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@ Lattice QCD has demonstrated that a
background magnetic field (B) reduces
the chiral/deconfinement transition
temperature (7,) for eB < 1 GeV?, a
phenomenon called inverse magnetic Foa :
catalysis (IMC) (Baii et al, JHEP 1202 (2012)). b
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@ More recently, it has been shown, also
in lattice QCD, that the IMC persists
even for eB ~ 3 GeV? (Endrodi, JHEP 1507
(2015)).
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@ Previous works have found that at very strong magnetic
fields a magnetic catalysis (MC) should occur, i.e, T.
increases with increasing B (Miransky and Shovkovy, Phys. Rev. D66
(2002) and, for a review, Andersen et al, Rev. Mod. Phys. 88 (2016)).
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@ Maldacena 1997: Supergravity on AdSs x S° is equivalent
to the A/ = 4 Super Yang-Mills Theory (SYM) with SU(N)
gauge group in 4 dimensions (Maldacena, Adv. Theor. Math. Phys. 2
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@ Maldacena 1997: Supergravity on AdSs x S° is equivalent
to the A/ = 4 Super Yang-Mills Theory (SYM) with SU(N)
gauge group in 4 dimensions (Maldacena, Adv. Theor. Math. Phys. 2
231-252 (1998) and Int. J. Theor. Phys. 38 (1999)). It has more than
10000 citations!

@ Witten 1998: Supergravity on AdS,. is equivalent to a
conformal field theory (CFT) on the boundary (d
dimensions) (Witten, Adv. Theor. Math. Phys. 2 253-291 (1998)). More
than 8000 citations!

@ In our work the full supergravity context is eleven
dimensional supergravity on AdS, x §’. This theory may
be consistently truncated to Einstein-Maxwell theory on
AdSy (Herzog et. al Phys. Rev. D75 (2007)).
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@ The hardwall model (HW) (Poichinski and Strassler, Phys. Rev. Lett.
88 (2002), Polchinski and Strassler, JHEP 0305 (2003), Boschi-Filho and Braga,
Eur. Phys. J. C 32 (2004) and Boschi-Filho and Braga, JHEP 0305 (2003))
consists in introducing a hard cut-off in the background
geometry in order to break conformal invariance. The
cut-off implies 0 < z <z, Where z,,4, can be related to
the mass scale of the boundary theory.
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@ For this model we considered the 4-d Euclidean
Einstein-Maxwell action
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@ For this model we considered the 4-d Euclidean
Einstein-Maxwell action

1
Ssw= — 75 d*x ge_cb(z) (R—ZA—LQFMNFMN)
2k}
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where ®(z) = kz? is the dilaton field.
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Einstein-Maxwell Theory in 4 dimensions

Field Equations

The field equations coming from Sy and Ssy are:

1 3
Ruy = 27 (F1€1FNP — 4gMNF2> ~ 728MN-
VMEyy = 0
Ansatz:
L2 d 2
ds*> = - (f(z)de TR dx? + dx%) ,
z (@)

F = Bdx; Ndx.
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Solutions

Then we obtain

fm(z) = 1+B% (Thermal AdS)
3
z
fon(z) = 14+B*2(z—zy) — g (AdS Black Hole)

@ The first solution, fr;(z), corresponds to the thermal AdS,
with an external background magnetic field B.

@ The second solution, fzx(z), corresponds to a black hole in
AdS, in the presence of a background magnetic field B,
where zy is the horizon position, such that

81 (2)| ;= = 0.

13/27



Einstein-Maxwell Theory in 4 dimensions

Free Energy Difference AS in the hard and softwall
model

In order to study the deconfinement phase transition we will be
interested in the free energy difference, AS, defined as

AS = Sgy — Stn,

14/27



Einstein-Maxwell Theory in 4 dimensions

Free Energy Difference AS in the hard and softwall
model

In order to study the deconfinement phase transition we will be
interested in the free energy difference, AS, defined as

AS = Sgy — Stn,

where Spy is the action of the AdS black hole solution and Sz, is
the thermal AdS action.

14/27



Einstein-Maxwell Theory in 4 dimensions

Free Energy Difference AS in the hard and softwall
model

In order to study the deconfinement phase transition we will be
interested in the free energy difference, AS, defined as

AS = Sgy — Stn,
where Spy is the action of the AdS black hole solution and Sz, is
the thermal AdS action.
So, by calculating explicitly the on-shell Euclidean actions (free
energies) for each model, Syw and Sgy, for the thermal and

black hole solutions and computing their free energy difference,
AS, we end up with

14/27



Einstein-Maxwell Theory in 4 dimensions

Free Energy Difference AS in the hard and softwall
model

In order to study the deconfinement phase transition we will be
interested in the free energy difference, AS, defined as

AS = Sgy — Stn,
where Spy is the action of the AdS black hole solution and Sz, is
the thermal AdS action.
So, by calculating explicitly the on-shell Euclidean actions (free
energies) for each model, Syw and Sgy, for the thermal and

black hole solutions and computing their free energy difference,
AS, we end up with

WI? [ 1 1 3
ASHW - /8722 (3 ~ A3 +Bz (ZH _Zmax)> )
Kj Zimax ZZH
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Free Energy Difference AS

where V, = [[ dxjdx, and 3 = 7, with T the temperature.

Finally, for the softwall model we have

1 ek (2kzf; — 1) B%zy
ASSW — D) <2Zl3,_1 + Z?{ + 2 +

N J7 (B + 4k2) erfc (\/I&H) >’

2Vk
where erfc(z) is the complementary error function, defined as

erfc(z) = 1 — erf(z).
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Hawking-Page phase transition

Hawking and Page (Hawking and Page, Comm. Math. Phys. 87 (1982))
found two solutions for Einstein’s equations in AdS space (with
B = 0) at finite temperature T

@ Thermal AdS solution
@ AdS Schwarzschild Black Hole solution
Which solution is thermodynamically stable?

@ They found that for low temperatures 7' < 7, the
Thermal AdS is stable and for high temperatures
T > T, the AdS Black Hole solution is stable.

@ T, is the critical temperature where

AS(T)|,_, =0.

‘T:TC
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Confinement/Deconfinement Transition from AdS/CFT

@ In the AdS/CFT framework the Hawking-Page phase
transition is dual to Confinement/Deconfinement phase
transition (Wwitten, Adv. Theor. Math. Phys. 2 (1998)) with:

o Thermal AdS (Low T) < Confined phase of the
boundary gauge theory

o AdS Black Hole (High 7) < Deconfined phase of the
boundary gauge theory

The critical temperature is associated with the critical horizon,
ZHe, Where AS(zy) ~ =0, from which we obtain T, through

|Q1:Qﬂ

Hawking’s formula

T — [fl/?H(Z :ZHC)’
=
4
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Results: 7, x B for the softwall
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@ We were able to obtain the deconfinement transition
temperature as a function of the magnetic field, 7.(B), from
AdS/CFT. IMC and MC are found with a critical magnetic
field separating the two phases.

@ We hope to motivate the lattice community to investigate
the deconfinement transition in the presence of a magnetic
field for SU(N) gauge theories in (2 4+ 1) dimensions with
and without fermions.

@ Further improvements:

e Use the Dynamical Softwall Model (Li and Huang, JHEP 1311
(2013) and Capossoli and Boschi-Filho, Phys. Lett. B760 (2016)), which
gives better results for glueball spectra.

e Include fermions (in bottom-up and top-down approaches).

@ Currently we are investigating the chiral phase transition in
the same set up. .
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Thank you!
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“The AdS/CFT duality connects a theory of gravity in a
space-time region called anti-de Sitter space (which curves
differently than our universe) to an equivalent quantum field
theory describing that region’s gravity-free boundary.
Everything there is to know about AdS space — often called
the “bulk” since it’s the higher-dimensional region — is
encoded, like in a hologram, in quantum interactions between
particles on the lower-dimensional boundary. Thus, AdS/CFT
gives physicists a “holographic” understanding of the quantum
nature of gravity." (E. Witten, in interview given for Quanta
Magazine in 2017.)
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Motivation: Why (2 + 1) rather than (3 + 1)
dimensions?

@ Hoping to simplify the analysis and go beyond the
perturbative solution.

@ Gauge theories in (2 + 1) dimensions share the essential
features of gauge theories in (3 + 1) dimensions (Meyer and
Teper, Nucl. Phys. B 668 (2003)) such as: asymptotic freedom,
linear confinement and the existence of a dimensionful
coupling constant (Teper, Phys. Rev. D 59 (1999)). In addition, the
lightest glueball state, 0+, has mass m/\/a =~ 4 in both
(2+1)- and (3+1)-dimensional lattice gauge theories for any
gauge group SU(N).
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