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1. Motivation

 Quarkonium (c¢, bb bound states) is an important probe searching
for the properties of the hot dense nuclear matter created in
relativistic heavy-ion collisions.

* There are lots of experimental data on quarkonium production in
relativistic heavy-ion collisions.

* Inorder to understand and interpret the experimental data, it is
necessary to know the formation time of quarkonium in hot dense
nuclear matter.




2. Quarkonium formation time
In vacuum
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Space—time correlator Of currents
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The correlator is a superp05|t|on of propagators of physical states,
each with the weight proportional to the probability of their
production in a hard process.
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Formation time

If ImII(s)~6(s — m?), M(x)~t~3/2eMT,

The formation time is defined as the (Euclidean) time

when the correlator approaches the asymptotic

form, II(x)~773/2e™™" as T — 7;.
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Correlator of heavy quark vector currents
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Fraction of ground state
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Distribution of formation times of quarkonia
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3. Quarkonium formation time
in QGP
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Formation time in QGP

We don’t know exactly
the spectral function of
guarkonia in QGP.

We use the lattice free
energy for the potential
between heavy quark and
heavy antiquark and solve
Schrodinger equation.
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Wavefunctions of Y(1S) and Y(2S) in QGP

for free energy potential
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PY“S) (c/ fm)

P(t)=dF(t)/dt of bb 1S bound state
for free energy potential

As temperature
Increases,

Mgy and 4/s¢, close to
each other.

At large T,

Mo~ exp(—M,7)
Heone~ eXp(—+/S¢nT)
— quarkonium formation

delays
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Formation times of quarknoia
as functions of temperature

Bottomonia (bb bound state)  Charmonia (cc bound state)
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4. Quarkonium formation time
in relativistic heavy-ion collisions
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 Temperature changes with time
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Time-evolution of temperature
from 2+1 hydrodynamics (HLLE algorithm)

0 5 10
T (longitudinal proper time)

0~5 % central Au+Au collisions
@ 200 GeV

(T(7))
= dedyT(X,}’;T) Mot (X, Y)

Before initial thermalization
(t<719=0.6fm/c)

Only longitudinal expansion
After initial thermalization
(t >19=0.6fm/c)
Hydrodynamics expansion
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For bottomonium (1S bb)
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e 1S bottomonium begins
1.2 : to be formed at t=0.45
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1.2

For regenerated J/W (1S cc)
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J/W begins to be formed at t=5.95
fm/c when T equals the

dissociation temperature of J/W
(1.13 Tc).

/ e However, it is doubtful for initial
ccbar correlation to survive up to

=6 fm/c.
For regeneration

(T (7))
= jdxdyT(x,%T) nZon (%, y)

* J/Wisregenerated at t1=6.9 fm/c

in average.
(about 1.0 fm/c after its
dissociation temperature)
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5. Summary

Quarkonium formation time is calculated from the space-time
correlator of heavy quark vector currents and dispersion
relation.

In QGP, quarkonium spectral function is obtained by solving
Schrodinger equation with lattice free energy potential.

The results are applied to relativistic heavy-ion collisions
(RHIC) by using hydrodynamics background.

As a result, the formation times of 1S bottomonium and 1S
charmonium in RHIC are longer than those in vacuum.

Y(1S) (0.32 fm/c = 0.7 fm/c after the dissociation T of Y)

J/U (0.44 fm/c = 1.0 fm/c after the dissociation T of J/{)
using lattice free energy as heavy quark potential
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