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My Interests:

e formal aspects of supersymmetry

e non-local operators in gauge theory

e interconnections between gauge theory, string theory (or M-theory), 2d CFT and

matrix models
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AdS/CFT: The strong coupling regime of a gauge theory is encoded by the dynamics

of weakly coupled strings in a certain background.

SU(N) N=4 SYM: the dual string theory is IIB on AdSs x S° with tension T' = 2—\/5,
where A = Ng?. The conformal 4d gauge theory lives on the boundary of AdSs
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AdS/CFT: The strong coupling regime of a gauge theory is encoded by the dynamics
of weakly coupled strings in a certain background.

SU(N) N=4 SYM: the dual string theory is IIB on AdSs x S° with tension T' = 2—\/5,
where A = Ng?. The conformal 4d gauge theory lives on the boundary of AdSs

SUSY Wilson Loops

Wgr(C) = % tr P exp [/C ds (1A, (x)z" +nr®r(z)|z|)

In the string theory dual, the Wilson loop is associated to an open string that ends
on the boundary of AdSs, on the loop where the operator is supported
[Maldacena} [Rey, Yee}
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AdS/CFT: The strong coupling regime of a gauge theory is encoded by the dynamics
of weakly coupled strings in a certain background.

SU(N) N=4 SYM: the dual string theory is IIB on AdSs x S° with tension T' = %,
where A = Ng?. The conformal 4d gauge theory lives on the boundary of AdSs

SUSY Wilson Loops

Wgr(C) = % tr gP exp [/C ds (1A, ()" + ni®r(z)|Z|)

In the string theory dual, the Wilson loop is associated to an open string that ends
on the boundary of AdSs, on the loop where the operator is supported
[Maldacena} [Rey, Yee}

W(C)) = / DXeT5IX]
0X=C
Strong coupling A > 1 and N — oo, semiclassical string [Drukker,Gross}

<W(Ccircle)>N:4 ~ KT —3/227T

In agreement with an exact gauge theory computation using localization [Pestun}
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Next Step: reduce the symmetry = increase complexity of the theory

N =2 SU(N) SCYM:

Interesting features: matter fields, non-trivial instanton dynamics, ...

N

N

—O

hypers

vector hypers

The string dual is not known for this A/ = 2 theory.
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Next Step: reduce the symmetry = increase complexity of the theory

N =2 SU(N) SCYM: N —O N

hypers vector hypers
Interesting features: matter fields, non-trivial instanton dynamics, ...

The string dual is not known for this A/ = 2 theory.

— use these results to get information about the string dual of N' =2 SCYM !

.

The vev of certain observables can be computed exactly using localization [Pestun}
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Next Step: reduce the symmetry = increase complexity of the theory

N =2 SU(N) SCYM: N —O N

hypers vector hypers
Interesting features: matter fields, non-trivial instanton dynamics, ...

The string dual is not known for this A/ = 2 theory.

The vev of certain observables can be computed exactly using localization [Pestun}
— use these results to get information about the string dual of N' =2 SCYM !

Pestun Localization: reduce the field theory path integral to a matrix integral, for any
value of the gauge coupling. VEV of certain non-local operators can be computed

using a matrix model.

7 = /que—s[‘l’] = /DMe_S[M]Zl—lOOp(M)Zinst(M)

e ) is a constant value of an adjoint scalar, i.e. a matrix
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5 BPS Wilson loop can be computed as an observable of the matrix model

| 1
<WR<CHCIG>> — <NtrR€2 M>Matrix Model
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% BPS Wilson loop can be computed as an observable of the matrix model

. 1 -
<WR(CerIG>> — <NtrR€2 M>Matrix Model

Strong coupling A > 1, Large N limit: N — oo with A\ = N¢? fixed [FP, Zarembo}

)\3

<W(Ccircle)>>\>>1 = const W
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@ N

% BPS Wilson loop can be computed as an observable of the matrix model

| 1
<WR(CerIG)> — <NtrR€2 M>Matrix Model

Strong coupling A > 1, Large N limit: N — oo with A\ = N¢? fixed [FP, Zarembo}

)\3

<W(Ccircle)>>\>>1 = const W

that is equivalent to the semiclassical string in AdSs

(W (Ceirete))ass1 = KT73/2*T

considering the string tension

T =—In\
27Tn
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AGT correspondence: The partition function of conformal N/ = 2 theories on S* with
gauge group SU(N) is equivalent to a correlation function in Ax_; Toda CFT.
(Al Toda = Liouville) [Alday, Gaiotto, Tachikawa}
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AGT correspondence: The partition function of conformal N/ = 2 theories on S* with

gauge group SU(N) is equivalent to a correlation function in Ax_; Toda CFT.

(Al Toda = Liouville) [Alday, Gaiotto, Tachikawa}
Basic example: SU(2) SCYM Zscym = (Vs Vs,V Vi, ) Liouvine
B2 B3

2 @ 2 <>

mi, mo a(®) ms,mgq

51 Oz(l) 64

[ da) Zas Ziaop Zins = [ 42 (81|Via [ (@D |V 83) For () For o(2) 122 =200 =80)
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AGT correspondence: The partition function of conformal N/ = 2 theories on S* with

gauge group SU(N) is equivalent to a correlation function in Ax_; Toda CFT.

(Al Toda = Liouville) [Alday, Gaiotto, Tachikawa}
Basic example: SU(2) SCYM Zscym = (Vs Vs,V Vi, ) Liouvine
B2 B3

2 @ 2 <>

mi,msg a(l) ma,ma

61 Oz(l) 64

[ da) Zas Ziaop Zins = [ 42 (81|Via [ (@D |V 83) For () For o(2) 122 =200 =80)

e Different S-duality frames of the gauge theory correspond to the different
decomposition of the 2d CF'T correlator

e modular invariance of 2d CF'T implies S-duality invariance of the 4d partition

function
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e Wilson, 't Hooft and dyonic line operators are realized as loop operators in
Liouville/Toda CFT (Verlinde operators)

e modular transformations of loop operators in Toda CFT describe the action of

S-duality on line operators in gauge theory

e for instance, it follows that (Wilson)theory = ('t Hooft) g(rheory)
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e Wilson, 't Hooft and dyonic line operators are realized as loop operators in
Liouville/Toda CFT (Verlinde operators)

e modular transformations of loop operators in Toda CFT describe the action of
S-duality on line operators in gauge theory

e for instance, it follows that (Wilson)theory = ('t Hooft) g(rheory)

3d SUSY gauge theories have many interesting dualities: Mirror symmetry,

AdS/CFT ...
e two main types of line operators: Wilson loops and Vortex loops

e interesting to study the vev of these operators using localization and analyze their
role in dualities [Drukker, FP, Okuda, To appear.]
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Conclusions

e supersymmetry provides a simplified framework to study Quantum Field Theory

e many novel tools for the weak and strong coupling dynamics of quantum fields
(AdS/CFT, Pestun Localization, AGT, Integrability, ... )

e interconnections between gauge theory, string theory, two dimensional CFT and
matrix models are useful to study the strong coupling dynamics of gauge theory

and more formal aspects of string theory
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