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Abstract

With a view to understanding J/¥ suppression in relativistic heavy ion colli-
sions, we compute the suppression rate within the framework of hydrody-
namical evolution model. For this, we consider an ellipsoidal flow and use an
ansatz for temperature profile function which accounts for time and the three
dimensional space evolution of the quark-gluon plasma. We have calculated
the survival probability separately as the function of transverse and longitu-
dinal momentum. We have shown that previous calculations are special cases
of this model.
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1. Introduction

Relativistic heavy ion collisions vis-a-vis formation of quark-gluon plasma
(QGP) and its implications have been very excited field of research [1]-[8] and
are going to remain very active for a long time [2]. For a detailed study, text
books and review articles on the subject, references are given in [6]. In fact, the
J/¥ suppression has been theoretically argued [9] as an important signal for the
formation of QGP in the collision experiments. As the science of small is deeply
connected with the science of large, the study of J/¥ suppression in the evolution
of QGP in such experiments has many implications in astroparticle physics and
cosmological evolution as well.

In the present work, we consider ellipsoidal evolution and use exponential

type temperature profile function. In the next section, we briefly outline various
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theoretical works on the understanding of J/¥ suppression. In Section 3, we
compute the suppression rate within the framework of the present model. Re-

sults are discussed and summarized in Section 4.

2. Various Theoretical Approaches

The formation and evolution of QGP in the relativistic heavy ion collisions is
well described within the framework of Bjorken hydrodynamical evolution
model [10] in terms of thermodynamical variables, namely temperature (7), en-
tropy density (s), energy density (&), etc. The probability of disintegration is re-
lated to survival probability (S) which is given [11] by

P=1-S=1-exp(-T) (1

In all the works on the J/¥ suppression, survival probability has been calcu-
lated by parameterizing the thermodynamical quantities, namely the entropy
density s [12], energy density € [13], and temperature function 7 [14] [15] re-
spectively as

s(ty, 1) =5, (1— rZ/RZ)a s e(r) =g (1— rz/Rz)Z/3 :

(r)=T(0)(1-r?/R*)" and @)

T(r

T(r,t)=T,exp(-br/R)exp(-nz)t™*

where R is the projectile radius, a’is a free parameter [12], bis a parameter fixed
as 1/3 [14], and 75 is a parameter which is a measure of steepness of the fall of
temperature along z-direction [9]. In all the works except [15], the dependence
of § on transverse momentum pr has been calculated in the non transparent
manner while in [15] a cylindrical interaction volume is considered and J/¥
suppression has been studied. However, in the present work, we make an at-
tempt to consider an ellipsoidal interaction volume and compute the survival

probability of J/¥ suppression which is described in the next section.

3. Present Model

In this section, we consider ellipsoidal evolution in both time and three dimen-
sional space within the framework of hydrodynamical model for QGP. It is per-
tinent to mention here that ellipsoidal evolution has been used in physical sci-
ences and other branches of science [16] [17] [18] [19] [20] and in other
branches of science also it is being widely used [21] [22]. We feel that nature
follows ellipsoidal evolution in most of the cases. Here, we use the concept of
temperature density normalized to unity over the plasma volume [15] [23] [24]
and compute the survival probability Sas a function of p; and prrespectively.
For ellipsoidal symmetry, the four dimensional temperature profile function,

in general, can be written as
T(tr)=T,f(t,2)T(r) (3)

where f(t,z) isa function of time and z axis along the collision direction; r’
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is a function of x; yand z and r is a function of xand yin the transverse plane
in the ellipsoidal interaction volume under consideration. Here we have consid-
ered various functions as

f(tz)=t"e"T(r)=e e

and T (r) f(t,z)=T(r") )

where 7, o, and «, are measure of steepness of the fall of temperature along
z xand ydirections. Here, o =b /R, @, =b,/R, with R and R, are ra-
dius of colliding nuclei and b, and b, are parameters. The time dependence of
the temperature profile function given in Equation (3) is in accordance with the
scaling law [10] [25]. We normalize the temperature profile function to unity

over the ellipsoidal plasma volume as

[T(tr)de =1 (5)
where dz’ is an ellipsoidal evolution volume element. Equations (3) and (4)
lead to

T, [t*°dt[e " dz[e "dx[e*'dy =1 (6)
Solving integrals in Equation (6), we obtain the normalization constant as

T = (’70410:2/12)[(t$/3 —t?3 )sinh (n¢)-sinh (alawll— h?/c? )

1 (7)
.sinh(azb 1-h?/c? )}

where a, b and care along x, yand z directions respectively; A4 within sine and

cosine hyperbolic functions represents z co-ordinate such that x varies from

—a\[l—hz/C2 to +a\ll—h2/cz ; yvaries from —b«/l—hz/c2 to
+b\/l—hz/ ¢’ and z varies from —c to +c The plasma evolution ellipsoidal
volume, V = J. F(h)dh=(4/3)nabc where the area F(h)= nab(l— h?/c? )

Therefore, the temperature profile function becomes
T(tr)= (nala2/12)[(tf/3 —t7*)sinh (c)-sinh (alaqll— h?/c? )

(8)
-1
-sinh (azb 1- hZ/C2 ):I Y3 g(axrazy)

As momentum p is the conjugate of position vector r’, we take the Fourier
transforms of T(t,r’) in Equation (3) with respect to r’ which finally leads

to p, and p; dependences of survival probability S. Therefore, we write
T(pe,pr)=[T(tr)e” dtde’ 9)
From Equation (9), we obtain

[T (P pr )| = (3/2)To (7 2|1, |11, | (10)

where ||Z|:1HZIZ* , |IX|:.HX|: , ||y|= /|y|; with |Z=J‘eipLze—rndZ X

I, = [e"e"dx,and 1, =[e"™ e dy.
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Therefore, we obtain

ry[sinh2 nccos® p, ¢+ cosh? ycsin? chT/Z

T(PPr)=
o) sinhye- (1 + p; )

Y2
{sinhz aa(1-2°/c? )% cos’ pTXa(l— 22 /c? )% +cosh? aa(1-2%/c? )% sin’ pr,a(1-2°/c’ );}
o 1 (11)
(af + 9%, )1/2 sinhgza(1-2°/c? )2

1

Y2
{sinh2 a,b(1- zz/cz)% cos® pr,b(1-2°/c?)? +cosh? a,b(1-2%/c? )% sin? py,b(1-2°/c? );}

.az 1/2 1
(a3 +p%) “sinhab(1-2°/c? )2

From Equation (11), we obtain the value of |T(PT)| and |T(PL )| When
p. — 0, we obtain an expression for |T (P )| and the expression for |T (P, )|
is obtained by taking p; — 0. The obtained expressions [26] are

1/2
[sinh2 a(1- zz/cz)% cos” pra(1-2°/c? )% +cosh? aa(1-2°/c? )% sin” pra(1- 22/02);}

|T(pT )|=051 1
sinh [ala(l— 22/c? )2]-(0512 +p2 )V2
(12)
1 1 1 1 Y2
{sinh2 a,b(1-2%/c*)? cos® pr b(1-2°/c? )2 +cosh? a,b(1- 2% /¢ )7 sin® py b(1-2°/c? )2}

.az

1 1

sinhab(1-22/c? )2 -(af + 2, )2
and

T(p)|=— 772 pv: [ sin? hnccos® p, ¢ +cos” hcsin? chTﬂ (13)
smhnc-(n + pL)

The expression for survival probability S of the J/¥ suppression in the relativ-
istic heavy ion collisions is obtained by substituting the value of |T (P )| and
|T (PL )| from Equations (12) and (13) in Equation (1). It is to be noted here that
Equation (5) ensures the dimensionless character of |T (P )| and |T (P, )|
given in Equations (12) and (13) and subsequently that of Sin Equation (1). It is
seen that the expression for suppression rate of momentum along longitudinal
direction in the ellipsoidal evolution remains the same as that in cylindrical evo-
lution, ie. Equation (13) is the same as Equation (6) in [9]. But the expression
for suppression rate of momentum along transverse direction in the ellipsoidal
evolution given by Equation (12) does not remain the same as obtained by oth-
ers [6] [7] [8] [9]. That is transverse momentum evolution is different in ellip-
soidal flow than in other types of evolution considered, namely the spherical or,
the cylindrical evolutions. However, the expression for suppression rate of mo-
mentum along transverse direction in the cylindrical and spherical evolutions
can be reproduced simply by substituting a = b and a = b = ¢ respectively in

Equation (12). That is, the previous calculations are special cases of the present
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work. In order to understand the data of the J/'¥ suppression completely we ar-
gue that it is necessary to understand together the suppression rate of momen-
tum along the longitudinal direction and the transverse direction. The total en-
ergy can be obtained by using Equation (3). In fact, by substituting the value of
T(t,r) from Equation (3) in the energy density equation

e(tr)= (065 n° /15)T4 (t,r'), one can obtain the expression for suppression rate
of energy density along the longitudinal and transverse directions. The total en-

ergy can also be obtained from the equation, E =(4/3)mabc-¢ .

4. Discussion and Summary

Within the framework of the Bjorken hydrodynamical model we have tried
to understand the time and space evolution of QGP by considering ellipsoi-
dal flow of the fluid and exponential fall of temperature in longitudinal and
transverse directions. In the present work we have calculated the J/¥ sup-
pression in the relativistic heavy ion collisions not only of transverse mo-
mentum P, but also of longitudinal momentum P, . Presently available
data [27]-[32] are not sufficient for longitudinal momentum for comparison
with our predicted results. Therefore further experimental works for extract-
ing the information on this aspect are desirable. In fact, the study of the sur-
vival probability with respect to P, and P dependences together will
throw light for the complete understanding of the phenomenon of J/¥ sup-
pression. It is to note here that from the results thus obtained, one can also
calculate the dependence of J/¥ suppression with transverse and longitudinal
energy density by using the relation between energy density and the corre-
sponding temperature, g(t,r):(asn2/15)T4(t,r'), and the results can be
compared with the experimental data which we hope to address in the up-

coming research works.
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