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Introduction
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•BPS objects have played important roles in study of AdS/CFT 
correspondence

string(SUGRA) in a weakly curved background

Strongly coupled gauge theory

BPS objects will not get corrected by quantum effects

e.g. chiral primaries

Today, we are going to look at different types of BPS objects.
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Introduction (continued)

Wilson loop operators in N=4 super Yang-Mills may preserve some of supersymmetry.

Circular loop Straight line

In AdS/CFT correspondence, Wilson loops correspond to string (D-brane) world volume:

Gravity dual

“W-boson”
String world-sheet

string)( SeCW −=
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Wilson loops in N=4 super Yang-Mills
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Wilson loop operators in SYM:
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In general, the existence of the loop breaks some of the symmetry of vacuum.

However, if the loop has a particular shape, it may preserve some of them.

SUSY transformation:

BPS condition: ( ) 0=Γ+Γ εμ
μ

i
i yxi

22 yx = A half of ε locally solves the equation. (local BPS condition).

xy ii θ=

Poincare SUSY superconformal

12 =θ
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Supersymmetric Wilson loops
When θ is constant, we find two half-BPS solutions:

Straight line: )0,0,0,()( ssx =μ

5ii δθ =

Circular loop: )0,0,sin,cos()( sRsRsx =μ
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These loops preserve                                            symmetry as well.

(Zaremobo, Drukker, …)
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Circular Wilson loops and matrix model
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An can be calculated by Gaussian 
matrix model:
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Perturbative calculation of the expectation value of a circular Wilson loop.

# of planar graphs
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(Erickson-Semenoff-Zarembo)
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Multiply wound loops and eigenvalue
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If a circular loop goes around the same path k times

Consider the following partition function with a single trace operator
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Define the eigenvalue distribution function

O(N2) O(k) ~ O(N)

O(N2): semi-circle

O(N): effective action for xN

λ− *xλ

Eigenvalue distribution

(S.Yamaguchi)
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Resolvent
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To determine the eigenvalue distribution with having this loop operator,
consider the expectation value of the resolvent:

By employing the loop equation (SD eq.), 

By Laplace transformation,
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So 1/N correction (isolated pole) comes from a merged loop.
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Wilson loops as D3-brane
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Fundamental strings may interact one another

A better description is given by D3-brane
(Giant Wilson loop)

Solution for the circular loop: (Drukker-Fiol)

Solution of the equations of motion:
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Induced metric: ( )2
2 SAdS ×

(k: number of strings (flux))
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Boundary terms

Π,ηP

ψη A,∫∫ Π−−= ψηη APSB

Near the boundary, the world-volume extends infinitely.

Needs to add the boundary terms

to cancel divergence (fundamental string)

At the boundary, need to fix

Π,ηP

(Dirichlet b.c.)

k=Π : number of fundamental string

Legendre transformation: ( ) ( )∫ ∫ Π+−=+ δηδδ ψη APSS B )e.o.m.(

Now the action becomes the functional of Pη

 

and Π

(Drukker-Gross-Ooguri)
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Boundary condition for D3-Wilson loop
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We have added the boundary terms,

At the boundary, we need to impose boundary conditions on P and Π.

Near boundary, D3 world-volume need to 
shrink down to be one dimensional.

Factorized S2 part

We propose

(x(s),y(s))
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•Reparametrization invariant
•Charge balance condition of Callan- 
Maldacena string

(S.K.-Kuroki-Miwa)
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Gauge theory resolvent from D3-brane
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In the gauge theory side, 1/N correction (an isolated pole) appears as the 
contribution from a merged loop:

We would like to evaluate the r.h.s by using D3-brane.
D3-brane with (k+p)-flux
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(S.K.-Kuroki-Miwa)
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Gauge theory resolvent from D3-brane
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Eigenvalue distribution
It reproduce the correct position of the isolated pole
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Perform Laplace transformation w.r.t. p
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Conclusion
The isolated eigenvalue of the matrix model is 
identified with the electric flux of the D3-brane 
solution.
We propose boundary conditions for D3-brane 
solution.  

•Bubbling Wilson loop (Yamaguchi, Lunin, Okuda-Trancanelli, …)

Another approach:

42
2 SSAdS ×× over a two-plane (x,y).

x

y
S4 shrinks S2 shrinks Drukker-Fiol’s solution



31 July 2008, YITP workshop Shoichi Kawamoto (Osaka City University) 15/14



31 July 2008, YITP workshop Shoichi Kawamoto (Osaka City University) 16/14



31 July 2008, YITP workshop Shoichi Kawamoto (Osaka City University) 17/14

++=
cylinder

Tr1Tr1Tr1Tr1Tr1Tr1

MM

kMpM

MM

kM

MM

pM

MM

kMpM e
N

e
N

e
N

e
N

e
N

e
N ∫

∞
−=

0

Tr1Tr1

MM

kMpMpz e
N

e
N

edp

∫
∞

−=
0

Tr1Tr1

MM

kMpMpz e
N

e
N

edp

MM

kM

k

e
NMzNMzN

Tr11Tr11Tr1
−

=
−

4321 , Φ+Φ=Φ+Φ= iXiZ


	Circular Wilson loop operator and master field
	Introduction
	Introduction (continued)
	Wilson loops in N=4 super Yang-Mills
	Supersymmetric Wilson loops
	Circular Wilson loops and matrix model
	Multiply wound loops and eigenvalue
	Resolvent
	Wilson loops as D3-brane
	Boundary terms
	Boundary condition for D3-Wilson loop
	Gauge theory resolvent from D3-brane
	Gauge theory resolvent from D3-brane
	Conclusion
	スライド番号 15
	スライド番号 16
	スライド番号 17

