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We prQpose to study multiparticle production at the highest 

available momentum of antiprotons in the 30-inch hydrogen bubble chamber. 

We requ.est 100,000 pictures containinq at least one tagged antiproton per 

pie:ture at about 200 GaV/e or 160 GaV/c depending on whether 500 GaV/c 

or 400 GaV/e: incident protons are available.. One of the downstream hybrid 

systems will be needed wi th forward neutral particle detection if possible. 

The results obtained will be e:omparedwith exist1nq dAta at 100 GaV/e 

and lower momenta in order to study the s-dependence of various phenomena. 
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I INTRODUCTION 

Ant.1proton-proton interactions are currently being stud.1ed at 100 Gev/c (1) 

and it .1s expected that a study w.111 also be made shortly at a momentum 1n the 

ranqe 30-60 GaV/c (2). It is in order that the s-dependence of the various 

phenomena may be studied that the current request is made. The experiment 

should also be reqarded as a qeneral survey of the properties of pp inter-

actions at the "highest possible" beam momentum. 

Beam studies (discussed later in this proposal) ind.1cated that with 

500 GaV/c (400 GaV/c) incident protons it should be possible to obtain a 

beam containing about '"> 10% antiprotons at 200 Gav/c (160 GaV/c). By 

triggering the bubble chamber flash only when antiprotons are detected in 

the beam it should be possible to obtain about 10,000 interactions in 100,000 

picture. 

Either the wide gap optical spark chamber system or the proportional 

wire,chamber system should be used downstream of the 3O-inch bubble chamber 

in order to enable accurate measurements on high momentum charged secondaries 

to be made. Secondary particle identification would be an advantage but 

should not be reqarded as essential to this survey experiment. Likewise 

gamma detectors should also be regarded as desirable. 

II PHYSICS INTEREST 

The physics case fOr studying high momentum pp coll.1sioos in the 

bubble chamber is .presented in some detail in a proposal for a high statistics 

experiment at 100 GaV/c also being subm.1tted by our COllaboration(3). 

In the present proposal it is intended that all events will be measured and 

all aspects of 200 Gev/c (160 GeV/c) pp collisions studied and compared with 

results at lower momenta and in other hadron-hadron coll.1sions. 

In particular the analysis would include the follOWing topiCS: 

1) pp topoloqical cross sections1 Topolgical cross sections from our 

100 Gav/c experiment based on a scan of half the film are given in 
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Table 1.The corresponding pp cross sections are given for camparison. 

The values of <n> , D , <n>/D , f2 and f2 for the multiplicity 

distribution are given in Table 2. The s dependence of <n> , D 

and <n>/D in pp are pp collisions including our data are shown in 

Fiqures 1, 2 and 3. The behaviour of the pP parameters at higher 

energies would clearly be of interest. 

2) Inclusive single particle distributions including stranqe particles 

and resonancea. 

3) Production of 1I'°'s, provided external ganma detectors are available. 

4) Diffractive processes. 

5) Exclusive processes. 

6) TWo particle correlations. 

7) Search for "charm" or any other unusual phenomenon. 

The study of items 2) through 5) is helped by the symmetry of the pp 

reaction. Thus for example the x and y distributions for p, 11'- or 11'+ should 

be the aame as the -x and -y distributions of p, 11'+ or 11'-. Strange particle 

decays need only be measured in the C.M.S. backward cone wbere the detection 

probability in the bubble chamber is reasonalj)ly high and 11' °'s in the forward 

cone where with external gamma detectors the conversion probability would a180 

be high. The diffraction of p's should be a mirror of the diffraction of 

protons and likewise the reliability of fits in exclusive channels may be 

checked by looking at the mirror symmetry of various distributions. 

III 'l'BCBNICAL DE'l'AILS 

The p/'II'- ratio at 3.6mr for 200 GeV/e and 300 GaV/c. pmton.s incident 

on the Beryllium target has been measured by Baker et al (4) and the results 

are plotted on Pi9.4 as a function of p/p. It is seen that at a given pIpo 0 

the ratio increases as the proton momentum Po increases. It may be estimated 

that for 200 GaV/c aecon4aries the ratio .. would be about 1" with 400 Gev/c 

inc14ent protona or about 2, with SOO GaV/c incident protons. SUch ratios 
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are probably too low to be considered useful for a bubble chamber experiment. 

If instead of using the directly produced p's those produced in the 

decay of io·s are selected the plff- ratio should be much improved (5) • 

- + -The unwanted come from x: decay. The ratio p/ (X + X ) for direct production 

mi9ht be expected to be proportional to the p/w- ratio obtainable from the 

o -target "halo" on the assumption that A production is similar to p production 
0+-and Ks production similar to the mean of X and K production. In fact for 

300 incident protons measurements made at 80, 100, 120 and 150 GaV/c (6) 

indicate a relationship of the fom 

9 xl. e .:\ .( + K)
8alo at given pip Direct production at 1.2p 
. 0 

Po 

The factor 1.2 arises fran the fact that most of the halo p and selected -
come from Ao and K0 with about a higher momentum. s 

In Pig .'.5 the estimate based on the above formula and calculated frcm 

the 200 and 300 GaV/c data of Baker et al (4) is plotted. Since there is no 

discernable Po dependence we use the curve t.o predict the ratios Which should 

be observed for 200 GeV/c (160 GaV/c) secondaries using 500 GeV/c (400 GaV/c) 

proton primaries, namely 12'. 

With the lCicker Magnet set to give 10 particles per pulse then if 

pictures are taken only when at least one antiproton arrives at the chamber 

the average p flux will be 1.5 per picture. 'J.'his should yield up to 

10,000 useful p interactions in 100,000. pictures. 

The fluxes' of antiprotons are expected to be more than adequate based 

on measurements at 120 GaV/ c with 300 GaV/ c incident protons. Not more than 

lOti incident protons per machine cycle would be required even with 5 bubble 

chaJIIber expansions per cycle. 
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FIGURE CAPTIONS 

Figure 1. 	 Mean charged particle multiplicity <n> plotted as a function 

of s for pp and pp collisions. The curves are drawn for 

only. 

2 2Figure 2. 	 Dispersion D - <n > - <n> plotted as a function of s for 

pP and p.p collisions. The curves are drawn for qctidance only. 

Figure 3. 	 The ratio <n>/D plotted as a function of s· for pP and pp 

collisions. The curve. are drawn for guidance only. 

Figure 4. 	 The ratio p/w- at production is plotted as a lunction of the 

ratio of secondary to primary momentum pIp. The results o 
shown are those of Baker et al. at an angle of 3.Eimr. for 

p - 200 Gev/c(+) and p - 300 Gev/c(e). 'l'he curves are drawn o 0  

for guidance only.  

Figure S. The ratio 8 x ( p _\ at 1. 2p/p0 1s plotted as a function 
x.+ +K:) 

of pIp. This 	quantity gives an estimate of the p/w- ratio o 
expected for a "halo· beam at various values of pip.o 



TABLE I 

Topological Cross sections for 100 pP Interactions  

cambridge-Fermilab-MSU  

(Experiment 311 - Preliminary Results)  

Prong 
number 

Number 
observed 

Corrected 
Number 

Cross-section 
(mb) 

102 GeV/c pp 

(2) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

6 

e1. 498 
inel.431 

856 

905 

796 

468 

242 

113 

51 

14 

4 

6 

829 
443 

869 

906 

790 

461 

235 

109 

49 

13 

4 

0.053 :!: .022 

7.39 :!: .31 
3.95 ± .36 

7.75 ± .24 

8.08 :t .24 

7.05 :t .23 

4.11 :!: .18 

2.10 :!: .13 

0.972 ± .090 

0.437 :t .061 

0.115 ± .031 

0.036 ± .018 

7.0 ± .4 
4.5 :!: .4 

7.9 :!: .3 

7.5 ± .3 

5.8 ± .2 

3.7 ± .2 

1.6:t .1 

0.62 ± .07 

0.21 ± .04 

0.05 ± .02 

0.016:1: .011 

Total 
inelastic 

3885 34.65 ± .·23 31.9 ± 0.7 

Total 4384 4714 42.04 ± 
(1) 

.09 38.9 ± .8 

(1) A.S.C&rroll et al.,·Phys.Rev.Lett. 11, 928, 932 (1974) 

(2) C.Bromberget al., Phys.Rev.Lett. 1563 (1973) 



TABLE II. 

Moments of charged multiplicity distribution from 100 GeV/e pp Interactions 

Cambridqe-Fermilab-MSU 

(Experiment r{<f: 311- Preliminary Results) 

Value 100 GeV/e pp interaetions(l) 

<n> 6.74 ± 0.11 6.32 :t 0.07 

D . 3.30 ± 0.06 3.13 :t 0.04  

<n>/D .2.04 ± 0.06 2.02 ± 0.03  

4.1 ± 0.4 3.45 ± 0.25f2 

-0.65 ± 0.13 0.28 :t 0.07£2 

(1) C.Bromberq et a1., Phys.Rev.Lett. 31,1563 (1973) 
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ABSTRACT 

We propose to study multi.particle production at the highest available 

momentum of antiprotons in the 30" hydrogen bubble chamber. We expect to 

obtain 15,000 interactions of tagged antiprotons in 100,000 pictures, at 

160 or 200 GeV/c, depending on whether 400 or 500 GeV/c protons are available. 

Either the proportional wire chamber system, or the wide gap optical spark 

chamber system will be required downstream. 

The results of this experiment will be used for comparison with data 

at 100 GeV/c and below, with a view to establishing the s-dependence of 

various phenomena, and particularly the annihilation process. 



I. Introduction 

This document updates our FNAL proposal P392 to study multiparticle 

production in pp interactions at the highest available p momentum using the FNAL 

3011 bubble chamber. We feel that it 1.s appropriate to submit this re-appraisal 

of our proposal at this time in view of recent improvements to the p beam and 

new results available from our experiment E311 on pp interactions at 100 GeV/c. 

Our present view regarding the N3 beam is that with 400 GeV/c (500 GeV/c) 

incident protons it 1.s possible to obtain a beam containing~ 20% p's .at 160 

GeV/c (200 GeV/c). If we trigger the bubble chamber flash so that pictures are 

only taken when p's are detected in the beam we expect to obtain some 15k useful 

interactions on 100,000 pictures selected from some 200,000 bubble chamber 

expansions. Such.an exposure is similar to that obtained in experiment E311. 

Full beam details are given in section III. 

Recently available results from our experiment E311 Ll-SJ show that 

significant effects from annihilations are seen at 100 GeV/c. Furthermore, 

considerable theoretical interest now centres on questions of central production 

and "clustering" 1.n multiparticle production in high energy hadron interactions. 

It is clear that 1.n pp annihilations at high energy, where leading particle 

effects are suppressed, we have a unique system for investigating these effects. 

These physics questions are discussed in detail 1.n section II. 

Finally we remark that the 30" hybrid HBC is by far the best available 

detector for the proposed physics program and that significant new physics results 

would be obtained within a few months of our requested film being obtained. 



II. Physics Case 

We intend to scan and measure all pp events and by comparing the resulting 
;'; 

distributions with the corresponding pp distributions at the same beam momentum 

to obtain information on the annihilation component of our data. Such data will 

be of interest in its own right as a first survey of pp interactions at the 

"highest possible" beam momentum and will moreover provide valuable insight into 

the s dependence of various phenomena seen in our E311 data. In particular we 

shall study the following topics: 

(a) Topological cross-sections 

2. 

(i) In fig l(a) we show the average charged multiplicity (<n>) as a function 

of s for both pp and pp interactions. Values for ~pare consistently 

higher than pp values and there is no real indication that they are 

converging at higher momentum. Since such convergence is expected at 

high enough energies additional pp data would be of interest. 

(ii) In fig l(b) we show the ratio <n>/D as a function of s,where 

D = L<n2> - <n> 2J½ is the dispersion of the multiplicity distribution. 

The ideas of KN0 scaling suggest that this ratio should tend to a 

constant asymptotic value. Such an approach to a constant value (2.0) 

does seem to be observed for pp interactions. However, while the low 

energy data for pp are also consistent with this value (early scaling 

in pp), there is a suggestion in our E311 point at 100 GeV/c that the 

ratio <n>/D for pp is rising above 2.0. An additional point near 200 

GeV/c would be of great help in deciding this question which has 

important implications for models. 

* pp data from the 30" HBC are available at 100, 200, 300 and 400 GeV/c. Should 

our data be taken at a beam momentum of 160 GeV/c we do not anticipate any 

problems using simple scaling ideas to interpolate the pp data to this energy. 



3. 

(iii) In fig 3 we show the correlation integral f 2 for negative tracks as 

a function of <n_>, for both pp annihilations (estimated from (pp - pp) 

distributions above 7 GeV/c) and pp interactions. It has been well 

known for some time that the negative values off;- for pp annihilations 

can be understood in terms of a single cluster formation model. Indeed, 

such a model predicts a form: 

= b <n > + C ••..•.•.. (1) 

with bin the range -0.7 to - 0.6 depending on assumptions made about 

the way the cluster decays. The positive value of f 2 for high energy 

pp interactions can similarly be understood as the result of muitiple 

cluster production. Our E311 point at 100 GeV/c seems to indicate a 

deviation away from the form (1) suggestive of the onset of multiple 

cluster formation in annihilations at sufficiently highs. It would 

be of great interest to clarify this trend. 

(b) Single particle inclusive distributions 

In fig 3 we show preliminary data from E311 on the lab rapidity distributions 

of TI+ and TI for pp interactions, compared with pp data. The difference between 

these distributions, also shown, may be considered to represent the "annihilation" 

component, and it will be of interest to examine how these distributions change 

with energy. Similarly, fig 4 shows c.m.s. rapidity distributions from E311 for 

0 0 -o y, K and A /A production. In all cases the cross-sections for production of 
s 

neutrals in pp interactions are greater than in pp (and incidentally tend to be 

associated with higher charged multiplicities), and in the case of y and A0 /A 0 

* production the differences are seen to be strongly concentrated near y = 0. In 

this context it is worth observing that we only need to use data from backward 

hemisphere only in pp interactions, since distributions in for\•.rard and backward 

hemispheres may be related by C-invariance. 



(c) Two particle CCl!rel_ations and clusters 

This subject is of interest, particularly with a view to observing effects 

due to annihilations, whic.h again one hopes to identify through comparisons with 

pp data. As we have indicated earlier, the behaviour of £2 for the annihilations 

indicates that multiple cluster formation may be becoming important above 100 

GeV/c, and we would hope to investigate this process, and its energy dependence, 

through some form of cluster analysis, particularly for the high multiplicity 

events, which are rich in annihilations. 

(d) Exclusive processes 

The most interesting channels will probably be elastic scattering, and 

+ -ppn n. In elastic scattering we will be able to examine the energy dependence 

of the cross-section and of the slope int, the £oar momentum transfer. We should 
- - + -expect to obtain"' 200 fits to the reaction ppn n, which will enable us to 

make comparisons with ppn+n- at this energy, and also with lower energy data 

in pp interactions. Fitting of exclusive channels requires the downstream hybrid 

system. 

(e) Diffractive processes 

We shall be able to study diffraction of both the p and the p. Again, 

C-invariance will ·be a useful check on the data. Comparison with data on 

diffraction in pp and np interactions between 100 and 400 GeV/c, and with pp 

data at 100 GeV/c, will enable us to make tests on factorization. 
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III. Beam details 

The p beam will be produced as in E311 using the target "halo" technique 

l6]. The p/TI- ratio from direct interactions of protons on a Beryllium target 

[7] lead us to estimate that for 200 GeV/c ~econdaries the ratio would be about 

1% (2%) with 400 (500) GeV/c incident protons. Such ratios are too small to be 

useful in a bubble chamber experiment. If instead we use negative particles 

from the decays of neutrals the p/n-ratio may be greatly improved, the p coming 

-o from A decays, and the TI mostly from K0 decays. 
s 

Our most recent calculations l8] indicate that by reducing the size of 

the beam dump we can improve the p/TI ratio over that used in E311, and that 

with 160 (200) GeV/c secondaries from 400 (500) GeV/c incident protons a p/TI-

-ratio of~ 25% will be obtained. By using a deflection trigger on a tagged p 

entering the chamber, or by triggering on 2 or more p's entering the chamber, 

and allowing for the difference between pp and TI p total cross-sections, we 

should obtain about 15,000 useful pp (and~ 15,000 TI-p) interactions in 

100,000 pictures, and about 200,000 expansions. 

The fluxes of antiprotons are expected to be more than adequate, based 

on measurements at 120 GeV/c with 300 GeV/c incident protons. Not more than 

1011 incident protons per machine cycle would be required, even with 5 bubble 

chamber expansio~s per cycle. 



IV. Summary 

We propose to take 100,000 pictures of a Cerenkov-tagged p/7T beam in 

the 3011 hydrogen bubble chamber at the highest available momentum, namely 

6. 

160 or 200 GeV/c, depending on whether 400 or 500 GeV/c protons are available. 

Although we would prefer to run with 500 GeV/c protons, we feel that the 

physics interest in this proposed experiment is such that we should not delay 

our run solely to wait for 500 GeV/c protons, and accordingly ask for 

scheduling at the earliest convenient time when primary protons of 400 GeV 

(as above) are available. 

We expect to obtain about 15,000 pp interactions, and our primary physics 

objective will be to investigate the annihilation process, by comparison with 

results on pp interactions, and to investigate the s-dependence of such 

phenomena. 
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8. 

Figures 

1. (a) Mean charged multiplicity <n> as a function of s for pp and 

pp interactions (b) <n>/D as a functi~n of s for pp and pp interactions 

2. The variation of f 2 with <n> for pp interactions and pp annihilations 

(or (pp -pp) differences). 

3. 

4. 

± + Distribution in lab.rapidity for pp+ TI, pp+ TI- and for the 

difference (pp - pp) (preliminary data). 

0 0 -o C.m.s. rapidity distributions for pp+ y, K and A /A, compared s 
with pp data at 100 GeV/c (preliminary data). 
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