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M5-branes and Wilson Surfaces

in AdS7/CFT6 Correspondence



What we did: test of

AdS7/CFT6



6D (2,0) SCFTM-theory on
AdS7 � S4

N M5-branes

Near-horizon limit Low energy

AdS7/CFT6

(No Lagrangian)



5D maximally SYM

[Douglas ‛10] 
[Lambert, Papageorgakis, Schmidt-Sommerfeld ‛10]

equivalent (?) S1compactified on

Recent progress: Exact computation
[Källén, Zabzine ‛12] [Hosomichi, Seong, Terashima ‛12] 
[Källén, Qiu, Zabzine ‛12] [Kim, Kim ‛12] [Imamura ‛12] 
[Kim, Lee ‛12] [Fukuda, Kawano, Matsumiya ‛12] [Kim, Kim, Kim ‛12] 
[Qiu, Zabzine ‛13] [Kim, Kim, Kim, Lee ‛13] [Schmude ‛14] ….
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Exact results
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S5 � S1(Boundary=            )

S5 � S1on

Wilson surface

in 5D MSYM on S5
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Bubbling geometry
M2/M5-brane

Wilson loop



k-th anti-symmetric rep.

k-th symmetric rep.

Fundamental rep.

exp
�
�N

2

�

[Minahan, Nedelin, Zabzine ‛13]

New!

M2-brane on AdS3
�

AdS7

M5-brane on AdS3 � S3

�
AdS7

exp
�
�N

2
k

�
1 +

k

2N

��AdS3 � S̃3M5-brane on

exp
�
�N

2
k

�
1� k

N

��

Summary
Wilson surface

�
S4

�
AdS7

M2/M5-brane

New!

Not the ’t Hooft limit ⇒ not stringy, but M-theoretic
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4. Summary & Outlook

1. Bubbling geometry

2. Matrix model 

3. Wilson surface by M5-brane



6D (2,0) SCFT

= Low energy theory on N M5-branes


 (No known Lagrangian description)

M5



Wilson surface

= Boundary of M2 ending on M5

=
Non-local operator extending on 2-dim space

M5

M2

What happens

if many M2s are put on?



What happens

if many M2s are put on?

(I) Become an M5-brane

(II) Back-reaction to gravity

1. Bubbling geometry⇒



SO(2, 2)� SO(4)� SO(4)

2D conformal

rotation in

transverse direction

remnant of R-sym

Symmetry:

11D geometry ⊃ AdS3 � S3 � S3

Ansatz

SUSY condition: �(gravitino) = 0

Strategy to find SUGRA solution [Lin, Lunin, Maldacena ‛04]

1. Bubbling geometry
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and differential equations.

[Lin, Lunin, Maldacena ‛04] 
[Yamaguchi ‛06] [Lunin ‛06] 
[D’Hoker, Estes, Gutperle, Krym ‛08]

A class of classical half-BPS solutions

of 11D supergravity

�
A,B, C : functions on �2,

F, J,K : 1-forms on �2.

1. Bubbling geometry
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Bubbling geometry is labeled by
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Bubbling geometry is labeled by

Non-contractable

S4

4-form flux through S4

1. Bubbling geometry



Bubbling geometry is labeled by

Quantization condition� Length of each segment is quantized
4-form flux through S4

: aZ

:
a

2
Z

a = 2��p

‘‘Maya diagram’’

1. Bubbling geometry



AdS7 � S4

probe M2-brane

probe M5-brane

probe M5-brane

1. Bubbling geometry



From experiences of other examples,

if the matrix model for Wilson surfaces exists.

Bubbling geometry is labeled by

Maya diagram ⇒ eigenvalue density

aZ
a

2
Z

1. Bubbling geometry
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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, r : radius of S5

We want to evaluate this in the limit

� fixed, N ��

NOTE: This is NOT the ’t Hooft limit. 
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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O(N3)⇒ Saddle point method
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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Chern-Simons matrix model [Källén, Qiu, Zabzine ‛12] 
[Kim, Kim ‛12]
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This is consistent with bubbling geometry! 
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��/2 �/2

Fundamental rep.

Tr�eN� =
�

i

eN�i

�W�� � exp [N�1]|saddle point

eN�1Largest contribution:�

� exp
�
N�

2

�

2. Matrix model 



Largest contribution:
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What are gravity duals to those Wilson surfaces?
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Symmetric :

Anti-symmetric :

probe M5-brane

probe M5-brane

3. Wilson surface by M5-brane



3. Wilson surface by M5-brane
Symmetric :

Anti-symmetric :

probe M5-brane

probe M5-brane

�WR� � exp [�SM5]

AdS/CFT correspondence
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3. Wilson surface by M5-brane
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M5-brane

wrappingM11 = AdS3 � S3 � S̃3 � �2
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3. Wilson surface by M5-brane
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3. Wilson surface by M5-brane
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1. Calculating by using bubbling geometry

!

!

2. Deriving the matrix model from gravity side

4. Summary & Outlook (in progress)


