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[GeV/fm*]

Elliptic flow and n/s in the QGP

V, IS sensitive both to the initial condition in the overlap zone and to m/s
of the evolving QGP




> Initial Conditions :Glauber model

The initial profile of the fireball is given by the geometrical superposition
of the profiles of the two colliding nucleli

> Initial Conditions: Glasma

The two nuclei can be
described as two tiny
disks of Color Glass
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> Initial Conditions: Glasma->fKLN
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V, from KLN In Hydro

[Heinz et al., PRC 83, 054910 (2011)]

MC-KLN initialization

MC-Glauber initialization
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Transport theory

u " _ f(x,p) Is a one body
p“0, f(x,p)+M(X)o,M(X)05 f(X,p)=CLT ] [etsemgens

Free Mean Field i
streaming Collisions

We map with C[f] the local phase space evolution of a fluid with a fixed n/s
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»CGC p; non-equilibrium distribution (beyond the difference in g,)
»valid also at intermediate and high p+



Simulate a fixed shear visosity

Usually a key Input ingredient of a transport ANZ? At
approach is the knowledge of the cross section o Py = AN AN, = UrelO225 5
but here we reverse it and start from n/s with aim i

of creating a more direct link to viscous hydro.

The total Cross section is computed in each configuration space cell
according to Chapman-Enskog approximation
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Space-Time dependent cross
section evaluated locally

T WO (N(F), T) =

This approach is valid
for a generic differential
Cross section

o=cell index in the r-space
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g(a=mp/2T) correct function that fixes the pjymariet al., J.Phys.Conf.Ser. 420
relaxation time for the shear motion (2013)




Transport vs Viscous Hydrodynamics in 1+1D

Comparison for the relaxation of pressure anisotropy P, /P
Huovinen and Molnar, PRC79(2009)

Knudsen number1

— IS hydro In the limit of small n/s (<0.16)
—s— transport

Nlavicr Shokes transport reproduce viscous hydro
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Are micro-details important?

Increasing my makes the o isotropic
s=4 GeV?

AuAu@200 GeV/A
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for mpy=1.4 GeV -> 25% smaller o,

for mp=5.6 GeV ->40% smaller o,

e Strong change in the angular dependence of ¢ result in a very little
change of the elliptic flow at low p-

e n/s is really the physical parameter determining v, at least up to 1.5-2 GeV

« microscopic details become relevant at higher p-



Implementing fKLN p+ distribution

AUuAu@200 GeV - 20-30% Using kinetic theory at finite n/s
we can implement full KLN
(X & p space) - £,=0.34, <Qs> =1 GeV
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F.S. et al., 1303.3178 [nucl-th] published on PLB

Thermalization in less than 1 fm/c, in agreement with Greiner et al., NPA806, 287 (2008).
Not so surprising: n/s is small -> large effective scattering rate -> fast thermalization
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Longitudinal and transverse pressure

AuAu@200 GeV/A
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P /P;+shows also a fast equilibration




Elliptic flow at RHIC from: fKLN Glasma

) F. S. et al., 1303.3178 [nucl-th] published on PLB
In agreement with:
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When implementing When implementing the full fKLN we get
KLN and Glauber like close to the data with 4mm/s=1:
Hydro we get the same larger g, compensated by the

results nonequilibrium distribution



Elliptic flow at LHC from: fKLN Glasma

Prelimiary results

5 ALOE0%aT

Th-fKLN, 47m/s=1 (= KLN, dm/s=1

- Th=

= | = Glauber, 4mm/s=1

*41m/s=2 not sufficent to get close the data for Th-fKLN
4mn/s=1 it is enough if one implements both x & p




Conclusions

v We have used Kinetic Theory to compute the elliptic flow of a fireball
produced in heavy ion collisions, both at RHIC and LHC energies

v v2 depends not only on the initial &, and on m/s but it also depends on
the initial distributions in p

v’ Initial non-equilibrium distribution with a saturation scale damps the v,(p;)

compensating the larger g,
Outlook

v’ Using also the Classic Yang-Mills initial condition

v Including the initial state fluctuations in order to study also the impact on the v,

Hard probes 2013, Stellenbosch







What Is going on?

V, normalized time evolution
A Put it very simplistic:
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We clearly see that when non-equilibrium distribution is implemented
in the initial stage (= 1 fm/c) v, grows slowly respect to thermal one




Longitudinal and transverse pressure
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m— LN, T=0.2 fm/c
— Th-Glauber, t=0.6 fm/c
= - fKLN, 1=B.2 fm/c
= « Th-Glauber, t=8.2 fm/c
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Gluaber Initial Condition
AU+AU@200 AGeV , b=7.5fm

fKLN Initial Conditions
Au+AU@E200 AGeV , b=7.5Tm
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