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Idea
• Study the thermodynamics of deformed 4-dimensional black 

holes subject to a dipolar potential                          that are dual 
to a 3-dimensional field theory.

A⌧ = iE cos ✓



Gravity Set-up
Ãµ

!
• gauge field!
• metric gµ⌫

✤ Descretize PDEs chebyshev x fourier

!
✤ Solve with Spectral Methods 
(exponential convergence)
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Study numerical solutions 
Einstein-Maxwell gravity 
with a dipolar potential 
source.



Boundary Conditions:!
✤Regularity at Axes of Symmetry
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ÃBH
⌧ = �ir2D(r, ✓)d⌧

ds2
sol

=
1

(1� r2)2

(
A(r, x) d⌧2 +

4G(r, x)dr2

2� r2
+ r2(2� r2)

"
4C(r, x)

2� x2

✓
dx+

H(r, x)dr

r

◆2

+B(r, x) (1� x2)2d�2

#)
,
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Black Hole Polarization

S =
A

4GN
=

⇡R2

GN

Z ⇡
2

0
d✓ sin ✓

p
C(0, ✓)B(0, ✓)

What happens to the shape of the horizon when we change    and T?E
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Free Energy
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Phase diagram
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• Strong coupling picture of some dual theory

• ? Try looking at the partition 
function of free Bosons on a 
sphere to get weak coupling 

picture

!��� !��� !��� ��� ��� ���

���

���

���

���

���

���

���

E Ec

T

TH

!

(a) (b)

E

Confined phase

Deconfined phase



Phase diagram

maximum electric field

no maximum electric field
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Phase diagram

What is the correct gauge/gravity description for polarized black holes? 

maximum electric field

no maximum electric field
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• Strong coupling picture of some dual theory

• ? Try looking at the partition 
function of free Bosons on a 
sphere to get weak coupling 

picture
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Current Work: ABJM
A precise dual of BH polarization is deformed 3 d ABJM theory
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Concrete Realization of the gauge/gravity duality! 
[Itzhaki, Maldacena, Sonnenschein, Yankielowicz ’98]
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Current/ Future Work
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✤study dynamical stability of BH!

✤Can deformation of ABJM be simulated on a computer?!

✤Condensed Matter…!
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Thank You


