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Where can we find the
Quark-Gluon Plasma?

900 MeV

J.N Gunther, Eur.Phys.J.A57(2021) 4, 136



The theory is supported by several experimental findings
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Standard Model of Nuclear Collisions

0 ~1 ~10 ~20 t(fmic)

Hybrid Simulation in Nuclear Collisions

TrENTO — free — MUSIC — freeze-out — URQMD
streaming



What we known about the matter created
in heavy-ion collisions? large system

®  BEHAVES LIKE A RELATIVISTIC FLUID

o SMALLFLUID: =1 fm (PbPb) \%
| N
® L0V VISCOSITY: ALMOST PERFECT FLUID ] o p—

® ANISOTROPIC FLOW: STGNATURE OF COLLECTIVE BEHAVIOR anv

S. Acharya et al. [ALICE], JHEP 05, 085 (2020) arXiv:2002.00633 d¢

® DECONFINEMENT OBSERVED AND TEMPERATURE

FG, Giacalone, Luzum, Ollitrault Nature Physics 16, 615 (2020
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What we known about the matter created
in heavy-ion collisions? large system

®  BEHAVES LIKE A RELATIVISTIC FLUID

o SMALLFLUID: ~14 fm (PbPb) \%
| N
® LOW VISCOSITY: ALMOST PERFECT FLUID ] o p—

® ANISOTROPIC FLOW: STGNATURE OF COLLECTIVE BEHAVIOR anv

S. Acharya et al. [ALICE], JHEP 05, 085 (2020) arXiv.2002.00633 d¢

® DECONFINEMENT OBSERVED ANY TEMPERATURE

FG, Giacalone, Luzum, Ollitrault Nature ™
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Teff= % = 222+ 9MeV ~ (Pb-Pb 5.02

TeV)



How to obtain a QGP's temperature?

1908.09728

Effective Temperature and Volume
Ef = / TOMdO'M = E(Teff)veff

Sf = /j{ SU’udO',u = S(Teff>veff

.0.

ﬁ — G(Teff) T~2.6x1012K

Teff . from the EoS

QGP as a uniform fluid at rest having the same energy and entropy at the end (freeze-out)


https://arxiv.org/abs/1908.09728

Hydro Simulations: Pb-Pb 5.02 TeV
Part I

Initial Condition: TRENTO

Hydro Evolution: MUSIC Bff hydro simulationl!
EoS: Lattice QCD
T's.o = 156.5MeV  (Hot-QCD Collaboration: 1812.08235)
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Hydro Simulations: Pb-Pb 5.02 TeV
Part I

Initial Condition: TRENTO
Hydro Evolution: MUSIC pt

EoS: Lattice QCD
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Hydro Simulations: Pb-Pb 5.02 TeV
Part I

(pr) = 30T, 1 § ~ o ———

-%/ Shear viscous hydro

Ideal hydro
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Accessing the Equation of State

Color liberation e Agree with Lattice QCD
e QGPis created in these experiments

L- " - - = l il e Large number of deirees of freedom
B 7 o
1o >
S I
310 L . 0.5 \ l =
T Cs [
i 04F a
5] [ B Heavy-ion data i
: ﬂ Lattive GO0 B Heavy-ion data
lllllllllllllll 0.3F . —
/ 150 200 250 T il
hadrons T (Me\/) 150 200 250

11



Is QGP formed in
small systems?

arxiv 2212.11710
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Small System Experiment

. Collectivity evidence for small system - p+Pb.
Do these correlations have hydrodynamical origin?
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https://inspirehep.net/literature/1914564

What is the temperature of the p-Pb?
Part |l

First time: Hybrid simulation p-Pb @ 5.02 TeV o WM <08

Duke’s Bayesian Analysis: arXiv:1808.02106
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p-Pb @ 5.02 TeV
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Extracting thermodynamics from data
1 S dN Part 11

S(Tett) Vg Nep dy

0-Pb 5.02 TeV = L
eff <pT> [ [ Lattice QCD
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® QGP s formed for high-multiplicity, >30%
e Smallest drop of QGP 15


https://arxiv.org/abs/2101.00168

Suminary

First time thermodynamics is obtained in hybrid, event-by-event

simulation.
First time thermodynamics is studied for small systems, p-Pb.
In a fluid system, T_. is proportional to the mean momentum. ~ 3.057 .

The thermodynamics inferred from data

are consistent with Lattice QCD for small-system % SN Q «— @

collisions with a high multiplicity.

V =780 fm3

wme o

T~26-102%K 7@_9_/‘3_4

o V=18fms

Thank you for your attention.
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Veff(fmg)
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