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Introduction

Introduction

@ Wilson Loops (WL) are an important class of gauge invariant
non-local operators.

WRr(C) = TrrP exp (i / .'1)
JC

o The expectation value measures the effective action of an external
particle; order parameter for confinement.

@ The Liischer term as quantum corrections to the QCD string (linear

-
A/ I

potential) — Quantum Corrections in A

" Leo Pando Zayas (University of Michigan) UK 2014 3 /4
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Introduction

o |dentification of the NV = 4 WL in fundamental of SU(N) and a
string in AdSs x S° was done early (Maldacena, hep-th/9803002;
Rey & Yee, hep-th/9803001).

@ Drukker & Fiol (hep-th/0501109) recognized that the D3 captured
the leading behavior of multiply wrapped WL.

@ The WL in the antisymmetric representation of SU(N) is described
by a D5 brane (Yamaguchi, hep-th/0603208).

@ A complete dictionary was proposed by Gomis & Passerini
(hep-th/0604007) for all half-BPS WL in arbitrary representations.

Configuration | Representation of SU(N)
F1 Fundamental
D3 Symmetric
D5 Antisymmetric

| Leo Pando Zayas (University of Michigan)
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Introduction

@ According to dictionary the WL in the k-symmetric representation of
SU(N ) is dual to a single D3 brane with & units of fundamental
string charge.

o In the probe approximation k' ~ N the D3 has AdSy x S? geometry
with £ units of flux (Drukker & Fiol, hep-th/0501109).

@ Localization: in N =4 SYM the half-BPS circular WL is captured by
a Gaussian Matrix Model (Drukker, Gross; Erickson, Semenoff,
Zarembo; Pestun).

@ A semi-classical analysis on the D-brane side:

» We find functional agreement in the higher representations.
» We find numerical discrepancies.
» Exact results on the gauge theory side; precision tests of AdS/CFT.

| Leo Pando Zayas (University of Michigan)
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o According to dictionary the WL in the k-symmetric representation of
SU(N) is dual to a single D3 brane with & units of fundamental
string charge
In the probe approximation k ~ N the D3 has AdS, x 5% geometry
with % units of flux (Drukker & Fiol, hep-th/0501109).

Localization: in A = 4 SYM the half-BPS circular WL is captured by
2 Gaussian Matrix Model (Drukker, Gross; Erickson, Semenoff,
Zarembo; Pestun).
o A semi-classical analysis on the D-brane side
» We find functional agreement in the higher representations.

» We find numerical discrepancies
» Exact results on the gauge theory side; precision tests of AdS/CFT
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" Half BPS Wikon Loops in A = 4 SYM

Localization: Pestun

o Want [ exp(S)
/t-xplh'l — v/'vxp[.‘--'-%-I(Jl'l

C Gty = G
dt GG =

o Independence of ¢, take t + o0 — Classical plus one-loop
o Localizes on a Gaussian action

o a is a constant matrix coming from &°.
o r is the radius of S*.

o Compare to the diagrammatic intuition of Drukker-Gross,
Erickson-Semenoff-Zarembo.
Loe Panda Zayas (Unnersity of Michigan)
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" Half BPS Wikon Loops in A/ = 4 SYM

Matrix Model: Fundamental

o Expectation value of this half-BPS operator is trivial:

\,”'ﬁ'hmv =1

o More interesting: map the line to a circle of arbitrary radius —*
expectation value is a non-trivial function of t'Hooft coupling.

o The Matrix Model computation gives

(”-D)('irrlt- =

Loa Panda Zayas (Us y of Michigan)
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" Half BPS Wikon Loops in N = 4 SYM

Gravity Side: Beyond the leading order

o Forste-Ghoshal-Theisen 9903042, Drukker-Gross-Tseytlin 0001204,
Kruczenski-Tirziu 0803.0315, Buchbinder-Tseytlin 1404.4952.

() exp(-I), TI'=To+Th,
[xh-:(—v'-‘ - '.3}]“[1[1%[—?2]"—'

|
" Tdet(=V2 + 1R® + 1)

I

1
2

o Five massless modes (S%); three massive modes AdSz C AdSs,.

|
(”b)nrclo = eXp (\/X—'; In(27) -+ .. )

Lee Panda Zayas (U y of Michigan)
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o Five massless modes (5°); three massive modes AdS> C AdSs.
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Symmetric Representation

."'X 1
(Wg) = d;'-\%llalf dyexp
—1

[ 1 — _— - v e —
. [ de 1 —a2log (l vaz _ aV "”) - If/ drv1 =12+ fVAu )]
= / =

Chranch

FIG. 1: The contour of integration C for the k-symmetric
representation, and its deformation into C' and Chranch-

Loe Panda Zayas (Unversity of Michigan)
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Antisymmetric WL beyond the leading order

- INVA . 5 1
(1 »'h-) = exXp ( 3 sin” O —5 ||lr-|[lff1.) .

CUK2014 1444

Leo Panda Zayas (U
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Holographic Description of Wilson Loops

o According to the dictionary a Wilson Loop in the k-symmetric
representation of SU(NN) is dual to a single D3 brane with / units of

fundamental string charge dissolved in it.

o In the probe approximation the D3 brane is described by an
AdSy % 52 geometry with k units of flux (Drukker & Fiol,

hep-th/0501109).
o The bosonic D3 brane action I1s

Sp=1Tps /d’lrr det (¢as + 270’ Fog) — TDJ'/(‘(-H

Tension Tp;g = _'_-r'-'Tr

Lew Panda Zayas (Unnersity of Michigan)
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Tension Tp3 = 57277

Loa Panda Zayas (Unulnltrd Michigan)

Pirsa: 14120030
Page 16/37




o The solution dual to the BPS WL is

U= uy g =ty ora’F = iL* cosh(ug)el A et

AdSs x §* worldvolume with electric flux
ds® = L* (i'().‘wh:( rr;_,)dw_",'w_.-‘-,‘ + sinh® (ug)dS ’::) -

k.
sinh(ug) = lv' = K.

g e e

I is the fundamental string charge dissolved on the brane.

o The solution preserves the same bosonic symmetries as the field
theory operator:

» SL(2.R) x SO(3) are realized as isometries of the worldvolume.
» SO(5) corresponds to rotations around a fixed point on S*

o It also preserves half of the AdSs x S° supersymmetries
OSp(*[4) D SL(2,R) x SO(3) x SO(3).

Low Panda Zayas (Univarsity of Michigan) [0 00
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I is the fundamental string charge dissolved on the brane.
o The solution preserves the same bosonic symmetries as the field
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Symmetries: Field Theory

o The A =4 SYM theory has a supersymmetry group given by
SU(2,2[1) D SO(4,2) x 50(6)
o The bosonic symmetries preserved by the WL are
SL(2,R) x SO(3) x SO(5)
» SO(4,2) is broken to (P, Juw. D Ky) — (Po, Ji;. D. Ko).
» Ji; span SO(3) = SU(2) and (FPo. D. Ko) span SL(2.R)
» ! breaks the SO(6) = SU(4) R-symmetry to S0(5) = USp(4)

o Analysis of the supersymmetries reveals that the supergroup IS
OSp(4*|4) D SL(2,R) x SO(3) x SO(5).

UK 2014

Leo Panda Zayas (U

/4
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o The solution dual to the BPS WL is

u = uy 0" =t Ora’F = iL* cosh(ug)el A et

AdSs x §* worldvolume with electric flux
ds® = L* (cosh®(ug )"“'idﬁ: + sinh® (ug)d$23) |

inh(e) VA
sinh(ug) = ——— =k
1h (g I
I+ is the fundamental string charge dissolved on the brane.
o The solution preserves the same bosonic symmetries as the field

theory operator:
» SL(2,R) x SO(3) are realized as isometries of the worldvolume.

» SO(5) corresponds to rotations around a fixed point on 5%

o It also preserves half of the AdSs x S% supersymmetries
OSp(A*[4) D SL(2,R) x SO(3) x SO(3).

Lew Panda Zayas (Unnersity of Michigan
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Comparison with Matrix Model

o The on-shell action vanishes in the case of the straight line

Cre e =0 straight line

This is in agreement with ()0 = 1
o For the circle we find, after properly considering boundary terms,

G =2 (r.' V1 2 4+ ginh™! .'.') circle

This correctly reproduces the matrix model calculation in the large A

limit.

Loe Panda Zayas (Unversity of Michigan) UK20014 3/44
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Open string excitations

o Study fluctuations of the D3 brane around the classical solution; open
string modes.

o Similar work has been done involving fluctuations of the supergravity
fields (closed string modes/insertion of chiral primaries) (Giombi,
Ricci, & Trancanelli, hep-th/0608077).

o Semi-classical partition function: gives the 1-loop correction to the
expectation value of the WL (Drukker, Gross & Tseytlin,
hep-th/0001204; Kruczenski & Tirziu, arXiv:0803.0315;
Buchbinder-Tseytlin, arXiv:1404.4052).

Loe Panda Zayas (Unversity of Michigan) [ UK2014 M /44
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D3 brane action

o Bosonic action:

’ f e -
Sg= I'D:‘h/‘d'lrr Vdet (9 + 27a’F) — fp;;ff"[(ﬁ].
‘_————‘”_‘-_____—_-,,,___-——-—_'-_-'———__J

o Fermionic action (Martucci, Rosseel, Van den Bleeken & Van
Proeyen, hep-th/0504041):

T

. Lo Ml RS ;
Sp=—2 [ d'o/det(g+27a’F)© (1 = Tpa) MPT3D, 0.

Mg = gag+27a'Fasl’ T=T"®03

ooy - .
D = Vim -+ T('.}'(ﬁ}l m ® (io2).

['pa: K-symmetry projector.

Loo Panda Zayas (Unersity of Michigan) [ UK 2014 B /44
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Path integrals in curved space

o Consider a scalar field ¢ curved space.

. ' | _
W= /!ffl'l]l'_hl"'l Se] = :]d.;‘\,-'g;:‘!ﬂ!.‘*

e ————————————————————————————

o Expanding in eigenstates of I

0= E CtnPn
n

o Formally,

Lea Panda Zayas (Uniersity of Michigan)
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Heat Kernel
o The heat kernel is defined by

1\—(.1'. /B t) = Z ("_‘\"I‘r.lll{'r [ [.U]

o The trace is related to the ¢ function by

o0
dt t*=1Y (1) VA = /rl’.r\,—‘"g_jl\'[.r,.r:f)

I'(s) Jo

It follows

C(0) =aq Y(t) = Z “"!(”"‘“J":

Loo Panda Zayas (University of Michigan) [0 0
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‘-\(f,‘\‘_. X .Hf;'l

o Heat kernels on AdSa x 5% have been studied in the context of black
hole entropy (Banerjee, Gupta & Sen, arXiv:1005.3044v2).

o The normalized scalar eigenfunctions on AdS; are

asnil
—Clfar= ('\' ar —1) fau leZ, A>0

1 1 |T@EN+3+UD| e
’ —- = = —————————— ot
Iaa(n,0) o OM|i]! [ (iA) '

1 l i
sinhl!l (i.\ + =+ i, —iA+ 5 + [Z], || + 1: —sinh= '—:

Loe Panda Zayas (University of Michigan) [ UK 2014 15 /44
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o This can be generalized to other fields:

}._-.”] - \_-'laf.‘b'-,.\-.'ﬂ (l ri l r"_‘+ O (!-l))

45a

o Important: must make sure to exclude contribution from zero modes.

Loo Panda Zayas (University of Michigan) [0 UK2014 37 /44
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o Putting everything together,

6 x | L5 13 I“I' 11 -, | s
X8 S ) et G T W)
LR e, s’ — e e

6 sealars 1 vector 1 Weyl fermions ghosts

o The contribution to the partition function from non-zero modes
vanishes! Must consider zero modes

» There are only vector zero modes on AdSy x §*

o This results coincides with an alternative calculation of
Buchbinder-Tseytlin [1404.4952].

[l-xp (=Spa) = vxp(ﬂ.\' [H V1+ K2+ sinh™! r.]

Loe Panda Zayas (Unersity of Michigan) [0
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Holographic k-antisymmetric WL

o D5 on AdSs x S with flux agreement with matrix model at leading
order [Yamaguchi 0603208].

k :
N = —_I_((I‘L. — sin g cos ty). (14)

o The spectrum for the AdSa X S D5 brane; agrees with expected
OSp(4°[4) structure [A.Faraggi, W. Muck LPZ 1112.5028].

o Heat kernels on AdSs x S* [A.Faraggi, W. Miick and LPZ 1112.5028].

| Loa Panda Zayas (Unnvmrsity of Michigan)
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Holographic k-antisymmetric WL

Holographic k-antisymmetric WL

e D5 on AdSy x S* with flux agreement with matrix model at leading

order [Yamaguchi 0603208].

/T — l__(();\. — sin 6, cos 0,). (14)

o The spectrum for the AdSy x S% D5 brane; agrees with expected
OSp(4*|4) structure [A.Faraggi, W. Miick LPZ 1112.5028].

o Heat kernels on AdSy x S* [A.Faraggi, W. Miick and LPZ 1112.5028].

Leo Pando Zayas (University of Michigan) UK 2014 39 / 44
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Holographic k-antisymmetric WL

Quadratic fluctuations of D5

!I)) 6 2
Sp = /G| (Ve = )y
B sm()A / H\/il L.-’)\
a I | L o g
(Vr:v l))\"_;l“ /;m_.lf ./;m-
I Y3 g II 5«
_§/ ﬂ./n;'i l — X ¢ f/“ 1’]
Sp = L / d°¢\/gO |1V, + Lpemso| g (15)
2sin 0y, ' L
Leo Pando Zayas (University of Michigan) UK 2014 40 / 44
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Quadratic fluctuations of D5

2

! 5 = 1 a =
D! /.dll&-vay[\ [vﬂv _._.]\‘

2sindy.

. 4 [ fre
'f'\\.(vuv“ -+ '['?'\" o :.f'm .f;w e f‘ .f;m

l o8 4 5 af
_f;.f“».n:‘_' TJ\' .;. n.{l-

- ]

Tos : | e
IDx ‘/.dhsv"’.‘_} (5] [I “vu 4o =] { u““} (=1

2 sin 0y, [

Lew Panda Zayas (Unnerity of Michigan)
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Holographic k-antisymmetric at one loop

NVl
f(-xp(_,'n'n_..] = exp ( _;j sin® Uk—i-;' ]Ilr-lll“,r.) ‘

COUK2014 41/ a4
Lew Panda Zayas (Unnersity of Michigan)
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l-antisymmetric at one loop: a factor of 3

2NVA . T
/u_\p(—.‘w")_-,] = exp ( - Y2 sin® f)k.—F Illhlllff)_.) -

(Wa,)Saddle = €XP ( — sin® h—= l::~|n(ﬁ) .

. -

Loe Panda Zayas (University of Michigan) |
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Conclusions

o Gauge theory can, in principle, consider different orders of limits:
(N, A, k)

o Saddle point always takes N — oo first. Corrections to Wigner
distribution

o Gravity is more rigid in its expansion. The gravitational description
expansion parameters are 1/V\ (F1), 1/NVA (D5) and 1/N (D3)

o Susy preserving regularization Gelfand-Yaglom

o An A = 4 vector multiplet on AdSa X S2: Localization and sphere
partition functions (Gershkovitz-Gomis-Komargodski) [Rigid sugra].

Loe Panda Zayas (Unwersity of Michigan)
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