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Using the 30-inch b ub b l e charnbc r at NAL, we have ana

lyzed an inclusive s a rnpl c of .;....2., 500 inelastic pp interactions. 

Two-particle rapidity correlations are presented for charged-

charged, -'-, ++, and +- particles. The results are compared 

with a simple model which incorporates the observed multiplic

ity distribution and semi-inclusive single particle spectra. In 

the central region, the data lie consistently above the model 

predictions indicating the presence of correlation effects not 

included in the model. 
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A considerable a rno unt of datil on rriu lt i p l ic i t ics and inclusive single 

purl i c le d i s t r ib ut i on s ha~: l.cc n published during the past two years. How

('vcT, s cv c r a l li n d s of P!:'::!)OlTj('l1ol0i.-',icaJ rn od c l s for high energy 111ultiparti

c Ie production lHOCl'Sc:'~s arc able to a c c ornrn orl a tc such results. Further 

information, wh i c h is cxpc c t c d to be rn o r e definitive in discriminating 

among models, (1) can be obta ine d from the study of inclusive two-particle 

distributions. Such correlation data have already been presented from 

several Nat i on a LAc c e Ic r ato r Laboratory (NAL) and CERN Intersecting 

(2 - 6)
Storage lUngs (ISH) experiments, mostly in preliminary form, and 

have been interpreted(1) as showing strong evidence for short range corre

lation effects. In this Lc tte r , we present new c o r r ela ti on results and indi

c at e the complexities associated with isolating such eifects. 

We report e xp c r i rn e nt a l values for th e inclusive correlation functions 

2 
d 0" / do- do- J 

R(Y1'Y2) .- [0- . 1 - 1 (1)
i n e dy dY dyZ

1dyZ 1 

1 dO" 
.-- -~]C(Y1'Y2' H (y l' YZ) (2 ) Z dy dy

0-.rne1 1 2 

(where y is the C~1 longitudinal rapidity) for secondary charged particles pro

duced in inelastic pp collisions at 205 GeV i c • The data, from the 30-inch 

hydrogen bubble chamber at NAL, consist of an unbiased inclusive sample 

of' 2, 500 inelastic events (7) for which all of the charged tracks have beenr-

measured. 

Marry of the t.e c h n i c a I aspects c o n c c r n i nr; the rri o rn c n t urn rn c a s u r c rn e n t s 
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.. (8)
and their <lCCtLri1cy eire clc s c r i b c d c l s cwhe r c. To c a l c u Ia tc the longitudinal 

Cj\f r ap icl i t.y, y, for e a c li (JuLgoing p a r t i c l c requires that its rna s s be known. 

In the absence of s uc h Ln owIc d gc , we h av « a s s ur.n c d <1.11 n c g a t iv e t r ac l.". to be 

1T , positive tr a c k s with momc nturn g r c at c r than 120 GcV I c to be protons 

(resulting in less than a 5% rni s i dc n t.ific at.i on of pions as protons), and the 

remainder of the positive tracks (except for identified slow proton tracks, 

with momentum less than 1. 4 GeV I c) to be pions. Vle have verified that our 

results are insensitive to these mass assumptions. In fact, even the use of 

the app r ox irn at ion Y ::::: 11 lab = -In tan [8 / Z] (which is equivalent to the
l a b 1a b 

assumption that m ~ PT) has little effect on R in the central region. (9) 

Table I lists our results for R for all c ha r g e d particles where, 

b e c au s e of CM symmetry, t h e dat a have been f o ld e d and averaged about y = 

o. Fig. 1 is a contour plot based on the data of Table I. Two of the interest

ing features of this plot are the contours, in the central region, elongated 

along the direction y 1 = Yz' and the large r e.g i on s of near zero values (even 

gOi:lg positive again) in the upper left and lower right corners. These fea

(Z:- 4)
tu r e s are s irn i l a r to those seen at other energies. 

In Fig. Z(a-d) are plotted values of R as a function of Y - Yl when
Z 

a 
y 1 is ncar zero, i , e. at 90 C~'I, or ncar -1, i , c. near the end of the rapidity 

plateau. (8) The figures correspond to the cases when: (a) all charged p'arti

c Ic s arc included (R ), Co) only negatives arc included (R ), (c) only posi
cc 

t ive s (R ), and (d) one is pos i t iv c and the o th e r i: negative m ). The 
++ f
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cu r v e s a re the- results of a Monte Carlo c a l c u la t i o n b a s c d on a s irnp l c ph y s i

c a l model to be di s c u s s e d below, T'ab l c 11 givC'~:; our values of C(O, 0) and 

1\(0,0). We give' i n Tahll' III VdUC5 [or the single particlc densities so that 

one Ci.W convert f r orn ]{ to C. 

F'r om these e xpe r irn cnta l results \VC conclude that: 

(1) H (0, 0) is equal within errors to preliminary values found(2,4) at 
cc 

102, 291, and 2067 GcV [c . The possible absence of s dependence in the 

exp e r irrie nta l values of C (a, 0) has been considered to be a failure of frag
ce 

, , (1)
rn e ntat ion rriod e ls , R (0,0) also appears to be i nd cpen dc nt of energy, 

based on preliminary data at 102 and 303 GeV l c . (4,6) Our R++(O~ 0) is 

slightly lower than that obtained at 102 GcV Ie. (4) R (0,0) is equal to the 
-r-

102 GeV/c result. (4) 

(2) Invariance of R with respect to translations in rapidity (i. e. depen

dence on only IY2 - Y1! and not y 1) in the central region holds within the 

e r r o r s for all charge combinations. 

(3) Within the region for which t r an s l a tl on i nv a r i an c c is satisfied, there 

is a falloff as a function of IYZ - Y1 !, which is consistent with the forms 

exp [-(YZ - Y 1)2 b. 2) or exp [-I Yz - y 11 h), with a correlation length X. :::::: 

2 ± 1. (Such a falloff has been intcrpl'cted(l) as evidence for short range 

c o r r c lat i on s , ] However, since these forms cannot fit negative values of R, 

and arc not expccted(1) to hold for small 6y, it is dHficult to attach physical 

s ig n ifrcan c c to fitted values of x , 
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Despite the cx i s t cn c o of s cv c r a l interesting theoretical models, the 

opt i rnurr. ru c t.ho d for v:<trL.:.ctin~: c lear -cut d yn ar n i c a 1 conclus ion s from these 

r e s ul t s i s far f r ori c lra r , In an atte rnpt to u nd cr s t an d b e tt e r- how to inter-

p r c t the ir.c asu r cd v a l n e s of the correlation function, \ve have constructed a 

simple physical rn od c l, which includes n o explicit s h o r t range correlations 

as input. This model incorporates the Jo l.l ow in g a s surnption s : (a) The ra

pidity distribution, do- Idy, for pions is that observed in the experimental 

data, (8) and narrows as the multiplicity increases. Co) The transverse rno

menturn spectrum of secondaries has a gc<ussian shape. (8) (c) Energy and 

momentum are conserved in each event. (d) The multiplicity distribution is 

. ( 10) 
that dc to r rrii ne d by cxpe r irric nt, Note that this c o n s t r a in s the model to 

yield the e xp e r irn c nt a l value of f~c = 7.44 ± O. 72. This means that an aver

age positive correlation is contained w i thi n the model, since f is equal to
2 

an integral of H. over the entire y l' Y2 plane, 

1 ii dlT 
(3)2 dy 

10-. 1i n e 

(e) For each multiplicity one-fourth of the events have two protons, .one

fourth have two neutrons and one - half have one neutron and one proton. (11) 

(f) For a given topology, the number of 1T 0 is gaussian distributed with the 

peak at the average number of rr + ~nd rr - and width of about 3r. o's. (12) 

(13 )
By c o rnp a r i ng the data to the curves resulting f r orn the model, 

the following points rn3.Y be noted: 



6 

(1) The d a t a at y 1 ;::; Y2 :::; 0 arc c o n s i s t c n t l v a b o v c the model curves, 

i nd i c at iv c of c o r r c Latl on s nol included in the rno de l. 

(2) l\ dear d i Ifc r cn c c between the m od o l and data IS the translational 

i nv a r i a nc c c;.:hl1litccJ by ti ,c (lata in t l.e cent 1',11 region hut not by the m od c l. 

The rr iod c l predicts t lra t the strongest c o r r e La t i o n occurs when one of the 

particles is at y = O. The data, however, indicate that the strongest corre

lation occurs when y 1 ::: Y2' again indicative of correlations not contained in 

the model. 

(3) The decreasing behavior of R outside the central region is well 

represented by this model. 

As mentioned ab ove , input to the model includes the experimental 

, ' 
value of f Also, the narrowing of the rapidity distribution as the prong

2, 

number increases is model input. These arc presmnably dynamical c o r r e

l ation effects, and they do influence the s b ape of R. To minimize these 

complications and to Iu r the r investigate correlation effects, one can study 

the values of R for s c m i c i n c Iu s iv e data, 1. c., for events with a fixed n urn

ber of prongs. This is done in the following paper, (14) 

We thank R. Arnold and G. Thornas for valuable discussions on the 

myste r i e s of cor re lations. 
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Table J 

it 
Mea s u r eel V aIuc s f o» R 

cc 

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

-3. 5 

- 3. 0 

-2.5 

-2. 0 

- 1. 5 

-1. 0 

- 0.5 

0.0 

O. 5 

1. 0 

1. 5 

2.0 

2. 5 

3. 0
 

3.5 
__....:.. 

a ,10 t b e 

-0. 43~~~---r~. 7:---~O.- 45 -0.33 -0.22 
L. _ 

- O. 71 ± O. 06 -0. 61 ~ -0.43 -0.48 

-0.45± 0.07 -0.53 -0. 36l~16 -0.14 

-0.33::: 0.09 -0.43 -0.16 

- 0.22 ± o. 09 -0.48 -0. 14 

-0.20± 0.08 -0.47 - O. 11 

- O. 17 ± O. 08 - O. 42 - 0.09 

- O. 18 ± O. 08 -0.37 - O. 06 

- O. 07 ± o. 09 -0. 31 -0.08 

-0.14± 0.09 -0.25 - 0.04 

to.08±0.tl -0.27 - O. 01 

-0.03± 0.10 -0.07 -0. 02 

··0. 10± O. 10 +0. 01 +0. 01 

0.qO.14 

O. 14 0.36 

O. 14 

0.08 0.37 

O. 03 O. 22 

O. 02 O. 27 

O. 06 O. 18 

O. 01 O. 09 

~O.Oj
 
- O. 02 - O. 01 

- O. 04 ± O. 11 +O. 19 + O. 01 -0.07 -0.27 

-0.64 1: 0.24 - O. 0-1 -0. 10 -0.03 +0.08 
-L... 

O. 0
 

-0.20 

-0.47 

-0.11 

O. 14 

O. 4. 5 

O. 51 

0.51 

O. 32 

0.31 

O. 23 

O. 18 

O. 06 

-0.0-1 

-0.25 

-0. 14 

-0.17 

-0.42 

-0. 09 

O. 08 

O. 37 

0.45
 

0.27 

O. 02 

-0.08 

- O. 31 

-0.07 

··0.18 

-0.37 

-0.06 

O. 03 

O. 22 

0.32 

0.45 

O. 50
 

0.45 

O. 32 

0.22 

O. 03 

- o. 06 

-0. 37 

-0.18 
_ 

l e It of the line, statistical errors are given for the first c o lurnn of 
values and are a p p r ox i rn a t c l y 0.0-1 for t hr- r c rn a i n i n u c o l urn n s , To the right 
of t h c line', the \·"k.es are ob t a i n c d by u s i n.; pp C~.r '"'yrnrnctry. V'a l u c s to 
the l,,'it of t h« lin .., for! \'2 11 > 3. 0 s h o u ld b c assi,'l"'<; an acld it i o n a l s v s t c m at i cI ~ , , J 

error of ~ O. O~ to account lor rn orrie n t.urn un c c r ta i nt.i.c s in fast tracks. 
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TalJle 11 

Co r r c l a t i o n F'un c t i on s at y 1 - Y2 ;;;:; Oa 

Ch a r r«,, H (0, OJ C (0, 0) 
---_.__.._~~._---

cc 0.50 ±. O. 05 1. 38 ± O. 16 

0.38 ± 0.06 0.21 ± O. 04 

++ 0.25 ± O. 05 0.22 ± O. 04 

+- 0.67 ± 0.0(; 0.47 ± O. 04 

a 
For cc we usc the interval - 0.25 < y < O. 2S. For the other 
charge combinations, the i nt « r v a l is - O. 5 < y < O. 5. Note 
that these differ from i n te r v a l s used in Ref s , 2-6. 

-
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Table III 

In c l uri vc Single }Jarlicle Dc n s it i c s 

-_._---------- -- -------_.._._------_.._--
dcr dO' cley 

c -I 
y -

~ dv 
v. 1 I u . 1 dy (f • 1 elyInc, InC' Inc._-- .. _----_._-----

0.0 1. 66 O. 75 O. 95 

- O. 5 1. 66 

- 1. 0 1. 54 O. 64 O. 89 

-1. 5 1. 24 

-2. 0 O. 94 O. 32 0.68 

- 2. 5 O. 88 

- 3. 0 0.46 O. 06 0.42 

- 3. 5 o. 09 
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Fi g'llr C C ~l1lti o n s -- ._._._-._.~.-._--~ 

F if:. 1 Contour pJ o( of R (y l' Y..,) a r, ob tn inc d Lr o rn Table 1. Some of the 
cc t. 

detailed structure: is of un c c r t a i n f,if,nificancc, as can be judged 

from the s t;J ti E;tic a.l error s given in Tctblc 1. 

Fig. 2: 

(d) R . 
t-

The curves arc 

(1) n ,(b) R ,(c) R , 
cc -  ++ 

results of the model described in the text. 
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