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Abstract:

Motivated by the observation that 2 + 2 = 4, we consider 4d N=2 SCFTs on S”2 x Sigmée
theory T on a Riemann surface Sigma leads to a family F[T;Sigma] of 2d (2,2) unitary S
class S. On the other hand, reduction on S”2 yields a non-unitary two-dimensional CFT
the one associated to T by the standard SCFT/VOA correspondence. This construction uj
full-fledged 2d CFT. What's more, it leads to a novel 2d/2d correspondence, a "2 + 2
correspondence: the S”2 partition function of F[T;Sigma] is computed by correlation fu
some structural aspects of this correspondence, and present an example where T is tl
Sigma a four-punctured sphere. We also show how the elliptic genus of the F[T;Sigma] tr
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Motivation

Dualities and correspondences are a powerful tool to investigate QFTs
Often derivable by embedding both sides in a higher dimensional theory

One notable example: AGT correspondence

AL [S[ga Eg,n“

P

4d N = 2 class S SCFT 2d Toda CFT of type g
(Lagrangian for ¢ = 311(2)) (Liouville for g = 811(2))
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Motivation

4 + 2 = 6: AGT can be understood from the 6d origin of class S theories

6d N = (2,0) g-type SCFT on St x Do

reduce on X, ,, reduce on S*

correspondence

¥ 4.n correlator of 2d
-< > ’

Toda CFT of type g

S* partition function
of 4d N' =2 SCFT S[g; ¥,...]

Partition function of 6d theory independent of size of S* and Zg,n

ZS4 [S[g’ Eg,’n“ — ZS4XEg,n [T6d(g)] — <-‘/1 C Vn>zg,n
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Motivation

SCFT/VOA correspondence

T — V|T]
= ™~

4d N =2 SCFT VOA
(unitary) (non-unitary)
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Motivation

SCFT/VOA correspondence

Pirsa: 26020031

T — V|T]
= ™~

4d N =2 SCFT VOA
(unitary) (non-unitary)

Can we associate a full-fledged two-dimensional CFT to a 4d .V = 2 SCFT,
rather than just a chiral algebra?

T — C[T], chiral algebra(C[T]) = V[T
=

2d CFT
(non-unitary)
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Engineering the full 2d CFT

-
-

-

X

e ———

-—

N

Kapustin’s holomorphic-topological twist [Kapustin
R2 x ¥

N

U(1), twist SU(2) twist
(topological) (holomorphic)
(closely related to boundary chiral algebra in 3d A = 4 [Costellc

~
-

C[T]
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Engineering the full 2d CFT

Jcl(r) =41

-
-

\
|
|
|
|
|
!

!

elr] [cl(r) =0

Kapustin’s holomorphic-topological twist
R2 x ¥
'\ = glue two Rg to get S?

U(1), twist SU(2)p twist
(topological) (holomorphic)

(closely related to boundary chiral algebrain 3d A/ =4
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What does the 2d CFT compute?

4dN =2SCFT T on $2 x %,

reduce on X ,, reduce on S*

correspondence

< - 24,n correlator of 2d non-unitary

CFT C[T] with chiral algebra V[T

S? partition function of
2d (2,2) unitary SCFT F[T;3,;. -]
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Engineering the full 2d CFT

Jcl(r) =41

-
-

\
|
|
|
|
|
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el [cl(r) =0

Kapustin’s holomorphic-topological twist
R2 x ¥
'\ = glue two Rg to get S?

U(1), twist SU2)p twist
(topological) (holomorphic)

(closely related to boundary chiral algebrain 3d /" =4

Pirsa: 26020031 Page 10/32



What does the 2d CFT compute?

4dN =2SCFT T on $2 x %,

reduce on X 5, reduce on S°

correspondence

< > 24,n correlator of 2d non-unitary

CFT C[T] with chiral algebra V[T

S? partition function of
2d (2,2) unitary SCFT F[T;3,n;. -]

* Punctures correspond to primaries insertions in CFT. In 4d they are surface defects wrapping S z
- Z» of 2d (2,2) theories computed exactly with localization

2+ 2 =4 analog of 4 + 2 = 6 AGT diagram
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Outcomes of the construction

Theories of class . : family of 2d (2,2) SCFTs labelled by a Riemann surface F[T;%, ;... ]
* 2d analog of class S

- complex structure moduli of X => chiral exactly marginal deformations

- different pair-of-pants decompositions = dualities
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Outcomes of the construction

Theories of class . : family of 2d (2,2) SCFTs labelled by a Riemann surface F[T;%, ;... ]
* 2d analog of class S

- complex structure moduli of X => chiral exactly marginal deformations

- different pair-of-pants decompositions = dualities
2d non-unitary CFT C[T'] with chiral algebra V[T']: upgrade of SCFT/VOA correspondence
2d/2d unitary/non-unitary correspondence

Zg1 [FIT;8gn; 01, ., Op]] ~ {01+ Oy )

counterterm ambiguities

(but no ambiguity for Zg2 52 [T]))
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4d ./ =2 SCFTson S2 X >

SUR2)ptwiston 2 = 2d N = (2,2) class F theory on Se

Two ways to place a (2,2) theory on S?
» A-type: preserves U(1), = U(1), C SUQ2),
« B-type: preserves U(1), = U(1),

Two reasons why we choose Sﬁ:

1) ZS% depends on chiral exactly marginal defs.

Complex structure moduli of X

RN

Chiral EMDs of _ , Parameters of X
class F CFT correlator
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4d ./ =2 SCFTson S2 X >

SUR2)ptwiston 2 = 2d N = (2,2) class F theory on S

Two ways to place a (2,2) theory on S?
» A-type: preserves U(1), = U(1), C SUQ2),
« B-type: preserves U(1), = U(1),

Two reasons why we choose Sﬁ:

1) ZS% depends on chiral exactly marginal defs. 2) S§ as gluing two [Rg with opposite
Complex structure moduli of X U(l), = U(1), twist

N\ !

Chiral EMDs of _ Parameters of = Connect with SCFT/VOA setup

class F CFT correlator
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Summary of the construction

4d N =2 SCFT T on 8% x £,

reduce on X, ,, reduce on S5

correspondence
S% partition function of . Y,4.n correlator of 2d non-unitary

2d (2,2) unitary SCFT F[T; 3, .1;- -] = > CFT C[T] with chiral algebra V[T]

Dictionary of the correspondence:

Complex structure moduli of X

RN

Chiral EMDs of _ , Parameters of X
class F CFT correlator
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Next tasks

+ Find suitable 4d rigid SUGRA background Sz X T

« Check correspondence explicitly in examples:

KK reduction on Sg of free hyper/vector = symplectic bosons/fermions CFTs on X

(A}, Ay;,) Argyres-Douglas SCFTs = C[(A1, A2k)] = M(2,2k + 3) minimal models

Key guestion: find purely 2d description of (2,2) class F theories
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Preview File Edit View Go Tools Window Help

]
® Bv pgessarss

Minimal example: (A, A,) on X 4

(Al,Az) simplest unitary interacting 4d A = 2 SCFT [Argyres. Douglas: Argyres, Plesser. Seiberg, Witten 95

- trivial Higgs branch
- one-dimensional Coulomb branch A = 6/5

- smallest central charge ¢ = 11/30
« C[(A1,A2)] = M(2,5) Lee-Yang: simplest non-unitary minimal model

LY has unique non-trivial primary ¢ with h = h = — 1/5

4 4 2 2 4
(B0)6(1)p(0)p(2,2)) = |2l # [1=2|2|oF1 (3,4 §2) [ +CEllF (123

structure constant: C§¢¢ -

281 (5, 55 532)

‘ 2
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@ Prev

iew File Edit View Go Tools Window Help

Minimal example: (A, A,) on 2, 4

Ay, Az) simplest unitary interacting 4d A" = 2 SCFT [Argyres. Douglas: Arayres, Plesser. Seiberg, Witten '95
- trivial Higgs branch
- one-dimensional Coulomb branch A = 6/5

« smallest central charge ¢ = 11/30
« C[(A1,A2)] = M(2,5) Lee-Yang: simplest non-unitary minimal model

LY has unique non-trivial primary ¢ with h = h = — 1/5

4 4 2 2 4
(B0)6(1)p(0)p(2,2)) = 2l # [1=2| |2 F1 (3,4 §2) [ +CEpgl2lF (123

281 (5, 55 532)

structure constant: C’ﬁw -

Can we find a 2d ./ = (2,2) theory whose Sé partition function matches this?

‘ 2
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@ Preview File Edit View Go Tools Window Help = Q @ TueFeb3 2:33PM

Pl
® EI] - Page 25 of 55

(A1, A,) on X , from Lee-Yang 4-pt. function

S . partltlon functlons of gauged Imear S|gma models sometlmes take form of CFT correlators

“loch iotto Shak 4. Niari | S
[ chn, Lee JITO, \u ) eV 1'—-J., .-'",'sﬂ nagi MO l f\\ az, ol v lo, L-\s'.x;::s,~ .":}{'.i.:_'v ‘u:\_.... } >Sel

bt -~ ] 3 A

Bottom-up strategy:

* reverse engineer 2d (2,2) GLSM s.t. ng matches LY 4-pt. function

« interpret GLSM as F[(A1, A2); X0 4]

* check properties expected from 4d are reproduced
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ile Edit View Go Tools Window Help : (5] = Q 2 @ TueFeb3 2:34PM

e M-} 26 of 55 @ a a &£

(A1, A,) on X , from Lee-Yang 4-pt. function

Can match LY 4-pt. function with ng of GLSM of twisted fields

o ‘@1 d & O F F W=((I>1)2&>1(i)2+(1)1<1>2(i)1)2
UMeee | 1 1 -1 -1 0 0 ) )
JOFRE I T +Fyih @ + Bl + R
Comments:

* gauge singlets F 12 heeded to 1) fix R-charges 2) match predictions from 4d

- superpotential breaks all flavor symmetries
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