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1. Introduction

The experimental programs of heavy-ion collisions at
RHIC and LHC open an interesting window onto the
properties of QCD at high temperatures in the guise
of quark-gluon plasma(QGP). At high temperature
such deconfined state exhibits the screening of static
chromo-electric fields which leads to heavy quarkonium
suppression [1]. Nowadays the bottomonium is looked as
better probe over J/ψ at LHC because the competition
between suppression and enhancement is unlikely, in
contrast to charmonium states due to the smaller charm
quark mass (mc < mb).

In view of absence of theoretical proof of early ther-
malization of plasma it is hard to assume the hydro-
dynamical behavior of the system from the beginning,
implies that there is a possibility of the pre-equilibrium
phase before thermalization of plasma and thus intro-
duces momentum-space anisotropy via the longitudi-
nal expansion along beam line and imprints its im-
pact on quarkonium suppression before the system is
isotropized [2]. In the present work, we focus on bot-
tomonium suppression and estimated the inclusive sup-
pression of Υ states for both the pre-equilibrium evolu-
tion as well as ideal hydrodynamical evolution which are
significant before and after the isotropization time, re-
spectively. Our estimation shows a good matching with
CMS data [3]. The dynamical evolution of plasma is
discussed in section 2, section 3 deals with in medium
behavior and suppression of bottomonium. Finally the
results and conclusions are discussed in section 4 .

2. Dynamical evolution of plasma

Recently there have been significant advances in the
dynamical models for the plasma evolution to incorpo-
rate momentum anisotropy at the very early stage of
collision, in addition to the equilibrium hydrodynamics.
A. Pre-equilibrium era: The partonic system gener-
ated in heavy-ion collisions cannot be isotropic from the
beginning because of the substantial longitudinal expan-
sion due to asymptotic weak-coupling compared to the
transverse expansion. As a result, an anisotropy in mo-
mentum space sets in [4] and can be envisaged through
the distribution function, in the small anisotropic limit

faniso(p, ξ, phard) = f iso(
p

p2 + ξ(p.n̂)2, phard) . (1)

where phard and ξ are the hard momentum scale and
the anisotropy parameter, respectively which charac-
terize the pre-equilibrium era, equivalent to the two-
temperature system. With this anisotropic distribu-
tion, the proper time-dependence of energy density (E),
anisotropy (ξ), etc. can be written as [2]
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, E0(phard) is the

initial energy density, the parameters- a= 3λ(τ)/4,
b=1-δ(1 − λ(τ))/2, δ is interpolating coefficient, and
λ(τ) ≡ (tanh(γ(τ − τiso)/τ0) + 1)/2 is a smeared step
function to govern the smoothness of transition from pre-
equilibrium to equilibrium, namely, for τ ≪ τiso, λ → 0,
the system is expanding like free-streaming partons and
for τ ≫ τiso, λ → 1, the system is expanding hydro dy-
namically. Thus the pre-equilibrium era is significant for
the time duration: τ0 ≤ τ ≤ τiso.

B. Equilibrium era: When the rate of expansion
overcomes the parton interaction rate the system attains
local thermodynamic equilibrium for times τ ≥ τiso. For
a simple relativistic fluid in local equilibrium, conser-
vation of the energy-momentum tensor (T µν) gives the
hydrodynamic evolution of the plasma: ∂µT µν = 0 with
T µν = (ǫ + P )uµuν − Pgµν where ǫ, P and uµ are the
energy density, the pressure and fluid four-velocity, re-
spectively. The viscous hydrodynamics [5] can be also
studied with the addition of stress-tensor to T µν .

3. Bottomonium Suppression

A. Bottomonium in anisotropic medium: Re-
cently we have studied the properties of quarkonium
states [6] in the presence of small momentum anisotropy
(ξ) by considering both perturbative as well as the non-
perturbative effects and found that in-medium modifi-
cation to the heavy-quark potential causes less screen-
ing and hence they are more bound, compared to their
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FIG. 1: Bottomonium Suppression at LHC

isotropic counterpart :

Ebin = −
mQσ2

m4
dn2

»

1 +
ξ

3

–2

− αmd, (5)

where mQ is the bottomonium mass, σ is the string
tension md is the Debye screening mass and α is the
coupling constant. Hence the dissociation temperatures
are increased with the anisotropy [6] like - T D

aniso =
T D

iso

ˆ

1 + ξ
7

˜

. Thus the properties of quarkonia has been
refined with the dynamical evolution of the plasma
through the pre-equilibrium and equilibrium phases dif-
ferently. Recent developments have shown that the po-
tential is always accompanied by an imaginary part due
to Landau damping which causes the early dissociation
of the states.
B. Bottomonium Suppression: Relativistic heavy-
ion collision results in the formation of partons at τ0 and
there exists a region of energy density, ǫ ≥ ǫs (screening
energy density) where a particular QQ̄ state is melted.
Initially the partons undergo the pre-equilibrium era and
thereafter it attains local equilibrium and evolves accord-
ing to the hydrodynamics. Let a pair is created at r with
the momentum pT on the transverse plane, it would thus
take time γτF to form a resonance in the plasma. In be-
tween the pair moves to a position (r+ τF pT /M). If, at
this instant, the plasma has been cooled below ǫs, the
pair may escape and the quarkonium would be formed.
On the other hand it will be suppressed if ǫ > ǫs. The
survival of quarkonium state depends on how rapidly the
plasma expands, how the properties of quarkonia change
in (an)isotropic medium, the equation of state etc. For
high initial energy density it takes longer time to cool
and only the QQ̄ pairs with very high pT will escape,
while in case of rapid cooling, QQ̄ pairs with moder-
ate pT may also escape, enriches the PT dependence of
quarkonia.To estimate quarkonium suppression one need
to construct constant energy density contour for both the
pre-equilibrium and equilibrium phases. The same can

be obtained by searching the time availed to screen the
potential i.e, the screening time (τs) profile is obtained
when ǫ(τ, r) is equal to ǫs. Then the critical radius rs

(boundary of quarkonium suppression) is obtained by
τs(r) = τF . Thus the condition of survival is recasted
as: |r + τF pT /M | ≥ rs i.e., the cosine of the angle be-
comes: cos φ ≥

ˆ

(r2
s − r2) M − τ2

F p2
T /M

˜

/ [2 r τF pT ].
The suppression factor of the quarkonium is obtained
as [7]
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R R

0
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−φm

dφ P (r,pT )dpT

R R

0
d2rP (r,pT )dpT

(6)

where φm is the maximum positive angle (0 ≤ φ ≤ π)
and P (r, pT ) is the probability for the heavy quark-(anti)
quark pair production in a hard collision.

4. Results and Conclusions

We have estimated the suppression factor for both
prompt Υ’s and Υ’s coming from the decays (feed-down)
with or without pre-equilibrium phase, in addition to the
equilibrium phase alone and is presented in Fig.1 along
with the CMS data. The left and right panel of the fig-
ure represent the suppression of bottomonium without
and with the pre-equilibrium era, respectively. The sup-
pression factor with the local equilibrium hydrodynam-
ics regime alone is much higher than the experimental
data and indicates that only the equilibrium evolution
may not be sufficient to probe the bottomonium sup-
pression. Some additional time zone of plasma evolu-
tion is to be searched for more suppression. The in-
clusion of pre-equilibrium era, in addition to the local
equilibrium evolution shows reasonable matching with
the data. Hence, it can be inferred that the amalga-

mation of anisotropy dependent binding energy with the

high initial energy density in pre-equilibrium phase may
be responsible for the additional suppression for Υ state.
Thus we conclude that the bottomonium suppression is
more sensitive to probe pre-equilibrium era of the QGP.
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