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Strong interactions under magnetic fields can be found in nature in:

The earths magnetic field

A common hand-held magnet 100 Gauss

The strongest steady magnetic fields 4.5 x 10° Gauss
achieved so far in the laboratory

Surface field of magnetars 10'> Gauss

Heavy ion collisions: the strongest
magnetic field ever achieved in the 10' Gauss
laboratory
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High temperature plasma - above 4 ftrillion Kelvin




Relativistic
heavy ion
collider (RHIC)

200 GeV/nucleon

Large Hadron

Collider (LHC)

(T 1 month a
year)

2.76 TeV/nucleon




Proton-proton

~ 4800 particles in

~ 20 particles
central collisions




Confinement - Deconfinement

Chiral symmeftry restoration

>
)
=
—
)
—
= )
)
T
—
)
Q.
5
-

Net Baryon Density




Broken x restored phase:

The order parameter carries information about the symmetries
of the system.
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Dynamic fields: N; flavors of quarks, N, colors and (N.2-1) gluons;
SU(N) symmetry: non-Abelian, gluons interact with themselves.




Lattice QCD: full numerical simulations.
Sign problem, ambiguities in fermion definitions,
computationally expensive.

Asymptotic freedom = perturbation theory

AdS/CFT: formal solutions of a ‘cousin’ theory.

Combination of all this can lead to a more robust
characterization of the plasma!




Effective models
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Gauge sector

1T
l(z) = % tr ('P exp (z’g/o Ao(z, 1) dT))

Parameters fix demanding:

* Stefan-Boltzmann limit reached at
T->00

* first order transition happens at
T=T,

* the potential fits lattice data for
thermodynamical quantities
(pressure, energy density and
entropy)




Quantum mechanics
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In thermal field theory the contribution after 1-loop order is
not 2-loops. A sum of a class of diagrams converge to a
contribution of order A2

IR regularization for massless theories!




For simplicity we assume a magnetic field that is constant and
homogeneous:
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(0" +m*)p = s
Scalars _ Fermionic
0y — Oy +iqA,

* charged scalars: propagator in the presence of a magnetic field
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The A ©* model
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Vacuum contribution: IR divergences
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QCD in the presence of magnetic fields is a subject that has
been calling attention in the last years.

Contributions from different fields: effective models, lattice,
AdS/CFT, data analysis, etc.

Magnetic backgrounds can change remarkably the QCD
phase diagram: 2" to 15t phase transitions, change of the
critical temperature, split of the transition lines, efc.

Mix of different areas and techniques: thermal field theory,
electrodynamics, heavy ion phenomenology, phase structures,
etc...

Recent area: still a lot to explore and fto be understood.




