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Abstract Multiparticle azimuthal correlations in central nucleus-nucleus collisions at high energy are de-

scribed by a simple formula. The calculated results are in agreement with the experimental data of carbon and

oxygen induced interactions at Dubna energy. The comparison between the calculated results and experimental

data shows that particles are emitted isotropically in the rest frame of the emission sources, and the emission

sources have movements in momentum space.
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1 Introduction

Relativistic nucleus-nucleus collisions at Dubna
energy (a few AGeV) are very well suited for in-
vestigations of azimuthal correlations which are the
subject of collective motion studies both experimen-
tally and theoretically. It is believed that some ex-
otic states of nuclear matter, for example the phase
transition to a quark-gluon plasma [1, 2] in violent
central interactions and the liquid-gas phase transi-
tion in weak peripheral excitations, can be formed in
nucleus-nucleus collisions at high energy.

One of the main goals of relativistic nucleus-
nucleus collision studies is to investigate nuclear mat-
ter under extreme conditions of high densities and
temperatures. The most impressive results of rela-
tivistic nucleus-nucleus collision experiments are new
collective phenomena discovered in these studies. The
studies of multiparticle azimuthal correlations are im-
portant for understanding the space-time evolution of
the collective system [3].

A lot of models have been introduced in the field
of high energy collisions, for example, FRITIOF [4],
VENTUS [5, 6], RQMD [7-9], QGSM [10], HIJING
[11-13], ARC [14-16], hydrodynamics [17, 18], ther-
modynamics [19, 20], and fireball [21, 22] models, etc.
Different phenomenological mechanisms of initial co-
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herent multiple interactions and baryon transports
were proposed [23-25].

Recently, Liu et al. have proposed a multi-source
thermal model [26-33] and described the azimuthal
and multiplicity distributions of particles and projec-
tile fragments produced in nucleus-nucleus collisions
at high energies [34-39]. The model gives a simple
formula for the azimuthal distributions of the par-
ticles. It is interesting for us to test the model by
the multiparticle azimuthal correlations between pro-
tons and between pions in nucleus-nucleus collisions
at Dubna energy.

2 The model

Let the beam direction be the 0z axis and the re-
action plane be the Toz plane. The momentum of
the ith particle produced in an event is denoted by
P;, and the corresponding transverse momentum is
denoted by P;,. The analysis has been performed
event by event, as in Refs. [3, 34, 35, 38, 39], and for
an event we can construct the vectors:

Qs = Zm (1)

and
Qr=)» Py, (2)

Yi>Y
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where 7 is the average rapidity of the particles pro-
duced in the event. Let 1 be the angle between the
transverse momentum of a considered particle emit-
ted in the backward (or forward) hemisphere and
the vector Qg (or Qr) and ¢ the angle between
the vectors Qg and Qr [3]. Then, the multipar-
ticle azimuthal correlation function is constructed
as dN/dy and dN/de. Essentially, dN/dp mea-
sures whether the particles in the backward and for-
ward hemispheres are preferentially emitted “back-
to-back” (p=180°) or “side-by-side” (¢ =0°).

In the modelling calculations, such as in the
multi-source thermal model [26-33], many emission
sources of particles are assumed to form in high-
energy nucleus-nucleus collisions. We assume that in
the rest frame of the emission source j, the particles
are isotropically emitted and the three momentum
components P, , P/ and P/, of the ith particle obey
a Gaussian distribution with the same standard de-
viation (distribution width) o;. Taking into account
the movement of the emission sources and the inter-
actions between them, the particle momenta in the
final states are different from those in the rest frame
of the emission sources. In the investigation of the
azimuthal distribution we do not need to take care
of the longitudinal components of the momenta. The
simplest relations between P, and P/, as well as P,
and Pj, are linear

Piz = a'zPil;C +bzgj ’ (3)
and

Py = a’yPily +b,0; , (4)
where a,, b,, a,, and b, are free parameters. Let R,,
Ry, R3, and R, denote random variables distributed
in [0,1], we have

P/ =+/—2InR, cos(2ntR,)0; (5)
and

P}, =+/—2InR3cos(2ntRy)0; , (6)
because P;, and P;, obey a Gaussian distribution law.

Considering Eqs. (3)—(6), the azimuthal angle of
a particle can be written as

P
;= t Y=
P arctan ( P. )

ay\/—2lnR3cos(2nR4)+by} )
azv/—2In Ry cos(2mR,) + b, |

The angle between Qp and the 0T axis is

1p = arctan ( gBy ) =arctan ( Z Pw/ Z Pm) )

B Yi <y Yi<y
(8)

arctan [

where (Jp, = Qpsinyp and Qp, = @scosyp are the
two components of Q. Similarly, the angle between
Qr and o7 axis is

pmactan( B, /S R) O

Yi>y Yi>y
The angle between the transverse momentum of a
particle emitted in the backward (or forward) hemi-
sphere and Qg (or Qr) is

¥ =|1h; — s (or ¢rp)|. (10)
The angle between the vectors Qp and Qr is
80:|7/1B—1/)F|- (11)

The theoretical 0T axis which together with the
beam direction 0z defines the reaction plane is in fact
the sum of Qg and Qr. However, in Ref. [3] the an-
gle between the transverse momentum of a considered
particle emitted in the backward hemisphere and Qg,
as well as the angle between the transverse momen-
tum in the forward hemisphere and Qr have bean
measured. This indicated that two ox axes (we call
them oz’ axes) were used in the experiment. Both
of the two ox’ axes are not identical with the real
theoretical oF axis. According to the experimental
conditions of Ref. [3], let the direction of the vector
Qs (or Qr) be the oz’ axis. We then have

1/) = 1/% (12)
and

p="1x(or ) =arctan(%)= (13)

x

where Py and P, are the average momentum compo-
nents of particles in the forward (or backward) hemi-
sphere. In different events, the values of P, (or P,)
are different. Let n denote the number of particles
in the forward (or backward) hemisphere in an event,

then
S
¢ = arctan =1 =
=1
S° a2 Rycos(2mRy) +b,

Zil az/ —2In R, cos(2nR,) + b,

(14)

arctan

For the Dubna energy the value of n is not too high.
As a first approximation and as an example we take
n =10 for the forward (or backward) hemisphere in
each event.

The above discussion shows that we can use
Egs. (12) and (14) to describe the 3 and ¢ distri-
bution, dN/dy and dN/dep, respectively. Of course,
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different parameter values are needed for different 120 = @)
collisions. The normal values of the parameters in 100
Egs. (12) [i.e. (7)] and (14) are a, =1, b, =0, a, =1, T - _
and b, = 0. In most cases, the azimuthal correlation B 80 1= I .
distributions are symmetrical around 180°. We need E 60
only a, # 1 and b, # 0 to describe the experimental 20 e - . #*‘ . ' ++_4_‘f_
distributions. For a symmetrical distribution, Egs. ‘ e
(12) and (14) will be 20
Y= arctan[ V=20 Ry cos(2mR,) (15) sl (b)
a,v/—2In R, cos(2nR,) +b, 225 =
200 |~ .
and 175 [ = -
. | s et et
. Ziﬂ vV —2In Rz cos(2mR,) % :jg B N
v Z;l a,\/—2In R, cos(2nR,) +b, 7 100 e = = = + ;
(16) 75
50 = \ | | | | | \
respectively. a, >1 (or a, = 1) means that the source 0 20 40 60 80 100 120 140 160 180
has an (or has no) expansion in the z direction, while v/(°)
b, >0 (or b, <0) means that the source has a move- Fig. 1. dN/ds vs 1 for protons (a) and nega-
ment along the positive (or negative) z direction. For tive pions (b) produced in central C-Cu colli-
an isotropic emission, a, =1 and b, =0. The physics sions at 3.7 AGeV. The circles and squares
condition gives a, > 1. are the experimental data measured in the
backward and forward hemispheres respec-
tively [3]. The curves are our calculated re-
3 Comparison with experimental data sults.
Figure 1 presents the dN/dw vs v for protons (a)
and negative pions (b) produced in central C-Cu col-
lisions at 3.7 AGeV. The circles and squares are the
experimental data measured in the backward and for- g
ward hemispheres respectively [3]. The curves are our 3
results calculated by the Monte Carlo method. In the
calculation, we take a, =1 and b, =0 in Eq. (16).
One can see that Eq. (16) can describe the ¢ dis-
tribution in nucleus-nucleus collisions at high energy.
The particles are emitted isotropically in the back-
ward and forward hemispheres respectively.
Figure 2 presents the dN/dy vs ¢ for protons (a) .
produced in central C-Cu (circles) and C-Ne (squares) 2
collisions and for negative pions (b) produced in cen- A
tral O-Pb (circles) and C-Cu (squares) collisions at
3.7 AGeV. The circles and squares are the experi- 0 L C-Cu

mental data [3]. The curves are our calculated Monte ‘ \ | L1 \ \ \
Carlo results. In the calculation we used a, =1 and 0 20 40 60 80 100 120 140 160 180

b, = —0.07 for Fig. 2(a), a, = 1 and b, = 0.08 for ¢/C)
Fig. 2.

O-Pb collisions in Fig. 2(b), and a, =1 and b, =0.05 dN/dg vs i for protons (a) produced
for C-Cu collisions in Fig. 2(b). The method of x?2
testing was used to select the parameter values. One
can see that Eq. (16) can describe the ¢ distributions
in nucleus-nucleus collisions at high energy. Our cal-
culation shows that there is no elliptic flow in the
considered collisions. For protons a negative directed

in central C-Cu (circles) and C-Ne (squares)
collisions and for negative pions (b) pro-
duced in central O-Pb (circles) and C-Cu
(squares) collisions at 3.7 AGeV. The circles
and squares are the experimental data mea-
sured in Ref. [3]. The curves are our calculated
results.
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flow exists in the collisions. For negative pions a pos-
itive directed flow exists in the collisions. The di-
rected flow means a relative movement of the emission
source.

From Figs. 1 and 2 one can see that Egs. (15) and
(16) give a good description of the azimuthal corre-
lations in nucleus-nucleus collisions at Dubna energy.
Two free parameters in Egs. (15) and (16) determine
the flow characteristics. a, # 1 means an elliptic flow,
b, # 0 means a directed flow, while a, =1 and b, =0
means no flow. The parameter values render that the
source has no expansion in the four collisions. For
protons produced in C-Cu and C-Ne collisions the
source has a movement along the negative x direc-
tion. For negative pions produced in O-Pb and C-Cu
collisions the source has a movement along the posi-
tive x direction.

In the above discussion the azimuthal distribu-
tions in high energy collisions are described in the
framework of multi-source thermal model. The cal-
culation is straightforward and simple. It is noticed
that Eq. (16) is simpler than Eq. (14); and Eq. (16)
seems to have an obvious physical meaning, that is,
the two parameters a, and b, in Eq. (16) denote the
expansion and movement of the source.
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