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Introduction

*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 1, _; Tr (‘Dil "'(Di”)

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

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

“W-boson” _
String world-sheet

Gravity dual

»

----------

(W(C))=e "

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

Circular loop / Straight line
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Wilson loops in N=4 super Yang-Mills

Wilson loop operators in SYM:

W (C) :%TrP expkds(iAﬂ(x(s))X”(S)+CDi(Y(S))S’i(5))] D)S

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: %A, =¥T,é&, %A, =?F,u ([,x")é,,
0,D; = ?Fié‘l 0,0; = YT (I, x")e
Poincare SUSY superconformal
1 asl: . .i 1A+
oW (C) :WTerds ‘P(IF#X” +1”iy')ge§'A ? =g +I X"g,

——  BPS condition: (iFﬂX” +1;y! )e =0
X*=y® A half of ¢ locally solves the equation. (local BPS condition).
— ¥ =0 0° =1
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Supersymmetric Wilson loops

When 0 is constant, we find two half-BPS solutions:

Straight line:  y~ (s) =(s,0,0,0) (iFl +T, )51 =0,

0 =5 (i1+T)s, =0

Circular loop:  x*(s)=(Rcoss, Rsins,0,0)

S ., & =IRl ¢
9|:§|5 1 125%2

These loops preserve SL(2,R)xSO(3) = SO(5,1) symmetry as well.
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Circular Wilson loops and matrix model

Perturbative calculation of the expectation value of a circular Wilson loop.

(W(C))=1+ % ([ ds,ds, Tr{(ia, 5 (s,) + ®,0' (s )|} iA X" (5,) + @ 67 (s,)|x|)) + higher

g - X(Sl) ) X(Sz) + ‘X(Sl)HX(Sz)‘
dr k() X,

O(g°N) =%jjo|slds2

~N /x(s):(Rcoss,Rsins,0,0)
N 2 :1/2
Z ” ds, ds, =
OON): # of planar graphs A, can be calculated by Gaussian
( ) 274)" / matrix model:
A, N T
Planar (2n)! N z4TN

—— *|_adder approx.

& @le 1 P (L qpem
<W(C)>N:4SYM_Z (Zn)l A”_<NTre >Gau55|an_<NTre >MM
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Multiply wound loops and eigenvalue

If a circular loop goes around the same path k times

— > Consider the following partition function with a single trace operator

2N«
1 1ty o Lo, 225 1 s
Z =(—Tre =— dx,. — > e™'e "7 =— dx.e ™
‘ <N >MM ZO J-];:i[ | N Z Z0 J‘H |
2N ) . o
it =—— > X; _Zm | X; = X | _kXN Eigenvalue distribution
O(N?) O(k) ~ O(N) A X

: : . _ i 05 1
Define the eigenvalue distribution function 2(x) =WZ5(X—XJ+N5(X—XN)
O(N?): semi-circle pO(X):%\/Z—XZ
L.

O(N): effective action for X, N7S(x,) =

2 \/E k
— An _ R S
h 2_£dx P(X) In|x — x| =

OS¢ (Xy) )
— = — X :ﬁ 1+ S :\/z\/1+/c2 K:—k\/z

Xy 16N’ 4N
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Resolvent

To determine the eigenvalue distribution with having this loop operator,
consider the expectation value of the resolvent:

Rk(z)=<1Tr 1 > z<1Tr 1 1Tre"“">
N z-M/ um N z-MN MM
cyl

0 0
= 1Tr L iTre"M + 12 1Tr L lTre"M T
Z—M N . N’\N z-M N -

N MM M
By employing the loop equation (SD eq.),

cyl 0
iz R iTrek“" ;LZ R S ekM
NZ\N  z-M N ONEAN D =M

By Laplace transformation,

0 o
Lz iTr 1 okM _ sz'dpe—pz iTre(k+p)M
N°\N z—-M w  N7g N

So 1/N correction (isolated pole) comes from a merged loop.

0

MM

*

i . 2
Note: to this order the resolvent is given by R((2) :Z(Z —z? —ﬁb)+W —

8/14
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Wilson loops as D3-brane

Fundamental strings may interact one another

/
, A better description is given by D3-brane
(Giant Wilson loop)
Solution for the circular loop: Ansatz
2
ds® = _L2 (d n° +cos’ndy’ +dp° +Sinh2de§)+ L*dQ? n(p), A, (p)
sin“n

Sps =Tos [ €7 /det(g +27aF ) ~Tp, [ P[C,]

N — .
=2depd95m03mh p{\/coszn(l+n'2)+(27m’)2 sin“n =2 —(Cosn+n'sin77 sinhp —coshp cosd J]

sin‘y L cosh p—sinh pcosé

— Solution of the equations of motion: | siny = xsinhp

(k: number of strings (flux)) Fo__ Ik (K:@)
" 8aNsinh’p

Induced metric: ds,, =

L e dn® +cos’ndy® |+ LPx2dQ2 2
sin?y | 1+ 2sin?y | nd 2 (AdSZXS )
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Boundary terms

Needs to add the boundary terms S = _J‘npn _I AT UIAW

P, II

n
Near the boundary, the world-volume extends infinitely.

—— to cancel divergence (fundamental string)

/ At the boundary, need to fix P,.,IT  (Dirichlet b.c.
L y ( )

[I=K : number of fundamental string

Legendre transformation: ~ §(S+S; )= J(e.o.m.) —j(ryéP,7 + A/,él‘l)

Now the action becomes the functional of Pn and I'T

S+ SB‘SOI =—2N (KV1+ K’ +Sinh_1K‘)

: 1 o 5+Sgl,
(W (cirele)), g, =<ﬁTfekM>MM =e holds for large A
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Boundary condition for D3-Wilson loop

We have added the boundary terms, S, = —_[CI)iPCDi —J'AﬂH“ o - 1L L2

1= 2%&’?

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

@/ Near boundary, D3 world-volume need to

shrink down to be one dimensional.
%S),Y(S)) — Factorized S? part

=ik X“(s) qu)i

We propose j 1~
SZ

boundary = k y (S)

boundary
*Reparametrization invariant

- i *Charge balance condition of Callan-
Sg = _kI ds <'Aﬂxﬂ Sy (S)) I\/Ialdz?cena string
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Gauge theory resolvent from D3-brane

In the gauge theory side, 1/N correction (an isolated pole) appears as the
contribution from a merged loop:

0 o0
R'Oo'e(z):i LX " =ijdpe‘IDZ L Treternm
N \N N ¢ N

z—M MM

0

MM

We would like to evaluate the r.h.s by using D3-brane.
— D3-brane with (k+p)-flux

classical sol.

k ¢ 1 k 7
— | dpe ™ _Tre(k“‘p)M ——|dpe ™ e_SDB|_Swz—SB(k+p)
NZ! " <N Nzl P

MM
=—[;7P -[A I
—_ v
= — IP_ [P, :£(k+p) P Ty
o sz n°P, =—g% y =7

S, :—Idy/iHAW = —i(k + p)jdeV,
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Gauge theory resolvent from D3-brane

Ja Ja _ i .
S, =1 P, = 2 [Py = (k+ ) Sy =—[dyillA, =-i(k+p)[dy A,
Tlo s2 o
Perform Laplace transformation w.r.t. p [dva=i] zjdp i .
K 1 / Y jdp sinhp
RpOIG(Z) :—Ze_SDBI —Swz —Sg (k) _ :—\/—\/]?+ +(’)(77
N Ja o 0
Z——+I j dyA,
o classical sol.
s 1 1 1
= —Ze D3 _— ; o .
N Z—-X N z-
Eigenvalue distribution
. It reproduce the correct position of the isolated pole

R e
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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.

Another approach:

*Bubbling Wilson loop
AdS, xS*xS" over atwo-plane (x.y).

y

\ /
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Drukker-Fiol’s solution

I_’X
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cylinder 9 1 1
<£TrepM iTre“"> :<iTre”M> <iTrekM> +<iTre”NI iTre”"> o :Idpe’pz —Tre™ —Tre™
N N MM N MM N MM N N 0 N N MM

MM

L1 IVES MRS W
N z-M/, \N z-M N .

=Idpe“’z<iTrepM iTre"“"> Z=0,+iD,, X =0, +iD,
) N N

MM
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