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Azimuthal correlations in angles between charged secondary particles frem inelastic interactions
of 4.1A GeV/c ®Ne nuclei with heavy emulsion nuclei are studied. We observe that the degree of
azimuthal asymmetry increases with a decreasing impact parameter. We present an experimental
evidence for the same-side (opposite-side) emission of charged secondaries in the transversal plane
for particles belonging to the same (different) fragmentation regions of nucleus-nucleus collisions.
The observed effect is not confirmed by the intranuclear-cascade model calculations and points
towards a possible presence of hydrodynamical bounce-off.

I. INTRODUCTION

Macroscopic aspects of high energy nuclear collisions are certainly one of the
most attractive subjects of experiments seeking signals of high temperature and
density. A low sensitivity of data on multiplicities and single-particle spectra
when discriminating between different models of multiparticle production and
nuclear fragmentation makes approaches based on multiparticle correlations or
the analysis of event shapes and emission patterns on an event by event basis
highly preferable [1—3]. Both the streamer chamber and the plastic ball groups
claimed to have found an evidence for the collective flow of nuclear matter in
high multiplicity events in nucleus-nucleus collisions at 0.4 A GeV/c [4]. First
hints for a hydrodynamical bounce-off were observed in photoemulsion studies
in central 2C+Pb [5] and **Fe+(Ag, Br) [3] collisions.

Here we report new experimental data on azimuthal correlations between
charged secondaries produced in interactions of ?Ne nuclei at 4.1 A GeV/c.

II. EXPERIMENTAL DETAILS

The experimental material comes from an exposure of a BR-2 emulsion by
a 4.1 AGeV/c beam of ?Ne nuclei at the Dubna Synchrophasotron. Detailed
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information on experimental procedures is in our previous paper [6]. Here we

only briefly recall a classification of charged secondary particles, which is

relevant for our present study:

i) h-particles: heavily ionizing particles with v < 0.7 ¢ (or p/m < 1).

ii) s-particles: singly charged relativistic particles with p/m > 1 without contri-
bution of singly charged spectator fragments of the incident *Ne nucleus
(using a polar angle cut @ = 3°)

iii) f-particles: spectator fragments of *Ne.

Let us recall that the h-particles consist mainly of the target nucleus frag-
ments (p, d, ...) with ofly a very small admixture of slow mesons. On the other
hand our previous analysis [7] of momentum spectra of the s-particles, which
was carried out separately on a 10% subsample of all 4307 inelastic ?Ne + Em
interactions, has shown that both the relativistic mesons and the wounded
nucleons of the projectile contribute this group with a comparable strength.

In the present study we are analysing only events in which at least seven
charged fragment of the target nucleus have been emitted. By this criterion we
exclude practically all interactions with emulsion light nuclei as well as very
peripheral 2Ne +(Ag, Br) collisions. Condition N, > 7 selects 1824 events, i.e.
~75% of all ?Ne+ (Ag, Br) inelastic interactions.

III. CHARACTERISTICS OF AZIMUTHAL CORRELATIONS

To study the azimuthal correlations in angles between charged particles we
use the following collective variables [3, 5]:
1. Coefficient of azimuthal asymmetry

. e
B = M cos g;//n(n — 1)
7]

where n, > 2 is the multiplicity of particle of the considered type in the k-th
event and g; is the relative azimuthal angle between transverse momenta of the
i-th and j-th particles from an event.
2. While discussing the azimuthal correlations between particles belonging to
different types (intergroup correlations) we use the distribution of the angle @,
between vectors composed of the unit vectors directed along the transverse
momenta of particles belonging to two groups of particles (I and J)

@, = arcos {(ag, + b)) (@} + b)) (43 + b))~}

Pt L
where a, = Y cos ¢, b, =Y sin g, L =1 or J are the sums of Cartesian
i=1 i=1

components of the unit vectors in a transverse plane and n, ; > 1 is the number
of tracks in the k-th event of group I or J.
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Table 1

Ensemble >0
of <BH {Py) — /2
events B (D> —n/2
T<N,<14 —-0.03+0.20 0.21 + 0.04 0.02 + 0.04 0.34 + 0.06
(—0.13) (0.15) (—0.03) (0.27)
14< N, <28 0.07 +0.02 0.37 + 0.03 0.10 + 0.03 0.39 + 0.05
(—0.05) (0.14) (—0.03) (0.28)
N,>28 0.19 + 0.03 0.48 + 0.04 0.23 + 0.05 0.65 + 0.05
0.04) (0.23) (0.02) (0.35)

Our unit-vector approach has been dictated by the fact that we have no
experimental information on that 4-momenta of particles. Only their polar and
azimuthal angles are known. However, one can show (see [3]) that this un-
derestimates the magnitude of true intergroup correlations only, and the charac-
ter of these correlations remains unchanged.

IV. EXPERIMENTAL RESULTS

In Tables 1 and 2 we present our results concerning the impact parameter
dependence of azimuthal correlations between particles belonging to the same
group, characterized by f or B as well as to the different groups (&,,). While
in Table 1 the centrality of the *Ne+(Ag, Br) collision is measured by the
multiplicity of target-nucleus fragments (by N,), in Table 2 we use the number
of interacting nucleons of the projectile nucleus for the same purpose:

<ﬁ = \A\ - A\A\\va mu

where 0 =) Z; is the sum of charges of projectile spectator fragments.
7

The general trend observed is that both the intragroup and intergroup
correlations increase with the decreasing impact parameter: with the increasing
number of nucleous participating in a collision the s- and the h-particles are
more likely to be emitted into two distinct regions in the transverse plane:
B >0, B > 0and @, > n/2. The observed effect of the preferred direction flow
is even more pronounced if we select events with an asymmetrical emission of
particles of one type (e.g. the s-particles) and look for the intergroup correla-
tions of the fragmentation products of the other nucleus (see the two last
columns of Table 1).

The dependence of azimuthal correlations on the polar emission angle @is
shown in Fig. 1. For the s-particles ;= —In (tg (©4/2)) is used. According to
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Table 2
Ensemble
of BH BD (Dy> —x/2
events
0<Q<2 0.13 +0.03 0.10 + 0.03 0.40 +0.04
(—0.02) (—0.03) 0.17)
2<Q<4 0.08 + 0.03 0.15+0.03 0.39 +0.04
(—0.02) (—=0.01) 0.13)
4<0<1 ~0.02 + 0.02 0.03 +0.02 0.27 £+ 0.03
(~0.10) (—0.03) 0.21)
T7<Q0<9 —0.01 +0.02 —0.05 +0.02 0.22 +0.04
(—0.11) (—0.01) (0.15)
0=>9 ~0.07 + 0.02 —0.02 + 0.02 0.19 + 0.04
(—0.12) (0.03) (0.12)

our results above, the smaller the impact parameter is, the stronger is the
angular dependence of the correlations. It is maximal for the A-particles emitted
at polar angles of 45° < @ < 135° and minimal at @ ~ O° and @ ~ 180°. For
the s-particles the correlations are larger for pseudorapidities ng > 1 and they
are small at ny < 1.
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Fig. 1. Dependence of the coefficient of azimuthal asymmetry {B,> (2, ¢) and of (&@,> — n/2 (b, d)
on polar emission angles of s(a, b) and k particles (c, d) in different ensembles of 2Ne + (Ag, Br)
interactions.

V. DISCUSSION

Is the observed collective flow a genuine manifestation of hydrodynamical
bounce-off [8] or can it be explained by approaches with no collectivity explicitly
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built-in [2, 9]? We shall try to answer this question by comparing our experi-
mental results with predictions of an intranuclear cascade model [2, 10]. A
satisfactory description of our ?Ne + Em data on multiplicities and single-parti-
cle spectra (see ref [6]) makes the cascade code [10] a suitable candidate for the
present analysis. Model predictions are given in the tables in brackets, in Fig. 1
by histograms. Let us summarize the main results of this comparison.

1. Our data on azimuthal correlations confirm the general expectation [2]
that the cascade model is less justified for central collisions than for peripheral
ones. The model predicts a too slow increase of these correlations with increas-
ing N, or v, :

2. The model fails to reproduce the angular dependence of the observed
correlations. Let us note that an asymmetric development of a intranuclear
cascade may contribute to the observed opposite-side emission of fast and slow
particles for large impact parameters and in the region of small 7, (for our most
central collisions having N, > 28 the model gives (b)> = 4.1 fm).

3. If we trigger on “bounce-off” events by demanding that £ > 0 (see
Table 1) we slightly increase the intergroup correlations between fast and slow
particles but contrary to the experiment we do not produce any noticeable
“opposite-side jet” of the h-particles within the model.

In conclusion, we do not think that we have shown an unambiguous presence
of the hydrodynamical flow within our data, but we hope to have shown some
noticeable deviations from the standard picture of nucleus-nucleus interaction
proceeding via a two-body successive collisions. Whether these deviations may
be related to signals of the hydrodynamics compression effects remains an open
question. We hope that our data on nuclear flow obtained at much higher
energies than in the LBL experiments represent a real challenge both to the
macro- and the microscopic approaches to high energy nuclear collisions.
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IKCIEPMMEHTAJILHOE M3YYEHHUE SAEPHOTO ITOTOKA B HEYIIPYIMX
B3AUMOJEMCTBUSX “Ne + (Ag, Br) TP 4,1 AIB/c

B paGoTe u3yyaroTcs a3HMYTalbHbIE KOPPEJIAILMY B YIJIAX MEXIY ummavxommzz: BTOPHYHBIMH
qactuiamy, 6o3uuxarommu BIIITX meynpyru B3auMoneiictsus aaep “Ne ¢ TAXeIbIMH SIpaMH
IMysbCcHA. OGHAPYXEHO, YTO CTENEHb a3MMYTaIbHONH ACHMMETPHM YBEIHYUBAETCH C YMEHIUEHBEM
napamerpa cronkaoseHus. [Ipencrasierbl Taxke IKCIEPHMEHTANBHEIE OKA3ATENLCTRA IS :o:m
YCKaHHUS 3aPSAKEHHBIX BPOTHYHBIX Y2CTHII HA TOH Xke (IIPOTHBONOJIOKHON) CTOPOHE B MOTIEPEYHO
IIOCKOCTH /Il YaCTHIl, MPUHAJANEXKAIHNX TOH Xe camoii (apyroif) obracTH ¢parMeHTauud B
SACPHO-ANEPHBIX CTOoNKHOBeHusx. Habmonaemoe siBnenne He MOATBEPXKIAEHO pacveTaMH HA OC-
HOBE MOJCIIM BHYTPHAACPHOTO Kackala, YTO YKa3blBaeT HA BO3MOXHOE NPHCYTCTBHUE FHAPOIHHA-
MHUECKOro 3(dekTa OTCKOKA.
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