Novel exact results and new indices for
supersymmetric theories in three dimensions

Based on arXiv 2006.06692 (with R. Panerai & K. Polydorou) and 220x.yyyy (with M. Inglese & D. Martelli)

Antonio Pittelli

Dipartimento di Matematica, Universita di Torino & INFN, Sezione di Torino

TFI 2022, Venice

Antonio Pittelli Dipartimento di Matematica, Universita di Torino & INFN, Sezione di Torino

Novel exact results and new indices for supersymmetric theories in three dimensions



Outline

Introduction

Indices as topological QM
Unifying indices

New indices from spindles

Conclusions

Antonio Pittelli Dipartimento di Matematica, Universita di Torino & INFN, Sezione di Torino

Novel exact results and new indices for supersymmetric theories in three dimensions



Introduction
®0

What the index is

| ] Id+1(§0,‘) = TrHSd(_)FXH(p;'b’., H = %{07 5}

m Witten index of a (d + 1)-dimensional (superconformal) field theory
in radial quantization, flavoured by ®;, with [®;,H] =0

m |¢) with H # 0 are Bose/Fermi pairs — (=) — 0,Z411 =0
m ; can be tuned, e.g. E =2R + J — Schur index

Path integral representation

m Tyi1 = Zsay st with suitable background fields, e.g. AR

m In3d: [, dA(R) = 27¢, e.g. ¢ =0 — (gen) sc; ¢ = +£1 — twisted
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Introduction
oce

Why the index

Path integral representation

m 7,1 for SU(N) gauge theory at large N — bh entropy?
m Check non-perturbative dualities/ correspondences?
m Sl-reduction® of Zy, 1 provides Zsq

m Factorization, e.g. holomorphic-blocks story*

!Benini, Hristov, Zaffaroni, ‘16; Cabo-Bizet, Cassani, Martelli, Murthy, ‘18
ZKapustin, Willett, ‘11

3Benini, Cremonesi, ‘12

4Beem, Dimofte, Pasquetti, ‘14
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Indices as topological QM
€000

Schur index and holomorphic correlators

Infinite-dimensional

symmetry in 4d X
. R2 R*
m Schur ops in a CFTy Weyl
have holomorphic —
o o ompactify
correlation functions? i
1
- Iijn Schur : ZS3><51 _
Z;l_(z)lomorphlc [SCth OpS]b ' '
superalgebra Localization

“Beem, Lemos, Liendo,
Peelaers, Rastelli, van Rees, ‘13
bPan, Peelaers, ‘19
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Indices as topological QM
0000

N = 4 matter theories on §2 x St

Metric: ds? = d6? + sin® 62dp? + f2dt?

]
m Initial R-symmetry: SU(2)y x SU(2)c tO
m R-sym bg fields: Ay = —23dt and Ac =0

m bg VM: (A, O Dab) X

dynamical HM: (qa, 5"”,1/15’,1;""’, G?, éa)

{Q,S} ~ J3 — Ry3 with J3 ~ 9,, leaving Sy s fixed
BPS VM: A = adt, q)ii = 0. Set zZyn,s = aF iBo
BPS HM ops: gn s = q* £ g%, same for an.s

SU(2)c-neutral ops on S and defects wrapping
S2 are BPS (e.g. Higgs-branch ops)
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Indices as topological QM
0000

N = 4 index and topological correlators

One-dimensional theory and exact correlators

As for the three-sphere?, 3d theory = topological
quantum mechanics for local BPS ops: @
L3y = 214 = /[daN,s][qus]e_s”,

S _ . ~
24 _ /1 dtqn(0: — izn)gn — /1 dtqgs(0; —izs)qs,
st s

21 Locallzatlon

S

(gn,s(t)an,s(0)) = sign(t) — icot (wzw,s)

~ ) —iZstf
, 7 F v e .
Defects wrapping S? or S, s can be readily included.

?Dedushenko, Pufu, Yacoby, ‘16
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Indices as topological QM
oooe

A spiky index from accelerating black-holes

Spindles at the horizon to

m The metrics of accelerating black-holes have

conical singularities? X
. . .. . N, C/Zn_
m Conical singularities signal the presence of
Y = WC[I’[I,L’M], namely spindles
m Field theory dual: N’ =2 QFT on ¥ x S! with
(R) (R) _ 2n(n_—ny)
AR such that [; dAWR) = S57=m
m [ dAR) £y — Zs st = anti-twisted index
S, C/Zn,

“Ferrero, Gauntlett, Ipifia, Martelli, Sparks, ‘20
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Unifying indices
000

Geometry and bg fields on orbifolds admitting Q, Q

Starting point

ds? = g, dxtdx” = f(x)2dx? + Cj(x)dy'dy € C
K= No(iW03¢1 aF 6¢2) € C and [,ng, =0

3Q,Q : {Q, 6} ~ K, no need 0,1, 0,2 separately

Construct:
m (ko, P, P): k3 = kK’ 1pP’ # 0, ds? = (Kb/k0)2 _ php
m (A H,V) eg.:
. * b i[5
V= ’%5(11{0’_/ B LK%) K+ §<Pb£P - Pbﬁg) log ko
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Unifying indices
0e0

Supersymmetry on orbifolds admitting @, )

Killing spinor
C = em71¢1+m72¢2(u1, —U2), with ui2 = \/ko F i/VoCU(M / %
satisfies the KSE: (V,, —1A,)¢ = —H7,¢ — iVl — €y V7¢

m ( satisfies the KSE with (A, H, V) — (—A, H,— V)
m After fixing gy, twist/no-twist/ anti-twist are selected by wo

» <¢,5>—>(Q,5>%5:Q+6%52~K:@<
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Unifying indices
ooe

Localization and cohomology

Cohomological complex

Chiral multiplet: (¢, 1, F) € R. If ¢ ~ BC + (C/ko)C, then

§¢ = C, 5B =0, 6% = —2i(Lk + Go),
LK = £K - iqRCDR, (DR = LK[A - (V/Q)] - ikoH,
Q¢GX = —i(DG OoR X, (DG = LKAG — iko(f,

Partition function

detkersp (L + Gog)
Z = Zc assical X £ £

o
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New indices from spindles
®00

Geometry on anti-twisted ¥ x S!

Besse metric and frame

ds? = F2dx2 + (1 — x2) (d¢p! — iQdy?)” + B2(dy?)?, with Q € C and

n
lim f— —————, K = No[iwgOyr + dy2], wo=Q—
x—+1 2(1:FX) 0[ 0% ¢:| 0 6

N VI— 2
pb — jeloi? {fdx + TX [id?/)l + wodwz] }7
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New indices from spindles
0®0

Supersymmetry on anti-twisted ¥ x S!

Killing spinor
iy’ c .
¢ =e 2z (u1,—u) satisfies the KSE with

u —\/% X F iw L=

A3y, Wi+ o

2T i T2

dA  n_ —ny L
— = —— — anti-twist,
¥ 2m 2n_n4
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New indices from spindles
ooe

Partition function on anti-twisted ¥ x S?!

The anti-twisted index

Finally, given vt = reg = r +n+m(n_ 4+ ny)/(n- — ny),

(q1+|qmt\ —mgm e—27ri(w+7); CI)

ZChi L= e—iTr\U(Wym,",wo)
xS <q1+‘qm(t72)‘+mqm e2mi(w—). q) ’
. iy nixwo
=e mne”Z, =5 =3 )

q T T2 s

)

ne’z,

n_ —ny ip u
= - = = (=1 —, e C,
N 4n_ny4 w=(r )27r o
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Conclusions
®0

Discussion

m 3d SUSY index as a topological QM on S U S?

m exact correlators for BPS operators on S1 ¢ S§% x S1

m a unique ( for a large class of 3d orbifolds

m new SUSY index from exact partition functions on spindles

m anti-twisted index as a topological QM on S* U S?

m black-hole entropy from ABJM on % at large N

m localization of 5d gauge theories compactified on spindles
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Conclusions
oe

The end?
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