CIRCULATING BLOOD: 
to small animals. The construction of special ap- EFFECTS ON LYMPHOCYTES AND RED CELLS 
paratus was completed, and the LD,, for mice for 
2.2-BeV protons, uniformly distributed over the A significant improvement in the technique of 
cross-sectional area of the animal's body, has been extracorporeal irradiation of the circulating blood 



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 reflects feeding of the lymphocytic tissues 
by blood lymphocytes, rather than the reverse. 

Studies have been initiated to compare the 
results of extracorporeal irradiation 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 tnxnid complexed with mouse antitoxin (anti- 

Figure 5. Extracorporeal irradiation of the blood in the new large animal facility. 



PRIMARY 
I 

SECONDARY 

3,000 
U Ab ONLY (0.094 I.U.) 

Ag ONLY (0.076 mg) 
fzm Ag + Ab 

t 0 Ab ONLY 
Ag ONLY 

Ab Ab Ag-Ab Ag Ab Ab Ag.Ab Ag 
ONLY EXCESS EQUIV. EXCESS ONLY EXCESS EQUIV. EXCESS 

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 
occurre'd' 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 efficiknt 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. 'l'hese data indicate that post- 
natal thymectomy does not abolish the ability to 
respond later to antigenic stimulation at the age 
of 4 wk. 

IN VlVO 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 II program for the IBM 7094 was 
developed for reduction of complex pulse-height 
data to quantify the levels of CsI3', Zn'j5, and K40 
in 600 Brookhaven employees. The program (re- 



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 7.094) computer analysis of the Srs5 
and Ca47 data from short-term kinetic tracer stud- 
ies. Kinetic studies car,ried out on patients with 
normal'skel&tal metabolism and patients with 
partial parathyroid deficiency were extended to 
permit comparisons of the biological turnover fol- 
lowing chronic administration of Srs5 and Ca47 
with that following acute parentera1 administra- 
tion. A current chronic feeding study, using Srs5 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. 

nique show differing uptakes in contralateral . 

homologous bones as a functioi 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 Srs5 in blood and other tissues. 

Studies on the in uiuo measurement of Thorotrast 
have continued with emphasis pn the gamma-ray 
spectrometric analysis. Because of the complexity 
of the decay chain of Th232, the interpretation of 
the spectral data is carried out with the IRM 7094 
computer. The levels of gamma-emitting daugh- 
ters of Th232 (T1208 and AczZs) in various organs , 
were c1et:errn i r1et3 by (.:om par ison of the Thorotrast 
patient's spectrum with that of a phantom con- 
taining a calibrated solution of Th(NO,), at secu- 
lar equilibrium. 

A new technique was developed to measure Srs5- STUDIES ON HYDROXYLYSINE AND COLLAGEN 
and Ca47 turnover in a bone compartment by ex- 
ternal scanning with a collimated detector. Data Collagen forks ~ 3 0 %  of the protein ,of the 
from a study on several patients with this tech- 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(0H)  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, . C.H,. 
CH(OH).shown at the left of the above chain . . 
should be free and capable of: entering into chemi- 
cal reactions unless it either ( I )  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 O H  
group. Reaction with periodate oxidizes the group 
NH, .CH, -CH(OH). R to NH,+CH,O+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 deterrrlil~e 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 rerrluve the hindrance. Howcver, the digest 
showed, as did the intact gelatin; 40% bf'ihe 
hydroxylysine to be nonreactive. The results indi- 
cate that either the NH, or the O H  group of the 
hydroxylysine in collagen is probably bound in 
chemical linkage. Such combination could contrib- 
ute cross-links essential to the struct~~re 6f the col- 
lagen molecule. Work is planned to identify the 
chemical nature of the linkage. 

NUCLElC ACID STUDIES IN NORMAL 
AND TUMOR-VIRUS-INFECTED CELLS 

greater abundance than 18 S RNA of the follow- 
ing proposed sequences of nucleotides: 

Py G C P y G A C  

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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Studies have been initiated of the structure of 2 0.6 

n ribonucleic acids (RNA's) extracted Lon-I normal 
chick-embryo chorioallantoic membranes and ' 9 0.4 
those infected with the Rous sarcoma virus. An 6 
analysis of the structure of 30 S and 18 S RNA's 0.2 

from normal chorioallantoic membrane cells has . . 
shown that there are distinct differences in the O o 80 120 (160 200 240 280 320 360 

nucleotide sequences of these two RNA's (Figure I-0 
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7). Following diethylaminoethyl-Sephadex ion ex- 

change and of the 'ligo- Figure 8. Chromatographic profiles of ribonublease di- 
nucleotide products of ribonuclease digestion, it gestion products of normal microsomal RNA (top) and 
was found that 30 S RNA appears to have a much Rous sarcoma microsomal.RNA (bottom). 



tumor RNAk 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 fro111 purified cell nuclei of Rous sar- 
coma cells indicated.very close similarity of clllsters 
of nucleotides between normal and tumor tissue, 
which confirmed the findings with 30 S and 18 S 
total cell RNA. These results with Rolls 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 fbund to be labeled. However, as time 
passes the cells with a short life-span die a.nd their 
label is excreted. By the time the mice are 2 
months old, >80% of the label is present in cells 
will1 a life-span > 1  yr. T h e  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 cells is in 
progress. 

VITAMIN AND AMINO ACID METABOLISM 
IN  NEOPLASIA 

In  studies of DL-tryptophan metabolism on 
anemic patients, a controlled diet was given 7 days 
prior to an oral dose of' 'L 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, N1-methylnicotinamide, and N1-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- 
phak overload test repeated. The high levels of 
urinary quinolinic acid, N1-methylnicotinamide, 
and N1-methyl-2-pyridone-5-carboxamide hydro- 
chloride were lowered significantly after vitamin 
B,, and the increase (after tryptophan overload) in 
the levels of these urinary components was much 
less than that observed prior to the vitamin l3, 
treatment. The urinary excrction data suggested . 
a relationship between quinolinic acid production 
and vitamin B,. The straight-chain compound ( l -  
amino-4-formyl-buta-1,3-diene-dicarboxylic acid) 
formed when the ring of 3-hydroxyanthranilic acid 
is splk apparently requires vitamin B, for its me- 
tabolism down to CO,, and when the tissue B, 
level is low or its utilization is blocked, the 1- 
amino-4-formyl-buta- 1,3-diene-dicarboxylic acid 
cy~lizes to form quinolic acid, which appears as' an 
increased level of quinolinic acid (and its products) 
in the urine. 

In thc study of 3-hydroxyanthranilic acid- 
carboxyl-C14 metabolism, .a female achondroplas- 
tic patient with normal tryptophan metabolism, as 
determined by quantitative urinary analysis for a 
number of tryptophan mctahnlites hofosrs luadiirg 
with 2 g L-tryptopham, was giv~n orally 14.088 mg ' 

carboxyl-labeled 3-hydroxyanthranilic acid con- 
taining 5 1.055 pCi C14. The expiration of C1'02 
by the patient was similar to that observed in rats, 
except that a smaller percentage of the dose was 
expired as C14Q,. 

The percentage of urinary C14-quinolinic acid 
was found to be much higher in man than in the 
rat, which suggests some quantitative difference in 
the manner in whic.h 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 thc over-all results oblair~ed 
with labeled compounds. The normal pathway of 
hydroxyanthranilic acid metabolism was assumed 
to be via quinolinic acid, nicotinic acid, N1-meth- 
ylnicotinamide, and then pyridone; therefore, it 
was noteworthy that the order of components ex- 



creted was quinolinic acid, pyridone, N1-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-C14 to C1402 and of glucose- 
1-H3 to H30H 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 ~~-1actate-2- 
C14 and pyruvate-2-C14 to Cl4O2, sometimes to 

one-half that of control subjects. Usually the rate 
of conversion of DL-lactate-2-H3 to H 3 0 H  is also 
depressed in diabetic patients, but results are less 
consistent than with C14. The decrease in C1402 
from labeled lactate and pyruvate is found to be 
accompanied by greater than normal amounts 
of C14 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 C140, and H30H 
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 PEPT' IDES 
ON MEMBRANE PHENOMENA 

In order to obtain H3-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 

Figure 9. Apparatus for continuous measurement of breath for C1* in expired carbon dioxide 



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 

to 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, )H 7). Contml 
studies using H3-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 identified 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 
in react~vlty to hormone. 'l'hese changes are at- 
tributed tentatively to alterations in the conforma- 
tion of the receptor molecules. 

BIOENERGETIC MECHANISMS 
INVOLVING FREE RADICALS 

Ionizing radiations are known to produce free 
radicals in tissue, and much of the radiobiological 

P- 
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 
maxlrnum spectral information regarding the 
electron configuration of free radicals, and con- 
stant-flow prwedures are used t;a regenerate hnrt- 
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 pratein 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 preodontobldc 
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 H3- 
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 plday). 

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, Ha-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 Ha-thymidine injection and in the ex- 
perin~cntal marrow within 5 min after the release 
of the clamps. Heavily labeled small lymphoid 
cells began to appear in the experimental marrow 
at 2 to 3 hr post Ha-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 

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 H3- 
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 H3-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. Pn 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 z 3 0  hr after their ap- 
pearance in the peripheral blood. 



In relatd stuxes on leukemic padenby tritiated 
cytidine is being used for in vitro labeling of the in- 
dividuals' own cells. Upon autotransfusion of these 
cells, their disappeaxance 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 ARKHNERATIVE 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 SP9, 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 Fe59 
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 
bow el Lu 1.1 y puxia. 

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 Fern-labeled stores is 
under study. At present no curative agent fbr 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 (I j Manganese accumulates in mto- 
chondria where it is essential to many steps of oxi- 
dative phosphorylation. (2) This metal stimulates 
the synthesis of cholesterol. (3) Its radioisotope, 
Mn5", becomes incorporated in hemoglobin heme 
and can label a single generation of red cells in viuo. 
(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 Mn5". 

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. I t  was thought 
therefore that one of the tributaries to the gastro- 
intestinal canal (i.e., biliary excretion) might func- 
tion as a s~irragate 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 dietarv 
supply of the element. 

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- 

INTERRELATIONSHIP OF SODIUM tivity to salt in man would explain, at least in part, 

AND GENETICS WITH HYPERTENSION the observed fact that whereas some human beings 
are remarkably responsive to increments and dec- 

In the studies oriented toward the significance rements of salt, others are notably unresponsive. 
of the role of sodium in the pathogenesis of human Despite the fact that salt consumption precipi- 
hypertension, it has been observed repeatedly, tates hypertension in rats of the Sensitive Strain, 

Figure 10. Measurement of blood pressure in rats made hrpertensive 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 hlminating 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 
Nazz or NaZ4), or (3) by differences in the biologi- 
cal half-life of Nazz 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 



hypertension, and there is no evidence of grass ac- 
cumulation of sodium in the hypertensive animal. I e, 

Furthermore, a number of hypertensive human 4 

8 8 

beings who did not have a prolonged biological i,,j8 
half-life for NaZ2 have now been observed. This 
study was an extension of earlier studies in man 
in which a statistically significant increase in the a , ,  
biological half-life of NaZ2 among hypertensive 31 i subjects was observed. The exceptions found re- iFi 
cently suggest that such an increase is not a neces- U 
sary correlate of the disease, and this finding is in 11 

' L  

keeping with the observation in rats. L 

In patients with hypertension, vascular hyper- s L # 

reactivity is usually present, but it has always been 
uncertain whether this preceded or followed the Figure 11. Survey personnel examining Marshallese. 
disease. If it preceded the onset of fbk hygefien- 
sion, this could play an important role in the 
development of the high blood pressure. Norno- white blood cells and platelet levels that occurred 
ten&ve rats ofthe Sen&tive Strain have an early was followed by rapid increase during the 
increased blood p-me response to vasocomtric- ensuing months, but a slight deficit still persists in 
tor agents before salt feeding as compared with the mean levels of these ekments compared with 
animals of the Resistant Strain. It seems probable levels in the unexposed population. (c) Growth 
that innate vascular hyperreactivity is part of the and development studies have shown a slight re- 
genetic component that characterizes those rats tardation in the exposed children, particularly in 
destined to become hypertensive and that this may males exposed between 15 and 18 months of age. 
have a bearing on the process of essential hyper- (dl of late effects, such as leukemia, Pre- 

' 

tension in man. mature aging, cataracts, and genetic effects, have 
had largely negatiwe d t s ,  although some of the ,i 

MEDICAL STUDIES OF THE PEOPLE exposed women had an inmewed incidence of mis- 

OF THE MARSHALL ISLANDS ACCIDENTAUY carriages and stillbirths during the first few years 

EXPOSED TO FALLOUT after exposure. (e) Development of thyroid nod- 
ules in three exposed teenage girls (not scen i n  

Annual medical surveys are carried out on the nonexposed girls) is being investigated. (f) Beta 
people of the Marshall lslands who were acci- burns of the skin healed within a few months, and 
dentally exposed to f i o u t  in March 1954. Con- in persons with epilation hair regrew by six 
siderable knowledge of the effects of fallout radia- months. A few skin A d n a  pe'mist in some p p l e  
tion on human beings has been gained from these in the form of scarring and pigment aberrations 
studies, which are conducted under the auspices of but with no indication of malignant changes. (g) 
the Division of Biology and Medicine of the U.S.  isotopes absorbed internally were rapidly elirni- 
Atomic Energy Cormmssion and under the direc- nated during the first few years, but since the re- 
tion of the BNL Medical Department, with the turn of the people to Rongelap (1957) low but 
assistance of medical and technical personnel h m  detectable levels of CslS7, Zns5, and SrsO have been 
the Trust Territory of the Pacific Islands. Gamma present in both the exposed and unexposed groups 
radiation with hemopoietic depression was the as a result of low-level contamination of the island 
most serious consequence of the exposure; beta plant and marine life. 
burns of the skin, although partly disabling, were In the 1964 survey peripheral blood and skin 
less serious; and internal absorption of radioiso- cultures fbm irradiated individuals were obtained 
topes appeared to be the least serious of the on Rongelap Island, and the samples were bm~lght 
hazards. Other findings over the past 10 years in- to this Laboratory for cytological studies on the 
clude: (a) The gamma radiation (highest dose, effects of ionizing radiation in producing altera- 
175 rads) does not appear to have been related di- tions in numbers and aberrations of chromosomes. 
rectly to the deaths, illnesses, or diseases that have Initial observations indicate that certain aberra- 
occurred. (b) The marked depression of peripheral 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 
sh~ltdowns 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 incidence 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 ~ e a m  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 bas& 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 theii 
correct positions; and the exit air filters were tested 
with dioctyl phthalate aerosol to confirm their 
satisfactory performance. 

nilring the long holiday shutdown, work was 
largely completed on a program to optimize the 

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 thk 
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. 



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 wemperformed 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 

, j-jlid-~tatc Jciiices. m 

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. 

TOTAL COSTS 
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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 heen carried out to study radiation 
damage versus thermal neutron dosage. 

Rensselaer P~lytechriic 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 UZ3', 
1.5 g). Nitrous oxide is being used as the dosimeter. 

A second in-core lnnp hay 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- 
tercsting information cnn'bc obtained without'tl~c 
prcscncc of uranium. In this loop thc cncrgy 
dcposition in thc proccss gases is due 011ly LO IICU- 

trons and gamma rays from the reactor. 
In addition, stat~c 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 ~esearch'  Laboratory. . Long-term ir- * 

radiation is in progress of special alloy specimins 
at reactor ambient temperature. u p o n  removal 
from the reactor the specimens. will be returned to 
NRL for an evaluation of radiation damage effectc. 

Bell Telephone Laboratories. Studies have been 
successfully made of the magnetic and crystal struc- 
tures of KRe, T,O,, V,O,, and hiibnerite at liquid 
helium temperatures. 

General flec.tric Company. Uuring fiscal 1'364 
the General Electric neutron spectrometer was 
used for investigation of (I)  the magnetic struc- 
tures of manganese alloys of composition .Mn,X, 



Table 1 ( 

Summary of Reactor Use Charges 
I 

Use charges (in thousands of dollars) 
' Percent Dollar 

0 100 200 300 400 500 600 700 of total usage amounts 

where X=Sn,  Ge, or Rh (a continuation); (2) 
the A-A interaction in spinels Coi04, CoAl,O,, 
and FeA1,04; and (3) the structure of calcia-sta- 
bilked zirconia, b i t , ~ r , - , ~  ,-,, with 0.13<x<0.19. 

Fiscal 1964 

outside Organizations 
Irradiation Service Group 
BNL Research Departments 

Physics 

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 continuc, in line with the 
AEC's policy of noncompetitibn 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. 

The distribution of the sei-vices covered in Table 
2 is presented by type of customer in Table 3. No . 
significan't or marked changes are apparent. 

9.0 . $ 108,952 
4.0 40,992 

60.0 647,930 

I 

I 

Chemistry 

. . 

Nuclear Engineering 
Biology 

Fiscal 1963 

8.0 94,620 
15.0 169,100 
4.0 40,860 

100.0 ' $1,102,454 

9.5 $ 100,996 
3.1 .40,992 

58.9 688,002 
9.8 1 10,520 

15.6 , . '  182,927 
3.1 40,860 

100.0 ' $1,164,297 

5.7 $ 65,156 
4.6 5 1,739 

63.2 724,096 
9.7 11 1,870 

13.0 149,008 
3.8 43,500 

100.0 $1,145,369 
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Outside Organizations 
Irradiation Service Group 
BNL Research Departments 

Physics ' 
Chemistry 
Nuclear Engineering 
Biology 

Fiscal 1962. 

Outside Organizations 
Irradiation Service Group 
BNL Research Departments 

Physics 
Chemistry 
Nuclear Engineering 
Biology 
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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 64 1 75,918 
Processed radioisotopes 44 1 72,032 376 72,726 349 59,926 
CoG0 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 22 36 . 24 
Universities 25 2 1 2 7 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 , ~ 6 0 0  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, ~ 3 3 %  were for the 
Medical Department, 2 1% 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 ~ $ 3 9 , 4 9 5 .  The 
year-end inventory ofburchased stable isotopes 

($22,900) was much s111a1ler ' ~ h a n  last yea~%'s 
($32,900), since consumption during the year 
($17,700) exceeded new purchases ($7700). The 
stable isotopes loa11 a g r e e ~ ~ l e ~ ~ t s  col~tinued to de- 
crease, going from 39 to 33 in number and from 
$180,000 to $1 29,000. 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 19G4, 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 



uranium-bearing samples have been irradiated, 
and the program will be terminated early in fiscal 
1965. 

BNL-3 I :  Radiation Damage in Pure Iron, Iron 
Alloys, and Pure Niobium. This program, ap- 
proved 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 a t  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 U233 
received during the year. 

As mentioned 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 fbel ele- 
ments. Since this vendor is located on the West 
Coast, frequent inspection trips and close surveil- 
lance by Brookhaven personnel were not possible. 

I Table 4 

Source and Special Nuclear Materials on Hand 
at End of Year (in kilograms) 

Fiscal year 

Station BRL 

Natural U 
Depleted U 
UZ35>75% 
UZ35< 75% 
U233 
PU?39 

Th 
Heavy water 

Station BRG (Graphite Reactor Fuel) 

Station BRM 

An order was placed for 140 HFBR he1 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 U235 content. It was initially used 
for inspection of the two fuel element orders, but 
it is 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 ~Vuclear 
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 U235, 
1 124 kg of natural uranium, and 1 15 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 



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 IAEA and the 
U.S. Department of State, shipment has not yet 
been made. , , 

. . 

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 material 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. 

~ e d i c a l  ~esekch  Reactor 

The Medical Research Reactor ( M R R )  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. 
F'igure 2 illus'trates 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.$ree seedlings, the application of neutron radi- 
ography to biological materials, and thermal neu- 
tron irradiation of bacteria. The pneumatic tube 

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 poteritially 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 he1 
burnup is still <5%, and discharge of he1 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  p )  was introduced 
into thc air exhaust system, and relalive s.erosol 
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 i'nstallation to be 
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Figure 2. Use of the MRR. 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 tandemVan 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 Safeety 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 spectrnmeter, and a flliorimeter 
.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 ~ 7 2 0 0  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- 

aging procedures have been adjusted so that all 
vaults now meet ICC requirements for rail ship- 
ment. A I-yr accumulation of 38 vaults-weighing 
330 tons and containing ~ 7 5  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 x pCi/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 Ar4' and 
0.0062 Ci of 1131 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 

Total 

*Exposure index = 1/2 of P exposure in rads + y ex- 
. posure in R + neutron exposure in Rem. . 



Table 6 

Summary of Liquid Waste Data 

Fiscal Fiscal 
1964 1963 

-- - 

Input to filter beds, gal/day 844,000 
Output from filter beds, gal/day 666,000 
Net loss in filter beds, % 2 1.2 
Stream above discharge point, 

gal/day 74,000 
Stream at site boundary, 

@/day 775,000 . 
Rainfall, in./mo 3.0 
Activity concentration at  input 

to filter beds, Ci/cc ~ . o x ~ o - ~ ~  
Activity concentration at output . . 

from filter beds, Ci/cc 1 . 0 ~  I U - I ~  
Activity concentration at site 

boundary, Ci/cc 0 . 8 3 ~  lo-'' 
Activity at input to hlter beds, 

.mCi/mo 9.7 
Activity ai output from filter be&, 

mCi/mo 7.8 
Activity at site boundary, mCi/mo 7.4 

Figures are averages for each fiscal year. 

haveincreased 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 incrcascs in intcnsity are madc. 

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 2/3  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 
bc broltcn down into 3 componcnta of 1.5, 0.3, 
and 1.6 mR/wk due to background, Ar4' from 
the BGRR, a r ~ d  h e  forest source, r.espec~ively. 
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 pas1 several years, dle 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. 
Sach of'the ad hoc safety 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 # - 

Central Design 1 8 1 
Nuclear Engineering 6 2 1 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 Zaboratory'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 

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 1 10,000 ft3 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 side on a 
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 deuterium. 

Two of these targets were later modified to in- 
clude a larger (400-liter) reservoir to reduce the 



number of fillings necessary and thus keep the 
temperature and density of the liquid in the target 
constant to 1 part in 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 h'as 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 delivei-ed. 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 fabrication 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 lb and 
of the copper 20,000 lb. The design fie1d.i~ 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 ~ 2 6 0  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 devic,e 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 p e c  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 ~ 4 0 0  ft of vac~iilrn 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 4X lo6 cycles. Qne remote cycling air 
1nr.k 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. Tncreasingly these operations must be per- 
formed remotely. Some of the special-plirpnse 
handling devices in va.rioi~s 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 U0,-Tho, 
lattice experiment, a miniature lattice assembly for 
UO, fuel, the Mark I1 Soui-ce 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 thc 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 ma.gnetnhydrodynamic test devices and on 
the design and construction of a test device for the 
rotating fluidized-bed missile propulsion reactor 
concept. 

~nvesti~atibns are in progress on a high-flux re- 
actor to accommodate large in-pile. loop and 
capsule experiments. The possibility of modifying 
the BGRR to obtain an increased neutron flux 
is being studied. 

* 

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 fuels in 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 oi'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 spcctromctcr 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 k3.seconds of arc. The 
final design .and fabrication will be subcontracted 
shortly. 



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 Arne 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 
oliginally planned to make the horizontally 
shafted rotor of a cadmium-magnesium alloy. 
However, by using the alumlnum-forging-cad- 
miurn-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 p 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 Biol~gy Department. Other projects includcd 
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 moving h 200-ton largc-apcrture 
magnet. . . 

Most of the personncl assigncd to the Bubble 
Chamber Group have been involved in the opera- 
tion of the 20-, 30-, and 80-in. bubble c11ambe1.s a d  
also in their modification and improvement. Exist- 
ing film-reading equipment is being adapted to . 
rolls of larger size, Members of this group pnrtici- 
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 Uivision : on-si te: 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 
Cosmotron 

Biology 
Chemistry 
Instrumentation and 

Health Physics 
Medical 
Nuclear Engineering 
Physics 
Reactor 
Miscellaneous 
Outside contracts 

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 ~ 3 0 %  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 ~ 2 2 %  below 
that in fiscal 1963. The backlog was still divided 
~ 7 0  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 ~ $ 4 0 0 .  While the orders covered work 
for 12 departments, the Physics and Nuclear En- 

gineering Departments and the Cosmotron Divi- 
sion accounted for ~ 8 5 %  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 ( ~ 3 0 % )  
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 



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-crystalspectrometer 
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 I. 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- 

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 Yo 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 fumesfrom 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 Infbrmation 
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 a IIZW 

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 Bibli- 
ografihy on the Efects oflonizing Radiations on Plants, 
1896-1955 (BNL 504); information will be stored 



in the computer so that indexes can be issued reg- 
ularly or on demand. 

In  the Classifikd 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 
Classzjied 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 ~ 3 0 0  itefns, 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, 
7 10 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 exchanged 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 ~ 1 9 %  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 2 7 20 19 
Patent applications 14 12 7 

the increas-ed activity in high energy physics as- 
sociated with the completion of the 80-in. bubble" 
chamber, coupled with the normal growth in tiie 
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 lcvcl 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 production 
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 demand in this area the operalirlg slaK 
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 n 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 additional space for the Photography 
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- 



Table 10 

Fiscal year . 

- - -  

Table 11 

Fiscal year 

Photographs . 12,100 12,937 
Photomicrographs 1,799 2,290 
Lantern slides 13,883 15,423 
Prints 50,990 58,275 
Photostat-Xerox copies 210,680 185,804 
Film processed, ft 4,525,997 2,289,985 
Charts and graphs drawn 5,038 6,164 
Motion picture footage 14,794 
Ozalid prints 55,271* 140,981 

*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 l,ocation, 
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 mime.ogra.ph, 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 ul  ma- 
chine on a self-service basis principally for repro- 

Offsetimpressions 13,304,220 13,709,625 11,207,710 
Mimeo impressions 1,430,5 10 1,72 1,044 2,283,530 
Ektalith impressions 3,715,548 2,008,140 - 
Sheets collated 

and bound 9,035,573 6,773,150 3,363,100 
Reports and booklets, 

copies produced 92,625 ' 75,905 100,725 

duction of engineering drawings and other mate- 
rial requiring large sheets. 

Three persons were added to the Graphic 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- 
111ercia1 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 JVO. 16, 
Meristems and D~fferentiation, BNL 
805 (C-38) 262 1,179,000 

Annual Rqnrt ,  July 1,  1963, BNL 806 
(AS- 1 7) 212 508,800 

International Conference on Fundamental . 
Aspects of Weak Interactions, BNL 
837 (C-39)  474 616,'200 

Final Safely Analysis ~ e j o r t  oh the 
Brookhaven High Flux Beam Research 
Reactor, BNL 7661 (in 2 volumes) 636 254,400 



Adminktration and Operations 

The management operations reviewed in this The number of salaried visitors as of May 31' 
section have been carried out in a manner de- reached a new high due, in part, to an increase in 
signed to facilitate and encourage the research postdoctoral Research Associate appointments 
activities of the Laboratory's scientific staff. which carry limited terms. During the year, 41 

recent graduates began appointments as Research 
Associates, and 36 terminated or.were transferred. 

PERSONNEL o f  the latter, 10 were promoted to the regular 

Scientific Staff and Students 
staff. 

Although the number of nonsalaried appoint- 
ments continued to increase, the number of ,guests 
participating at the Laboratory on a full-time 
hasis 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 

For the second successive year, the number of 
regular staff. members and salaried visitors at 
Brookhaven increased by ~ 1 0 %  during the 12 
rrlurlths ending May 3 1. Comparati<e 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. 

Table 1 

Scientific Staff and Students on May 31,1964 and 1963 

Visitors 

'Regular staff Salaricd 

1964 1963 1964 1963 

By appointment category 
Staff 

Senior Scientist 
Scientist 
Associate Scientist 
Assistalll Scier~iisi 
Research Associate 

Students 
Junior Research Associate 
Research, Assistant 

Total 

'By academic degree 
Ph.D. or M.D. 
Master 
Bachelor 
No degree 

*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. 



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 Less than 1963 Summer 
3 months 3 months program Total 

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 7 1 13 

Industry 
Other institutions 

Total 

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 lhe Oil, Chemical, and Atomic Workers In- 
terna.tinna1 Union (Local 8-652) and the Long 
Island Guards Union. 

95 196 79 489 142 different 

118 203 96 603 203 different 

. 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. 

Tlie 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 

Total contracts in effect June 30 92 88 88 
No. of cul~sultants used 6.7 60 59 
No. of man-days of service 626 761 577 



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 Figure 1). Early in 
calendar 1964 BNL passed the 3000 employee 
mark. For the year, a total of 453 employees joined 
the Laboratory toJill new employment opportu- 
nities, replace retirees, and fill other vacancies. 
The Laboratory's population, excluding tempo- 
rary appointccs, research collaborat~rs, a.nrl p i ~ s t s ,  

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 cunducted for first-line supervisors 
and other management persdnnel. A series of 
supervisory scminars Lased on the importance of 
guud hiii?ian 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- 

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- 
r n t o ~ . ~ ' s  let iremerit  plan. Previously, the CKEF 

Table 4 

Employment Statistics* 

June 30,1964 June 30, 1963 

Scientific staff 516 
Professional staff 323 
Nonscientific staff 2226 

Total 3 065 

1964 
Annual 

rate 
Turnover data Number (%) 

19G3 
h111ua1 

rate 
Number (%) 

Accessions 

Scientific staff 120 24 127 28 
Professional staff' 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 . 37 13 
Nonscientific staff 174 8 165 8 

Total 298 10 291 11 

Net Ac.c.essin_nr 

Scientific staff 39 8 , 38 8 
Professional staff 26 8 4 1 15 
Nonscientific staff 90 4 238 12 

Total . 155 5 . 317 12 
-. . . .--- 

*Figures do not inc~udc 87 telllporary 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 cdntinued 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 Beii~n Rcscarch Reactor 
Chemistry Building 
Instrumentation and Health Physics Building 
Controlled Environment Laboratory 
Physics and Mathematics addition 

to the Physics Building 
Water treatment plant 
Steam plant addition 
Low-level radiation counting facility 

for clinical research 

Sn addition, engineering work will begin this 
summer on a tandem Van de Graaff accelerator 
facility whose cost is currently estimated at 
$1 2,000,000. , 

The contracts for architect-engineer and con- 
struction work were held by the AEC and adrnin- 
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 ?cted 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, cdntingent on congressional appro,val, 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 currcntly under way. 

Smaller projects initiated or undertaken during 
fiscal 1964 amounted to $1,300,000 under the 

General Plant Projects program. There were more 
than 150 of these minor additions to, or modifica- 
tions of, research and suppprting 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 ~ e t a l l u r g y  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 Divj-. 
sion. to coordinate many of these projects. 

Early in 19.64 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 Gaxr~~lla Radiation Loop Facility 
HIRDL addition 

During the spring of 1964 the Division assisted 
thc Accelerator Depart.ment 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.trave1 
arrangers, landscapers, and many others. 

During the past year the Plant Maintenance 
Division initiated and substantially completed 195 
major maintenar~cc projects and/or facility modi- 



fications at a total cost of ~$800 ,000 .  These proj- 
ects included the incorporation of 4 buildings into 
1 to provide additional shop areas fok 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 ~ r d u ~ ' 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, arid 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% iricrease in lines and 
the 2% increase in telephones comp.are 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 

Type of work 
productive Ptrcent of Productive Percent of 
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 s~ippnrt 88 23 81 23 
Building janitor services 67 18 64 18 
Uecontamination 6 2 5 1 
Hot Laundry operation 7 7 7 2 
Confcrt~~ceb arid miscellane~us servlcm 7 2 5 1 
'l'elephone and telegraph services 12 3 12 4 
Transportation, housing, and mail services 34 9 32 10 

Total 373 100 353 100 

Table 6 

, . Costs of Supplies, Materials, and Contracts 

Fiscal 1964 Fiscal 1963 

Maintenance and utilities materials 
Major maintenance materials and contracts 
Facility improve men^ rr~aterials 
Building janitor supplies 
Decontamination 
Hot Laundry 
Fuel oil 
Electricity 
(hsoline 
Telephone, teletype, and mail 
Housing and cafeteria 

Total $3,554,5 1 1 $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 andreplaced 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 hnc- 
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 hroblem was conducted by Gibbs and 
Hill, Tnc., of New Ynrk to recommend methods for 
preventing recurrence of incrustating deposits 
which have clogged the Laboratory's water-supply 
wells and causcd a falloff in pumping capacity. 

The utilization of man pow& and the distribu- 
.tion of costs within the Plant Maintenance Divi- 

sion for fiscal 1963 and 1964 are analyzed in 
Tables 5 and 6. 

SECURITY AND PLANT PROTECTION 

The Security and Plapt 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, ~ 8 0 0  Laboratory employees and 
affiliates had active "Q" clearances and ~ 3 0 0  
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 increasein 
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 been continued. Train- 
ing ofthe 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 1 6 5 .  
Responses off si te 5 7 7 
Investigations 47 70 49 

Total 204 286 221 



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 7 5, 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 $2 1,800,000 $24,900,000 
Number of receiving actions 41,435 42,697 

. Number of stores issues 25 1,584 149,255 
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 prvcesses 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 procuremint 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 Moteriel Division 

The 3upply a11J Pviate~*iel Divisiul~ alsu U I I ~ C I -  

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 11, now urder way, elltails a lllore critical 
review of key areas (flagged in Phase 1) 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 
system utilizing prepunched cards. Plans are in 
progress to operate outlying stockroonls 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- 
vcntory rcporting. Thc ncw Invcntory Managc- 
ment program has been debugged to the extent 
that machinc~cnlculatcd rcordcr 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- 
tcmber 9-1 1. This was the first meeting sponsored 
by the International Atomic Energy Agency to be 
held in the United States; it was attended by ~ 1 5 0  
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 Hnnnrable 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 11-1 2; AEC Meteorological 
Activities Conference, May 19-2 1 ; 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 Cu~lln~ittee on Rcnctor Safeguards Suh- 
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- 

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 1 1, 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 3 1 ; 7 Rus- 
sian solid state physicists, February 11-1 2; 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 z 1000 persons repre- 
senting 28 professional groups and z 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.1-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 thc courtesy 



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 

from its extensive film library. 



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 designatediby 
(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 

Dzfferentiation BNL 805 (C-38). 
International Conference on Fundamental Aspects of Weak Zn- 

teractions, Brookhaven National Laboratory, September9-11, 
1963. BNL 837 (C-39). 

Brookhaven Lecture Series: 
23. Neutrino Physics, L.M. LEDERMAN. BNL 787 (T-300). 
26. Trace Metals: Essentiul u7 Detrimental to Life, G.C. 

COTZIAS. BNL 828 (T-323). 
31. The Nuclear Reactor Come of Age, J. CHERNICK. BNL 

838 (T-329). 
34. The Biology of Aging, H. J. CURTIS. BNL 854 (T-940). 

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 

ADAIR, R.K. - See LEIPUNER, L.B. 
ADAMS, R.R. - See PLOTKIN, M.; SPIRO, J. 
ALFF, C., NAUENBERG, U., NUSSBAUM, M., RATAU, J., 

SCHULTZ, J., STEINBEKGEK, J., ICIRSCA, L., PLAHO, R., 
BERLEY, D., AND PRODELL, A.G. ZO-A0 relative parity. 
(A) Bull. Am. Phys. Soc. 8, 514 (1963). 

'Also included are those listings from the last annual report 
[BNL 806 (AS-1 7)] fnr which complete reference information 
was not then available. 

BARGE, D.A., CHU, W.T., LEIPUNER, L.B., CRITTENDEN, 
R.R., MARTIN, H. J., KERNAN, W., AYER, F., MAR- 
SHALL, L., A N D  LI, A.C. K--p interactions at 2.00 
BeV/c. (A) Bull. Am. Phys. Soc. 9, 441 (1964). 

BARGE, D.A. - See also CHU, 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., 
Editors, Atomizdnt, Moscow, 1964. 

BARTON, M.Q., BENNETT, G.W., COTTINGHAM, J.G., 
ENRIGHT, A. J., GLENN, J.W., HARRIS, J.L., MORGAN, 
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