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Abstract: The AdS/CFT correspondence relates large-N, planar quantum gauge theories to string theory on the Anti-de-Sitter backgrounc
discuss exact results in field theories with AdS duals, which can be obtained with the help of diagram resummations, mapping to quantu
chains and two-dimensional sigma-models.
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AdS/CFT correspondence:

* method to describe strongly-coupled field
theories using:
v string theory
v classical gravity (Einstemn’s equations)
General Q's:
« regime of applicability

e accuracy
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[ore refined lattice simulations confirm that the string fluctuates.
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[ore refined lattice simulations confirm that the string fluctuates.
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Large-N expansion

(4 (2) A}/ (x)), =0"¥* Dz —y)  iGki1=1...N

A‘I’

“Index conservation law :
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Two expansion parameters:

"t Hooft coupling:
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string coupling: 1
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Large-N expansion
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Two expansion parameters:
't Hoott coupling:

2
A=g°N
string coupling: page 1212

1
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Large-N expansion
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Two expansion parameters:
t Hooft coupling: X = g?N

string coupling: page 1412
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Planar diagrams and strings

Large-N limit: N — oo, A — fixed
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Planar diagrams and strings

Large-N limit: N — oo, A — fixed
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Planar diagrams and strings

Large-N limit: /N — o0, A — fixed
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Conceptual problems:

e Closed strings describe gravity. What 1s graviton
in YM?

e String theory 1s onlv consistent mn ten dimensions.

e How does the string remember that 1t 1s made of
gluons?
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Holographv

* strings and gauge fields live in space-time of
different dimension

bulk

/I /’ M boundarv
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Holographv
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Anti-de-Sitter space (AdS;)

drtdzx, + dz?
- 12
ds” = 2
A
| Z
5D bulk |
|
|
otrings |
!
..' 0

/’J’ //J —lD boundary;
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Two-pomt correlation functions

(O(x)O0(y))
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Two-pomt correlation functions

(O(x)O(y)) .h
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Two-point correlation functions

(O(x)O(y)) .

string propagator
mnthe bulk ———
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Extra dimension as energyv scale

: . : A
Large 4d distances/small energies <— Largez 2

0

0

Small 4d distances large energies <—— Small z
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Extra dimension as energy scale

. - : A
Large 4d distances/'small energies <— Largez | 7

[y

Small 4d distances large energies <—— Small z
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Scale mvariance

dx*dx, + dz>2

S
ds” — 2

2 5 arf leaves metric

> > az invariant

I:> gauge theorv dual to strings in AdS,

1s scale mvarnant (conformal)
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Scale invariance

- detdx, + dz>2

2
ds .
* 5 arP leaves metric
> —x az mnvariant

|:> gauge theorv dual to strings mn AdS;
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Breaking scale invariance

“Infra-red”

scale

P
&

P
<IR

/ asymptotically

s 7 AdS metric
o // .'/
UV boundarv
.'/ E =
approximate

scale invariance
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Scale mmvariance

5 dztdz, + dz°

ds 2
¥ — ar” leaves metric
Zz -5 @z mvariant

|:> gauge theorv dual to strings i AdS.

1s scale mvarnant (conformal)
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Breaking scale invariance

“Infra-red”

scale

“IR wall”

Sl Wi -ll a e f 1 X7
/ asvmptotically
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UV boundary __

approximate

scale imvariance

s L at short distaaces:




Bound states in QF T

String states ~—— =
o (mesons. glueballs)
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Bound states in QFT

Strine states <——~ , ==L
¢ (mesons. glueballs)
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e ——
Bound states in QFT

Simpgsiales ~—— _
= (mesons. glueballs)
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Fstates in QF T

glueballs)

String states
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States n QFT
gballs)

String states

i

String states <——>  Local operators

Resolves manyv puzzles of putative large-N
string:

* graviton is not a massless glueball. but 1s the
dual of the energyv-momentum tensor T,

» extra dimensions describe the energy scale
and global symmetries
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a __ /g0 =
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Perturbation theory ( O)
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“IR wall”

/ \ aSVIMpio UCEJ_I}.-
AdS

UV boundary N
InQ* (pure AdS)

e
Z (Q2 + M2)M2 Exact (spectral representation of 5D propagator)

F“ 3 ~F
=1 Z (Fraope =¥ % (oo

The simplest phenomenological model describes all data n tk
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only an approximation in string
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AdS/CFT correspondence

Yang-Mills theory with

N=4 supersymmetry

Exact equivalence

String theory on
AdS;xS° background



AdS/CFT correspondence

Yang-Mills theory with |

N=4 supersymmetry

Exact equivalence Gubser Klebanov Polvakov 08

String theory on
AdS;xS° background
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AdS/CFT correspondence

N =4 SYM

Strings on AdSs x S°
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Strong-weak coupling interpolation
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AdS/CFT correspondence

N =4 SYM

Strings on AdSs x S°
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Strong-weak coupling interpolation
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AdS/CFT correspondence

N =4 SYM

Strings on AdSs x §°
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Strong-weak coupling mterpolation
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Strong-weak coupling mnterpolation
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Strong-weak coupling interpolation
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Circular Wilson loop (exact):

2 Frickson Semenotf Zarembs

W (circle) =
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Strong-weak coupling interpolation
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Strong-weak coupling interpolation
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In W(C)
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Strong-weak coupling mterpolation
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Strong-weak coupling interpolation
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Schwinger pair production

—

s L
Wins energy 1f EL>2m.
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Schwinger pair production

—_—

i

L
Wins energy if EL>2m.
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Schwinger pair production

> Imagnarv-time tunneling picture

Wins energy if EL>2m.
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Schwinger pair production

> Imaginary-time tunneling picture

D

L
Wins energy if EL>2m.

o
||
by 3

E =2mmR — 7R*E

Pirsa: 10100051 Page 83/132



Pirsa: 10100051 Page 84/132



Pirsa: 10100051 Page 85/132



Pirsa: 10100051 Page 86/132



Pirsa: 10100051 Page 87/132



Pirsa: 10100051 Page 88/132



Pirsa: 10100051 Page 89/132



Pirsa: 10100051 Page 90/132



Pirsa: 10100051 Page 91/132



Pirsa: 10100051 Page 92/132



Pirsa: 10100051 Page 93/132



Pirsa: 10100051 Page 94/132



Pirsa: 10100051 Page 95/132



Pirsa: 10100051 Page 96/132



Pirsa: 10100051 Page 97/132



Pirsa: 10100051 Page 98/132



Pirsa: 10100051 Page 99/132



Pirsa: 10100051 Page 100/132



Pirsa: 10100051 Page 101/132



Pirsa: 10100051 Page 102/132



Pirsa: 10100051 Page 103/132



Pirsa: 10100051 Page 104/132



Pirsa: 10100051 Page 105/132



Pirsa: 10100051 Page 106/132



Pirsa: 10100051 Page 107/132



Pirsa: 10100051 Page 108/132



Pirsa: 10100051 Page 109/132



Pirsa: 10100051 Page 110/132



Pirsa: 10100051 Page 111/132



Pirsa: 10100051 Page 112/132



Pirsa: 10100051 Page 113/132



Pirsa: 10100051 Page 114/132



Pirsa: 10100051 Page 115/132



Pirsa: 10100051 Page 116/132



Pirsa: 10100051 Page 117/132



Pirsa: 10100051 Page 118/132



Pirsa: 10100051 Page 119/132



Pirsa: 10100051 Page 120/132



Pirsa: 10100051 Page 121/132



Pirsa: 10100051 Page 122/132



Pirsa: 10100051 Page 123/132



Pirsa: 10100051 Page 124/132



Pirsa: 10100051 Page 125/132



Pirsa: 10100051 Page 126/132



Pirsa: 10100051 Page 127/132



Pirsa: 10100051 Page 128/132



Pirsa: 10100051 Page 129/132



Pirsa: 10100051 Page 130/132



Pirsa: 10100051 Page 131/132



Pirsa: 10100051 Page 132/132



