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Relativistic Heavy-Ion Collisions

Hodronzation

Initial angular velocity w for Au + Au R .
collisions at impact parameters b= 5, 8, 10 = R
fm as functions of collision energy p
(UrQMD). Phys. Rev. D 102 (2020),

056019
0.10 T
(b) Au+Au @ b=7 fm

0.08 0 baseline
= —=—11.5 GeV
T 0.06 |—e— 27 GeV
E a— 62.4GeV
oy —»— 200 GeV

0.04
<X

T

>~ 0.02

0.00

0 2 4 6 8 10
t (fm/c)

Time evolution of angular velocity at
b=7 fm and four different energies
(PACIAE). Phys.Rev.C 104 (2021) 5,

054903

ANGULAR VELOCITY

0.12F
r Au+Au -6-b=5.0 fm
0.1
3 -*-b=8.0 fm
<= 0.081-
& 3 ~*b=10.0 fm
~. 0.06~
&) F
= 0.04F
0.02f
072 3 4567 10 20 3040

Sy (GeV)

Initial angular velocity at mid rapidity
as a function of the collision energy for
impact parameters b = 5, 8, and 10 fm
(UrQMD). Phys.Rev.C 101 (2020) 6,
064908

0.10 Au+Au
— 0.08 based on energy flow
;E.: 0.06
5 0.04
= 0.02
000 . . .
50 100 500 1000 5000

s Gev)

Angular velocity at fixed T = 0.4 fm and n
= 0 as function of collision energy
(HIJING). Phys. Rev. C 93 (2016),

064907




MAGNETIC FIELDS
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HICs

Phase transition
Quark-Gluon Plasma — Chiral Symmetry

Non-central collisions
Finite Impact Parameter b

Angular velocity
Maximum value ~0.1 fm™ (~20 MeV)

Magnetic Fields
Short pulse with maximum high ~ (m_)?

m

Collision Energy
Effects more important at low energies

Baryon Chemical Potential
Region of maximum baryon density (MPD-NICA)

Effective models
Low energies of QCD




QCD phase diagram
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QCD phase diagram
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Linear Sigma model coupled to

quarks

Effective theory which is usefull to emulate the low energy regime of
Quantum Chromodynamics. It exhibits a symmetry spontaneously broken.

1 1 2 A 7 7 7
¥ = 2(3,,,0)2 + E(aﬁ)z - %(02 +7) — Z(Uz + 72)? + ipyH O, — ighy’ TRY — gypo

letting the sigma-field to develop a vacuum expectation value v, we have
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CHIRAL SYMMETRY RESTORATION
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EFFECTIVE POTENTIAL
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PROPAGATORS
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EFFECTIVE POTENTIAL Q
V= =__” ¥ ” i Z{ 6472 [ (16::22T2)

e |maginary time formalism for

2 4 2
+ 20| - T+ T (md - 207) TFT.
T(mem—0*? g2 e Finite T, M, and Q
Tom ~ 18q2 Bm — ) } e HighT apprOX|mat|on
md 2 31 7T4n2 e Ring diagramas — Screening
i NfNC{ 1672 [m (7r2T2) + 208~ Z] ~ 180 effects.
T2 02 2
(o ) (- 9))
T2 2 et 2 P v o AT2 ]\[f']\fcq-ag2 5 “_"'T%_ 5 /-‘__T_%_
- 4;? (Liz (—ei’fl) + Liy (—e_Tl) = 9 T 9p2 Lis { —e +1Lip | —e

pt$ p—9
+ Lip (—e—‘“%?) +Li (_e—ﬁ) ) + Lis (—e“—Tl) + Liz (—e‘—T‘) )
4




EFFECTIVE POTENTIAL eB
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The T, decreases as the
Q increases.

Larger € moves the
CEP to lower M, and
higher T.

The  not only modifies
the conditions under
which the phase
transition occurs, but
also the nature of the
transition
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SUMMARY

Q and eB promote the chiral symmetry
restoration.

Significant changes in the position of the
CEP as a function of Q or eB

Computation of the low T approximation
Enough equations to fix the free parameters
Put together Q and eB
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BARYON NUMBER FLUCTUATION

Conserved Charges: Net Baryon Number (B), Net Charge (Q), Net Strangeness (S)

Measured multiplicity N, (6N) =N —(N)
mean: M = (N) =Gy
variance: o2 = ((§N)?) =G

skewness: S = ((6N)3)/ o3
Kk ={(6N)*) ot —3 =C,/C>

kurtosis:

= Cy/ca>

Moments, cumulants and susceptibilities:

2nd order: o2/M
3 order: So
4th order: ko2
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SUMMARY 2.0

e As the energy approaches the CEP position,
the fourth moment exhibits a sharp increase,
suggesting that the CEP location can be
identified by this abrupt rise. This behavior is
also influenced by vorticity, as higher values of
Q shift the CEP to higher collision energies.



