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Proposal to 

Study Multibody Final States in pp Collisions at 200 GeV Ic 

Using the NAL is-Foot Bubble Chamber 


R. 	Engelmann, J. Lee-Franzini, C. Moore and M. Pratap 

SUNY at Stony Brook 

We propose to expose the NAL is-foot hydrogen bubble 

chamber to 200 GeV protons. We intend to take 2 0, 000 pictures. 

Multiparticle final states will be studied by measuring the mo

menta of all charged final state particles with the exception of 

a few very fast tracks where at least the charge and the emis

sion angle of the particle wilfbe determined. Comparison with 

various models for high energy multiparticle production will be 

made. 

Additionally, K
O 

and A production will be studied as well 

as 11' 0 production and the correlation between 11' 0 and charged 

particles. 

Exposure 

We propose to do a small exposure of 20, 000 pictures with 200 GeV 

incident protons early in the running schedule of the NAL is-foot bubble 

chamber. Apart from the physics program given below, we feel that we can 

be helpful in understanding the is-foot chamber as an instrument in its early 

/ 
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phase. (One of the authors (R. E. ) has gained experience with the ANL 12

foot chamber during its first 2-1/2 years of operation.) The proposed run. 
is very short: the exposure can be completed within one day! 

We intend to work with a beam intensity of 3 incident protons per pic
, in our fiducial volume 

ture.which would yield 1 inelastic event per picture\. Since the beam profile 

is rather narrow - about 6 inches wide - we feel that it is necessary to limit 

the number of events ~er picture to - 1-2, in order to be able to analyze the 

complicated multipartic1e events. Additionally, we take a conservative fidu

cial volume of 10 feet leaving at least 1 foot beam track length in the "nose 

cone" of the 15-foot chamber and a minimum of 4 feet track length for the 
•lan. 

secondaries downstream in the chamber. With arl\elastic cross section of 

32.7mb(1), we will have - 2,0, 000 inelastic reactions in our fiducial volume. 

Table I gives the event rates for each topology. 

Table I 

Number of Prongs Number of Inelastic Events a 

2 l600
b 

4 3400 
6 4240 
8 3500 

10 2750 
12 2100 
14 1040 
16 540 
18 180 
20 100 
22 30 

Total - 20, 000 

---"'--'--"'---"-----""--,,,---------
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a (1) • 
We use <T. 1= 32.7mb .lne . 

b 
We assume a loss of about'30% for inelastic two-prongs with a short recoil 
proton. (2) 

Physics Justification and Event Analysis 

High energy collisions are described in the "multiperipheral and inde

pendent emission,,(3) picture and in the IIfragmentation ll (4) picture. Recent 

measurements of the moments of inelastic multiplicity distributions, <n > 
c 

and<n (n - 1», where n is the number of emitted charged particles, do 
c c c ' 

not allow to distinguish between these two classes of models. (5) It is, there

fore, necessary to investigate multiparticle processes in greater detail, in 

particular, to study completely measured individual events rather than inte

grated quantities like <n > or single particle inclusive spectra. 
, c 

One of the two pictures mentioned might reveal itself in the structure 

of individual events in the following way: 

Ii one plots the rapidities (y) of all tracks in a given event along one 

axis, (6) a multiperipheral process may yield an evenly spread out picture" 

IJIIIIII1111' ) y 

Whereas a fragmentation process may show a clustering of rapidities, 

I I I 1 I I ! I I I !n..~." y • 

Preliminary studies of individual events at 200 GeV(7) don't show 

such a striking effect as illustrated in Fig. 1 for various topologies. Hence 
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more quantitative comparisons h"ave to be made betweep model predictions 

and multiparticle production data at high ene rgies, requiring high statistics 

and little bias in the analysis. 

Multi-charged particle final states: 
------fhe-fS:foot-chamber-is-wili-suited for such an analysis: In order to 

measure in a bubble chamber the momenta of all tracks of multiparticle 

events, or at least their angles in space, one has to match the track measure
At 200 Gev I 

ments from different views. / t his is a task which cannot be accomplished by 

standard bubble chamber matching software, since there are many tracks 

relatively close to each other in space. Currently such track matching is 

done in an analysis of 30-inch 200 GeV pp film by a careful inspection of 

secondary interactions, 0 rays and bubble density patterns by human opera

tors. (7) This method, although reliable, is slow. In the 15-foot chamber, 

one will see the exit points of fast forward going tracks in the scotchlite 

and can hence use this corresponding point for a faster computer matching. 

From Fig. 1, one deduces for our fiducial volume an average separation of 

- 1 cm for tracks in the forward cone at the downstream end of the chamber. 

Considering the initial setting error in space, E , obtained in the ANL12:-foot 

chamber (8~ it is reasonable to assume E ew. 500 1..1. for the 15-foot chamber 

in its early phase. With this value and the separation of tracks quoted, a 

successful automatic computer matching is guaranteed. 

Fig. 2 shows t,h.e momentum error for various momenta as a function 

of track length for E = 500 1..1.' Most of the momenta in 200 GeV pp interactions 

--... _--_...__.._-... _-- .-.-...--------..-~---------------------------
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will be well measurable with the-exception of a few very fast tracks where 

at least the angle and the pc:rtic1e charge will be known. Fig. 3(a} and (b) 

display lines of constant lab angle and lab momentum on the Peyrou plot 

for pp - TT + anything and pp - p + anything respectively at 200 GeV. On the 

vertical axis, the transverse momentum P1. is shown. The horizontal axis 

gives the longitudinal momentum of the secondary in the eM, P *II and the 

Feynman variable x =2P*II I -VS' where s is the total eM energy squared. 

All momenta corresponding to x ~ 0.2, well across the symmetry line x = 0 

in the eM, will be measured to at least 10%. The symmetry in the pp eM 

system can be used to check the data close to x::::: O. 

multiparticle / 
Various suggestions for representing / data have been made in the 

literature: One method is to display front-back asymmetries of multiplicity 

distributions. (9) One measures the cross section for production of n parti
R 

cles in the right hemisphere (forward in the eM) and n particles in the left
L 

hemisphere (backward in the eM), 1:: (n
L 

, n
R 

), for fixed total charged multi

plicity nc = n L + n
R 

· 

One plots 

. . with.-
which in pp collisions has to be symmetric about n = n/2 and rthe multi-

L 

plicity cross section (J" (n ) is
L 

Pen, n ) = (J" (n ) (J" (n - nL)/[ (J" (n/2)] 2
L L 

In a fragmentation picture, with pos sible large multiplicity fluctuations in 
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each hemisphere, one may expect asymmetric events, ,i. e., events with un

equal numbers of particles produced in the left and right hemispheres. In a 

multiperipheral model, where wide multiplicity fluctuations are unlikely, one 

may expect a symmetric distribution. 

Already this simple test requires at least the measurement of all parti 

cle momenta in the backward hemisphere in order to divide each event into 

its two hemispheres. 

Another method is the measurement of the dispersion 0 in rapidity for 

each event. (10) With Nparticles in an event, the average rapidity is 

1 N 
Y =  2) y.

N i= 1 1 

and 

Multiperipheral-type models predict a streng dependence of 0 on the multi 

pHcity n , whereas fragmentation type models predict 0 rather independent
c 

,.
of n . 

c 

Here a measurement of all tracks in each multiparticle event is desira

ble, but at least the emission angles are needed if the rapidity is to be approx

'd' l' (11).imated b y 1og (tan () /Z) . Measurements 0 f rapl lty corre ahons ln two 

particle inclusive distributions help to distinguish between the two classes of 

models. The correlation function 
.'. , 

1 d~ . 1 d~ d~ 

Cz (Yl' YZ) = d d - -Z- d d 


~ . 1 Y 1 yz Y 1 yzlne • ~ .lne I . 

. I 
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has in an independent emis s ion mode1 an exponential dec rease in lY 1- Y21 

when both particles are in the central plateau region, i. e. , 

-Iy
1
-y2In 

C 2 -e . 

e ~_ 1 _ 2 (11) , dFrom Regge phenomenology one expects .,,''!. fragmentation mo els 

don't predict a finite correlation length g. 

If only track angles are measured, the analysis is done with loge tane/2) 

ins tead of y. 

Missing mass analysis: 

Detailed model predictions have been made (17)for the average multiplicity 

2 
as a function of the missing mass squared (MM ) in the reaction 

2 
pp~p + MM 


2 

The region of MM considered is in the fragmentation region a"nd is)for 200 Gev 

22" 
incident momentum"MM ~ 100 Gev which corresponds to -1.~ x~-. 75. Most 

of these protons have labmomem ta less than 1 Gev/c. Using ionization information 

and rr+ trapping in the chamber by the 30 KGauss magnetic field as well as the 

average RMS deviation from a helix fit to the particle track we will be able to 

dis tinguish between the low momentum protons and1\+ . 

We will study the average multiplicity as a function of MM2 with about 

5000 events. 

-----------------~---~.-----....---. 
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Neutral strange particles: 

. 
Apart from the analysis of the charged secondaries, the produc

tion of neutral secondaries can be well studied in the 15-foot chamber. 

Fig. 4 shows lab momentum curves for the processes 

pp - A + anything 

and 

° .pp - K + anything at 200 GeV, 

sup~rimposed on the Peyrou plot. 

Most events have transverse momenta pi < 1 GeV Ic. (12) By measur

ing all KO(A0) with lab momenta less than 10(15) GeV Ic, one captures the 

complete backward hemisphere. With an average potential length of ....... 2 m 

O
(leaving - 1/2 m for the V decay tracks), almost all VO's in the backward 

hemisphere are captured inside the chamber. We will actually be able to de

tect VO's well across the eM symmetry line which is necessary in order to 

exclude a bias close to x = O. 
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• 
It is of interest to correlate the multiplicities of differently charged final 

state pions with each other. 

The 1S-foot chamber allows, due to ,its large size, the 

detection of 1T
o with reasonable statistical accuracy. The detection efficiency 

for 'I conversions in hydrogen is 150/0 for our fiducial volume. Preliminary 

results in the NAL 30-inch chamber(13) show that the average 1T 0 multiplicity, 

<1T 0>, derived from the 'I multiplicity, rises with the charged multiplicity, 

. (14) (15) 
n , in 200 GeV pp interactions. At lower energles,12 GeV and 19 GeV , 

c 

<1T 0> is independent of n . The dynamical significance of such a correla
c 

tion is investigated for various models in Ref. 16. 

Table II lists the number of 'I, K
o

, A estimated from results 

giyen in Refs. (12) and (13) for our'fiducial volume in the backward hemisphere. 

Table II 

Number of Neutrals in the 
Neutral Backward Hemispherea 

3200 

720 

A 340 

aNote that a large fraction in the forward hemisphere will be detected too 

Equipment and Manpower 

Our equipment available for the analysis of the film includes four scan
'. 

' .. 
tables equipped with image plane digilizers, three Vanguard measuring ma

chines, and 'one Vanguard measuring 'machine with a TV-zoom lense for dif

ficult eventl!J: which require large magnification. 



9' 


The personnel consists of 

. 12 full-time scanners 

2 Ph. D. students 

4 Ph. D. physicists 


We emphasize that for a reliable track match, the scotchlite panelling in a 


small region at the downstream end of the is-foot chamber must be of high 


quality, i. e. ,. very well joined such that the endpoints of fast forward 
, 
: 

going tracks are clearly visible. 

We would welcome a collaborative effort with the NAL is-foot bubble 

chamber group or work at a different momentum parallel to them in the 

earliest stage of the is-foot bubble chamber running. 
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Figttre Captions 

Fig. 1 " = log [tan e /21 distributions of individual tracks for a 

of events of various multiplicities. The rapidity y :::: ". 

sample 

Fig. 2 Momentum error 6p/ p versus track length for a setting error 

E = 500 p... Contributions from measuring error and Coulomb 

scatte ring are given. 

Fig. 3 (a) Curves of constant lab angle and lab momentum on a Peyrou

* *plot (P1 vs. P II or x = 2P II /-vs) for 200 GeV interactions pp -

v + anything. 

(b) Ditto for pp - p + anything. 

Fig. 4 All Vo·s in the reactions pp - A + anything and pp - KO + anything 

have lab momenta less than 10 GeV /c and 15 GeV /c respectively. 

The corresponding decay lengths are given. 
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