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Eooc 3,r. H np. El · 10909 

MccnenoaaHHe aayxnHOHHWX KoppenRUH~ a jp -a3aHMoneRcraHRX 

npH ~2,4 [38/c 

[13y'!aeTCH 38BHCI!MOCTb OT 6b!CTpOT ;:wyX'I8CTII'IHhiX nonyHHKni03HBHbTX 

KoppenHUHOHHbTX ~yHKUH~ nnH nap Tr -+-1B30HOB, o6pa30B8HHbiX B pp -B38HMQ­

,CJeltCTBHHX npH ~2.4 [38/c. 8 'IBCTHOCTH, npH y 1 •-Y2 -; ±1.5 6binH o6Ha­

py>KeHLT KOppenRUHH MBlKilY TT -!l.te30H8MH C OAHH8KOBblMH 38p5IA8MH, 'ITO 

'-lO>KeT yKa3aTb Ha "nepR¢epH'IeCKoe • o6pa3oBaHHe KnacrepoB ( pe3oHaHcoa I. 
Pa6ora BbiTIOnHeHa Ha !I.TarepHanax, nony'leHHbJX Ha :>KHAKOBonoponHm"! KaMepe 

"J1 TOfi'.IHna •, 

Pa6ora ahrnonHeHa B J1a6oparopHH BbiCOKHX 3HeprHil OIHH1. 

Coo6weaae 06~eJl.IIHeRROrO BHCTBTYT& A.llepHWI BCCJie.IIOB&HBI. ,!ly6Ha 1977 

Eoos E.G. et al. E1 · 10909 

Investigation of Two-Pion Correlations 
in pp -Interactions at 22.4 GeV/c 

Two particle semi-inclusive correlations have 
been studied for like and unlike pion pairs produced 
in pp-interactions at 22.4 GeV/c. In particular, 
positive correlations in like pion pairs have been 
observed at y1-Yi= ±1.5 which may indicate a "peripheral" 
resonance or cluster production. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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Despite the fact that a considerable body 
of data on two-particle correlations is 
available, particularly in rapidity space, 
the conclusions on the status of these corre­
lations are still quite uncertain. However, 
the importance of presenting results in 
terms of semi-inclusive correlation func­
tions and discriminating between particles 
of different charges is now well understood 
(see, e.g., refs. 11 -71 ) • It should be poin­
ted out that sim~le independent cluster 
emission models 5 - 71 or multiperipheral clus­
ter models "explain 1 ' only the most salient 
features of the data. Besides, the interpre­
tation of the clusters is not clear. Are­
markable resonance production in high energy 
collisions (~res/"all ~ 0.5/

91 and quite 
a small charge multiplicity of the cluster 
decay(K-2) 1101 suggest the resonance interpre­
tation of the clusters. On the other hand 1 . 1 d 1 . b . d /6 1 I 1n some c uster mo e s K -4 1s o ta1ne · 
and, in addition, the cluster mass (1.5 to 
3 GeV) estimated in the multiperipheral 
models is larger than all prominent boson 
resonance masses thus indicating that some 
heavier correlated pion groups can be crea­
ted 1121

. 
We present data on the rapidity depen­

dence of the two-particle correlation func-
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tions for like and unlike pairs of c charged 
pions in pp -interactions at 22.4 GeV/c. 
Preliminary results have been already repor­
ted at the Stockholm and Tbilisi Conferen­
ces113'141. The data come from a study of 
13 500 events produced in the 2-m I-.BC "Lud­
mila" exposed to a RF-separated antiproton 
beam at the ~rpukhov accelerator. The details 
of the experimental procedure and event se~ 
lection can be found in ref .' 15/ For kine-
matic calculations all positive particles 
not identified as protons by ionization (up 
to a 1.4 GeV/c laboratory momentum) are as-
sumed to be rr+s, and all negative particles, 
except a part of fast antiprotons with the 
Feynmanvariable x>0.66, to be rr-'s. The 
latter criterion is based on the CP-symmetry, 
i.e., on a comparison of the reflected· 77 + 

and proton spectra with the c.m.s. spectrum 
of negative particles. The proton, antipro­
ton and kaon contamination of our pion spect­
ra is estimated to be 5%, 12% and 2.5%, res­
pectively. 

For a semi-inclusive process with given 
numbers P and m of positive and negative 
pions we use the following popular defini­
tion of correlation function in rapidity 
space: 

i j 
ij ij n (n -0 ij ) i i 

C (Y 1Y2 )=p (Y 1 ,y 2)- -,--J.---p (y )p. (Y ), (1) pm pm n n pm 1 pm 2 

d 2 ij 
apm 

where i , j .. rr± , ni =p,m and pij = _1_ 
. pm a d d 

. d a 1 pm y 1 . Y2 
1 1 pm h . 1 . 1 . p --· ----- T e 1nc us1ve corre at1on pm a dy pm 

function can be defined in a similar 
rewritten in terms of the components 
semi-inclusive processes (see, e.g., 
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way and 
of /41 
ref. ) , 

'I 

i.e, . 
ij ij 

C (Y 1 ,y 2 ) = 2. (JJ C ( Y 1 . Y 2 ) + pm pm pm (2) 

+ 2. u>pm (pi(Y1)-p i (Y1))(pj (Y2 )-ppjm(Y2)), pm pm 

where (d_ rn = apm/~ ,a , , . The second term here 
Jl P m p m 

originates from the mixing of the semi-inclu­
sive one-particle spectra and evidently con­
tains no information about dynamical correla­
tions between the produced particles. The 
first term in eq. (2)allows one to measure 
the upper limit of the overall correlation. 

In pp -interact ions it is convenient to 
define 

-+ 
UNLIKE (Y " )s .l..(p+- (Y .Y.,)+p (-Y ·-Yt)) 

p 1'J2 2 1 ~ 2 

(3) 

LIKE 
p 

1 ( -- ~+ (Y1,y2)"'2P (Y1.Y2)+p (-Y1'-Y2)) 

and similar expressions for the products of 
the one-particle densities. According to the 
CP-symmetry, the terms in parentheses in 
both eqs. (3) should be equal, i.e., the 
corre s~onding carrel at ion functions c UNLIKE 

and c IKE should coincide with c+-
and c--. respectively. 

The inclusive correlation functions plot-
ted in ~~[-·-~ vsy 1 .y 2 show pronounced peaks 
at y1 ,.,y =0. However, these peaks are mostly 
connect~d with the second terms of the de­
composition (2). The semi-inclusive C-func­
tions plotted in Figs~-~ and ~ for the 
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Fig~ The inclusive correlation functions 
C (y1 ,y2 ) v s y

1
• y for unlike and 1 ike pion 

. 2 
pa1rs. 

multiplicities N=6 andN-= 8, 10, 12 vs Y1z±y2 
also show peaks at Y1=Y 2 - o. but much 
smaller in magnitude if multiplied by the 
weights wN . ~e limit the semi-inclusive 
analysis to charge multiplicities N ~< N > in 
order to avoid complications due to diffrac­
tion and also due to a relatively large pro­
ton and antiproton contamination of the pion 
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Fig. 3. The semi-inclusive correlation func-
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spectra in low multiplicity events. The 
contributions of the processes with diffe­
rent numbers p,m of pions to the semi-inclu­
sive channels with N:6 andN;:::8 are taken 
into account .by the following replacements 
in eq. (1) : n1 n J ... <n i > < ni > and ni (ni -oij ) -• 
-. <ni (ni - Oij ) >. This ensures vanishing the 
c -function integrated over phase space. For 
unlike pion pairs a positive peak in the 
c -function is observed at Y1 .. Y2 .. 0 
only in 6-prong events while for like pion 
pairs such a peak is the most pronounced 
for multiplicities N·.::_s. Moreover, the positive 
correlations are seen in c~IKE (y1 ,y 2 ) at 
Y
1 

.,_ Y2:: ±1.5 for bothN= 6 and N2 8. These 
peaks become more pronounced in terms of 
the known R- functions (see £_ig_.:__±___) which 
represent the C-functions divided by the 
second term in eq. (1). Note that we see 
no evidence for positive correlations at 
y ,., y :: ± 1 which have been observed in 
p\ -1nteractions at 69 GeV/c' 141 and con- , 

firmed for Tl-Tl- combinations at 205 GeV/c ' 15
( 

1. The positive peaks in the CN-functions 
at Y

1 
"'Y

2
= o indicate presence of short-

range correlations in our data. These peaks 
cannot be explained by kinematic effects 
in the simple models of pion uncorrelated 
production due to a remarkable difference 
between the ~functions for like and unlike 
pion pairs. Besides, the central peaks in 
c~IKE are evidently not due to the Ease-
Einstein statistics. The latter effect is 
responsible for positive correlations only 
. . 11 h . / 131 
1n qu1te a sma p ase-space reg1on at p =P . 1 2 
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2. We see no indication for positive corre­
lations at y 1 ,.Y2 =±1 observ€1d in PP -inter­
actions at 69 and 205 GeV/c/1 6

•
171 for "-"­

pairs. 
LIKE 

3. Vie observe positive peaks in CN at 
Y1 "'- Y2 = ± 1.5. ~uch peaks can be connec-
ted with long-range correlations arising from 
the "peripheral" resonance, p,roduction in our 
reaction. In fact, in ref~ 1 we have assumed 
the "peripheral" resonance (or cluster) pro­
duction to explain a cigar form of the pion 
production region (R, 1 /R.l -2.5) measured with 
the help of the sJ~ond order interference 
effect by the method of Kopylov and Podgo­
retsky. It should be noted, however, that 
the absence of similar correlations for unlike 
pion pairs in our data is a problem in such 
a picture. 
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