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Why study magnetic effects in nuclear matter?

Physics systems




Linear Sigma Model with quarks

e Effective model for low-energy QCD.

e Renormalizable.
e Symmetry spontaneously broken.
e Quarks and mesons involved in the chiral phase transition
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Strongly interacting matter in extreme conditions
explored with the LSMq
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Strongly interacting matter in extreme conditions
explored with the LSMq
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Strongly interacting matter in extreme conditions

explored with the LSMq
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Strongly interacting matter in extreme conditions
explored with the LSMq
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Free parameters of the theory and their determination

e These parameters are fixed in vacuum, to take well-determined
values.

o But we are not studying the vacuum. We are in a situation far from that state.

e \We determine the values of these parameters under the studied
conditions.

o But we do not have enough physical information to determine them.
e The region under study is broad, so the parameters should not be

constant.
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Effective Magnetic QCD phase diagram

Work in collaboration with A. J. Mizher and G. Fernandez

(in preparation)

10



Inverse magnetic catalysis
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Change in the phase transition

| 1 1 I Ll I 1 1 T T I 1 1 1 I_

L .
M =
L Do = - .
160 1 deconfinement transition line _]
-\ 1 -
-\ . prediction i
—~ - % o
T 140 [\ .
= o o
S | \ i
'_U = ‘\ 3 -1
120 — ‘\crossover - —
L o ] critical 2
2 ~ - point d
100 B first order _|
C 1 1 I 1 I 1 1 1 1 I 1 1 1 I-

5 10
eB (GeV?)

JHEP 07 (2015) 173

T [MeV]

160

98T

63

\\\
!
OSSO
\ V@f

. Confined phase

T4(Br) Deconfined phase

Isr
O,
r(]@r

9 eB.(~ 18 GeV2?)
eB [GeV?

Phys. Rev. D105 (2022) 3, 034511

12



However, ...

Phys.Lett.B 731 (2014) 154-158

ABSTRACT

We explore the parameter space of the two-flavor thermal quark-meson model and its Polyakov loop-
extended version under the influence of a constant external magnetic field B. We investigate the
behavior of the pseudo critical temperature for chiral symmetry breaking taking into account the likely
dependence of two parameters on the magnetic field: the Yukawa quark-meson coupling and the
parameter To of the Polyakov loop potential. Under the constraints that magnetic catalysis is realized
at zero temperature and the chiral transition at B =0 is a crossover, we find that the quark-meson
model leads to thermal magnetic catalysis for the whole allowed parameter space, in contrast to the
present picture stemming from lattice QCD.

-
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Linear Sigma Model with quarks

e Effective model for low-energy
QCD.

e Renormalizable.

e Symmetry spontaneously
broken.

e Quarks and mesons involved in
the chiral phase transition
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Linear Sigma Model with quarks

e As aresult of the shift
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Free energy beyond mean field approximation

Lowest Landau Level Q@@@

veff = classic + 1-loop + Ring diagrams
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Free energy beyond mean field approximation

au Level Q@@@ Latin Landau Level

veff = classic + 1-loop + Ring diagrams
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Self-energy of the bosonic fields
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Effective potential
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vev as an order parameter
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Effective phase diagram
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Without approximations, but something is not right
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A new alternative

We will allow all the free
parameters of the theory to
become variable, without a
functional form for each one of
them.

We will look for a new
functional form of the masses.
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Self-consistent masses

System of coupled Self-energies
equations
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Effective potential with self-consistent masses
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Phase transition analysis
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Effective phase diagram 2.0
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A unique result due to its nature.
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Future work

Compute all contributions to all
self-energies, especially
fermionic ones.

Use Al to find the general
analytic expression for the
Masses.

Valid calculation for any
magnetic field strength.
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Conclusions

e In the LSMq, the masses should capture collective effects of the
medium without any restriction, and it allows going beyond mean
field robustly, generating consistent results.

e The Linear Sigma Model with quarks is successful in exploring
different phase diagrams of the strong interaction.

e A systematic study of the strong phase transition has been
developed under different conditions, gradually approaching the
physical conditions of the systems of interest.
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