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• Gauge/gravity duality and entanglement entropy

• Summary 



Gauge/gravity for finite N

• Duality properties of field theory and gravity theory

• Very useful but difficult to check the duality! 
For some BPS objects which have no quantum corrections, 

it was possible to check the duality using supersymmetry
and conformal symmetry in the large N limit.

Quantum field theory Quantum gravity
duality

Strongly coupled 
gauge theory

Large N Weakly curved gravity 
(classical gravity)



Gauge/gravity for finite N

• Duality properties of field theory and gravity theory

• To test Maldacena’s conjecture, large N is necessary!

Quantum field theory Quantum gravity
duality

Strongly coupled 
gauge theory

Large N Weakly curved gravity 
(classical gravity)



Gauge/gravity for finite N

• AdS/CFT Conjecture by Maldacena:

èNo restriction on 

è to support this conjecture he considered the supergravity limit

Strong conjecture!



Gauge/gravity for finite N

• finite N?

for limiting cases

è String loop effects

è Stringy effects

è difficult to test the gauge/gravity duality!



Gauge/gravity for finite N

No example of exact gauge/gravity duality
for finite N up to now!

One example of exact gauge/gravity duality:

Conformal symmetry è non-conformal 
symmetry

Large N è finite N



Gauge/gravity for finite N

ABJM (CFT) + mass deformation = mABJM
(non-CFT)

LLM geometry with     orbifold

Discrete Higgs vacua
denoted by numerical values
è Quantitative comparison 

for finite N 

[Cheon-Kim-Kim 2011] 

[Lin-Lunin-Maldacena, 2004]

[Gomis et al 08]



Exact gauge/gravity for finite N

• To show the dual relation of two theories,                 
correspondence between vacua of QFT 
and BPS solutions in gravity is not enough. 
– mABJM theory: 3-dim. gauge theory
– LLM geometry: BPS solution in 11-dim. SUGRA

4-dim. Gravity theory

KK-reduction
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Exact gauge/gravity for finite N

• Vev of CPO with         in field theory side

• Gauge/gravity mapping (GKP-W relation)

• Fix the normalization factor (k=1):



CFT
(ABJM) 

UV fixed point

IR fixed point

RG flow for a relevant deformation:
(massive deformation)

• Exact holographic renormalization near 
the UV fixed point

• Scalar fields deformation induces the metric deformation 
è deformation of the entanglement entropy

• How can we relate vevs of CPOs in QFT with 
the holographic entanglement entropy? 
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Holographic Entanglement Entropy 



• Half-BPS solutions with SO(2,1)XSO(4)XSO(4) isometry
in 11-dimensional supergravity [04, Lin-Lunin-Maldacena]
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To calculate the HEE
in the LLM geometry 
we have to solve 
PDE equations

HEE for the LLM geometry



• HEE proposal [Ryu-Takayanagi 06]

• Induced metric

• Mapping for the Disk case: 

[C.Kim, K.Kim, OK work in progress]

HEE for the LLM geometry



HEE for the LLM geometry



• Solution satisfying the boundary condition 

u̇(⇢ = 0) = 0 and u(⇢ = 1) = 0

HEE for the LLM geometry



• Entanglement entropy

• Renormalized Entanglement entropy

HEE for the LLM geometry



• Entanglement entropy

• Renormalized Entanglement entropy

Positive for all LLM solutions
è Monotonically decreasing behavior of c-function

HEE for the LLM geometry



• Entanglement entropy of the LLM geometry in 11d SUGRA
(RT formula)

• Exact holography for the vev of CPO

Gauge/gravity duality and EE



• Entanglement entropy of the vacua in mABJM theory(RT formula)

• Exact holography for the vev of CPO

• How can we consider this correspondence?

Gauge/gravity duality and EE



Gauge/gravity duality and EE

vacua of mABJM

Vevs of CPOs
Matter fields 
In 4d gravity

Induced metric
In 4d gravityParametrize

the vacua



Gauge/gravity duality and EE

vacua of mABJM

Vevs of CPOs
Matter fields 
In 4d gravity

Induced metric
In 4d gravityParametrize

the vacua

[D. Jang, Y. Kim, OK, D.Tolla, work in progress]


