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A standard universe.

HISTORY OF THE UNIVERSE

An schematic evolution of the universe, once the

Big Bang happened.

New physics: Many body systems made of

The Standard Model

p_LL

The most fundamental blocks of visible matter

know so far.

fundamental blocks of matter.
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Strongly interacting matter |l

» Quantum
ChromoDynamics

(quarks and gluons).

» Hadrons.

> Many body systems.

» Extreme conditions.

» Chiral Simmetry.
» Phase Transition.

EXPLORING the PHASES of QCD

Quark—Gluon Plasma
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Cartoon of a QCD phase diagram. Ref [1]

[1] P. Jacobs, D. Kharzeev, B. Muller, J. Nagle, K. Rajagopal and S. Vigdor, arXiv:0705.1930 [nucl-ex].
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The QCD phase diagram

Crossover/
Second
order phase
transition
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T. Boeckel et al., arXiv:1105.0832 [astro-ph.CO]

Deconfinement and/or Chiral symmetry restoration.

Phase transition < Symmetry restored /broken.
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QCD phase diagram. In nature and laboratory
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Beginning of a great era
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L . The QCD phase

Critical End Point. R
overview and the
MexNICA research
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M. Stephanov, arXiv:hep-lat/0701002. The QCD phase
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» Hitherto, we do not have

access experi metal Iy in Reference Technique e P
arXiv:1602.00062 DSEs 085 T, LT
. . . . arXivi1605.08430  nonlocal PNJL  69.0MeV  310.1 MeV.
regions with h|gh baryonIC arXiv:1611.06669 FRG S1MeV 2867 MeV
. arXiv:1612.06673 Lacp 155 MeV 285 Mev
densrty. However, QM2015 and CPOD2016  LQCD . >2 Teep
PRDO0 (2014), 076006 DSEs 2OMYV 372 Mev
- JHEP 7, 1-10, 2014 DSEs 127 MV 405 Mev
MPD-NICA experiment PRDOO (2014), 034022 DSEs LU5MeV 504 Mev
. . . QM2017 LQco 145-155 MeV  >2 Teep
will prov|de important arXiv:1702.06731 ADS/CFT  112MeV 612 Mev
arXiv:1705.09124 - 119-162 MeV  252-258 MeV
information that tell us if Sci.Rep. 7 (2017) 45937 NI WMV 205 Mev

the CEP exists and where it
can be localized.



Our current knowledge
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Ideas around the world.

CPOD2018 (Larry McLerran)
GeV

HIC

BES-I RHIC, Grazyna Odyniec, CPOD2018.
BES Il

BES-II RHIC, Grazyna Odyniec, CPOD2018.

LQCD status for the CEP location (S. Mukherjee,
CPOD2018)

Current research centres in high-density heavy-ion physics

Volker Friese CPOD2018

Future research centres in high-

yion physics

Volker Friese CPOD2018
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Work done

> Effective models (chiral
symmetry).

» Analytic expressions (including
T and p finite effects).

» Systems out of equillibrium
(non-extensive statistical
mechanic = Superstatistic).

» Finite magnetic effects.
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Tamas Csorgd, arXiv:0903.0669 [nucl-th]

Critical opalescence (the correlation length of the liquid diverges)




Criticallity in HICs

» fluctuations of:

» multiplicity of given charged particles (pions or protons).

» Net baryon charge.
» Kurtosis (4th statistical moment)
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A. Bzdak, S. Esumi, V. Koch, J. Liao, M. Stephanov and N. Xu, Phys. Rept. 853 (2020), 1-87.
M. A. Stephanov, J. Phys. G 38 (2011), 124147.

M. A. Stephanov, Phys. Rev. Lett. 107 (2011), 052301
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Thanks!
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. The QCD phase
Lattlce QCD Con /’LB # 0 diagram. An
overview and the
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» El problema de signo. Sg Instituto de

Ciencias Nucleares,

a ug # 0 se vuelve UNAM
. Analytic continuation
compleja.

P Alternativas. Trabajar
con pupg < 0 o hacer una
expansion en serie de

Taylor. '
lattice simulations | real chemical potentials e
» Solo se puede trabajar e e T
[D'Elia et al., DElia:2016jqh)
~ Back
con valores pequerios de ackp
/'LB fo) a| aumentar /J'B e| Jana Giinter, CPOD-2017

error sistematico crece
considerablemente.



Resultados recientes de LQCD.

~®@— Dyson—Schwinger [C. Fischer etol. 2014]

Fd  freeze—out [Becottini et.al., Cleymans et.al. 2005]

t+1  freeze—out parametrization [Andronic et.al. 2008]

Temperature (MeV)

50 w1 modified statistical fit [Becottini etal, 2012]

tei  freeze—out from fluctuctions [Alba et.ol. 2014]

1 J 1 J 1
200 400

Baryonic chemical potential (MeV)

Jana Giinter, Wuppertal-Budapest Collaboration

» Ahora ya pueden extender a valores grandes de ug,
pero con un incremento sustancial de los errores
estadisticos y sistematicos.
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