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RUBBLE CHAMBER GROUP (Professors J. Schneps, G. Wolsky, J. Canter; 
Dr. M. Govan; Messrs. A. Sanders, J. Brenner 
J. Tompkins, E. Katsoufis, and H. Armenian) 

A. Summary 

The work of the bubble chamber group during the past year has 
been concentrated on film from three exposures: 2.2 GeV/c K~ - heavy 
liquid, 2.9 GcV/c K~p and 2.9 GeV/c K~d. The work in the heavy liquid 
film has now been completed. Results were obtained on = hyperon life
times and the a decay parameter; on 5hyperon masses and the =~- =° 
mass difference; on the AA dibaryon state; and on the Ay final state. 
The results have either been published or submitted for publication. 
The analysis of the final state K~p -»• K°TT~P from the 2.9 GeV/c K~p 
film has made excellent progress and comparisons have been made with 
Veneziano type models. In the K~d film work on the S = -2 baryon 
states, = resonances, is now within a few months of completion. A * 
new experiment, to study the K~"n -* E-TT""TT+ reaction, is well under- -
way. 

In the technical area, further progress has been made with the 
SPASM automatic measuring system, and an interface to put one of 
our Vanguard machines on-line to the PDP-8 computer has been 
constructed and is about to be tested. 

B. 2.2 GeV/c K~ Heavy Liquid Experiments (in collaboration with 
University College London, University of Brussels 
and CERN) 

The exposure consisted of 650,000 pictures obtained at the 
Rutherford Laboratory, of which the Tufts share was 130,000. Work 
on the planned experiments in this film was comoleted in 1972. Some 
of the results have already been published, and others are in the 
process of being submitted for publication. 

We summarize these results here: 

a. Y -*• Ay Experiment 

A Russian group presented evidence for an enhancement in the 
invariant mass spectrum which was interpreted as the decay of a 
resonance Y£ (1327) -* Ay. We studied events consistent with the 
reaction K~p -*- Tr+7T"~A + ny (n ?> 1) in order to investigate the 
possibility of a Ay enhancement. Some 1300 events were used in the 
analysis, and we found no evidence for a Ay resonance. With 90% 
confidence we determined the upper limit of the cross-section for 
K-p + Y (1327) TT+TT (mr°) to be 98 microbams. The results of this 
experiment are published in Physics Letters 33B (1970). 
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b. AA Experiment 

In this experiment we searched for events containing the final 
state AAK , and studied the invariant mass spectrum of the S = 2 
dibaryonic AA system. The number of KAA events found was 316, 
and we also made use of 77 events which had no K signature. After 
making cuts which removed events in which one of the A's may have 
scattered, the AA invariant mass distribution exhibited two clear 
peaks, one at 2270 MeV and the other at 2370 MeV. 

Calculations were made which indicate that the dominant process 
in producing AA pairs from heavy nuclei is a two step process: 

K~ + N, *• = + K + imr 
* L> = + N -> Y, + Y + ror 

2 1 2 
Of the above type mechanisms the one which would most easily 

explain the AA peak at 2370 MeV is an S = 2 di=baryon resonance, 
produced in a =N collision and decaying into two A's. The peak 
at 2270 is also a candidate for a resonance, but it is also 
possible that it rnav be due to a threshold effect since it is near * 
the EN threshold. 

The results of this experiment have been published in Physics 
Letters 39B, 671 (1972). Also this experiment was the subject of a 
Master's thesis by Mr. H.K. Armenian. 

Since there are obvious difficulties in the interpretation of 
what takes place inside a heavy nucleus, the Tufts group intends 
to continue the study of AA system in its K~d film. 

c. E Hyperon Lifetimes and Decay Parameters. 

The major purpose of this experiment was to determine the life
time and decay parameter a of the E° decay, E° ■> ATT°. The diffi
culties in studying this decay are the low = crosssections and the 
fact that it leads to a completely neutral vertex. We sought to 
overcome these by doing a large experiment in a heavy liquid chamber 
where an appreciable fraction, about 55%, of the y's from the TT° 
decay convert in the chamber to electron pairs. The position of the 
E ° decay vertex, which it is necessary to know to determine the 
lifetime, is then determined by the intersection of the line of 
flight of a y vjith that of the A . 

The 640,000 pictures were scanned twice for K~ interactions 
yielding E° candidates. After kinematic fitting and the application 
of preliminary cuts to eliminate backgrounds we were left with 232 
E ° events, 62 of which had two yrays and 170 of which had only 
one. A final series of cuts were made to further reduce the back
ground and to obtain a geometrically and kinematically well defined 
sample. The final sample used in the lifetime determination 
consisted of 157 events. The raw Lifetime obtained from a maximum 
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l ikel ihood calcula t ion was T=O = (2.50 *o*2^) x ^ 1 0 s e c > - After 
applying correct ions for experimental b ia se s , background contamination 
and at tenuat ion by in te rac t ions i n the l i qu id , the f i na l r e s u l t 
T=O = (3.04 + g - | | ) x 1 0 - 1 0 sec . was obtained. 

In the same scan we also- obtained 831 =~ decays and af te r" 
appropriate cuts analyzed the l i fe t ime for the remaining 680. The 
r e s u l t obtained was 

T=_ = (1.73 + °-°°) x 10"1 0 sec . 

We also dete'imined the ' a parametcro for the 5° and =~ decays. 
The r e s u l t s obtained are 

aEo = -0.84 ± 0.27 
and ■ -

- ■ aE_ = -0.42 ± 0.11 

The error on the E° value is large, and the ratio a0 to a_ 
is consistent with the value 1.00,- expected if AI = 1/2 
rule holds. 

For the lifetimes the ratio T_0/T=- is also consistent with 
the value'2.00, if AI = 1/2 holds.- "' 

Mr. Alvin Sanders wrote his Ph.D. thesis on this work. The 
results have been published in a Rutherford Laboratory preprint 
aid submitted to Nuclear Physics. 

d. E Hyperon Masses I 

The =• events were also separately analyzed to determine the = 
hyperon masses since the E° mass is the least well known of the 
stable baryons. , ' 

The final results we obtained were (in MeV): 

M__ = 1321.12 ± 0.41 

M=0 = 1315.2 ±0.9. 

M__ - M_0 = 5.9 - 1.0 

In comparison we give the latest Particle Data Group Values: 

' M__ = 1321.30 - 0.15 

.M_o = 1314.7 ±0.7 

• M__ - M=0 = 6.6 - 0.7 

These values are in good agreement with the Colernan-Glashow 
equation (M_- - M_D) + (Mv+ - VL_) + (M - M ) = 0. 

= = L
T L n p 

/ 



The results of this work will be submitted to Physics Letters. 
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C. . Events with Two Signs of Strangeness from 2.9 GeV/c K~P 
Interactions in the BNL Bubble Chamber (in collaboration 

with Brandeis, Maryland and Syracuse) 
As part of our continuing analyses of cascade final states'we 

have studied the reaction K~ + P •> E ~ + anything; using both our 
data and those of the BNL  Syracuse collaboration (393 4.6 and 
5.0 GeV/c incident momentum). This is potentially very different 
from the class of inclusive reactions that have been analyzed 
previously, , ■ 

p 
We find that <Pqi> is dependent both on the center of mass 

energy and on x ,. the longitudinal component of the cascade momentum 
in. the center of mass system. However, the shape of da/dx is 
independent of the center of mass energy. To draw more interesting 
conclusions requires data at much higher incident momentum. The above 
results are summarized in a paper presented to the XVI International 
Conference on High Energy Physics in Chicago. 

D. Two Prong Vee Topology from 2.9 GeV/c K~P Interactions 
in the BNL 31" Bubble Chamber (in collaboration with 

Maryland and Syracuse) 
The second phase of our work in this film is a study of the 

final state topology two prongs and a vee. We have a finalized 
data summary tape and are analyzing the data. \ 

a. K~P '>■ K ^ T T P 

We have been investigating the final state W ir~P and comparing <. 
the experimental distribution with the predictions of several 
Veneziano type models. In this we have been assisted by Dr. D. Sivers 
of Argonne National Laboratory. Preliminary results were presented 
at the XVI International Conference on High Energy Physics in Chicago. 
b. KP »■ An' 

The n' has been studied in the reaction K 
P > An'. We found 

the branching ratios 
^ ^ t ^ H r  = 1.12 ± .18 
r|' *• TT+TTn 
n' •» py 
n i * nny =' l.oi  .15 

A spin parity analysis favors 0 and 2 . A paper is in preparation. 
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E. Events with Two Signs of Strangeness from 2.9 'GeV/c K~d 
Interactions in the BNL 31" Bubble Chamber ^in


collabo

ration with Brandeis, Maryland and Syracuse)' 

The primary object of this experiment is to study E* resonances, 
and to extend the data obtained in the K~P experiment. We have 
completed a double scan of our portion (270 K pictures) of the film 

 and are in the third round of measurements. All processing should be 
completed in about two months. All good measurements■have been 
ionization checked by physicists. The format of the data summary 
tape has been.agreed upon and we are presently putting our good events 
nn thi s tape . 

In addition we are working on determining the total path length 
of our exposure and its purity. The problems involved in using T
decays for this purpose are being studied. 

We have looked at some preliminary distributions but we cannot 
yet draw conclusions from' these due to insufficient statistics. This 
situation should be remedied very soon. 

P. E~TT~TT
+ Final States from 2.9 GeV/c ■ K~ Interactions in the 

BNL 31" Bubble Chamber ' (in collaboration with Brandeis) 

As a second experiment in our K~d film we are studying the 
final state T.~n~n . In particular, we intend to search for 1 = 2 
exotic resonances which decay into '. Z~-n~. There has been some evidence 
of the existence of exotic amplitudes which suggests that one should 
search for exotic states. If they exist, the cross sections are 
probably very small, which means that one needsto do a high 
statistics experiment. . . . 

We have.scanned all of our film and double scanned eighty roll. 
Fifty rolls have been measured. We vail soon ask our collaborators 
at Maryland and Syracuse to loan us. their share of the K~d film so 
that we can obtain the maximum amount of data on this channel. 

Programs are ready and we have already done some processing. 
Our major effort at present is in studying the output to find 
ways to reduce the potential measurement load and eliminate fake 
events without an ionization check on the table. 

G. SPASM 

Since its acquisition by Tufts in 1971, the SPASM automatic 
measuring system has progressed significantly toward becoming an 
operational system. During the past year, a number of advances 
have been made in the system hardware. 

We have acquired a Tektronix 6ll Storage Display Unit for 
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communication between the PDP-1 computer and the operator. Necessary 
modifications to the oscilloscope itself were made, and the inter
facing to the computer was constructed. This involved building new 
line drivers for the deflection signals, and rebuilding the original 
Harvard interface for the control lines. The 611 is now fully 
operational. 

The sonic pen system, which had already been made functional 
last year, has required considerable modification. The pre
amplifiers for the microphone signals were simply too unstable and 
noise sensitive, which made the system unreliable. After some 
effort was expended to patch up the old circuits, it became clear 
that It would be easier bo build new pitjawps. A simple, stable 
circuit was designed and built; the pen now seems to work quite 
nicely. 

In addition a number of minor repairs and modifications have 
been made to SPASM deflection and detection systems; these have 
made striking improvements in the signal-to-noise ratio of the 
machine. These involved, for example, the photomultiplier tube 
high voltage supplies and the proper energizing of the CRT back focus 
coil. 

We expect, after a re-alignment of the electron optics, to 
begin test measurements and processing of actual events. 

H. Conventional Measuring Equipment 

The PDP-8 system is now controlling both Data Tech IPD's. 
Interfaces have been installed and tested for two additional measuring 
machines and teletypes. A multiplexer to strobe data from Vanguard II 
has been constructed and tested, and this machine is expected to 
be on line soon. 



PROGRESS REPORT - PHOTON GROUP (Professor Milburn, Assistant 
Professors Quinn and Rutherfoord 
Graduate Student Shupe, Under
graduates Fine and Mercurio) 

A. Summary 

In 1972 the photon group has continued work aimed at 
uncovering the spin structure of high energy photoproduction 
reactions. Both the development of new experimental techniques 
and experimental work utilizing techniques previously 
developed by this group with others have been pursued. 

Since the 1971 report period the photon group has 
completed the analysis of data from CEA and Cornell experi
ments on proton polarization in neutral pion photoproduction 
at small amgles and high energies, and is preparing a paper 
for publication. The final results of the earlier CEA experi
ment on proton spin polarization in the same process at 65° in 
the resonance region have been submitted to the 1972 IUPAP 
High Energy Physics Conference, and are being edited for 
journal publication. 

Experimental runs at SLAC for measurement of the asymmetry 
in pion and kaon photoproduction, using a photon beam polarized 
by means of oriented crystalline graphite have been completed. 
Analysis of the resulting data has already yielded a number of 
results, and is expected to be finished this fall. 

An amplitude analysis of polarization and spin correlation 
experiments in photoproduction has been undertaken, both to 
asssist interpretation of the above experiments and to make 
possible the discriminate selection of future experimental con
figurations from the large variety now possible with available 
techniques. 

The group expects to participate in tests this winter at 
SLAC to establish the characteristics of a coherent biemsstrahlung 
beam from a very thin diamond crystal. This highly collimated 
beam is expected to possess exceptionally high polarization and 
fr'eedcm from background. It should serve as an invaluable tool for 
future spin-correlation as well as other experiments. It is also 
planned to examine the behavior of certain particle detectors in 
conjunction with this beam. Preparation of a CAMAC-PDP-11 system 
is underway for use with experiments based on this beam. 

In the area of laser beam development, a study of the YAG-YALO 
oscillator-amplifier system properties has been accepted for 



publication. Construction of a prototype high-repetition-rate pulsed 
laser power supply has been completed and is ready for testing. 

In the area of staffing the group has been very fortunate in 
the availability of Mr. Shupe who, having completed preliminary Ph.D. 
requirements, was available to spend full time at SLAC during 
January-August 1972. Prof. Rutherfoord, in part through shouldering 
a large teaching load during the fall term of 1971, was also freed 
to be at SLAC January-August 1972. Prof. Quinn spent the month of 
January and the entire summer of 1972 at SLAC and, in consequence 
of sharing a course with Prof. Milburn, also about half of the spring 
academic term. These arrangements, together with the fact that riinning 
at SLAC went according to schedule, greatly facilitated the conduct 
and success of the SLAC experiment described above. 

B. High Energy Fnoton Polarization in Neutral Pion Photoproduction 
at Small Angles" (Professors Rutherfoord and Quinn in col

laboration with Prof. M. Deutsch of M.I.T.) 

This experiment involved detecting one or two gammas from TT° * 
decay in a lead-glass Cerenkov counter, array in coincidence with a 
recoil proton in an array of wire spark chambers interleaved with 
Carbon plates. Proton scattering in the Carbon provided a measure
ment of the proton spin polarization. A 2-dimensional scintillation 
counter.hodoscope upstream of the lead glass counters provided 
additional angular information. Compton scattering events were 
accumulated simultaneously with TT° events. 

i 

A .preliminary version of this experiment was one of the last 
conventional floor experiments to run at CEA before that acceler
ator concentrated solely on the colliding-beam effort. The bulk of 
our data,-however, was obtained at the Cornell 10 GeV electron • 
synchrotron during the sunnier of 1971. Preliminary results were 
reported at the Annual Meeting of the A.P.S. at San Francisco in 
February of 1972. Analysis continued through the spring and 
summer and is now essentially complete. A report is in preparation 
for submission to Physical Review Letters and an M.I.T. preprint 
with more details is submitted as an appendix to this report. 

We were very pleased with the quality of our data. The statis
tical accuracy is better than we had anticipated and the range in 
four-momentum-transfer squared covered by our data is wider than 
we originally estimated. This improvement arises primarily because the 
scintillation counters placed between the Carbon plates in the wire 
spark chamber array proved • able to make an excellent determination' 
of the proton energy. 

In the proton Compton scattering reaction (yp -*• yp) the data covers 
the range .222ltl£ -53 GeV2 at an average incident photon energy of 4.7 
GeV. The results over this range are consistent with zero or slightly posi 
tive polarization. If Compton scattering is indeed dominated by the 
diffractive processes, then the polarization is a measure of the .real 
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part of the nucleon spinflip amplitude. Our data sets an upper limit 
to the size of this amplitude. 

Of greater interest and constituting the primary goal of the 
experiment are the results for neutral pion photoproduction ( yp +■ TT°P) . 
A great deal of theoretical effort in recent years has been concentrated 
on this reaction because of the distinctive cross section behavior 
and the supposed limited number of possible exchanges contributing to 
this process. Not only are cross section data available but also 
information on the polarizaed photon asymmetries and polarized target 
asymmetries in the same kinematic ranges. The totality of these 
data, combined with our recoil proton polarization data, has very 
interesting implications. The strong cut Regge absorption models of 
the Michigan group,2 whose schemes were popular for a time because 
they fit a number of reactions successfully, fail completely to 
reproduce the structure we see. Also current weakcut models patterned 
after the Argonne group's ideas3 have great difficulty fitting the 
large negative polarization values we see in the region of t near 
the cross section dip. The currently popular Dual Absorption Model 
of Harari^ needs modification of some of its details to reproduce . 
this structure. 

A more exciting result, somewhat less certain because of the 
statistical and systematic uncertainties in our data, is the difference 
we see between our data and the polarized target asymmetry data from 
Daresbury and DESY5. Although in principle target and recoil 
polarizations need not be the same, there is an upper limit set on 
their difference by the polarized photon asymnBtry. Since the asymmetry 
is almost unity except near the cross section dip at t.5 GeV2, 
the difference between our data and the polarized target data is 
theoretically constrained to be almost zero except near the dip region. 
In this region the two experiments differ by the allowed upper limit, 
a very surprising result because any such differences imply an exchange 
mechanism in neutral pion photoproduction whose quantum numbers correspond 
to no known particle. Alternatively, absorption effects may behave in 
a very peculiar way indeed. 

The very rich spectrum of information obtained from this polarization 
measurement has motivated us to undertake a number of parallel develop
ments which are described in the other sections of this photon group 
report. 

C. A Measurement of Asymmetry in Pion and Kaon Photoproduction, 
using a Polarized Photon Beam (Professors Quinn and Rutherfoord, 

and Mr. Shupe, in collabo
ration with Drs. Siemann, Sherden 
and Sinclair of SLAC) 

This experiment measured asymmetries of forward charged pion 



and kaon photoproduction with a 1.6 GeV polarized photon beam. The 
photon beam was developed for this experiment using a new method 
of selective absorption of photons in an oriented graphite crystal." 

The polarized photon asymmetry is sensitive to the spinparity 
of the' exchange in the tchannel.. An asymmetry of +1 (particles 
produced perpendicular to the plane of photon polarization) would 
come from purely natural spinparity exchange; an asymmetry of 1 
(particles in the plane of polarization) from purely unnatural spin
parity exchange. 

The polarized photon beam was produced, and the polarization 
measured,in the following way. An ordinary 16 GeV unpolarized 
bremsstrahlung beam was passed through 24" of specially fabricated 
crystalline graphite, aligned so the photon beam was at a small angle 
( ~ 10 milliradians) from the crystal planes'. Photons of one linear 
polarization were attenuated more than photons of the other polari
zation, yielding a photon beam of reduced intensity but significant 
net polarization. The graphite was placed in a magnetic field to 
sweep out the electronpositron pair produced by the incident photons. 
The direction of the polarization of the beam was controlled by , 
rotating the graphite about the photon beam direction. 

The polarization of the photon beam was measured by passing 
it through a second amount of graphite ('the analyser1) controlled 
independently from the first. The transmitted photon intensity for . . 
a given incident beam was greater when the polarizer and analyser
were in the aligned position (crystal planes parallel) than when 
they were crossed (analyser rotated 90°) and the amount of the 
difference was a measure of the photon polarization after the 
.polarizer. The incident beam intensity was monitored by measuring 
the number of photons near 4 GeV, where' the attenuation in graphite 
was nearly the same for both polarizations. We thus made a direct 
measurement of the photon beam polarization, not relying on theo
retical calculations. 

Final fabrication and assembly of the polarizeranalyser occurred 
this past spring, along with programming work on the SLAC XDS 9300 
computer used in data taking as well as offline data analysis. The 
data taking at SLAC was done in two cycles, April 13  May 1 and 
May 17  June 19, 1972. In the first period we set up the detection 
apparatus in the 20 GeV spectrometer, used for detecting the pions 
and kaons, and in the pair spectrometer, used in the absolute cali
bration of the beam polarization and in beam spectrum measurements. 
We then optimized the angle between the photon beam and the graphite 
crystal planes, using Tp ■+ T+

n as a relative polarization monitor. 
Finally we tested all systems by taking actual data. Some problems 
with the time structure in the very low intensity electron beam 
used for the calibration of the beam polarization were discovered, 
so this measurement was put off until the second cycle. We obtained 
data on the polarization asymmetry in pion and kaon photoproduction 
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at two tvalues at the end of the first cycle. 

Our beam power was limited during the first cycle due to beam 
induced heating of a metal part in the polarizer. This was replaced 
by a water cooled part during the interval between cycles, and during 
the second cycle the apparatus was found capable of using the most 
intense photon beam SLAC could produce. The second cycle was used to 
take the bulk of the photoproduction data as well as to calibrate 
the beam polarization and spectra with the polarizeranalyser and 
pair spectrometer. The polarized beam facility proved well matched 
to the capabilities of SLAC, using the full SLAC intensity and' 
allowing large amounts of data to be taken in a reasonable time. The 
beam polarization was found to be about 25% for photon energies between 
14.5 and 16 GeV. 

We measured the polarized photon asymmetry in the reactions 
yp >iT+n, yp HT A0

, yp nr~A++, yd ^"pp, yd HT AN (where N denotes 
the spectator nucleon), yd ^"AN, yp *K+(A or E°), and 
yd >K*(A,Z0, orS")N.at tvalues of 0.0*1, 0.08, 0.15, 0.25, 0.4l,. 
0.6l and 0.81 GeV2. We also took data spanning the region .003^t^.02 
GeV

2 on most of the above reactions to study the polarization phenome
na in the.region of the sharp forward spike seen in charged pion 
photoproduction. 

We took over 30 tapes of data in over 1000 experimental runs. 
Each run consisted of a series of "minirijns" at different spectro
meter momenta. 

Contrary to most theoretical predictions, the asymmetry of kaon 
photoDroduction in ;association with A or 1° was near +1 for 
|tl£.2. GeV2. Coupled with the approximate equality of the KA and 
KZ cross sections in .this region, this fact made the high resolution 
separation of the two processes unnecessary. .Instead, we made a 
careful study of the smaller |ti region, separating the cross sections 
and polarizations due to A and £° production at three points. We 
discovered evidence consistent with K exchange in kaon photoproduction. 
As Itl goes from m^

2 to 0, the E/A cross section ratio falls, and 
the ratio of unnantural to natural spinparity exchange increases. 

As the beam gave somewhat higher intensities than we had origi
nally proposed in the experiment, and proved so easy to use, we were 
able to pursue several interesting aspects of the preliminary on
line results. We measured yd » ir nn, yd >TT+AN, and yd »■ iT~pp, 
yd ■+ TTAN at t = 1.2 GeV2 and yp ̂ +

n at t = 1.5 GeV2. We 
also measured the beam polarization at 4 GeV photon energy (using 
yp nr+n as an analyzer) as a check on our 16 GeV absolute beam 
polarization measurement. 

Some of the more interesting results of the experiment obtained 
in the preliminary online data analysis are: 1) In all of the 
reactions measured, the polarization asymmetry approaches +1 for 



12. 

the higher |t| points ( |t| £.8 GeV") indicating dominant natural 
parity exchange. This persisted out to the highest ttl values measured. 
The tdependence of the cross section is also similar in this 
region, possibly implying a similar mechanism for yN * TTN, yN ■* TTA, 
yN * KA, and yN > K £ at high |tl . 2) The isoscalarisovector 
interference in the TTA reactions is dominantly in the natural 
parity tchannel exchanges, and looks very much like the corresponding 
TTN results. 3) A plot of the Regge variable a(t) versus t, for 
the unnatural parity cross section only, is consistent with a straight 
line with slope of nearly unity and an intercept of nearly zero for 
both single IT and TT~ production. This is consistent with what would 
be expected from exchange of a simple pion Regge pole. This simplici
ty inRegge terms for the unnatural parity exchanges discovered in 
this experiment contrasts with the more complicated behavior of a(t) 
for the cross section as a wnole. (The energy dependence used to 
calculate a(t) was obtained by comparing our preliminary data at 
16 GeV with earlier data from CEA and DESY below 4 GeV). 

The portion of the summer following the experimental runs was 
spent on analyzing the mass of data and crosschecking to assure 
data quality. We are now in the final stages of data analysis, and -
are beginning to write up the results of the experiment. This will 
probably occupy the remainder of 1972. A few trips to SLAC will be 
required to finish the analysis using programs written for a SMC 
computer, and to confer about the publications with SLAC colleagues. 
Several publications are anticipated in order to present adequately 
the variety of our new and, we believe, important physical results 
as well as to describe the success of the new instrumental technique. 

D. Study of Polarization and Spin Correlation Experiments 
(Professors Rutherfoord, Quinn, and 
Goldstein , Messrs. Owens and Shupe) 

In recent years polarized photon beams have improved consider
ably in quality and in ease of use. Also polarized targets can nuw 
achieve high polarizations and are far better understood. Finally, 
techniques in recoil bar/on polarization measurement are highly 
developed. To date, photoproduction experiments have used at most 
one of these techniques at a time. However it should be possible 
very soon to use two or all three techniques at the same time. The 
spin correlation measurements possible from such experiments could 
in principle uncover structure in the individual reaction ampli
tudes, information impossible to obtain with polarization and cross 
section measurements alone except in certain special cases. 

Because the feasibility of such experiments hasn't appeared 
hopeful until recently, very little is known about the best experi
mental approach to pursue in such measurements. We have initiated 
such a study. We have looked in detail at the pseudoscalar meson 
photoproduction amplitudes that contribute to each of the numerous 



observables which one can measure with combinations of all three 
techniques. We have also calculated many constraints based on the 
interconnections between these observables. 

Tnese studies serve as an invaluable guide to us in planning 
for future experiments and we intend to make our findings available 
to other interested parties. We are surprised to find for most 
reactions in which polarization data exists, that, of the many 
possible correlation measurements, only a very few prove to be 
extremely valuable. This judgement is made in terms of what new 
information such experiments can bring to bear on determining the 
underlying structure of the amolitudes. We can thus say which of 
the many possible experiments will be useful and which won't be 
useful. Such information has not been known until now. 

We are continuing to develop pertinent and possibly indispensa
ble theoretical relations which will, we believe, serve as invalu
able guides to the proper planning of efficient future polarization 
and spin correlation experiments. 

E. Thin Diamond Beam Checkout and Background Rate Test (Professors 
Rutherfoord and Quinn, Mr. Shupe) 

Late this year we plan to assist SLAC physicists in the checkout 
of a new beam based on coherent bremsstrahlung in a thin-diamond. This 
beam should be a great improvement over the old "diamond" beams in 
that it will be possible to collimate it within 10 microradians. This 
will cut out a large fraction of the incoherent bremsstrahlung spectrum 
and will make the coherent spike narrower. The polarization of the 
photons in the spike will thus be much greater, hopefully as large as 
8055 at 10 GeV. 

Our participation in these tests offers multiple benefits. SLAC 
is short in manpower, and they will find valuable the experience which 
we have by virtue of participation in past SLAC experiments. We are 
familiar with the electron pair spectrometer which will be used to 
measure the thin diamond spectrum. Most important, we anticipate 
our use of the beam in future experiments. In this last connection, we 
plan concurrently to monitor background rates in two lead-glass 
Cerenkov blocks. This subsidiary test constitutes a feasibility 
study for measuring eta photoproduction polarized photon asymmetries 
and will, we hope, provide the basis for a future proposal to SLAC. 

F. Laser Beam Development (Professor MUburn, Mr. Mercurio) 

1. YAG-YALO Laser Studies 
During the last part of 1971 and early 1972 an extensive in

vestigation was made of the properties of a laser system based upon 



a YAG (Nd3+) oscillator and a YALO (Nd3+) amplifier. Of particular 
interest was the determination of factors limiting the output energy 
of the YALO amplifier. It was found possible to fit the observed 
characteristics of the system under different operating conditions 
to a theoretical model, and from this to infer that the output 
energy limitations arise from geometrical inefficiencies in 
utilization of the amplifying volume rather than saturation effects 
associated with superradiance phenomena. This analysis has been 
written up and is accepted for publication in the September 1972 
issue of Applied Optics. A preprint of this Letter is submitted 
as an Appendix to this Report. Further studies have been deferred 
until high-repetition rate operation is achieved (see below). 

2. High-Repetition Rate Laser Pulser 

Long-lead-time elements, including a heavy-duty cooler 
and a high voltage power supply, were received during the Spring 
of 1972 and a prototype high-repetition rate lamp pulsing system 
assembled during the summer. This system is based upon a resonant 
charging supply wherein a 130 mfd capacitor bank is rapidly charged 
from a much higher capacitance bank, switched by high voltage SCR's 
through a 0.1 Hy choke and safety ballast resistor. The smaller 
bank will then be discharged through the laser flash lamp by an 
ignitron tube. The electrical design is based upon the fact that 
flash-lamp de-ionization becomes erratic at high repetition rates 
under high power operation, so that reliable external switches are 
required for both charge and discharge execution. A test lamp holder 
external to the laser cavities has been manufactured to avoid laser 
head and crystal damage during possible catastrophic lamp failures 
which could occur during tests of this system Final adjustments 
are currently being made and initial full-scale system tests are 
expected to be feasible by October 1972. Tests will first be made 
\tfith a bare lamp, then with an oscillator, and finally with the 
entire oscillator-amplifier system. Repetition rates as high as 
60 Hz are anticipated. 

G. Development of PDP-11 for Use with CAMAC System (Professors 
Rutherfoord and Milburn, Mr. Shupe, 
Ms. Fine) 

A PDP-11 on-line process controller was a vital element in the 
Cornell experiment on recoil proton polarization in high energy pion 
photoproduction (see paragraph B,above). Future SLAC experiments, 
including the possible measurements of n° photoproduction for which 
tests are scheduled this December (see paragraph E, above) 
require similar on-line processors for data collection and preliminary 
analysis during experimental runs. Tufts' existing PDP-11 has been 
reinforced during the summer with the addition of a DECTAPE 
interface and two tape drives, and with the acquisition of a CAMAC 
Branch Driver, Crate, Controller and Test Module. Software devclop-
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ment of a DECTAPE library system monitor is largely completed 
and development of essential routines for CAMAC is initiated. It 
is expected that many of the routines developed on the PDP-11 for 
the Cornell experiment can be carried over directly into future' 
experiments. It is planned to apply the system at first to the 
control and read-out of .a large Fb-glass Cerenkov counter hodoscope 
to be used in the aforementioned measurements on r\ photoproduction. 

H. Recoil Proton Polarization in TT° Photoproduction, 1000-1800 MeV 
"(ProfessorsMiIburn and Rutherfoord 
in collaboration with Prof. Martin 

. Deutsch of M.I.T.O 

'. Final results from this experiment, performed at 65° center-
ofnnass angle at the 'Cambridge Electron Accelerator,were written-
up and presented as a contribution to the XVI International Confer
ence on High Energy Physics, Chicago, September 1972. Our results 
have been found to complement data obtained at different angles at 
other laboratories, and lead to a self-consistent empirical picture 
of recoil proton polarization in neutral pion photoproduction 
between 60° and 120° in the intermediate resonance region. A 
copy of our Conference contribution is submitted as an Appendix to 
this Report. This paper is presently being edited and slightly 
amplified for journal publication. 

I. Recoil Lambda Polarization in KA Photoproduction with a 
.Quasi-Monochromatic Linearly Polarized Photon Beam 

(Professors Rutherfoord aid Quinn, 
Mr. Shupe) ' . 

Throughout 1972 .we continued feasibility studies and optimization 
programs to help design the apparatus in this experiment. Concurrently 
we learned three different facts. First, our measurement of polarized 
photon asymmetries in KA photoproduction (see paragraph C) showed 
the observable to be almost unity over a large range in t . Second, 
and experiment at DESY measured the recoil lambda polarization in 
this reaction with an unpolarized beam and found a very large 
negative polarization over a wide range in t . Finally our study 
of polarization and spin correlation experiments (see paragraph D) 
has shown us the interconnection between the measurements we proposed 
to make and the measurements already made during 1972. We found that 
this proposed experiment would not yield the wealth of information 
we had originally anticipated because of the unexpected results of 
the measurements-just completed. We have therefore decided not to 
pursue this any'further for the present. We have instead switched 
our emphasis slightly to the somewhat similar process of n photo
production (see Proposal for 1973). 
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