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Motivations
• Construct new perturbative black hole 

solutions in any gravity theory with black 
branes 

• Understand the dynamics of black branes 
and string theory bound states 

• Probe spacetimes at finite temperature by 
means of non-extremal probes



Plan
!

• Context (with a brief non-linear history) 
• Effective theory in pure gravity 
• New black hole horizons 
• Generating further effective theories 
• Effective theory for supergravity 
• Fluids with q-brane charge



PART I

Context
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arXiv:hep-th/9803131 by E.Witten



Context
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Context

AdS boundary

Schwarzschild-AdS 
black hole

AdS

arXiv:hep-th/9803131 by E.Witten



Context

AdS boundary

FLUID

planar black hole (AdS black brane)

arXiv:hep-th/0104066 by Policastro, Son and Starinets.



Context

arXiv:0712.2456 by S. Bhattacharyya, V.E.Hubeny, S. Minwalla and M. Rangamani 
arXiv:0708.1770 by S. Bhattacharyya, S. Lahiri, R. Loganayagam & S. Minwalla

boundary AdS

Kerr-AdS black hole

AdS

planar brane  
is corrected



Context

PLASMA 
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arXiv:0507219 by O. Aharony, S. Minwalla & T. Wiseman



Context

arXiv:0507219 by O. Aharony, S. Minwalla & T. Wiseman

boundary of SS-AdS

AdS-soliton

black hole

plasma lump



These are fluids with a boundary

Context



Context

increase J

zoom locally

arXiv:0308056 by E. Emparan & R. Myers 
arXiv:1110.4835 by JA, J.Camps, T.Harmark & N.A. Obers



Context

increase J

zoom locally

arXiv:0708.2181 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers & M.Rodriguez 



Context

DYNAMICS OF 
(INTERSECTING) 

BRANES

arXiv:1106.4428 by R. Emparan, T. Harmark, V. Niarchos and N.A.Obers



Context DarXiv:1504.06489 by R. Emparan, T. Shiromizu, R. Suzuki, K. Tanabe & T. Tanaka 
arXiv:1504.06613 by S. Bhattacharyya, A. De, S. Minwalla, R. Mohan & A. Saha



PART II

The effective theory



The effective theory



Schwarzschild at infinity
Infinity

Infinity

The effective theory



Black string at infinity
Infinity

Infinity

The effective theory



Boosted black string at infinity
Infinity

The effective theory



Boosted black string at infinity
Infinity

The effective theory



Boosted black string at infinity
Infinity

The effective theory



+ …

+ …

The effective theory

Neutral black brane:



Read off the stress tensor from the metric:

arXiv::0910.1601 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers 

The effective theory



The effective theory



The effective theory



The effective theory



The effective theory



The effective theory



Perturbing the brane:

arXiv:1110.4835 by JA, J.Camps, T.Harmark & N.A. Obers 
arXiv:1201.3506 by J. Camps & R. Emparan

arXiv:0708.2181 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers & M.Rodriguez 

The effective theory



To find the effective action in equilibrium:

The effective theory

(1) Classification and comparison

(2) Black hole partition function (+ global condition)



Effective action:

arXiv:1304.7773 and arXiv:1312.0597 by JA  
arXiv:1406.7813 by JA & T.Harmark

arXiv:1203.3544 by Bhattacharya et al.

The effective theory



From here one can extract the bending moment and 
the spin current:

arXiv:1304.7773 by JA 
arXiv:1312.0597 by JA

The effective theory



The equations of motion are modified to:

arXiv:1304.7773 by JA 
arXiv:1312.0597 by JA

The effective theory



Contrast this with the action for a biophysical membrane:

Helfrich-Canham 70’s 
Polyakov, 86, Kleinert 86  

The effective theory



PART III

Black Hole Horizons



The stationary sector:

Equations of motion:

Black Hole Horizons



arXiv:0912.2352 by R. Emparan, T. Harmark, V. Niarchos, N.A. Obers 

Black Hole Horizons



arXiv:1402.6330 by JA & T. Harmark 
arXiv:1402.6345 by O.J.C. Dias, J.E.Santos & B. Way

Black Hole Horizons



How many solutions to the equations below?

One possibility is to look for minimal surfaces which 
also satisfy this.
arXiv:1503.08834 by JA & M. Blau 

Black Hole Horizons



• Plane 
• Helicoid 
• Catenoid 
• Riemann surfaces 
• Schwarz minimal surfaces 
• Enneper surface 
• Henneberg surface 
• Bour surface 
• Catalan surface 
• Costa surface 
• Chen-Gackstatter

• Barbosa-Dajczer-Jorge helicoids 
• Scherk surfaces 
• Meeks mobius minimal surface 
• etc 

These are all non-compact.

Black Hole Horizons



In two dimensions, only the plane and the helicoid solve 
these equations.

arXiv:0912.2352 by R. Emparan. T. Harmark, V. Niarchos & N. Obers 
arXiv:1503.08834 by JA & M. Blau 

Black Hole Horizons



The helicoid:

Topology:

arXiv:1503.08834 by JA & M. Blau 

Black Hole Horizons



Black Scherk Surfaces/Catenoids in Plane Waves:

arXiv:1503.08834 by JA & M. Blau 

Black Hole Horizons



PART IV

Integrating out further scales



Integrating out further scales

arXiv:1504.01393 by JA & M. Blau



Integrating out further scales

Minimal surfaces decouple dynamics in parts of the 
worldvolume.

arXiv:1504.01393 by JA & M. Blau



Integrating out further scales

Helicoidal string:

arXiv:1504.01393 by JA & M. Blau



Integrating out further scales

Helicoidal string:

arXiv:1504.01393 by JA & M. Blau



Integrating out further scales

arXiv:1504.01393 by JA & M. Blau

Helicoidal black ring in D>5:



Integrating out further scales

arXiv:1504.01393 by JA & M. Blau

Helicoidal black tori in D=7:



PART V

arXiv:1606.09644 by JA, J.Gath, N.Obers, V. Niarchos, A.V. Perdersen 

Supergravity



Supergravity

SUPERGRAVITY BACKGROUND 

(1) Same asymptotics 

(2)     Different asymptotics



Consider the democratic formulation:

Supergravity



Supergravity

SUPERGRAVITY BACKGROUND 



Coupling to the democratic formulation:

Supergravity



Effective equations:

Supergravity



Effective equations:

Supergravity



Current equations:

Supergravity



The Dp-F1 black brane:

Supergravity



The Dp-F1 black brane:

Supergravity



Supergravity

Effective equations:



Supergravity

Effective equations:



Summary and future work

• The method allows to scan for black hole horizons and 
topologies in higher dimensions 

• The method can be applied to supergravity in flux 
backgrounds 

• It would be interesting to find solutions to these equations in 
several setups 

• Fluids with q-brane charge in the context of AdS/CFT can 
lead to interesting results
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