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AdS7/CFT6 
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の検証
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M-theory
AdS7 ⇥ S4

6D (2,0) 理論!
(Lagrangianなし)

等価

難しい



6D (2,0) 理論!
(Lagrangianなし)

コンパクト化S1等価（？）

5D 最大超対称Yang-Mills

最近の発展：厳密計算
[Hosomichi, Seong, Terashima], [Kallen,Qiu,Zabzine], [Kim,Kim],
[Kallen,Minahan,Nedelin,Zabzine], [Fukuda,Kawano,Matsumiya],!

[Imamura],[Kim, Kim, Kim], [Minahan,Nedelin,Zabzine],!
[Kim, Kim, Kim, Lee],…  



AdS7/CFT6 
M-theory
AdS7 ⇥ S4

6D (2,0) 理論
厳密計算の結果

比較

今日やること



AdS7/CFT6 

M-theory
AdS7 ⇥ S4

6D (2,0) 理論!
(Lagrangianなし)

等価

S1 ⇥ S5同一視
境界が S1 ⇥ S5

M2-brane!
M5-brane!

Bubbling geometry

Wilsonサーフェス

5D Wilson ループ

S1 ⇥ S1



結果 S1 ⇥ S5
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’t Hooft 極限とは違う⇒弦理論的ではない!
　　　　　　　　　（M理論的）

k/N 有限

特徴



結果 厳密計算 行列模型

重力側のBubbling geometry か
ら予想される固有値分布と一致
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Bubbling geometry



6D (2,0) 理論:!
 N枚重なったM5-brane上の低エネルギー理論。

Conformal Field Theory

M5



Wilson サーフェス: M2-braneの端!
２次元に広がった非局所演算子

M5
M2

ここでは平面にとる

とりあえず１枚



M5-braneのback-reaction

M2

AdS7 ⇥ S4

M2を沢山入れるとどうなるか？



M2を沢山入れるとどうなるか？

１．M5-braneになる

２．重力のback-reaction⇒ Bubbling geometry

（超重力理論の解）



作戦 [Lin, Lunin, Maldacena ’04]

対称性 SO(2, 2)⇥ SO(4)⇥ SO(4)

11D geometry includes AdS3 ⇥ S3 ⇥ S3

Ansatz

SUSY 条件を調べる

�(gravitino) = 0

２次元Conformal

面に垂直な方向の回転

R対称性の残り
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3
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and differential equations

[Yamaguchi 06],!
[Lunin 06],!

[D’Hoker, Estes, Gutperl, Krym 08]

11次元超重力の古典解

“Bubbling geometry”
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Bubbling geometry次のようなものでラベルされる



S4

S4
S4

4-form flux through S4

Non-contractable      S4



4-form  fluxの量子化条件

線分の長さが量子化される

aZ
a

2
Z

a = 2⇡`P



aZ
a

2
Z

線分の長さが量子化される



Bubbling geometry のラベル

“Maya 図”



例：

Probe M5-brane

Probe M5-brane

Probe M2-brane

AdS7 ⇥ S4



他の例の経験から、もしWilson サーフェスが行列模型!
で表されるなら

Maya 図　⇒　固有値分布
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eigenvalue density
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5D MSYM on 

Chern-Simons 行列模型
1 Chern-Simons matrix model and the eigenvalue

distribution

5d MSYMWilson loop is calculated by the Chern-Simons matrix model. [arXiv:1206.6339],

[arXiv:1211.0144], [arXiv:1304.1016]
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In the limit N ! 1 with � fixed, both the terms in the exponential are order of N3.
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In other words the eigen value density ⇢(⌫) is given by

⇢(⌫) =
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基本表現

2 Wilson loop

2.1 Fundamental representation

Tr⇤ eN⌫ =
X

i

eN⌫i (2.1)

Insertion of this operator does not change the eigenvalue distribution. Thus the ex-

pectation value is obtained by substituting the saddle point value (1.7). Taking the

orderting

⌫
1

> ⌫
2

> · · · > ⌫N (2.2)

into account, the expectation value is evaluated as
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i

eN⌫i |
saddle point

(2.3)

⇠ eN⌫1 |
saddle point

(2.4)

⇠ e
N
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g2
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2⇡r
, R

6

=
g2
YM

8⇡2

, (2.6)

the Wilson loop expectation value is

hW⇤i ⇠ eN
2⇡R6

r . (2.7)

This result agrees with the AdS side calculation.

2.2 Anti-symmetric representation

Let us consider m-th anti-symmetric representation Am. Here we assume m = O(N).

TrAm eN⌫ =
X

i1<i2<···<im

exp

"
N

mX

`=1

⌫i`

#
. (2.8)

The insertion of this operator does not change the eigenvalue distribution. Because

of the ordering of ⌫i, the leading contribution comes from i` = `, (` = 1, 2, · · · ,m).
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反対称表現

2 Wilson loop

2.1 Fundamental representation

Tr⇤ eN⌫ =
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まとめ
行列模型の計算結果

反対称表現

R6 =
g2YM

8⇡2

1 Chern-Simons matrix model and the eigenvalue

distribution

5d MSYMWilson loop is calculated by the Chern-Simons matrix model. [arXiv:1206.6339],

[arXiv:1211.0144], [arXiv:1304.1016]
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In the limit N ! 1 with � fixed, both the terms in the exponential are order of N3.
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In the limit, the integral is evaluated by the saddle point. The saddle point equation
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M5-braneによる計算



さっきのWilsonサーフェスの重力側の対応物は？



⌫

反対称表現の固有値分布

Probe M5-brane



対称表現の固有値分布

⌫

Probe M5-brane



AdS/CFT対応

hW i ⇠ exp(�SM5)



作用 [Pasti, Sorokin, Tonin]
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計量

⌧ ⇠ ⌧ + 2⇡
R6

r

同一視
境界は S1 ⇥ S5

Wilsonサーフェスの場所 ⌧, � ではられる

ds2/`2 =cosh

2 ⇢d⌧2 + d⇢2 + sinh

2 ⇢(d�2
+ cos

2 �d�2
+ sin

2 �d⌦2
3)

+

1

4

(d✓2 + sin

2 ✓d˜⌦2
3)



AdS7 ⇥ S4

反対称表現
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今後の課題

Bubbling geometryを用いた期待値の計算

重力側から行列模型の作用を出せないか？


