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Experirnental rcs,"Hs on'two-particle cor::elations are 

civen as a function of prong nmnbcr for charged-charged, 

++, and +- particles in 205 GcV Ic inelastic pp collisionS. Clear 

evidence is seen fOT strong positive correlations in the central 

region for four- and sb::-prong events. Selection of four-prong 

events with a large rapidity gap shows. that the strong corrcla­

tion is largdy associated with diffractive-t)1)c events. 
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arc: hl)plicitly inclut;':u. rIo better isolate dynamical.:::orrelation cHects and 

to further c::-:plor(~ the lr)\~ch<Jllisms responsible for the observed rapidity cor­

relations, we have studied these correlations for a fixed munber of prongs 

{i. (~. semi-inclusiyc correlations). 

The data were (,btaincd from an exposure of the 30-inch hydrogen bub­

ble ch~'mbcr at the Na tion2.1 .:'\ccelcrzctor L&bor<.t ory (.'::\AL) to a 205 GeV / c 

. (2)
protO:1 hec:J11. Yo1' Ul(; four-prtmg Sc'Dlple, 1191 cY,:::nts h~ve been nlea­

~;urt'd in three views 'Using tbe POLLY III system at ..t .. 1'gonne I'\ational 

Laboratory (rcrnC:iSUrelTICnts \.... e1'e pcrforn;ed rn<,nua~ly at a magnification of 

'" 6 times life size). IndeI)endently, 250 four-prong C'vents have been mea­

s1.lrcc1 in two y:cw" using the bubble pattern matching :echniques described 

elsewhere. (3) The individua.l event results obtained ::r:om the two Inethods 

agrc~ very well. In addition, higher multiplicity cvc:-::ts have been independ­

cntly rncasurcd using the bubble pattern lnethod at both Argonne and Stony 

Brook, and again the results agree. 

Using the n-prong events, with cross section 0- n' (4) we have mca'surcd 

the two usual forms of the correlation function: 
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2
c1 o· <10· d I)· 

n n n -_.-!.: ] jH (Y j , >'2) .- [ o· -----1-- ­
n, dYlclyZ elY j (; Y2 

do· do· 
n 1 n __n] n 

..e (Y1'YZ) [ -Z- J\ (y l' Y2)dy ely 
O' 1 2 

n 

v/ith y the CI\1 ]onGitudi:12.1 r;:~pidity. Note tbat the int<"grals of C: ' c:_,
c 

en t(nel en , over the entire Y1' Y plane, are -n, -n , -n J and 0, respcc­
++ +- 2 - + 

. n 
lively, and that the integral of C (y l' Y2) over a regia" n in rapidity space 

is a mc;:sure of event to event fluctuations of t11e nurnbcr of particles (nn) 

in P. : 

n n
In Tct'ulc I «1'c listed values of the corrchtic:~ fU:1ctions Rand C ;d· 

y 1 ~ Y2 ;:: 0 for all topolo;ics and ,:11 charge cornbin2.~_ions. Duc to space 

.. 1 J n n I n f f .1· on y resu ts on H ,n ,ane R or 00'..11'-, SlX-, eight- andInllra!.lons, 
cc -- +­

twelve-prong events arc shown in the figures (results for cases not shown 

are similar). Table II lists values of the semi-inclusive single pnrticle d"'ll­
do­

1n n, f jsilies, p = -- -d---' so tnat one can convert rOD1 H to C. Fig. shows the 
0- y

n 
n 

values of H (Yl' Y2) versus b.y = Y2 - Y1 for -0.25 <)'1 < 0.25 and -1. 25 
cc

< y 1 < -O. 75. Fig. 2 shows sirnilar plots .for R ~ _' while Fig. 3 gives R:_ 

The curvcs represent Montc Carlo rcsults based on the simple model des­

cribed in the previous Letter. (1) Note that for a fixed prong nUlnber, thiti 

rl10dcl docs not include dynan1ical two-particle correlations. 



Il , I J Ii( 1) g : 1ne ,;;. \ll~:; of J~ (O, 0) range from -0. 11 to +0.12 <tlIC1 are all 
cc cc� 

. " . I 1 ] ., f (5) I' 1 1" l' . . 1 d�\Vl'-lnn t·,':CI sfarH:,rc. C('V];ll10tl5 (J zero. 'or ~ow n,J LIp lCJtles, tle atil 

11.:; well ;tbove the ))"loc!cl curve" for u.y ne:iT zero and below the curves for 

1<11"£;0 t:-:.y. These differences become sD"1allcr as the prong nUDlber increases. 

n 
There is no l"o~,jor cJiffe::."c-nce in the structure of R 'I.'lhen Y1 is ncar -1, i. e. 

cc 

near the end of the rapidity platc"u, as comp<ll'cd to th~ case when y 1 :;; O. 

This is cO:1si stent with inv<::riance under rq)idily translritions. 

Our values for r~ ~c (a, 0) e.l'C consistently below 111e preliminary re­

, _ (6)
sults of the PlS2.-Stony !::>rook' experiment <It the Cl,:,nN Intersecting Storage 

Ring,s (lSn). TheiJ' o2,ta <,t ..[S = 23. 6 GcY (o:'u expcrirDent is at ..,[S :: 19. 7 

GeV) S]lOW all H n (0,0) to ':.Jc positive, e. g., R 4,5 (0, 0) ~ 0.40 ± O. 08, R 6,7 
cc cc . cc 

(0,0) ::.:; 0.201: 0.03, \;,'ith <'.n i;.pproach towrlrd zero a£ the multiplicity in­

creases. ]n order to understand pos sible systematic differences (7) in the 

two c>:pcri1TIents, we have reCalculated our experimental values of R 
n 

(0, 0). 
, ce' 

combining neighboring nmltiplicities togctber, using 1) CM' and applying 

n
analog0tls c!cceptancC' C rite ria. We find that our 'rCStllts for 1\ (0,0) then 

cc 

become quite consistent with the ISR values. 

(2) en (0, 0) is probably dec r<.:asing· as a function of prong number. Due 
cc . 

tot I1e 1.ncr e a :; c WIt h fl'SIn r.l' par 1 C . 1<: . ncar y:;; , II S J. not 1C I~ t' C,I ens 1t Y(3) ° tl' t r c n (I 

follows frorn tl1(: oka'Tved behavior of .R n (0,0).
cc 

( ~) l', n 1ft1c ' 1" 1 corre1a t' ofec t l' ~'., b' ~ In n"l1 ,1S.:i' • L' or no <In., 1tI0[1:l Ion to, OI):::Cl'V"{] J.\ I 
I 
i 

b� 
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(,1 ) }~n : Here tlle corrc]<llions III the [c 1\lr-PrcJl16 eVCllU; arc large in the 
+­

(;<.:ntr,d rq~i0n ,lnr: "g;~if! {;tll below the n1(l(]<':) Cllrvc~; as 6.y increases. 1\1so, 

i' 6 
tL.:· v,dues elf H r cxbibi: ll'clllSlillioll;l invari'llIcc. n exhibits the same 

+- +­

}~HI1tipJicitics, the R 
Il 

correlation effects becon1c slnaller 2nd more consis­
+­

tent with the 1110del eu ryes. 

To further investigate the large correlation effect in the [our-prong 

ev~r.L:, we have selected diffrc,ctivc events, d~'fined as those having a large 

:rapic;'ity gc.p (LnG) bct\':ecn either the first and second or third and fourth 

pi rtic1c~ (\\'l:cn the p2.:rticles Co,Te ol'(~crC'd in r,,}):cily). (2) b Fig. 3(a), the 

triangles correspond to those events that h;~vc this g'~p size larger than 2.5 

4
uni:<' . The events that do not have a lrtrge gap give values of R ,not sho'.vn,

+­

consistent with zero (typical errors are ±O. 1). We see from Fig. 3(a) that 

4
it is the Jargc gap {:vcnts th~it arc givin,;; the large value of H . A similar 

+­
selection helS been 111ade for the six-prong events and yields results similar 

to t1;05e found [or the [our-prongs, althou~h 'not as pronounced. V{c have 

rnad~~ the san1e LRG > Z. 5 selection in the 1110del and have found that the 

4
dotted curve for R is not changed from that shown. Thus it seems 

+­

fLat the diffrilctivc-tn)e e\'ent5, \"'hich lie outside the scope of this simple 

nlOdcl, arc giving the large correlation in the central region (or the four-

prong events. 
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In ~;urnn~r!lY, "fC' fil~d strc,ng po~;itive correlation cffect~ in the central 

raphiity rCL',loll, \,,'ill) E(O, 0) ,iil1aller fIJr hj~Jlcr prong number events. These 

strongest central corrcJ;-'.tions seen) to arise in tliffr<:tctivc-·t)l)C four-prong 

events. 

iNc thank 1..1. Derrick, D. :tvlusgravc, and H. Yuta for supplying data 

on the cOlnplctc 52.Dv)le of [our-pronz events, and P. Grannis, C. Quigg, 

and C. N. Y~ng for helpful discus dons. 
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5.� From Fig. 1(b) an cs timate of R: (0, 0) ...... 0. 05 ± 0. 06 can he made 
c 

using C:M symmetry ana smoothness criteria, so that the tabulated 

6 
value for 1{ (0, 0) may include' a large statistical fluctuation. These cc� . • 

criteria could also he used·to obtain better precision on other tabu­

lated valucs. 

6.� G. -nellettini, "Hp~;ults fronl th~ Pisa-Stony Brook t;!{ Experiment, II 
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paper eiVCll cIt the Fi fth Jntcrll<ltioJlal Conference on Hif,h Energy Col-

JiSiOIlS, Stony BrooL (l r}73). 

7. Three: possilJle :;ys~('lrl;:ltic effcc{;; cc'n contribl:fc to the difference: 

; ­
(;t) the prc:;ence of clClt~1 ray::;, e G pairs fronl galnlna conversions, 

and secondary hadron obowc;rs in the ISH cxperilncnt, (b) the absence 

of secondaries due to a 10% loss of ~;olid Cinr;le in the ISH. experiment, 

and (e) the 'Usc of II C 1 = -In tan [0 C' /2] in the ISR experiment rather
1\ J\1 

than y. 



) ) ') 

12.blc I� 

Mcas\:rcd V:::'.1.1..1CS for r~~(O,  C) .-:>.nd Cn(O, O)d.� 

I n ('1 I n (0 0 ~ n R n (0, 0)r.1 Rcr(O,~) I R __ ' ) R++(O, 0) I C:c(O, 0) G~JO,  0) -, C~-:-(O,  0) j C~_(O, 0).1- _ . , 
I I I 
I I:i 1 I 

()l,j 00'" OO~  10"" t"o(\,i I"I"'~  ()!"H4 

. I 
i O. 12 ± O. 10 1-----------

1

-0.29 '" O. os O. 52 ::: u • :) I ...) ± .. .." - - - - - - - - - - - -' . \.1:: :::. \.) ~ ...... .:. l ;...' It " .... -- = v.. \~';'I 

-0.11 ± 0.061-0. 50± 0.051-0.35 ± 0.05 0.20 ± 0.071-0.15 ± 0.081-0.13", o. Oil -C'. :.~ ~ O. 02! O. C6" 0. 0 ;:6
0'I 

! I 
8 i 0.03::: 0.0.11-0.27::: 0.05 -0.30 ± 0.01 0. Ob ± O. OS, 0.07 ± 0.14 -0.18 ± O. ~3i -0. 25::: 0.03, O. C~::: O. c·~ 

I I I I I 
10 -O.04± o.o~l-o.  06± 0.05, -0.22± 0.03 O.06± ~.OJI-0.22±  0.21 -0.05 ± 0.04!-0.39± 0.051 0.08" 0:05 

12 -0.05 ± 0.041-0.19 ± O. 04[ -0.20 ± 0.031 0.05 ± 0.0.)/-0.51 ± 0.40 -0.41 ± 0.081-0.63 ± o. O~I 0.13", O. :0 

14 -0.11 ± 0.05\-0.07 ± 0.051-0.19 ± 0.0/11-0.08 ± 0.05\-1. 23 ± 0.59 -0.19 ± o. lS/-a. 63::: O. 15\ -0. 25 ~  O. 15 

aFor cc we use the interval -0.25 < y < 0.25. For the other charge combinntions, the i~".tc::v;:.,l  is -0.5 < y 
< O. S. r\ote that thc$c differ from intervals used in Hefs. 2-6. 

b 
See Ref. 5. 

:0 

',~_._..~,.".,..."~" ...---~-~._-,-.,..,.,._ ..,~,,-....-.. ".,,,~ ... ,,~ 
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Table II 

Semi-Inclusive Sir..:::.lc Particle Densities 

Y 
4 

Pc 
6 

Pc 
8 

Pc 
12 

Pc 
4 

P -
6 

P -
8 

P -
12 

P -
4 

0. + 
6 

P . 
T 

'"'0 
P 

1 " .t:. 
P .l. 

O. 0 O. 52 1. 17 1. 71 3. 29 0.20 O. 30 O. 78 L 49 0.29 O. 63 C. ? 1 1. 74 

- O. 5 0.46 1. 07 1. 70 3. 00 

-1. 0 O. 50 1. 05 1. 47 2. 85 O. 18 0.42 O. 63 1. 16 O. 32 O. 61 O. 91 1. 53 

-1. 5 O. 53 O. 90 1. 38 2. 06 
. 

-2. 0 O. 64 O. 85 1. 05 1. 20 o. 16 O. 25 0.40 O. 51 0.47 O. 62 O. 75 O. i~ 

-2. 5 O. 76 1. 01 1. 05 O. 85 

- 3. 0 O. 69 0.40 O. 35 0.29 O. 05 O. 07 O. 08 O. 08 O. 55 0.43 O. 39 O. 30 

~  I, 

t:, 
; 
i 
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].'i[:. 1 1) 11 (" c') \'l'l'r'1<' ,1\ V 0" V _)' f01' f1··.·(·(1 V ' (a) n :::. 4, (b) n ::: 6,j\ce]l"Z' . ,,,,,'WI 12. 1 ... l/l' 

(c) )J ~. E:, (d) n:-: 12. The curves are rc~ndt~3 of the: rnoc1el des-

n 
R __ (Y1'YZ} versus b.y::: Y2 - 'I1 for fixed Y1: (a) n:::. (), (b) n= 8, 

(e) n = 12. The curve 5 arc results of the model de scribed in 

Ref. 1. 

n
Fig. 3 R +_(y l' y 2) vcr sus .6.y ::-.: y 2 - Y1 for fix e d 'I 1: (a) 11 =4, (b) 11 ::: 6, 

(e) n::: 8, (d) n::.; 12. (i.t) 2.1so ~;j10\"'S the results of the large ra­

pidity £,<:.}) sV]L'ciion (LEG> 2. S) cescribcd in the text. The 

curye·s arc J'c:sults of the rnodel described in Hef. 1. 
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