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AdS/CFT correspondence
Maldacena’97
Gubser,Klebanov,Polyakov’98
Witten’98
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Holographic dual of N=2*
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Buchel,Peet,Polchinski’00
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• UV regularization of pure N=2 SYM

Weak coupling Strong coupling

Hoyos’10

Eguchi-Kawai mechanism?
Young,Z.’14
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Moduli space: holography
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a, ā ∈ vect mult

a = a(u)

4

⌦2
= (−1)F , ⌦4

= id

g = h0 ⊕ h1 ⊕ h2 ⊕ h3

g−1dg = j0 + j1 + j2 + j3

S = � Str (j2 ∧ ∗j2 + j1 ∧ j3)

psl(2�2)

osp(4�2)

d(2,1�↵)∗

PSU(2,2�4)�SO(4,2) × SO(5)

Osp(6�4)�SO(3,2) ×U(3)

AdS5 × S
5

AdS4 ×CP 3

c = coshMz

Mz � 1 ∶

ds2 �
dx2

µ + dz
2

z2

x0   x1   x2   x3   z  S5

Space-filling D3-brane

+   +   +   +   •   •

any point

Moduli space:

µ =

√
�M

2⇡

�� 1

Areareg = −ML

� D'D e −S[', ] = �
'∗

Sdet−1�2K e −S['∗]

+µ
�

−µ
dx⇢(x) ln�

x2

M2
− 1�

2

=
16⇡2

�

SU(N + 1) → SU(N) ×U(1)

�i = �
ai

0
�

ai − any ∈
6
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Pilch-Warner background
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Master field

Large-N master field:

largest eigenvalue



Holomorphic coupling:
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• Wigner distribution. Gaussian random matrices?
Carlisle, Johnson’03



Differs from large-N solution of pure N=2 SYM 
(without matter):

z = e −i'
�

c + 1

c − 1

u =
µ

2
�z +

1

z
�

c = 1

1

�e↵
+

✓

8⇡2iN
≡ ⌧(u) =

1

�
+
M2

8⇡2

+µ
�

−µ
dx⇢(x)

(u − x)2

⌧(u) =
1

�

u
�

u2 − µ2

⇢(x) =
1

⇡

1
�

µ2 − x2

In N=2* theory:

�si� ≠ 0

L =
1

2
(@µ')

2
+
m2

�2
cos�'

L = i ̄�µ@µ −m ̄ − g ̄�
µ  ̄�µ 

� = g2YMN

r(u) =
i

2

µ

�

−µ
dy ⇢(y)�

2

u − y
−

1

u − y +M
−

1

u − y −M
�

r(u) =
⇡

N
⌧ ′(u) = ⇡

N

@3F

@u3

r(u) =
M2

⇡2 (µ2 − u2)
3
2

Cont r(x) = 0

2⇢(x) − ⇢(x −M) − ⇢(x +M) = 2r(x)

µ�M

−M2⇢′′ = 2r

⇢(x)
M→0
=

1

µM2

+µ
�

−µ
dy [✓(x − y) (µ − x) (µ + y) + ✓(y − x) (µ + x) (µ − y)] r(y)

⇢(x) =
2

⇡µ2

�

µ2 − x2

⇢(x) =
2k

n + a

n+a−k−l
�
l=0
(n + a − k − l)r(x + lM) +

2(n + a − k)

n + a

k−1
�
l=1
(k − l)r(x − lM)

Douglas, Shenker’95



Wilson loop
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Summary

Eigenvalue density:
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Strong coupling from field theory: localization
Pestun’07

Semiclassics is exact: 
path int à sum over cr pts
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Pestun’07

• Matrix model (not Gaussian!): 
saddle-point at large N

S4



+ two normalization conditions:

RG log

Russo, Z.’13
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Weak coupling
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Finite coupling
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Exact eigenvalue density
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Exact density at finite coupling

At Average density:

Chen-Lin, Gordon, Z.’14
Z.’14

-m m-M M-m m
x

rHxL

Buchel, Russo, Z.’13

Agrees with holography!



Phase diagram

R: radius of S4

Ising model:

Russo, Z.’13



Critical indices

Susceptibility:

Edge behavior at criticality:
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Comparison to string theory
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Conclusions

• N=2* theory is an ideal playground for non-trivial 
tests of holography beyond CFT

• highly non-trivial phase structure at large-N
• direct link to matrix models, via localization
• what are the implications of the phase transitions for 

(non-)AdS/(non-)CFT?
• phase transitions on the string worldsheet?


