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Phase Diagram: Which will be the influence of an external
Magnetic Field B?



Quark Condensate

Some evidence



Linear σ-Model with Quarks

The idea is to explore the chiral symmetry restoration
phase transition under the influence of Temperature (T),
Baryonic Chemical Potential (µ) and an external Magnetic
Field. 

The crucial tool for this purpose is to compute
the Effective Potential 



• Aµ is the external electromagnetic potential

The gauge field couples only to the charged pion
combinations





Where the interacting terms are given by

The σ, the three pions and the quark masses satisfy



In our Lagrangian Ψ is an SU(2) isospin Doublet

Isospin Triplet

σ is a scalar field correponding to an isospin
singlet

We have a U(1) covariant derivative



For second order phase transitions we expect

For first order phase transitions



Huge Magnetic fields are produced in perhipheral heavy-ion
collisions









• By the time the quarks and gluon thermalize the 
temperature becomes the largest of the energy 
scales. This means that the weak magnetic field 
approximation seems to be appropriate 
(eB <<T2).

Recently, using the linear σ-model with quarks, we have shown 
the occurence of magnetic anti-catalysis (in agreement with 
results from the lattice). Tc (for chiral restoration) diminishes as 
function of B.

SA



where  ωn = 2nπT are the boson  Matsubara 
frequencies

For a boson field, square mass mb
2, charge (absolute 

value) qb, at finite temperature T and with an external 
magnetic field B, the effective potential is given by



In a similar way, for a fermion field with mass mf,
charge qf (absolute value), chemical potential μ,
temperature T and external magnetic field B, the
effective potential is given by 

Where are the fermionic

Matsubara frequencies



• After a long calculation: 

• Sum over Matsubara frequencies, 

• Sum over Landau Levels, 

• Carrying on mass and charge renormalization, 
(we choose the renormalization scale as 

• )

The thermo-magnetic effective potential, for small
up to intermediate field intensities, in a high
temperature expansion can be written as





In this long and cumbersome expression:

1) Lin is the polylogarithm function of order n
2) Ψ0(x) is the digamma function

The leading temperature plasma screening
effects for the boson mass squared (resuma-

Tion of ring diagrams) is encoded in the
boson self energy



• We require

Thermo Magnetic Couplings:

We calculate the one loop corrections to the boson 
coupling λ and the coupling g





Only as a curiosity

where



and

where











Magnetic Anicatalysis



On the contrary, if the thermomagnetic dependence of the 
couplings is not considered



It is important to mention that the behavior of the
critical temperature has been also analized from other
perspectives, as for example the nlPNJL model, 
where inverse magnetic catalysis can be seen  

V. P. Pagura, D. Gomez Dumm
S. Noguera and N. N. Scoccola
PRD 95, 034013 (2017)



• Inserting the thermo-magnetic
dependence of the couplings in the
effective potential we get our main reult:

The evolution of the phase diagram (in the
T-μ plane) as function of the external
magnetic field.



b = qB/Tc0
2



Some Conclusions:

External magnetic fields seem to play an
important role in the structure of the QCD
phase diagram

The CEP moves to the left in the T-μ plane, i.e 
toward lower values of the critical quark 
chemical potential, and also to larger values of 
the critical temperature, as the intensity of the 
external magnetic field increases.



This fact is associated to the dimensional 
reduction associated to the formation of the
Landau levels.

For this behavior, a proper treatment of the
resumation of ring diagrams, including
thermo-magnetic effective constants, was
essential.


