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Azimuthal correlations between the same type particles (z~ or ©*) were studied at the moment of
40 GeV/c for o~ (p, n) and ©~C collisions. The data were obtained from Propane Bubble Chamber
(PBC-500) systems utilized at JINR (Joint Institute for Nuclear Research). Experiment was
performed at the Serpukhov synchrophasotron. Study of azimuthal correlations offers unique
information about space-time evolution of the interactions. Azimuthal correlations was investigated
by using correlation function C(A@)=dN/d(A@), where Ag represents the angle between the sums of
transverse momenta vectors for particles emitted in the forward and backward hemispheres. The
7(p, n) systems are the lightest, in which these effects have ever been detected for pions. For pions
(=~ and ©*) exhibit a ""back-to back™ (*'negative') azimuthal correlations in all colliding systems (p,
n, C) consistent with that for protons in nucleus-nucleus systems. The correlation coefficient ||
insignificantly changes with the change of the pion’s type (the change of the sign of pions) and it is
almost the same within errors for = and «* mesons in all interactions. It should be mentioned that
there is no change of the correlation’s type (“back-to-back™ and “side-by-side” correlations) with
increasing the mass number of target At nuclei in ©=(p, n, C) collisions. The obtained results provide
important information on the mechanism of meson-nucleon and meson-nucleus interactions at 40
GeV/c, as well as on characteristics of the produced nuclear matter. The pions a back-to-back
correlations obtained in all colliding systems «~(p, n, C) are the same as for a light nucleus-nucleus
collisions. © 2022 Bull. Georg. Natl. Acad. Sci.

azimuthal correlations, collision, mesons, pions

The primary goal of current relativistic heavy ion  survive for ~3-10 fm/c in Au-Au collisions at the
research is the creation and study of nuclear matter ~ Relativistic Heavy lon Collider (RHIC) [3] and
at high energy densities [1, 2]. Such a phase of the  several experimental probes have been proposed
confined quarks and gluons has been predicted to  for its possible detection and study [4]. The most
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prominent feature of multi-particle correlations in
AA collisions is due to collective flow (elliptic
flow) [5, 6], an azimuthal anisotropy in momentum
space induced by strong expansion of the initial
almond-shaped overlap area of two nuclei [5].
Collective flow constitutes in important observable
[7] because it is thought to be driven by pressure
built up early in the collision, and therefore can
reflect conditions exciting in the first few fm/c.
Collective flow leads to anisotropy in the azimuthal
distribution of emitted particles. Studies of elliptic
flow have been carried out over a wide range of
energies and systems at both RHIC and the LHC [2,
8-12]. Studies of multi-particle correlations have
provided crucial insight into the underlying
mechanism of particle production in relativistic
heavy-ion collisions and offers unique information
about space-time evolution of the collective system
[13, 14]. One of the interesting methods proposed
in [15, 16] is the conventional division of phase
space into forward and backward moving particles
according to the rapidity and emission angle and
into slow and fast particles according to energy.
During last years we analyzed our experimental
data following the method [15, 16]. The collective
variables and their dependencies on the transverse
momentum of all secondary charged particles in the
azimuthal plane were studied to reveal a nontrivial
effects in nucleus-nucleus [17-21] and nucleon-
nucleon [22] investigated
multiparticle azimuthal correlations of protons and
pions in central and inelastic collisions at a
momenta of 4.2, 4.5, 10 and 40 GeV/c/nucleon
within three experiments of JINR: a) SKM-200-
GIBS collaboration - a 2m streamer chamber was
placed in a magnetic field and was irradiated with
the different nucleus beams at a momentum of 4.5
GeV/c/nucleon; b) PBC-500 collaboration - a 2 m
Propane Bubble Chamber of JINR was placed in a
magnetic field and was irradiated with the different
nucleus beams at a momentum of 4.2
GeV/c/nucleon; ¢) PBC-500 collaboration - a 2 m
Propane Bubble Chamber of JINR irradiated at

collisions. We
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Serpukhov proton synchrotron by the nucleon and
pions beams at a momentum of 10 and 40 GeV/c.
In order to investigate the mechanism of nucleus-
nucleus interactions we studied the correlations of
these particles with respect to the reaction plane
(directed and elliptic flows) [17-19, 22], as well as
with respect to the opening angle between particles
emitted in the forward and backward hemispheres
[20, 21].

In the presnt paper are presented the azimuthal
correlations between pions (n~ or n*) at the
momentum of 40 GeV/c in n~(p, n, C) collisions.
Moreover, characteristics of pions emitted from
those collisions, were determined and provided for
comparison at the different colliding systems and
the dependence of these correlations on the target
meson-nucleun and meson-nucleus collisions were
investigated. The data were obtained from the
Propane Bubble Chamber of JINR at Serpukhov's
synchrophazotron.

Experimental Data

The data were obtained from Propane Bubble
Chamber systems (PBC-500). The 2 meter long
Propane Bubble Chamber (PBC-500) was placed in
the magnetic field of 1.5 T. The procedures for
separating out the ©=(p, n, C) collisions in propane
(CsHg) and the processing of the data including
particle identification and corrections were
described in detail in [23, 24]. The identification
probability of =C collision events are one, ©p -
0.338, of ©n - 0.973. The corrections of missing
particles are 1.023 for -mesons and 1.046 - =*-
mesons. Finnally, the weights of the particles (n~
and «*) in the distributions are multiplied by two
values: the probabilities of the type of interaction
(7 p, mn and =~C) and the corrections of missing
particles in these collisions.

Experimental data sample contain 25422 events,
from which 12765 corresponds to 7 p, 3986 - nn,
8671-nC collisions, respectivelly. The average mul-
tiplicity of all charged particles (<n+>) in n=(p, n, C)
collisions is 6.96+0.03 and <n,->=3.52+0.02,
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<nz+> =3.33£0.02 while, the average momentum
of m-mesons <pr->=5.31+0.32 GeV/c, <pr+>=
3.07 £0.18 GeV/c in = (p, n, C) collisions.

For the study of multiparticle azimuthal corre-
lations the events were selected by requiring the
minimal numbers of pions (=~ or ©t*), Nx>4, Nz >4
in 7w (p, C) collisions and N.*>3, N. >3 in ©n
collisions, respectively. For the analysis the pions
with momentum of p>0.05 GeV/c and p <40 GeV/c
were selected.

Azimuthal correlations between pions. The
method for studying the correlation between the
groups of particles was developed in Refs [15, 16].
The azimuthal correlation function was defined by
the relative opening angle between the transverse
momentum vector sums of particles emitted
forward and backward with respect to the rest frame
of the target nucleus (larger or smaller a rapidity of
Y0=0.2). The method was used for the analysis of
the data obtained at different experiments of
BEVALAC, CERN/SPS at energies of 4.9, 60 and
200 GeV/nucleon.

We applied this method for the analysis of our
data, but the analysis was carried out in the central
rapidity region of c. m. system instead of the target
rapidity range of [15, 16]. It is important to mention
that the analysis for pions produced in meson-
nucleon and meson-nucleus collisions, which is
completely different from the dynamics of nucleus-
nucleus interactions is performed for the first time
in this paper.

The analysis was performed event by event. In
each event we denoted the vectors:

Q=2 P, @)

Yi<Ye

=> P, )

YizYe

and

where yc is an average rapidity of pions for each
colliding pears =(p, n, C). The correlation function
C(Ap) was determined as:
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C(Ag)=dN/dAo, 3)

where Ag is the angle between the vectors Qg and
QF .

Qs-Q:)
A =arccos ——~2<F~_ 4)
(AEe)

Essentially, C(Ap) measures whether the
particles are preferentially emitted “back-to back”
or “side-by-side” “Back-to back”
means the “negative” correlations, where C(Ag)
increases with A and reaches a maximum at
A@=180°; “Side-by-side” means the “positive”
correlations, where C(Ap) decreases with A¢ and
has a maximum at Ae = 0° [15, 16].

In view of the strong coupling between the
nucleons and pions, it is interesting to know the
correlations between pions. Thus, we have studied
correlations between pions in =(p, n, C) collisions.
Fig.1+3 show the experimental correlation function
C(Ao) for these particles in ©=(p, n, C) collisions.
One can observe from the Figures a clear corre-
lation for pions. To quantify these experimental
results, the data were fitted by the function:

correlations.

C(Ag) = 1 +Ecos(A). ©)

Results of the fitting are listed in Table 1. The
strength of the correlation is defined as:

¢=C(0%/C(180%) = (1 + &)I(L-¢).  (6)

As it can be seen the correlation coefficient £<0
and thus the strength of correlation ¢< 1 for pions
in all interactions. This means that the pions
preferentially are emitted back-to-back in = (p, n,
C) collisions. One can observe from Fig.1 that a
clear back-to-back (¢< 0, ¢< 1) correlations for
pions for meson-mucleon and meson-nucleus
systems (Table) are obtained. This type of
correlations is similar to the correlations of pions
in light nucleus-nucleus collisions and as far as
for protons in all colliding systems studied in
Refs. [15, 16, 20, 21]. We have studied also a
dependence of the correlation coefficient (§) on
mass numbers of target Ar for pions. The absolute
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values of & for pions almost does not change with
increase of the mass numbers of target At and with
the change of the pion’s types (=~ or ©*) (Table).

= C
__5.3 140
Z. - .
T .l T p 40GeV/ic
40
20
L ] 1 1 1 1
% a5 1 15 2 25 3
Ag (rad)
= r
3 140 |-
% T n 40 GeV/ie
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Ad (rad)

140 -

dN/dAD

T C 40 GeV/c

| 1 1 1 1
1] 0.5 1 1.5 2 2.5 3

Ag (rad)

Fig. 1. The dependence of the correlation function
C(Ag) on the A from =n=(p, n, C) collision (40 GeV/c)
for = (e ) and for n* (A) pions, correspondingly. Results

of the approximation of the data see text.

Back-to-back correlations were observed bet-
ween protons with the Plastic-Ball detector in p+Au
collisions at energy of 4.9, 200 GeV/c/nucleon and
in (O, S)Au reactions at 200 GeV/c/nucleon [15,
16, 25, 26]. Because the azimuthal correlation
function was defined in the target fragmentation
region the correlation parameters in the wide range
of energy increases inappreciable.

We applied this method also in our previous
articles [20, 21] where the analysis was carried out
as in the whole rapidity region, as well as in the
target fragmentation region.

Table. The numbers of experimental events (Nevent) and of pions (Nx-, Nx+), the correlation coefficient (),
the identification probability (w) of colliding systems ==(p, n, C) (40 GeV/c)

NEXp Nﬂ:— Nn+ &n— §n+ w
12765 34698 32066 4313 /12765
Tp 5828 22462 -0.242+0.018
5203 19735 -0.290+ 0.021
3986 11336 7128 3879 /3986
n 1834 7208 -0.275 + 0032
892 3249 -0.267 = 0.050
8671 30350 32751 1
nC 5303 23579 -0.264 +0.020
5350 26328 -0.287 £0.021
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As is well known, the back-to back emission of
protons can be understood as results of (local)
transverse momentum conservation [16]. Back-to-
back pion correlation (&< 0 and ¢<1) for light
systems and the side-by-side pion azimuthal
correlations (§> 0 and ¢> 1) for heavy, asymmetric
pairs, i.e. change of the pion’s azimuthal correlation
type [14, 15, 16] in nucleus-nucleus collisions are
in agreement with our previously presented in Refs
[20, 21] and the results obtained in this paper.
Another investigations of large angle two-particle
correlations carried out at the 3.6 AGeV C-beam in
Dubna [12] showed a back-to-back pion correlation
for a light target (Al) and a side-by-side correlation
for a heavy target (Pb). For protons a back-to-back
correlation was observed for all targets. Again,
these results appear to be consistent with our results
observed for pion azimuthal correlations of the
light nucleus-nucleus collisions and for protons in
all nucleus-nucleus collisions investigated by us.
Back-to-back pion’s correlations were observed in
this work, although the mechanism of interactions
7= (p, n, C) (40 GeV/c) are completely different.

The reason for the observed difference between
protons and pions is that the pions are absorbed in
the excited target matter (1 + N > Aand A+ N -
N + N) [15, 16]. While the back-to-back emission
of protons can be understood as a result of the
transverse momentum conservation, the side-by-
side correlation of pions can be naturally explained
on the base that pions, which are created in
collision, suffer at b0 fm (b is the impact
parameter) either rescattering or even complete
absorption in the target spectator matter. Both
processes will result in a relative depletion of pions
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in the geometrical direction of the target spectator
matter and hence will cause an azimuthal side-by-
side correlation as observed in the experimental
data.

Conclusion

The study of azimuthal correlations between the
same type particles (=~ or ©*) in @ (p, n, C)
(40 GeV/c\) collisions have been carried out:

1. The m(p, n) systems are the lightest studied
one, in which azimuthal correlations between
pions (= or =*) in the *“backward” and
“forward” hemispheres
detected.

2. Azimuthal correlations between the same type
particles (m~ or n") in meson-nucleun and

exhibit "back-to
back" (negative) correlations and these results
are consistent with the results for the light
nucleus-nucleus collisions and also, for protons
in all of the colliding systems.

3. The correlation coefficient |g| insignificantly
changes with change of pion’s sign (=~ and ©*)
and almost does not change, within errors, with
increase of the mass numbers of target (At) in
7 (p, n, C) (40 GeV/c\) collisions.

have ever been

meson-nucleus collisions,

The authors express their deep gratitude to
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board of directors of the Laboratory of Information
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R0Y035

300bgdoL SBOFNGHIMMO 3MMHYS309d0L

9Ju396009bGHmo dglfogers (P, N, C) oxsbgdgddo
40 GeV/c 03379mlols o®mls

. 5bmd5dg", . BbS0AY", M. XMDZS™, e0. boGbgmsmGo*

* 09569 x535b0830¢n0l bsb. m8ogrobols bsbyerdfoge «96039Gbodgd0, Fssero
969680980L 50020l 0bLBHOAIH0, 0280¢robo, bsgstr0339¢2
" 8060939070 330793980L 9363290 G3s60Ysz0s (CERN), z96939, 839065605

(F5m3m@y9b0wos 53509300 Fg360b 5. bgesdzowol dog)

G9lHogerogr 0g6s SH0IMEMEBO 3MMYMd30d0 JHmo s 03539 GHo30L bsfjoams3gdls (= o6 w*)
dmMob 7 (p, n) s T C sRBYOYdTo 40 893/c 083MElols GMU. gdudg@odgbdreo dsbisgrs do-
©90m¢ 0g6s 30MMZMEo 331093900 259000056980 0blGoEGHMEOL (JINR) dsmaogo 9bgMaogdols
@sdMMSGMMH0580 BodMMo ©IAIIOMOOL 30Mm3sbol mMAgEMosbo dmdGmgsbo 3sdgtol (PBC-
500) 3983gmdoom. gudgModgbo gsbbmmEogwEs LgMdmbmaml LobjMmm3sbmEHMmmEYBY. AMsgsn-
Bsfogs3zmzsbo sHodMEIMmMMO 3MMgEE0gd0L GglTsgams 0dgg3s 0bxm®Tsosls MBGMOgHogdg-
@700l 3GBmEgLol gsb30mIMgdsBY MM s LogMgdo. AMsZsEbsfomszmazsbo sBodEIEMO
30609530900 8golfagergds C(Ad)=dN/d(Ad) 3mGgmsgool gmbBJzool sdm30gdvwgdoo
wWM00gMH0JggdoL sGob LobGMsxgol godbomgdmmo 960836gwmdom sgmgow ,Fobs“ s
»73905% BabgzsmLBIMHMgdTo 359MmEobgdwo Bafioeszgdol asbogo 0d3mEligdol xsdMG ggddm-
690 Beaol Ad-37900boligsb. T(p, n) gzgersby dbwddo LoliBgdgdos, GmBwgddog ®IBEY ©3-
3003909900 30MmbgdOLLIMZOL SHOTNEHIMEMO 3MMHYEs30900. 30mbgdobmgol (1~ s 7*) dowg-
300 "back-to-back” (¥956HYMB0MO) 5H0TYEHIEIHO 3MYEs30900 50boTEME IR IBYdGdTO T (P,
n, C) 36GmEHMBbIdOL  SBogrmyon®o  3mMms3ogdol  dbgoglos BdoMMZ-BOMMIYE  IRIBY-
39%880. 30mbgd0LoZoL JMMYmsEool 3MgBosogbAo &l 1aBodgbymme 0g3mgds 30mbgdols Go-
30l dggemolisls (3ombols 603bols (33¢0engds) s (3eMB0EdOL BsMYEgd30 W0mJdob E3Mgs
T~ s w-99Bmbgd0Lsmzol sbbowmem axsbgdgddo. s1ggg by $00bodbmL, MM 36 bgds
3B0dEBIHo 3nOIms300lL GHodol (33¢rowgds ("back-to-back"-msbymBomoEsb “side-by-side”-
€0500980mDY) BsI0oBEOL TsbvyMo Gobzol (Ar) gsBMHEOLL. domgdwymo dgwgagdo odemggs dbodg-
Bge0mg96 0bxm®s30ol 3gbmb-bv3embr®o s d3bmb-doMmmzMEwo MMHmogHogdggdgdols dg-
§560D3Bg 40 g93/c 033MELOL EOML, Mg 3obLsBEEMsgL Ho®dmgdboo doMmzmwo ds@gmools
5bli0smgdErgdL 30mbgdolismzols T (p, n, C) sxsbgdgddo. sdbgMowo ("back-to-back") wsMym-

Boo 3MMYms30gd0 dbwpdryd doMogme §g30mgddo sdsEIdImo 3ombgdol JmMgmsgool
dbggLos.
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