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ERDA PROGRESS REPORT - 1977 - BUBBLE CHAMBER GROUP 

(Professor Schneps, Assistant Professors Canter, Dao and Mann, 
Drs. Segar and Tompkins, Messrs. Gelfand, Truxton, Wald and Chang) 

A. Summary 

The year 1977 represents a transition period in the work of the 
bubble chamber group. At the same time as we have been bringing our 
ongoing experiments to completion, we have been charting new and 
exciting directions for the group at the forefront of the field. 

During the year we produced a final paper on E production from 
2.9 GeV/c K p interactions, and a paper on the E TT TT (TT°) final state 
from 2.9 GeV/c K d interactions is on the verge of completion. From 
our 14.75 GeV/c pp experiment results have been prepared for pub
lication on three topics: the charm search, V° inclusive production, 
and TT" production. Further analysis of our data is continuing. In the 
300 GeV/c pp experiment, investigations are completed or underway in 
three areas: neutral and charged pion correlations, inclusive y and 
V° production, and inclusive resonance production. Further data on 
inclusive V° distributions from 6.5 GeV/c K p interactions has been 
obtained and analysis is nearing completion. Our shop is now 
entirely devoted to measuring 0-prong Vee events from this film. 

A good deal of our effort went into the development of proposals 
for new physics. These new directions may be represented by three 
approved experiments at three different laboratories: 

1) Neutrino-deuterium interactions at Fermilab (an approved and 
a proposed experiment); 

2) Search for new states decaying into AA and K°K° using the 
Multiparticle Spectrometer at B.N.L. (approved in May, 1977); 

3) Search for baryonium using the SLAC hybrid bubble chamber 
system, which won approval in September with a recommendation 
for prompt running from the Program Advisory Committee. 
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B. Personnel Changes 

Mr. Eric M. Gelfand completed all requirements for the Ph.D. 
degree during the summer of 1977 when he presented his thesis 
"Search for High Mass Resonances and Study of Neutral Strange 
Particle Production in pp Interactions at 14.75 GeV/c". He has 
now taken a position as radiation physicist at Boston City Hospital. 

Assistant Professor Joseph Canter has accepted a position as 
Scientist in research and development with the Polaroid Corporation, 
beginning October 1, 1977. The expertise he has developed in computer 
software, and in the area of digital electronics will serve him well 
in his new position. During the past year he served as primary 
advisor to Mr. Gelfand, contributing significantly to our 14.75 
GeV/c pp experiments. 

Dr. Adrian Segar, who recently completed his Ph.D. at University 
College London, joined the bubble chamber group on July 1, 1977. 
Dr. Segar, during his years at U.C.L., participated in the neutrino 
experiments using the Gargamelle heavy liquid bubble chamber. His 
knowledge and experience in the area of neutrino physics will be a 
strong asset for the group. He is already deeply involved in the 
problem of plate configuration for our neutrino-deuterium Proposal 
P-545 at Fermilab. 

Mr. S.C.C. Chang, who comes to us with an excellent under
graduate record from the National Central University in Taiwan, 
became a Graduate Research Assistant in the group during September 
1977. 

C. 5 Resonance In K p Interactions at 2.87 GeV/c 

At the time of last year's Progress Report a paper on the 
* Brandeis-Maryland-Syracuse-Tufts K p -+• 5 experiment, at the 

48 event/ub level, had been drafted. It became evident to us that 
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one channel, ~°TT K , which has serious ambiguity problems, needed 
reanalysis. This was carried out at Tufts during the spring and 
summer of 1977 with significantly improved results, showing evidence 

* + + 
for the decay E (1980) + ~°K with parameters M = 1979  14 MeV, and 
r = 69 * 32 MeV. 

The final results on 5 resonances are shown in the following 
table. In addition to H(1820) and 5(1940) we observed signals at 

2 2  + — 
masses 1630 MeV/c and 1860 MeV/c decaying into 5 TT and YK 
respectively. 

The paper on this work has now been accepted for publication 
in Physical Review D. This completes the work of the BMST collaboration 
(See Table I). 

D. Resonance Production and Search for Exotic Hyperons in 
K~n » E~Tr~Tr"l"(Tr°) at 2.87 GeV/c 

At the beginning of 1977 a first draft of a paper on this 
channel was prepared. A summary of the main features of this work 
was given in last year's Progress Report: upper limits on exotic 
baryon production; cross sections for E p°, E w, E°(1385)TT , 
A(1520)TT , E n' and other processes; and density matrix elements 
for E p and E to production. 

It was decided that the following further analysis should be 
undertaken to improve the paper: 

1) Monte Carlo generation of background for mass distributions 
with tcuts in the 3body final state E TT TT ; 

2) More detailed study of background subtraction in the quasi
twobody states E p and E w and recalculation of differential 
cross sections and spin density matrix elements; 

3) Incorporation of the E <(> final state which came out of the 
K d -*■ 5 studies, but had not been reported elsewhere. 

This further analysis was delayed until the completion of the 
_ * 
K p >■ H paper reported in section A. It is now well underway and 
completion is expected in 1977. 
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Resonance 

Table I Summary of Results on 5 Production. 

2 a 

Final State Mass(MeV/c ) Width(MeV) Percentage of 
Total Final State 

B-o(yb) 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

5(1530) 

5(1630) 

5(1820) 

5(1860) 

) 

(HV")K° 
(~~ir°)K+ 

(5°ir~)K+ 

(5~TT + )K° 

(=~it°)K+ 

(5°TT)K+ 

(E~*+)K° 
(5~TT°)K+ 

(5°TT")K+ 

[5(1530)TT]K 

(E~K°)K+ 

(E°K~)K+ 

(E+K_)K° 

(AK°)K° 

(AK~)K 

(E~ir+)K° 

(5~7r°)K+ 

(5°Tr")K+ 

(E_K°)K+ 

(E°K~)K+ 

(E K~)K° 

(AK°)K° 

(AK~)K+ 

1531 ° 

1541 ± 6 

1535 

1624 ± 3 

1797 ± 19 

1829 ± 9 

1813 ± 4 

1860 ± 14 

1870 ± 9 

13.9 ± 1.9 

43 ± 13 

20 ± 10 

22.5 

99 ± 57 

52 ± 34 

26 ± 11 

72 ± 17 

44 ± 11 

21.8 ± 1.8 

18.0 ± 3.8 

10.1 ± 3.1 

4.1 ± 1.4 

< 3.8 

< 4.6 

9.9 ± 5.9 

< 3.9 

< 4.9 

(18.1 i 3.5)d 

< 9.6 

< 8.0 

<14.8 

< 1.9 

7.9 ± 2.3 

< 2.5 

< 4.6 

< 4.9 

29.1 ± 8.2 

< 7.4 

<12.2 

6.1 ± 2.0 

< 5.1 

14.2 ± 1.8 

5.5 ± 1.4 
d 

2.6 ± 0.9 

< 1.2 

d 

6.4 ± 3.8 

< 1.2 

d 
a 

< 1.4 

< 1.7 

< 1.4 

< 1.4 

6.0 ± 1.8 

< 1.6 

< 1.4 

d 
4.3 ± 1.4 

< 1.5 

< 1.1 

4.5 ± 1.4 

< 3.9 
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Table I (Continued) 
/-

2 a h 
Resonance Final State Mass(MeV/c ) Width(MeV) Percentage of B'o(yb) 

Total Final State 

24) 5(1940) (E"IT+)K0 1961 ±18 159 ± 57 18.6 ±5.6 12.0 ± 3.8 

, 25) (5~TT0)K+ < 5.2 < 1.6 
<? - + 
' 26) (»°ir )K 193G 1 22 87 ± 26 14.8± 6.3 d 

27) [=(1530)TT]K 1964 ±10 60 ± 30 (15.0 - 3.5)e e 

28) (E~K°)K+ < 8.3 < 1.2 

29) (E°K~)K+ < 5.0 < 1.0 

30) (E+K~)K° <11.9 < 1.1 

31) (AK°)K° < 2.0 < 1.5 

32) (AK~)K+ < 2.2 < 1.7 
a The widths quoted here are empirical widths, not corrected for mass resolution. 
See reference (19) for an accurate determination of the 5(1530) widths. 
Branching ratio times cross section. All cross sections are fully corrected. 
All upper limits are at the 90% confidence level. 

c 
Underlined quantities were held fixed during the fits. 
Cross sections not calculated for this final state. 

The analysis of this final state was performed on a mixture of four different 
final state topologies. 
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E. Search for A°A° and 5 p Di-hyperon Resonances Produced in 
K~D Reactions at 2.87 GeV/c 

Over the years, di-lambda and other di-hyperon states have 
been predicted by many theorists investigating various nuclear 
potentials. However, intense interest in di-hyperons has resulted 
recently from predictions obtained by R.L. Jaffe using the M.I.T. 
Bag Model. It is expected that six quarks can be combined to form 

P + 
two or more states with J = 0 ; the lowest-lying states should be 

* 
a stable H(2150) di-hyperon and an unstable H (2335). The latter 
resonance is above the A°A° threshold and presumably decays strongly 
into AA and 5N channels. Such states are difficult to produce 
using conventional hadron beams. One method is to use collisions 
in complex nuclei, isolating two-step processes in which a produced 
hyperon collides with another nucleon before escaping from a target 
nucleus. For example, 

K~ + p ■+ 5 + K+ir's 

+ 5 + N -*■ H + IT'S. 

We note that the best available upper limits on di-hyperons to date 
were obtained by the Brussels, CERN, Rutherford, Tufts, University 

3 
College London collaboration using this technique. 

The above method is most straightforward if the nuclei employed 
are deuterons, since subsequent scattering in the nucleus does not 
occur and it is possible to kinematically fit the entire final 
state. We have, therefore, reactivated work which we initiated 
several years ago, which was to collect all A°A° and 5 p events 

* 
recorded in the scanning for 5 events of our million picture 
K D exposure at 2.87 GeV/c taken in the BNL 31-inch chamber. At 
this time, we have collected and measured at Tufts all candidates 
from film scanned at Tufts, Brandeis, and Syracuse Universities. 
About two-thirds of these events were analyzed by our student, 
Ronald Truxton, who presented his study this summer as a Master's 
Thesis. 
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When our full data set is completely processed we will have 
about 120 A°A° events, and about 300 5 p events in which the proton 
momentum exceeds 200 MeV/c. Our preliminary distributions show 
rather sharp rises immediately above thresholds, but we observe 
no statistically significant bumps. Each di-hyperon sample is 
found to receive contributions from at least eight distinct final 
states; however, 35% of the A°A° sample is obtained from the 
reaction K~D ■+ A°A°K+ir-nn. 

Clearly the statistics of this study are quite modest. However, 
it involves clean samples of these unusual di-hyperon mass com-
binations and our upper limits on H production should be of interest. 
Moreover, our determination of cross sections for K -deuteron 
reactions which produce di-hyperons will be useful for new experiments 

4 
which use electronic triggers. 

See for example, M. Goldhaber, "Summary of the Conference", 
in Proceedings of the Second International Conference on High 
Energy Physics and Nuclear Structure, Rehoboth, Israel, 1967. 

2 

3 

4 

R.L. Jaffe, Phys. Rev. Lett. 8, 195 (1977). 

G. Wilquet et al., Phys. Lett. 57B, 97 (1975). 

CERN Proposal PSC 76-21, PSC/P1, "Investigations of Di-Baryon^ 
Systems", CHMMSSV Collaboration, Addendum 1, April 1977. 

F. Zero-Prong plus Vee and Six-Prong plus Vee Final States in 
6.5 GeV/c K p Reactions in the 12-foot Bubble Chamber 

Last year a consortium of five bubble chamber chamber groups 
(Argonne, Michigan State, Kansas, Brussels and Tufts) completed 
data taking for a million-picture exposure (75 events/ub) of the 
12-foot hydrogen bubble chamber exposed to 6.5 GeV/c K mesons. 
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In August 1977, Tufts began devoting its entire shop to 
measurement of 0prong plus Vee events recorded in scanning at 
Tufts, Brussels, Kansas and Argonne. We expect to have samples 
of 5000 to 10,000 events ready for analysis in each of two channels 
by the end of this year: 

K~ + p > (A°/E°'s) + neutrals 
K" + p > K°'s + neutrals. 

Thisv sample will enable investigations of reaction amplitudes in 
quasitwobody channels in which the neutral mass recoiling from 
the V° is narrow: 

K" + p »■ A° + (mm = TT°, n, a), n', 0, f , h
0
...??) 

K~ + p » K° + n. 

Very interesting studies of this kind at 4.2 GeV/c in A°TT0
, A°n, 

and A°n' final states were reported this year from an experiment 
using the CERN 2 meter bubble chamber. Their data will enable us 
to examine momentumdependences of these differential cross sections; 
in addition we look forward to searching for new 1 = 0 mesons with 
our high missing masses recoiling from the A°'s. 

During August 1977 our group was visited by p'hysicists from 
Brussels and Michigan State for the purpose of continuing analysis 
of inclusive K° and A° production in 6.5 GeV/c K p interactions. 
Last year the E292 consortium combined its 0, 2and 4prong Vee events to 
examine the relative contributions of semiinclusive processes to 
inclusive Vee distributions; preliminary results were presented to 
the July 1976 conference in Tblisi, U.S.S.R. This year, the con
sortium assembled Vee samples with much improved statistics in 
each topology; in addition the Tufts group prepared a sample of six
prong Vees, thus completing the set of Nprong plus Vee topologies 
produced at 6.5 GeV/c. Analysis of this data is nearing completion, 
and we intend to submit our results to Nuclear Physics. 

Distinct features in t' and u' distributions with both in
clusive A° and Kc channels are observed, which indicate dominance of 
K or nucleon exchange in certain regions of phase space. For example, 
the pronounced forward peaking in our K p *■ A°X data with t' j< 1 
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(GeV/c) can be identified with significant p exchange, while broader 
2 ' 

backward peaking (u' <_ 2 (GeV/c) ) in these channels signals dominance 
*_ — 

of K exchanges. Assuming that virtual p exchange between beam and 
target vertices dominates the forward t' events involving inclusive 
A°'s, one can regard the missing mass reaction K p -*■ A°mm to be pp 
annihilation where the virtual "beam" may be off the mass shell. It 
is of interest to compare theoc annihilation masses and charge 
multiplicities with those observed using conventional p beams and 
to compare these results with those obtained using other virtual 
beams such as K* + p » X. Our preliminary work indicates that 

— * 
multiplicities produced with either virtual p's or K 's on protons 
is determined by the effective centerofmass energy and not "beam" 
quantum numbers, in agreement with previous studies at other energies. 

F. Marzano et al., "The Reactions K p •> ATT°, An, An', at 
4.2 GeV/c", to be published in Nuclear Physics B, 1977. 

G. Search for Charmed Particles and the IMeson in 15 GeV/c pp 

We have completed our search for charmed particles in the pp 
film at 15 GeV/c. In this search, we looked for narrow resonances 
of mass greater than 1.5 GeV through both their hadronic and semi
leptonic decay modes using the following two reaction channels: 

pp -*■ V° + nir + anything (1) 
pp > V° + e* + anything (2) 

where V° is a neutral strange particle, either K°., A or A. The 
± s 

e in reaction (2) is identified with a 0.25 inch downstream tantalum 
plate in the BNL 80inch bubble chamber. 

Tufts, Tohoku and Michigan State Universities have performed 
the analysis independently. A preliminary version of the analysis was 
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presented at the International Neutrino Conference in Aachen during 
June, 1976. A more complete version was submitted to Physical 

2 Review D in September of 1977. This study formed part of a Ph.D. 
thesis work by Mr. Eric Gelfand. 

We found no clear evidence for charmed particles from their 
hadronic decay involving K|, A° or A° at the 30 yb level, nor 
from their semi-leptonic decay at the 3 ub level. In the K°TT~TT IT 
channel we found no evidence for the I-meson, a possible strange 

3 _ 
baryonium state reported by Apostolakis et al., in a 12 GeV/c pp 
experiment. 

J. Schneps et al., Proceedings of the International Neutrino 
Conference, p.123-133, Aachen, Germany (1976). 

J. Canter et al., Tufts Preprint No. 77-1603, submitted to 
Phys. Rev. D. 

A. Apostolakis et al., Phys. Lett. B66, 185 (1977). 

2 

3 

H. Inclusive Study of Neutral Strange Particles in 15 GeV/c pp 

Measurements of V° events in 15 GeV/c pp film were completed 
and successfully merged onto one DST tape early this year. Tufts, 
Michigan State, Tohoku and Fermilab collaborated in an inclusive 
study of K°, A, A, K°K°, K°A, K°A, AA, AA and A A production in 
_ S S S S S 
pp interactions at 15 GeV/c. This study formed part of Mr. 
Eric Gelfand's Ph.D. Thesis work. A paper has been submitted to the jour 
nal of Nuclear Physics. 

We have determined the various inclusive production cross 
sections for singly and doubly produced neutral strange particles, and 
we have also studied their dependence on charged multiplicity. We 
plan to extend our analysis to K (890) meson and Y (1385) baryon 
production. The production of the latter particles will provide 
information on the strange sea-quark component of the incident proton 
and antiproton structure functions. This analysis is expected to 
be completed in three to four months. 

J. Canter et al., Tufts Preprint No. 77-1604, submitted to Nuclear 
Physics in September, 1977. 
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I. TT" and Total Multiplicity Distributions in 15 GeV/c pp 
Interactions 

We have determined the TT° multiplicities from y conversions in 
the tantalum plate of the 80-inch bubble chamber. We are presently 
waiting for our Tohoku collaborators to finish their independent 
analysis on this subject. After we compare the two analyses and 
check their consistency in about two months, we plan to submit a 
short paper for publication. This study further enables us to 
determine the neutral and charged pion correlation more directly 
and to check various scaling proposals. 

J. Study of TT°, K°, A"/A° and Inclusive Resonance Production from 
pp Interactions at 300 GeV/c in the 15-foot Bubble Chamber 
(Fermilab E-343) 

By July 1977 the E-343 collaboration, consisting of physicists 
from Argonne, Kansas, SUNY at Stony Brook and Tufts, completed pro
cessing of all gamma conversions and neutral Vee decays observed in 
25,000 triad photographs taken with the 15-foot bubble chamber ex
posed to 300 GeV/c protons. Within a restrictive fiducial volume 
we isolated more than 7,000 gamma conversions associated with visible 
pp interactions, representing a factor of twelve improvement in 
statistics over previous bubble chamber studies of inclusive gamma 
production at FNAL energies. In addition, we obtained 500 Kg decays, 
270 A°'s, and 130 A°'s. Results based upon preliminary analysis of 
our gamma sample were reported at the Chicago and Washington APS 
meetings this spring. Investigations are completed or underway in 
three major areas: 

1) Neutral and Charged Pion Correlations in 300 GeV/c Collisions 
Using 4,000 events in which two or more gammas point directly 

to a primary pp vertex, we observe a clear TT° signal (FWHM ^ 9 MeV) 
from which we determine the inclusive TT° cross section: 
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p + p + TT° + X4"4" : o(ir°) = 124  15 yb 
+ 
+Y + Y + _ 
4 ,+»•»■ >• e e 
*e e 

We measure the inclusive y cross section to be: 

p + p > Y + X4"1" : CT(Y) = 254  7 mb. 
4. + _ 
>■ e e 

Since the inclusive TT° cross section is equal within errors to half 
the inclusive y cross section, we conclude that most "direct" photons 
from 300 GeV/c pp collisions come from produced TT°'S. NO other 
resonance peaks are observed in our YY» YYY> an<* 7r°Y invariant 
mass distributions and we determine an upper limit on inclusive 
production: 

p + p » n° + X4
* a(n°) < 30 mb, 90% CL. 

4

Y + r+t +_ 
4 _*■>■ e e 
vee 

By assuming that all Y'S come from TT° decays, we obtain 
first measurements of jill total inclusive Mueller TTTT correlation 
parameters at 300 GeV/c: ' c : 

*r 
f7 
V 
rO 0 

= 

= 

= 

= 

+ 4.50 - 0.15 

+ 1.35 - 0.06 

+ 1.98 - 0.50 

+ 1.66 - 0.30 
"2 

If pions were produced according to a Poisson distribution (ignoring 
charge conservation) then f„ = 0.0. Thus the correlation strengths 
between chargedneutral and neutralneutral pion pairs is found to be 
attractive, indicating clustering behavior in dipion systems. 

It is well known that many observed correlations in charges 
and momenta of pions produced at high energies can be described by 
invoking production and decay of low multiplicity pion "clusters" 
which have no net electric charge. However, at present, the origin 
of clusters, whether they be identified with the known resonances or 
whether they reflect an underlying quarkgluon dynamics (or both), 
remains unclear. In this experiment, we have measured the momenta, 
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<n 0> , and f°° (n_) semiinclusively, i.e. for each fixed charge 
multiplicity n_. These semiinclusive moments have often been cited 
in the literature as affording sensitive tests of the isospin com

2 
position of pion clusters. For <n Q> we find ir° production to 

ir n
increase linearly with increasing charge multiplicity, in agreement 
with previous experiments: 

<n 0> = ctn_ + 6; a = 0.46  0.03, 6 = 2.16 ± 0.10. 
TT n_ 

The linear rise in TT° production continues through twentyprongs in 
our data, suggesting that energymomentum conservation is not a 
significant constraint. For the semiinclusive Mueller moments 
f°° (n_) we find that the value +0.5  0.7 is typical of all charge 
multiplicities from twoprongs through twentyprongs. Among very 
simple cluster models, this data is compatible with the "ir model" 
in which pions are independently omitted, and the "a model" in 
which pion pairs are produced with isospin 1 = 0 . On the other 
hand the data definitely excludes the "p model" ( 1 = 1 pairs) and 
its variations, hence it should provide interesting constraints on 
the more sophisticated multiperipheral cluster production models which 
are currently in vogue. Analysis of these topics is being prepared 
for submission to Physical Review Letters. 

2) Inclusive Production of Y'S, K°'S, A°'S and A°'s 

We have obtained inclusive distributions in Feynman x, rapidity 
— I | 

and p T for p + p -*■ (y, K°, A°,.A°) + X over the entire forward 
and backward centerofmass hemispheres. We are currently investigating 
Veegamma and Vee  Vee . correlations and we will determine the 
amount of inclusive E° production by examining A° + Y invariant 
masses. In working with our gamma samples, we developed two tech
niques which should be of interest to bubble chamber experimentalists: 

i) We used the QEDcalculated energysharing ratio for converted 
electronpositron pairs as a means to evaluate losses of low
momentum tracks; 
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3 
ii) We used the "Solmitz determinator" F = p 8,. A6 to

gether with diagnostic fits to detect e* tracks which undergo 
undetected bremsstrahlung. We plan to present these topics and 
techniques In a paper in Physical Review. 

3) Search for Inclusive Resonance Production in 300 GeV/c Collisions 

In order to see whether or not clustering can be identified 
with abundant resonance production, we are undertaking measurement 
of charged production prongs in all events which have associated 
Vees and gammas. With the Vee events we will search for inclusive 
K 's and Y*'s: 

p + p ■+ (K*(890), Y*(1385)) + X 
+ + 

+ + 
K°TT A°/A°Tr. 

With events under the TT° peak we will search for inclusive p's and 
to' s: 

p + p »• (p*, w°) + X 
4 4

+ " +  o 
77 IT TT TT TT . 

In TT IT Y invariant masses we will search for inclusive n's, n' 's , 
and also OJ'S, (signal shifted to lower mass and broadened): 

P + P + (n°, n°', u°) + X 
4

4 4

4 4

1t+1!~y T T V Y ( Y ) 
m ^ 710 MeV, T  220 MeV. 

A preliminary study by the Tufts group using about onethird of the 
* 

collaboration s data indicates that K (890) is occurring. In 

pp reactions there is at present an upper limit on K*(890) pro
duction determined at 205 GeV/c which is in disagreement with an 

4 
analysis from a recent ISR experiment. We are looking forward to 
clarifying this situation. If we observe significant resonance 
production at our energies, it will be very interesting to see 
whether the relative inclusive rates are in accord with simple 
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quark combinations as proposed by Anisovich and Kobrinsky. In their 
scheme the relative probabilities for production of every hadron in 
the central region are given by simple polynomials which contain 
one free parameter A, which characterizes the suppression of strange 
quark production. In this model one need only measure the rate for 
inclusive K*(890) production (o(K*(890)) = 9A); all other inclusive 
resonance cross sections are then predicted! 

Other possible physics investigations are under discussion within 
the E-343 collaboration. Significant measurements are possible in 
two areas: (i) comparison of neutral particle production in diff-
ractive versus non-diftractive events, and (ii) measurement of 
inclusive neutron production using neutron stars recorded downstream 
from primary pp collisions. 

3 

4 

G.H. Thomas "Inclusive Correlations in the Central Region", 
ANL-HEP-PR-77-01, January 1977; E.L. Berger, Nucl. Phys. B85, 
61 (1975). 

See A. Anneodo and J. Kubar-Andre, Nuovo Cimento Letters 12, 
1 (1975) and references therein. 

B. Webber et al., Phys. Rev. D3, 64 (1971). 

R.L. Singer, Private communication; G. Jansco et al., Nucl. 
Phys. B124, 1 (1977). 

V.V. Anisovich and M.N. Kobrinsky, Phys. Lett. 52B, 217 (1974) 

K. Multipion Production in 400 GeV/c p - H and p-Ne reactions 
Using a Light Ne-H Mixture in the Fermilab 15-foot Bubble 
Chamber (Fermilab E-291) 

Last year the Tufts Bubble Chamber group, in collaboration with 
Kansas University and Michigan State University scientists, received 
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approval for taking 25K pictures in the .neon-hydrogen filled 15-
foot bubble chamber exposed to a 400 GeV/c proton beam. It was 
clear to us at that time that neutrino exposures in the 15-foot 
chamber would receive highest priority at Fermilab and that our 
exposure would be run when it could be scheduled with minimal delay 
to the neutrino program. Since that time, neutrino exposures have 
used very heavy neon-hydrogen mixes, and also pure hydrogen, and so 
the opportunity for our experiment to take pictures on the second 
pulse of the chamber filled with a ^20% mole Ne-H- mixture did not 
arise. 

During this summer, Fermilab reviewed its entire bubble chamber 
program, and emphasized the high priority of the neutrino program. 
Although approval was withdrawn from numerous hadron exposures 
involving the Fermilab 30-inch bubble chamber, our experiment has 
retained its approved status. 

Given the uncertainties in the 15-foot chamber program, we have 
had to take a wait-and-see approach to scheduling of E-291; if the 
neutrino program returns to exposures using light Ne-Ho mixtures in 
the near future, we may obtain running of our experiment on the 
chamber's second pulse. 

Many physics topics and techniques in our proposal are 
natural extensions of studies we are already pursuing in E-343. 
Although we are able in E-343 to determine higher moments of TT° 
multiplicity distributions with some accuracy, the conversion 
efficiency of the hydrogen-filled 15-foot chamber is marginal for 
detailed study of inclusive production of u°'s, n°'s an^ other meson 
resonances whose decay products contain gammas. Much more would be 
possible in this area, we believe, using hydrogenic collisions in 
a light Ne-H mix. 

L. Neutrino-Deuterium Interactions in the Fermilab 15-foot Bubble 
Chamber (Fermilab E-151/227) I.I.T., Maryland, Stony Brook, Tufts. 

This experiment has been approved for 200,000 pictures in the 
15-foot bubble chamber. In our proposal for 1977 we gave as the 
expected running date August to October 1977. Two primary factors 
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affecting the scheduling of this run are (i) slippages in the 
Fermilab program due to technical problems, and (ii) the acquisition 
of deuterium for the 15-foot chamber. 

Due to breakdowns in the 15-foot chamber and in the neutrino beam, 
slippage amounting to several months did occur. T4ie deuterium to be 
used will come primarily from the Argonne National Laboratory, 
where it is being used in the 12-foot bubble chamber program. 
Argonne has now agreed to release the deuterium by April 1978. Shortly there
after, deuterium running in the 15-foot chamber will hegin. 

We are encouraged by the strong commitment shown by the Fermilab 
administration to pursuing the neutrino-deuterium experiment. 

M. Study of Neutrino-Deuterium Interactions with A Downstream 
Plate System in the Fermilab 15-foot Bubble Chamber 
(Fermilab Proposal No. P-545) - I.I.T., Maryland, 
Stony Brook and Tufts 

In last year's renewal proposal we included a possible anti
neutrino-hydrogen experiment with plates in the 15-foot chamber. 
Shortly after we examined the possibility of a neutrino-deuterium 
experiment with plates. We submitted both of these possibilities 
for consideration to our collaborators on the E-151/227 neutrino-
deuterium experiment, and it was decided to submit the neutrino-
deuterium experiment with plates as a proposal to Fermilab (P-545). 

The primary reason for this choice was that the group will 
already have developed expertise in neutrino-deuterium physics and 
a plate experiment would be the next logical step in this program. 
On the other hand, the antineutrino-hydrogen experiment event rates 
turned out to be rather low. 

The primary advantages of following up our bare deuterium run 
witzh a plate run are the following: 

a) Detection of Y'S from TT° mesons produced in the neutrino 
interactions; and 
b) Detection of electrons and positrons produced in di-lepton 
or tri-lepton events. 
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We proposed a downstream series of four plates which will 
enable us to: 

1) Detect about 50% of an expected 375 y e dilepton events 
(based on a 300,000 picture exposure); 

2) Enhance the isolation of charmed baryon events produced 
in the two body reaction v + n »■ C0 + y by using the plates as 
a Y veto to eliminate events with final state Tr°'s. Detection of TT°
mesons may also make it possible to search for charmed baryon decay 
modes in neutral channels. 

3) Improve the measurement of physical parameters (x, y, E ) 
v 

which characterize neutral current interactions by the detection of 
neutral particles from them. 

4) Improve the flux determination of the neutrino beam. To 
normalize flux the reaction vn > y p can be used. One expects 
considerable ambiguity from vn »■ y pir°. Using the plate as a TT° 
veto will enable elimination of most of these background events. 

Our downstream plate configuration is identical to that 
offered by the ArgonnePurdue collaboration in their antineutrino
deuterium proposal. Other groups (Fermilab, Michigan) have proposed 
a plate configuration in which the plates are distributed throughout 
the chamber. The Fermilab Program Advisory Committee asked the 
proponents of the different plate configurations to meet at Fermilab 
to see if a single configuration could be agreed upon. 

In response to this we made an extensive study of various plate 
configurations and their efficiencies in gamma and electronpositron 
detection in the Fermilab 15foot chamber. Our study was presented 
at a Fermilab Workshop on the 15foot chamber with plates, on 
September 16, 1977. 

In our Monte Carlo study, we used the following measurement 
inputs: 

a) The Fermilab neutrino flux at 400 GeV and the neutrino 
cross section; 

b) The measured ratio of neutral current to charged current 
events R = 0.48; 

c) The measured x and y distributions for charged pions; 
d) The momentum distribution of e* from dilepton events from 

a recent Fermilab experiment in neutrinoNeon interactions. 
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Using this information, events were generated and we computed 
the gamma and e* detection efficiency for a set of four plates 
using thicknesses of 0.5, 1.0 and 2.0 conversion lengths, and steel 
or tantalum for the material. 

We have studied two specific plate configurations. One configuration 
places all four plates of 0.5 conversion length downstream toward 
the beam exit of the bubble chamber. This configuration was described 
in our proposal P-545. The other configuration uniformly distributes 
the four plates in the chamber. Our study showed gamma detection 
efficiency of '^60% and e detection efficiency of 50% for both. 
When secondary hadron interactions and the optimal number of camera 
views were discussed, our proposed downstream plate configuration 
was clearly the favored system. 

At the Fermilab meeting, the downstream plate system was adopted 
by the various research groups as the official one. Fermilab has 
promised to consider the engineering aspects of the plate system 
and when this is done, a working version will be sent to the spokes
person of each proposed experiment. Dr. Dennis Theriot of Fermilab 
will make the presentation of the plate system to the Program 
Advisory Committee in October. It was generally agreed that the 
plate system will enhance our knowledge of the following areas of 
neutrino and antineutrino physics: 

a) Dilepton physics; 
b) Charmed baryon detection in non-leptonic decay modes; 
c) Neutral currents; 
d) Search for new flavors, and production of old flavors 

by neutral currents. 
It was noted at the same meeting that bigger groups should 

perhaps be formed to undertake this kind of research study, in 
order to compete ef f ectively with the normally large collaborations 
in Europe. 
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N. Search for Baryonium in pN Interactions at SLAC (SLAC Proposal BC68) 

A good deal of effort during 1977 went into the development of an 
experiment to search for baryonium and other exotic meson states 
using the rapidcycling SLAC hybrid bubble chamber system. Members 
of the Tufts group working with V. Chaloupka of the SLAC bubble 
chamber group produced proposal BC68 which was submitted in August. 

Until very recently, searches for exotic states produced no 
more than upper limits on cross sections. However, during the 
past two years, there have been a variety of observations of high 
mass narrow mesonic states coupled to baryonantibaryon systems. Table 
I indicates some of the most relevant effects. 

TABLE 1 

Mass 

1932±2 

1936±1 

1939±3 

2020±3 

2204±5 

2950 

Width 

+ 4 
9 
3 

♦ 4 
9 
3 

<4 

24±12 

+ 20 
16 

16 

<20 

Reaction 

pp > anything 
pd -*■ anything 
(formation) 

pp + anything 
(formation) 

pp >■ anything 
(formation) 

9 GeV/c 
12 GeV/c 

TT""P *■ (PTT")X° 
X° *■ pP 

9 GeV/c 
12 GeV/c 

7i~2 ■* X~(MM) 
X v ppir 
at 16 GeV/c 

a 

U8 nb 
36 nb 

17 nb 
21 nb 

^ 1 yb 

Femar ks 

1 = 1 favored, 
additional 1 = 0 
object not 
e xcluded 

mainly in pp »■ pp, 
but not in 
pp *■ nn 

observed only 
if (DTT ) = A° 
or N*(1520) 

observed only 
if (PTT ) = A0 

some evidence 
for sequential 
decay X »■ X°TT 

W
P P 
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There are also a variety of other claims and observations 
6-14 indicating narrow mesonic states or broader high spin states. 

In summary, the experimental evidence for a new spectroscopy 
consists mainly of high mass narrow mesons at 1.93, 2.02, 2.2 and 
2.95 GeV/c coupled to baryon-antibaryon systems. None of the ob
served states, however, are "manifestly" exotic. 

From the theoretical point of view the need for the existence 
of a new spectroscopy appears to be overwhelming. Most of the 
different approaches originate from the application of duality 
ideas to baryon-antibaryon scattering, differing mainly in the 
amount of "dynamical" input. In quark model terms the new particles 
are multi-quark states. There are three types of baryonium pre
dicted, a 4-quark, a 2-quark and a 0-quark (pure gluon) state. 
These may be represented in the string model by the following 
quark diagrams: 

9 ^ < ^ • O * ^ ^ > • = quark 
X = antiquark 

M4 M2 M0 

The decay of M, into BB is evident as a breaking of the central 
^ring: • ^ § ^ ^ < 

All of the models predict a large number of multiquark states, some 
of which are "manifestly" exotic (doubly charged for example) and 
some "crypto-exotic" (having the same quantum numbers as ordinary 
qq mesons). 

Our proposal to use pN interactions in the SLAC hybrid bubble 
chamber system, particularly pn from deuterium running, will make 
it possible for us to study manifestly exotic baryonium states in 

2 — 
the mass region 2 - 3 GeV/c . An expected enhancement in pN cross 
sections compared to irN cross sections may give us signals in the 
microbarn range. 

The basic reaction on which our proposal is based is character
ized by the following diagram: 
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The crucial elements of this diagram which determine the requirements 
of our experimental apparatus are apparent: 

1) The apparatus must be able to detect the fast forward IT 
emitted at the upper vertex; 

2) The baryonium state, X , is produced with relatively 
low momentum. It will decay predominantly into baryon-
antibaryon pairs (plus pions) leaving little kinetic 
energy to the decay products. Thus very good experimental 
detection of low momentum target fragments is necessary. 
On the other hand, some of the states may decay (besides 
into BB) to high multiplicity final states or strange 
particles; this also requires excellent spatial resolution 
in the target region. 

Requirement (1) can be accomplished with fast triggering using 
downstream electronics capable of distinguishing track charges, momenta 
and masses. Requirement (2) presents considerable difficulties in 
pattern recognition for purely electronic detectors such as LASS (SLAC), 
the OMEGA (CERN) or the MPS (BNL) spectrometers. It can best be 
accomplished in a bubble chamber. 

The rapid-cycling SLAC 40-inch bubble chamber with its three 
downstream wire planes, large aperture Cerenkov counter plus hodoscope 
array, is at present a unique facility for the baryonium search we 
envisage. 

The feasibility of our proposal hinges on the capabilities of 
the triggering arrangement which can be assembled, and we felt it 
very important to measure yields from p reactions with various 
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possible triggers. Following preliminary discussions of physics goals 
between the Tufts and SLAC groups in early June, one week was obtained 
for beam testing. During this time, 6500 pictures of the hydrogen-
filled 40-inch bubble chamber were taken using an interaction trigger 
(no through-going beam; fast trigger). Also 1360 pictures at 
6.1 GeV/c and 800 pictures at 8.9 GeV/c were taken using a crude on
line triggering algorithm (slow trigger), essentially a first try at 
requirement (1). In addition we borrowed 2800 pictures of 8.9 GeV/c 
p "annihilation trigger" film from the BC-64 collaboration. Throughout 
July the Tufts group participated in the analysis of these mini-
exposures. The film samples were scanned and measured, and the 
geometrically reconstructed bubble chamber tracks were merged with 
information from the on-line computer tapes. Triggering particles 
were reconstructed and were then subjected to the more restrictive 
requirements of our own baryonium trigger. In this way, we determined 
the triggering cross-sections to be 2.0 - 2.5 mb at both incident 
momenta for our experiment. 

The proposal based on the above ideas produced by the SLAC and 
Tufts groups calls for a first phase antiproton-hydrogen run; a 
40 event/yb exposure with 6.1 GeV/c. antiprotons and an'80 event/yb 
exposure at 8.9 GeV/c. With a = 2 mb this translates to v trigger 
250,000 measurements from about 500,000 pictures. The second phase 
of the experiment would be a large exposure on deuterium, about 
300-500 events/yb. Beam momentum and trigger modifications would 
be based on results obtained in the hydrogen run. 

Considering the large size of this experiment the SLAC and Tufts 
groups decided to invite several other groups capable of measuring 
bubble chamber film into the experiment. At this writing we have 
been joined by the Japanese group at Tohoku University and the French 
group at Saclay, giving us the needed capacity. Several other groups 
have expressed varying degrees of interest. 

Finally, we are very pleased to report that on September 16th, 
as this document was being prepared, we received news that the SLAC 
Program Advisory Committee had granted approval to our proposal, 
with a strong recommendation that it be run as soon as possible. If 
it can be arranged, this could lead to a first running period as early 
as November, 1977. 
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0. Search for Narrow and Broad Resonances Decaying into AA and 
K°K° from —s—s 
(BNL 705) 
K°K° from TT p Interactions at 20 GeV/c using the BNL-MPS 

This proposed BNL experiment to search for narrow and broad 
resonances at Brookhaven National Laboratory using the Multiparticle 
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Spectrometer was approved in May, 1977. The collaborating institutions 
are Tufts, Brookhaven, Vanderbilt, Michigan State and Temple. 
We are scheduled to run in June of 1978. 

The physics goals of this experiment, as outlined in last year's 
proposal, are to study high-mass resonances decaying into K°K°, 
AA and AK° channels at a sensitivity level of 50 measurable events 
per nanobarn, which is inaccessible in normal bubble chamber experi
ments. 

As the BNL-MPS needs no new hardware for this experiment, only 
minor modifications in the selection and triggering capabilities need 
to be carried out. The Tufts bubble chamber group will provide 
mainly the software expertise for the collaboration in the areas of 
on-line programming and data analysis work. 

P. Search for Narrow and Broad Resonances Decaying into K°K° 
and AA from TT p Interactions at 200 GeV/c using the Fermilab MPS 

We were asked by Dr. Kwan-Wu Lai of BNL to join the proposed 
Fermilab experiment (P-548) in a search for narrow and broad resonances 
decaying into K°K° and AA using the Fermilab MPS facility. This is 
an extension to higher energies of the approved BNL-MPS experiment 705 
in both experimental concept and physics goals. 

In this proposed experiment we hope to reach masses of up to 
15 GeV with high sensitivity in cross section (M.0 visible events 
per nanobarn) and good mass resolution (V50 to 70 MeV). We have 
requested 600 hours with 250 pulses''per hour and 2 x 10 ir per 
pulse at 200 GeV for the experiment. 

The proposal was considered at the Fermilab PAC meeting in Aspen 
this summer and, although the physics was judged to be very good, 
it was not approved due to lack of sufficient hardware expertise among 
physicists from the collaborating institutions, which are BNL, 
Vanderbilt, Florida State, Arizona State, Virginia Polytechnic and 
Tufts. We point out the Tufts contribution to this experiment, as in 



BNL 705, would only be in the software and data analysis area. 
There is a plan to resubmit this proposal at the PAC meeting 

in November. We note the recent 'pause' instituted by Fermilab 
at the meson laboratory area which would certainly push back the 
running period for this proposal if it is approved. 

1 
Q. Other Research Activities 

Study of Proton and Pion Structure Functions from Dimuon 
Production in up and pp Collisions. 

This study was made while Dr. F.T. Dao was a visiting physicist 
at BNL this summer. In this study, he collaborated with Drs. KwanWu 
Lai, Enzo Flaminio, William Metcalf and LingLie Wang. Applying 
the DrellYan model of partons and quarks to the recent dimuon pro
duction data from irp and pp experiments at Fermilab, they determined 
(a) the seaquark momentum distribution in the proton and (b) the va
lencequark distribution in the pion. These determinations will give 
additional constraints in constructing more sophisticated quark models. 

A short paper on this subject is presently being prepared for 
submission to the Physical Review'Letters. 

SemiInclusive Study of Neutral Hadron Production in High 
Energy Collisions 

One of the basic features of multiparticle production at high 
energies is the shape of the distributions of charged particle multi
plicities for reactions of the form ab »■ n , charged particles. It 

ch 
has been shown that such distributions follow a simple scaling law 
known as KNO scaling. In a paper shortly to be submitted for publi
cation, F.T. Dao and A.J. Segar have extended KNO scaling to semi
inclusive reactions of the form ab >■ two neutrals + n , and show that 
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this modified KNO scaling gives an excellent fit to all available 
high energy data. Such work should be extremely useful for pre
dicting the form of the semi-inclusive multiplicity distributions 
for reactions at future energies. 

1 Z. Koba, H.B. Neilsen and P. Olesen, Nucl. Phys. B40, 317 (1972) 

Source Analysis of Pion Production in Determining the Dimension 
and Decay Time Constant of the Interaction Region 

This approach was proposed by Prof. Roy Glauber of Harvard 
who suggested that our previous analysis of the BNL-Argo data 
using the Kopylov method was not adequate. Work is underway to test 
Glauber's new approach. If valid, this approach will provide a 
powerful technique in determining the dimension and time constant 
of the interaction region. It will shed further light on the question 
of pion correlations. 

1 F.T. Dao, with C. Ezell et al., Phys. Rev. Lett. 38, 873 (1977). 

Statistical Approach to High p Phenomena 

This study presented an effort to understand high p phenomena from 
a simple statistical approach. This analysis emphasizes the statistical 
nature of particle production in violent collisions and is complementary 
to a quark constituent picture of hard scattering processes. Using 
this approach, F.T. Dao and K.W. Lai studied (a) high p phenomena in 
nucleon-nuclei collisions and (b) ir-, K and p~ production at large 
p in pp collisions from 100 to 400 GeV/c. 

Two short papers have been prepared for submission to Physics 
Letters very soon. 
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R. Streamer Chamber Study of Phi-Meson Production by IT -p 
at 15 GeV/c 

This experiment is a joint effort of the Photon and Bubble 
Chamber groups. The Bubble Chamber group will primarily be concerned 
with film measurement and processing, and data analysis, and is also 
prepared to assist in the experimental running at SLAC. A detailed 
report on progress is to be found in item f) of the Photon Group's 
section of this document. 

S. Hardware Acquisition 

Throughout the past year our scanning and measuring facilities 
have been saturated with processing thousands of gammas, Vees and pro
duction prongs in our 300 GeV/c pp film from the 15-foot chamber, 
and with digitization of several thousand events on our 12-foot chamber 
film. These experiments will continue to require measuring time in 
1978; in addition we anticipate undertaking scanning and measuring 
for several new experiments. 

Therefore, we have continued to invest effort into enhancing 
our shop's scanning and measuring capabilities: 

i) Two years ago we obtained a third Vanguard film-plane 
digitizer which we used immediately as a high-magnification scanning 
machine for our 15-foot chamber film. This machine is now inter
faced into our on-line measuring system so that we now have the option 
of measuring using any combination of four digitizers out of the five 
which are linked to our PDP-8 (three Vanguard film-plane digitizers 
and two Data-Tech image-plane digitizers). 

ii) The NRI film plane digitizer which we acquired last year 
from the Syracuse group has been used extensively in 1977 as an 
editing table for examination of high multiplicity events in our 
15-foot chamber film. 

iii) In June 1977 we acquired a fourth Vanguard film-plane 
digitizer in working order from the University of Massachusetts group. 
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We also received 40 mm film platens, spare lenses, film reels, 
and several boxes of projection bulbs. This acquisition provides 
an invaluable reserve of Vanguard components which are no longer 
available commercially, and will greatly facilitate maintenance 
of our existing on-line system. 

iv) Additionally, we obtained a Vanguard Model H scanning 
projector from the U.Mass. group, equipped with 70 mm film platens. 
The film transport on this machine is in excellent condition and 
we intend to use the entire unit to replace one of our Prevost tables. 

We continue to experience a need for more reliable, faster 
response computer terminals, and we intend to buy a CRT terminal 
to replace one of our KSR-33 Teletypes. 

By January 1978, the Tufts University Computer Center will have 
completely converted to 9-track tape drives and will no longer be 
available to handle 7-track data tapes from our present measuring 
system. We are considering the purchase of a 9-track tape unit, 
to be used with our PDP-8 computer. 

At present, our on-line measuring system can accomodate 
only two measuring machines if high multiplicity events are being 
digitized simultaneously. This limitation can be simply removed by 
adding 8K of core to our PDP-8 and we are also considering the 
purchase of this amount. 
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COMMUNICATIONS - BUBBLE CHAMBER GROUP 

I. Papers Presented at Meetings 

1. Neutral Particle Production in 300 GeV/c pp Collisions in 
the 15-foot Bubble Chamber, Tufts, Stony Brook, Kansas, 
Argonne, Bull. Amer. Phys. Soc. 22̂ , 22 (1977). 

2. Semi-Inclusive ir" Multiplicity Moments in 300 GeV/c pp 
Collisions in the 15-foot Bubble Chamber, Stony Brook, Kansas, 
Tufts, Argonne, Bull. Amer. Phys. Soc. 11, 584 (1977). 

3. High p Phenomena in Nucleon-Nuclei Collisions, K.W. Lai 
and F.T.Dao, Bull. Amer. Phys. Soc. 22, 46 (1977). 

II. Publications 

1. Study of p° Production in High Multiplicity pp Interactions 
at 300 GeV/c, F.T. Dao with A. Sheng et al., Nucl. Phys. B115, 
189 (1976). 

2. Determination of the Space-Time Extension of Centrally Produced 
Hadronic Matter Using the Intensity Interferometer Technique in 
pp Interactions at 28.5 GeV/c, F.T. Dao with C. Ezell et al. , Phys. 
Rev. Lett. 38, 873 (1977). 

3. Search for 5 Production in K p Interactions at 2.87 GeV/c, 
Brandeis-Maryland-Syracuse-Tufts, to be published in Phys. Rev. 1977. 

4. Study of Neutrino Interactions in Hydrogen and Deuterium 1. 
Description of the Experiment and Study of the Reaction v + d -*■ 
y + p + p , S.J. Barish, J. Campbell, G. Charlton, Y. Cho, 
M. Derrick, R. Engelmann, L.G. Hyman, D. Jankowski, W.A. Mann, 
B. Musgrave, P. Schreiner, P.F. Schultz, R. Singer, M. Szczkowski, 
T. Wangles, H. Yuta, V.E. Barnes, D.D. Carmony, A.F. Garfinkel, 
G.M. Radecky, ANL-HEP-PR-76-69, to be published in Phys. Rev. 1977. 
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III. Papers Submitted for Publication 

1. Search For Charmed Particles and the I-meson in 14.75 GeV/c 
pp Interactions, Tufts-Michigan State-Tohoku, Tufts preprint 
No. 77-1603, submitted to Physical Review D, September 1977. 

2. Inclusive Production of Neutral Strange Particles in pp 
Interactions at 14.75 GeV/c, Tufts-Michigan State-Tohoku, 
Tufts preprint no. 77-1604, submitted to Nuclear Physics, 
Se.pte.mher 1977. 



32. 
1977 Progress Report Photon Group 

(Professor Milburn, Assistant Professors Oliver 
and Thornton, Messrs. Hossain and Jawahery) 

a) Summary 
I 

During this reporting period the Photon Group has embarked 
firmly upon several new efforts as foreseen in the Proposal for 
1977 written about one year ago. These include: a search for 
high-mass di-muon states produced in iron by 400 GeV/c protons 
in which present data already suggest a signal at the location of 
the upsilon (9.5), (FNAL E-439, in collaboration with U. of 
Washington and Northeastern scientists), acceptance by SLAC of a 
proposal for a streamer chamber study of <J>-meson production on 
hydrogen by 15 GeV/c TT and preparation of equipment, beams and 
programs for this experiment (SLAC E-131 in collaboration with 
Prof. Z. Ming Ma for Michigan State University), setting up and 
running the Tufts/U.Mass. Pb-glass Cerenkov hodoscope system to 
detect TT° and radiative decay channels from charmed particles 
produced by 225 GeV/c TT" on H and Be (FNAL E-369, in collaboration 
with FNAL, Harvard, U. Illinois and Oxford scientists), and in
vestigation into the possibilities of producing polarized electron 
and positron beams in PETRA, at DESY, and for making a polarimeter 
to measure this polarization at PETRA via the asymmetry of Compton 
scattering of laser light upon the stored beams. Runs at FNAL for 
the study of hadron jets induced by 200 GeV hadrons on hydrogen have 
been completed and analysis begun (FNAL E-236, in collaboration 
with U. Washington and FNAL scientists) and preparations for a new 
measurement of virtual photon shadowing in heavy nuclei, using 
inelastically scattered muons, are underway (FNAL E-448, in 
collaboration with U. Chicago, FNAL, Harvard and Michigan State 
University scientists). Ancillary work to calibrate and upgrade 
the Pb-glass Cerenkov hodoscope system is also in progress. 
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b) Study of Hadron Jets Produced by 200 GeV IT'S, K'S and Protons 
Incident on Hydrogen. (Prof. Oliver, in collaboration with 
Physicists from Fermilab and the University of Washington) 

The data-taking phase of the hadron jet experiment (Fermilab 
Experiment E-236A) was successfully completed in a six-week run 
during June and July of 1977. The experiment was run in the 
double-arm configuration described in detail in our 1976 Progress 
Report. Dr. Oliver modified the placement of the multiwire pro
portional chambers to give much improved target definition and 
tracking of the trajectories entering the calorimeter. He also 
instituted a process of varying the target position as the in
coming beam energy was varied to keep the center-of-mass acceptance 
of the calorimeter fixed. A more definitive test of scaling of 
the jet cross section was thereby obtained. 

The 1977 run was sensitive to a total of 2 x 10 beam particles 
(the same as the 1976 run). 400 magnetic tapes were written bringing 
the total number.of tapes written in the experiment to 950. 

The priorities on the analysis of the various aspects of the 
experiment have shifted since our last report. Preliminary analysis 
of the inclusive aggregate cross section seen in the calorimeter 
gives the result 

Ed?p = p* f ( X T } where X r = pT/(/s/2). 

The scaling behavior was extracted from measurements made at beam 
momenta, of 100 and 200 GeV/c. 

This cross section is exactly what is expected if hard scattering 
is taking place between point like constituents. The verification 
(hopefully) of this important result by a careful and complete 
analysis of our data now has highest priority. We hope to complete 
this analysis in October. 

Early in 1977, Dr. Oliver completed a Monte. Carlo program which 
he used to calculate the acceptance of the magnet arm spectrometer. 
He will use the Monte Carlo program to extract single particle 
inclusive production cross sections at p > 2 GeV/c for the various 
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± + 
beam particles (TT , K , p, p). The analysis of the magnet arm data is 
now underway at Fermilab. Analysis programs to reconstruct the 
trajectories of the particles in the magnet arm were completed in 
May 1977. Approximately 50% of the 1976 data sample has been run 
through these programs. The bottleneck in the completion of the 
analysis is the problem of identifying the species of the high-p 
particle using the information from three threshold gas-Cerenkov 
counters in the magnet, arm. Dr. Oliver plans to devote, upon 
completion of the calorimeter arm analysis, his full research time 
to this problem. He will develop programs for this purpose on the 
Tufts computer. 

The analysis of the remaining aspect of the experiment, the 
correlation between the two arms, will then proceed. The principle 
question to be answered is whether there is a coplanarity signal 
between the single high-p particle in the magnet arm and the jet 
in the calorimeter arm. 

c) Search for High Mass Di-Muon Resonances Produced in Iron by 
400 GeV/c Protons (Prof. Oliver, in collaboration with 
Northeastern University and University of Washington scientists) 

During March and April of 1977, Dr. Oliver participated in the 
initial run of Fermilab Experiment E-439. E-439 uses a magnetized 
beam dump method to look, with over 2ir acceptance, for prompt 
di-muon production by 400 GeV protons in steel. The magnetized 
beam dump is a series of three ganless steel magnets with a total 
length of 18 feet. The downstream aperture is 3' x 3'. Eighteen 
multiwire planes (two series, each nine deep) are used to measure 
the trajectories of charged particles emerging from the downstream 
aperture of the dump. The di-muon mass, for masses > 3 GeV, can 
be reconstructed from the exit trajectories to an accuracy of -8%. 
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The inital run was a complete success. There turned out to 
be essentially no non-y background in the chambers for beam intensities 

9 as great as 1.5 x 10 /sec. The experiment was trigger-rate limited 
at this intensity by background y's coming from far upstream. In 
85 hours of running 2y masses of 10 and 11 GeV were reached. We 
saw a signal of about 25 events, at the upsilon mass, 9.5 GeV 
(see Fig. PG-1). 

We will run again in November and December 1977. We expect to 
be able to run at beam intensities about 10 times greater than 
during our March-April run. The upstream material in our beam has 
been reduced by the Fermilab staff. We have also redesigned our 
trigger so that it is more discriminating in favor of y's coming 
from our target. 

d) Search for Charmed Particles at Fermilab 
(Profs. Thornton and Milburn, in collaboration with scientists 
from FNAL, Harvard, Univ. of Illinois and Oxford) 

This experiment is a large collaborative effort using the 
Chicago Cyclotron Magnet (CCM) spectrometer facility at the 
Fermilab muon laboratory to search for charmed meson production by 
225 GeV/c TT interactions with hydrogen and beryllium (FNAL exper
iment E-369). Tufts' participation in this program began on short 
notice late in 1976 when we were invited to provide our Pb-glass 
Cerenkov hodoscope system, including the 20 blocks belonging to 
U. of Massachusetts and our PDP-11 processor, for the detection and 
measurement of photons emitted in the forward direction. As a search 
for as yet unseen hadronic production of charmed particles this 
experiment uses several forms of trigger, listed below, which emphasize 
the diffractive production of low-mass systems and of systems 
containing directly generated high p muons from J/PSI production 
and charmed decay. Outgoing charged fragments from events obtained 
in this way are then analyzed in detail in the CCM spectrometer system 
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for possible charmed particle components. Since many modes of 
charmed particle decay produce one or more TT°'S, the Tufts Pb-glass 
detector would be expected to increase the overall acceptance of 
the system for charmed decays by as much as a factor of two were all 
incident single TT°'S resolvable. In addition, the system would 
be expected to detect relativistically boosted photons from radiative 

* decays of any F charmed mesons which may be made. We were, of course, 
very happy to be able to put the very versatile system we developed 
for our wide angle Compton experiment almost immediately back to 
work on thic new and very timely investigation. 

What began as a footnote in our 1977 proposal became one of 
the major efforts of the Photon group during 1977. After it was 
decided in:October to use the Tufts-U.Mass. Pb-glass in Fermilab 
Experiment 369, the rest of October and part of November were used 
to return the Pb-glass to the same state it was in at the end of 
the Cornell experiment in hopes of using the Cornell end of run 
energy calibration. 

During the same time, the best configuration of the Pb-glass 
for E-369 was studied and the software system used at Cornell was 
greatly modified to suit the new functions of the Pb-glass. On 
November 13 we were able to convince our collaborators in E-369 that 
an end-on "fly's eye" configuration (which was clearly best for 
pattern recognition of showers during analysis) should be used in spite 
of the difficulty of physically fitting it into the spectrometer. The 
Pb-glass was re-configured and a cart was built at Tufts that allowed 
the glass to be rolled into position between a Pb-wall and a 2" steel 
wall and to be then rotated long-axis to the beam through a window cut 
in the existing steel wall. The Pb-glass, fast electronics, and PDP-11 
were shipped to Fermilab the second week in December and everything 
was in place at Fermilab by December 20, 1976; awaiting beam the 
first week in January. Equipment set-up and testing and the development 
of on-line analysis programs continued at Fermilab, alternating with 
off-line analysis development at Tufts, during many schedule delays in 
January and February. Low intensity beam finally reached the 
experiment on February 16 for a few shifts. During the next running 
period (Feb. 22 to March 3) the beam intensity was increased and a 



a small number of preliminary data tapes were taken which allowed 
continued development of off-line programs during the scheduled 
month's shutdown for E-369. The schedule again slipped and the 
actual E-369 data run began June 7 and continued with a few in
terruptions through August 15. About 80 man-days were spent at 
FNAL in 1977 so far, mostly by Dr. Thornton. 

During this running period, E-369 received roughly one fourth 
of the integrated beam intensity that was approved (.41 x 10 
TT compared to 2 x 10 TT ) due largely to accelerator and beam 
line problems, with the exception of approximately a week of time 
that was lost due to a serious failure of the U. of Chicago 
Sigma-3 computer, part of the Muon Lab facility. After the 
Sigma-3 failure two weeks before the end of the experiment, the 
Tufts PDP-11 software was modified to run the whole experiment 
instead of just the Pb-glass, a magnetic tape drive was added, 
and the final week before the August 15 shutdown was run without 
the Sigma-3 at all. The final number of events for each of the 
three modes of the experiment are listed in the following table: 

Charm Search 

i|>/J product ion 
Diffraction 
Excitation 

Trigger 

y (low 
energy recoil 
proton) 
2y 

low energy 
ecoil proton 

Total 
Events 

309K 

129K 

389K 

Expected 
Events 

600K 

650K 

400K 

% of 
Expected 

51 

20 

97 

Because the expected total approved integrated beam flux was not 
achieved during the scheduled run, there is the possibility that an 
extension of E-369 with modifications might be run in the second 
half of 1978. 

A Pb-glass energy calibration run has been approved in an 
electron beam in the Proton West area for the second and third weeks 
in October this year, 1977. Planning and preparation for this run is 
presently underway. Off-line software development for the Pb-glass 
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will continue through the end of the year. Partially condensed and 
analyzed data tapes with charged track information should be available 
in October - November from the University of Illinois to aid the 
final development of programs for gamma shower identification as 
well as energy and position determination in the Pb-glass. 

e) Shadowing of Virtual Photons in Nuclear Matter 
(Profs. Thornton and Milburn, with Drs. Goodman, Kline, 
Loomis, Pipkin, Sessoms, Shambroom, Tao and Wilson of 
Harvard, Wright of U. Chicago, Kirk of Fermilab and 
Francis of Michigan State.) 

It is planned to study the shadowing of virtual photons produced 
by 225 GeV/c muons inelastically scattered from Cu, Be, and Pb using 
the Chicago Cyclotron Magnet spectrometer (CCM) at Fermilab with much of 
the same equipment used in E-369 and its predecessor E-398. The 

physics justifications for Fermilab E-448 can be found in detail in 
the P448 Proposal and addendums. (The current collaborators for 
E-448 are listed above). 

The phenomenon of 'shadowing' in complex nuclei is most probably 
related to a hadronic component of the photon (virtual or real) which 
results in an effective number of nucleons, A ff, participating in a 
nuclear reaction that is less than A, the actual number of nucleons 
in the target nucleus. Significant shadowing has been seen in photo-

2 production total cross sections on complex nuclei, but there is some 
3 disagreement as to the magnitude. Electroproduction experiments 

in general have shown a much smaller effect. Generalized vector dominance 
4 theories (GVD) predict a smooth transition from real to virtual 

2 2 
photons and a rapid change in shadowing from q = 0 to low q is not 
compatible with such theories. Electroproduction experiments must 

2 make very large radiative corrections at small value of q where 
shadowing effects are largest and this can lead to errors. High 
energy inelastic muon scattering with its much smaller radiative 



corrections is thus the preferred way to resolve the question of 
2 shadowing at low q . 

Part of Tufts' contribution to this experiment will be the 
60-element Pb-glass hodoscope, power, ADC and calibration systems, 
and the PDP-11 computer to run it. It is planned to set up a 
fast summed dynode signal from the Pb-glass to veto some fraction 
of the radiative events and to use the Pb-glass signals to identify 
radiative events not vetoed. The Pb-glass and computer systems 
as used in E-369 are ideal for this purpose and we need only, at 
most, to rearrange the Pb-glass fly's eye elements into a modified 
shape of entrance window. The present schedule calls for E-448 
to begin setting up November 1, 1977, and provides approximately 
11 weeks, until mid-January 1978, to complete this experiment. From 
past experience with Fermilab, it seems likely that this schedule 
will slip a number of weeks. During the calibration of the Pb-
glass for E-369 in October, we plan to balance and set the gains of 
the Pb-glass to values suitable for E-448. 

Fermilab Proposal P448, Oct. 12, 1975 and addendum April 27, 1976, 
Richard Wilson, spokesman. 
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f) Streamer Chamber Study of Phi-Meson Production by TT -p at 
15 GeV/c (A joint Bubble Chamber/Phot on Group experiment^: 
Profs. Dao, Mann, Milburn, Oliver, Schneps and Thornton, 
Mr. Jawahery, in collaboration with Prof. Z. Ming Ma and 

I! 
Associates, Michigan State University) 

This experiment is the outgrowth of the earlier SLAC proposal 
discussed in detail in our 1976 Progress Report (COO-3023-20), and 
as SLAC-E-131, was accepted on January 29, 1977 by the SLAC Program 
Advisory Committee. Modifications from the earlier proposal were 
principally: 

a) Emphasis upon study of the production dynamics of the <t) to 
elucidate the behavior of (ss) systems for comparison with the now 
more familiar (cc) J/PSI particle family. By the Fall of 1976 the 
lepton production in hadronic processes had become so clarified 
through other work that incorporation of lepton detectors into our 
proposed system would not be worth the effort. In their place, we 
found it possible to locate a second Cerenkov system which would provide 
an additional tag for signalling the possible presence of a tf>-meson 
through K K pair production. 

b) Use of atmospheric-pressure isobutane in the primary Cerenkov 
trigger (veto) counter to establish the presence of a K , the novel 
feature of this proposal which is used to emphasize <|>-meson production 
by TT on protons. This new counter, which could be built relatively 
cheaply, obviated the difficulties associated with borrowing or 
building an expensive 3-atmosphere freon Cerenkov detector similar 
to existing models at LASS and the Hybrid Chamber at SLAC. The vital 
characteristic of this detector is that it be able to detect the passage 
of TT-mesons above 4 GeV with efficiencies of the order of .999. A 
second, identical counter is to be used, in conjunction with track 
chambers, to flag the presence of K from about one-half of the 
<()-decays, as mentioned above. A detailed discussion of the design of 
these counters was presented with the E-131 proposal. 

c) A careful and detailed re-estimation, based upon the latest 
OMEGA and other results, of the expected rates of (^-production and of 
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background K triggers to be expected in this experiment. The conclusion 
of this analysis, which met some objections to the earlier proposal, 
was that a run of about 300 hours at 120 Hz would be expected to yield 

4 about 10 events containing <t>-mesons, of which about 62% would be 
accompanied by a K flag from the positive-arm Cerenkov system. 
The <J>'s would be produced with 0.29 < X < 0.81. The main question was 
about the required number of streamer chamber pictures (i.e. valid 
K triggers). Our estimate was 150K pictures, but this number would 
become larger if we were unable to obtain the 99.9% efficiency for 
TT -detection that we project for our isobutane Cerenkov counters. 

d) Inclusion of a group from Notre Dame (Drs. Bishop, Cason, 
Kenney and Shephard) among the proposers. We regret very much that 
insufficiency of NSF support forced this group to drop out of the 
experiment in the late spring of this year. We had looked forward to 
their active participation in the runs and especially in the film 
analysis phase of the experiment, for which their prior streamer 
chamber experience, at NAL would have been very useful. We are 
seeking participation of additional colleagues able to help with the 
running and analysis phases. Fortunately, Notre Dame will still be 
able to lend us some small MWPC's for use in the beam-defining logic 
upstream and downstream of the SLAC streamer chamber. We had also 
hoped to have them build some larger MWPC's to define trajectories 
in front of the K -defining Cerenkov counter, described above. To 
replace these we are borrowing some large existing magnetostrictive 
wire chambers from SLAC Group-D. These chambers have already been 
used with their streamer chamber, and should be easily re-incorporated 
into our configuration with minimal changes in the read-out system. 
Their function is to establish passage of a charged particle through 
one or another of the ten cells of the Cerenkov counter so that 
absence of a signal from the latter will flag the passage of a slow 
particle, i.e. a K-meson or baryon, should film measurements confirm 
the particle's momentum to be in the requisite 3 - 8 GeV range. 

e) Analysis of the benefits of the use of the streamer chamber, 
compared to the SLAC Hybrid Facility. The main differences were that 
our proposal would cover a somewhat larger range of production angles, 
down to x of about .29, compared to 0.44 for the Hybrid Facility, and 
that the calendar running time for a comparable bubble chamber 
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experiment at 12 Hz would be about 150 calendar days, which would 
clearly be difficult to execute and would tie up the Bubble Chamber 
system for an extended period. The intrinsic track-detection efficiencies 
and measurement accuracies of the two systems are expected to be 
roughly comparable, though we believe our Cerenkov will turn out to 
be superior. While the beam cost per <t)-meson would be similar for 
the two systems, the electrical and cryogenic operating costs of 
the rapid-cycling bubble chamber would be much higher than for the 
streamer chamber, for the same number of pictures. Comparison was 
also made in our proposal defense with possible LASS use. Although 
LASS can in principal also do this kind of experiment rapidly and 
efficiently, there are serious software restrictions on the identifi
cation and resolution of complex final states, i.e. those with more 
than about four out-going particles. For the kind of experiment we 
propose, a good quasi-4ir acceptance is essential if one is to 
identify efficiently the full range of charged secondaries accompanying 
^-production. We forsee, however, the possibility that the results 
of the survey of (((-reactions that will emerge from E-131 could lead 
to the design of a future high-statistics LASS experiment to in
vestigate specific channels. 

In summary, this experiment will impinge a beam of 15 GeV TT 
mesons on a 1-inch diameter liquid hydrogen target in the center of 
the SLAC 2-meter streamer chamber, provided with a 1.3 Tesla field. 
The chamber will be pulsed and pictures taken when a downstream 
picket-fence scintillation counter array detects a negative particle 
emerging with momentum above about 2.5 GeV/c, and this particle 
fails to trigger a 10-cell threshold gas Cerenkov detector set to 
accept TT above about 4 GeV/c and to reject K, below about 9 GeV/c. 
Positive particles deflected to the opposite side of the primary beam 
will be sensed in crossed MS wire chambers and their pulse-heights in 
another 10-cell isobutane threshold Cerenkov detector noted. The 
streamer chamber photographs will be analyzed using modified versions 
of the existing TVGP-APACHE-SQUAW programs designed for the SLAC 
chamber system, and correspondences with signals from the downstream 
counter systems will be established. The final analysis will be 
performed by using standard methods to segregate <|> mesons through a mass 
plot fit to K K pairs, and to identify accompanying particles through 
4C and 1C fits. The latter will be aided by beam-track idenfi-
cations made with the aid of upstream and downstream MWPC's. 
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The major apparatus preparation for this experiment is being 
carried out in the shops of Michigan State University (MSU), under 
the direction of Prof. Z Ming Ma. The scintillation detectors for 

V the picket fence counters of the trigger system, 100 elements in all, 
were purchased by Tufts and have been fitted to light pipes and 
phototube adapters at MSU. The necessary 2-inch phototubes and bases 

i are being borrowed from various sources, mainly the group-D at SLAC 
1 hut al<!o from ANL and M.I.T. The two largo atmoophcric-prcoourc 

isobutane counters, each having a 1.25 m x 2.00 m entrance window and 
10 5-inch phototubes looking through light-collecting "Winston cones" 
at a 10-cell mirror array, have been largely completed at MSU. The 
20 cones and 20 mirrors were fabricated for Tufts' account at the 
shops of the Argonne National Laboratory under the supervision of 
Mr. C. Kr̂ ieger. The mirrors are finished; questions remain about 
the quality and suitability of certain of the mirror units, and some 
additional units may have to be prepared. Time considerations made 
it desirable for Tufts ERDA contract to pay for a major part of 
the structural and window material and for the welding of the 
Cerenkov counter containers. This work is now done, and the assemblies 
are being prepared for gas tests. A gas analyzer, with CAMAC read
out, is also being made, with help from Tufts. We have arranged, 
through the kind assistance of Dr. Robert Kenney, to borrow the 20 
necessary 5-inch phototubes, inner shields and bases from LBL. 
Laminar outer magnetic shields, based upon multiple spaced layers of 
transformer iron, are being built at Tufts to protect these 5-inch 
tubes from the ambient 50-gauss fields near the streamer chamber magnet. 
The possible need for additional bucking coils is anticipated. Our 
graduate student, Mr. Jawahery, spent the months of July and August 
in residence at MSU and has made important contributions to the 
construction of both Cerenkov and scintillation counter arrays. 

Profs. Mann and Milburn have spent several periods at SLAC 
familiarizing themselves with the streamer chamber system and peripheral 
programs. In early June they participated in shift running with the 
SLAC group-D experiment on mu-pair production, and learned about the 
operating features of the streamer chamber and associated on-line 
computer. Several versions of the streamer chamber TVGP-APACHE-SQUAW 
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analysis system were obtained and brought back to Tufts for study 
and adaptation. Later in June Prof. Milburn returned and 
during a 4-day test run worked with Mr. Ted Fieguth to realign the 
primary Tr-beam with the aim of removing several existing anomalies 
and of ensuring its suitability for E-131. During the course of 
this run over 4000 streamer chamber pictures (without target) were 
taken under various conditions, both to study the various adjustments 
and to form a basis for program adaptation at Tufts. The SLAC TVGP 
programs have been fitted into Tufts DEC-10, and Prof. Mann, aided 
by a subsequent consultation at SLAC, is working on fitting them 
to the Tufts measuring system. 

It is presently anticipated that the Cerenkov and picket fence 
counters will be ready to move to SLAC at the beginning of November 
for final assembly and test with live beam. At the same time the 
beam MWPC's, from Notre Dame, will be installed and tested. It 
is hoped that full-scale testing with the streamer chamber, and then 
running, can begin with the new year. 

g) Studies Relating to Electron Beam Polarization in Storage 
Rings (Prof. Milburn) 

During the late Fall of 1976 SLAC instituted as an internal 
machine development project an effort to set up at SPEAR an electron 
(actually positron) beam polarimeter based upon measurement of up-
down asymmetries in back-scattered polarized laser light, as 
described in Tufts' 1976 progress report (COO-3023-20) and 1977 
Proposal. This effort is now largely the responsibility of Drs. 
Joseph Murray and Charles Sinclair, of SLAC. It is being carried 
out entirely with SLAC funds using a design that is similar to that 
anticipated in our 1977 Proposal, except it will be housed in a 
special enclosure of its own, and not use the SSRP facility. To date, 
a special vacuum chamber has been built for installation this summer 
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shut-down period, a laser has been acquired and set up in the special 
enclosure, and a miniature proportional chamber detector system 
devised. This project is clearly well in hand on its own, at SLAC, 
without external assistance. Its primary purpose is, we understand, 
to facilitate quantitative studies of the electron spin depolarization 
mechanisms in SPEAR, with reference to various theoretical models. 

Early in this present year, 1977, Prof. Milburn, then on 
sabbatic leave, began a more extended investigation into the problem 
of obtaining beam polarizations in future large storage rings such 
as PEP and PETRA, and into the practical measurement of such processes 
should they occur at a usable rate. Theoretical predictions of 
the magnitude of the depolarization rate in these high energy machines 
(c.f. Chao and Schwitters, Report // PEP-217) were quite pessimistic 
at that time and appear, in retrospect needlessly, to have dampened much 
of the interest that had been engendered earlier during the 1974 and 
1975 PEP summer studies. The motivation for our continuing this 
investigation stems from the great contribution that availability 
of polarized electron and positron beams could make, especially if 
they were longitudinally polarized, to investigations of weak-electro
magnetic interference phenomena at PEP or PETRA energies. An important 
minor premise depends upon the absence, to date, of any clear theoretical 
proof that high beam polarizations cannot be maintained at these 
energies. To the contrary, existing theoretical studies of the de
polarization process emphasize the very complex dependence of the spin 
depolarization process upon the many details of storage-ring design, 
operation, and control: the level of superperiodicity, the degree of 
horizontal-vertical coupling in relation to horizontal-vertical 
tune differences, the allowable amplitudes of certain otherwise 
tolerable orbit perturbations having very high harmonic number, etc. 
From this one may reasonably infer that one will have to be able 
to measure beam polarizations quickly and accurately in PEP or PETRA 
if one is to have any hope of obtaining and maintaining them in a 
reliable and efficient manner through a convergent sequence of 
measurements and machine adjustments guided by appropriately applied 
theory. 

During April 1977 Prof. Milburn was in residence at DESY to 
study these matters with specific reference to PETRA, which is expected 
to be the first completed of the new storage ring family. In his 
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subsequent ERDA Trip Report (submitted 9 May, 1977) he summarized 
his technical activities there as follows: 

"a) A detailed study was made of the "Russian Papers" on de
polarization of particle spins in storage rings (Derbenev and 
Kondratenko, Sov. Phys. JETP 35, 230(1972) and its predecessors). 
These papers, which represent the most generally applicable 
study extant on the subject, take into proper account the 
detailed statistical correlations between the various orbital 
effects deriving from quantum fluctuations, closed orbit errors, 
etc. in storage rings as they affect spin depolarization. Various 
and sometimes erroneous assumptions about and neglect of certain 
of these statistical correlations have led to a wide range of 
optimistic and pessimistic conclusions about the polarizability 
of beams in SPEAR, PEP, etc. (cf. Chao and Schwitters reports 
PEP-217, PEP-233 etc.). Dr. Derbenev and his colleagues appear 
to have developed a formalism capable of taking these phenomena 
into correct account in a real ring. Through my studies of these 
highly compact and recondite papers I have i) been able to 
confirm and support certain of Dr. Montague's optimistic pre
dictions about the polarizibility of PETRA beams; ii) found 
apparent disagreement between the Derbenev-Kondratenko and Chao-
Schwitters (PEP-217) formalisms, apparently due to neglect of 
orbit-perturbation correlations by the latter; iii) initiated 
development of a suitable computer algorithm which will permit 
application of the more general Derbenev-Kondratenko formulae 
to the PETRA lattice. I have brought with me to Tufts the CERN/ 
DESY "AGS" programs, and the structure data for PETRA which will 
permit such studies to be carried out here as well as at DESY. 
These conclusions (i - iii) will be written up in a more formal 
technical report. 

"b) A PETRA beam polarization measurement system using laser back-
scattering was also studied. By standard methods such as currently 
being exploited at SPEAR, it appears quite feasible to utilize the 
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asymmetry of Compton scattering of a circularly polarized laser 
beam to determine electron spin polarization in PETRA. The 
best (and only) locations for interactions in PETRA were established 
to be in the Quadrupoles adjacent to the regular interaction 
regions. A feasible experimental geometry was worked out. Rates 
were found to be satisfactory provided gas background could be 

-9 kept down via pumping to better than 10 torr. I strongly 
encouraged developing a suitable detector and laser system, and 
gaining experience In their use, with an existing vacuum chamber 
facility at DORIS. Considerable interest in such a program was 
evinced by several DESY physicists, and I asserted my own 
continuing interest in this problem, including the willingness to 
provide a YAG laser setup as a stop-gap instrument for tests, In 
the event a more suitable Argon-ion laser cannot be made available 
for this purpose. A more formal report of this work will be 
prepared for DESY." 

During the summer the design for a PETRA polarimeter has been 
worked out in further detail, with special attention being paid to 
the many aspects of background and other precision-limiting phenomena. 
A draft of the promised report on this design was discussed with PETRA 
scientific personnel during the 1977 Hamburg Symposium, at which time 
it was learned that it was hoped to have a polarimeter installed in 
PETRA by the start-up date. This report is expected to appear as a 
DESY publication. We note that PETRA is well-adapted already to the 
exploitation of polarized beams: adequate space has been left in the 
structures for provision of magnets to precess the spin from transverse 
to longitudinal polarizations in the interaction region; also the 
"MARK-J" detector being prepared by Prof. Ting of M.I.T. and his 
associates is especially well-designed to detect the relatively small 
asymmetries expected in y y production from weak-electromagnetic force 
interference effects. 

During the remainder of this year, it is planned to retain close 
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contact with the PETRA polarimeter development at least on a 
consultative basis. Additional computer analyses will be undertaken in 
order: a) to simulate as precisely as possibly the spatial and energy 
distributions of the various background particles expected to impinge 
on the detector of the proposed polarimeter system; b) to infer the 
expected analyzing power for various detector configurations, this 
to aid in the design of a practical detector; and c) (extending probably 
into 1978) to set up a Monte Carlo program which will follow the 
precession of polarized electrons step-by-step around actual. 
storage ring orbits through representative PETRA lattices, this to 
analyze the depolarization mechanisms in details. To assist in this 
effort copies of the CERN/DESY "AGS" and SLAC "MAGIC" programs have been ob
tained and have already been adapted to run on Tufts' DEC-10 computer. 

h) Other Activities 

i) Results from our Cornell-M.I.T.-U.Mass. collaborative 
experiment on proton-Compton scattering and neutral pion photo-
production at large energies and angles were submitted as contributions 
to the 1977 International Symposium on Lepton and Photon Interactions 
at Hamburg, in August, and the essential data for each were presented 
to the Symposium by the rapporteur. Final versions of these reports 
have been submitted to Physical Review Letters for publication. 

ii) Mr. Hossain, a new graduate student from Bangladesh, has 
been working to put into operation the pulsed nitrogen laser unit 
essential to carrying out an improvement of the calibration system 
for the Tufts Pb-glass Cerenkov hodoscope array. The new system, which 
will be similar to that employed by U.C. Santa Barbara at SLAC and 
Fermilab, will use a very short ultraviolet pulse from the laser to 
excite visible fluorescence in a dye, which then illuminates simul
taneously a large number of flexible light guides to the individual 
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Pb-glass counters. A fraction of the fluorescent light is diverted 
to a vacuum photodiode for monitoring the absolute amplitude. The 
basic elements of this system were obtained some time ago, but delays 
in delivery of the laser unit prevented its use in the Cornell runs. 
Future experiments involving the Cerenkov counter array could benefit 
from the new system, especially at higher shower energies for which 
the output of the present LED pulsers is not completely adequate. 

iii) During early spring, Mr. Jawahery and Prof, Mil hum under 
took the adaptation of the SLAC 9.3 GeV "Laser Beam" strange-particle 
DST and a "charm search" analysis program written by Dr. Quinn for a 
CDC-6400 to fit on the Tufts computer system. This is to begin the 
proposed study of inclusive photoproduction of strange resonances, 
especially the K (890) and the^*(1385). The technical aspects of 
program and tape translation to the local computer were accomplished 
prior to Mr. Jawahery's departure to MSU for the summer. It is hoped 
that some further work on these tapes may be done this fall. 
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COMMUNICATIONS - PHOTON GROUP 1977 

Publication 
3+ Nd Multiplet Splittings in YAG Using an Effective Ligand 

Point Charge Model, J.A. Mroczkowski and M. Randic, J. Chem. 
Phys. 66, 5050 (1977). 

Accepted for Publication 
Double-pulse Laser Flashlamp Pumping and a New Method of Flash-
lamp Triggering, J.A. Mroczkowski and R.H.Milburn, by the 
Review of Scientific Instruments. 

Submitted for Publication 
Proton Compton Scattering at Large Angles, M.A. Shupe, R.H. Milburn, 
D.J. Quinn, J.P. Rutherfoord and A.R. Stottlemyer (with authors 
from U.Mass.(Amherst), Mass. Inst, of Technology and Cornell 
University) to Physical Review Letters. 

Neutral Pion Photoproduction at Large Angles, M.A. Shupe, R.H. Milburn, 
D.J. Quinn, J.P. Rutherfoord and A.R. Stottlemyer (with authors 
from U.Mass.(Amherst), Mass. Inst.of Technology and Cornell 
University) to Physical Review Letters. [Preliminary versions of 
these two papers were also submitted as Contributed Papers, #159 
and #168 respectively, to the 1977 International Symposium on 
Lepton and Photon Interactions at High Energies, August 25-31, 
1977, at Hamburg, Germany.] 

Appearances in Print of Articles Reported in 1976 
Search for the Associated Production of Charmed Meson and Baryon 
States by a 9.3 GeV Photon Beam, D.J. Quinn and R.H. Milburn, 
Phys. Rev. D14, 2857-2863 (1976). 

Laser Beams in High Energy Physics, with Polarized Beams and 
Targets, (Argonne 1976), AIP Conference Proceedings No. 35, 
Particles and Fields Subseries No. 12, 1976, pp.440-445. 


