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The Basics of AdS/CFT
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The AdS/CFT Correspondence

Strongly interacting QFT
in d-dimensions

General relativity in (at least)
(d+1)-dimensions
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The AdS/CFT Correspondence

QFT lives here:
d-dimensional boundary

Gravity lives here:
(d+1)-dimensional bulk

1. Classical Mechanics

The purpose of classical mechanics is to predict the future. We don’t use tarot cards
or tea leaves, but instead a tool devised especially for the purpose: the differential
equation. This method has the advantage that it actually works.

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�
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[G,R]=0

 The extra direction, r, should be thought of as energy scale. 
 Objects occurring on different scales live in different r-slices of bulk
 AdS/CFT is the geometrization of Wilsonian RG flow.
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Generating Function

source operator

1 Introduction and Summary

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�

r = 0 r → ∞

ZQFT[φ0] =

�
DA exp

�
i

�SQFT[A] + φ0O(A)

�
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Idea: Make the Sources Come Alive

1 Introduction and Summary

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�

r = 0 r → ∞

ZQFT[φ0] =

�
DA exp

�
i

�SQFT[A] + φ0O(A)

�

φ(�x, r) → φ0(�x)
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How to Calculate: GKPW Formula

on-shell action 
for AdS bulk

boundary conditions

(Gubser, Klebanov, Polyakov; Witten)

1. Classical Mechanics

The purpose of classical mechanics is to predict the future. We don’t use tarot cards
or tea leaves, but instead a tool devised especially for the purpose: the differential
equation. This method has the advantage that it actually works.

η

s
=

1

4π

�
kB

ZQFT[φ0] = eiSGravity(φ)
��
φ→φ0
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 Tricky Part: Find the map

 We have several well explored examples, but no proof.
 e.g. Maximally supersymmetric Yang-Mills = IIB string theory on 

 To make progress: use gravity to define the boundary theory
 Tractable class of strongly interacting theories
 We can ask the question: “What can strongly interacting matter do?”

AdS/CFT Will Not Solve Your 
Favourite Theory

1 Introduction and Summary

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�

r = 0 r → ∞

ZQFT[φ0] =

�
DA exp

�
i

�SQFT[A] + φ0O(A)

�

φ(�x, r) → φ0(�x)

ZQFT[φ0] = ZQuantum Grav[φ → φ0]

≈ eiSgravity(φ)
��
φ→φ0

SQFT :→ Sgravity
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Finite Temperature

Euclidean and Lorentzian signatures

Boundary theory at 
Hawking temperature, T

Black Hole
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Finite Density

Reissner-Nordström 
Black Hole

Temperature, T
Chemical Potential, µ

1 Introduction and Summary

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�

r = 0 r → ∞

ZQFT[φ0] =

�
DA exp

�
i

�SQFT[A] + φ0O(A)

�

φ(�x, r) → φ0(�x)

ZQFT[φ0] = ZQuantum Grav[φ → φ0]

≈ eiSgravity(φ)
��
φ→φ0

SQFT :→ Sgravity

AdS5 × S5

�E
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What’s it Good For?

Transport
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Shear Viscosity Kovtun, Policastro, Son, Starinets
1. Classical Mechanics

The purpose of classical mechanics is to predict the future. We don’t use tarot cards
or tea leaves, but instead a tool devised especially for the purpose: the differential
equation. This method has the advantage that it actually works.

η

s
=

1

4π

�
kB

– 1 –
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Application to Quark Gluon Plasma  

Gubser et al, Seattle Group

Jet Quenching vs String Dragging
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Application to Strange Metals
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Non-Fermi Liquid Schalm, Zaanen et al (Leiden)
Liu, McGreevy et al. (MIT)
de Boer, Verlinde et al. (Amsterdam) 

momentum

energy

Landau Fermi 
Liquid:

1 Introduction and Summary

ds2 =
L2

r2
�
dr2 + ηµνdx

µdxν
�

r = 0 r → ∞

ZQFT[φ0] =

�
DA exp

�
i

�SQFT[A] + φ0O(A)

�

φ(�x, r) → φ0(�x)

ZQFT[φ0] = ZQuantum Grav[φ → φ0]

≈ eiSgravity(φ)
��
φ→φ0

SQFT :→ Sgravity

AdS5 × S5

�E

η

s
=

1

4π

Γ ∼ ω2 Γ ∼ ω2ν
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Anomalous Conductivities

DC Resistivity:

(Expect                )

1 Introduction and Summary

ds2 =
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r = 0 r → ∞
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1. Classical Mechanics

The purpose of classical mechanics is to predict the future. We don’t use tarot cards
or tea leaves, but instead a tool devised especially for the purpose: the differential
equation. This method has the advantage that it actually works.
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Conductivities from Lifshitz Scaling

Lifshitz Scaling:
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Hartnoll, Polchinski, Silverstein, Tong
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Dynamical Lattice Formation

Magnetic 
Reissner-Nordström 
Black Hole

B

Figure 5: Energy density isosurfaces for monopole walls with B! = 10. On the left is the

hexagonal wall and on the right is the square wall, which has a slightly higher energy.the magnetic bag approximation provides a good description everywhere except around the

actual wall itself.
A monopole wall with a square lattice can be obtained by using the Weierstrass elliptic

function ℘̃(z) defined by the equation

℘̃′2 = 4℘̃3 − 4℘̃,

(4.18)

which has periods ω̃1 = Γ( 1
4
)2/(2

√
2π) and ω̃2 = iω̃1, producing a 90◦ angle between the

fundamental periods.Taking a map of the form R(z) = c̃℘̃(z/ã), with ã2 = A/ω̃2
1 , reveals that I/N 2 is min-

imized for c̃ = 1.00, when it takes the value I/N 2 = 1.30. This is greater than that of the

hexagonal lattice, and supports the view that a hexagonal architecture produces minimal

energy.
Further evidence is provided by using the approximate fields of the square wall as initial

conditions in the field theory simulations. To facilitate a comparison with the simulations of

the hexagonal wall, two copies of the torus are again taken, by using the rectangular domain

(x, y) ∈ [0, ãω̃1] × [0, 2ãω̃1], covered by 50 × 100 grid points. In Figure 5 the image on the

right is an energy density isosurface for the resulting numerical solution with B! = 10. The

energy per unit area of this square wall is E/A = 39.5, which is slightly greater than the

value E/A = 39.1 for the corresponding hexagonal wall. For comparison, the energy per

unit area of the magnetic bag style approximation is E/A = 36.5.5 Conclusion
Motivated by applications in holographic theories, a detailed analytic and numerical study

has been performed for monopoles in AdS, and the associated monopole walls that arise in

the large charge limit. An approximation has been introduced, using rational maps between

Riemann spheres, and it has been confirmed that this provides a reasonable description of18

Relationship to quantum Hall bilayers?

Bolognesi and Tong
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Many Other Phenomena

 Superconductivity
 Quantum Oscillations (de Haas van Alphen)
 Quantum Hall Transitions
 Band Structure 
 Disorder
 …
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