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• In 1997 Maldacena (followed by Witten, Gubser, Klebanov, Polyakov and 
then many others) wrote a paper which changed the way we think about 
both gravity and quantum field theory 

• He conjectured that a certain physical system can have two (very) different  
but equivalent descriptions:   

1. As quantum field theory  in 4d flat spacetime 

2. As a gravitational theory on  a curved spacetime 10d spacetime 

Gauge/Gravity  Duality

QFT side Gravity side



Gauge/Gravity  Duality
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• The system in question was, on one side, a specific gauge theory: 
maximally supersymmetric Yang-Mills theory with gauge group SU(N). 
This theory is conformally invariant (it is a CFT) 

• On the other side, it was (type IIB) string theory on  
(hence the name AdS/CFT duality) 

• These are the same theory written in terms of  different variables 

• Since then, this has been generalized to many other cases (with less  or no 
supersymmetry, no conformal invariance…).

<latexit sha1_base64="k6fY1xAsuyFEJdOtFg7AQAIyZAk="></latexit>

AdS5 ⇥ S5

QFT side Gravity side



Outline
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• Basic ingredients (what is a CFT? how does AdS space look like?) 

• Statement of  the correspondence (fields and operators) 

• How to compute field theory observables from gravity 

• Curved-spacetime holography and applications to cosmology



Conformal Field Theory

• CFT : a relativistic quantum field theory which has extra invariance:

Scale transformations

(also special conformal transformations)
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in 4d: 5 extra 
parameters  

15 spacetime 
symmetries

• Correlation functions are simple:
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O(�xµ) = �
��

O(xµ)

weight
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hO(x)O(y)i = 1

|x� y|2�

• It contains operators which 
transform covariantly:  
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e.g. Fµ⌫F
µ⌫ ,  ̄ ...



• Conformal invariance 
is typically broken by 
quantum effects

• Very hard to construct a 4d QFT which are conformal at the full quantum 
level (supersymmetry helps)

Quantum CFT
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is typically broken by 
quantum effects

• Very hard to construct a 4d QFT which are conformal at the full quantum 
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Quantum CFT

• Parameters:  

gauge coupling: 

size of  the gauge group: 

<latexit sha1_base64="6+rcI4Kr7HKZXWSj8t61mVtAAZc="></latexit>g
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N

• 1 gauge field  

• 6 real scalars 

• 4 Weyl fermions

<latexit sha1_base64="L+ZhGMKHiDZoyI46DuGHJH0THLo="></latexit>

Aµ
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•  One example is Maximally SUSY Yang-Mills in 4d: it is a gauge  theory  
with scalars and  fermions (all in adjoint representation of  SU(N))



Anti-de Sitter Spacetime

• Maximally symmetric, negative curvature spacetime 

• Solution of  Einstein equation with negative cosmological constant

• Metric of          in local coordinates:
<latexit sha1_base64="6RZowvrZnkdSl/PQQ90DGpBAJKw="></latexit>

AdS5
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dz2 + ⌘µ⌫dxµdx⌫

z2
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• Isometry group  = 
4d conformal group
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xµ ! �xµ, z ! �zscaling isometry:

Moving towards 
the boundary 

moving to 
shorter distances 

in 4d spacetime
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The Maldacena Correspondence

Gauge theory side: 
N=4 SuperYM

Gravity side: 
Type IIB string theory

z
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Large-N limit

Super-YM Strings on AdS

z
<latexit sha1_base64="/eTmy7LzCLFMGhaAX1GZkkwMm/U="></latexit>

(Mp`)
4

<latexit sha1_base64="ogEw73ZHflcHHOxrxbkETwVLggU="></latexit>gs

• Large       : gravity side can be 
treated classically

• Large               : neglect 
massive string spectrum 
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Large    , strongly coupled SYM theory is described by classical GR
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Super-YM Classical GR on  AdS

z

Perturbative Super-YM Quantum gravity/ 
strings on AdS



What is it good for ?

Strongly coupled large N 
Super-YM Classical GR on  AdS

z

Perturbative Super-YM Quantum gravity/ 
strings on AdS



What is it good for ?

Strongly coupled large N 
Super-YM Classical GR on  AdS

z

Perturbative Super-YM Quantum gravity/ 
strings on AdS



Field/operator correspondence

• QFT side observables: correlation functions of  local operators 

• Gravity side: no local observables due to diff  invariance.  

Only boundary observables (diffs that act on the boundary are 
not gauge transformations but change the state).

• The boundary of  AdS is identified with the space the CFT lives on



Field/operator correspondence

• QFT side observables: correlation functions of  local operators 

• Gravity side: no local observables due to diff  invariance.  

Only boundary observables (diffs that act on the boundary are 
not gauge transformations but change the state).

• The boundary of  AdS is identified with the space the CFT lives on

QFT data are 
boundary conditions 
for gravity fields
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of  field equations on AdS
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Einstein eq order by order
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• We can endow it with any metric 

• We can study strongly coupled QFTs on curved spacetime by doing 
a classical GR calculation
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• Now the on-shell action will be a function of  the boundary curvature 

• One can show that it takes the form: 
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According to holography, this gives the full answer of  doing 
the QFT path integral on a constant curvature spacetime
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Take  dynamical 4d gravity coupled 
to a 4d QFT which has  a holographic 
description. 

Application: QFT backreaction on de Sitter
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