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Introduction

Introduction

’ AdS/CFT correspondence

N =4 SYM & type IIB superstring

Wilson loop < area of world-sheet

Wilson loop + heavy local operator
& area of deformed world-sheet
= Zarembo's solution (1/2 BPS Wilson Loop)

today'’s talk ... 1/4 BPS Wilson Loop
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Introduction

Local Operator O ),

Boundary of AdS; =
<-Wilson Loop WC

(WcOy) ~ exp[—(Sbuik + boundary term)]
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Calculation in Gauge Theory
(]

Operators

Operators

’ 1/4 BPS Wilson loop operator‘

1
We = NP eXP%(fAu*“ +®;0i[) do
c

X

(o) = (rcoso, rsing,0,0) r ... radius of the loop
©(o) = (sin by cos 7, sin By sin o, cos g, 0, 0, 0)

chiral primary operator with R-charge J‘

0O, = tl’(¢3 + f¢4)J — 1/2 BPS
| WcO, —1/8 SUSY|

K. Zarembo, Nucl. Phys. B643 (2002) 157-171
N. Drukker, JHEP 09 (2006) 004
G. W. Semenoff and D. Young, Phys. Lett. B643 (2006) 195-204
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Calculation in Gauge Theory

0

Correlation Function

Correlation Function

’correlation function ‘ sum of ladder diagrams

(We0y) r! —1(VXN)
(We) — (2+r2)! h(VX)

VN =+vAcosy X ... 't Hooft coupling
I;(v/N) ... J-th modified Bessel function
r ... radius of the loop

£ ... distance W¢e +» O,

G. W. Semenoff and K. Zarembo, Nucl. Phys. B616 (2001) 34-46
G. W. Semenoff and D. Young, Phys. Lett. B643 (2006) 195-204
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Calculation in Gauge Theory

(o] J

Correlation Function

’ saddle point analysis ‘

\/Y—>oo,J—>oo,j’EJ/\/Yfixed (j’z J >

cos fg
co+mi

L(VN) = i/ exp VN (cosh x — j'x)dx

27” oco—Ti

~exp VN[VG2 + 145 In(v52 +1 - )]
saddle points ... x =In(y/j2+14+/), —In(/J?+14+j)+7i

Result: (WcO,) ~ exp\/>[\/1/2+ +J' In(v/j"?+1-j)]

(z

K. Zarembo, Phys. Rev. D66 (2002) 105021
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Calculation in String Theory
[ Jelele]

Action and Solution of EOM

Action and Solution of EOM

S —

yo— / Gun(XMXN + X™MX'NY dredo
T

’ AdSs ® S° metric ‘

ds? = [%[cosh? pdt2 4 dp? +sinh? p(dw? +sin? @1 (dw3 +sin? padp?))+
+ df? 4 sin® 0d¢? + cos? (dx? + sin® x1(dx3 + sin® x2dx3))]
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Calculation in String Theory
(o] lee]

Action and Solution of EOM

™
AdSs : te = te(Te), p = p(Te), L1 = 02 = 5 P3=0

T
2

S°: 0=0(1e), =0, x1=X2= =, x3 = x3(7)

1 ; Z?
Z'= L sin6cos®

Z%= L singsing
Z%= L cos@siny,
Z%= L cosBcosy,

sinBo=sin6(0)

echnology, Nihon University
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Calculation in String Theory

[e]e] le]

Action and Solution of EOM

A . .
S = % /(cosh2 pte” + 2 +sinh? p+ 62 + sin® 0 + cos? 032 ) dre

G =J/VA)

d . .
d—TE(cosh2 pte) =0 = cosh? ptg = j

p —sinh pcosh p(t2 —1) =0
0 +sinfcosf(x2—1)=0

d
d—TE(cos2 Ox3) =0 = cos’Oxz = ij

Virasoro constraint‘

cosh? pte” + p2 + 6% + cos? 0% 2 = sinh® p + sin 0
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Calculation in String Theory
[eJele] )

Action and Solution of EOM

’solution of EOM ‘

e = jn 1In cosh(v/j? + 17e +¢§)
E—J/E™ 5§
2 cosh(y/j2 + 17 — &)

VAT

sinhp= —r———
g sinh(y/j2 + 17¢)
1
sinf = St

cosh(v/j2 + 1(e + 70))

X = iie + i In sinh(\/j2 + 1(7e 4 70) — &) n i In sinh(\/j2 + 170 + €)
2 sinh(v/2+1(re +m0) +€) 2 sinh(y/j2 + 11 —€)

(§=In(vi2+1+J))
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Calculation in String Theory

[ Jelele]

Supersymmetry

Supersymmetry

’ Killing spinor equation for AdSs ® S° ‘

9 A €1\
<DM + 2LF*I'M) (62) =0

Dy ... covariant derivative

€1, €2 ... 32-components Majorana-Weyl spinors
[y ... 10-dimensional gamma matrices
Iy ... a product of all gamma matrices in AdSs

. €1 €2
E ... E=102. € =
€2 —€1
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Calculation in String Theory

(o] lee]

Supersymmetry

’ solution of Killing spinor equation ‘

1 1 1 1
C1E =exp| =plil1e |exp| =telTee |exp| =p3l1a Jexp| —=0717x€ | ¥
€2E 2 2 2 2
1 1
x eXP(¢”Yl2> exp (xww*s) (7715)
2 2 T2E

M, (k=E 1,2,3,4) ... gamma matrices in AdSs
Ym (m=1,2,3,4,5) ... gamma matrices in S°

Yx ... a product of all gamma matrices in S°

M1E, 72E -.. constant spinors
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Calculation in String Theory

[e]e] le]

Supersymmetry

projection
i PO €1E €1E
De XM, XN e[, enly a3

Vdetg €2E €2E

g ... induced metric on world-sheet

a . .
ey ... vielbein

€1E €1E
g3 ... 03. 03 =

€2E —€2E
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Calculation in String Theory

[eJele] ]

Supersymmetry

three projections‘

(e + ivs) (mE) -0

TI2E

(F1a +712) (mE) =0
TI2E
(sin Opy1M 4 + cos 90F14)< "ne ) = i<mE)

—T2E T12E

‘ Our solution is 1/8 BPS. ‘
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Calculation in String Theory

900000000

Semi-Classical Evaluation of Path Integral

Semi-Classical Evaluation of Path Integral

Local Operator O ),

Boundary of AdS;—+
<Wilson Loop WC

(WcOy) ~ exp[—(Spulk + boundary term)]

Collaboration with Akitsugu Miwa College of Science and Technology, Nihon University
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Calculation in String Theory

O@0000000

Semi-Classical Evaluation of Path Integral

Coordinates transformations, global — Poincaré:

refe
£ _ ¥, retanhp=R
coshp , re®tanhp
Using isometry:
. 52 + r2
Y = Y
PRy + Ve )
cr e 24 r? .
(X, X?) = E TR LY (0)? R(7e)(cos o, sin o)
X*=0
©a (2 + r2)e w

T P24 R(re)?+ Y(7e)?

College of Science and Technology, Nihon University
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Calculation in String Theory

00@000000

Semi-Classical Evaluation of Path Integral

Table: Boundaries
e — 0 TE — 00
¥ (7e) 0 0
(XY(7e), X2(1e))  r(cosa,sina) 0
5(3 0 0
X4(7e) 0 ¢

r ... radius of the Wilson loop
£ ... distance We <> O,

College of Science and Technology, Nihon University
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Calculation in String Theory

000e00000

Semi-Classical Evaluation of Path Integral

<

X
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Calculation in String Theory

0O000@0000

Semi-Classical Evaluation of Path Integral
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Calculation in String Theory

0O0000e000

Semi-Classical Evaluation of Path Integral

’evaluation of bulk action ‘

VA [T 2 2 o .0 2, 2 202
Sb"”(:T (cosh® pte” + p° + sinh® p + 6% + sin“ 0 + cos” Ox3 ) d7e

1
~ VA = = V/j2 + cos? by
T.

T_, T4 ... cut-off

tion with Akitsugu Miwa College of Science and Technology, Nihon University
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Calculation in String Theory

0O00000e00

Semi-Classical Evaluation of Path Integral

boundary term

Drukker-Gross-Ooguri prescription

oL VA

=y
ou T_

T=T_

I
|
IS
Il

<~

L ... Lagrangian

N. Drukker, D. Gross, and H. Ooguri, Phys. Rev. D60 (1999) 125006

tion with Akitsugu Miwa College of Science and Technology, Nihon University

son loop and local operator



Calculation in String Theory

000000080

Semi-Classical Evaluation of Path Integral

vertex operator <+ O ‘

Jln;

Y2+ R?

JIn(cos0e™3)|,, = J[—jri +In(y/j2+1—j) —In(\/j2+ 1 —))]

=J[=In(?+r?) +jry +Inr+In(\/j2+ 1)),

T+

(7= g B R o (o 4 (10— 07

R. Roiban and A. A. Tseytlin, Phys. Rev. D82 (2010) 106011
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Calculation in String Theory

0O0000000e

Semi-Classical Evaluation of Path Integral

R%Mt(?:fﬁjapVYRUQ+1+]m(ja+1_fﬂ

Zarembo's result: exp VA[v/2 +1+jIn(\/j2+1—])]
<W— VAcosby, j' J >

cos fg

rd
r2

K. Zarembo, Phys. Rev. D66 (2002) 105021
D. Berenstein, R. Corrado, W. Fischler, and J. Maldacena, Phys. Rev. D59 (1999) 105023
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Another Saddle Point
@00

Another Saddle Point

Another Saddle Point

another solution for EOM ‘

Vit+1
cosh \/j2 + 1(—7 + 7o)

i Sinh(\/j2+1(—TE+To)—§) i | Sinh(\/j2+17'0+§)

X3 = e+ 5n +-1In

sinh(vj2+ 1(—7e +70) + &) 2 sinh(y/j2+ 170 — &)
(£=I(Vj>+1+)))

sinf =
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Another Saddle Point
oeo

Another Saddle Point

evaluation of bulk action ‘

1
Shulk ~ ﬁ(T +4/j2 + cos? 00>

vertex operator

JIn(cos0e™)|,, = i) + J[—jms +In(+/j2 + 1+ ) = In(+/j2 + 1 —j)]

J
Result: m(—ly exp VN[22 + 1+ In(\/j2+1+ )]
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Another Saddle Point
ooe

Another Saddle Point

behavior of (Wc0)) \

1 oco+mi
L(VN) = ?/ exp VN (cosh x — j'x)dx

co—mi

Another saddle point does not exist on the stationary phase contour:

x=—In(\/j?+1+])+mi

J
Result: (£2_|r_7r2)_j(71)-1 exp \/Y[*\/j,2 + 1 +_// |n(\/_/./2 + 1 +_//)]
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Summary and Future Works

Summary and Future Works

-gravity solution for correlation function
-supersymmetry ... coincide
-the solution reproduces the large-R behavior of the correlation function

-another gravity solution <+ another saddle point of Bessel function

-D-brane version

-exact calculation in gauge theory

Takayuki Enari , In Collaboration with Akitsugu Miwa College of Science and Technology, Nihon University

On correlation fun on loop and local operator with large R-charge and its gravity dual



	Introduction
	
	Calculation in Gauge Theory
	Operators
	Correlation Function

	Calculation in String Theory
	Action and Solution of EOM
	Supersymmetry
	Semi-Classical Evaluation of Path Integral

	Another Saddle Point
	Another Saddle Point

	Summary and Future Works

