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Initial state fluctuations in ultra-central collisions
In an event-by-event transport approach
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* Transport approacn at fixed n/s:
? fix locally n/s « o(9), M, T -> Chapman-Enkog approach.

2 [Initial state fluctuation
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+ n/s and generation of v_(pT): from RHIC to LHC
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Motivation for a kinetic approach:

Y
oy field Interaction — g23p Collisions = n=0
SEreernlng
< Stariing from L-pody distripution function and not from TH:

- possinle to inclucde f(¢,p) out of equilibriurm,
M. Ruggieri et.al, PLB 727 (2013) 177

correction of to f(x,p)

“

sextract information about the viscou
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Valid zit Intermecliate p. out of equiliorivum.
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DISADVANTAGES ?!

The relaxation times are those of kinetic theory

Valid ait nigh n/s (cross over region) + self consistent xinetl

rlzclronizzation missing now out it will be possible to inclu

)
g0

|

D



Parton Cascade model
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Initial State Fluctuations
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smooth distribution
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Characterization of the initial profile

in terms of Fourier coefficients OSprTT rr pr
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Initial State Fluctuations: v (p,) and nl/s
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+ v (p,;) at RHIC is more sensitive to the value of the n/s at low temperature.
v,(p,) and v (p.) are more sensitive to the value of n/s than the v,(p.).

s At LHC energies v _(p.) is more sensitive to the value of n/s in the QGP
phase (compare solid and dot-dashed lines).




Initial State Fluctuations: v (p,) and nl/s

0.2 —RHIC Au+Au @ 200 GeV - LHC: Pb+Pb @ 2.76 TeV -

- - - rr T rrrrryrrrrrrrr o ottt
(20 30)% 4t (20 30)% i - | A |IQCD: Meyer et al. T ST
— = 4m/s=1 L | O |IQCD: Nakamura et al. = = Ns(D) = T+fo.
4nm/s=1 + f.o ] v xPT Meson Gas mmm— 471)/s=1 + f.0.
I 1r g HIC-IE —_ = 4mn/s=1
0.15F L — = N/s(T) < T + f.0.

—— n=3

4nn/s

1 0- %% %Hadron Gas L ”

—_
L

0.05

OIlllIIIIIIlIIIIllIIIIIllIII IllIIIIIlIIIIIIllIIIIlIlIII

0 05 1 15 2 25 0 05 1 15 2 25 S. Plumari, G. L. Guardo, F. Scardina
py (GeV) p; (GeV) and V. Greco, arXiv:1507.05540

+ v (p,;) at RHIC is more sensitive to the value of the n/s at low temperature.
v,(p,) and v (p.) are more sensitive to the value of n/s than the v,(p.).

s At LHC energies v _(p.) is more sensitive to the value of n/s in the QGP
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Initial State Fluctuations: v _(p.) for central collisions
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while v_for n>3 increase linearly with p._.

<+ For central collisions viscous effect are more
relevant. For n>2 the v_(p.) are more sensitive

to the n/s ratio in the QGP phase.
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Initial State Fluctuations: v _(p.) for central collisions
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RHIC: Initial State Fluctuations: V. VS E

Au+Au @ 200 GeV
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Initial State Fluctuations: v_vs &

L. Guardo, F. Scardina and V. Greco, arXiv:1507.05540

C(n,n)

_: C(n,m)= (V"_<v'(’j>)(6€m_<€m>)

W G

m
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At LHC v_are more correlated correlated to € than at RHIC.
v, and v, linearly correlated to the corresponding eccentricities €, and €,

rispectively.
C(4,4) < C(2,2) for all centralities. v, and €, weak correlated similar to

hydro calculations:
F.G. Gardim, F. Grassi, M. Luzum and J.Y. Ollitrault NPA904 (2013) 503.
H. Niemi, G.S. Denicol, H. Holopainen and P. Huovinen PRC87(2013) 054901.

For central collisions v_are strongly correlatedto € : v_« ¢ for n=2,3,4.



Initial State Fluctuations: v_vs &_
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similar to hydro calculations:
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Correlations: (¢ _,e )vs (v ,v ) in (0-0.2)%
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+ Final correlations in (v_,v_) reflect initial correlations in (¢ _,€_)
» For (20-30)%: C(v_,v_)=0.38 and C(¢_,e_)=0.78 differ a factor 2




Conclusions

Transport at fixed nls:

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

QGP phase.

> At LHC there is a stronger correlation between v and & than at
RHIC for all n.

+ Ultra central collisions:
-v « g for n=2,3,4 strong correlation C(n,n)=1

- V_(p;) much more sensitive to n/s(T)

- degree of correlation increase with the collision energy
- correlations in (v_,v_) reflect the initial correlations in (g ,€ )






Initial State Fluctuations: time evolution of <v > and &_
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+ The time evolution for g_is faster for large n. At very early

times £ _(t)=¢€ (t)-a_t"2

+ <v_>shows an opposite behaviour: <v_> develops later for

large n. At very early times <v_>o«t™?,

+ Different v_can probes different value of n/s(T) during the

expansion of the fireball.




n/s(T) around to a phase transition

< Quantum mechanism
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* AdSICFT suggest a lower bound

n/s = 1/(4 )~0.08
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From Transport to Hydro: extraction of viscous corrections

to f(x,p) and v_(p.).

(work in collaboration with J.Y. Ollitrault)

f(x,p)=f"(x,p)+df (x,p)
TMV:T(O)MV_l_ ST « f(O)_l_ 6f

A common choice for of — the Grad ansatz
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BUT it doesn't care about the microscopic dynamics
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PURPOSE: evaluate the ideal hydrodynamics limit f©, v © and
the viscous corrections of and ov_ solving the Relativistic

\Boltzmann eq for large values of the cross section o /

41 general in the limit 0—, f(o) can be expanded in power of 1/c. \
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From Transport to Hydro: extraction of viscous corrections

to f(x,p) and v_(p.).

(work in collaboration with J.Y. Ollitrault)

Coodinate space (X,y)

~

+ We start with an initial azimuthally
symmetric profile (optical Glauber model).

< Then we deform the initial distribution (a<<1)

z=x+iydz+dz=z—az" ' syri?r(gtry
This n=2 n=3 h=4 n=5 n=6
=Creates™

\_ only

+ Thermal distribution:
dN/d’pocexp(—p/T)

: N

We assume initially
the same local T*¥(x)

>

+ Constant distribution:
dN/d’pc6(p,—p)

\_ J

~ o, 1 1
(0), 5. f "% 201+ 0|
1 1
(i) 5.8 e+ v 0|
0]

S.Plumari,G.L. Guardo,V. Greco,J.Y.Ollitrault
NPA 941 (2015) 87
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From Transport to Hydro: extraction of viscous corrections

to f(x,p) and v _(p.). (work in collaboration with J.Y. Ollitrault)
S.Plumari,G.L. Guardo,V. Greco,J.Y.Ollitrault
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AR B BN BN B B RARRARN
10°F o, 3
5 ‘\\ do o 1 5
10'F E
? o 49w (grmy)
£ oor ~,
o 10°F N E
zZ F
= I
iy 3
B -
N - |0—Oisotropic
10*r  |o=om,=0.7 GeV 5
- o—omD=O.3 GeV .
10° _ CONST initial distr.
- :> 04; O—0 isotropic ey,
ottt L L s —_ E | 0—0 m,=0.7 GeV )I/I
0 0.5 1 ]ST (Gev)z 2.5 3 3.5 8? 0_3E o 203 Gev . l@‘df
S . 02F CONST initial jl/su:%//;p/{‘
g 0.1F MVC/;%
ForaéwwefindtheidealHydrOIimit: O:I;b\/i\’l/llllllIIIIIIIIIIIIIIIIIIIII
0 0.5 1 1.5 2 2.5 3
) ’ . . GeV
2 fO js an exponential decreasing function. Py (GeV)
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+ Universal behavior of v ©(p.)
+ v O(p.)/le_is approximatively the same for all n and p..



From Transport to Hydro: extraction of viscous corrections

to f(x,p) and v _(p.).

(work in collaboration with J.Y. Ollitrault)

S.Plumari,G.L. Guardo,V. Greco,J.Y.Ollitrault NPA 941 (2015) 87
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In of and ov _ it is encoded the information about the microscopical details

s Of(p)/[f9« p_* with a = 1. - 2. and a(m,).

For isotropic o similar to R.S. Bhalerao et al. PRC 89, 054903 (2014)

> Larger is n larger is the viscous correction to v_(p.)
» Scaling: for p_>1.5GeV - -ov (p,)lv ®x n
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