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The first spark chamber experiment by the Indiana group was a study 

of backward elastic it p and it p scattering performed during Summer 1968 at 

the Argonne ZGS (experiment E-125). The raw data from this optical spark 

chamber experiment was stored on 300,000 photographs. After two months of 

debugging the group's computer-controlled film scanner (CRUDI), the film 

measuring was begun on a production basis just before the beginning of the 

current AEC contract.support period, December 1, 1968. The CRUDI, connected 

on-line to the Indiana University CDC 3^00 computer, was operated approxi

mately 15-20 hours per week and measured 950 frames of film per hour. Film 

measuring was completed in May, 19&9* """' 

R. Sidwell, a research assistant who will base his thesis on this 

experiment, delivered a paper at the 1969 Washington Meeting of the 

American Physical Society on the preliminary results of the experiment. A 

paper on about 70$ of the data has recently been published. The rest of 

the data is analyzed and is being prepared for publication. A collaboration 

between two of us and two Indiana high energy theorists has produced a 
•a theoretical paper which uses the data to test the concept of duality. The 

data will also.be very useful in testing the Regge pole model, the Veneziano 

model, the interference model, and the Regge cut-Regge pole modei. References 

to this theoretical work can be found in Ref. 2. 

The second experiment performed by our group was one to study elastic 

proton-proton scattering at large angles. This experiment (ZGS no.E-199) 

was carried out tb Argonne National Laboratory during the winter of 19&9* 

Measurements were made of the elastic differential cross section in p-p 

scattering in the cm. angular region between 30° and 90° at the following 

-momenta: 1.5, 1.65, ll80, 2.oV 2.25," 2.5/2.7, 3-0, 3.5, i.0, 4.5, 5-0, 

5.5 and 6.5 GeV/c. The statistical accuracy is approximately h$ when the 
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data is grouped in bins of 2° in 0cm. . The incident proton and both final 

state protons were detected by scintillation counters and all important 

angles were measured with a set of twelve wire spark chambers with 

magnetostrictive readout. The digitized spark location data was transferred 

directly to a continuous-write magnetic tape deck. Monitoring of the 

experiment was done off-line. A large fraction of the approximately four 

million triggers accepted in the experiment originated from elastic scattering 

events. The analysis of the data is now in progress and is expected to be 

completed in approximately two months. A copy of the proposal is included. 

Using the same experimental layout as in experiment E-199* we have 

conducted an experiment (ZGS no. E-235) this summer to study it p elastic 

scattering at intermediate angles (50° to 125° in the center-of-mass system) 

from 3«0 to 5.0 GeV/c. Several different models make predictions for the 

behavior of the cross section in this angular region. However, previous 

experimental data was quite sparse. 

Our measurements were made at 3.0, 3.5, h.O and 5.0 GeV/c for both 

it p and Jt p scattering. With center-of-mass bins of 5° we expect a minimum 

of ~80 elastic events per bin. The analysis of data from this experiment 

is being carried out simultaneously with that from E-199* Due *° the fact 

that the experimental layouts are identical, the geometrical reconstruction 

program, analysis programs and system maintenance programs developed and 

used for E-199 have been very easily adapted for the analysis of the jtp data. 

The analysis is txpected to be completed in approximately four months. 

During the past few months the group has designed an experiment 

which will enable us to continue our study of backward elastic meson-nucleon 

scattering. This experiment, using wire-spark chambers, will study it p -» 
— 2 

«"p from 3.0-6.0 BeV/c for the angular range 0 > u > -1 (Bev/c) . A proposal 
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has been submitted to Argonne. We hope to do this experiment early in 1970. 

The group has also been working on the design of an experiment to 

study the reaction n p ♦ t0°n. The experiment would measure the angular 

distribution and density matrix elements of the <JU° by studying its it°y 

decay mode. This decay mode will permit a very selective neutralfinalstate 

trigger requirement. 

The investigators have devoted kQPJo of their time to the research 

project during the academic year and 100$ of their time during two of 

the summer months. The experimental program has included and exceeded 

that outlined in our initial proposal. A complete additional experiment 

was performed (E235) and all design work for an extension of our back

ward « p measurements has been accomplished. 

'" The investigators associated with the contract are: Assistant 

Professor B. B. Brabson, Associate Professor R. R. Crittenden, Associate 

Professor R. M. Heinz and Assistant Professor H. A. Neal. Previously 

Dr. Crittenden was a member of the Indiana University bubble chamber 

group. He has, however, been working with us for the past three years 

and now will officially join the Indiana spark chamber group. Three 

graduate students are employed under the contract. The experiments 

completed in this present contract year will serve as the doctoral 

thesis project for two of these students. Also, Indiana University 

has just made available to us a position for a fulltime high energy 

physics technician. No personnel associated with the contract are 

receiving other federal support. 
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EXPERIMENT: Differential Crocs Section in Large-Angle Elastic Proton-
Proton Scattering frou 1.5 to 5«0 CeV/c 

EXPERJMEKTALIST8: 
a) Postdoctoral scientists: 

Bennet B. Brabson, R. R. Crittenden, K. F. Galloway, 
^. M. Eeinz, and H. A. Neal, 

Indiana University, Bloo;oington, Indiana 

b) Predoctoral scientists: 2 

c) Technicians: 1 

PURPOSE: We propose an experiment to measure with high precision the large-

angle differential cross section in elastic proton-proton scattering from 

1.5 to 5«0 GeV"/c, in increments of 500 MeV/c. Measurenents would be made 

for the center-of-mass angular region 30° ̂  0 ^ 90°. We expect, in the 

least favored cases, statistical errors in the cross section of ~ i 3$ 
vhen the data is grouped in bins of a9 =2°. ° * cm 

h, 
A secondary beam of protons of intensity ~5X10 /burst would impinge 

on a liquid hydrogen target. "The incident, recoil and scattered protons 
would be detected by a scintillation counter- wire spark chamber system. 

Existing p-p differential cross section data in the momentum region 
of 1*5 to 5*0 GeV/fe is sparse and, with the exception of recent data by 
Clyde , is of poor statistical accuracy. Recent experimental investigations 
of the proton-proton interaction have indicated an anomalous behavior of 
the differential cross section and polarization in this momentum region. 
To study these effects in detail theoretically, it is necessary to have 
more extensive and accurate differential cross section measurements in 
{the large angle region. 

The Eachine time requested is 95 shifts, including 15 shifts for 

testing. The experiment could be performed in the secondary beam to be 
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used by experiments E125 and El*!7, or in a secondary beam in the second EP3 

area. The hydrogen target built for experiment E3 25 could, with a small 

modification, bo ured satisfactorily in this exjes/inient. 

THEORETICAL INTEREST: A plot of the existing high precision proton-proton 

differential cross section data for the momentum and angular region of 

interest is given in Fig. 1. Angular distributions with statistical 

accuracies < 5$ arc available only at 1.7 , 3.0 , and 5.0 GeV/c". If one 

plots rr (90 cms) vs. the four momentum transfer squared, t, a "break" 

is suggested near t = -1.2(GeV/c) , as can be seen in Fig. 2. It is clear 

from Fig. 2 that the region around t = -1.2(GeV/c) at 3 = 90° has not 

been well investigated. Indeed, the existence of the "break" is only 

inferred from the extrapolation of lovr and high*' * energy data. This 

experiment would cover the region ,78 ̂  -t £ 3.9O in detail. 

It is to be noted also that proton magnetic form factor measurements 

at DESY indicate that for -t > 1.2 (GeV/c) proton-proton elastic scattering 
5 

is dominated by a mechanism different from that at lower momentum transfers. 

In addition, recent polarization results show that the polarization 

parameter becomes anomalously small for -t > 1.2 (GeV/c) at all incident 

proton energies above 1.35 OeV. This phenomenon is now being theoretically 

investigated by Huang at MIT. Huang points out that such a behavior of 
7 

the polarization is expected on the basis of the Regge pole model. The 

maximum in the polarization which occurs near kO cms is caused by the .. 

Interference between P, PT and w trajectories (assuming negligible p contri

bution). Since the slopes of the P1 and cu trajectories are several times 

larger than that of the P, as -t increases P rapidly dominates. Thus, for 

large -t, the scattering proceeds almost purely through P exchange—which 
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gives no polarization. However, near 90 cms, u channel exche.nge becomes 

important and the t channcl-u channel interference gives rise to poleriza» 

tion. Due to the fact that the polarization mact vanish at 90 ens as a 

consequence of the Pauli principle, a second maximum (or a minimum) in 

the polarization is expected near 90 • A detailed analysis of polariza

tion and cross section data along these lines might allow the isolation of 

the P trajectory—which has not been done so far. Present cross section 

data is not adequate for such en analysis, however. New polarization data 

vill become available from ZGS experiment E101 . The Regge pole predictions 

for the variation of polarization with s at fixed small t have be era-remark -

ably successful over a range of at least 10 GeV, as can be seen in Fig. 3« 

EXPERIMENTAL METHOD; The experimental layout is shown in Fig. k. An 

incident beam of secondary protons strikes a 30 cm long liquid hydrogen 

target. The incident proton trajectory is determined by wire spark chambers 

C, and Cp. The recoil and scattered proton trajectories are determined by 

vire spark chamber combinations C_C/- and C-.Cr, respectively. The spark 

chambers are triggered by the fast coincidence signature B,Bp(P., or P«) 

(P_ or P. ) A C, where A represents a series of anticounters surrounding 

the hydrogen target, and C is a gas Cherenkov counter which will be used 

in the incident beam to veto pion and kaon induced events (A and C are not 

exhibited in the figure). 

Each wire spark chamber will consist of four wire planes. Magneto

strictive readout will be employed. Chambers of the type that would be 

used in the experiment are currently being constructed and tested. Start 



and stop fiducial pulses will be provided for each plane, and we will have 

the capability of digitizing up to h sparks per plane per trigger. If an 

effective beam spillout tiir.e of 300 ms is assumed, ve expect to be capable of 

of recording up to 30 events per burst. The data would be transferred 

directly to magnetic tape. The contents of each taps would be promptly 

analyzed to provide a running check on the background and the functioning 

of all spark chambers. 
i, 

YIELD: Yield calculations have been made by assuming a target length of 

30 cm, an incident beam intensity of ~ 5 X 10 ̂  protons per effective 300 

ms burst, a 10 ms data acquisition dead time, a typical signal to background 

trigger ratio of 1 to 10, and by estimating the cross section from Fig. 1. 

We feel that, with the planned target anticounter system, the assumed back

ground ratio is sufficiently pessimistic. Monte Carlo studies of the back

ground are now being made. However, by using auxiliary counters during 

the running of experiment E125, we could have very accurate background 

data before the experiment begins. 

All kinematic angles in the experiment will be measured to an 

accuraoy of ~ ± 2.0 mr and we expect, consequently, the background in 

the reconstructed events to be negligible. 

The expected number of triggers per burst ranges between 20 and 30. 

We plan to measure the differential cross section to a statistical accuracy 

of < ± 3$ (with A9 < 2 at very large angles) at each momentum (1.5 to 

5.0 GeV/c in .5 GcV/c steps) for 30° < 9 < 90°. This will require, 

typically, 30 hours per momentum at the higher momenta. To prevent a 

large disparity in rates over the angular region being studied, it will 

be necessary to vary somewhat the lower cm. angular limit with momentum. 

We estimate that a total of 95 shifts will be required to complete 
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the experiment. This total is composed of: l) testing tiij.e~-15 shifts, 

2) basic data accu~_alation time multiplied by a factor of 2 to allow 

for possible discrepancy in signal to background trigger ratio--60 shifts, 

and 3) tine for various experimental checks and possible equipment failures--

20 shifts. Should the background rate be significantly lower than that 

for which ve have allowed, the additional time would be used to extend 

the measureuents to higher energies. i 

BEAM: Our beam and area requirements are not stringent. The desired bean 

intensity varies from 3x10 protons per burst at 1.5 GeV/c to 5*10 protons 

per burst at 5-0 GeV*/c. The effective beara spill should be ^ 300 ms. Also 

a momentum spread of -2. £ ± 1.5$ is desired. The experiment could be 

satisfactorily performed in the existing secondary beam in the EPB area 

designed for experiments E125 and El"+7. Equally suitable would be a 

secondary beam in the second external proton beam area, if this facility 

becomes operational near the proposed date of January 1969. 

All equipment for this experiment Gould be ready by November 196*8. 

Much of this same equipment would be used in the experiment recently pro

posed to measure the depolarization parameter in p-p elastic scattering 

in the GeV region (P-I89). 
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Figures 

Fig. 1 Existing high precision Jarge angle differential crcis section 

data for pp elastic scattering between 1.7 ?nd 5*0 GeV/c 

(Refs. 1 and 3). 

Fig. 2 Plot of g2. (e = 90°) vs. t(Refs. 1, 3 and h). Line A is an 

extrapolation from low energy data. Line C is the fit obtained 
k 

by Akerlof et al. Line B is the extrapolation of line C to 
lower energies. 

Fig. 3 Regge pole predictions for the polarization in elastic proton

proton scattering at t = ^(CeV/c) (Ref. 6) 

Fig. h Experimental layout 
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