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Introduction

Confinement-deconfinement lonization of
Phase Transition color charge

lonization parameter:
Polyakov loop
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Semi-QGP

Confinement Seml_QGP perturbative-QGP
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Expected temperature
In RHIC experiment is

2+ 1flavor in Semi-QGP!!
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Ren’d Polyakov loop Cheng et. al.(2007) Pressure, entropy, susceptibility, etc.
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drastically change in Semi-QGP.
How about transport coefficients?




Viscosities

shear viscosity bulk viscosity
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Formulation of Semi-QGP

% Decompose Polyakov loop to eigenvalue and gauge dependent part.

[, = Pe%9 J drAo _ QTeiQ/TQ Qa ‘diagonal and gauge invariant.

* Integrating over Au expcept O.
— [ Dasexp(=5(4,) = [ DQexp(-N25.4(Q)

* Large-Nc approximation
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Eigenvalue Distribution

Confinement
phase

Complete 1onizatio

Semi-QGP /
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Distribution is constant: p(6) = 7

All Polyakov loops vanish:

1 .
EtrL” = /d@p(@)eme =0

Distribution iIs the delta function:

p(0) = o(0)
All Polyakov loops are unit:

1
L = 1
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We take some assumption
of distribution, Gross-Witten
model and Step function type.

Gross-Witten model Step function




Assumption
* Ag is decomposed to background and quantum field, Ag = /g + Ag"
% Coupling is small g <1
% Background gauge field is large () ~ T
% Slowly changing aQ/T ~ gT

can use derivative expansion.

Analytical continuation

O corresponds imaginary chemical potential,
Wy, +10Q°% — po * i€

Wn :Matsubara frequency




Propagator in the Background

We choose the basis of Lie algebra as eigenstates of the background field.

Quarks and gluons carry color “charge”.

Quarks
% Covariant derivative  iDoY* = (ko + Q“)y*

1
% Matsubara frequency ko = 2n(n + §)T

% Double line notation  Q“ —>
1

% Propagator (W + QD)2 + k2 + m?
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% Distribution function

exp(w —iQ%) + 1

Gluons
iDoA™ = (ko +Q® — Q%) A%

ko = 2mnT
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Expand the distribution function
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Example: trace of the propagator
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Two point function

Hard Thermal Loop approximation
Hard K, gAg ~ T

Soft
P~ gT
[I"(P) = VVOVW -+ Tadpole, ghost diagrams
dQ KrKY
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Ordinary HTL approx. term
The thermal mass is modified.

1
Debye mass | [mp(AF)]" =mp x h®(AG) where mi, = - NegT?

% Completely deconfined phase }ab — gab

% Semi-QGP phase R <1

% Confined pahse hab ~ () because background is neutral.




Kinetic Theory

Boltzmann Equation
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Collisioln term
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color,spin,flavor

P1,d p3,C
Two body scatterin — ):
Y g M Do b D4, d

t-channel contributes to leading log
hard hard

soft gluon exchange

1
é soft |/\/l|2 ~ T m%)Q (gluon exchange)

hard hard mp :color dependent Debye mass




Viscosities

* Stress tensor
(Tij) = 0:5(P) —

In kinetic theory

D)= >

spin,flavor,color

* Scattering amplitude

Pure glue /\/l:jf:::+ TTj— 4.




Viscosities(Cont.)

Arnold, Moore, Yaffe (01)

Linearized Boltzmann Equation
Assume that the system is near (global) equilibrium.

Expand the distribution function:
5’fo Xii1iix 3, . . 1
= 7oA lij = 5(2%'}?3‘ - §5ij)
) 1 . _—
fo = @ @i @) /T@ 11 N (local) equilibrium
Linear equation Is obtained as
S =CYx

S and Cy correspond to Df and the collision term

In Boltzmann equation, respectively.

The solution is formally obtained: X = C ™S
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Result WIthout guarks

Y.H., Pisarski(’08)
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% Classical dilute gas
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With quarks

The scattering amplitude is more complicated.
Assume Nt~ N, > 1 .

quark - anti-quark scattering quark - anti-quark scattering
+‘

IR I

gluon - quark scattering gluon annihilation
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Results with quarks

= | Suppression!
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Y.H., Pisarski(’08)

f(L) ~ ¢* at small ¢

quark - anti-quark scattering

2
~ 1

0 02 04 06 08 10 no suppression at £ < 1

The results are similar to that without quarks,
but, Quark contribution dominates,
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Gluon contribution is suppressed,

O/ x| ~¢




Summary

We find a strong suppression of the shear viscosity,

~ £~ , near Ic. : *
Higher order —¢ E

Heavy ion COIIiSlons at RHIC have probed some
region in the semi-QGP, where physical guantities
such as real photon, dileptions emission and Raa are
at least partially suppressed by small Polyakov
loops.

Heavy ion collisions at the LHC may probe
temperatures which are significantly higher,
perhaps well into the complete QGP. If so, collisions
at the LHC should be qualitatively different from
those at RHIC.



