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Introduction ,
Matter of the Universe

Heavy-ion Research Group aims to explore the physics of the strongly
Interacting matter from milliseconds after the Big Bang to the cold,
extreme dense nuclear matter in compact stars.

The Universe was formed of a dense and hot matter, the quark
gluon plasma. The properties of this strongly interacting medium set the
Initial condition of the expansion of the Universe later on. \We address

guestions:

- How this matter look like? |

- What are the physical properties of this state? o

- Can we re-create this matter in the ultra-relativistic collisions of
nuclei?

- Can we test by multichannel astrophysics neutron stars as

sources?

Research Highlights

Exploring the phases of the strongly interacting matter
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Hot Dense Matter: ultra-relativistic, high-energy heavy-ion collisions led us to investigate
the signatures of the tiny drop of the formed Quark Gluon Plasma (QGP). Modeling the
matter by perturbative and non-perturbative theoretical model help us to Investigate the
physical parameters of the primordial matter of the Universe. By modeling high-energy
nucleus-nucleus collisions we calculate the viscosity, opacity, and provide the yield of the
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heavy-flavor hadrons.
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Cold Dense Matter: Universe today Is cold after the 13.7 Mrd years of expansion of the
original QGP phase. Stellar graveyards, the compact astrophysical object of the stellar
evolution are the places, where the most dense matter of the universe iIs still exist.
Multichannel astrophysics is the field which uses relativistic heavy ion colliders, and neutron
star measurements of electromagnetic astrophysical and gravitational wave observations. The
alm Is to have constraints for the finite-temperature equation of state of the superdense
nuclear matter.
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Phase transition in neutron stars
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Elliptic flow parameters by Tsallis Thermometer:
Machine Learning methods gu In small

1 ] 6 4 0.35 T T T
h e 2 - | ! .. 60 I u 5 ® E
I = & n W50 . . - TS o
] wl
. l.. ]

i _ Prior (pQCD)
i~ 732 M, +NICER
2 llf—l—NICEH—Fﬁ |

6LE n » u 6 | ‘
mi s | FirfstAq:bin\\fithpT

[=)]

s
pr [GeV/c]

III
el 2

N

B |10 m - E
'l o n "n 0 u F | | n
%8 04 00 04 o8 ° Y8 -04 00 04 o8

n

o

F o - e
Pb-Pb, \(% =502 TeV i Pb-Pb, |s,, = 5.02 TeV (30-40)%

- -® ALICE, |An|>1.0
- B AMPT
i 2 DNN

[ ®ALICE, An>1.0  02<p <50[GeVic] ]
3 -# AMPT | <0.8
- 4 DNN

i <0.8

-

200 400 600 800 1000 1200 1400 1600 1800
e [MeV /fm”]

Tsallis thermometer I1s a new measure to explore, the
phases of the hot and dense matter in the non-extensive
thermodynamical regime. Equation of State can be
explored In small (pp) & large (PbPb) colliding
systems, and extend the CDF UE definition.

The speed of sound examines a peak at densities
present In heavy neutron stars, possibly
Indicating the percolation of hadrons or the
appearance of other new degrees of freedom.
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Modern machine learning techniques can
estimate the elliptic flow parameter at
RHIC & LHC energy collisions.
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