
Superconformal Index and Supersymmetry Enhancement of S-fold Theories

1. 4d 𝓝 = 𝟑 Theories and S-folds

Summary

Abstract

Recently concrete models of  4d  𝓝 = 𝟑 superconformal field theories called S-fold theories are constructed by Garcia-Etxebarria and 

Regalado. Although it is difficult to study these theories due to the lack of  the Lagrangian description and the strong coupling, it is 

expected that there is a non-trivial supersymmetry enhancement for rank one and two theories by Aharony and Tachikawa. In this 

poster, we evaluate the first non-trivial finite rank corrections to the superconformal index of  these theories by using AdS/CFT 

correspondence and check the supersymmetry enhancement. To evaluate the index in finite rank, we mainly focus on the D3-branes 

wrapping a non-trivial three cycle on AdS side interpreted as Pfaffian-like operators on CFT side. We see that our results agree with the
results expected from the supersymmetry enhancement.
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SUSY Enhancement of  S-fold Theory

S-fold Theory

𝑵 D3s

O3-plane𝒌 = 𝟐

𝒌 = 𝟑, 𝟒, 𝟔 Orientifold S-fold (𝓝 = 𝟑) theory

・String charge identification is possible only for 𝒌 = 𝟑, 𝟒, 𝟔.

・We denote an S-fold theory by 𝑺(𝒌,𝑵).
・If  an 𝓝 = 𝟑 theory has a dim. 2 CBO, SUSY is enhanced to 𝓝 = 𝟒. 

One of  the genuine 𝓝 = 𝟑 theory

Orientifold (trivial torsion)

with ℤ𝟐 identification of  string charge

Coulomb branch ops.

Dim. of  CBO

𝒌 = 𝟐⇒ SUSY enhancement always occurs (orientifold) 

𝒌 = 𝟑, 𝟒, 𝟔⇒ SUSY enhancement occurs for 𝑵 = 𝟏, 𝟐

These are equivalent to 

𝓝 = 𝟒 gauge theories

Rank 2

S-fold Theory

𝓝 = 𝟒 Rank 2 

SYM ＝Conjecture

SUSY 𝓝 = 𝟒 𝓝 = 𝟑

R-sym. 𝑺𝑼 𝟒 𝑹 𝑼 𝟑 𝑹

𝓝 = 𝟒

𝑺𝑼 𝟒 𝑹

non-trivially enhanced

2. Superconformal Index 

Purpose Confirm this conjecture by comparing BPS spectra

・This can be done by using superconformal index (SCI, index).

・For 𝑺(𝒌, 𝟐) we calculate it on AdS side because of  no Lagrangian.

・For 𝓝 = 𝟒 gauge theory we calculate it by localization technique.

・Finally we check that

Superconformal index Counting only

・This is calculable for a Lagrangian theory.

・If  there is a duality, SCI should be match for both theories.

𝜆1𝑎 ҧ𝜆𝑖 ሶ1 X, Y, Z 2(X, Y, Z)

Example:

𝓝 = 𝟒
𝑼(𝟏) SYM

Superconformal Index

R-sym. and SUSY from SCI

SUSY

𝓝 = 𝟒 𝑺𝑼 𝟑 𝑹 ⊂ 𝑺𝑼 𝟒 𝑹

𝓝 = 𝟑 𝑼 𝟐 𝑹 ⊂ 𝑼 𝟑 𝑹

Sym. in SCI Character

𝑺𝑼 𝟒 𝑹 ≅ 𝑺𝑶 𝟔 𝑹 Cartan: (𝑹𝒙, 𝑹𝒚, 𝑹𝒛)

𝑸𝟐 is projected out.

We can read off  SUSY of  the theory from its SCI.

3. AdS Side Analysis of S-fold Theories

New objects in finite 𝑵

D3-branes wrapped around the non-trivial 3-cycle in 𝑺𝟓/ℤ𝒌

Classified by wrapping number 𝑚 ∈ 𝑯𝟑 Τ𝑺𝟓 ℤ𝒌 , ℤ = ℤ𝒌

Idea of  calculation

＝Interpretation

on CFT side

Our focus: D3-branes with 𝒎 = ±𝟏

Ground 

state

Excitations

Described by effective 𝑼(𝟏)
theory for small fluctuations

1-particle index of  

effective 𝑈(1) theory

Index from D3 is contribution from effective 𝑼(𝟏) on wrapped D3

Results For 𝑺 𝟑, 𝟐 , (𝒌 = 𝟑,𝑵 = 𝟐)

Each contribution has 𝓝 = 𝟑 SUSY, but combining them…

SUSY is enhanced and it is equivalent to 𝑰𝑺𝑼 𝟑 up to 𝓞(𝒒𝟓) ! 

Similarly we have

・We confirmed SUSY enhancement of  rank 2 S-fold theories 

by using SCI up to appropriate order of  fugacity 𝒒.

・In order to include higher terms we should consider multiple

branes but it may be difficult because of  strings between branes.
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