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What we did: test of

AdS7/CFTe



AdS7/CFTe

N M5-branes
Near-horizon Iirr/ \)W energy
M-theory on 6D (2,0) SCFT

AdS- x S* (No Lagrangian)



oD (2,0) SCFT
[Douglas “10]
[Lambert, Papageorgakis, Schmidt-Sommerfeld “10]

compactified on S*

equivalent (?)

5D maximally SYM
= T~

Recent progress: Exact computation

Kallén, Zabzine “12] [Hosomichi, Seong, Terashima “12]

Kallen, Q1u, Zabzine “12] [Kim, Kim “12] [Imamura “12]

Kim, Lee “12] [Fukuda, Kawano, Matsumiya 12] [Kim, Kim, Kim “12]
Q1u, Zabzine 13] [Kim, Kim, Kim, Lee “13] [Schmude “14] ....




AdS7/CFTe

M-theory on 6D (2,0) SCFT
AdS- x S* Exact results

Comparison



AdS7/CFTe

M-theory on
AdS7 X 54

(Boundary=S° x S1)

M2 /M5-brane
Bubbling geometry

6D (2,0) SCFT

on S° x St

Exact results

Wilson surface

l

Wilson loop
in 5D MSYM on S°



Summary
M2 /M5-brane

Wilson surface

M2-brane on AdSs <:> N
[ exp | —

AdS7

Fundamental rep.

- 2 -

[Minahan, Nedelin, Zabzine “13]

M5-brane on AdSs x S°
M

AdS7

M5-brane on AdS; x S°
M

N
AdS- g4

Not the 't Hooft limit =

k-th symmetric rep.

AN -
exp %k(l—ﬁ>

k-th anti-symmetric rep.
BN kY
exp E k114 N )

not stringy, but M-theoretic




Plan

1. Bubbling geometry
2. Matrix model
3. Wilson surface by M5-brane

4. Summary & Outlook



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

What happens
if many M2s are put on?

M5

M2




What happens
if many M2s are put on?

() Become an M5-brane

(Il) Back-reaction to gravity

= Bubbling geometry



1. Bubbling geometry
Strategy to find SUGRA solution [Lin Lunin, Maldacena *04]

2D conformal remnant of R-sym
Symmetry:  SO(2,2) x SO(4) x SO(4)

Y

rotation in
; transverse direction
11D geometry > AdSs X g3 « G

) ¢

Ansatz

\ ¢

SUSY condition: d(gravitino) = 0




1. Bubbling geometry

A class of classical half-BPS solutions | tin. Lunin, Maldacena 04)

[ Yamaguchi ‘06] [Lunin “06]

Of ]_ ]_ D SU pe rg raV| ty [D’Hoker, Estes, Gutperle, Krym ‘08]

ds? = e24dO3 + dX32 + e?Pd03 + eQCdﬁg

1 :
2 2 2 .
dXs = _2B12C | g2A12B | o2A+2C (dy +dx ) A, B, C : functions on o,
F,J, K : 1-forms on .
Gy=—-6FE'E'E? + 6JE°E°E" + 6KE®E°E1° y = eATBHC
( d d 2 - 5
6F = 4200 _J000 2 (p g~ 1hdf),
C.lg; fg(; 921 fO — 6A7 f3 — per f2 - qu (p7 q: COHStaDtS))
67 =42 — I S fodfa + fadfo),
gl gl gl 91:\/f2_f2_f2-
dfs  fodgr = 2 ~ ~ o
6K = —4——+ —=5— + —(—fod/fs + f3d/fo),
\ g1 91 91

and differential equations.



1. Bubbling geometry

ds® = e*4d03 + d%3 + 2Pd03 + 2903

1

4% = —e2B+2C | 2A+2B | 2A+2C (dy” + dz?)

Mll — Ang X 53 X 573 X 219 AdSS
59
5




1. Bubbling geometry

Bubbling geometry is labeled by




1. Bubbling geometry

Bubbling geometry is labeled by

Non-contractable
1 ] S4

4-form flux through S*




1. Bubbling geometry

Bubbling geometry is labeled by

4—-form flux through S*

Quantization condition :> Length of each segment is quantized

' | al

a = 2ml,
l I : gZ
2

0000 @OOOOOOO 0 OOOOOOO000

““Maya diagram”’



1. Bubbling geometry

00cooQOOOOOOOOOOOOOO00C00000000
AdS- x S*

0o @OOOOOOOOOOOOO@P000c0cccco

?
probe M2-brane

cccoo@OOOOOOOODOOOOL00G0000000

?
probe M5-brane

cccoo@OOOOOOSOOOOOOB000000000

?
probe M5-brane



1. Bubbling geometry

Bubbling geometry is labeled by
0o @OOOOOOO QOO0

From experiences of other examples,

Maya diagram = eigenvalue density

a,

if the matrix model for Wilson surfaces exists.
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2. Matrix model
3. Wilson surface by M5-brane

4. Summary & Outlook



2. Matrix model
6D (2,0) on S° x S*

2
9y m
Re =

(Rg : radius of S')

5D MSYM on S°

~——

Chern-Simons matrix model| i o™

N N

N N(v; — v,

ZN/HdVieXP _FZVE_I_ZID 2 sinh (VQ vj)
i=1

=1 1]

2 47 R
S e 6, r : radius of S°
27T r

g




2. Matrix mode|
6D (2,0) on S° x S* D Wilson surface (S* x S)

5D MSYM on S° D Wilson loop (S')

- Wr)

Chern-Simons matrix model| i o™

N i N ]
N? N(v;, — v;
Zw/Hduiexp —7 E V,L-Q—I— E In |2 sinh (VQ VJ)
i=1 '




2. Matrix mode|
6D (2,0) on S° x S* D Wilson surface (S* x S)

5D MSYM on S° D Wilson loop (S')

T~
Chern-Simons matrix model| . 55"

2 sinh N(”@'Q_ vj)

1 [ Ay
(Wgr) = = / Hde' (TrReN”) exp 5 Z Ui+ Zln
i=1 I i=1 i#]

2 At R
g =M _ T6 L dius of S5
27T r




2. Matrix model
Chern-Simons matrix model| iy

1 [ Ny
(WR) = E/Hdm (TrReN”) exp —7ZV7;2+ZIH
i=1

N(v, — v
2 sinh (”2 vj)

i=1 i ]

2 AT R
6:—gYM —_—— °  r:radius of §°
27 r

We want to evaluate this in the limit

G fixed, N — oo

NOTE: This is NOT the 't Hooft limit.



2. Matrix model

Chern-Simons matrix model| .. 5"

| N(v; — v;)
N/il:[ldw;exp ZV _|_Zln 5 <inh VZZ v,

=1 i#]

O(N*®) = Saddle point method

3 fixed, N — oo

il N
Zw/Hdmexp Zu W Zm_%
i=1 —

7]




2. Matrix model

Chern-Simons matrix model| .. 5"

N
- Jflanoe |5 5+ § St
- 17

Saddle point egs: 0 =

2N?
o

Vi + N Z Sign (Vi . VJ)
35177

; Assume vy > vy > -+ > Uy

21
Eigenvalues: v; = ﬁ (1 _ _>

2 N



2. Matrix model

Chern-Simons matrix model| iy

5 21
Eigenvalues: v 5 N

1 for |v] < 5/2,
Eigenvalue density: p(v) =< D
0 for |v| > B/2.
—5/2 B2

This is consistent with bubbling geometry!



2. Matrix model
Fundamental rep.

TT[]GNV _ E :6Nl/7;
1

—> Largest contribution:

(Wo) ~ exp [Nu]]

saddle point

Nl/l

~ exp

—f/2



2. Matrix

model

k—-th symmetric rep.

Ir e
k

—> Largest contribution:

W

k

—> Saddle point configuration changes: 1 =

Nv _ Z

1< <--<ipg <N

| N
) = z/il;[lduiexp

- _
exp |V Z Vs,
L =1 i

—N?QZL:VZZ—I—%

exp |N kv |

~

Z ’V’i — Vj’ —I—Nkyl
i7]

N[

—f/2

5/2



2. Matrix model
k-th symmetric rep.

N? 5 N
<Wg,_@> ~ €XpP ——Zyz. - _Z’Vz —Vj| + Nkuvq

d Isaddle point

N? al
~ exp —FV% + N Z \v1 — v;| + Nkvy + (terms independent of k)

J=2

~ exp 6—N (1 | " )

d Isaddle point

2

—f/2 /2



2. Matrix model
k-th anti-symmetric rep.

- -
Tr {H eV = Z exp NZVZ'Z
aF =1

. 1<ip < <ip <N

—> Largest contribution:  exp [N (v1 + -+ 4+ V)]
—> Saddle point configuration does not change

_6N A\
(W {H )~ exp [N+ 410l [saddle point ~v €XP | —— 1

2 N

on
!

—f/2 /2




41 Rg

2. Matrlx mOdEI 52”(;%:\;: pa r : radius of S°

- pN LA
Symmetric : <W@gg> ~ CXp { 5 " (1 + 2N>}

I6; k
21+ %)

—3/2 B/2

. - PN (1 &
Anti-symmetric : <Wk{5 ) ~ exp [ 5 " (1 Nﬂ

—3/2 B/2



Plan

3. Wilson surface by M5-brane

4. Summary & Outlook



3. Wilson surface by M5-brane

. AN+ 2
Symmetric : <W@]g~g> ~ OXp | IN

I6] k
E(HN)

—f/2 B/2

N k
Anti-symmetric: (W {H ) ~ exp {%k (1 - Nﬂ
e

u

—f/2 B/2

What are gravity duals to those Wilson surfaces?



3. Wilson surface by M5-brane

Symmetric : [

¥

A
probe M5-brane

Anti-symmetric :

$

A
probe M5-brane




AdS/CFT correspondence




3. Wilson surface by M5-brane

PST action [Pasti, Sorokin, Tonin ‘97] €~ on a single M5-brane

1 -~ 1
SM5 — T5/d6$\/ —( {ﬁ + ZHmnHmn} —|—T5/ <C6 — 503 N\ H3>

Jmn - Induced metic
£= \/Olet (5”37 Ty ) a : auxiliary field
Opa |

- mn T p—
V=9 Omadna 0 (27)5 £

Up

Hz =dAy — Cs, Hppp = Hypppt?, H™ = (%6 H )™ "Pu,



3. Wilson surface by M5-brane
AdS; x S*

Metric: ds?=L? {cosh? pd7? + dp® + sinh® p(dx? + cos® xd¢? + sin® xdQ3)}
L? ~
+ o (d92 4+ sin? edag)

Rg

Boundary = S° x S Identification: 7~ 7+ 27>

Wilson surface ( ) X




3. Wilson surface by M5-brane

AdS S4
O &
A\
Mq1 = Ang x 53 % 83 x ¥, M5‘br?‘”e
% wrapping
AdSs AdSs
D9 |
® S3




3. Wilson surface by M5-brane

AdSy;

U
AdS; x S°

We must add the local counter term Syay to regularize Sys.

To determine it, using the fact

Poincare coordinate = S5 + Shay = 0

\ ¢

on-shell Sys o (Volume on the boundary)
|

Sbdy




3. Wilson surface by M5-brane

AdS~
y 3
Ang xS
GIObaI CcooO rdinate: dsidsgxsg S5 {Cosh2 u(cosh? wdr + dw? + sinh® wd¢?) + du? + sinh? udﬂg}
Flux quantization: sinhuy = N k€ Z>o
4T R k
—> Sup = n SNE (1 1+ — ) sinh? Wo wo : cut-oft
r 2N
Sbdy X sinh wq cosh wy 8= dm fig

r

= Sreg 6;Vk (1 | K ) W .0




3. Wilson surface by M5-brane

AdS- S
U ~
AdS; x S°
Global coordinate
. . 2k
Flux quantization: cosf, =1 — ~
—> Sms = A b NEk <1 — ﬁ) sinh? 00 po - cut-off
r N
47TR6

Spdy X sinh pg cosh pg 3 =

k <

= Syps = ﬁNk(l k) (W (o)
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4. Summary & Outlook



4. Summary & Outlook

M2 /M5-brane

Wilson surface

M2-brane on AdSs <:> N
[ exp | —

AdS7

Fundamental rep.

- 2 -

[Minahan, Nedelin, Zabzine “13]

M5-brane on AdSs x S°
M

AdS7

M5-brane on AdS; x S°
M

N
AdS- g4

Not the 't Hooft limit =

k-th symmetric rep.

AN -
exp %k(l—ﬁ>

k-th anti-symmetric rep.
BN kY
P |5 R (M an )

not stringy, but M-theoretic




4. Summary & Outlook (in progress)

1. Calculating by using bubbling geometry

2. Deriving the matrix model from gravity side



