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fixed n/s.

the generation of v, at RHIC

h p, partons on the build-up of v..
roperties of v,(p,)/e.

v l(v,)2 .



Motivation for a kinetic approach:
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Flald Interaction — ££3P Collisions = n=0

> Valld ait Intermecliate p.out of equiliorium
> Vallc 2t nign fJ/a (crosa over region)
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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) )
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SlmUlzrtlng 2 constant n/s
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o Iz evaluaied 1n such way to xe
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Lzt 'AJJ ine r/s=cost. during tne dynamics.
(sirnilar to D, Molnar, 2rXiv:0806.00286( 1) i ut o

ur approacn is local.)

At low p. equivalent to Hydro dynamics
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Initial condition of our simulation

L Glauber model
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kinetic freeze-out scheme
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Effect of kinetic freeze-out

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).
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> Like viscous hydro the data are close to n/s=1/(4m) + f.0.
» Sensitive reduction of the v, when the f.0. is included the effect is

about of 20%.
s p, > 2 GeV v, decrease not explained (similar to hydro).



Effect of kinetic freeze-out

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).

RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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3 |;T< 2 GeV like hydro data described with n/s=1/(4m) + f.o.

» Smaller effect on the reduction of the v, when the f.0. is included an

effect of about 10%.

+» Without the kinetic freezout the effect of a constant n/s=2(4m)?* is to

reduce the v, of 20%.



Effect of kinetic freeze-out

RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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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)




Temperature dependent n/s(T)
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S.Plumari, W.M.Alberico, V.Greco,
C.Ratti, arxiv:1103.5611[hep-ph].



Temperature dependent n/s(T)

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).
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Temperature dependent n/s(T)

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).
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Temperature dependent n/s(T)

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).

RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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» The v, is insensitive to the value of nis in the QGP phase

S.Plumari, W.M.Alberico, V.Greco,
C.Ratti, arxiv:1103.5611[hep-ph].

> n/s~T? cannot account for the v, decrease fot p.< 2 GeV.




Temperature dependent n/s(T)

K. Aamodt et al. [ALICE Collaboration], Phys. Rev.Lett. 105, 252302 (2010).

RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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» The v, more sensitive to the QGP phase but still a strong temperature
dependence in nis has a small effect in the v,(p.).

What happens in a wider pt range?

Transport approach allows for such an extension naturally




Of course there is a minimal consideration to do ...

O-Tot(s):KO-pQCD<S

S Some non perturbative effect
also for high p. particles

~
d high le should K_K<S/A2)

and high p. particle shou >

collide with 6, o r(s)=K (s/ A)o pQCD<S)/

K(s)issuchthatVvs>>A(~3-4GeV) K(s)-1

1| ™ Equivalent to viscous hydro

' At high p, “correct” pQCD limit

pQCD | to be defined
scattering “/ but certainly far from n/s ~ 0.1
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K. Aamodt et al. [ALICE Collaboration], Phys.

Rev.Lett. 105, 252302 (2010).
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RHIC:

2 For A >3 GeV the v, is not very sensitive to the scale parameter A.
s K(slIA) does not affect v, for p.< 2.5 GeV and high p. does not affect

the bulk.
> Areduction of v, only for p.<3 GeV .




K. Aamodt et al. [ALICE Collaboration], Phys.

Rev.Lett. 105, 252302 (2010).

RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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2 The effect of K(s/A) even at p. ~1 -3 GeV

(much more high partons that affect also the bulk).
2 Vv, remains sensitive to the n/s(T) in the QGP phase.




Going to high p.

LHC: Pb+Pb@2 .76 TeV
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> We get a sizeable v, from collisional energy loss (v,~7%) (and a behaviour similar to
the one ohserved experimental).

2 Above 10 GeV sets in flat behavior typical of path lengh.

2 This is not hydro+jet model, because we have only collisional energy loss and we
treat on the same footing the high and low energy particles.



Going to high p_

LHC: Pb+Pb@2.76 TeV
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> We get a sizeable v, from collisional energy loss (v,~7%) (and a behaviour similar to
the one ohserved experimental).

2 Above 10 GeV sets in flat behavior typical of path lengh.

2 This is not hydro+jet model, because we have only collisional energy loss and we
treat on the same footing the high and low energy particles.



Going to high p.

LHC: Pb+Pb @ 2.76 TeV K. Aamodt et al. [ALICE Collaboration],

- T Phys. Rev.Lett. 105, 252302 (2010).
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> Shift of v, to low p_ expected for fragmentation.

2 The saturation persist also for more central collisions.

> Good agreement with the experimental data for the <v > as function of the
centrality. The effect of K(s) is to reduce the <v >.



Effect on the breaking of the v_/e scaling

Similar breaking wio K(s): the amplitude
is of about 30 % (from f.0.).

The effect of K(s) is in general to reduce
the value of v [e.

RHIC: Au+Au @ 200 GeV LHC: Pb+Pb @ 2.76 TeV
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For K=const the system is more efficent
and the breaking is of about 17 %.

The effect of K(s) is in general to increase

V €

the value of the breaking of about 25 %.




Effect of n/s(T) and K(s) on the ratio v /(v )’
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Effect of n/s(T) and K(s) on the ratio v, /(v )’

I higher n)/s.

10-Hadron Gas
& s V, develops later at lower r)/s.
- Thls gives an higher value of the
H 2
ratio V,I(V,)".
S. Plumari et al., J.Phys.: Conf. Ser. 270 (2011) 012061

RHIC: AUu+AU @ 200 GeV LHC: Pb+Pb @ 2.76 TeV
- L L BN IS
:

At LHC the v I(v,)’ is

more sensitive to
the QGP phase then
at RHIC energies




Effect of n/s(T) and K(s) on the ratio v /(v )’
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2 v,I(v,)* becomes

more sensitive to
the QGP phase also
at RHIC
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function at high p_
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BEFORE A QUANTITATIVE ESTIMATE
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Conclusions and Outlook

» We have investigate within a parton cascade model the effect
of a n/s(T) at RHIC and LHC energies.
- At RHIC v, still 20% of v, depend on the cross-over region.

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

- Agreement with Viscous Hydrodynamics n/s ~ 0.1 but not
large sensitivity to T dependence (n/s ~ T2 could bhe
excluded)

> At LHC the large ammount of particle with p.> 4 GeV

interacting nearly perturbatively cannot be neglected.
- Affect the n/s estimates (v, at p.< 3 GeV).

- Could explain the rise and fall of v,(p,) in 0<p.<8 GeV.

» Breaking of v /e similar to RHIC .

» Signature of n/s (T) and K(s): large V4’(V2)2 and increasing
function of p_at higher p_.






Does the NJL chiral phase transition affect
the elliptic flow of a fluid at fixed n/s?
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S. Plumari et al., PLB689(2010)

2 The NJL mean field recuce the v, : attractive field (the effect is about 15 %).

gk

9 If /s Is fixed the effect of NJL mean field is compensed by the increase of @.

9 V, = 1)/s not moclifiec by the NJL mean fleld dynarnics.



RHIC: Au+Au@200 GeV

LHC: Pb+Pb@2.76 TeV
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LHC: Pb+Pb@ 2.76 TeV

ALICE (20-30)%
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At LHC the maximum of the v, is at
P~ 5.5 GeV strong efficency in
converting the initial asymmetry

also at large p..
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