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Experimental results on‘two~particle correlations are
given as a {unction of prong number for charged-charged, --,
++, and +- particles in 205 GeV/c inelastic pp collisions. Clear
cvidence is seen {or strong positive correlations in the central
region for four- and six-prong events. Selcclion of four-prong
events with a large rapidity gap shows that the strong correla-

tion is largcely associated with diffractive-~type events.
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Ja the preceding letllor,

inclusive two-particle rapidily correlations
in 205 jeV/e pp interections were presented and conrhared to a simple phy-
sical model, However, since the model usces the experimental multiplicity
and scmi-inclusive rapidity distributions as input, scme corrclation effects
arc imnplicitly included.  To better isolate dynamical corrclation effects and
to further explore the mechanisms responsible for the observed rapidity cor-

relations, we have studied these correlations for a firced number of prongs

(i. e. serai-inclusive correlations). ' |

The data were obtained from an exposure of the 30-inch hydrogen bub-
ble chamber at the National Accelerator Laboratory {NAL) to a 205 GeV/c

: . (¢)
proton beem. For the four-prong sample, 1191 events have been mea-

.

sured in threce views using the POLLY 1iI system at S.rgonne National
Laboratory (rommeasurements were performed manually at a magnification of
~ 6 tirnes life size). Indenendently, 250 four-prong cvents have been mea-
surcd in two views using the bubble patiern matching fechniques described

3)

elsewhere. The individual event results obtained from the two methods
agree very well.  In addition, higher multiplicity events have been independ-
ently measured using the bubble pattern method at both Argonne and Stony

Brook, and again the results agree.

. 4 .
Using the n-prong events, with cross section o ,( ) we have measured
) r

-
.

the two usual forms of the correlation function:
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with y the CM longitudinal rapidity. Note that the intcegrals of Ccc’ c ,

and 0, respcc-

n n .
C-H and C+_, over the entire Y ¥p plane, are -n, -n , N,

’ . n . . < q:
tively, and that the integral of C (v ) over a rcgion Q in rapidity space

Y2

is a measure of cvent to event fluctuations of the number of particles (nQ)

in ©:
[ C™lyy,) dy dy, = <n_ (- 1)>-<n_ >
roov.)dy,dy., = r n_ - -<n .
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In Table T are listed valuces of the correlaiion functions R and C at

t

Yi® Y, ® 0 for all topologics and 2ll charge combinztions., Due to space

T n n n ) )
limitations, only results on R, R, and R~ for four-, six-, eight- and
cc +-

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

are similar). Table II lists values of the semi-inclusive single particle den-
do '

- n | n )

sities, p = — ——==, SO that one can convert from R to C. Fig. 1 shows the
o y '

n

n
el 2 . . Ay = - -0. 25 , . c -1.25

values of I\CC() {7 yz) versus Ay Yo = Yy for -0.25 < ¥y < 0.25 and -1, 2

< Yy < -0.75. Fig. 2 shows similar plots for RrR" , while Fig. 3 givés R: .

The curves represent Monte Carlo results based on the simple model des-

(1)

cribed in the previous Letter. Note that for a fixed prong number, this

model does not include dynamical two-particle correlations.




The following conclusicns can be reached despite the modest statistical
aceurecy of the data:

, .n :
(1) R : The values of R {0, Q) range from -0, 11 to +0. 12 and are all
¢cC Ce .
5
within two standard deviations of zero. or low nraltiplicitics, the data

liec well above the model curves for Ay near zero and below the curves for
Jarge Ay. Thesc diffcrences become smaller as the prong numhber increases.
Therc is no major difference in the structure of Rcc vhen y, is near -1, i.e.

near the end of the rapidity platecu, as compared to the case when Yy = 0.

This is consistent with invariance under rapidity translations.

Cur values for P (O 0) are consistently below the preliminary re-

(6) .

sults of the Pisa-Stony Brook ' experiment at the CERN Intersecting Storage

Rings (ISR). Their data zt s = 23,6 GeV (our experiment is at &/s = 19,

oh s 267

GeV) show all RZC(O, 0) to be positive, e.g., R (0, 0)  0.40 0.08, R’

(0, 0) = 0. 20 2 0. 03, with an epproach toward zero as the multiplicity in-

. - . 7) .
creascs. In order to understand possible systematic dlfferences( ) in the

. . n
two experiments, we have recalculated our experimental values of R™ (0, 0),
: cc

combining neighboring multiplicities together; using and applying

R¥e Vi

analogous acceptance criteria, We find that our results for l\ (O 0) then
become quite consistent with the ISR values.

(2) C:C(O, 0) is probably decreasing as a function of prong number. Due

3)

to the increase with n of the single’particle density ncar y = 0, this trend

’

follows from the observed behavior of R (0} 0).

n . Y e ) . . ) n
I« Little or no additional correlation ¢ffect 1s observed in R as




compared to the model curves.
N 12 ¢ tlere the correlations in the four-prong cvents are large in the

central region and agoin fall below the model curves as Ay increcascs.  Also,

A
@~
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the values of R exhibi! transiationsl invariauce. R{ cxhibits the same

properties as R, although with a smaller central maxiinum,  For higher

¥

TR n . .
wiudtiplicities, the Ri correclation effects become smaller and more consis-

fent with the model curves.

To further investigate the large correlation effect in the four-prong

events, we have sclected diffractive events, defined as those having a large

repidity gap (LRG) between cither the first and second or third and fourth

. 2
riicles (when the particles are orcered in repidity). )

Pel

e

{
t

In Fig. 3(a), the
triangles correspond fo those events that have this gap size larger than 2.5

. ; . . 4
units. The events that do not have a large gap give values of R+ , not shown,
consistent with zero (typical errors are 0. ). We sce from Fig. 3(a) that
s - 4 .
it is the Jargce gap events that are giving the large value of R+ . A similar
sclection has been made for the six-prong events and yields results similar
to those found for the four-prongs, althourh not as pronounced. We have
made the same LRG > 2. 5 selection in the model and have found that the

4 .

dotted curve for R+ is not changed from that shown. Thus it seems
that the diffractive-type events, which lie outside the scope of this simple

niodel, arc giving the large correlation in the central region for the four-

prong cve nta.




In sumimavy, we find strong positive correlation cffects in the central
rapidity region, with R{9, 9) smaller for !‘xigf»xcr preng number events., These
corrclations arce consistent with translational Vinvariancc. Morcover, the
strongest central correlations seem to arise in diffractive-{ype four-prong

cvents.,

We thank M. Derrick, B. Musgrave, and II. Yuta for supplying data

on the complete samnle of four-prong cvents, and . Grannis, C. Quigg,

and C. N. Yang for helpful discussions.
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Three possible systematic effects can contribute to the difference;

P LI .
(#) the presence of della rays, ¢ ¢ pairs fromm gamma conversions,

and sccondary hadron showcers in the ISR experiment, (b) the absence

of secondarics due to a 10% loss of solid angle in the ISR experiment,

.

and (c) the use of Mo = -Intan(g CM/2] in the ISR experiment rather
M

than y.




Measured

Tabtle L

.. - n a
Volues for R {0, O} and C (0, 0)

n R:C(o, 0) R" (0, 0) R7 (0, 0) R" (0, 0) cf(_(o, 0) c” (o, 0) c? (0, 0) (0, 0)

41 0,424 0.10]-cmmeem-nn- 0,29+ 0.08] 0.52 4 0.13] 0.03 4 0.03 cmcecccannas -0.03 5 0.0 0,03 = 0,04
6% -0.141 2 0.06]-0.504 0.05]-0.354 0.05] 0.204+ 0.07|-0.154 0.08/-0.13 & 0.0t]-0. 11+ 0.02) 0,052 0,12
81 0.03%0.01]-0.27% 0.05/-0.30% 0.04| 0.064+ 0.03] 0.07x 0.i4{-0.18 2 0.23,-0.25= 0.C3] 0.C< = 0, 0=
10 | -0.0+ % 0.04]-0.06+ 0.05 -0.22 4 0.03| 0.06+ 0.01j-0.22 % 0.24{-0.05+ 0.04;-0.392 0.05] C.03=z C.05
12 ] -0.052 0.04]-0.194+ 0.04] ~0.204 0. 03| 0.054 0.0 -0.51 + 0.40|-0.41 + 0,08 -0.632 0.0% 0.13 = C. 0
14 | -0.11+ 0.05/-0.074% 0.05/ -0,19 2 0.04}-0.08+ 0.05{-1.23 + 0.59{-0.19 + 0.15{-0.68 = 0,15/-0.25 = 0. 15
®For cc we use the interval -0. 25 < y< 0.25. For the other charge combinations, the intervalis -0.5< v

< 0.5, Note that these differ from intervals used in Refs., 2-06,
b

See Ref. 5.
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Table II

Semi-Inclusive Single Particle Densities

4 6 3 12 4 6 8 12 4 6 B 12
Y o P . P P P P E o P, . .
0.0 .52 1,17 71 3.29 20 0. 50 0.78  i.49 0.29  0.63  C.ot .74
-0.5 .46 1,07 70 3.00
-1.0 .50 1,05 .47 2.85 - 0.18 0.42 0.63  1.16 0.32  0.6%  0.91 53
-1.5 .53 0.90 38 2.06
-2.0 .64  0.85 . 05 1-.20 .16 0. 25 0.40  0.51 0.47 0.62  0.75 70
-2.5 76 1, 01. .05  0.85
-3.0 | . 69 0.40 .35 0.29 . 05 0. 07 0. 08 0. 03 0. 35 0.43  0.39 30
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Figure Captions

n .
R ( 1,)&)“1 s Ay o= Y, - Yy for fixed ¥y (@) n=4, ) n= b,

(c)n= & (d)yn= 12, The curves arc resulls of the modcel des-

cribed in Ref. .

(J { ),) versus Ay = Yy - Yy for {ixed y,:

% (&) n=06, (b) n= 8,

{(c) n= 12, The curves arc results of the model described in

*

def. 1.

Pn y {2 y7) versus Ay = Yo = ¥y for fixed Yy (ayn=4, (b)yn=6,
(¢)n=28, (d)yn= 12. (a) also shows the results of the large ra-
pidity geyp selection (LRG > 2. 5) described in the text, The

curves arc results of the model described in Ref. 1.
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