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Holography, strongly coupled plasmas and magnetic fields

» The QGP formed in highly energetic particle collisions, like
those at RHIC and the LHC experiments, is a strongly coupled
system.

» Holographic techniques have been used to study its properties.

» It is an experimental fact that for non-central collisions, a
magnetic field is present in the resulting plasma.
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Holographic MQGP

» D'Hoker and Kraus (2009) found the 5-dimensional
gravitational dual to SYM N = 4 in presence of an external
constant magnetic field.
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Holographic MQGP

> D’'Hoker and Kraus found the 5-dimensional gravitational dual
to SYM N = 4 in presence of an external constant magnetic
field.

S= /d5x\/fg(R +12 - F?)
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Holographic MQGP

» D'Hoker and Kraus found the 5-dimensional gravitational dual
to SYM N = 4 in presence of an external constant magnetic

field.
S= /d5X\/—g(R +12 - F?)

» Many observables have been studied using this dual.
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Holographic MQGP

» D’'Hoker and Kraus found the 5-dimensional gravitational dual
to SYM N = 4 in presence of an external constant magnetic
field.

S= /d5x\/fg(R +12 - F?)

» Many observables have been studied using this dual.

» But the real world QGP contains quarks, that is, fields in the
fundamental representation. And SYM A = 4 only have fields
in the adjoint representation.
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Holographic MQGP

» Holographically, one can add flavor to the theory by
embedding probe D7-branes on the 10-dimensional geometry.
Katz and Karch (2002).
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Holographic MQGP

» Holographically, one can add flavor to the theory by
embedding probe D7-branes on the 10-dimensional geometry.
Katz and Karch (2002).

» D’Hoker and Kraus solution is a consistent truncation of
10-dimensional [IB SUGRA. Cvetic et al. (1999).
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Consistent truncation

» One solves the 10D EOM by reducing them to EOM that can
be obtained from an effective 5D theory: truncation anzats.
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Consistent truncation

» One solves the 10D EOM by reducing them to EOM that can
be obtained from an effective 5D theory: truncation anzats.
» For D'Hoker and Kraus solution

» The 10D fields that are turned on are the metric and the
self-dual 5-form.

» The 5D fields that are turned on are the metric and the
Maxwell field.
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Consistent truncation

» However, it is very difficult to embed the D7-branes in the
resulting 10D geometry.
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Consistent truncation

» However, it is very difficult to embed the D7-branes in the
resulting 10D geometry.
» We found a different 5D effective theory that lies in the same
truncation anzats.
» The 10D fields that are turned on are the metric and the

self-dual 5-form.
» The 5D fields that are turned on are the metric, the Maxwell

field and a scalar field.

S= /dSXV—Tz [R - %(éhp)2 +4 (X2 2XTY) - XT3(F)?
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Family of solutions

» The family of solutions we found is given by
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Family of solutions

» The family of solutions we found is given by

dr?
u(r)

ds? = — U(r)dt? + V(r)(dx* + dy?) + W(r)dz?,
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Family of solutions

» The family of solutions we found is given by

dr?
u(r)

ds? = o — U(r)de® + V(r)(dx® + dy®) + W(r)dz*,

F = Bdx A dy,
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Family of solutions

» The family of solutions we found is given by

d 2
ds? — ﬁ — U(r)de® + V(r)(dx® + dy?) + W(r)dz?,
F = Bdx A dy,
@ = p(r).
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Family of solutions

» The family of solutions we found is given by

d 2
ds® = U(rr) — U(r)dt? + V(r)(dx* + dy?) + W(r)dz?,
F = Bdx A dy,
p = o(r).
» The numerical solution is specified by the parameters ry, ©p
and B.
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Family of solutions

» The family of solutions we found is given by

d 2
ds® = ﬁ — U(r)dt? + V(r)(dx* + dy?) + W(r)dz?,
F = Bdx A dy,
@ = o(r).
» The numerical solution is specified by the parameters ry, ©p
and B.

» The geometry fails to be asymptotically AdSs for some values.
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Family of solutions

» Near the boundary

1
@Zﬁ(¢0+wo|ogr)+...
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Family of solutions

» Near the boundary

1
@Zﬁ(wo-i-i/}obgr)—i—...

> (o corresponds to the normalizable mode, dual to a VEV for
the operator (O,).
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Family of solutions

» Near the boundary

1
0= ;(«po+¢ologr)+---

> g corresponds to the normalizable mode, dual to a VEV for
the operator (O,).

> 1) corresponds to the non-normalizable mode, dual to a
source for the operator O,.
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Family of solutions

v

Near the boundary

1
= ;(wo+¢o|ogr)+...

> (o corresponds to the normalizable mode, dual to a VEV for
the operator (O,).

> 1) corresponds to the non-normalizable mode, dual to a
source for the operator O,,.
» To solve the problem we fixed ¢g = 0. Numerically this
amounts to fix ¢y, for every value of B.
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Family of solutions

» The metric we find with this procedure goes to

U(r):r2+'“7 V(r): C1r2+---, W(r): C2r2...,
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Family of solutions

» The metric we find with this procedure goes to
u(r)=r*+ ..., V(r)=Cr*+ ..., W(r) = Gr?...,

> To have the same units along any direction we exploit a
symmetry of the EOM to rescale
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Family of solutions

» The metric we find with this procedure goes to
Ury=r?+.., V(=G +.., W) =Gr.,

» To have the same units along any direction we exploit a
symmetry of the EOM to rescale
v(r)

V(r) — o W(r) —
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Family of solutions

» The metric we find with this procedure goes to
ury=r’+.., V(r)=Gr* + .., W(r) = Gr?...,

» To have the same units along any direction we exploit a
symmetry of the EOM to rescale
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Family of solutions
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» There is a maximum value for b/ T2
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Family of solutions

» This kind of behavior isn't new.

Daniel Avila

Holography, strongly coupled plasmas and magnetic fields



Family of solutions

» This kind of behavior isn't new.

» Horowitz (2017) found that for Einstein-Maxwell system in
4D there exists a maximum value for the electric field above
which a naked singularity appears.
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Family of solutions

» This kind of behavior isn't new.

» Horowitz found that for Einstein-Maxwell system in 4D there
exists a maximum value for the electric field above which a
naked singularity appears.

> Interestingly, Horowitz (2018) latter found that performing a
differential rotation to the boundary metric has the same
effect.
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Holographic renormalization

» To study the thermodynamics of the solution it is necessary to
evaluate the on-shell euclidean action.
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Holographic renormalization

» To study the thermodynamics of the solution it is necessary to
evaluate the on-shell euclidean action.

» One needs to add covariant boundary terms (known as
counterterms) to obtain finite results. Skenderis et al. (2001)
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Holographic renormalization

» To study the thermodynamics of the solution it is necessary to
evaluate the on-shell euclidean action.

» One needs to add covariant boundary terms (known as
counterterms) to obtain finite results. Skenderis et al. (2001)

2loge

1 ..
Set = /d4xﬁ (6 + ¢ <1 + ) + FUF; |oge> :
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Holographic renormalization

» There's is freedom to add a finite boundary term.
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Holographic renormalization

» There's is freedom to add a finite boundary term.

S:Csch /d4x\/>_ul_—+ 902
" 167G 7 Y 2log?e)’
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Holographic renormalization

» There's is freedom to add a finite boundary term.

Coch 2
Sf=—= / d* FiF;
= TorGs ) VPRIt 5 Iog ]

» Choosing Csc, amounts to choosing a renormalization scheme.
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Holographic renormalization

» There's is freedom to add a finite boundary term.

Sf = Coch /d4x\f FiF; + " o
f 167 Gs v 2log?e)’

» Choosing Cs amounts to choosing a renormalization scheme.

» In the following Cscp, = —5 (blue), Cscp = 0 (red) and
Csch = 5 (green).
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Scalar condensate

(0p)/T?
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Energy density

E/E
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Pressure parallel to the magnetic field

Pl /P,
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Pressure perpendicular to the magnetic field

P+ /Py
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Entropy density
S/b3/2
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Specific heat

Cp
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Free energy density
F/Fo
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Conclusions

» We found a consistent truncation of SUGRA IIB.

» The family of solutions features a constant magnetic field and
a scalar field.

» We studied its thermodynamics, and found the branch of
stable solutions.
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Conclusions
» We found a consistent truncation of SUGRA IIB.
» The family of solutions features a constant magnetic field and
a scalar field.
» We studied its thermodynamics, and found the branch of
stable solutions.
» The next step is to add fundamental matter. We have already
done some progress in this direction.
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Thank you for your attention!
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