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6ariOH!I 6.B. H ap. E1 - 12298 

HanyqeaHe aaaMyranbHhix KoppenSiuuH B MHOf'oqacruqHhiX 

pp -B3BHMOilelicrBH!IX npH 22,4 raB/c 

B pa6ore yayqanHCb HHKili03HBHhle pacnpeaeneHH!I no a3HMyranbHhiM 

yrnaM nap nnoHOB a jip -aaaHMOilelicraH!IX npH 22,4 L>Bic. Hayqanacb raKJK 

aaaHCHMocrb napaMerpa acHMMerpHH B or nepeMeHHhiX nc.~Y*. ~p: a ~P.L· 

6h1no oueHeHo BllH!IHHe po>KaeHH!I p 0 H A++ -peaoHaHcoa. Peaynbrarhl noKII-
3bBBIOT, tiTO 3KCnepHMeHTBnbHbte llBHHbie He MoryT 6hiTb 06'b51CHeHbl HH pO)f{

/leHHeM pe30HBHCOB, HH 3<fwl>eKTOM 6oae- 3liHUITeiiH CHMMerpHH, 

Pa6ora BbiDOilHeHa B na6oparopHH BhiCOKHX 3HeprHii OHHH. 

npenpHHr 06'beJlHHeHHOro HHCrHryra !1/lepHbiX HCcneaoaaHHli, Dy6Ha 1979 

Batyunya B,V, et al, 
E1 - 12298 

A Study of Azimuthal Correlations 
in Multiparticle pp Interactions at 22.4 GeV/c 

The inclusive azimuthal distributions of pion pairs 
are studied in jip interactions at 22.4 GeV/c. The depen
dence of the asymmetry parameter Bon nc ,1\y*,AP"* and 
AP~ -variables is studied. The influence of p 0 and A++ 
resonance ·production is estimated. The results show that 
neither the resonance production nor the Bose-Einstein 
symmetry effect suffice to explain the data. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1. INTRODUCTION 

Two-particle correlations have been recently 
studied in various multiparticle reactions of 
hadrons. Special consideration has been given to 
the anqular correlations both in the exclusi-

/1-9/ d . 1 . . . 1 . /10-18/ ve an ~nc us~ve or sem~-~nc us~ve framework 
and to invariant mass dependence of the correlation 
function 11 ~1 our previous results on this subiect 
were published elsewhere'19a:'The question which still 
draws attention is which mechanism is responsible 
for the difference between the distributions of 
like and unlike charged pion pairs.Two explanations 
are usually given: the Bose-Einstein symmetry 
effectl20/ and the influence of resonances. The 
global effect of resonances on the opening angle 
asymmetry has been found/21/ to be more pronounced 
than the Bose-Einstein effect but, e.g., the 
authors of paper 1221 conclude that resonance 
production accounts for only 30%- of the observed 
phenomenon. The purpose of this work is to present 
data on azimuthal correlations and to estimate 
the effect of resonance production on these 
correlations in~ interactions at 22.4 GeV/c. 

2. DATA SAMPLE 

Our results are based on a sample of 25321 
interactions obtained from an exposure of the 
2m HBC "Ludmila" to a 22.4 GeV/c antiproton 
beam at Serpukhov. Details of the experiment have 
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been published elsewhere /23,24/ in connection 
with a study of topological cross section and 
single particle distributions. The reaction 
studied is P + p-> two charged pions + anything. 
The charged particles with laboratory momenta 
of :S: 1.2 GeV/c were identified by ionization. 
To study the correlations between two charged 
pions, we excluded the identified protons and 
particles with 1x1 > 0.5. The latter cut is 
based on results of the single distributions 
showing that the positive particles with x< -0.5 
are mostly identified protons. Assuming charge 
invariance, all negative particles with x > 0. 5 
are taken as antiprotons. Except a study of the 
multiplicity dependence of B, we used only events 
with charged multiplicity nc>- 6. There are 7000 

such events in our sample. 

3. AZIMUTHAL DISTRIBUTIONS 

In this section we present results on the 

distribution of azimuthal angle ¢ .. lJ 

=arcos[(P~i .p.j.j )/1P.l.i 1·1P.l.j !1 for both like 
and unlike pion pairs. These distributions 
p(¢ij) are characterized by the asymmetry parame
ter 

•• TT TT/2 TT 

B lJ = [ f P ( ¢ .. ) d¢ . . - f P ( ¢ . . ) d¢ . . ] I f P ( ¢ . . ) d ¢ .. 
TT 2 lJ lJ O lJ lJ O lJ lJ 

++ -- +-denoted as B ,B ,B for the 1+.+1, 1-,-1 and 
1+,-1 charged pion combinations, respectively. 
The errors presented in the figures are stati
stical only. 

Results on the multiplicity dependence of the 
asymmetry parameter B are given in Table 1 and 
plotted in fig. 1. The decrease of B with 
multiplicity is a general feature of multipar
ticle processes caused by kinematic constraints 
on transverse momenta 1 11 . The difference between 
B++ and B-- indicates experimental biases, but 
in our sample it is significant only for four-
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prong events. Later 
dence of B only for 
charged pion pairs. 

on we shall study the depen
like (L) and unlike (U) 

Figure 2 shows the 
multiplicity. For the 
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meter B as a function 
of charged multiplicity 
for(++),(-,-) and (+,-) 

increase of ~B=B0-BL with 
total sample of 7000 events 
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Fig.2. BU-BLas a function 
ofn~ Comparison is made 
with the pp experiment 

pion pairs, at 5.7 GeV/c and with 
respectively.the values obtained from 

the like pion pair distri
bution by the method 
described in the text. 

. 6 B ++ --w~th nc >_ we get =0.046 ± 0.005, B = 0.046 ± 

+0.005BL=0.046+n.oo3 andB 0 =0.120+0.003.To localize 
the region whe~e this difference-originates from, 
we present in fig. 3a the dependence of azimuthal 
asymmetry on rapidity difference ~Y*= I Yj- Y_tl. The dif
ference between unlike and like pion pairs is the 
largest for particles with small rapidity gap, 
but it persists up to ~y*- 2 in agreement with 
the results obtained in other reactions and at 
other energies /8,20,21/. 

6 

As rapidity is a function of both longitudinal 
and transverse components of momentum, we have 
also plotted the dependence of B on longitudinal 
(fig. 3b) and transverse (fig. 3c) momentum dif
ferences separately. Figure 3c shows that the 
effect of different behaviour of like and unlike 

pairs with sma~l pion pairs is pronounced for 
values (less than 0.2 GeV/c) 
and ~P* =IP* - P* I-

of ~P ..l-=IIP.Li l-IP .!.j II 
ll II H 

These results show that pion pairs exhibit 
different behaviour according to their charge 
and this difference is observed predominantly at 
smaller values of momentum differences. Because 
one of the possible explanations for this 
phenomenon may be the production of resonances, 
we divided our sample into two subsamples: with 
events containing a pair with effective mass 
in the p 0 -interval (0. 70 GeV <M

1111 
< 0.82 GeV) and 

with the rest of the events. These samples 
contain 5030 and 1970 events, respectively. The 
values of B for the two subsamples are BL = o. 046 
±0.004 and BL=0.048 ±0.007 for like pairs and 
Bu=0.124± 0.003 and Bu=0.102 ±0.006 for unlike 
ones. Thus, the presence of p 0 does not influence 
on like pairs, and it slightly raises the value 
of B for unlike ones. The most interesting 
feature is that the difference between like and 
unlike pion pairs is still present in events 
which do not contain p~ The maximum of this 
difference studied as a function of rapidity 
gap is now not in the (0 < y* < 1. 5) interval 
as in the total sample of events. In contrast, we 
can also see the difference in larger values 
of ~y* (fig. 4a) and ~p* (fig. 4b). Figure 4c 

" shows, however, a strong effect in the region 
where p1 - p2 ( ~p; < 0.2 GeV/c and ~P.j.. < 
0.2 GeV/c) even for events without p 0

• 

The influence of resonance production should 
manifest itself in the dependence of B on the 
invariant mass M1111 of the pion pair. We have 
found that the difference seen in the p 0 -region 
between B L and BU is generally smaller than 
that seen at lower values of M1717 (fig. 5). 
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In our experiment the inelastic cross section 
for the identified protons with Plab < 1.2 GeV/c 
was found to be 7.00 ± 0.15 mb for events with 
nc ~ 4. The inclusive cross section for the pro
duction of ~++ with proton having Plab < 1. 2 GeV /c 
was found to be 2.47± 0.17 mb 1251

. This mea-ns 
that the ~++ resonance is produced roughly. The 
cross section of ~o for these events is approxi
mately 3.5 times smaller than that of~++ /251, If 
the difference in azimuthal angle distributions 
is the reflection of resonance production, we 
can expect that the value of B for prr+ combina
tion ( p stands for identified protons) is af
fected by the presence of ~++resonance. We 
have obtained BP"+= 0.099 ± 0.028 and Bprr-=0.012 ± 
±0 .037 in the region 1. 20 GeV < M < 1. 28 GeV. 
The difference between them is s~~ller than that 
seen in adjacent regions. For all combinations 
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) 
I 

I 

j 
1 

we got B prr+ prr
=0.196±0.011 andB =0.179±0.010 

implying no difference within errors. A similar 
result was obtained when studying the reaction 
p p _, p p rr + rr - a t 5 . 7 G e V I c 126 1• 

The fact, which seems to us to be in contra
diction to the idea that resonance production 
is the only factor responsible for the differen
ce between azimuthal distributions of like and 
unlike pion pairs, is the increase of this 
difference with multiplicity (fig. 2). This 
phenomenon was observed in pp interactions at 

12 9/ 
5.7 GeV/c as well. The average number of 
p

0
's per event, <N(p 0 )>. is given in 130/ for dif

ferent topologies in our experiment. As the mean 
number of rr+rr - combi.na tions per event, <N(rr+rr-)>, 
for a given topology is experimentally known as 
well, we can calculate the resonant to nonreso
nant. pair ratio, <N(p 0 )> I <N(rr+rr-)>, for 
all topologies. These numbers are given in 

0' Table 2. Whereas the average number of p s per 

Table 2 

P
0 

Production parameters as a function of charged 
multiplicity 

-
nc (N(9°)>/event/JO/ (Ncf>>I(N(Tr~)) 

4 o.os .± 0.04 0.0)1 .± 0.015 

6 0.26 .± 0.1) 0.034 ± 0.017 

8 0.61 ± 0.12 0.040 ± o.oos 
10 0.6) ± 0.35 0.026 ± 0.014 

12+14 1.25 ± 1.25 0.0)5 .± 0.0)5 
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event steadily increasses with multiplicity, the 
ratio < N (p 0 ) > I< N(11+ 11- )> remains constant_ 
within errors. To establish if this fact is in 
accordance with the increase of B with topology, 
we performed a simple calculation. Taking the 
experimental distribution of unlike pion pairs, 
we calculated number of p 0 -resonance pairs from 
the ratio <N(p 0 )> I <N(17+ 17-)>. then subtracted 
this number from that of total unlike pion pairs 
and normalized the like pion distribution to the 
number of the pairs left. Then we assumed that 
all p 0 - resonant 11+11- pairs had azimuthal angle ¢ 
greater than 1112. added these pairs to the 
normalized like pion distribution and calculated 
the asymmetry parameter (plotted as "p-induced" 
in fig. 2) for this distribution. This is the 
maximum influence which the p0 -resonance 17+17-
pairs could have on BL. The difference between 
BU thus calculated and experimental BL does not, 
however, reproduce the increase of the experimen
tal BU_.BL difference with multiplicity. 

The interference effect using the Kopylov
Podgoretsky approach was studied in 1

271. An excess 
of like pion pairs over unlike ones was observed 
in the region where q 0 <o.o5 GeV and qT< o.20GeVIc 
(q

0
=!E

1
-E

2
1; qT=\(p 1 -p2 )xnl. where E 1 ,E 2 are 

the .=ner~ie:_; p
1
,p 2 are the momenta of the two pions 

and n = (p
1
+p

2
)1!(p 1 +p 2 )\. These variables were 

proposed in /28/ In this reg ion the mean ratio 
of like to unlike pion pairs was 1.25 (normaliza
tion was carried out so that the ratio should 
be equal to 1 outside the region). Therefore 
it is interesting to look how the interference 
effect is connected with the difference in 
azimuthal distributions. 

The distributions for pairs from the interfe-
rence region are the same for like and unlike 
pion pairs and show that in this region small 
azimuthal angles are preferred (BL=-0.670± 0.020, 
Bu=-0.634 ± 0.020). This is a consequence of 
strong q

0 
and qT constraints. Due to the small

ness of azimuthal angles in the interference 
region, the relative excess of like pairs lowers 
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BLmore than Bufor the total distribution. 
However, our data are not explained by this 
mechanism because pairs from the interference 
region form only a small fraction (2%) of the 
total number of pairs. Moreover, the parameters 
B for pairs, which are outside the interference 
region are BL=0.036± o.oo4 and Bu= 0.133 ±0.003. 
Thus, we can conclude that the relative excess 
of like pion pairs in the interference region 
(in the sence of Kopylov's variables) can 
influence on the parameters B for our total 
sample of pairs only very slightly and that a 
main contribution to the difference between 
BLand Bucomes from the pairs which fall outside 
the interference region. 

4. CONCLUSIONS 

The main results of our study of inclusive 
azimuthal correlations can be summarized as 
follows. The difference in the behaviour of like 
and unlike pion pairs comes mainly from the 
region where p. -p. is small (the strongest ef-

1 J 
f ec t was observed for 1'1 p* and L'ip + simultaneously 

II I . in the interval (0. -0.2 GeV c)) • We have 
estimated the influence of the p0 -resonance 

by including the events with 17+17- pairs in the 
p0 -enhancement region. In the sample of the 
remaining events the difference between the 
asymmetry parameters B is smaller but still 
persists. The difference L'!B for these events is 
0.055 ± o.oo8, and it is 0.078 ± 0.005 for the 
events containing 17+17- pairs with the invariant 
mass in the p 0 -region. The peak was not observed 
in the region of small values of L'!y* and l'l~t 
for the dependence of L'!B on L'iy* and l'lpt in the 
sample of events without P0 

in contradiction to 
the total sample of events. 

The above results, the increase of L'!B with 
multiplivity, the dependence of B on the inva
riant mass, M 1717 , of the pion pair and the fact 
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that ~++ production has no visible influence on 
B for (prr+) combinations have led us to the 
conclusion that taking into account only resonance 
production is insufficient to explain the obser
ved differences in the behaviour of like and 
unlike pion pairs. On the other hand, we see 
that the interference effect has only a slight 
influence on these distributions and cannot 
explain the difference at higher values of ~p: 

and ~y*. Probably, due to this mechanism, we see 
the difference between like and unlike pion 
pairs for ~Pt < 0.2 GeV/c and for small values 
of ~p~ even for events without any (rr+rr-) pair 
in the P0 -region. 

The results of our study show that the data 
available do not allow unambiguous determination 
of the mechanism responsible for the observed 
differences in azimuthal distributions of like 
and unlike pion pairs. 

The authors want to express their gratitude to 
the staff responsible for the operator of the 
Serpukhov accelerator and of the beam channel 
number 9 and to the technical staff of the 
Ludmila HBC. We also thank the technicians and 
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