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at fixed n/s:

neration of v,: from RHIC to LHC.



L

W

Motivation for a kinetic approach:
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Parton Cascade model
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For the numerical implementation of the collision integral we use the
stochastic algorithm. (z. Xu and C. Greiner, PRC 71 064901 (2005) )

At 0 right
A3 0 > solution

W s (

~——1

Passed several numerical test



Extraction of the Shear Viscosity: Box calculation

Green - Kubo relation
1

Depends on microscopical
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Extraction of the Shear Viscosity: Box calculation
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For the standard pQCD-like cross section

—>

Employed also for non-isotropic cross section:\

G.Ferini, PLB(2009); D. Molnar, JPG35(2008);
V.Greco, PPNP(2009);

m, regulates the anisotropy of collision
m_—c we recover the isotropic limit

flal=4al1 +a)[(2a+1)ln(1+a71)—2}, a=m2D/s/

15 Chapman-Enskog approximation

S. PIumarl et al. PRC86 (2012) 054902.

=« =« isotropic limit -+ isotropic limit
/ \ e RTA - with o, 3 CE - 1st order
o  Green Kubo T=0.3 GeV Q\ o  Green-Kubo, T= 0.3 GeV
= 1 <p> i Green Kubo: T=04GeV| T * Green-Kubo, T=0.4 GeV | 1
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2 CE and RTA can differ by a factor of 2
2 Green-Kubo agree with CE (< 5%)

A. Wiranata, M. Prakash, PRC 85 (2012) 054908.
O. N. Moroz, arXiv:1112.0277 [hep-ph].




We know how to fix locally n/s(T)

We have checked the Chapmann-Enskog:

- CE good already at I° order = 5% (= 3% at IlI° order)
- RTA even with otr severely underestimates n




Slmulzrelneg 20 constzint n/s
For the general case of anisotropic cross section and massless particles:
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Initial condition of our simulation
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Initial condition of our simulation
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kinetic freeze-out scheme
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kinetic freeze-out scheme

K. Aamodt et al. [ALICE Collaborationl
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RHIC:

2 Like viscous hydro the data are close
to n/s=1/(4m) + f.0.
+ Sensitive reduction of the v, when

the f.o. is included the effect is about

of 20%.

s p, < 2.5 GeV good agreement with
the experimental data.

S. Plumatri et al., J. Phys.: Conf. Ser.
420 012029 (2013). arXiv:1209.0601.

LHC:
s p.< 2 GeV like hydro data described
with n/s=1/(4m) + f.o.
» Smaller effect on the reduction of the v,
when the f.o. is included an effect of
about 5%.
2 Without the kinetic freezout the effect of

a constant n/s=2(4m)* is to reduce the
v, of 15%.




kinetic freeze-out scheme

K. Aamodt et al. [ALICE Collaborationl

, Phys. Rev.Lett. 105, 252302 (2010).
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S. Plumatri et al., J. Phys.: Conf. Ser.

420 012029 (2013). arXiv:1209.0601.

At LHC the contamination of mixed and hadronic phase becomes negligible

Longer life time of QGP — v, completely developed in the QGP phase

(at least up to 3 GeV)




Effect of n/s(T) in Hydro: Niemi et al.
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n/s(T) around to a phase transition

P. Kovtun et al.,Phys.Rev.Lett. 94 (2005) 111601.
L. P. Csernai et al., Phys.Rev.Lett. 97 (2006) 152303.
R. A. Lacey et al., Phys.Rev.Lett. 98 (2007) 092301.

¢ Quantum mechanism
AE-At>1 — I”[/SN <p> T >—

4

+ AdSICFT suggest a lower
bound n/s = 1/(4 m)~0.08

The QGP viscosity is close to this -
bound! g

Do we have signhature of a 'U’' shape a0 w5 oo 0s 10
of n/s(T) for the QCD matter ? 1

g*ln(1/g]
P.Arnold et al., JHEP 0305 (2003) 051.

From pQCD: /s~ = nl/s~1



dependent n/s(T)

Temperatur

A |QCD: Meyer et al.
O IQCD: Nakamura et al.

sSome rest JJLs for ¢

200ros large error vars
Quasi-Pariicle  rmocdels  sezem o
suggestanfs~T" u~1-1.5,

2 Chiral perturpation tneory — Meson
Gas

S. Plumatri et al., J. Phys.: Conf. Ser.
420 012029 (2013). arXiv:1209.0601.



A |QCD: Meyer et al.
O IQCD: Nakamura et al.

° |L.OCD some resulits for guenched ' Meson Gas w
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Temperature dependent n/s(T)
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2 For 4mnn/s=1 during all the evolution of the fireball we get a
discrepancy for the v, (p,), in particular we observe a smaller v (p,) at

LHC.
2 Similar results for n/sx T2 -» a discrepancy about 20%.
2 Notice only with RHIC - scaling for 4ntn/s=1 LHC data play a key role



Temperature dependent n/s(T)
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transition.
Hope: v , n>3 with an event-by-event analysis will put even stronger consstraint

Implementation of local fluctuation under development

Plumari, Greco, Csernai,
arXiv:1304.6566

Invariance of v, (p.) in BES suggest that the system goes through a phase

Similar results: R. A. Lacey et al., arXiv:1305.3341 [nucl-ex].




Conclusions and Outlook

- Enhancement of n/s(T) in the cross-over region affect differently the
expanding QGP from RHIC to LHC.

+ At LHC nearly all the v, from the QGP phase.

- The scaling of v,(p,) from Beam Energy Scan indicate a 'U' shape of

n/s(T) this would be a first signature of n/s(T) behavior typical of a
phase transition.






Finite masses and EoS

F pa— ‘ N R

0351 | .

pl’lauf(x,p):CZZ 03] ﬁ 1 !

0,25}

% — M=0.0 GeV
— M=0.2 GeV

M=04 GeV .

— M=0.6 GeV ]

o 1QCD: Wuppertal-Budapest

M= 0O —

1 0,1 f

' . 02 03 0,4 0,5
k \ / T (GeV)

0,2 [ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T il
E L | C 7
OO8E Ruic: B 0,181 3
F AutAu@200GeV, i<l ] r ) ]
007 o, =15mb 3 0,16/ RHIC: E
C ] c Au+Au@200GeV, Inl1 5
0.061- m 0,14 :— Gtm=15 mb —:
: ] 12F Z E
0051 ] —_ 0. r ]
L [ - ]
AT 2 0,1F =
T 004l = = E ]
r 0,08 =
ook — M=0.0 GeV E - ]
’ C — M=02 GeV ] 0.06 O 7
[ M=0.4 GeV R ’ . ]
0-02; — M=0.6 GeV - 0.04F E
0.01}- - 0.02F 3
0 : . 1 | I | | T - ‘ | | L1 11 ‘ | | | ‘ | | ‘ | I - ] 0 : L L L L L L L L L L L L L L L L L L L L L L L L L L | L L :

0 1 2 3 4 5 6 7 3 9 0 0,2 0,4 0,6 0,8 1 1,2 1.4 1,6

t (fm/c) Pr (GeV)




Extraction of the Shear Viscosity: Box calculation

Relaxation Time Agproximation

Kapusta, PRC(2010); Gavin NPA(1985);
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Isotropic cross section: massless case
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A. Wiranata, M. Prakash, arXiv:1203.0281 [nucl-th].

O. N. Moroz, arXiv:1112.0277 [hep-ph].

S. Plumari et al.,PRC86 (2012) 054902.
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Extraction of the Shear Viscosity: Box calculation

Isotropic cross section: massive case

Massive case is relevant in quasi-particle models where M(T).

Good agreement with CE 15t order for isotropic cross section

and massive particles.

1% Chapman-Enskog approximation
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O. N. Moroz, arXiv:1112.0277 [hep-ph].
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Extraction of the Shear Viscosity: Box calculation

a Green — Kubo relation .
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Temperature dependent n/s(T)

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.L
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a2 The V, IS insensitive to the value of

> n/s~T?> cannot account for the v,

n/s in the QGP phase

decrease for p_ > 2.5 GeV.

2 The vV, more sensitive to the

QGP phase but still a strong
temperature dependence in nls
has a small effect in the v (p.).



Relevance of the microscopic scale
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+ Microscopic details of the cross section have an effect on v, for

p>1.5 GeV

2 Fixed the ratio n/s of the fluid the isotropic cross section leads to a

smaller v,

2 An appropriate m_(T) = g(T) T gives a different behaviour between

RHIC and LHC.




Information from non-equilibrium: elliptic flow
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Can be seen also as Fourier expansion
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