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This report was prepared as an account of work sponsored by an
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usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
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process, or service by trade name, trademark, manufacturer, or
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recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
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SUMMARY

Part I summarizes the purpose of the contract, which is concerned
with the operation of the 6-GeV Cambridge Electron Acceleratof.
Changes in the administrative organization of the Laboratory are also
reported. Part II summarizes accelerator operation, and indicates
thaf ﬁhe total number of user-hours was 2741. Part III describes the
general natures of the 30 experiments that were in progress or in
preparation. Part IV lists the érincipal improvements made in the
accelerator and in the associated faciiities. Part V summarizes the
progress made on Project Bypass, and shows that long-term storage up
fo 30 minutes at 3 GeV and multi-cycle injection affording a build-
up factor exceeding 100 were accomplished successfully. Part Vi
deals with safety, and indicates that there were no lost-time acci-
dents and no excessive radiation doses. Part VII deals with the
Sixth International Conference on High Energy Accelerators, held at
Cambridge, Massachusetts, on September 11 - 15, 1967. Part VIII

lists publications resulting from work done at the CEA.

DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED
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PART I - INTRODUCTION

This report summarize; work done under the Harvard - AEC
Contract AT (30-1)-2076 during the six-month period from July
1 through December 31, 1967. The contract calls for the op-
eration and maintenance of the CEA 6-billion-electron-volt
synchrotron and for designing, procuring, installing, and op-
erating various facilities essential to the experiments to be
performed here.
Professor Karl Strauch of Harvard University became Director
of the Cambridge Electron Accelerator on October l, 1967, suc-
ceeding Professor M. Stanley Livingston who resigned to become
Associate Director of the National Accelerator Laboratory.
The general policies of the laboratory are determined by
a joint M.I.T. - Harvard "Executive Committee of the CEA",
comprising the following:
From HM.I.T.: *Prof. Bernard T. Feld (after Oct. 1967)
' Dr. Carl F. Floe
*Professor Jerome I. Friedman
*Professor Francis E. Low (until Oct. 1, 1967)
*Professor Victor F. Weisskopf
Dr. Jerome B. Wiesner
From Harvard: Dean Franklin L. Ford
: *Professor Sheldon L. Glashow (until Oct. 1,1967)
*Professor Francis M. Pipkin
*Professor Karl Strauch (until Sept. 1, 1967)
ilr. L. Gard Wiggins

*Professor Richard Wilson (after Oct. 1, 1967)
*Professor J. Curry Street (after Oct. 1967)

*Denotes member of Scientific Sub-Committee
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In the months preceding September 30, scientific policies
wefe established by a Scientific Committee which consisted of
-the Scientific Sub-Committee and also Dr. Robert K. Adair {(Yale),
Professor Richard H. Milburn (Tufts), Dr. Thomas L. Collins (CEA),
Dr. M. Stanley Livingston (CEA), Dr. GustanAdolf Voss (CEA) and
Mr. C. W. Wooldredge, Jr. (CEA).

As of October 1, 1967, the choice of the physics program
became the direct responsibility of the Director. To advise him
in the selection of the scientific program the new Director es-
tablished a "Cambridge Electron Program Advisory Committee®
(abbreviated CEPAC) that is to. meet periodically, consider the
various high-energy physics experiments underway or proposed,
consider other major activities underway or under discussion,
and advise the Director as to which experiments, etc., should be
undertaken and their relative priorities. In addition to Prof.
Strauch, this Committee includes the following:

Dr;vSamuel Berman, SLAC
Professor Louis N. Hand, Cornell Univ.

Professor Louis S. Osborne, M.I.T.
Dr. Burton Richter, SLAC
Professor Julian Schwinger, Harvard Univ. (starting 2/1/68)
Dr. Gustav-Adolf Voss, CEA

Professor Steven "einberg, M.I.T. .
Professor Roy Weinstein, Northeastern Univ.
Professor Richard "“ilson, Harvard Univ.
Professor Donald Yennie, Cornell Univ.

Dr. J. M. Paterson, CEA (Secretary)

The Committee held its first meeting on October 20 and 21,
1967. It reviewed the previously approved experiments and discussed

some new proposals. As a result of these discussions the following




- 4 - CEAL-1039

new experiments were approved by the directr:

1l. 103h Compton Scattering at High Energy and
Small Momentum Transfer (Brenner-Walker)

2. 1ll6c Photoproduction of K~ on H at 20° (Yale)

3. 118d Photoproduction of p-pairs to High Mass
Values (Northeastern)

4. 118g Check of Iron Spectrograph (Northeastern)

In October, Dr. G. A. Voss, Assistant Director of CEA became
responsible for the Operations and Development Division. Working
directly under Dr. Voss, Dr. H. Winick assumed responsibility for
Operations and Dr. J. M. Paterson became responsible fbr management
of the éxperimental floor area and the coordination of the experi-v
mental program. Dr. G. A. Voss has a special responsibility for
the design, construction, and putting into operation of the collid-
ing beam facility, i.e., Project By-Pass.

Dr. T. L. Collins, on loan to the N.A.L. since the summér of
1967, resigned as Assistant Director of CEA as of January 1, 1968
to become Assoc. Directof of Accelerator Division and Head of
Engineering Services at the N.A.L.

Day-to-day priorities in assignment of 8-hour shifts of
acceierator time to experimenter groups were determined by the
CEA Scheduling Committee, which included the following:

From M.I.T.:  Dr. Raymond Alvarez
From Harvard: Dr. James Walker
From CEA: Dr. Gustav-Adolf Voss (through Sept. 1967)

Dr. Herman Winick (starting in Oct. 1967)
Dr. William A. Shurcliff, Secretary
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A Long Range Planning Committee was formed in December 1967
to examine and plan the futﬁre needs of the Laboratory. This com-
mittee, consisting of 11 senior members of the Laboratory repre-
senting all main activities, meets once a month.

On December 1, 1967, a small Scientific Programming Group was
formed for the purposé of providing computational support for the
staff and users of the CEA. At present the group conéists of one
physicist, J. W. Koch, who joined the CEA in August 1967, and one

scientific programmer.
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PART II - ACCELERATOR OPERATION

During the half-year in question the accelerator furnished
a total of 2741 user-hours. The number of user-hours furnished

per month was as follows:

Number of user-hours
CEA Staff, for

Month in 1967 Experimenters* Beam Storage Misc. Trials

July 0 0 0
Aug. 457 27 22
Sept. _ 46 7 8 44
Oct. 487 25 ’ 37
Nov. 575 12 46
Dec. 464 53 17

2450 125 166

Grand total for six-month period: 2741 user-hours
]

*Here 40 hours of unscheduled parasite time used by Frisch
et al have been included in each month in which the accelerator
was operated. The Frisch experiment employed a very low inten-
sity beam originating in a 2-micron-diameter fiber situated
directly in the synchrotron ring; consequently no schedulinag of
his runswere required and the numbers of parasite hours used by
his group was inadvertently omitted from the recent monthly
reports. Likewise 15 hours of unscheduled parasite time used by
Milburn et al in studving bremsstrahlung scatterlng at Straight
Section 38have been included in each month in which the accelerator
was operated.
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In accordance with plan, the accelerator was out of operation

from June 28 through August 3, 1967, to permit construction (near
Magnet 16) of a special passageway for the bypass beam of the
colliding beam project, and to permit various maintenance. and
improvement tasks to be performed. Accelerator operation was
halted again on December 20, to permit installation of bending
magnets, quadrupole magnets, vacuum pumps, etc., of the bypass
proper, and for various maintenance purposes. |

Accelerator operation was improved in many ways in the éixf
month period in question, as explained in Part IV.

On 11/28/67, using the new linac, we achieved an intensity -
of 33 ma, which is higher than had been achieved before with this

accelerator, and is well above the original design intensity of

21 ma.
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PART IJI - EXPERIMENTS IN HICGH-ENERGY PHYSICS

During the six-month period in question there were 30 experlments
in hlgh energy physics.in progress or in various stages of preparation
or completion at the CEA. These are described below, arrahged in three
groups according to whether use of machine time was (a) completed
before the period in question, or’ (b) underway during the period in
question, or (c) to start in a later period.

A. Experlments in which the use of machine time was completed
prior to the six-month period in guestion.

Alvarez et al (M.I.T.) Experiment 108a: photoproduction of

7t at large angles and measurement of angqular distributions. In a

previous period the investigators completed the experimental phase
of a study of the photoproduction of positive pions, at laboratory
angles of 90 to 160 deqgrees, by means of a 1 to 3 GeV photon beam
incident on a ligquid hydrogen target. They used a large deflecting
magnet, several precision, wide-gap spark chambefs, and other de-
tectors. Data-taking was completed in May, and by Dgcember 31, 1967
_the scanhing of the film with the aid of the SPASS computer program
was about 25% complete.

Some preliminary results were presented at the January 1968
meeting of the Am. Phys. Soc. in Chicago.

Bar-Yam et al (S.M.T.I. and }M.I.T.). Experiment 13a: single

pion photoproduction at c.m. anales of 30 to 90° on deuterium, using

3 to 4 GeV photons. During the period in question the group finished
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ana_yéing and reporting the results of the study. A summary:of the.
‘results was presented at the January 1967 meeting of the Am. Phys.
Soc., and further details were presented in Phys. Rev. Ltrs. 19,
40.(July 3, 1967). One noteworthy result was that tﬁe ratio of
cross sections for.production of #~ and =t is appreciably less
than unity, being approximately 1/2 for certain of the energies
and angles chosen.

Engéls,vHand, Schivell, Paterson et al (Harvard, Cornell, and

CEA). Experiment 10la: vyield of photoproduced neutral kaons at

0 to 10° lab. A beam of 4.25 (or 5. 5) GeV electrons was dlrected

at a 1.0 74 aluminum or beryllium target, and the kaons photopro-
duced in that target, and emerging at laboratory angles of 0 to
10° from the forward direction, were studied by means of a spark
chamber and scintillation counters. Kg particles were regenerated
from ’g particles in a block of copper, and pions resulting from
the decay of the Kg were detected. The runs were made in January -
May 1967 and the data were analyzed in subsequent months. The
investigators found that the_Kg particles were produced in greét
abundance (from ¢ resonances, presumably) and with interesting
momentum spectrum and angular distribution. They found that

when 5.5 GeV electron struck a beryllium target, the flux of
neutral kaons at 2.5° was 5.7 x 107> per steradian per incident
electron. A short account of the results was,published‘in Phys.
Rev. Ltrs. 19, 1349 (Dec° 4, 1967), and a complete account is to

appear in a thesis now being prepared.
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Gettner, Weinstein, et al (Northeastern University). Experiment

l18a: electiroproduction . .of wide—-ancgle muon pairs. The experimental

phase of the work, which included wide angle production of muon pairs
produced ai forward angles of 4 to 10° lab by means of 4.9 GeV
electrons and the exploration of the time-like form factor of the

e-u scattering proczss, was completed in a previous period. The
analysis of results is still in progress. A preliminary account of
some of the work was presented at the September 1967 SLAC Electron
Photon Conference. Further details (e.g., calculations as to
expactations) were presented in a June 1967 theéis "Photoproduced

and electroproduced muon pairs” by P. Rothwell.

Hughes et al (Yale). Experiment 116b: K" photoproduction in

hydrogen and the obtaining of evidence for baryon resonances with

positive strangeness. The experimental phase of the work was completed

in January 1967. It involved a search for evidence for hyperon
resonances of strangeness +1 and strangeness -1, photoproduced by
3 to 6 GeV photons on hydrogen according to the interactions:

Yy + P -+ xt + y= and y + P +K + Z*

The K~ and XK' mesons at 10° lab. were studied with the aid of a
spectrometer comprising focusing magneté, momentum analyzing
magnets, hodcscopes,; and differential gas Cerenkdv counters. The
data showed evidence of ithe existence of several new resonances in
the mass range 1800 to 2500 MeV, with strangenéss +1 and -1. Some
of the results were reported in Phys. Rev. Ltrs. l9,l255 (31 July

1967), and Phys. Rev. Ltrs. 20, 221 (29 Jan. 1968). Other results
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were preéented by K. Strauch at the September, 1967, SLAC Electron
Photcn Conference and by V. Hughes at the September Heidelberg,
1967, High Energy Physics Conference.

Kendall, #rledman, et a2l {M.I.T.). Search for e' particle.

The cyperimental work was done in 1965 and a summary of results is
to appear in a forthcoming issue of Physical Review., The investi-
gaters conclude that they have no evidenée of the existence of the
postulated e' particle.

Von Goeler, Weinstein, Gettner, et al (Noftheastern University).

Photoprcduction of baryon-antibaryon pairs. The investigators

completed the reporting of results on photoproduction of baryoh-
antibaryon pairs by the reaction y + p > n + d, using photons of

4 to 6 G2V eﬁergy. The experimantal work, involving use of the

Moby Dick spectrometer, was completed in 1966. The results imply
antiproton and antineutron photoproduction cross sections generally
similar to cross-sections ifound in earlier experiments. The present
cross-sections are about two orders of magnituvde smaller than
predicted by Drell on the basis of a simple peripheral‘model, but
are much more nearly comparable to predictions based on a recent
modificatior of that model. An abstract of the results was presented
at the September 1267 SLAC Electron-Photon Conference, and a summary
of the results was published in Physical Review Letters ig, 922
(Oct. 16, 1967) by D. Eafles, M. Gettner, G. Glass, Y. Laohavanich,
E. von Goeler, R. Weinstein, and D. Garelick: “Photoproduction of
Antineutrons and Antiprotons for Photon Energy Between 4.0 and

5.7 Bev",
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Wilson, Mistretta et al (Harvard). Experiment 105a: deter-

mination of pion form factor throuch study of inelastic e-p

scattering near the first nucleon-pion resonance. The investigators

completed data-taking in the previous six-month period. They em-
ployed an external electron beam of 3 to 6 GeV energy, a liquid hy-
drogen target, and a two—-arm spectrometer. One arm (Kontiki), which
included a focusing magnet, arrays of scintillation counters, a gas-
filled Cerenkov counter and a shower counter, detected the electron
at 7 to 10° lab. The other arm, employing a sweeping magnet, a
l44-element scintillation counter hodoscope, and a Lucite Cerenkov
counter, detected the pion in coincidence with the electron. 1In

~ the present six-month period the investigators analyzed all of the
data on w° production, and much of the data-on 7~ production. The
five main results of the work on 7° are: (1) The cross-section

fits well with a theory assuming onlv s and p partial wave ampli-
tudes. (2) The cross-section is dominated by the cos (2¢) term,
because of the almost 100% polarization of the virtual photons.

(3) There are significant scalar transverse interference terms.

(4) The y-NN* transition form factor is consistent with either

the magnetic nucleon form factor or with the exponential form

factor proposed by Dufner and Tsai. (5) The electric quadrupole
‘amplitude is between 5 and 13% of the magnetic dipole amplitude,

in reasonable agreement with photoproduction experiments.
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Wilson, Hanson et al (Harvard). Experiment 105c¢: determination

of neutron form factor at low momentum transfer by an anti-coincidence

method. The experimental work wés completed in June 1967. The inves-
tigators used an external electron beam, a liquid deuterium target,
and a coincidence method of detection and analysis. A checkerboard
array of 144 scintillation counters determined the polar and azimuthal
angles of the recoiling proton. The electron was detected by means

of a spectrometer that included a threshold-type Cerenkov counter and
lead-scintillator-sandwich shower counter. Data were analyzed on-
line by the PDP-1 computer. At the end of December the analysis was

still underway.

B. Experiments involving use of machine time in the six-month
period in question.

Brenner, Walker, et al (Harvard). Experiment 103a: wide-angle

electron pair study with tagged photons and a wide-gap spark chamber,
to an invariant mass of 400 (MeV/C)2 (198 machine hours); The ex-~
perimental method involved use of a tagged photon produced with

the aid of momentum-analyzed positrons; the individual positron (of
known energy) strikes a thin target and radiates by bremsstrahlung
process; an open-sided tacging magnet (momentum analyzing magnet)

and arrays of scintillation counters permit determination of the
energy of the spent positron and, by subtractipn, the energy of the
bremsstrahlung photon. This tagged photon is put to use as follows:

it is caused to strike a target .of carbon (or liquid hydrogen) and
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produces here an electron-positron pair; an adjacent spark chamber
shows the initial directions of these two particles, and a second
spark chamber, situated within the large gap of a ZOO—ton H-type
magnet, permits determination of the momentum of each particle;
an array of 8-ft.-wide spark chambers with high-2 plates permits
distinguishing electrons from pions. By the end of June 1967 the
group had evolved satisfactory means of photographing tracks having
different obliquities and very different brightness. - Data taking
took place in September and October of 1967. A total of 3000 elec-
tron-pair events at production angles exceeding 1.8° were recorded.
Analysis is expected to be completed soon.

Brenner, "alker, et al (Harvard). Experiment 103h: study of

small—angle Compton Scattering of Photons, at 2 to 6° lab, from

protons. (150 machine hours). The investigators use tagged photons
(of known energy, from 2.0 to 4.6 CeV) and meésure the energy of the
écattered photons by converting them to electron-positron pairs

and determining the eneray of these with the aid of a wide—gap

spark chamber and the Jolly Green Giant magnet. The equipment is

in place and trial runs were made in December 1967. Data taking is

expected to start early in 1968.

Deutsch et al (M.I.T.). Experiment llla: proton compton effect.

(109 machine hours). Most of the experimental work on this study of
Y-p scattering at 65° c.m. was done in the first half of 1967, but
some additional data were taken (at energies of 2.0 to 2.7 GeV) in

November 1967. The results were analyzed with the SPASS computer
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program. One central finding was that as the energy increases from
0.8 to 2.5 GeV the cross section decreases by almost two orders of
-magnitude, Up to 2.7 GeV the cross section shows no outstanding
features. A preliminary account of the results was presented at
the Septembcr 1967 SLAC Eleclrun Photon Conferénce.

Frisch et al (M.I.T.). Experiment 8a: development of an

internal beam tagging facility. (269 machine'hours), To produce

a stream of tagged, multi-GeV photons along Beamrun 12 1/2, the
investigators employ a 2-micron-diameter quartz filament mounted
near the center of Magnet 12. By remote control, the fiber is
moved into the beam of orbiting electrons (without appreciably
affecting it). An electron that strikes the filament and produces
a bremsstrahlung photon has reduced energy and momeﬂtum and is
deflected strongly by the magnetié field; the electron position is
determined by means of a bank of 20 detectors situated near the
downstream end of the magnet. Xnowing the decrease in energy of
the electron, an experimenter can compute the energy of the photoh
with an accurécy of about t2%. The tagged photons pass into the
Experimental Hall and are employed in photoproductién experiments.
Because the fine wire used is so small, the experimenters can make
runs at almost any time, without interfering with use of the machine
by a prime user and other parasite users. In the previous six-.
mdnth period the special vacuum chamber and mechanism for con-
trolling the position of the filament were completed and tried out

successfully. In September the system as a whole was operated
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successfully, producing ~ 10° taggea photons per second. The energy
resolution was measured and found %o conform to predictions (:2%).
More recently, the facility is being improved by the provision of a
ceramic (rather than an epbxy) vacuum chamber for use in Magnet 12.
Also, a special "cross-over” vacuum chamber for a portion of the
Bypass proper is being developed, to make Beamrun 12 1/2 compatible
‘with the Bypass installation.

Fulmer; Dell et al (ORNL and CEA). Experiment 119: study of

electro-induéed and photo-induced spallation. (4 machine'hqurs). The

investigators exposed foils of uranium, iron, aluminum, and other
metals to a 3—GeV electron beam as part of a study of electro-
induced and photo-induced spallation. The analysis of fission
products of iron was extended to include products with lifetimes as
short as a few minutes. A summary of results, published in Physicg
Letters‘ggg, 140 (8 Jan. 1968), indicates that the graph of mass
yields has two broad peaks with a shallow valley in the symmetric
fission region. At the end of 1967 the investigators were pre-
paring to expose additionél'foils of uraniﬁm, aluminum, and iron.

Hughes et al (Yale). Experiment 1l6c: K photoproduction

in Hydrogen and confirmation of the January 1967 discovery of

-

evidence for baryon resonances with positive strangeness. (25 machine
hours). The group continued preparations for photoproduction and
detection of X~ mesons at 20°'lab (instead of 10° as in earlier
work), ‘They wish to ascertain whether the kinematic shift is in

accord with that predicted for baryons having strangeness + 1. The
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equipment includes a liquid hydrogen target, two.half—quadrupole
magnets, two differential gas-filled Cerenkov counters, three
momentum-analyzing magnets, and a scintillation hodoscope. By
December 1967 most of the equipment had been tried out, and con-
sidération was being given to changing to an angle of 15° 1lab,
instead of 20°, in order that better statistics could be cbtained.
Data-taking runs are to start in March or April 1968.

Kendall, Friedman, et al (Mai.T.). Experiment 113a: study

of elastic e, = scattering with the purpose of evaluating the

short-range structure, or form-factor, of the alpha particle. (164
machine hours). The investigators use an external beam of 1 to
4 GeV electrons and a liquid helium target. The recoiling alpha
particle is detected by scintillation counters, and the scattered
electron is detected by a quadrﬁpole spectrometer that includes
wire chambérs and scintillation counter hodoscbpes° By . December 31
a majority of the components were ready for use and data taking was
expected to begin within a few months, |
Kendall,vFriedman, et al (M.I.T.). Experiment 113b: study

of inelastic e,d scattering with the purpose of exploring the . - .. :-

disintegration of the deuteron near threshold and exploring the
short-range structure of the n,p interaction at low energy in the n,p
center of mass system. (104 machine hours). The investigators use
an external beam of 1 to 4 CeV electrons and a liquid deuterium
target. Essentially the same equipment will be used as for the

e-= scattering experiment 113a described in the previous paragraph.
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Luckey et al (M.I.T.). Experiment 109a: study of photopro-

duction in hydrocen of n°® at forward angles. (419 machine hours)

The photons resulting from decay of the n°® are detected by glass
Cerenkov shower counters mounted on a small spectrometer arm. The
investigators obtained a large volume of data in November and De-
cember 1967 using 4 GeV photons; n° particles emitted at angles of
0 to 18°lab. were measured. The investigators have been preparing
to take much additional data, early in 1968, at photon enerdgies

near 5.6 GeV.

Milburn et al (Tufts). CExperiment 114a Part I: measurement

~of the polarization of the proton recoiling in y + p > p + n° events
in which the pion is ejected at 65° c.m. (194 machine hours). - The
investigators employed (a) a small spark chamber and lead glass
Cerenkov counters for detecting photons from the decay of n°, (b) a‘
magnet and four small spark chambers for determining the momentum
of the recoiling proton, and (c) a lafge spark-chamber, containinag
61 graphite plates, for determining the asymmetry of scattering of
the proton by the carbon nucleus. Data taking occurred in August,
September, October, and the analysis of data is now underway.

‘Milburn et al (Tufts and CEA). Experiment 115a: study of the

production of polarized photons with the aid of a laser. (75 machine
hours). The investigators'continued preparations for exploiting the
method of producing polarized high-enerqy photon beams demonstrated
on a pilot scale in 1964 and 1965. .They will direct a very intense

beam of polarized 2 ev photons head-on -at the 6-GeV electrons in
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orbit in the synchrotron; the photons will recoil with energies as
great as 800 MeV and will retain their original polarization. A
very powerful ruby laser has been obtained; it provides 25 to 30
joules per pulse and may be pulsed once a second. The necessary
glass Cerenkov counters are in place.. To demonstrate that suffi-
ciently low gas pressure may be maintained in the straight section
tank to be used (#38), despite the presence of several glass
‘windows there which make it impractical to use usual bake-out pro-
cedures, the investigators made many tests at the Straight Sectioﬁ
38 location and encountered no circumstances prejudicial to the
success of the laser experiment. Data taking is to start by spring
‘of 1968.

Osborne et al (}M.I.T.). Experiment 109b: study of photopro-

duction of n° by polarized photons in hydrogen. (68 machine hours).

A diamond crystal mounted on a goniometer in the synchrotron ring
will produce the polarized photons, and another goniometer-mounted
~ crystal (much‘larger, and of silicon) will serve as analyzer'for
use in evaluating the polarization of the beam. The photons re-
sultin§ from decay of the 7° will be detected by a Cerenkov counter
hodoscope, and the recoiling proton will be measured by the Moby
Dick spectrometer. The accelerator will be onerated at about 6 GeV,
and the polarized photons used will have energies of about 3, or
possibly 3.5 Gey. The range of four-momentum transfer squared to
be studied extends from -0.4 to -2.0 (GeV/c)Z. Data taking is to

start in mid-1968.
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Pipkin, Randolph, Tenenbaum, et al (Harvard). Experiment

102a: study of wide-angle electron pair production with greater
accuracy than was available earlier. (407 ﬁachiné hours). The
investigators, seeking possible failure of QED at large values of
four-momentum transfer, enjoyed many long and successful data-taking
runs, using a multi-GeV photon beam and a carbon target. Detection
'was accomplished with two largeAspectrometer arms that included
focusing magnets, scintillation counters, and aas Cerenkov counters.
By the end of December 1967 a total of 5000 events, at electron-
pair mass values ranging from 80 to 425 MeV, had been recorded and
the task of analyzing the data was started.

Pipkin, Stanfield, et al (Harvard). Esxperiment 102f:

continuation of study of small-anagle scattering of electrons by

carben. (48 machine hours). This group, seeking additional
information on the form-factor of the carbon nucleus, employs an
external beam of 1.5 to 4.0 GeV electrons, a carbon target, and a
single-arm spectrometer that detects and analyzes the scattered
electrons. By the end of December the investicators were ready to
take data.

alker, Knasel, et al (Harvard). Experiment 104a: total

cross-section for photoproduction of electron-positron pairs with

low momentum transfer. (130 machine hours). The experimental work,

involving photoproduction in carbon, aluminum, lead, and copper,
was nearly complete in the preceding six-month period. In the present

period a few additional runs were made, and the data were analyzed
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and reported in a thesis of December 21, 1967 by T. M. Knasel. The
results indicate agreement of better than 0.1% between experiment
and the most refined theoretical calcuiations for electron pair
photoproduction. (The calculations were based on the relativis-
tically ¢ovariant theory of pair production by Jost, Luttinger,

and Slotnick together with the Dirac-Slater model of atoﬁic
structure). The photon enercies were 1 to 4 GeV. The present work
provides twenty-fold greater accuracy than had been achieved pre-

viously.

Wilson et al (Harvard). Experiment 105b: search for vio-

lation of time-reversal invariance in electromagnetic interactions

involving strongly interacting rarticles. (152 machine hours). The

investigators direct an external electron beam of about 6 GeV energy
at an ethanol-water target (developed by Pound and others at Harvard)
containing polarized hydrogen nuclei. They.measure just the in-
elastically scattered electrons—;by means of a single-arm spectrome-
ter that includes scintillation counters, a Freon Cerenkov counter,
and a shower counter. A small amount of data was taken in December,
and the main dafa—takinq runs were completed early in 1968. The

results are now being analyzed.

C. Experiment in which the data-taking is to start in a later period.

Bar-Yam et al (SMTI, !.I.T. and CEA). Experiment 117a: study

of photoproduction of charged pions on hydrogen and deuterium by

polarized photons. A diamond crystal will be used as internal target

(to produce the polarized photon beam) and the CEA pair spectrometer




CEAL-1039

will be used to verify the polarization. The photoproduced pions
will be detected by the Moby Dick spectrometer eguipped with
-scintillation counter hodoscopes, wire chambers, and a gas Cerenkov
counter. Data taking is expected to start in 1968.
Deutsch et al (M.I.T,). Experiment 1lllb: feasibility study

for the determination of volarization of lambda particles producéd'

+

in vy + p > A° + ¢« by 2 GeV photons. The equipment includes a

magnetic spectrometer, six spark chambers, scintillation counters
for trigger and time-bf—flight determination, and a water Cerenkov
counter for pion rejéction. The group finished most of the assembly
of equipment, and data taking is expected to start early in March
or April of 1968.

Frisch et al (M.I.T.). Experiment 112a: study of photopro-

duction of 27° resonances (f, particles) with tagged photons. The

investigators are using tagged photons from the internal beam
tagging facility in Magnet 12; photon energy is known to within

t2%. The fO particles are produced iﬁ.a 0.1 X, polyethylene target.
The direction of the recoil proton is determined by means of a thin-
foil spark chamber. To determine the directions of the fpur photons
produced in the decay of the two neutral pions, the investigators
find the locations of the resulting showers by means of a spark
chamber containing thick iron plates that have an aggregate thickness
of 7.3Xo° Recent results from DESY indicate that the cross-éection
for f, photoproduction may be much smaller than had been expected,
but expectations are that the same picture will contain other
interesting reactions, e.q., w° photoproduction. Data taking began

in March 1968.
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Milburn et al (Tufts). Experiment 1l4a Part II: measurement

of the polarization of the proton in vy + p - p + 71° events in which

the pion is ejected atA90° c.m. The equipment, most of which is

now in Afea 4, is much the same as that used in the earlier experi-
ment (No. ll4a Part I) deécribed on pace 17. At the end of December
1967 this experiment was inactive--while the investigators were ana-

lyzing the data obtained in Experiment 1ll4a Part I described above.

\
'
,‘, .
s
. .
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PART IV - EQUIPMENT AND FACILITIES

A. Accelerator

During the last half of 1967 we received and installed many
new vacuum chambers of ceramic type. Twenty-one were in use by
the end of July, eleven more were installed in October, and others
were installed later. But although the ceramic segments of the
chambers have performed perfectly, holding a very high vacuum
( ~1079 torr) and showing no radiation damage, the metallic flanges,
or bellows, connecting the segments developed small leaks. Many
of the chambers had to be removed and repaired. We made a study
of the possible causes of the leaks, and concluded that the flex-
ibility of the joints, and their resistance to fatigue from ﬁibra—
tion, was inadequate. Accordinagly we (1) worked out a new and more
compliant design of flange, and (2) installed chamber supports that
reduced the maximum strains and amplitude of vibration. In Sep-
tember we arranged with the supplier to manufacture chambers with
the redesigned flanges, and in November we received two chambers
having the modified desian. By the end of November we had on hand
a total 32 ceramic chamberé of old design and 2 of new design.
Fifteen of the chambers were in use in the synchrotron ring. The
defective chambers that were removed from the ring-were repaired
(at the CEA, in most instances). Thanks to the improved suspension

system used, the lifetime of o0ld chambers has been increasing. The
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chambers of the new design are being received at the rate of several
per month. Of the three new-design chambers on hand and in use by
December 31,-1967, all have performed perfectly to date.

- We completed the installation of the new system of high-
efficiency vacﬁum forelines and Welch turbo-molecular forepumps
for the synchrotron ring.

We ordered from Westinghouse Electric Co. an ultrasonic de-
greaser for use in processing vacuum components to be maintained
at ultra-high wvacuum.

In Auqust two of the coils of the 60-ton inductor of the
magnet power supply fai}ed and were replaced. Three new coils
were received in September and we now have a total of five spare
coils on hand.

A survey of heioht of the 48 magnets of the synchrotron ring
was made in December, and showed that the heights had varied un-
equally by as much as 20 mils since the most recent re-leveling,
done two years ago. (The heights were readjusted again in Feb-
ruary 1968)°

In October we installed four monitors of greatly improved
type in the synchrotron rinq,'to monitor beam intensity énd hori-
zontal and vertical position of the beam. The new type of monitor,
developed at CEA, is superior to the old type in many respects: it
is far more sensitive; it has excellent discrimination against -
backgrounds of many kinds; it is virtually unaffected by prolonged

exposure to radiation; it can be mounted within the flange at one
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FIG. 1 Multi-purpose Monitor for the beam in an electron synchrotron. In
this front view, an end plate and a plug have been removed to show
the loops and their output.
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end of a straight section tank and thus leaves the tank itself free
for other uses; and it can be baked out together with the straight
section. The device consists of four small pick-up loops flanked
by an assembly of four hybrids which, by providing signals (at a
frequency of 952 MHz, i.e. twice the acceierating frequency) pro-
portional to the sums and differences of the signals from the four
loops, furnish information not only on beam intensity but also on
beam transverse position. Thé units installed iﬁ the ring in Octo-
ber. have performed excellently and, in a few months, we hope to
have eight such devices in use, to assist normal operation of the
synchrotron and also'to facilitate adjustments during storage mode

and operation of the bypass system discussed in Part V.

B. New 120 MeV Linac

During July a team of engineers from Varian Associates, with
some assistance from CEA engineers, completed the installation and
tune-up of the new linac which had been ordered in June of 1965
for $864,000. On July 29, 1967) a 24-hour acceptance test was
completed successfully. ~?Jhen operated in the chopped mode,:fur-
nishing one pulse out of six, the linac ran steadily while de-
livering 110 ma at 122 MeV. Measurements showed that 60% of the
beam was within a momentum spread of 1%.

In October we completed the installation of the beam transport
system for guiding thellinac electron beam into the Circular Tunnel,

bending the beam by about 100°, and inflectine it into the syn-

chrotron at Straight Section 29. The transport system includes two
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50-degree bending magnets, various sets of gquadrupole focusing
magnets, steéring'coils, monitors, and a shutte; for isolating the
New Linac Tunnel from the Circular Tunnel. %When the synchrotron
is operated in normal manner, an on-axis, 10-milliradian inflector
is used. The inflector is of gradient type, and pas a turn-off
time of 0.1 us.

We subjected the new linac to many trials, and achieved good
performance. The emittance ellipse, measured during a run at 130
MeV and 106 ma, was found to conform to specifications. One kly-
stron failed and was replaced.

On November 21 we achieved the first successful injection from
the new linac into the svnchrotron ring. BAbout 7 ma was injected
at 125 MeV with an extremely high (about 85%)Acircumferential'
filling factor. On the following day we injected into the syn-
chrotron while it was in cycling mode (see Part V).

On November 28 we succeeded, during nprmal injection from
the new linac, in achieving an intensity of 33 ma of circulating
current in the synchrotron ring. This is well in excess of the‘
previous record at CEA (about 22 ma) and well above the desian

013 accelerated

intensity of 21 ma. (33 ma corresponds to 1 x 1
electrons per second)

In October we completed construction of a master linkage
between (a) the interlock system for the new linac and its tunnel

and (b) the interlock system for the old linac, the synchrotron,A

and associated tunnels.
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C. New Engineering Building .

In December we signéd a $180,000 contract with the L. H.
McIsaac Co. for the construction of an Engineering Building ad-
jacent to the Experimental Hall and tﬁe truck ramp. The bhuilding
is to be used by CEA support divisions in assembling and testing
largé'equipﬁents to be installed in the Synchrotron Area, the
Bypass Area, or the Experimental Hall. The 40-ton crane for this
building was ordered in October. The building is to be completed

during the spring of 1968.

D. Support of Experiments

Much effort was given to routine support of experiments,
installing new equipment to be used by experimenters in the various
areas of the Experimental Hall, and removing equipment ho longer
needed. In particular, in July we installed a new spectrometef
arm for the Kendall, Friedman group, and we received (for use by
Pipkin et al) a $9,000. magnet vacuum chamber. In October we
installed cabling for a new 1 MW supply to‘' power large experimental
magnets, e.qg., the Jolly Green Giant magnet used by Brenner, Walker,
et al. |

In December we completed the rebuilding of the goniometer ;hat
is to support and orient a diamond in the orbitihg beam, (to pro-
duce a polarized photon beam to be used by Osborng et al and by

Bar-Yam et al in the Beam 10 Area).
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In September we ordered a 1l0-watt cryogenic réfrigerator that
will permit direct cooling of hydrogen taragets without recourse to
helium. 1In December we completed setting up a test ring for eval-
uating the cryogenic performance of such equipment. Also, we deve-
loped an improved cryogenic valve that greatly reduces the hazards
associated with use of ligquid hydrogen as target material in a thin-
walled container.

To demonstrate the dangers associated with liquid hydrogen
targets in thin-walled containers, and to point the way toward
better design and better handling, we conducted a number of
rupture and explosion tests at the Holliston, Massachusetts, proving
grounds of the Fenwall Corporation. The tests were completed in

December.
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PART V - PROJECT BYPASS

Introduction

Work on Project Bypass progressed well in the six-month period
in question.

As explained in previous reports, Project Bypass is a scheme
for providing a colliding beam facility (for head-on collisions of
electrons and positrons) that will provide excellent luminosity
(1.5 x 1031 (cm2 sec)—l) and uses the existing C.E.A. ring to
accelerate and store both an electron and positron beam. Thus
the expense and the long period of time required to design and
build a separate storage ring are avoided. When completed and
put to use late in 1969 or early in 1970 it will be the only
high-luminosity electron-positron colliding beam facility in the
western world capable of providinag 6 or 7 GeV energy‘in the c.m.

system.

Principle of Operation

In brief, the plan is to inject 100 MeV electrons into the
existing 240-ft-diameter synchrotron ring in counterclockwise sense
and inject 100 MeV positrons into the same ?ing in clockwise sense.
Each of the orbiting beams will be only about 250 ft. long, hence
will fill only about 1/3 of the circumference of the ring.

Using multi-cycle, off-axis injection, we will accumulate

electron and positron beams having a peak intensity of 100 ma.
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Vertical electrostatic fields will be provided to keep the two
countercurrent streams of orbiting particles separated vertically --
except at the prearranged interaction station.

Special damping magnets will reduce the horizontal betatron
oscillations which otherwise would increase without limit (because
of the anti-damping effect of the quantum process of emission of
synchrotron radiation). The damping of the horizontal oscillations
is accomplished at the expense of some reduction in- the (unnec-
essarily.large) inherent damping of the synchrotron, or phase,
oscillations. Thus adequate damping of all three modeé of
oscillations--horizontal, vertical, and longitudinal--is achieved.

"hen beams of adequate intensity have been accumulated in the
ring, the a.c. component of magnet excitation will be turned off
(in a few seconds) and the level of d.c. excitation increased
until the two countercurrent beams have the desired constant energy.
Any desired energy up to 3 or 3.5 GeV can be obtained. (Greater
energy could be achieved if we were to provide a larger increase in
rf.power than is now contemplated).

e will then employ magnetic switches, the fast components of
which will be pulsed to have field rise-times of about 100 ns, to
deflect the two beams away from the south portion of the existing
ring and into a 120-ft. detour that bypasses this portion. (The
portion in question extends from Magnet 11 to Magnet 17, inclusive).

The bypass proper, served by direct-current-excited bending

magnets, focusing magnets, and sextupole magnets for controlling




FIG. 3
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off-momentum particles, will provide an ideal setting for the head-
on collisions. Extra-strong focusing, called low-beta focuéing,
will be provided here and will reduce the cross-sectional area of
each beam by a factor of about 140; thus the efficiency of chlision-
(the luminosity) will be increased by mofe than two orders of mag-
nitude--to about 1.5 x 1031 (cm? sec) “l, at 3 GeV. The low-beta
focusing tends to minimize beam-beam interactions that might de-
stroy the beams, hence tends to maximize the attainable luminosity.-
An 8-ft-long clear space is left available near the center
of the bypass, where the two beams collide head-on. Thus there is
room for a large and versatile detection system having almost 2
geometry. The two beams do not cross here, but merely become

briefly tangent and colinear; the colinearity is controlled by

'small horizontal electrodes just above and below the interaction

region. Becauée the beams do not actually cross here, there is

no conjugate recrossing point, and, again, the tendency for beam-
beam interactions to occur is reduced. A particularly high vacuum
(about 1072 torr) must be maintéined in the interaction region, to
reduce the number of spurious events resulting from gas scattering.

To maintain the two orbiting beams, each of 100 ma and 250 ft.

‘long, will require much rf power, in view of the steady loss of

energy through synchrotron radiation. Approximately 100 kw of
constant rf power will be required. (About 50 kw averace is

available today for normal operation of the synchrotron).
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It is expected that the beam intensities will deéay by a
factor of two in an hour or two, if the gas pressure in a typical
portion of the ring is of the order of 10_8 torr. Thus we will
wish to resort again to multi-cycle injection of electréns and
positrons every hour or two. To reestablish the 100 ma electron
beam will take only a few cycles, hence only a fraction of a
second. To reestablish the 100 ma positron beam will take
several seconds, since the current accepted from the positron
source is only about 0:1 ma.

The multi-cycle injection scheme, crucial to the accumulation
of 100 ma peak beams of positrons énd electrons, deserves further
comment. During multi-cycle filling of the ring, we will use an
off-axis injection accomplished with three kicker magnets and a
septum magnet. The kickers, turned on in approximately 1 microsec.,
move the equilibrium orbit close to the septum magnet. The septum
magnet, powered by direct current, produces a small deflection
(™ 10 mr) of the newly injected 100 MeV particles such that
' ﬁhey will cross the paths of particlesAalready in orbit; the
newly injected particles will have, initially, a large horizontal
betatron oscillation amplitude ( ~ 15 mm amplitude). The kicker
magnet is then de-energized and the distortion of the,equilibrium
~orbit disappears. During the ensuing 8 ms of acceleration, the
streams of new and old particies come closer together because of
adiabatic damping and synchrotron-radiation damping. ‘During the

next 8 ms of deceleration there is adiabatic antidamping, but
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the synchrotron-radiation damning due to the damping magnet continues.
The overall effect is that, in the 16 ms cycle time, there is damping
in all three modes: horizontal and vertical betatron oscillations
and synchrotron oscillation, and the two streams beain to coalesce
to form a sinale stream. 1In the 16-ms cycle period, the‘multipli~
cative damping factor applicable to the two forms of betatron oscil-
lation is about 0.7, and that anplicable to the synchrotrbn oscilla-
tions is about 0.4. The coaleécence process continues, of course,
in subsequent cycles. But the important noint is that, even in one
cycle, the coalescence is qreat enough so that an adequate amount : -
of phase sbace is freed to permit fresh injection of another pulse
of particles.

Thus new pulses of particles may be injected every 16 ms, or
60 times a second, and one may exrmect to achieve a beam intensity
buiid~up factor approachina 60 in a one-second interval--if the
intensity does not approach whatever ceiling is established by rf
power limitations or other limitation. 1In sevefal seconds a build-
up factor of the order of hundreds may be exnected, if the ceiling
is not approached. For electrons, injected at the rate of perhaps
10 to 50 ma per pulse, only a few nulses of multi-cycle injection
are required; bhut for rositrons, injected at a rate of perhavs
0.1 ma per pulse, several seconds of multi-cycle injection will be

called for.
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The bypass hardware and controls are such that, on a few
hours' notice, the Operations Crew will be able to reconvert the
.entire facilitv for useAin‘normal manner, to supply 0 to 6 GeV
beams of electrons or photons to the various areas of the Experi-

mental Hall,

Status of Components of Bypass and Results of Tests

The new linac, installed in Julv 1967 in the newly constructed
tunnel adjacent to Radial Tunnel 26, has been operated routinely
at the intended energy and intensity:' about 100 MeV and 100 ma.
Despite some small iniﬁial difficultie;, it promises to run steadily
and well.

The positron source and accelerating linac were ordered on
July 26, 1967, from Varian Associates for $494,000. This equipment
will provide a maximum eneray of 130 MeV; it will utilize an 85 MeV
electron beam of 300 ma intensity and will nroduce a 0.82 ma beam
of positrons, 50% of which are to be within a 2% momentum spread
and an acceptance of 11.2 milliradian centimeter. Deliverv is
scheduled for the first half of 1969,

The equipment for bending the beam of 100 MeV electrons by
about 100° has been installed and operated extensively. The off-
axis septum-tvne inflector and the ferrité—core kicker maanet,
also, have been used successfully in many trials. Expectations

as to dampina rates have been confirmed, and beam intensity build-

up factors as larae as 200 have been achieved. e built a
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synchronizer unit that insures that the two main kicker magnets will
be energized at the proper time in the cycle, and will fire at the‘
- same instant within about 10 ns.

A npvel type of beam-1lifetime monitor, requiring only 1/2 sec.
to measure lifetimes as short as seconds or as long as an hour, has
been developed and used on many occasions. It involves use of a
phototube to monitor the slowly declihinq intensitv of visible
synchrotron radiation emitted by the slowly diminishing orbiting
beam of particles. The CRO or digital presentations of half-1life
values occur almost as quickly as one can adjust the parameters
controling beam life; thus--while employing just one filling of
the ring--an operator can make many trial-and-error adjustments
and ascertain the effect of each. The new monitor has enormously
simplified the task of understandina the various influences on
beam lifetime and optimizina the control parameters.

Improved monitors of beam intensitv and beam position, essential
to reliable control of individual beams or a set of two counter-
current beams, were develoned and nut to use. Details are presented
in Part 1IV.

A highly successful means of determining the actual size and
shape of the beam cross-section was developed in the fall of 1967
and demonstrated successfully in December. The cross section is
photographed by means of synchrotron x~radiation.(of about 1 A.U.
wavelength, emitted hy the orbiting particles themselves) photo-

graphed with the aid of a pinhole camera. The method provides eight



STORED BEAM 13 GeV

FIGURE 4

Cross-section of stored 3 GeV beam of
electrons as measured with x-ray pinhole
camera making use of x-ray synchrotron
radiation, Dec. 21, 1967, magnification
1.6. The two photographs show different
amounts of horizontal-to-vertical cross-
coupling of betatron oscillations. Two
different pole-face-winding currents were
used. The right picture indicated a beam
height of 0.2 mm in a synchrotron straight
section. The precision of height deter-
mination is estimated to be 0.06 mm.
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times the optical resolution attainable using visible light emitted
by the particles: the lobe-width of the visible liqht is simply too
narrow to provide high enoudgh resolution. Using the pinhole xX-ray
photography method we found that, under typical circumstances of
storing 3 GeV electrons (and with a relatively hiah pressure of
10"6torr) the height of the cross section is 0.2 mm, which  is in
accord with predictions‘and confirms our expectations of achieving,

with countertraveling electrons and positrons, in a vacuum of

10-8 to 10_9 torr, a luminosity of the order of 1.5 x 1031 (cmzsec)-l.

The develonment and procurement of vacuum chambers capable of
withstanding the high intensifv of svnchrotron radiation and capable
of providing a pressure as low as 10~8 or ]_.0“9 torr has been dis-
cussed in. Part IV. The chambers can be baked out at temperatures of
about 175°C, and seem virtually unaffected bv the prolonaqed exposure
to nuclear radiations encountered in the synchrotron ring. There is
room in the chambers for installin& watef—cooled strips placed so
-as to absorb most of the svnchrotron radiation (which streams out-
ward horizontallv, and might irradiate the wall of the vacuum
chamber sufficiently to produce qas by thermal evolution and also
by photo-desorption).

"le have found how to recondition our Privac titanium-ion high-
vacuum pumps so that, under no-1load conditions, they will maintain
a vacuum as hiqgh as 3 x 10710 torr. Bv December 31 we had recon-
ditioned a majoritv of the Drivac pumps. In the bypass proner we
plan to use six General Electric Co. titanium~ion high-vacuum pumns,

many of which were in place by December 31. A "lestinghouse Electric
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Corporation ultraéonic deareasing bath for cleaning components to be
used at 1078 or 1072 torr is on hand and has been used successfully.
A power supply that will make it possible for us to supnly
100 kw of 476 Mhz power to the rf acceleration system (as compared
to the 50 kw average available at nresent) is now on hand and is to

be installed in a few months.

In July 1967 the firm of Srmencer, "Thite, and Prentis completed
the éxcavation of a smecial massageway, at the northeast end of the
Target Area, reauired for installation of the maanets and beampires
comprising the northeast portion of the bvpass.

Construction of the maanetic switchinag system for quiding the
orbitina 3 GeV beams into, or out of, the bypass is about 70%
complete. Two svstems are required: one near each end of the by-
nass. Fach consists of two elements: (1) a fast~acting ultra-
flector nrovidina a small (v 5 rr) deflection but capable of heing
turned on in 100 ns, i.e., about 1/7 the time it takes a particle
to make one turn around the orbit, and (2) a sentum maanet which
does not have to be turned on or off quickly, hence can be desiqgned
to provide a much ‘larcer deflection (about 35 mr). The ultraflector
is turned on in the small interval (about 0.3 ps) in which no
particles are passing'by;"and when the particles later come by
thev are deflected here just enough so that they enmaade the sentum,
situated a2hout 45 ft. awvay. The sentum then produces the larae

deflection reauired by the qeometrv of the bvpass. The comnonents

of the ultraflectors and sentums are on hand and assemblv is about




FIGURE 5

General view of west half of the CEA bypass, in the Target Area, as of January 31,
1968. Near the center of the photograph are several guadropole and sextupole
magnets of the bypass. At the right a bending magnet may be seen, partly obscured
by the jacketed and foil-wrapped plenum. The midpoint of the bypass (the interaztion
station) is not shown, but it is just off to the right. The technician is standing
beside the west end of the bypass, where it joins the synchrotron ring. The equip-
ment shown at the extreme left has nothing to do with the bypass, but serves the
external electron beam runs.
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50% complete. The construction of the special power supnlies'is
essentially comnlete. Such a sunniy consists of two parts, one
»providiné the fast (100 ns) rise and the other providing é steady
holdiny current that rcmains c¢onstant t£o within 0.1%.

The main components of the bvnass proper are (1) six bendina
macqnets, to define the curved portions of the particle trajectories,
(2) twelve guadrupole magnets to provide the necessary focusing and
low beta, (3) four sextupole maanets to correct the trajectories of
off-momentum particles, (4) six special stainless steel tanks to
serve as beam pipes and provide the necessary pneumatic conductance
along the trains of bhendinea macnets, (5) six General Electric Co.
titanium-ion high-vacuum puﬁps, (6) beam monitors of various types.
By December 31, 1967, nearlv all of these components had been're—
ceived, assembled, tested, and made readvy for installation in
January 1968, Snecial methods of aliagnina the equinment were
worked out, and, as a nreliminarv nrevaration, the heiahts of the
48 magnets were resurveyed. Concrete support blocks for the main
components of the bvnass were in place, and the installation of
the neCessary cable travs, cablina, water coeling, etc., was
started.

In Noverber, using the Wew Linac, we successfully accomnlished
off-axis mulfi—cvcle injection. 'e were then able to accumulate an

electron current about ten times that which resulted when we used |
sinale-cycle injection. "e believe that thié was the first success-

ful multi-cvcle injection into anv strong-focusinag accelerator
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FIGURE 6

Multicycle injection with improved control,
Dec. 21, 1967. The rising curve indicates a
build-up factor of 180, and a time constant

of build-up of 3 seconds. The falling curves
show the decay after injection has been stopped
permanently, with two different conditions of
ejection kicker-magnet operation. The decay
curves' deviations from linearity are probably
due to non-linearity in the current monitor
used.
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anywhere. On December 21 we made further multi?cycle injection

tests: and, usinag better controls, we achieved a build-un féctor

of 180 and a time-constant of build-up of the order of 3 seconds.
Thus,in qeneral,Project Bvpass is coming well, and on schedule.

No notable unforeseen difficulties have vet been encountered. ‘If

the positron source arrives on schedule, we could be ready for

starting colliding beam experiments late in 1969 or early in 1970,
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PART VI - SAFETY

During the six-month period in question there were no lost-time
accidents at CEA. A number of meetinds of the Safetv Committee were
held. Fire protection sytems were installed in the Mew Linac Tunnel
and in the New Linac Control Area. The ventillation svstem for the
Vacuum Shop, where toxic evoxv vapors might constitute a hazard to
‘health, was areatlv imoroved. Safetv tests on liguid hvdrogen tarcgets
were carried out, (see Part IV) and likewise tests on fire alarm and
flammable gas detection systems. éeveral traininq.sessiohs on safety
. were held.

Radiation levels in outdoor and indoor work areas were held
well below the permissible levels, and personal film badges showed
that all doses to persons were well within pnermissible limits.

Inﬁnection tours were made bV'safetyenqineers from the US AEC,

the Commonwealth of Massachusetts, and from Harvard and M.I.7.
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PART VII

SIXTH INTERNATIONAL CONFERENCE ON HIGH-ENEPGY ACCELERATORS

The Sixth International Conference on High-Energyv Accelerators
was held at Cambridge, Massachusetts, Seotember 11 - 15, 1967, with
the CEA servina as host. Dr. M, S. Livinaston was Conference Chair-
man, and Dr. %W. A, Shﬁrcliff was Conference Secretary. R. A. Mack
was Editor of the Conference Proceedings. The Conference was
sponsored and supported bv the Atomic Enerov Commission.

Invitations, arranged with advice from the International Union
of Pure and Applied Phvsics, were sent out in Januarv 1967. By the
end of May about 140 manuscrints of pavers had been received, and
by mid-June a compact five-day nroaram had been formulated. 1In
July a program pamphlet was mailed to all invitees. In Auqust an
abstract volume was nrepared, and nlans for lecture halls, session
chairmen, public address svstems, recistration facilities, etc.,
were completed. '"e succeeded in obtaining the services of Pussian-
English and English-RPussian interpreters who had familiarity not
only with the lanquades in auestion but with the subject of high-
enerqv nhysics. A revised nroaram pamnhlet was prepared and dis;
tributed on Sepntember 11. |

On September 11 the 300 invitees arrived and reagistered, and
the Conference becan. A total of 94 naners were presented orally,
and another 50 were presented for nublication only. During many

of the sessions, talks were agiven in two halls simultaneouslv. Two
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special discussion sessions were held--on boosters and on limitations
on intensity in high-eneray accelerators. Ample periods for relaxed
and informal aiscussion weré provided. There was a reception, and
several private dinners were arranaded. A half-day excursion to the
Crane’s Beach area of Ipswich, Mass. was especiallv enjoyable.

The consensus was that the Conference was an unusually pleasant
and valuable one. |

A notable feature of the Conference was a paver bv Veksler,
and 16 co-authors (and actually presented bv Xolomenskii) on
“Collective Linear Acceleration of Ions", this beinqg the first
available paper vresentina specific information on this most
interesting new method of accelerating protons to multi-GeV
energies. The method is now attracting attention in many labo-
ratories here (especially at Lawrence Radiation Laboratory) and
abroad.

The editing of the Conference Proceedings was completed

quickly, and by December 31 the printinag was nearlv complete.
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PART VIII - PUBLICATIONS RESULTING FRCM WORK DCNE AT THE CEA

A. Publications on High-Fnerqy Research Performed at CEA

Photoproduction of Single-Charaed Pions from Deuterium and
Hydroagen, Z. Bar-Yam, J. de Pacter, ™. M. Hoenig,
. Rern, D. Luckey, L. S. Osborne, Phvs, Rev. Ltrs. 19,
40 (July 3, 1967). T

Search for S = + 1 Barvon States in Photoproduction, J. Tyson,
J. S. Greenbera, V. ¥, Hughes, D. C. Lu, R. C. Minehart,
S. Mori, J. E. Rothberq, Phvs. Rev. Ltrs. 19, 255 (July
31, 1967). T

Search for Leptonic Quarks, J. Foss, D. Garelick, S. llomma,
W. Lobar, L. S. Osborne, J. Ualum,Phvs. Ltrs. 258, 166
(Augqust 7, 1967). } _ ‘

Quasi-Elastic Electron-Deuteron Scattering at Forward Angles,
R. Budnitz, J. Anpel, L. Carroll, J. Chen, J. R. Dunning,
Jr., M. Goitein, K. Hanson, D. Imrie, C. Mistretta,
J. K. Walker, R. Wilson, Phys. Rev. Ltrs. 19, 8092 (Oct.
2, 1967). T

Experimental Test of Electron-Scattering Sum Pules for Carbon,
. L. Faissler, F. M., Pipkin, K. C. Stanfield, Phvs. PRev.
Ltrs. 19, 1202 (Movember 13, 1967).

Photoproduction of »* Mesons at 3.4 and 6.5 BeV, P. M, Joseph,
N. Hicks, I.. Litt, F. ™. Pipkin, J. J. Russell, Phys. Rev.
Ltrs. 19, 1206 (Wovember 13, 1967).

Apparatus for Measurino Photoproduction Peactions in the GeV
Pance with On-Line Data Mnalysis Facilities, 7. Rar-Yam,
V. Elinas, D. Garelick, P. Lewis, "I, Lobar, P. D. Luckey,
L. Osborne, S. Tazzari,J. Ualum, R. Fessel, Nuclear
Instruments and Methods 56, 1, (November 1967).

Evidence for Photofission of Iron, C. B. Fulmer, I. P. "illiams,
T. H. Handley, G. F. Dell, L. N. Blumbere, Phvs. Pev.
Ltrs. 19, 522 {(Aucust 28, 1967).

Photooroduction of Antineutrons and Antirrotons for Photon
Enerav Between 4.0 and 5.7 Bev , D. Farles, M. Gettner,
G. Glass, Y. Laohavanich, E. von Goeler, R. "einstein,
D. Garelick, Phys. Rev. Ltrs. 19, 222, (October 16, 1967).
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Observation of Photonroduced Neutral X Mesons, J. F. Schivell,
E. BEncels, Jr., A. Entis, Phys. PRev. Ltrs. 19, 1349 (De-
cember 4, 19567).

Photoproduction of Kt Mesons at 3.4 and 5.0 GeV, P, M, Joseph,
M. Hicks, L. Litt, F. M. Pipkin, J. J. Russell, Phys.
Ltrs. 26B, 41 (December 11, 1967).

Production of the N* (1238) Necleon Isobar by Photons of Eneray
up to 6 BeV, Cambridge Bubble Chamber Groum, Phys. Rev,
163, 1510 (November 1967).

Fission Product Yields from 1.5 and 3.0 CeV Electrons on
Uranium, I. R. William, C. B. Fulmer, G. F, Dell, M., J.
Engebretson, Phys. Ltrs. 26B, 140 (January 8, 1968).

Ratio of A and ©° Photonroduction Cross Sections; High-Mass
Hyperon Resonances, J. S. CGreenbera, V. W, Hughes, ND. C.
Lu, R. C. Minehart, S. Mori, J. E. Pothberq, J. Tyson, .
Phvs. Rev. Ltrs. 20, 221 (January 29, 1968).

B. Theses on High-Eneraqy Research nerformed at CFA

Ouasi-Elastic lectron-Deuteron Scatterina, Thesis by R. J.
Budnitz of Harvard, July 1967.

Yide-Anale Electron-Positron Pair Production, Thesis by K. J.
Cohen of MIT, Auqust 1967,

Total Cross-Section for Photoproduction of Electron-Positron
Pairs, Thesis by T. M., Knasel of Harvard University,
Decemher 1967,

Photoproduced and Flectropnroduced !Muon Pairs, Thesis bv
P. Rothwell of Northeastern Universitv, June 1967.

Associated Production of Charced X Mesons and Hyperons,
Thesis by J., Tyson of Yala, 1967.
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C. Papers Given at September 1967 SLAC Electron Photon Conference,
re High-Energy Research Performed at CEA

Invited Papers

Experiments on Inelastic Electron Scattering, L. Hand
- - Photoproduction of Strange Particles, K. Strauch

Diffraction Production, F. M. Pipkin

Experimenﬁal Quantum Electrodynamics, R. Weinstein

Spectrometers and Their Specifications, R. Wilson

Contributed Papers

Photoproduction of K lMesons at 3.4 and 5.0 BeV, P. Joseph,
N. Hicks, L. Litt, F. Pipkin, J. Russell. '

Experimental Test of Electron Scattering Sum Rules for Carbon,
W. Faissler, F. Pipkin, K. Stanfield.

The Incoherent Scattering Function, the Total Pair Production,
Cross Section, and the Pair Production Length for Helium,
T. M. Knasel.

Production of the N**(1238) Nucleon Isobar by Photons of
Energy up to 6 BeV, Cambridge Buble Chamber Group -
Yeizman Inst. '

Angular Distributions for Single Pion Electroproduction,
Mistretta, Appel, Budnitz, Carroll, Chen,Dunning,
Goitein, Hanson, Imrie, Litke, R. Wilson.

Proton Compton Effect at 60° CM for 0.57 < h < 1.85 GeV,
- - Deutsch, Loh, Marini, Patel, Stiening, Tsipis.

Quasi-Elastic Electron-Deuteron Scattering at Forward Angles,
Budnitz, Appel, Carroll, Chen, Dunning, Goitein, Hanson,
Imrie, Mistretta, Walker, and R. Wilson.

Photoproduction of Antineutrons and Antiprotons for Photon
Energy Between 4 and 5.7 BeV, Earles, Gettner, Glass,
Laohavanich, Von Goeler, Weinstein, Garelick.
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Photoproduction of Muon Pairs, Weinstein et al.

Photoproduction of Kaons on Hydrogen: Evidence for New
S=+1and S = - 1, Baryon States, J. S. Greenberg,
V. W. kughes, D. C. Lu, R, C. Minehart, S. Mori,
J. E. Rothberg, J. Tyson.,

D. Papers Given at 6'th International Conference on High-Energy
‘Accelerators, September 11 -~ 15, 1967, at Cembridge, Mass.

Colliding Beam Project at the CEA, A. Hofmann, R. Little, .
H. Mieras, J. M. Paterson, G. A. Voss, H. Winick.

Design of the CEA Colliding Beam Bypass, H. Mieras, G.A. Voss.

Design and Performance of the Damping System for Beam Storage
in the CEA, A. Hofmann, R. Little, J. M. Paterson, K. W.
Robinson, G. A. Voss, H. Winick.

Radiation Effects in Multicycle Injection, K. W. Robinson.

RF Beam Dynamics in the CEA Storage Experiment, J. Dekleva,
G. L. Nicholls.

Beam Switching System for the CEA Bypass, H. J. ¢reenberger,
L. A. Law, J. M. Paterson.

Multi-Purpose Monitor for the Beam in an Electron Synchrotron,
B. Anderson, S. M. Matin.

E. Other Papers on High-Energy Research Performed at CEA

Photoproduction of Hyperon Resonances with Strangeness +1 and
-1, V. W. Hughes et al, at September, 1967, Heidelberg
Conference,

F. CEA Reports, Type “CEAL".

Semi-Annual Report for the Period July 1 - December 31, 1966.
Report CEAL-1036, M. S. Livingston, July 14, 1967.

RF Beam Dynamics in the CEA Storage Experiment. Report CEAL-
1037, J. Dekleva, G. L. Nicholls, August 17, 1967.

Semi-Annual Report for the Period January 1 - June 30, 1967.
Report CEAL-1038, K. Strauch, December 15, 1967.
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Proceedings of the Sixth International Conference on High-
Energy Accelerators, 1967. Report CEAL-2000, R. A. Mack,
Editor. December 1967.

G. CEA Reports, Type "CEAL-TM"

Depolarization of Electrons. Report CEAL-TM-171, K. W.
Robinson, December 11, 1967,

Detector of Polarized Electrons. Report CEAL-TM-172,
J. Dekleva, Augqust 27, 1967.

Bending lMagnet Measurements: Orpheus and Grenada. Report
CEAL-TM-173, L. Litt, August 25, 1967.
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access to any information pursuant to his employment or
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