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Quantum critical region 

Tough when strongly coupled! 
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Generating functional 

Expectation values 









[Maldacena’97] 

[Witten’98] 

[Gubser,Klebanov,Polyakov ‘98] 2 

Expectation values via holography? 









Quantum critical region 

Hyperscaling violating geometries 
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Lifshitz geometries 
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OUTLINE  

 

 Motivation and spoilers 

 Engineering the space 

 Phase diagrams 

 Puzzles of  

 Summary 
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[Kachru, Liu, Mulligan’08]  
[Son’08] 

[Taylor’08] 

[Balasubramanian, McGreevy’09] 

 

Anti-de Sitter 

Lifshitz 

Hyperscaling violating 

k=0 k=1 k=-1 
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[Charmousis, Gouteraux, Kim, Kiritsis, Meyer’10] 

[Huijse, Sachdev, Swingle’11] 

 



topology charge Lifshitz HSV 

Ansatz: 

Einstein equations: 

HSV metric: 

HSV action: 
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[Taylor’08] 

[Tarrio, Vandoren’11] 

[Alishahiha, Colgain, Yavartanoo‘12] 

 



Warp function: 

topology charge Lifshitz HSV 

Ansatz: 

HSV metric: 

HSV action: 
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Null energy condition 

Resulting restrictions 
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Redefine 

“New” HSV action 
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charge Lifshitz 

topology charge Lifshitz HSV 

k=0 k=1 k=-1 

HSV 
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[Balasubramanian, McGreevy’09] 
Strongly coupled scalar 
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Warp function 

Temperature 

Bekenstein-Hawking entropy 
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Extremality condition 

Mass parameter 

Charge 

k=0 k=1 k=-1 
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First law and grand canonical (potential fixed) 

First law and canonical (charge fixed) 

Helmholtz 

Gibbs 
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[Witten’98] 

[Emparan, Johnson, Myers ’99] 

[Chamblin, Emparan, Johnson, Myers ’99] 
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Isothermal susceptibility + electric (in)stability: 
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[Emparan’99] 

[Casini, Huerta, Myers’11] 

Warp function 

Special features massless hyperbolic black hole: Rindler 

Curvature invariants: 

Rindler wedge? 
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General HSV: 



Orthonormal frame parallelly propagated along a geodesic  

Geodesically complete. Global space? 

[Blau, Hartong, Rollier’09] 
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[Pang’09] 

[Copsey, Mann’10] 

[Horowitz, Way’11] 

General HSV: 

[Shaghoulian’12] 



Van der Waals-like  

phase transitions 

absence tidal  

divergences  

HSV HSV 

Rindler wedge of …? Quasinormal modes 

Extra symmetries 

Holo renormalization 

Hydrodynamics 

SUGRA embedding 

Future 

Thank you for listening !! 
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