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U. SUMMARY 

We a re proposing a study at NAL of the inclu sive reactions 

'IT + p- 'IT + anything at incident momenta of 50, 150 and 300 GeV/c 

in the "bare" 30-in. hydrogen bubble chamber without additional down

stream hardware. We suggest the desirability of performing this experi

ment at the ea rUe st possible date that the chambe r and beam are available. 

The experiment can yield significant re suits on inclusive reactions within 

10 weeks afte r acquisition of data and can provide information needed in 

the de sign of late r expe riments involving hybrid configurations of bu bblf> 

chamber and downstream spectrometer. Notre Dame proposes to provide 

hardware and software for putting information from proportional chamber!" 

and Ce renkov counters in the beam-line onto magnetic tape. 

In Section III we describe the physics which can result from this 

expe rimel'll. By extrapolation from the results we have already obtained 

at lower energies we show that by analysis of distributions of the scaling 

variable x for longitudinal momentum, the transverse momentum Q. and 

the charge multiplicity n: (a) quantitative tests of scaling behavior may 

be made in systematic fashion over a wide range of s; (b) factorization 

2 
can be tested up to s = 564 GeV ; (c) a distinction between multiperipheral 

and limiting fraglnentation models may be made on the basis of d(J /dx at 

x = 0; (d) a clear test can be made of the Yen-Berger hypothesis that peaks 

observed at low Q2 for small [x I are due to peripherally-produced resonances; 

(e) apparent agreement of Q-distributions with simple predictions of thermo

dynamic models can be checked; (f) a measurement of track multiplicitie s 

should allow a decision between models predicting a In s dependence of 
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< n > and those predicting an SU dependence; (g) topological cross sections 

can be measured for all multiplicities. Several of these tests are currently 

only practical in bubble chambe rs; for most of them a bubble-chambe r 

experiment is the best way to obtain early results. 

In Section IV we show that the requirements for beam and 

accele rator time at NAL are nlode st and thus the expe riment should be 

possible at an early date within the framework of current NAL planning. 

In Section IV. B the desirability of additional instrumentation of the beam 

is discussed. Although this additional instrumentation is not essentiaJ 

fur the experitnent proposed here, it will be necessary for effective future 

utilization of the bubble chamber facility. 

In Section IV. D we denlOnstrate the capability of Notre Dame to 

obtain results rapidly and effectively in an "inclusive" experiment of the 

type proposed. Finally we provide evidence that the re solution obtainable 

in the 30-in. chamber is adequate to provide the information needed for the 

proposed physic s. 
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Ill •. PHYSICS JUSTIFICATION 

A. Introduction. 

The study of the characteristics of inelastic processes in hadron

hadron collisions is of considerable interest. At high energies the in

elastic processes are dominant, the production of resonances in any specific 

channel becomes relatively small, and many particles are involved. It is 

1-5 
of particular interest to study processes such as 

A + B- C + anything 

which are, in the terminology of Feynman, "inclusive processes" with no 

constraints on the final- state products othe r than the pre sence of C, the 

particle being studied. The cross sections for such processes are expected 

to remain significant as the incident momentum is increased. 

Inve stigations have already been ca rried out at conventional accele rator 

energies (below 30 GeV) on the reactions: 

± _ 6, 7 
TT p- TT + anything • ( 1 ) 

+ - 8K p- TT + anything • (2) 

h . 9 
pp -TT + anyt 109 (3 ) 

For example, the Notre Dame group6 has recently studied TT±P interactions at 

Hand 18.5 GeV/c. The results we have obtained are typical of the situation 

at current accelerator energies. It is expected that results from Serpukhov 

will soon be available at somewhat highe rene rgie s (up to 70 Ge V). Furthe r 

progress will require the results of experiments at NAL such as the experi

ment proposed here. 
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Various models of high energy hadron-hadron interactions have 

been proposed including the parton model I , the limiting-fragmentation 

7 4 3
modelZ, quark models , multiperipheral mode1s , thermodynamic models

5
and others • Predictions are made about the distributions of the scaling 

variable x and the transverse momentum Q. The scaling variable x is 

defined as x:: p /p where p is the longitudinal momentum of a secondary
II 0 II 

particle in the overall center-of-mass (c.m.) system and Po is the c.m. 

10 
momentum of the incident pion. Data obtained at presently available 

6-9
energies reveal some general features of multiparticle interactions 

that are also observed at cosmic ray energies and which must be explained 

by any succe ssful model. These include: (a) small transve rse momenta 

« Q > - .3-.5 GeV/c)j (b) relatively low multiplicity ( < n > - In s or sl/4); 

(c) longitudinal momenta < p > much greate r than < Q > at high ene rgie s. 

" 
However, data at NAL energies are needed to distinguish clearly among the 

models and to establish or disprove predictions such as scaling and factorization. 

In order to obtain this information at the earliest possible date, it 

seems desirable to design and to perform experiments of the minimum com

plexity necessary to obtain significant results. We believe that access to 

significant physics may be obtained via analysis of unconstrained events 

observed in the 30-in. hydrogen bubble chamber in its initial "bare" config

uration using the 1T - beam at NAL. Such expe riments, in addition to providing 

information needed for the effective execution of second- gene ration hybrid 

spectromete r expe riments, promise to provide information which should 
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independently be sufficient to settle many points about high-energy inter

actions. Our proposal is based on our current studies of reaction (l) at 

8 and 18.5 GeV / c and on our studies of what can be measured in the IIbare ll 

30-in. bubble chamber. 

The experiment requires a 200,000 picture exposure at 150 GeV/c 

incident IT momentum with an ave rage of 10 tracks/picture. and exposures 

of 100,000 pictures each at incident IT - momenta of 50 and 300 Ge V / c. The 

principal momentum of 150 Ge V / c is chosen so that good measurements 

on x can be made out to x ::: + O. 1 at as high an incident momentum as 

possible. The 50 GeV/c portion of the experiment will allow a direct 

connection with results at lowe rene rgy. The 300 Ge V / c exposure will 

extend information on ene rgy dependence toward "asymptopia ll with sta

2tistics sufficient to check scaling ove r a wide range from s = 16 Ge V

2 
to s = 564 GeV • (See Table I which includes the energies of our previous 

experiments together with the proposed energies. ) 

TABLE I 

Comparison of Incident Momenta and Energies 

sPin .JS Po In s2 
(GeV/c) (GeV) (GeV ) (GeV/c) 

8.0 4.0 16.0 1. 88 2.77 
18.5 6.0 35.6 2. 91 3.57 
50.0 9.7 94. 7 4.82 4.55 

150.0 16. 8 282.2 8. 37 5.65 
300.0 23. 7 563.6 11. 85 6.34 
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We now conside r some specific feature s of inclusive reactions which we 

expect to study in the proposed experiment and relate them to currently 

available results and to the predictions of models. 

B. 	 Scaling and Factorization: Multiperipheral and Fragmentation Models 

The scaling property of momentum distributions, first proposed 

I 	 . 11-13by Feynman , has been found to hold for a varlety of models . The 

conjecture is that 

= f(x. QJ s) ~ f(x, Q) 
S-a:> 

Details vary in the different models 11, but the apparently fundamental 

nature of the scaling hypothesis makes tests of its validity imperative. 

A further hypothesis, that of "factorization", suggests that 

f(x, Q) can be factorized into independent functions of x and Q for large 

s. Data at present available energies suggest that, while there appears 

to be evidence for some form of scaling behavior, there is as yet no 

quantitative support for factorization. The Notre Dame data for 

l/'P-"'- + anything at 8 and 18.5 GeV/c have been studied to determine 

the dependence of the cross section on x and Q. Representative x-distri 

butions are shown in Fig. 1 and Q2 distributions are shown in Fig. 2. The 

x-distributions exhibit dependence on Q and on the prong number n; the 

Q-distributions depend on x and n. To illustrate this dependence, the 

data have been fitted to expressions of the form 

3/2 [:1dN/dQ =: CQ exp -a~ 

and 	 dN/dx = C exp lblx] • 
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The coefficient a has been determined as 	a function of n and x and 

2
the coefficient b as a function of nand 0 as shown in Fig. 3. The 

2
dependence of a on x and of b on 0 , shown in Figs. 3b,d,f and h, 

2indicate s that d 2 
(J /dxd0 cannot be factorized into independent functions 

of x and 0 2 • We also find that (d 2 O"/dxd0 2 ) E cannot be factorized 

2
into independent functions of x and 0 . Results consistent with ours 

have been found for K+p interactions 8 at 11. 8 GeV/c. Since factorization 

is predicted to hold in the aSyITlptotic liITlit, high-ene rgy expe riITlents 

are clea rly required. 

Values of b are found to differ for x > 0 and x < 0 in both the 

6
TT +p (no "leading particle" contribution) and TT-P cases • The saITle is 

+ 8 	 + 
true for K p data. For x < 0, our values of b for TT p and TT pare 

siITlilar, and are in qualitative agreeITlent 	with values for TT-P data at 

+ 	 10
8 and 25 GeV /c and with K p and pp data as shown in Table II. For 

x < 0, the value s of a a re also siITlila r for TT %p and pp inte ractions as 

shown in Table III. (We find that da/dn and db/dn, the slopes of the 

straight lines in Figs. 3a, c, e, and g, are also in agreement with re-

suits for pp interactions.) This suggests that fragITlentation of the 

proton is independent of the projectile particle TT%, K+, or p. The 

variation of target fragITlentation with energy can thus be tested in the 

proposed expe riITlent. 

The equality of the values of b for x < 0 in different reactions 

might suggest scaling of dO" /dx; this would conflict with the Feynman 

2 2
hypothesis of scaling in (2E/TT.,fS) (d (T /dxd0 ). However, when we 
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Table II 


Fits to dN/dx = C exp lblxUfor x < O. 


Reaction 

-
'IT P 

,..fS 

4.0 

All Prongs 2 

7, 71 :i: O. 24 

Numbe r n of charged particle s 

4 6 8 

7.60:i: 0.09 10.24 :i: 0,19 11.17:i: 0,55 

10 

K+p 4.8 10.6 ± 0,7 

'IT 
+P 6,0 10.29 ± 0.07 8.36 ± 0, 10 10.89 ± 0.12 13.02 ± 0,23 

'IT P 6.0 9.83 ± 0.08 8. 82 :i: 0.34 8. 44 :i: O. 10 10,32 ± O. 14 12.44 ± 0.26 

- 7.0 8.38 :i: 0.62 10.43:i: 0.20 12. 70 :i: 0.27 

pp 

'IT P 

6.0 7.29 :± O. 10 10.08 :i: 0.20 12.80 :i: 0.34 

14.24:i: 0.60 
..... 

14.30 i: 0.79 
0 
I 

15.34 ± 0.46 
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Table III 

3/2 .j
Values of a in the expre ssion dN IdQ = CQ exp [-ao... 

a (GeV/c)-lNumbe r of 
charged ! a)- +prongs 'IT p pp'IT P 

------ --"._.- - -" ~-~ 

6.75±0.02x>O
All 

x < 0 7.86±0.04 

x> 0 5.88±0.OS
2 

x<O 7.88 ± O. 18 

x > 0 6.61 ± 0.04
4 

x < 0 7.49 ± 0.06 

x>O 7.l0±O,056 
x<O 7. 86 ± O. 06 

x>O 7.74 ± 0.08
8 

x<O 8.4S±0.12 

x>O 8.80 ± 0.27I10 
x < 0 10.24 ± 0.29 

7.67±0.03 
8.0S ± 0.05 

7.12 ± 0.04 
7.65±0.06 

I 
7.68 ± 0.04 
8.05±0.OS 

8,47 ± 0.08 
8. 50 ± 0.09 

, 
I 

9.66 ± 0.20 
10. 56 ± 0.22 

7. 77 ± 0.09 

8.l0±0.11 

8.85 ± 0.15 

http:8.l0�0.11
http:8.05�0.OS
http:7.65�0.06
http:7.67�0.03
http:8.4S�0.12
http:5.88�0.OS
http:7.86�0.04
http:6.75�0.02
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compare the distributions for (dcr IdxdQZ) at 8 and 18. 5 GeV Ic with 

the distributions oi (ZE/Tr.JS) (dZ cr/dxdQZ) at the same two energies 

(See Fig. 4) we find that the forme r distributions differ more, both 

in absolute value near x = 0 and in shape than do the latte r. This 

sugge sts that Feynman IS hypothe sis is more nearly correct even 

at the low energies now available. We do, however, still observe 

some difference in absolute magnitude for f(x, Q. s) at 8 and 18.5 GeV Ic. 

The corresponding distributions forTr - from Tr +p at 18.5 GeV Ic differ 

by a much greater amount. Thus it is important to test scaling over 

~ 

the wider range of energies of the proposed experiment to see if a 

limiting distribution is approached at higher s and to see if the 

differences for different incident particles are diminished. 

Z
The possibilIty of examining (d cr IdxdQZ) near x = 0 in the 

proposed experiment is of special interest. It may be possible to 

distinguish between various models l3 such as the multiperipheral 

models and the limiting fragmentation model. The predictions of 

the models vary for (dcr Idx) near x = O. Feynman has suggested 

that for S-IIO. the x-distribution will be flat in the region of "wee!' 

1 GeV Ic 
x. ( fx I < ). In contrast, the limiting fragmentation model 

--- Po 

without "pionization" would seem to predict a dip at x = 0 as s -Clt • 

Distributions of variables such as the "rapidity" or "boQst" variable s 

1 11
suggested by Feynman and DeTar may be of special value here 

since the region near x = 0 is spread out. If the multiperipheral models 

E-p 
., ) areare valid, distributions of the rapidity variable w = -In ( 

m Z.JQZ + 

http:ZE/Tr.JS
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expected to exhibit a plateau at high incident energies. In contrast, 

the limiting fragmentation models would sugge st a "two-peaked" 

distribution although "pionization lt might modify this. At 18. 5 Ge V / c, 

rapidity distributions show a tendency to flatten near w = 0 (see Fig. 5) 

but this is not yet pronounced. In the proposed experiment we will 

examine a wider range of w. In addition to all values of w corresponding 

to x < 0 we can examine the full range of w corresponding to Feynman's 

"wee" x region. The shape s of the rapidity distri butions and their 

variation with incident energy will provide significant tests of the 

various models. 

C. Distributions of Q and QZ: Thermodynamic and Resonance Models. 

Distributions of the transverse mom.entum exhibit dependence 

on the multiplicity n and on x as illustrated in Fig. Z which shows 

typical QZ distributions for 18.5 GeV/c rr+p interactions. Data for rr-p 

interactions exhibit similar features. An interesting feature of the distri-

Zbutions is the steep slopes at small Q seen for all values of n when 

Ix r is small. The slope s at low QZ be come Ie ss steep for la rger Ix r. 

The origin of these 10w_QZ peaks is not yet clearly established. Yen 

14and Berger have suggested that they are evidence for the importance 

of re sonance s in high-n1ultiplicity events. The pe riphe ral production 

and fore-aft decay of low-mass resonances could conceivably produce 

Zthe obse rved low-Q peaks. Such re sonance s should be more in1portant 

for low-multiplicity final states and should be predominantly of the 

same charge as the initial particles. Thus peaks in rr distributions 
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should be less prominent for 1f+P than for 1f-P interactions if meson 

resonances were responsible. However, at 18.5 GeV/c we observe 

peaks of approximately equal prominence for 1f+P and 'IT - P interactions. 

IT peripherally-produced low-mass baryon resonances are responsible, 

the effects might be the same in 1f+P and 'IT-p mta. A better test for 

the importance of resonances can be made by looking for similar effects 

in 1f- distributions at the higher incident momenta of the proposed experi

ment. It is kinematically possible at 18.5 GeV Ic for 1f - from peripherally-

produced low-Mass N*+ decaying to P1f +'IT - to appear at x-values consistent 

with the observed low_Q 2 peaks. At higher incident energies, calculations 

based on the kinematics of such decays suggest that contributions from 

such a source will be greatly reduced and will be limited to smalle r value s 

of x. 

If the features of the transverse momentum distributions are not 

explained by resonance production, they must somehow be explained by 

other means. The predictions of available models as to the detailed shape s 

expected for the Q-distributions are limited. Models such as the usual 

multiperipheral model predict the dominance of small Q at all x, but 

. 3
generally do not predict detailed shapes. The rmodynamlc models • 

however, do provide predictions for Q-distributions, even though their 

validity seems limited to an average over all multiplicities. The models 

predict x-dependent Q-distributions, but require additional elaboration 

before they can predict the details of this x-dependence. In view of their 

ability to make predictions unavailable from other sources, a test of these 
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predictions at high energie s is of value. 

In Fig. 6 are shown representative Q.distributions at 18. 5 Ge V Ic 

for several ranges of x. These distributions show a shift in the position 

of the peak towards higher Q and a broadening of the peak with increasing 

Ix I. These features correspond to the increase in slope of the Q2 distri 

butions at low Q2 observed for increasing Ix I in Fig. 2b•. We have tried 

fitting these distributions in terms of the thermodynamic model. The 

Q-distribution predicted by the simplest form of Hagedorn's thermo

dynamic model is 

dN/dQ = kQ [exp CElT) -d -1 dx, (4 ) 

2 1/2 
where E = [Q2 + (xp )2 + m J . 

o 'IT 


The smooth curves in Fig. 6 show fits obtained by numerical integration 


over a range of x. We find that at 18.5 GeV/c the x-dependence of these 

Q·distributions for all n is described well by expression (4) with T = 118 

8
MeV. For K+p interactions at 11. 8 GeV /c, Lander finds similar agree

ment with T z 120 MeV. The model predicts that the parameter T should 

approach 160 MeV in the high-energy limit. To test this prediction and 

to determine whether the apparent agreement at low energy is significant 

we need to extend the measurements to higher incident momenta. In the 

proposed experiment we will be able to study dN/dQ for a wide range of 

x at all the proposed momenta. 

D. Charged-Particle Multiplicities. 

The distributions of charged-particle multiplicities and the values 

of mean multiplicity as a function of energy as determined in the proposed 

---.-.--.-.. - •.•. ~.-...---~---------------
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'd' t' 5T here are varlOUS pre lC lonsexperiments are of considerable interest. 

of the models which may be tested. Several models -- multiperipheral, 

thermodynamic, etc. -- predict poisson or approximately-Poisson 

distributions for the number of pions or of pion pairs. These predictions 

are in qualitative agreement with expe riments at currently available 

energies and with the limited cosmic-ray data available. There are 

differences in the predictions of the models for the variation of < n > 

withs. For example, the multiperipheral models predict a In s dependence 

for < n > while the thermodynamic models predict a power law, sa where 

a may be - 1/4. Experiments at incident energies up to 30 GeV have been 

unable to distinguish among these possibilities. With the wider range of 

s available in the proposed experiment combined with current data at 

lower energies a decision should be possible. In Table IV are shown the 

values expected for < n_>. the average number of negative tracks, calculated 

from data at 8 and 18.5 GeV/c rr- data with different assumptions for the s 
I 

dependence. 

Table IV 


Average rr Multiplicity as a Function of Incident Momentum 


Pin 

a 1/4 b

(Ge V / c) In 5 < n_ > 8 <n_ > 

8.0 
18. 5 
50.0 

150.0 
300.0 

2.77 
3. 57 
4.55 
5.65 
6.34 

1.65c 

2. 11 c 
2.67 
3.31 
3.70 

2.00 
2.44 
3. 12 
4. 10 
4.87 

1. 69 
2.06 
2.64 
3.46 
4. 11 

a) 
b) 
c) 

Calculated from <n_ > = . 575 In s + .057 
Calculated from < n_ > = .845 81/4 
Experimental values 

~-~-~-~.~-~----~~--~--------------
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We will study not only the m(}an multiplicity as a function of energy, but 

also the distribution of multiplicity. 

E. Topological Cross Sections. 

As a by-product of the studies proposed for this experiment, it 

will be possible to determine topological cross sections even for high

multiplicity topologies, to an accuracy of a few per cent. Accuracy will 

be reduced for two- prong and ze ro-prong events because of the usual 

problems of scanning bias against low-multiplicity events and small-angle 

scatterings. The only additional effort necessary will be careful beam 

count. This will be necessary in any case so that we can compare results 

at different incident energies in the tests of the scaling hypothesis. 
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IV. EXPERIMENTAL ARRANGEMENT AND ANALYSIS 

A. Beam, 

15 . 
The beam described by Lach and Pruss designed to service 

the 30 -in. chambe r will be completely adequate for this experiment. 

Negative pions at 50. 150. and 300 GeV / c are produced and reach the 

chamber in sufficient number with very modest intensity requirements 

on the proton flux. For example, the Hagedorn-Ranft model indicates 

7that < 1. 5 x 10 interacting protons of 500 GeV / c would be sufficient to 

provide 10 'IT - at the bubble chamber with 6P/P = 0.10/0 fur any of our 

proposed incident momenta. Since we plan to use unconstrained events 

the momentum spread in the beam is small enough to pose no problem. 

The proposed divergence of the beam at the chamber is comparable to 

the angular resolution obtainable for secondary tracks in the 30-in. bubble 

chamber and thus should create no problem. It should be possible to map 

the direction of beam particles as a function of their position when enter

ing the chamber to reduce further the uncertainties due to beam direction. 

The proposed maximum vertical size of the beam would be desirable in 

order to spread the beam tracks as much as possible for easy scanning 

and measurement, A fast kicker magnet in the beam would be useful, but 

not essential for this "bare chamber" experiment. 

The time required to obtain the pictu re s will depend on whethe r 

rnultipulsing of the 30-in. bubble chamber is possible with the avail

able beam. The chamber has previoue1y operated in a multipulsing 

-~---.~---.-~~.---------------------
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mode and has provided pictures of high quality adequate for our purposes. 

We suggest beam operation to allow multipulsing of the chamber if it is 

feasible. 

Since the beam is unseparated, a contamination of K-'s and piS 

will be present. Estimates of this contamination range from - 1% to - 20% 

(The fl contamination due to TT decay in the beam will range from 0.34% 

at 50 GeV to 0.05% at 300 GeV. assuming those fJ.'s with D.P/Pb >.5% eam 

will not traverse the beam and can be safely ignored.) 

B. Upstream Instrumentation. 

Further instrumentation of the beam, including Ce renkov counte rs 

for particle identification and proportional chambers for determining the 

position and momentum of each beam particle, will be certainly useful, 

but not essential for this experiment. Instrumentation upstream will be 

essential for second-generation hybrid experiments, if a downstream 

momentum spectrometer is to be used to best advantage. Notre Danle 

propose s to provide instrumentation to inte rface a small compute r 

to the output of the proportional chambers and Cerenkov counter planned 

for bE-an1 instrumentation and to provide hardware and software as necessary 

for magnetic tape output of the upstream beam information. We believe 

this is the best way in which we can make a significant contribution to the 

success of the 30-in. chamber operation at NAL. We have experience at 

Notre Dame with optical and wire chambers and have developed the hard

ware and software needed to output spark chamber information on magnetic 

tape. A snlall compute r and a tape unit can be made available. In addition 
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to physicists, two technicians and an engineer are available for use in this 

proje ct. 

C. 	 Picture Requirements: 

We are requesting a total of ZOO, 000 pictures at 150 GeV/c and 

100, 000 pictures each at 50 GeV/c and 300 GeV/c. (The rationale for 

choosing these energies is discussed elsewhere in this proposal.) In 

order to determine the number of pictures required we have assumed 

a beam intensity of 10 1T - pe r pictu re, a constant total cros s se ction 

(Z4mb), a fiducial length of 15", and an ave rage charged-track multiplicity 

which varies as In(s). We finally assume reasonable longitudinal and 

transve rse momentum distributions based on our expe rience at lowe r 

energy. We show in Table V the results of our calculations. 

Table V 
Estimate of Measurable Negative Tracks 

Beam Momentum 	 50 150 	 300 
(GeV/c) 


Picture s Reque sted lOOK ZOOK lOOK 


Events 32K 
 64K 32K 


AVf!rage Negative 2.67 
 3.31 	 3.70 
T rack Multiplicity 


Numbe r of Negative 85.44K 
 211.B4K lIB.4K 
Tracks 


Negative Tracks ZS. ZK 
 69.SK 	 39.0K 
for x < 0 


Measurable Range of x -1.0< x < + O. ZZ 
 -1.0<x< + 0.12 -l.O<x< + 0.09 

Measurable Negative Tracks 38.5K 61.7K 	 27.8K 
for x > 0 


Total Measurable 66.7K 
 l31.5K 	 66.8K 
Negative Tracks 
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The last row shows the number of tracks which will be analyzable at 

each energy. The number at 150 GeV/c is the minimum necessary to 

study the correlations between x, 0, and n. The numbers at 50 and 

300 GeV/c represent the number required to test scaling. 

D. Data Analysis. 

The Notre Dame group is capable of a fast data reduction on this 

experiment for two reasons. First, we have done this type of experiment 

at lower energy and are geared up for doing measuring in an "inclusive" 

experiment. Second, we have considerable experience with the 30-in. 

chamber. (We have published four papers based on 30-in. chamber data.) 

Thus we will be able to analyze the data with no lIlead-time" requirement 

for de bugging geometry reconstruction programs. 

The measuring system used consists of five measuring machines 

on-line to a DDP-1204 operating 16 hrs. /day, 5 days/week. We have 

measured 120.000 tracks in 25 weeks on a similar experiment at lower 

energy. (Much of this work was done with only 4 machines, while im

proved film-transports were being installed.) We are now operating at 

a rate of 8.000 tracks /week (pre scanned film) and quote the previous 

experiment's rates only as a lower limit to our capability. 

The Notre Dame scanning and measuring staff is familiar with 

the techniques used in measurement of negative tracks for an "inclusive" 

expe riment. The combination of conventional measuring machine sand 

trained operators is highly efficient for the proposed experiment, since 
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positive tracks can be efficiently disca rded without furthe r time and 

analysis. In cases where the curvature of a track is hard to distinguish, 

a simple on-line reconstruction can be performed and the results imme

diately presented to the measurer. For rapid scanning. we are equipped 

with a system for putting re suits from scan table s directly on magnetic 

tape. 	 The information can be immediately supplied to the measurer 

via the on-line compute r. If information about beam tracks we re avail 

able on magnetic tape, it could be directly integrated into the system. 

We plan to concentrate efforts on the analysis of this experiment 

as soon as the data become availa ble. Che cks of the data analysis system 

will be made in advance. Since our system from measurement to 

analysis is presently operable, we expect to have preliminary physics 

results within 10 weeks of the acquisition of data. 

E. 	 He solution. 

'We show ~n Fig. 7 the estimated resolution in Plab as a function 

of Plab' These errors are for flat tracks and use the expression for 

conventional measuring machines with optimized measurements given 

by Fische r 17 

.133a]. 1/2 

H2L 

we re p is the momentum in Ge V I c, E is the point setting error in microns, 

L is the length of the track in cm.. H is the magnetic field in kilogauss, 

and a:: 1n(4. 8 p) + In (145 p/mc) The curve is calculated for relativistic 



-23

pions (~=:: 1) with p in GeV/c. ('.:; 1001J.. H::: 32 kilogauss, and L= 15", 

(Since the 30-in. chatnbe r may operate initially at a lowe r value of H, 

this figure should be scaled accordingly, However the value E = 1001i 

is conservative and 15" is near the minimum track length for forward 

tracks, so the results of the figure should be qualitatively correct in 

any case.) Fig. 8 shows how this resolution determines the uncertainty 

in x for positive x. (All negative value s of x yield laboratory rnomenta 

which are easily analyzed with good resolution.) From these figures it 

is clear that positive x can be measured to good accuracy (L'lX ;:: 0.01) 

out to about 0.22 for 50 GeV/c, to 0.12 for 150 GeV/c, and to 0.09 for 

300 GeV/c with the bare bubble chamber. Thus we should be able to 

dete rmine the value of the slope b in the expre s sion dN /dx = Ce - b Ix , 

for positive x even at these high energies. The value of b for negative 

x will of course be determined much more accurately and may perhaps 

be even m.ore relevant to the understanding of the basic physics involved. 

Fig. 8 might be somewhat optimistic on four grounds. First, H may be 

less than 3ZKG initially. Second, the computation is for flat tracks-

dipping tracks increase the errors somewhat. Thirdly, the computation 

is for forward tracks (0 = 0). Actually Ax depends both on x and 0 for 

. 
a given track. And finally, the measuring failure rate will increase 

significantly at large positive x. We have estimated each of these effects 

and find that the range of positive x which can be measured may be 

somewhat smaller than calculated according to Fig. 8. However, we find 

in any case: that all negative x at all energies is measurable; that the 



-24

slope b can be dete rmined for positive x at 50 and 150 Ge V I c; and 

that b can probably be determined for positive x even at 300 GeV/c. 

The validity of this statement is shown in Fig. 9 where values of x 

are shown for various values of Q for a track with laboratory momentum 

of 20 Ge V I c (6~ - 8.2% for a flat track), a reasonable estimate for 

the highest momentum which can be consistently measured in the 30-in. 

flbare" bubble chamber. This figure indicates that for Q = .5 GeV/c, 

we can consistently mea sure tracks with x = + 0.39 at 50 Ge V I c, 

x =+ 0.13 at 150 GeV/c and x = + O. 06 at 300 GeV/c. 

The re solution in the transve rse momentum Q depends on how 

well one measures p. the momentum of the secondary track, a, the 

laboratory angle of the secondary track, and aB , the angle of the beam 

track. We have estimated the resolution boQ as a function of Q for 

various laboratory momenta as shown in Fig. 10. In this calculation, 

an uncertainty in the beam angle of 0.4 mrad is assumed -- comparable 
I 

to the full spread expected for the beam. Again E is taken to be 100.... 

and the outgoing track is assumed to be flat and 15" in length. These 

assumptions lead to an uncertainty in secondary track angle of 1. a mrad 

for all secondary momenta above about 1 GeV Ie. Despite the assumption 

of flat tracks. the estimates of L}.Q",shown here are conservative since 

E may well be less than 100.... and the average track length greater than 

15". Thus the transverse momentum resolution will be adequate for 

studying the properties of the'~nclusivel reactions. 

One of the d ifficultie s of this expe riment iss imply counting the 

number of outgoing particles. At low energies, this is a very trivial 
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job, but as s increases, track multiplicity increases and more particles 

a re emitted in a small forward cone. Since the functional dependence of 

< n > and the distribution of multiplicities are of interest, we would like 

to determine these quantities accurately. To determine the feasibility 

of such a measurement, we assume that when two tracks are separated 

by one full bubble diameter (- 100fJ. in space), the tracks can be re

solved either by eye or with the aid of a microscope. The kinematics, 

even at 300 GeV Ic, show that the probability of two tracks remaining 

parallel with a separation of less than one bubble diameter for 15" is 

very small. Thus we feel that n can be measured, although not without 

considerable effort, at all energies proposed in this expe riment. 
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FIGURE CAPTIONS 

Fig. 1. Distributionft of the longitudinal-momentum scaling variable x 

at 18.5 GeV/c: (a) dN/dx for 'IT+P data for all~, 4-, 6-, 8-, 

and 10-prong events i (b) dN /dx for 'IT  P data for all-, 4-. 6-, 

8-. and 10-prong events. 

Fig. Z Distributions of the transverse-momentum-squared, OZ ,for 

'IT +p interactions at 18.5 GeV/c: (a) dN/dOZ distributions with 

0.0 < x < 0.1 for all-. 4-, 6-, 8-. and 10-prong events separately: 

(b) dN/dOZ distributions for 4-prong events with -0.1 < x < 0.0, 

O. 0 < x < O. 1, O. 1 < x < O. Z, and O. Z < x < O. 5. 

Fig. 3. Dependence of fitted parameters a and b in 18. 5 Ge V /c 'IT::I::p 

interactions: (a) a as a function of n, (b) a as a function of x, 

(c) b as a function of n, and (d) b as a function of OZ, for all 

'IT +p data. The corresponding parameters for 'IT-P data are shown 

in (e) through (h). 

Fig. 4. (a) Distribution of (ZE /'IT..['s ) (dcr /dx) as a function of x for 'IT 

in 18.5 and 8 GeV/c 'IT-P interactions. (b) Ratio of (ZE/'IT..['s) 

(dcr/dx) at 18.5 and 8 GeV/c as a function of x. (c) Distribution 

of dcr/dx as a function of x in 18.5 and 8 GeV/c 'IT-P interactions. 

(d) Ratio of d(J/dx at 18.5 and 8 GeV/c as a function of x. The 

curves shown in (a) and (c) for the two momenta are shifted by 

a factor of 10. The error bars shown in (b) and (d) indicate 

typical statistical uncertainties. 
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Fig. 5. Distributions of the rapidity w in the c. m. system for rr in 

rr-p interactions at lB. 5 GeV/c for all-, 4-, 6-, and B-prong events. 

Fig. 6. Distributions of dN/dQ for rr in .".fp interactions at lB. 5 GeV/c 

for events with 0.00 < x < 0.04, 0.04 < x < 0.10, 0.10 < x < 0.20, 

and 0.20 < x < 0.50. The curves are described in the text. 

Fig. 7. Momentum resolution, (""pIp), for relativistic tracks in the 

30-in. hydrogen bubble chamber. Calculations are described 

in the text. 

Fig. B. Resolution in x for x > 0 estimated for rr mesons in the 30-in. 

bubble chamber. Solid curves are shown for .".-p interactions 

at incident momenta of 50, 150, and 300 GeV/c. The dotted 

lines correspond to specific longitudinal momenta in the laboratory. 

Fig. 9. Values of the scaling variable x as a function of transverse 

momenta Q for rr- mesons with a laboratory momentum of 20 GeV Ic. 

Curve s a're shown for.". - p interactions at incident momenta of 

50, 150, and 300 GevIc. 

Fig.lO. Resolution in transverse momentum Q as a function of Q for 

relativistic tracks in the 30-in. hydrogen bubble chamber. Curves 

are shown for laboratory momenta of 5, 10, 15 and 20 Ge VIc. 

Calculations are described in the text. 
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