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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Description of relativistic heavy-ion collisions

]
Two types of model have been successful in describing relativistic
heavy-ion collisions:
— hydrodygfn:: ::(pansion '::g‘:gz:‘::f
o Hybrid approaches: Hydro s
description of the QGP + . . o .
microscopic transport for the B.b
S P

hadronic sector

« Simplified dynamics, assumption of local equilibrium

» Direct access to QGP properties in equilibrium

o Transport approaches: full microscopic description of heavy-ion collisions

« No assumptions about local equilibrium < Access to the QGP degrees of freedom

Pierre Moreau

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Description of relativistic heavy-ion collisions

]
Two types of model have been successful in describing relativistic
heavy-ion collisions:
— hydrodygfn:i::?(pansion ) ':g{?’n‘:zz"‘?:f
o Hybrid approaches: Hydro P L
description of the QGP + . . r{i'%;
microscopic transport for the

ilib
Ree-equilibrium hadronization

hadronic sector

o Transport approaches: full microscopic description of heavy-ion collisions

Is there any differences in the dynamical evolution of the system that
can be attribtuted to non-equilibrium effects ?

Can we identify which model features reflect the actual physical
nature of the QGP ?

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions

Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

2D+1 viscous hydrodynamics
S

o Space-time evolution of the QGP via conservation equations:

74 L/ L/ L/ L/
0, T =0 TH = eut'u” — APY(P + 1) + «#
o ut: cell 4-velocity o P:local isotropic pressure o II: bulk viscous pressure
o e :local energy density o m*Y: shear stress tensor oAM= gtV —utu?

o For this study we use VISH2+1: Tﬂﬂ +1I = —CO — opqllo + @1[[2 T
time evolution of the viscous \ [V [V
™o T
corrections through the 2nd = p + 3 HY

order Israel-Stewart equations ,
; Tt M) bV — 2770””+27ré”wy)a—

o n: shear viscosity 571-71-7T“V9 T CbTWéﬂﬂy)a _ T?T?T'}réugy)a +
o ¢ : bulk viscosity AWHHUHV + Gﬁ@ﬂﬂ'”y

C. Shen, Z. Qiu, H. Song, J. Bernhard, S. Bass and U. Heinz, Comput.Phys.Commun. 199 (2016) 61-85

ensS®  Pierre Moreau
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Introduction

Stages of a collision in VISHNU

e (GeV/fmA3) e e =
50.0442 e .
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From u.osu.edu/vishnu/
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Stages of a collision in VISHNU
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Introduction

Stages of a collision in VISHNU
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Introduction

Stages of a collision in VISHNU

e (GeV/fmA3) o o
?O l 0442 ~ :_’_,,,_‘_ - o //_’_//(__;

1] 0) \'. -x\\\”‘"‘\-»»»_.,‘__

From u.osu.edu/vishnu/

¢nS®  Pierre Moreau



Introduction

Stages of a collision in VISHNU
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Introduction

Stages of a collision in VISHNU
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

The PHSD transport approach

% LHC@CERN | o Goal: Study the properties of strongly interacting matter
under extreme conditions from a microscopic point of
view

o Realization: dynamical many-body transport approach

Temperature
K
i?**

Hadron-Gas

vacuum nuclear matter

0 Density

Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

The PHSD transport approach

o Goal: Study the properties of strongly interacting matter
under extreme conditions from a microscopic point of
view

o Realization: dynamical many-body transport approach

Temperature

Parton-Hadron-String-Dynamics (PHSD)

Hadron-Gas .. . . .
o Explicit parton-parton interactions, explicit phase

transiton from hadronic to partonic degrees of freedom

vacuum nuclear matter

0 Density

o Transport theory: off-shell transport equations in phase-space representation based
on Kadanoff-Baym equations for the partonic and hadronic phase

@ Baryons Au + Au VSNN = 200 GeV
@ Antibaryons. I
@ Mesons .l

@ Quarks 4

© Gluons b=22fm - Section view

W.Cassing, E.Bratkovskaya, PRC 78 (2008) 034919; NPA831 (2009) 215; W.Cassing, EPJ ST 168 (2009) 3

¢nS®  Pierre Moreau
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Introduction Initial conditions from PHSD

Medium evolution: Hydro vs PHSD Summary

Dynamical Quasi-Particle Model (DQPM) 4.
T

o The QGP phase is described in terms of interacting quasiparticles:
guarks and gluons with Lorentzian spectral functions:

d

A4wly(T)

p’i(wv T) -

Properties of quasiparticles (large widths and masses)
are fitted to the lattice QCD results

T

IQCD: Wuppertal-Budapest group

Y. Aoki et al., JHEP 0906 (2009) 088.

2;]0 400 600 800
T [MeV]

(w? — p? — MZ(1))2 + 4wT3(T)

@ 1QCD (N,=D)
— DQPM (N;=0) ]
- = - DQPM (N;=3)

(

Z:(Iaq’g)

p[GeV’]

light quark
T=2T,
w=0

“’/ceha )

o DQPM provides mean-fields (1P1) for quarks and gluons as well as effective
2-body interactions (2P1)

Peshier, Cassing, PRL 94 (2005) 172301; Cassing, NPA 791 (2007) 365: NPA 793 (2007)

¢nS®  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
]

Initial A+A o String formation in primary NN collisions
collision

LUND string model

- decays to pre-hadrons (baryons and mesons)
4
&=
Partonic
phase

Hadronization

e &
Hadronic phase

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions



Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD

Stages of a collision in PHSD

Summary

. | LUND string model
Initial A+A o String formation in primary NN collisions
collision - decays to pre-hadrons (baryons and mesons) B
———— %
PR o Formation of a QGP state if € > €.,itical - of
Dissolution of pre-hadrons - DQPM 2T
Partonic - massive quarks/gluons and mean-field energy Sl
phase (quasi-)elastic collisions : inelastic collisions - P 3]‘;5' —
. & [GeV/fm
q+9—>Qq+q g+g—>g+qQ _ _
L = = = = q+9—>g q+q—>9g+g9
Hadronization G+4—=>4+q9  g+4—->0+(

S S —->q+q >0+
G+3—>q+q g+g-og+g 7 IF4 92090

Hadronic phase

o SRR

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
S

LUND string model

Initial A+A o String formation in primary NN collisions
collision - decays to pre-hadrons (baryons and mesons) |
———— %
PR o Formation of a QGP state if € > €.,itical - “h
Dissolution of pre-hadrons - DQPM =
Partonic - massive quarks/gluons and mean-field energy %10- ‘
phase (quasi-)elastic collisions : inelastic collisions : 0
q+9—>Qq+q g+g—>g+qQ _ _
q+9—>g q+q—>9g+g9

Hadronization q+d—>q+q g+g—>9+q

S S —->q+q >0+
G+3—>q+q g+g-og+g 7 IF4 92090

“ o Hadronization to colorless off-shell mesons and baryons

off-shell off-shell
q + ﬂ L d meson

g—>q+d, q+gemeson (string’)  Strict 4-momentum and
q+q+q < baryon (" string ") quantum number conservation

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions



Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
S

LUND string model

Initial A+A o String formation in primary NN collisions
collision - decays to pre-hadrons (baryons and mesons) |
———— %
PR o Formation of a QGP state if € > €.,itical - “h
Dissolution of pre-hadrons - DQPM =
Partonic - massive quarks/gluons and mean-field energy %10- ‘
phase (quasi-)elastic collisions : inelastic collisions : 0
q+9—>Qq+q g+g—>g+qQ _ _
q+9—>g q+q—>9g+g9

Hadronization q+J—>q+d g+g—->g+q

S S —->q+q >0+
G+3—>q+q g+g-og+g 7 IF4 92090

“ o Hadronization to colorless off-shell mesons and baryons

off-shell off-shell
q + ﬂ L d meson

g—>q+d, q+gemeson (string’)  Strict 4-momentum and
q+q+q < baryon (" string ") quantum number conservation

Hadron-string interactions — off-shell HSD
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Stages of a collision in PHSD
]

t=0.05 fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

Baryons (394)

Antibaryons ( 0)

Mesons( 0)

Quarks ( 0)

Gluons ( 0)

P.Moreau

Pierre Moreau

PSP

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
]

t=1.6512 fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

Baryons (394)

Antibaryons ( 0)

Mesons (1523)

Quarks (4553)

Gluons (368)

P.Moreau

Pierre Moreau

PSP

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
]

t =3.91921 fm/c

Au + Au /syny = 200 GeV

b=22fm - Section view

@ Baryons (426)
@ Antibaryons ( 29)

@ Mesons (1189)

@ Quarks (4459

@ Gluons (783)

P.Moreau

¢nS"  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
]

t=7.31921 fm/c

Au + Au VSNN = 200 GeV

b=2.2fm - Section view

Baryons (540)

Antibaryons (120)

Mesons (2481)

Quarks (2901)

Gluons (492)

P.Moreau

Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD
]

t=12.0192 fm/c

Au + Au /syy = 200 GeV

b=2.2fm - Section view

Baryons (626)

Antibaryons (202)

Mesons (3357)

Quarks (1835)

Gluons (269)

P.Moreau

Pierre Moreau

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Stages of a collision in PHSD

t =25.5191 fm/c

Au + Au /syy = 200 GeV

b=2.2fm - Section view

Baryons (710)

Antibaryons (272)

Mesons (4343)

Quarks ( 899)

Gluons ( 46)

P.Moreau

Pierre Moreau

pus?
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Coarse graining of PHSD
-4

o Goal: Initialize the hydro with a non-equilibrium profile from PHSD to
compare the both evolutions

o Energy-momentum tensor should have the form:

T = eutu” — APY(P +11) + wH”

ensS®  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Coarse graining of PHSD
-4

o Goal: Initialize the hydro with a non-equilibrium profile from PHSD to
compare the both evolutions

o Energy-momentum tensor should have the form:
1 L I/ g
T = eut'u” — APY(P +11) + «"*

o The viscous corrections should be small
o Spatial gradients should not be too large

Pierre Moreau

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions

ensh




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Coarse graining of PHSD
-4

o Goal: Initialize the hydro with a non-equilibrium profile from PHSD to
compare the both evolutions

o Energy-momentum tensor should have the form:
1 L I/ g
T = eut'u” — APY(P +11) + ¥

o The viscous corrections should be small
o Spatial gradients should not be too large

o Coarse graining of PHSD medium in the transverse plane at the
midrapidity region (z = 0.fm):

T.uy _ 2 E [
0= | GrsaE) gt =5
Ar = Ay =1m

¢nS®  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Evaluation of the energy momentum tensor
S

o Diagonalization of the energy-momentum tensor
v — ). = ). vV :
TH (zy)i = Ai (2); = A ¢ (20);
o Landau-matching condition:
TH v, = eut' = (eg"")uy,
o Evaluation of the characteristic polynomial:

T[)O —\ TOl T[)Q TOS
Tl[] Tll 1 A\ T12 T13
TZ[] T?l T?Q s A T23
TS[] T31 T32 T33 e A\

o The four solutions 4; are identified to (e, —P4,—P,, —P3)

The pressure components P; do not necessarily correspond to (P, B, F;)

¢nS"  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Evaluation of the energy momentum tensor
S

o Using the Landau-matching condition we have :

(T —e) +TUX +T2Y +T%Z =0
T+ (TH )X +TR2Y +T13Z =0
T+ THX + (T2 +e)Y +T3Z =0
T30 4+ T31X +T32Y + (T# +e)Z =0

0 With the 4-velocity  uy =5 (1, X, Y, Z) = v (1, =Bz, — By, — =)

o Evaluation of viscous corrections:

1
H — _g A”VT,LLV — PEOS

T = TH —eutu” — A" (Ppog+11)

Liu et al., Phys. Rev. C 91, 064906 (2015)

ensS®  Pierre Moreau
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Initial conditions from PHSD

Dependance on the parallel ensembles
o

o In order to have a smooth mean-field potential to propagate the particles and
to initialize the hydro evolution, we need to average PHSD events over N
parallel ensembles.

o The more parallel ensembles (NUM) are considered, the smoother the
obtained profile is:

PHSD: Au+Au @ 200 GeVwithb=6fm: t=0.6 fm/c e [GeV/fm3]
NUM = 30 NUM =15 NUM=1 I
7.5 30
5'0 NEREE -
— 2.5 SEEAROE = 20
£ 00 -Eapas) §oSaniE |
= 2.5 SeE RSN S CLEE
-5.0 ARG : 110
-7.5
-10 -5 0 5 10-10 -5 0 5 10-10 -5 0 5 10 l0

X [fm] X [fm] X [fm]
o For this study we take NUM = 30 parallel events

¢nS®  Pierre Moreau




Initial conditions from PHSD

Pressure isotropization
o

o We look at the pressure
components P; of several

Single PHSD profile: NUM = 30 events

cells along the x-axis PHSD: t = 0.6 fm/c e [GeV/fm’]
10 l
30
S :
= REamat 20
o Hseen
> SRARER T
-5 e 10

¢nS®  Pierre Moreau




Pressure isotropization

Single PHSD profile: NUM = 30 events
We look at the pressure

components P; of several
cells along the x-axis PHSD: t = 0.6 fm/c e [GeV/fm?’]

30

20




Initial conditions from PHSD

Pressure isotropization

o We look at the pressure
components P; of several
cells along the x-axis

o Very chaotic behavior for a
single PHSD profile

¢nS"  Pierre Moreau

Single PHSD profile: NUM = 30 events

PHSD: Au-Au @ \/sNN = 200 GeV with b =6 fm

1.0 — J
0.8- —P,/e P,
06_ —==-P /e from EoS

time [fm/c]



Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD

Pressure isotropization

Summary

PHSD profile averaged over 100*NUM events

o We look at the pressure

components P; of several 1.0
cells along the x-axis 0.8

0.6

o The longitudinal pressure 0.4
dominates when the 0.2
collisions happens and then 0.0
decrease rapidly towards 0 0.3

0.6

0.4

o The transverse pressure 0.2

increases with time and reach 090}
the equilibrated pressure at 0.5 93]
— 1. fm/c 0.6

0.4
0.2

ensS®  Pierre Moreau

PHSD: Au-Au @ VSNN = 200 GeV with b =6 fm

—P,/e
- == P /e from EoS

P, /e ]

0.5 1 2 5
time [fm/c]

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Pressure isotropization
o

PHSD profile averaged over 100*NUM events
o We look at the pressure

cells along the x-axis 0.8 Py/e P /e ]
— =P /e from EoS

0.6}

o The longitudinal pressure 0.4
dominates when the 0.2
collisions happens and then 0.0

decrease rapidly towards 0 3-2?

0.4}

o The transverse pressure 0.2
increases with time and reach 907
the equilibrated pressure at 0.5 987

—1.fm/c 0.6
0.4

0.2

o We choose t;, = 0.6 fm/c to ol— e
initialize the hydro evolution 005 01 02 05 1 2 5 10

time [fm/c]
ensS®  Pierre Moreau

Traces of non-equilibrium dynamics in relativistic heavy-ion collisions




Pressure isotropization

Evaluation of the relative value between the transverse pressure and the
one given by the QCD Eo0S

PHSD: t = 0.6 fm/c

PHSD: t = 1.6 fm/c

PHSD: t = 2.6 fm/c

PHSD: t = 3.6 fm/c

NS RLARE AL R UL Rl L I I L T I I I [ B L L I I T ] 1.0
10f rrit rrit rrit -, o=zl [k
X P 1t P 1t u P 1t P ]
s 1F - JF 1F 1 [
— C B o | | ] B [ |
g of 1 1 1t R
s L [ ;
—F El3 i I . 1 |}-o0s
-10F 1F 1F - 1k . l
Tl MR EETEE FEERE AR ANE B AT P Nl SR AR AR TN AN Tl PR AN T Tl PRI NN TR P Nl P T e PR TN AR T R _1'0
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 S 10 -10 -5 O S5 10
X [fm] X [fm] X [fm] X [fm]

PHSD profile averaged over 100*NUM events

. we can see that the PHSD medium



Reynolds number

/ THYT
D

PHSD: t = 3.6 fm/c

The applicability of fluid dynamics can be
guantified by the inverse Reynolds number :

R =

PHSD: t = 0.6 fm/c PHSD: t = 1.6 fm/c PHSD: t = 2.6 fm/c

R RN LA LR T Tl R N Ll R IS AR T ] 2.0
10'_ _1_"_ _1_"_ _1_"_ _1_' l
; - R R = Kot " R
sk ik n ] JE ] JE u ll. E 1.5
= | 1 1 . 1f = :
= OF = AF 1F = 1F & 1 | 1o
- 5 5 o
R i [ S
-10F 1F 1F 1F B - l
SRR TE FTETE FEETE P TR Nl FEETE ENERI AN ERINTE R I B il P TR P EE Tl PN AR ITE Nl PR FEE T FEEEE RNEEE IR 0
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
X [fm] X [fm] X [fm] X [fm]

PHSD profile averaged over 100*NUM events

The inverse Reynolds number is in
average below than 1 except in very peripheral cells




Adjustment of hydro parameters

In order to compare the two models, the
Is used in the hydro code

5 T v T T T T T v
g PHSD: —#— kinetic theory —@— Kubo formalism E ] - ® I O latti::e QCD ]
2 Z E A A @ O Ilattice QCD | 1.00 E PHSD: !
= ) . o
S pQCD S —¢— with mean-field effects |
1F —o— w/o mean-field effects -
2 05 hydro '
= default ;
02 —_—— D — — =y e 8x ]
0.1 ]
ooy L ] s 1 (.00 p===- ¢ * ]
1.0 1.5 2.0 2.5 3.0
T/T




Medium evolution: Hydro vs PHSD

Space-time evolution (e and T)

PHSD: t = 0.6 fm/c e [GeV/fm?] PHSD: t = 0.6 fm/c

I30




Medium evolution: Hydro vs PHSD

Space-time evolution (e and T)

PHSD: t = 1.6 fm/c e [GeV/fm?] PHSD: t = 1.6 fin/c T [GeV]

<l 5 qq xlfin] g

X [fin]

¢nS®  Pierre Moreau
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Space-time evolution (e and T)
S =

PHSD: t = 2.6 fm/c e [GeV/fm?] PHSD: t = 2.6 fm/c T [GeV]

0
X [fin] 5 10

¢nS®  Pierre Moreau
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Medium evolution: Hydro vs PHSD Summary

time evolution (e and T)

Initial conditions from PHSD

Introduction

Space

= 3.6 fm/c

PHSD: ¢

e [GeV/fm?]

PHSD: t = 3.6 fin/c

‘ .
. ! AR

...., ; &///f//ﬁ//f

1

™
e

TR

BN
4 { N

e~
e

A\

......

At N

\

A

—
(QV

10

3.6 fim/c
Traces of non-equilibrium dynamics in relativistic heavy-ion collisions

5

L' g]

o

0
X [fin]
Hydro:

e [GeV/fm?]

10

u

Hydro: T = 3.6 fm/c

Pierre Moreau

pHsy



[T L L T MR RS R T
10F ﬂx-:: ]
sk ]
g o ¥ £l f
> [ 1E ]
-5F iy - ]
3 i ;
-. 1 1 2] 1 ] N T T T AT M | " 1 ol bR ' T P TR fe T
:' 1 1 L] [ I'I": :" LELELELE ILELELILE ILLILELE ILELELILE L o l"I""I""I""I": : L BN BLELELELE AL BLLELELE L
o Byl By
Sk - ® -
£ o ] ]
) [ ]
=3 i LI
1ok i i
-. 1 1 alaaaal, ] ol EreAA B EAA AT ERAS :.. 'IENE EEEEE FEEEE FE TR F
10'_ - L
5 B3 B3
sk B.,Zf ] S |
."E ofF Bl g K E
= [ iﬂ w ] u m
-5k = v ' "
b i ;
: 1 1 . [ 3 .I....l....l....l..:

PHSD: t = 0.6 fm/c

PHSD: t = 1.6 fm/c

PHSD: t = 2.6 fm/c

Medium evolution: Hydro vs PHSD

Space-time evolution (cell velocity B)

PHSD: t = 3.6 fm/c

1.0

0.5

—0.5

-1.0
1.0

0.5

—-0.5

-1.0

0.4

0.2

—0.2

-0.4

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 S5 10

X [fm] X [fm] X [fm] X [fm]
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Medium evolution: Hydro vs PHSD

Space-time evolution (cell velocity B)
0

1 The PHSD evolution remains chaotic for all times

o The hydro code seems to smooth the initial PHSD profile during the
evolution in time

Hydro: 79 = 0.6 fm/c Hydro: 7 = 1.6 fm/c Hydro: T = 2.6 fin/c Hydro: 7 = 3.6 fm/c

b | LI L L B B L e R I LI I UL B B B I LR B L B B I I | I 1_0

i

10F

y [fm]
oo

y [fm]
T

—10f 1E
il | S PEERE PR TE FETE PSS PTETE PET T PR R T ' FEETE NN PEEEE N ET ' FEEN AN CEEEE ETE T

-10 -5 0 5 10
X [fm]

¢nS®  Pierre Moreau




Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Fourier images of energy density
]

o How to quantify this change in the hydro evolution ?

i ' —1n—1
o Fourier transformation of the N 1 1mz Z Qwi(x_km+m)
energy density profile: €lha, ky) = mn 0 Oe(xjy)e o
T= y:

Radial distribution of the Fourier modes of the energy density

1=0.6 fm/c 1=1.6 fm/c T=2.6 fm/c 7=3.6 fm/c
10°}
102 \
L 10°
'g P B Hydro
p=gL l —— PHSD
Enm—"
2 104 =46 fm/c =56 fm/c ©=6.6 fm/c ©=7.6 fm/c
1 I
|
= 102
10°
1072 o]
1074
0 q 3 12 16 0 q 8 12 16 0 4 ] 12 16 0 q

k=\/k§+k§

o Shorter wavelength modes survive only in PHSD which indicates the
constant inhomogeneity of the QGP medium
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Spatial eccentricity
S

o We compare 100 events from PHSD and the event-by-event hydro code

o The spatial eccentricity is calculated \/{TQCOS(ng)}Q + {r2sin(2¢)}2
as a function of time by the formula: €2 =

{r*}
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spatial eccentricity (¢,)
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Au-Au Vsyy = 200 GeV with b =6 fm
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Spatial eccentricity
S

o We compare 100 events from PHSD and the event-by-event hydro code

o The spatial eccentricity is calculated V{r2cos(20) Y2 + {r2sin(2¢) }2
as a function of time by the formula: €2 = {Tg}

PHSD profile averaged over 100*NUM events

o The green dots represent each

] === PHSD average Hydro /s & CJs:
PHSD event: large fluctuations . ydrow /s & &
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o Each hydro event has a very ———w B -wom"

smooth evolution contrary to
PHSD

=
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o Both PHSD and hydro agree
with each other when the full , R
initial state information is taken I i Veior = 200 GeV bt i)
into account (initial velocity B; o 1 2 3 4 5
+ viscous corrections m}”) tifnve]
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Momentum eccentricity
S

o Momentum anisotropies reflect the medium'’s
€Trr
response to initial spatial anisotropies: B f dxdy (T*" — TYY)

P [ dady (T%* + TYY)

o Including the initial flow velocity £;in

the hydro has a huge effect in ¢, o The increase of the bulk viscosity ¢
; produces a bump during the
o The initial viscous corrections né‘ hadronization process

play only a role at small times
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Summary
S

o We have compared two descriptions of the QGP medium evolution in
heavy-ion collisions: PHSD and 2+1D hydro

0 We matched the hydrodynamical evolution as closely as possible with the
PHSD medium

« Similar QCD EoS -+ Same shear viscosity n/s * Flexible bulk viscosity {/s

In average, both QGP mediums evolve in a similar way, but:

o Very strong fluctuations are observed in the PHSD medium at any time of
the evolution while the hydrodynamical medium evolves smoothly

o Strong response of the hydrodynamical medium to transport coefficients
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Outlook and future plans

Comparison of the PHSD medium with the hydrodynamical onein (3+1)
dimensions: differences in high rapidity regions ?

We want to investigate the non-equilibrium effects on hard probes like
charm quarks

Propagation of charm quarks in different mediums (PHSD or Hydro)

Use of different approaches to describe the propagation of charm quarks
(Langevin, Boltzmann) with different cross-sections / transport coefficients



Introduction

Initial conditions from PHSD Medium evolution: Hydro vs PHSD

Outlook and future plans

Summary

o Transformation of the PHSD medium from Cartesian to Milne coordinates

local energy density e [GeV/fm’]
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PHSD: Au-Au Vs = 200 GeV with b =2 fm

100}

10§

x=y=0fm

1=0.8 fm/c
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7=2.0 fm/c
t=3.0 fm/c

e.= 0.5 GeV/fm
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space-time rapidity n
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Introduction Initial conditions from PHSD Medium evolution: Hydro vs PHSD Summary

Thank you for your attention!
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Extra slides

Bulk viscous pressure
S

PHSD profile averaged over 100*NUM events

PHSD: Au-Au @ Vsyy = 200 GeV with b = 6. fm

o The contribution from the Lo e ]
. —— eirom Lo

bulk viscous pressure can 8 ———(2P;+P})/ 3e ]
be seen as the difference ser x=y=z=01fm inLRF |
between the green and red 04 — e ]

: 02 —— —
line N I ==
1 08| 1
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