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AdS/CFT correspondence

B dztdz,, + dz?

ds?® 5
z

5D bulk

Y i nge

0

‘//[// /é/ﬁ 4D boundary




AdS/CFT correspondence

Yang-Mills theory with
N=4 supersymmetry

Witten’98

Maldacena’97
Exact GQUivalence Gubser, Klebanov, Polyakov’98

String theory on
AdS xS background
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N =4 SYM Strings on AdSs x S°
't Hooft coupling: )\ j— gQN String tension: T j— 2£;‘
Number of colors: N String coupling: (g = ﬁ
Large-N limit Free strings
Strong coupling Classical strings
Local operators String states
Scaling dimension: Z\ Energy: LU




String Theory — 44 CFT

(quantum gravity)

AdSxS? N=4 super-Yang-Mills

* Still a conjecture...

* Overwhelming number of quantitative tests
* Empirical “proof™ D



Non-conformal holography
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* Routinely used in many contexts
*  Much less precise than AdS/CFT




In this talk:

Phase transitions Ni—es
A=g’N

In N=4 super-Yang-Mills:
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Quantum phase transition




N=2%* theory
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At F < M: integrate out hypermultiplet

* UV regularization of pure N=2 SYM

OvV: N=4 S¥m

N=2%S¥YM
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Dynamically generalntieradting (A’Fl;r) 2
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dimensional crossover due to Eguchi-Kawail mechanism
Young,Z.’14



Phase diagram

phase transition points
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Non-perturbative corrections

Dynamically generated scale: A

Kinematic scale: M

M > A
(perturbative regime)
00 A 2n
A = perturbative + )" C,, (—)
n=1 M

* not calculable 1n general
* usually parameterized by condensates — ITEP sum rules...

* goal: compute all C_’s in a solvable model



Effective field theory regime

phase transition points
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47?2

A=Me x

Expansion parameter of OPE: M2 —

* weak-coupling expansion has no perturbative part

Example: exact free energy

f(A) = Qiln (1 —(=1)" e—SwT'"»)

n=—1 Russo, Z.’13
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Strong coupling and holography

phase transition points
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Perimeter law

Wilson loop:

W(C) = <% Pexpi)ds (i A, + x'<I>)>

Exact result for asymptotically large loops:

VAML
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()\ — 00, ML > 1) Buchel, Russo, Z.’13

Chen-Lin, Gordon, Z. 14

(perimeter law)



Area = Perimeter

Metric of the gravity dual (domain wall in AdS):
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renormalized away

VML

In W(C') ~ —Tension X Areaye, =
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\/é / agrees with field-theory calculation!
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e free enegry also agrees
gry g Bobev, Elvang, Freedman, Pufu’13



Conclusions

holographic duality operates at strong coupling in
QFT

direct calculations in strongly coupled QFTs are (with
a bit of luck) possible

opening avenue for direct tests of holography

N=2* 1s an interesting theory, with non-trivial phase
structure

what are the implications of the phase transitions
AdS/CFT?



