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Loop operators in 4d gauge theories
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Can we make a computation!?
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Atiyah-Bott,Singer,Duistermaat-Heckman,Berline-Vergne,Witten

| ocalization

compute the integral
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given
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where Q is fermionic symmetry,

and ()? = R is bosonic symmetry



Witten

Deform the action
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assuming
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N = 2 supersymmetry on S*
OSp(2|4) C SL(1|2, H)

o 8 fermionic generators
o Sp(4) ~ SO(5): isometry of S4
e SO(2): R-symmetry

Seiberg’s talk



N = 2 vector multiplet
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N = 2 hypermultiplet

To introduce hypermultiplet masses in OSp(2|4) theory on S*:

€ gauge the flavor symmetry
@ give expectation value to ®( in the flavor vector multiplet



Choice of supercharge Q

Q°=J+ R+ G,

J — space-time rotation
R — R-symmetry
G, — gauge transformation by ¢ = i®; — cos P,
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S4 N susy Wilson loop

(Adzx + 1Dpds)
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NOW LET'S LOCALIZE

1 Find the localization loci Y,, (solve QW = 0).
2 Compute exp(—S|y, )

3 Compute the determinant Z;_;,,,| Ny, |

4 Integrate over Y, and sum over «



Step I. Find the localization loci Y, (solve Q¥ = 0)

QYU = 1 Fpn I™"e — 20,V e + i K;Tsia

e — spinor on S* defining Q)

(Ft=0, Ddy=0)

T[DCI)9 = x3l, D7, = ]

(F-=0, D®=0]




Vanishing theorem

the only possible solutions to the susy equations
smooth everywhere except at the ‘t Hooft loop
singularity are given by
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The original infinite dimensional path
integral localizes to
finite (rank G) dimensional integral
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Step 2. Compute €

— Sy,
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‘t Hooft loop: o TS
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Step 3. ComPUte Zl—loop(a)

organize fields in Q-multiplets

Q- Pof = Ppi
«Q - %,f =R - ¢p

so Q°=R with R=J+R+G,

detcokerD R
Z _ — etQV — | t — OO
! loop(a) /j\/'y detkerD R

(Ft =0, D®y=0)

[) — transverally elliptic
differential operator

_(D®y =#5F, [D:,]=0)

from the linearized equations GENTED,




['(Eo) = {¢v}

COmPUte
detcokerD R
Z1-1oo —
- P(a) detkerD R

from the index

using the rule
2 mye = | [wy”

w; -weights of R
M -multiplicities



To compute ind D we slice sphere into

e neighborhood of the north pole
» neighborhood of the equator
» neighborhood of the south pole

and use Atiyah-Singer index formula

F' -set of fixed points of R action on M



Each pole region gives
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G - Barnes G-function /related to g-dilog/
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Yy locus gives exact result up to
nonperturbative corrections
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Step 4. Non-perturbative corrections

(from higher Y, loci)

® point instantons at North pole (Fr=0, D®y=0)

® point monopoles at the equator (0% = F. [D,.1=0)

® point anti-instantons at South pole (7 o Do, —0)




Instanton corrections
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gauge theor)’ IN Q—baCkground /Losev, Moore, Nekrasov, Shatashvili /
approximates OSp(2|4) theory up to O(x?) at x =0

=N

point instantons at x=0
contribute in the same way




with instanton corrections the result is
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if not, expect screening corrections



Kronheimer
Kapustin,Witten

Monopole screening Cherkis,Durkan

Non-abelian monopoles can screen the singularity
and reduce effective magnetic charge seen at infinity

T (DA® = xF4)

r— 0 Jabelian/

B’ C rep(B)
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________ 1 | |
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we need to localize on
moduli space M (B, B)



THE FINAL EXACT RESULT

2
(Tg) = /da Z |ZN(ia— %B’) folloop(a;B,B/)
B’ €rep(B) Gomis, Okuda,V.P'I |
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® S-duality for SU(2) N=2* checked /numerically/

® results agree with conjectures for AGT dual loop
observables in Liouville (Toda) theories

Drukker,Gomis,Okuda, Teschner’09,
Alday, Gaiotto, Gukov, Tachikawa, Verlinde’09
Gomis,Floch’10 .




Sotmmmg/ Discaddion

Exact results for vevs of susy ‘t Hooft and Wilson
loops in OSp(2|4) theories: all perturbative and non-
perturbative corrections.

Agreement with conjectured loop observables in
AGT dual Liouville/Toda CFTs.

Precision S-duality test

similar localization techniques are used
® more complicated loops in N=4 SYM
® 5% xS 8% 5% xS

® gravity/black holes calculations
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