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BPS Wilson Loops

BPS Wilson Loops in supersymmetric gauge theories: gauge invariant
non-local operators that preserve some supercharges

The prototype example in 4D N =4 SYM

W = TrPe~¢Jr drL(7)

L=qi"A, +i|i0;0!

It includes couplings to the six scalars Maldacena, PRL80 (1998) 4859

Drukker, Gross, Ooguri, PRD60 (1999) 125006; Zarembo, NPB 643

The number of preserved supercharges depends on I' and 6;
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* They are in general non—protected operators and their expectation values
(W) ~ /D[A,A,C,é,’lﬁ/([_)] e TrPexp [—z/ dT,C(T):|
r
depend non-trivially on the coupling constant.
@ Weak couplings = Ordinary perturbation theory

@ Strong couplings = Holographic methods: Dual description in terms of
fundamental strings or M2-branes. The expectation value at strong coupling is
given by (W) = Zgtring for a minimal area worldsheet ending on the WL
contour.

@ Finite couplings == Localization techniques (Matrix Model)

The matrix model provides an exact interpolating function to check the
AdS/CFT correspondence
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Localization

Suppose we have a supersymmetric theory whose action S[®] is invariant under an
odd generator Q, with Q% = 5. We want to compute

Z:/D@(S[‘P] and <0>=/Dq>oe*5[‘1’]
Consider

2() = / Do SIHRVI iy V(@] = 0
Supersymmetry invariance then implies

az(t) o
EE =0 = Z=2(0) = Z()

At t = oo the path—integral localizes at loci ®o where QV[®o] = 0.
. _ 1 &/
Writing & = ®&¢ + $<I>

7 = /D@Oe_slq)(ﬂ leoop[(b()] <O> = /D@OG_S[q)O] leoop[(b()] O[q)()}

If the space of ®g solutions is a finite submanifold, the path—integral reduces to a

finite dimensional integral, typically a Matrix Model
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* They are related to physical quantities like the Bremsstrahlung function and
the Cusp anomalous dimension. Therefore, they are ultimately related to

I
INTEGRABILITY IN AdS/CFT

* Parametric WL (latitude WL) are related to correlation functions of the 1D
defect CFT defined on the WL contour.
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* They are related to physical quantities like Bremsstrahlung function and Cusp

anomalous dimension. Therefore, they are ultimately related to

I
INTEGRABILITY IN AdS/CFT

* Parametric WL (latitude WL) are related to correlation functions of the 1D
defect CFT defined on the WL contour.

BPS Wilson loops in A/ =6 ABJM theory
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Plan of the talk

Latitude “bosonic” and “fermionic” BPS WL in ABJM theory

@ Matrix Model and exact results for latitude WL

@ Bremsstrahlung functions

@ Conclusions and Perspectives
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N — 6 ABJM theory Aharony, Bergman, Jafferis, Maldacena, 0806.1218
U(N)g x U(N)_j CS-gauge vectors A,,, A, minimally coupled to
SU(4) complex scalars C7, C*  and fermions ¢y, &', I=1,...,4

in the (anti)bifundamental representation of the gauge group with non-trivial
potential.
S = SCS + Smat + S;t))gs + Slf)ec;:In

Sos = % /d3acguVP{Tr (A#aVA,J + giAuAl,A,,> _Tf(AHaVAP n %mu,@y;}p) !
Smat = / d*xTe[ D, CrD*CT — %'y D, | A= N/k

D,Cr = 8,Cr +iA,Cr —iCrA,

Dual to M-theory on AdSs x S”/Z; or Type IIA on AdSy x CP?
N> k° k< N <K
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LatitUde WilSOIl IOOpS M.Bianchi, L.Griguolo, M.Leoni, SP, D.Seminara (2014)

Bosonic BPS WL

21

Wg(v) = TrPexp [—i / dr(itA, — T|;'U|MJ1(;/) cC7)
I8

v e 0,1]

S
~
~
X
>
I
mv\
5
—
I
<
V]
A
o
— oo o

It preserves 1/12 of susy charges Q;(v), Q2(v) = 1/12 BPS

Enhancement of SUSY Wg(r=1)=Wp = 1/6 BPS

Drukker, Plefka, Young, JHEP 0811 (2008) 019

Similar construction for Wg
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Fermionic BPS WL Wr(v) = TrPexp [—i [pdrL(v, T)] U(N|N)

#1A, — |2 M (v)Cr CY —iy/ i ()P
Flalprm’ (v) “AL = e M (v)C7Cy

K-

—v e TV1I-12 0 0 Vitv
7 eI — 12 v 0 0 o 5 | —V1—ve” —imva
My’ = 0 0 1 0 | =4 0 (1, —ie™"")
0 0 0 1 0 B
It preserves 1/6 of susy charges Q1,23.4(v) = 1/6 BPS

Enhancement of SUSY Wp(r=1)=Wr = 1/2 BPS

Drukker, Trancanelli, JHEP 02 (2010) 058
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The v = 1 case

Exact Matrix Model Kapustin, Willett, Yaakov (2010) 089

(Wg)1 = €2 [(W)] (Wg)1 = e "2 |(Wa)|

Complex functions at framing one

e Framing function dp =17 (%) 1— "23 (%)3 +0 ((%)5)

e Framing independent |(Wg)|, |(Wg)|, functions of N/k

Comohological equivalence

Ws + W, . w W
Wp = % + Q(something) = (Wg)1 = (Wa) —5< B
Checked perturbatively
Silvia Penati Humboldt Kolleg, Corfu 2019 September 17, 2019
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The general case, v # 1

Comohological equivalence

- WBSZ) — e:y Wew) + Q(v)(something)
e” 2 —e 2

WF (l/) =

Localizing the path integral with Q(v) = cohomological equivalence implemented
at quantum level in the same form.

Perturbatively it is true at framing v

i

Wr(w)), = el e (ol

where up to two loops we find Pp=n(F)r+0 ((%)3)

M.Bianchi, L.Griguolo, M.Leoni, SP, D.Seminara (2014)
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The Matrix Model

In order to respect cohomological equivalence at quantum level, we would like to
perform localization with Q(v) = Matrix Model will depend on v

But we are not able yet to implement localization, since Q(v) is not chiral.

Alternatively, we guess the structure of the MM and perform consistency checks
N
TV Xa
= (V)
N ) ) N ' )
7 = / H d>\a eurkka Hle‘b e—urkp,b
a=1 b=1
N N
[ sinh vom(Aa — ) sinh (e — X) [ sinh v/om(sia — jav) sinh 7 (pta — piv)

x a<b \/Ij a<b \/Ij

N LICYRT)
H cosh v/rm(Aa — ) cosh 22 —HbJ
a=1b=1 \/Ij

=

Silvia Penati
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Planar limit (large N)

For N large, we have computed

2 T . % Al (%)_1/3 (N—%—sl)
= (h (i) Aig ) (N—gz—:sl:)%
I COLICO RN CO MU T )

TV I'(v+1) k Ai((#)il/?)(]\/—%—ﬁ))

ey, T8 e () A1 () (Y = o))

202 /AT (332) Ai ((42) 77 (V- 45 - )

EXACT INTERPOLATING FUNCTIONS
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Checks

@ Strong consistency check: Partition function Z does not depend on v

o Its weak coupling expansion matches a genuine three-loop calculation done at
framing v (1802.07742)

o Its leading behavior at strong coupling in the large N limit reproduces the
holographic prediction

(Wi (v) ~ e™V2NE

Correa, Aguilera-Damia, Silva, JHEP 06 (2014)

Wr(1))
@ Recent result for TEN |1 _1o0p

at strong coupling matches our prediction

Medina-Rincon, 1907.02984
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Bremsstrahlung function

We now prove that latitude WLs have physical meaning, being related to the

Bremsstrahlung functions. In particular, we disclose the physical meaning of the
framing function.

Energy lost by a slowly moving massive quark

AE =2nB [ dtv* lv] < 1 J

In CFT

L
<W4>LP ~ e—Fcusp (¢) log & Pcusp(‘ﬂ) ~ =B 902 J
P11

Correa, Henn, Maldacena, -Sever, JHEP 06 (2012)
Silvia Penati
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Bremsstrahlung functions in ABJM

_rl/2 og L
<W§>¢ ~ e Teusp(p)log ¢ I‘L/Lip(go) o —Bl/zso2
£y oMo 10g s ’
<WB><P ~ € p(‘ﬂ) o8 ¢ chésp(W) Apz<1 _Bf/ﬁ ®

They are functions of the coupling constant N/k

How to relate B to quantities exactly computable via localization?

First proposal

1 m
Bf/s = rﬂ_QamIOg| <WB H

m=1

Lewkowycz, Maldacena, JHEP 05 (2014)
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Our proposal

1
Byjs = 2 O log | (Wr(v)) |

v=1

@ Perturbative checks up to three loops for B, /5 by a direct computation of I'cusp

M. Bianchi, Griguolo, Leoni, SP, Seminara (2014); Griguolo, Marmiroli, Martelloni, Seminara (2014); M.

Bianchi, Mauri (2017)

@ Bj/; matches the string prediction at next-to-leading order

Forini, Giangreco Puletti, Ohlsson Sax (2013); Correa, Aguilera-Damia, Silva 1412.4084

@ Exact proof using two—point correlation functions in 1d defect CFT

L. Bianchi, Griguolo, Preti, Seminara (2017)
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Relation with framing

M. Bianchi, Griguolo, Leoni, SP, Seminara (2014)

L. Bianchi, Preti, Vescovi (2018)

We write ,
(We (W), = 2O (Wr )|

where the phase ®5(v) includes all (but not only) framing effects.

=0 we find

v=1

Using cohomological equivalence and 9, log ((WB(V)>1, + (WB(V)>,,)

1
Bl/2 = gt&l’l‘bB J

The undeformed & = ®p(1) is the framing function of 1/6 BPS Wilson loop

New physical interpretation of framing for non—topological models
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Conclusions & Perspectives

1) Matrix Model

» We have found the Matrix Model for latitude WLs in ABJM. This is a new
exact, interpolating function that allows to test AdS4/CFT3 in the large N
limit. Localization procedure?

> Generalization to the U(N1) X U(N2) ABJ theory Anarony, Bergman, Jafferis '08

2) Bremsstrahlung functions

» We have provided an exact prescription for computing the Bremsstrahlung
functions in terms of latitude WL. Exploiting integrability the exact B
could be also computed by a system of TBA equations, as done in N' = 4

SYM bDrukker (2012); Correa-Maldacena-Sever (2012)
The matching would be crucial for checking the famous

interpolating function h(\) of ABJM Gromov, Sizov (2014)
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3) Relations with the 1D defect CF'T (Work in progress)

Derivatives of latitude WL respect to the parameter produce correlation
functions of scalar local operators of the 1D defect CFT

o, og(Wi(v))| =~ / " dn / " s ()X () wi,

v=1

where x(7) = m% (1)C1(1)C7 (1)

(TePx(71)x(r2)e "t d7EB(T))
(Wa)

and  ((x(T1)x(m2))wL =

Important questions:
» What is the relation between the two 1D CFT defined on W and Wg?

» Exact results for correlation functions of 1D CFT from the MM.
Implications for 1D bootstrap?

» More generally, what is the effect of framing on the 1D CFT? What is its
meaning in 1D?
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