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Magnetic and vortical impacts on the 
effective QCD phase diagram
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MAGNETIC FIELDS



HICs

1. Phase transition
Quark-Gluon Plasma → Chiral Symmetry

2. Non-central collisions
Finite Impact Parameter b

3. Angular velocity
Maximum value ~0.1 fm-1 (~20 MeV)

4. Magnetic Fields
Short pulse with maximum high ~ (mπ)2

5. Collision Energy
Effects more important at low energies

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

7. Effective models
Low energies of QCD









CHIRAL SYMMETRY RESTORATION
v= vacuum expectation 
value → order parameter

low ← 𝝻q → high



EFFECTIVE POTENTIAL



PROPAGATORS
Finite eB Finite 𝝮

Boson Boson

Fermion Fermion
Phys.Rev.D 108 (2023) 9, 094020

Phys.Rev.D 103 (2021) 7, 076021 Phys.Rev. 82 (1951) 664-679



EFFECTIVE POTENTIAL 𝝮 
● Imaginary time formalism for 

TFT.
● Finite T, 𝝻q and 𝝮
● High T approximation.
● Ring diagramas → Screening 

effects.



EFFECTIVE POTENTIAL eB
● Imaginary time formalism for 

TFT.
● Finite T, 𝝻q and eB.
● High T approximation.
● Weak eB field approximation.
● Ring diagramas → Screening 

effects.



PHASE DIAGRAM 𝝮

● The Tc decreases as the 
𝛀 increases.

● Larger 𝛀 moves the 
CEP to lower 𝝻q and 
higher T.

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



PHASE DIAGRAM eB

● The Tc decreases as the 
eB increases.

● Larger eB moves the 
CEP to lower 𝝻q and 
higher T.

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



PHASE DIAGRAMS

a=148.7 MeV, 𝛌=1.4 and g=0.88 a=133.5 MeV, 𝛌=1.6 and g=0.79



SUMMARY

● 𝝮 and eB promote the chiral symmetry 
restoration.

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

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

A. Pandav (STAR collaboration), plenary talk at CPOD 2024, 
https:// conferences.lbl.gov/event/1376/contributions/8772/ 
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SUMMARY 2.0

● 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 
𝝮 shift the CEP to higher collision energies.


