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Introduction Introduction

Deconfined state of strongly interacting matter : The quark-gluon plasma.

Experimentally studied in heavy-ion collision.
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Introduction Introduction

Thermodynamic of QCD matter ?

Deconfined state of strongly interacting matter : The quark-gluon plasma.

Experimentally studied in heavy-ion collision.

What are the thermodynamic properties of the strongly interacting

matter ?
3
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Thermodynamic of QCD matter ?
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|s there a critical point in the QCD phase diagram ?
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Introduction Introduction

Thermodynamic of QCD matter ?

Is there a critical point ?
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=  Infinite susceptibility
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Dynamics : Ropid expansion and quick temperature decrease

T A :
CLe R . : . -  Critical slowing down T X fz
- . . relax
* - - . ° e Hohenberg, Halperin,
X .. |Quark-Gluon Plasma I . Rev. Mod. Phys. 49, 435; 1977
>’_ Peo " - . o
= B ke -—a . ’ &(h)
3 Q C D Critical Point l i 3
+| Hadron Phase _ ~ > Non-equilibrium effects
(confined) =) | ColorsC [~ -
=10 e 9 0.5}
8.2 -0.15 <0.1 -0.65 0.5 o.M 7

Grégoire Pihan - Assemblée générale du GDR QCD - 10 mars 2021 Berdnikov, Rojagopal, MITSCTEI#%



Introduction 62 ~ &2 Introduction
. Thermodynamic of QCD matter ?
S it 545 Is there a critical point ?
The fluctuations observables can be measured 7 Extraordinory critical effects
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Extraordinary critical effects
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Model for criticality

Ginzburg-Landau free energy functional

V. Y
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4 6

Temperature parametrization : correlation length given by s

a mapping from 3D Ising model to the QCD phase diagram

Tc=0.15 GeV

Relation with the correlation length

m? =1/(£8?)

W= k/fo
\ Az = ne X3 (/&) 73/
M = ne Mg (€/&)7
A6 = nc N6

in this Fig.: A3 =1, A = 10 M. Tsypin PRL73 (1994); PRBSS (1997)
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Non critical contributions Introduction

e Thermodynamic of QCD matter ?

Is there a critical point ?

Extraordinary critical effects
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Dynamics
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Is there a critical point ?
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Interplay of the dynamical and critical effects
impact on the fluctuations ?
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Selected results ; Correlation function

T =145 MeV

Correlation function

025/ 1 == pp=0 MeV
\ o~ lg =50 MeV
\ - =
020 1\ Ug =200 MeV
11 + - ug =300 MeV
W\
\ =+ g =350 MeV
015/ %\ L
W\
\
010f 4+ \\
W
I\
0.05 S \\\
\ i A\ N
\ AVY
ST\ N
0.00 = -“3\: ::-— == r:i:_::_:’; AT SFSS A L S
-0.05 ST
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0

rapidity

6 8 10 12
o : proper-time (fm/c)

14

Parametrization
e = OMeV
e = 50MeV
Hp = 200MeV
2 Hg = 300MeV
‘E —— 5 =350MeV
b=t
=
= 1
0
0.10 0.15 0.20 0.25
Temperature (GeV)
0.20 —— s =0MeV
Hp = 50MeV
g =200MeV
s 0.15 s = 300MeV
! —— 15 =350MeV
E s
=0.10
=
=
0.05
0.00
0.10 0.15 0.20 0.25
Temperature (GeV)
0.25 |
i
1
1
$0.20 !
] 1
Q 1
P i
0.15 |
1
i
0.10 i
4
=T

Grégoire Pihan - Assemblée générale du GDR QCD - 10 mars 2021

Introduction
Thermodynamic of QCD matter ?
Is there a critical point ?
Extraordinary critical effects

Rapid expansion and temperature
decrease

Interplay of the dynamical and critical effects
impact on the fluctuations ?

Model for criticality

Ginzburg-Landau free energy
functional

Correlation length from 3D Ising

Temperature parametrization with
the correlation length

Non-critical contributions

Lattice susceptibilities

Dynamics
Diffusion equation

Intrinsic noise

Milne coordinates

Selected results

Correlation function

13




Selected results ;: Variance and kurtosis
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