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INTRODUCTION 

Two experiments have been completed this year, four others have made 

good progress with the presentation of important new results and three 

new experiments have gotten underway. In addition, two new bubble chamber 

exposures have been approved at Fermilab and will probably be taken within 

the next twelve months. Our POLLY system has successfully measured bubble 

chamber events and will soon be in a production mode, measuring events 

from the new SLAC 40" hybrid bubble chamber experiment. 

Three graduate students completed their doctoral work and four new 

students have joined the group. We are perhaps witnessing an upswing of 

student interest in high energy physics. 

Our activities during the past year represent major work in the areas 

of both strong and weak interactions. This work has been carried out 

using three techniques: conventional bubble chambers, bubble chamber 

hybrid systems, and with counter-spark chamber apparatus. 

The accomplishments of the past year are described in more detail 

below. 

NEUTRINO PHYSICS AT ARGONNE AND FERMILAB (Barnes, Carmony, Garfinkel) 

A. Neutrino Physics at Argonne 

In October, 1973, we entered a collaboration with the bubble chamber 

group at Argonne who were studying neutrino interactions in the 12' hydrogen-

and deuterium-filled bubble chamber. By the beginning of this report 

period, we had three scanning tables in operation at Purdue and had trained 

three FTE of scanners to the same proficiency as at Argonne and we were 

0 
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scanning about 15,000 frames per month. After October 1, 1974, we were 

able to increase the number of scanning persons to 4;5 FTE and with in

creased training and experience and minor improvements to the scanning 

tables (including new lenses to increase the magnification about 30%), 

we have been able to average 30,000 frames scanned per month for the last 

six months and have scanned 280,000 frames during the period of this pro

gress report. The scanning rate is shown in Fig. 1. We have also nearly 

completed the construction of a 12'/15' scanning and editing table which 

will handle four-view 70 mm film and which has dual magnification. This 

table is necessary for editing of measured events. Every event that is 

measured is looked at by a physicist (certain categories may be looked at 

two or three times). We have fully participated in this activity during 

the present year but this has necessitated additional time spent at 

Argonne. Once this first edit table is completed, our senior scanners 

will also participate in the conflict scan, that is, in the comparison 

of the first and second scans prior to measurement. 

We have also participated in two bubble chamber runs in July/August 

and again in December, 1974. A beginning graduate student, E. Fernandez, 

joined the neutrino effort last fall and has contributed to film editing 

and has also made some Monte-Carlo calculations of certain physics dis

tributions. He has also examined the question as to whether a plate would 

be a useful addition to the 12' bubble chamber as a jf detector. 

We have also spent considerable additional time at Argonne participa

ting in the data analysis there and attending frequent collaboration 

meetings to prepare talks and publications. As the year proceeded, an 

increasing amount of the day-to-day physics analysis was done back at 

Purdue. 

0 
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The 197475 year has been a productive year for the ArgonnePurdue 

neutrino experiment. The highlight of the year came early  the publica

tion in August of a letter confirming the existence of neutral currents. 

The existence of neutral currents lends support to theories which attempt 

to unify the weak and electromagnetic interactions. 

Our discovery of neutral currents in exclusive channels was based on 

a study of the two reactions: 

vp ♦ yprf 

vp ♦ vnTT+ . 

In the first reaction we require the conversion of one of the yrays from 

the TT° decay and in the second reaction the rr+ has to be uniquely identi

fied (usually by a TT|J,e decay). We have found' 16 such events. The back

ground is directly calculated from observed interactions and was found to 

be 3.57 ± 0.99 events. The ratio R , namely, 

R = v?rf_+ vmr* = Q53 ± 0#23 

0+ \1, pTT 

is in agreement with the WeinbergAdler prediction 0.15 < R < 0.44. 

We are currently increasing the.sample size for the above reactions 

and are investigating the reaction vn ♦ vpn". This reaction is important 

because we measure the complete hadronic system which recoils in the inter

action and can perform a zeroconstraint calculation of all kinematic 

quantities. We have found 23 candidates for this reaction with an esti

mated background of 12 events. Subsequent running with increased shielding 

is now being analyzed. We are currently attempting to understand the 

properties of the background so that a background subtraction can be made. 

Preliminary results indicate that the prf" effective mass distribution is 

rather similar to that observed in singlepion reactions produced by 

charged currents. This again is in agreement with the Weinberg theory. 
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2 
These results were discussed by Carmony at the Argonne Neutrino Symposium 

3 
and by L. Hyman of ANL at Paris. 

4 
In December we published a letter on strangeparticle production. 

We observed the first associated production event induced by neutral 

currents (see Fig. 2), as well as several chargedcurrentinduced associ

ated production events and two strangenesschanging (AS = AQ = 1) charged

current events. 

We have also studied the singlepion production chargedcurrent reac

tions: 

Vp "» (jrpTT+ 

\m » H~pTT° 

v n ♦ pTnTT+ . 

The first reaction yields a 3c fit and is easily analyzed. This channel 

and the quasielastic reaction vn » pTp were reviewed by B. Musgrave at 

the APS/DPF meeting in Williamsburg last fall. We are currently com

pleting the editing necessary to isolate the other onepion production 

reactions. For incident energies below 1.5 GeV backgrounds from multipion 

production are small and a zero constraint calculation can be used to 

determine all of the kinematic quantities. These reactions are dominated 

by A(1238) production and tests of triangular inequalities and Adler pre

dictions are being carried out. Garfinkel reported on this research in 

an invited talk at the Paris Neutrino Conference and Barnes gave a ten

minute talk on the same topic at the APS Washington Meeting. A manuscript 

for a letter is nearly completed. 

In our earlier work we have obtained the best measurements of the 

excitation function between threshold and the cross section plateau for 

quasielastic and singlepion production. Now we are extending these 

measurements to multipion final states. R. Smith of ANL gave a tenminute 
g 

talk on this subject at Washington. 
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FIG. 2 (a) Photograph of the m - V\K" event. Note 
the presence of a cosmic ray leaving the chamber bot
tom and a wire which is stretched across the chamber. 
In real space, the cosmic track la i m away from the 
eAA° event, (b) The charged particles are represented 
by solid lines and the neutral particles by dashed lines. 
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We are also attempting to set an upper limit for the muoh neutrino 

mass (currently 1.2 MeV). In certain theories, for example that of 

Eliezer and Ross, the process v ♦ v + v is allowed since the muon neu

trino has a small but finite mass and muon and electron numbers are not 

separately conserved. In the context of the above theory we can set an 

upper limit on the muon neutrino mass of a few KeV if no events are 

observed. 

Professor Carmony has been invited to the 1975 International Symposium 

on Lepton and Photon Interactions at High Energies at Stanford, August 2127, 

1975. 

B. Antineutrino Physics at FNAL 

Our interest in neutrino physics at FNAL dates back to our proposal 

(No. 42) to study neutrino interactions on deuterium in the 15' bubble 

chamber which was submitted in 1970. 

Professor Barnes and Garfinkel each spent a month at the FNAL neutrino 

summer study in July and August of 1974. They made a detailed study of 

ways to improve the existing neutrino beam. They found that it is possible 

to shorten the beam in order to increase the flux. They also showed the 

feasibility of building a new neutrino beam line with improved properties. 
9 

The results are published in the proceedings of that study. 

Last winter we began conversations with M. Derrick and others at 

Argonne about possible collaboration on an FNAL 15' vd experiment. At 

this time Argonne had obtained about 23,000 of their approved 200,000 

pictures of v in hydrogen in the FNAL 15' bubble chamber and it was ulti

mately decided that Purdue, Argonne and CarnegieMellon would submit a 

joint proposal with Garfinkel as spokesman to study vd interactions (P390). 

This was done and the proposal was defended at the end of May. Since the 
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previous Argonne-Purdue collaboration has been so successful and mutually 

satisfying, it was decided that Purdue should join Argonne and Carnegie-Mellon 

on all future running and on the analysis of the vp film from Fermilab. 

The initial 23,000 pictures have been scanned and measured. Further 

work on fitting and analysis remains to be done. We are looking forward 

to a most exciting next year in our neutrino research both at Argonne 

energies and at the high energies available on at FNAL. 

III. K*"d EXPERIMENT 

The data reduction for the 9 GeV/c K*d experiment in the BNL 80" bubble 

chamber was completed in the previous year for the current 380,000 pictures. 

The proposed doubling of the data sample was withdrawn since the partici

pants shifted their interest to neutrino physics at ANL, the 30" hybrid 

program at FNAL and to a counter experiment at ANL. One additional pub

lication has been accepted by Physical Review during the current report 

period: "Comment on the Broad prr Enhancement in the Reaction K*n -» Î prr"," 

D. D. Carmony, A. F. Garfinkel, L. K. Rangan, and W. L. Yen, Phys. Rev. 11, 

(1975). 

IV. 100 GeV/c and 300 GeV/c EXPERIMENTS ON TT*P and K*"p INTERACTIONS IN THE 
HYBRID FNAL 30-INCH BUBBLE CHAMBER 

Our 100 GeV exposure in the FNAL hybrid 30-inch bubble chamber, which 

we acquired in early 1974, was with a tagged unseparated positive beam 

(50% protons, 46% TT+, 2.7% \i+ and 1.5% K1"). In collaboration with the 

University of Wisconsin we have obtained about 150,000 bubble chamber 

triads with associated downstream wide-gap spark chamber photographs. 

In less than a year after the first film arrived we have set up the com

plete analysis system to combine bubble chamber and spark chamber data 
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and have published the first results on K^p multiparticle final states 

at FNAL energies. At the same time we made the first measurement of the 

K^p absolute and differential elastic cross section. 

An additional sample of 15,000 events (TT+p and pp) of certain topolo

gies is nearly measured. We will soon publish results on rr+p beam and 

target diffractive dissociation in the two-, four-, and six-prong final 

states (beyond which it does not seem to occur), on two-prong pp diffrac

tion, and on the elastic differential cross sections for both rr+p and pp. 

The elastic slope and cross section for pp and TT+p have been measured 

down to -t = 0.02 (GeV/c)2 and agree well with other measurements where 

available. In particular, our measurements for TT+p agree with recent 

counter experiments and extend the measurements to lower momentum transfers. 
* 

(It is gratifying that four-constraint kinematic fitting continues to work 

well at the.se energies. We have made and distributed certain innovations 

and improvements in the geometrical reconstruction and kinematic fitting 

programs which are beneficial.) We find that the exponential slopes of 

the da/dt distributions are remarkably similar for the elastic scattering 

and for the diffractive reaction for each of the beam species, although 

the TT+P and the' pp slopes are somewhat different. In the two-prong inelas

tic events with one leading charged particle very near to Feynman x = ± 1, 

the x distribution of the other charged particle has a striking double 

peak in the opposite hemisphere at x = T 0.1 and =F 0.7 (see Fig. 3). We 

are trying in collaboration with E. Berger of ANL to construct a model 

which will explain this feature, and we have had partial success with a 

model which involves production of a rrp or a rrA state of fairly low Q value. 

We have measured a substantial fraction of the events from our 100 GeV 

experiment and are in the late stages of analyzing these data. For the 

http://the.se
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near future we are preparing a number of publications in addition to the 

ones mentioned above, which we will now discuss. We will present multi-

particle and inclusive distributions from our TT+P interactions, having 

first identified separately the diffractive and elastic components. We 

will also compare them with lower energy n^p interactions and with TT~P 

interactions at 100 GeV and at other energies. 

Also, a sample of some 3000 neutral Vees and gamma conversions has been 

measured and three-constraint kinematic fits have been made to y, K°, A, 

and A hypotheses. There is a residual sample of Vees which do not fit 

any of the above hypotheses and which have a large two-body effective 

mass, even when we restrict the sample to well-measured tracks. The 
+ ± ± ± charged decay products have been reconstructed as e-, p, , rr , K and p 

0 

or p, and the 25 possible two-body effective mass combinations have been 

studied. No evidence was found for a well-defined parent mass other than 

the known neutral particles. Since a missing neutral decay product might 

be present, a study is now underway to isolate those Vees with unbalanced 

momentum transverse to the line of flight of the neutral, to see if an 

anomalously short (or long) decay lifetime is present, or if a large 

minimum two-body effective mass is apparent. A study is being made of 

strange-particle inclusive distributions and of multibody effective masses 

involving one or more strange particles (in the context of a charmed 

particle search). 

We are in the process of measuring the four- and six-prong pp events, 

and then we plan to measure the higher multiplicity pp events. Further 

studies of diffractive dissociation will then be published, as well as 

detailed comparisons of TT+p and pp events using the accurate information 

on fast forward particles from the downstream spark chambers. As discussed 



Page 11 

A-

lo\ 
^ 4 

ifoL 

Zol 

t - H 

113 
* 

-16 

/ i i 

s/o«a 

" * • 

*>i 

7"iVo PRON& ZNELAsriC 

+ 

koo 

T£"OO 

^ o o 

300 

an 
- 0 . 5 

(0 

ifhr 
w 

OS 
JJL^JH A.. 

/ .0 

\lo. ^ 

**r 
ruuo pRo fs/<f XN£ LASTJC I 

t 

« 

tfoo 

4 X o o 

«o 

(x-.rfAs)-
F i g . 3 



Purdue University 
Contract AT(11-1)-1428 Task A 

in pages 18 to 22 of last year's progress report, 78% of the tracks above 

15 GeV/c enter the downstream spark chambers and are successfully detected 

and hooked up with the bubble chamber measurements of the same track. 
12 Our 300 GeV experiment, FNAL No. 277, could run either this summer 

or in the next FNAL 30-inch HBC running period in January-March, 1976. 

In preparation for this run a second differential Cerenkov counter is 

b.eing installed in the beam line this summer. A few units of transition 

radiation detectors to further clean up the TT+/Kf tagging are desirable. 

We have consulted closely with V. Radeka, J. Fischer, S. Iwata, and 

C. L. Wang at BNL regarding a system of lithium foil transition radiators 

with Xenon-filled multiwire proportional chamber detectors. Our calcula

tions, based on data they have obtained in tests in the FNAL Ml beam line, 

indicate that a few such units, with 500 to 1000 lithium foils each, can 

further improve the TT+/K'' separation. An attempt will be made to install 

such a facility for this experiment. If the transition radiation tagging 
+ works as expected, it will also open the door to K tagging at energies 

above 300 GeV, where the Cerenkov technique rapidly fails. 

Beam enrichment by preferential absorption of protons in a water-filled 

pipe has worked successfully to provide an enriched TT+ and K*" beam (which 

still contains enough protons for comparison studies) at 200 GeV from 

300 GeV primary protons. Given a primary proton beam approaching 400 GeV, 

we expect a useful 300 GeV TT+ and K* beam, with a few thousand K*"p inter

actions in 100,000 triads. 

We plan to use the downstream proportional wire chamber system, which 

has many of the advantages of the downstream optical spark chamber system 

plus having sensitivity to all events during the entire beam spill time. 

Eventually this system will also have a gamma ray hodoscope and an array 

of lead glass shower counters to study in some detail the production of 

COO-1428-421 
Page 12 
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forward TT°'s and possibly other neutral particles. The computer software 

for analyzing data from this downstream system has already been implemented 

here at Purdue. 

We are looking forward to extending our knowledge of meson interactions 

to higher energies, with the rich detail available in a hybrid bubble 

chamber system. We have developed an efficient measuring and data analysis 

system for FNAL 30" hybrid experiments, and anticipate that we can produce 

a wide range of physics results at a rapid rate. 

V. TT~p EXPERIMENT AT 13 GeV/c 

The 13 GeV/c TT~p experiment in the SLAC 82" hydrogen bubble chamber 

was proposed in 1971, exposed in 1973 and supposed to have been completed 

in 1975; in fact, because of the steady attrition of our measuring capa

bility, only 50% of the two and fourprong topologies have been processed. 

During the past year ~ 100,000 events have been measured, representing 

onefifth of the total two and fourprong data sample. 

A primary goal of the 13 GeV/c program is to study resonance produc

tion with high sensitivity, utilizing TT+ and TT~ beams to isolate exchange 

mechanisms and to resolve the complications arising from attendant back

ground states. Some 35 events/u.b of TT+P data have been reported in several 

publications. The intention is to extend and compare these results with 

the 25 events/jib TT~p data as well as the measured 9 events/|j,b rr+d exposure. 

A graphical summary of the current TT~p data is given in Figs. 4 and 5. 

In Fig. 4a, clear evidence of TT~P ■+ (p,f,g)n by onepion exchange is 

apparent and in Figs. 4b and 4c conspicuous TT~p * TTN** nucleon diffrac

tive excitation is observed. The small but important pexchangedominated 

reaction n~p ♦ TT A for both A(1236) and A(1650) channels is shown in 

Fig. 4d. Copious diffractive production in the A" region is exhibited 
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in Fig. 5a. A significant portion of the strong A++ signal in Fig. 5c 

derives from the decay N*(1700) » A++rr"; substantial N*(1700) data are 

displayed in Fig. 5b. Three distinguishable baryon resonances are clearly 

resolved in the TT"P spectrum of Fig. 5d. 

Data from the peripheral production of baryonantibaryon pairs in 

the reaction rr*"p -* Cpn)p have been incorporated with results from n+
p *♦ 

(pn)p in a study of the lowmass NN enhancement and will appear ~ July 

in Nuclear Physics.B. 

During 197475 three students completed their Ph.D. work with theses 

based upon data from this experiment; a fourth Ph.D. thesis is antici

pated before July. 

Measuring Summary 

Events/ub # Events Began Completed 

35 600,000 1968 1973 

9 100,000 — — 

25 500,000 1973 50% 1975 

Four remaining members of the group have continued the data analysis 

of pp interactions at largetransverse momenta. We have published the 

following papers: E. W. Anderson et al., Nuovo Cimento Letters _11, 491 

(1974); T. S. Clifford et al.. Phys. Rev. Letters 33, 1239 (1974); 

E. W. Anderson et al., Nuclear Instruments and Methods 122, 587 (1974); 

E. W. Anderson et al., Phys. Rev. Letters 34, 294 (1975) ; Conference 

Proceedings: XVII International Conference on High Energy Physics, London, 

V21 (1974). 

With our enlarged data sample we refined the study of the charged

particle multiplicity, KNO scaling and constituent interchange models, 
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as well as a comparison of ep, |i>p and pp reactions. Our main results are: 
1) Abrupt rise of> n at q2 ~ 2 (GeV/c)2 for the reaction p + p ♦ p + M. 
2) Abrupt rise of n for the reaction p + p » TT+ + M. 
3) KNO scaling for the missing mass M in the reaction p + p *♦ p + M. 
4) Evidence for constituent and hard scattering, which is, of course, 

of fundamental import. 

VII. COUNTERWIRE CHAMBER EXPERIMENTS AT ANL (Garfinkel, Loeffler, Shibata, 
Stanfield) ~:=:%Z-~ 

A. E348 
In November, 1974, the experimental operation of E348 was completed 

with 36 shifts of data taken at the Argonne National Laboratory ZGS. This 
brought the total number of shifts of data taking in E348 to 191. 

During this final run, additional data were obtained for reactions 
of the type iCp » X V and rr"p » X V at 5.1 GeV/c yielding a total of 
~ 1000 K!"p ♦ 2*"if" events and ~ 2500 TT~p elastic events near the backward 
direction. Also, similar data were accumulated at 4.2 GeV/c yielding 
~ 425 K7p » 7?TT events as well as ~ 560 TT~P ■* prr~ events. 

The E348 data have been reduced to differential cross sections for 
the rr~p elastic and KTp » S^if reactions at beam momenta of 3.0, 4.2 and 
5.1 GeV/c, and have been interpreted in terms of strong absorption models 
which assume that the schannel helicity amplitude of net helicity flip n 
is proportional to a J Bessel function with argument (r/uu ). In Figs. 
11a and lie, the differential cross sections at 3.0 and 5.1 GeV/c are 
presented; the solid curves are fits to the simple absorption model form. 
Figs, lib and lid show the difference between r for the VTp -* S V  data 
and theTT~p elastic data. If SU(3) without exotic amplitudes is a good 
symmetry, these differences should be zero. These results were presented 
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13 
at the 1975 Washington APS Meeting and have been accepted for publica

14 
tion in Physical Review Letters. 

In addition to the elastic reactions mentioned above, data were 

obtained and are presently being analyzed at 3.0, 4.2 and 5.1 GeV/c for 

the reactions K"*p » ̂ ( U O ^ T T and K""p » Y**(1670)TT. There is also a 

A
+
(1236) signal apparent in the TT~P mass spectra. Moreover, at 5.1 GeV/c, 

indications of an N*(1520) are seen. Figs. 12 and 13 show typical missing 

mass spectra. The solid lines in Figs. 12 and 13 are fits to the mass 

spectra composed of a gaussian for the proton and E* peaks and relativistic 

BreitWigners for the inelastic resonances, as well as a fourth power 

polynomial to represent the inelastic background. 

Analysis of the polarization data in the iCp ■+ 2*"TT~ reaction at 3.0 

and 5.1 GeV/c is underway at this time and is at a preliminary stage. 

B. E379 

During January, 1975, approximately 22 of the 80 approved shifts for 

Experiment 379 were completed at the Argonne National Laboratory. The 

beginning of this run was devoted to the installation and debugging of a 

timeofflight system for the recoil spectrometer; this system was used 

to aid in the separation of backward scattered protons and pions. The 

success of this system is demonstrated in Fig. 14. Only about four 

shifts were required for this modification, with the remainder spent 

accumulating data. 

The experiment is designed to study the baryon exchange processes: 

(1) TT'p » X V 

(2) r P  » r v 
where X~ is a zero strangeness baryon (A,...) and Y~ is a strangeness 1 

baryon (IT, Y*",...). A high intensity beam is required to study reaction 



K" p -» Y* if -at 3.0 CeV/c *«*" 
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

2tO -

Ed 189) 
V(1670) 

+"' 

1 I I I ' I 1 I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
1.275 1.175 1.675 1.875 2.075 2.275 2.175 2.-675 2.875 

M^(CeV/c2)2 

F i g . 12 



720 

576 f-

, , tT p - > r m -at S.1 CeV/c
 Page 24 

M I I I 1 I > 1 i M 1 I I M I M 1 1 I i I I I I I I 1 1 M I I I I I I 1 I I I I I I I 1 I 

liJ 

•5 

e 

■f-2 

2l 223 " 

1*t -

P(939) 

i\ 

r f (1S20) 

£(1236) / / 

r^-w 

. . < " - " 

0 I I I I l I t l I I I I i I I I I I I I I I I I I I I I i I I 1 M I I I I 1 i i » I I i i I I I r 
0.60 0.85 1.10 1.35 1.60 1.85 2.10 2.3S 2.60 

M?.(GeV/c
2
)
2 

F i g . 13 



66C03 
Time-of-flight Distribution 

i M i l I I l I I l" l I I I I I I l l l I I I I I I I I I I I I I I I I 1 I l l l I I I I I I l I I I I 11 I 

S2€C0 

V) 
+-> 

£ *3ssoo 
iij 
< ♦ -
o 

~8 24100 
1 

1*5200 -

0 ,„ L J - l - t - i - U H - f l I I 1 I I I » 
-0.15Q -0 .025 0.100 

Fig. 14 

zt=i^lr*l_Ju»l..' . . I . . . M - H - 1 T I 1 I .1 I Ul- i -4 - i M M I~fc3=fc=»=l-rUl 
0.225 0."333 0.^75 0.600 0.72S 0.850 0.375 * 



Purdue University C001428421 
Contract AT(111)1428 Task A Page 26 

(2) due to the low kaon content of the beam (~ 0.8% of the pion flux). . 

During the January run this high intensity was not available and the 

study of reaction (2) was postponed to a later running period. 

Analysis of the data is now in progress. Preliminary results have 

been presented at the*April meeting of the American Physical Society in 

Washington, D. C , and are shown in the accompanying figures. Fig. 15 

shows the distribution of events from reaction (1) as a function of mass 

squared. A clear signal for the Zf (1236) is evident. Also shown is a 

fit to the spectrum, employing a relativistic BreitWigner for the A" 

resonance and a polynomial up to fourth power in m2 to describe the back

ground. The solid line is the signal plus background and the dotted line 

is the background alone. 

We have also made a preliminary comparison of the reactions TT~P * 

A~TT
+ at 5.1 GeV/c from this experiment, and TT"P ♦ A+TT~, also at 5.1 GeV/c, 

from Purdue/ANL Experiment 348. Two predictions concerning these reac

tions can be examined. Biales et al. use an additive quark model to 

predict the ratio of A~TT+ production to A+TT~ production to be about 50. 

Also, SU(6) predicts this ratio to be 12 in the exactly backward direc

tion. Preliminary integrated cross sections from our data yield a ratio 

for A~TT+ to A+TT~ of about 4.7 ± 0.2, in disagreement with both predictions. 

C. E386 

Data taking for E386 was completed in January, 1975. The experiment 

was approved to study TT~P backward elastic scattering in detail near 5.1 

GeV/c in order to resolve the question of narrow structure in this region. 
18 

Evidence for a narrow resonance was reported by Kormanyos et al. in 1965. 
+ ' 

Further interest in this region was generated by the TT p elastic scattering 
19 

experiment of Schmidt et al. at CERN. They report the observation of 

an Ericson fluctuation near 5 GeV/c in the TT+P elastic scattering data. 
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One-quarter per cent incident beam momentum resolution is possible 

using a ten-counter momentum hodoscope in the beam. This is to be com

pared with the 3/4% resolution attained in the experiment of Ref. 18. 

During January 42 shifts were run on E-386 and five separate but 

overlapping incident beam momenta were measured near 5.1 GeV/c. Data 

were also taken at 3.75 GeV/c and 4.2 GeV/c which, when combined with 

the data of E-348, give differential cross sections for 14-incident beam 

momenta. 

Preliminary results have been presented at the 1975 Washington APS 
20 Meeting; however, further analysis is required to obtain final results. 

This analysis is in progress. Special attention is being paid to the 

5.1 GeV/c region and attempts are being made to understand these data in 

terms of Ericson fluctuations, narrow resonances, and the previously 

reported results. * 

Fig. 16 shows the preliminary energy dependence for all of the TT*p 

backward elastic scattering data. No narrow bump is apparent at 5.1 GeV/c; 

however, one should note that the data presented here have been integrated 

over the entire angular acceptance of the apparatus. There is a shoulder 

at 5.0 GeV/c. Other features of the data include the observation of the 

A(2850) (P, . « 3.75 GeV/c), which was also observed in Ref. 18. When lab 
the data are broken up into smaller angular intervals, structure is observed 

for some u values. For example, Fig. 17 shows the energy dependence for 

u = -.425 ± .025 (GeV/c)2. 

High statistics angular distributions are also available at each of 

the 14-incident beam momenta. Fig. 18 shows two of the angular distribu

tions near 5.1 GeV/c separated in incident momentum by ~ 100 MeV/c, which 

corresponds to ~ 30 MeV in the center-of-mass system. Note that there 
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is a significant difference in shape between the two distributions in the 

region -.325 < u < 0.0 (GeV/c)2. This type of behavior has been inter

preted by the authors of Ref. 16 as an Ericson fluctuation. 

VIII. STATUS OF AN EXPERIMENT TO STUDY THE RARE DECAYS OF MESONS USING THE OMEGA 
SPECTROMETER AT CERN 

A. Introduction 

During 1972-73 one of us (D. H. Miller) spent a sabbatical year at 

CERN working with a group on the OMEGA Spectrometer involving a slow proton 

trigger. In 1973 he generated a proposal to look at the rare decay of 

mesons by triggering on events containing either a charged kaon or anti-

proton using an incident pi minus beam. This proposal was designed to 

take full advantage of the capabilities of the OMEGA Spectrometer System, 

since it utilized the beam with the highest flux and a large solid angle 

trigger. This proposal was approved and scheduled to run in the fall of 

1974 as a collaboration between Purdue and several European groups. 

B. Apparatus 

The detector consisted of the OMEGA Spectrometer with optical spark 

chambers scanned directly by plumbicons. The trigger apparatus was both 

complex and diversified. The main elements were two low-pressure Cerenkovs 

(with the TT threshold at 3 GeV) each of which covered half the exit aper

ture of the magnet. In addition, there was a high-pressure Cerenkov in 

front of one of the low pressure Cerenkovs in order to exclude forward 

protons. The Cerenkovs were equipped with hodoscopes front and back 

which were used in a correlation matrix. A cylindrical scintillator 

around the target was used to define a target interaction and two MWP 

chambers were used in a multiplicity mode downstream of the target to 

further reduce biases and tighten the trigger. 

i 
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C. Physics 

, The allotted time corresponded to ~ 10,000 events/^b of actual beam. 

This has to be multiplied by the acceptance for each particular final 

state. The main Monte Carlo was done for a few particular final states 

as an illustration. 

Tfp ♦ PK^ITTT 

» nK+K" 

» ppprf 

» npp. 

All of these channels have a very high acceptance ~ 80% and none of the 

meson systems have zero acceptance in any variable up to masses above 

2 GeV. The main physics thrust is to study the KK(pp) and KKrr(ppTT) 

systems with high precision. 

D. Progress in 197475 

This experiment was tested in the summer of 1974 and the actual run 

took place in late October and November, 1974. Because of some difficulties 
i 

the run was divided into two parts, one triggering on a forward K~(p) and 
the other on a forward K?". The experiment was run at 10 GeV/c and for the 

final states listed an actual ~ 2500 events/|ib were obtained. During the 

run the news of the (J,i|r) discoveries was released. This, of course, was 

extremely exciting and much time was spent at CERN discussing what new 

experiments could be done to shed more light on the interpretation. We 

had realized previously that our experiment was a good way to look for 

charm because of the connection to strangeness in the decay. The new dis

coveries, however, set the mass scale which meant we were at too low a 

beam momentum. For the last few days of our run we returned to 16 GeV/c 

and obtained 1000 events/(j,b with the same trigger. 
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Since that time much effort has been put in by the European groups to 

process the raw data amounting to ~ 4 x 109 events. Preliminary results 

will probably be presented at the European Physical Society meeting in 

June. 

E. Future 

Sometime this summer all the geometrical reconstruction will be finished 

and the next year will be devoted to analysis of the data. 

SMP-MEASURING SYSTEM 

179,157 events were measured during calendar year 1974, and the current 

rate is about 3000 events per week. The rate, as usual, is limited by 

lack of manpower. An average of three to four SMP's are manned for two 

eight-hour shifts. ' 

The IBM Selectric I/O typewriters used with the SMP's were replaced 

with TV-Keyboard terminals built at Purdue. A new interface was required 

to connect these to the 360/40, and an expandable serial interface was 

constructed. The communication is considerably faster, and the maintenance 

load (approximate two-thirds time of one technician) has been greatly 

reduced. 

A. New Scanning Machines 

Three scanning machines acquired from Brookhaven National Laboratory 

have been converted to scan the Argonne 12-foot chamber film two views at 

a time. One of the Purdue-constructed scanners has been rebuilt to dis

play all four views and a second one will be rebuilt this year. Another 

Purdue scanner has been rebuilt to scan the film from the SLAC 40" chamber. 
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B. POLLY Hardware 

The system is complete and operational. A new platen has been built 

for the SLAC 40" chamber film. This will be installed when a new Lytton 

CRT arrives. Two of the Ferranti CRT's had heater failures. A careful 

examination failed to show any circuit malfunction. The current CRT was 

borrowed from Illinois and has a weak phosphor over most of the active 

region. 

C. POLLY Software 

The first operating objective for the POLLY was achieved in November, 

1974: remeasurements of 82" SLAC bubble chamber events previously mea

sured on the SMP system were made on the POLLY and reconstructed success

fully in space. This limited objective tested the reliability of fiducial 

finding and measuring, track following, and stopping track measurement. 

It further required that the input and output data structures be properly 

interfaced to the existing SMP measuring system. Additionally, a reason

able calibration of the system was necessary. And last, the various parts 

of the POLLY measuring system had to be integrated successfully by a master 

program. Measuring times for two-prongs varied from 25 sec to about 40 sec, 

with 25% to 507. of the control computer time idle and potentially available 

for parallel processing. 

Heater burn-out in two Ferranti CRT's in December and February, with 

subsequent realignment and recalibration, essentially halted the two-prong 

remeasurement project. Instead development turned to the next stage: vertex 

guidance, with continued improvement of track following. This includes 

automatic track finding, operator-controlled track addition and deletion, 

automatic track delection, automatic tuning of beam current in the CRT, 

track curvature calculations, and a track-match system. In addition, hardware 
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histogramming of hits in slice scans (discussed in more detail below) 

was incorporated into the software. The current status of these changes 

is that 82" SLAC bubble chamber events are measured under vertex guidance 

and are successfully reconstructed. 

Currently both hardware and software changes are aimed at measuring 

70 mm SLAC 40" hybrid bubble chamber film in late July, 1975, as the first 

production experiment for the Purdue POLLY. Events will be measured under 

vertex guidance, with the vertex information supplied primarily by data 

from the downstream wire planes. 

Hardware histogramming is possible in the Purdue POLLY because the 

home-designed computer that controls the slice scans and hit detection 

logic (the "p. PUP") is truly programmable, and has enough extra bipolar 

memory to store information about hits in histogram form. We normally 

store 32 histogram bins, each of which consists of three sixteen-bit words: 

the sum of the integers representing the position along a scanline of hit 

centroids lying within the bin, the sum of integers that represent the 

scanline number on which the hits were found, and the sum of the number 

of hits within the bin. Bin widths are variable, with practical values 

4, 8, 16, or 32 microns, depending on the length of the scanline and the 

certainty with which a track is being followed. Needless to say, this 

binning works best with curved slice scans, and these are routinely used. 

The Li> PUP may histogram a number of hits on a scanline. Histogramming adds 

about 8 Li sec/hit to the time between scanlines in the \± PUP but does not 

affect the Supernova. Transmission of the completed 32-bin by three-word 

histogram to the Supernova control computer for analysis requires about 

300 |X sec on the data channel. Note, however, that once the Supernova 

software detects a peak in the histogram, the precalculated sums of 
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centroid positions and scanline numbers make the calculation of the smooth 

track point a matter of a few simple arithmetic operations. 

The track-finding logic (given a good position of the event vertex) 

is based on histogramming and on the programming flexibility of the \i PUP. 

A simple algorithm in the p PUP scanline generation program permits genera

tion of trapezoidal slice scans (see Fig. 21) centered on the vertex, for 

which the binning into histograms is radial from the presumed vertex posi

tion. Five such trapezoids are used in the current track-finding program, 

and appear to be sufficient for most events even at 13 GeV. More downstream 

trapezoids are easily added. Thirty-two bins are used in each trapezoid, 

with 32 scanlines, the last of which approaches the maximum length possible 

in the hardware. Up to ten hits are permitted on each scanline. Each 

such trapezoid requires about 20 msec to run. However, analysis of the 

histograms from the previous trapezoid is carried out in the Supernova 

while the current one is being run by the p PUP. Track-finding currently 

uses about 150 msec/vertex/view. While the system works and is simple, 

much tuning remains to be done to improve the rejection of interloper 

tracks near the vertex, to better separate close tracks, and to improve 

the efficiency for tracks that happen to be faint. 

X. STATUS OF BC61 (A STUDY OF SOME RARE PION- AND KAON-INDUCED REACTIONS 
USING THE 40" SLAC HYBRID FACILITY) 

A. Introduction 

This experiment is a significant extension of our high-statistics 

study of pion-nucleon interactions at 13 GeV/c. The experiment utilizes 

the SLAC Hybrid Facility with incident TT+ to trigger on events with a 

charged kaon or proton passing through the downstream spectrometer. The 

particular final states we are interested in are: 

Purdue University 
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TT+p -» A++K+r, V+Y?p 

-++PP, pnp 

p + Meson (u channel). 

The experiment will have a sensitivity of 500 events/^b. In addition, 

there will undoubtedly be other interesting physics in the events we 

select since very little is known about multiparticle final states con

taining kaons or protons. 

B. Apparatus * 

The apparatus consists of the SLAC 40" chamber with three downstream 

modules of proportional wire chambers followed by a large segmented high-

pressure Cerenkov counter. The fast trigger is rather loose and consists 

mainly of selecting events with one or more particles passing through the 

downstream system. The main trigger is a real-time software trigger using 

a Nova computer. An algorithm is now available which examines the informa

tion from the downstream system and looks for particles heavier than pions. 

This is done by determining the momentum and trajectories of tracks using 

the MWP chambers (which are in the fringe field of the 40") and the pulse 

heights from the Cerenkov elements. The algorithm can handle up to three 

secondary tracks in the same event and analyze them in 500 microseconds. 

C. Physics 

Over the last few years we have accumulated ~ 80 events/pib of pion-

nucleon interactions at 13 GeV. The main thrust of the analysis has been 

on the production and decay of meson resonances. These experiments are 

in general dominated by multipion decays and rarer decays occur only in 

their natural fraction. The importance of the current experiment is to 

examine the production and decay of meson resonances involving either 

decays involving charged kaons, protons or antiprotons, and also to look 
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at u-channel meson production. At the hoped for level of 500 events/p.b 

we will be able to study in detail, for example, the K^K", pp spectrum 

up to masses of ~ 2.5 GeV with the same sensitivity as we have done pre

viously with the TTTT mass spectrum. In addition, we intend to do a coupled-

channel analysis of the nTT, KK, pp system. At masses up to 2 GeV we will 

be able to study the opening of the KK and pp channels, f, A~ interference 

and the properties of the g meson. In the u-channel events we will also 

study meson production and look for the production of exotic states since 

many people believe this is a favorable place to search. 

D. Progress in 1974-75 

Our original proposal was approved in April, 1974, and by June, 1975, 

we hope to make the first tests with the full system. This last year has 

been devoted to construction, the major part of which has been done at 

SLAC. This has involved a major effort on the part of personnel from SLAC 

and groups from Imperial College, Purdue and recently Toronto. We have 

contributed significantly to the construction by fabricating here at Purdue 

the hodoscope for the large Cerenkov. This is a ten-element hodoscope, 

each element being 56 x 70 cm with a 100 cm light guide. We also built 

all the photomultiplier bases for the Cerenkov and for the hodoscopes in 

the beam. We have also contributed about 16 man months at SLAC to help 

with the installation of the hardware and programming of the computer. 

We anticipate heavy involvement at SLAC during the summer. The Cerenkov 

is now finished and tested and the MWP chambers are nearing completion. 

We have beam from now until July 14, and again in either September-October 

or October-November. Our hope is to get some test film in July and com

plete the data taking in the fall. 
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E. Future 

We hope to publish the first results from this experiment by this 

time next year. We also intend to run a follow-up experiment using an 

incident K~ beam with a similar trigger to look for the 3" recurrence of 

the cp. 

THE pp EXPERIMENT 

The purpose of this experiment is to study the pp annihilation process 

and search for new particles which are produced in pairs like charmed 

mesons or baryons. The experimental proposal was submitted to FNAL before 

the SLAC discovery of Y and thus it was the only charm search proposal 

in bubble chambers. It was accepted under the condition that we show 

the feasibility of producing « 20% pure p beam. Using the A'-» prr+ tech

nique of Neale, we carried out a p yield measurement at FNAL. We had 

proven the feasibility of useful p" beam for 40, 50 and. 60 GeV/c. The 

details of our result are summarized on the attached pages 45 and 46 by 

D. H. Miller. We obtained a 20-25% purity,and ~ 2 p/1011 protons on the 

target. To increase the p yield we requested to shorten the A path through 

the sweeping magnet. We calculated a factor of 1.9 gain in p intensity. 

We have been assured by J. Sanford that we will have an opportunity to 

test this p yield improvement scheme during this summer, although the 

presently achieved yield and purity is sufficient to run the experiment. 
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SUBJECT 
Measurement of p Fluxes in the N3 Beam at FNAL 

NAME L. Gutay, D. Millef, 
V. Barnes, D. Carmon 
DATE February 3, 197 

Summary 

From 21.00 hours on Jan. 27 to 14.30 hours on Jan. 28, tests were carried out 
to determine the feasibility of running E-344. During this time the accelerator 
delivered stable beam for a little over 12 hours. Antiproton fluxes were measured 
at momenta of 30, 40, 50, and 60 GeV for one production angle and some time was 
spent at 40 GeV finding the best production angle. Adequate beams with p fractions 
greater than 20% were found at 40, 50, and 60 GeV. The highest purity of 25% 
was found at 40 GeV at a larger than normal production angle. The absolute flux 
is lower than at 100 GeV being ~ 2/1011 on target. This can be corrected by placing 
the target inside 3. BOOT. Our results show that E-344 is feasible and can be run 
with a minimum of difficulty. 

Experimental Details 

The standard N3 beam with tagging was used for the measurements. The Cerenkov 
was used in a range in which the pions were counted in channel two and the anti-
protons and kaons were always below threshold. The kaon flux was not determined but 
was presumably negligible when the sweeping magnet (3 BOOT) was on, and very small 
even with it off. The collimators in the beam were open wide enough to transmit 
the image of the target. The magnet 3 BOOT immediately after the target was normally 
at full field so that the secondary beam was derived from decays of antilambdas, 
lambdas and other neutral long-lived particles. 

Details of Measurements 

The magnet currents for the 100 GeV experiment were scaled and a fairly quick 
tune was carried out at each momentum before the flux was measured. Table I shows 
the experimental conditions under which the beam was operated and Table II the 
results of the measurements at each momenta using the same.production angle as the 
100 GeV experiment. Table III shows the results of a more careful tune at 40 GeV 
and the effect of varying the production angle. 

Discussion of Results 

Using the 100 GeV run as a measure of feasibility it is clear that E-344 can 
be run successfully anywhere from 40-60 GeV with adequate purity ^ 20%. The only 
problem appears to be one of flux since the p" yield is ~ 2/1011 on target. A 
comparison with the 100 GeV data shows that at 40 GeV/c we are down by about a 
factor of 10. This seems to be mainly due to the acceptance of the beam and in
creased multiple scattering because of the lower momentum and higher C pressure. 
Although it may be possible to improve transmission by more careful tuning, it 
should not be relied on since the 40 GeV beam was retuned by S. Pruss for ~ 2 hours. 
The one-foot Be target was tried in place of the copper target but no significant 
change of flux occurred. The anticipated solution to the problem of low flux is to 
use the target already fabricated to sit at the mid-point of 3 BOOT thus cutting 
the decay loss by ~ 1.8. This would enable us to run at 5 x 10LO/ping, that is, 
the same as the 100 GeV run. 

AC7 IMIM-
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SUBJECT 
Measurement of p fluxes in the N3 beam at NAL 

NAME L. Gutay, D. Mille 
V. Barnes, D. Carmony 

DATE 
_______2_-_-_-___--w----Z_-. 

Table I 

Accelerator 
7 BOOT 
Cerenkov Pressure 
Collimators 
Target 

300 GeV slow spill 
600 amps P = 0 
20 psia 
Wide Open 
5 mm x 5 mm x 4" Copper 

Table II 

Momenti 
30 
40 
50 
60 

7 BOOT 
0 
600 
1200 

un 

(P=0) 

3 BOOT = 1200 amps 
p/MG 
6% 

15.7% 
19.7% • 
23.4% 

p/1011 target 
a 

1.7 
3.2 
3 

Table III 
Tune at 40 GeV 

p/MG 
9% 
15.7% 
25% 

p/1011 target 
2 
1.7 
2.1 

3 BOOT 
p/MG 
4.3% 
4.9% 
4.9% 
3.5% 

3 

off 
p/1011 target 

5 
90 
140 
100 

BOOT = 1200 

All p fluxes above are at the bubble chamber and were usually 
accumulated to ~ 100 counts. 
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XII. EXPERIMENT 357 AT FNAL (SEARCH FOR "CHARMED PARTICLES") (Loeffler, Shibata, Stanfi 

In October, 1974, we, in collaboration with physicists from the 

University of Michigan and Fermilab, submitted a proposal to Fermilab 

to search for "Charmed Particles." What followed has been described by 
21 E. L. Goldwasser in the January, 1975, issue of NALREP as follows: 

"Just preceding the November PAC meeting, all of us were 
exhilarated by the discovery of new particles at SPEAR and 
Brookhaven, immediately confirmed at other laboratories. A 
last-minute arrangement was made for an early morning seminar 
on the first day of the meeting, so that two of the PAC mem
bers participating in the work at SPEAR could describe the 
states of the analysis of the new particles. It was a measure 
of the general excitement stimulated by the discovery that a 
capacity audience--800 people—filled the Fermilab auditorium 
for the occasion. At the PAC meeting which followed, only 
one related proposal, Particle Search #357, was considered. 
As was expected, however, immediately after the PAC meeting, 
the Laboratory was inundated by new proposals related to the 
discoveries at SLAC and BNL . . . . 

We decided that in this case our best course of action 
would be a departure from previous practices, and we scheduled 
a special meeting at which propositions relating to rapidly 
developing new physics ideas could be presented and discussed. 
The workshop was originally planned for a single day, but the 
influx of proposals demanded an extension to a second day. 
The panel which was convened for the occasion consisted of 
R. Diebold, chairman; B. Lee; P. Piroue; G. Show; and S. Wojcicki. 
Three of the panel members are also members of the regular 
Program Advisory Committee. 

i **' On December 9 and 10, we heard from about twenty different 
groups with ideas to present relating to the recent discoveries 
at SLAC and'BNL, and the new opportunities that seemed to pre
sent themselves as a result of those discoveries . . . . 

Of the approximately twenty presentations for changes in 
running plans and new studies that were made before the panel 
in December, we have now approved about one-third. One of 
these, the aforementioned Particle Search #357, is a major new 
experiment in which the identification of charmed mesons will 
be explored directly by observing the possible decays into a 
TT and K final state. Other program changes are less far-
reaching, involving, for the most part, minor add-ons of 
equipment and running time or even trade-offs of running time 
which had already been approved for other purposes. 

We expect the next six months to be even more active than 
the last. Happy New Year!" 
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The proposals relating to E-357 are included as Appendix A. 

Having received approval for the experiment, we set April, 1975, as 

a deadline for having the equipment built and transported to FNAL. The 

experiment consists of a double-arm spectrometer system. In each spec

trometer there are three Cerenkov counters, 19 scintillators, and five 

sets of drift chambers. Both ̂ iT and e will be identified, p/s are 

identified by absorbing hadrons in 6' of steel before the last pair of 

hodoscopes in each arm. Electrons are to be identified in lead-lucite 

sandwich shower counters placed immediately before the muon identifier. 

Fig. 23 shows a plan view of the apparatus. 

An equitable division of labors and resources between the two univer

sity groups resulted in a commitment from the Purdue contingent to build 

the Cerenkov counters, the scintillation counters, and the shower counters. 

The Michigan group was to build the drift chambers and supply the readout 

electronics for these drift chambers. 

Due to the size of our commitment and the stringencies of the budget, 

it was necessary to seek support outside the usual ERDA grant. Two sources 

were contacted. Our department aided us by supplying some shop time and 

a proposal was submitted to the National Science Foundation. From the 

time of approval of E-357 through the remainder of the contract year 

(September 30, 1975), our hardware and travel support for this experiment 

has been derived from these two sources. 

The Cerenkov counters and scintillation counters have been built and 

are presently installed in the M2 beam line at FNAL. The shower counter 

construction will proceed during the summer months. We anticipate exciting 

new results in the coming year. 
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