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Outline

o Introduction: class-S, CFT, partition functions, AGT

o Surface defects and their

o Construction
o Two simplest intersecting defect systems
o Partition functions, correlators, dualities

o Higgsing
o Summary, conjectures

o Open problems
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Introduction
class-S theories
Liouville/ Toda
AGT
surface defect (class-S construction)

AGT with surface defect
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Introduction
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Motivations

o QFTs are well studied on smooth spaces (S™,S™ x S', ...), spaces with

boundaries (D™, R”,...)

o Explore QFTs on intersecting spaces, e.g., Rihzz:o U R§3,z4:0 C RY,
R2, om0 NRZ; 4,—0 = (0,0,0,0)

o Enrich the family of surface defects in four dimensions

o Generalize AGT correspondence to include intersecting surface defects

o Explore new dualities
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Class S of type A, [Gaiotto]

©

4d N = 2 theories on M*

©

Labeled by punctured Riemann surfaces ¥y, = T, on M*

o M* unrelated to ¥

©

Some of them in weak coupling regime =- quiver gauge theories
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Class S of type A, [Gaiotto]

4d N = 2 theories on M*

©

©

Labeled by punctured Riemann surfaces ¥y, = T, on M*

o M* unrelated to ¥

©

Some of them in weak coupling regime =- quiver gauge theories

©

Examples: consider Riemann spheres

ng

n? Free hypers

H

f

ng

SU(ng) SQCD
ne
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Partition functions ZM

©

For QFTs 7 on space M who have Lagrangians

©

Defined formally as path integral
ZM(T) = /D [fields] e~ M [fields]
o For some theories of class-S, simplified to ordinary integrals/sums

Z]w (T) - I ch(é)Zlfloop(Q))Zitlstanton((D)

(%)

Examples will be shown later
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Liouville/Toda CFT [Teschner, ‘95; Zamolodchikov, Zamolodchikov, ‘96;]

©

Liouville theory: 2d CFT on X, ,,; Toda, the generalized version
o Depend on a param b (+> central charge)

o Liouville <+ W3 ~ Virasoro, Toda <+ Wi,

M Vertex operators V, (z) 8

o Location: x

o Momentum: «

Special ones: EEEUECIEREROETM V., ()

o Pick R: irrep of su(ng)

©

o deg. momentum ageg < 2R

(%}

Insert V() at the punctures

©

Correlation functions (Va, (0)V3, (21)...Vs, () Va, (1) Vao, (00))
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AGT relation [Alday, Gaiotto, Tachikawa]

o Sj-partition functions (of 7, ,) = Liouville/Toda correlators (on %, ,);

ZSQCS§ — |x‘2’yo|1 _ m‘Zvl
ng
ng Voo (00
z5°CSi [ @ a | = |20 — 2 oo 9
Vay (1) Va(a)

ng
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Surface defect (class-S construction) [Gomis, Le Floch; Gadde, Gukov; Gaiotto, Kim, ...]

o Insert puncture(s)/vertex operator(s);

o Labeled by a representation of su(n¢) with highest weight Qx;
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Surface defect (class-S construction) [Gomis, Le Floch; Gadde, Gukov; Gaiotto, Kim, ...]

o Insert puncture(s)/vertex operator(s);

o Labeled by a representation of su(n¢) with highest weight Qx;

o Examples (before)

n% Free hypers

SU(ng) SQCD
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[e]e]e]ele]e] o)

Surface defect (class-S construction) [Gomis, Le Floch; Gadde, Gukov; Gaiotto, Kim, ...]

o Insert puncture(s)/vertex operator(s);

o Labeled by a representation of su(n¢) with highest weight Qx;

o Examples (after), [ESEaUIERINCIVEG (inside dashed box)
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AGT relation with one defect [Gomis, Le Floch; ...]

o S? C Sp-partition function = Liouville/Toda deg. correlators;
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AGT relation with one defect [Gomis, Le Floch; ...]

o S? C Sp-partition function = Liouville/Toda deg. correlators;

. Example: Oéde% = _stymm o= — bhlv r X 6727TEFI,

Veroo (50)
V8o
Vaq (1) Vedeg (
° X

|
|
|

Z5°cs; 3 _ \J3|2W0|1 —

|

!

|

|
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Intersecting surface defects
One surface defect (QFT construction)
Intersecting surface defect (QFT construction)
Couplings
The example

Higgsing
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One surface defect: as 4d-2d system

o QFT Construction
o 4d bulk space M*, N = 2 theory [l
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One surface defect: as 4d-2d system

o QFT Construction

o 4d bulk space M*, N = 2 theory [l
o 2d subspace D C M*, N = (2,2) theory [MiESN.

o T4, 724 couple supersymmetrically.
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Intersecting surface defects
O@00000000
One surface defect: as 4d-2d system

o QFT Construction
o 4d bulk space M*, N = 2 theory [l
o 2d subspace D C M*, N = (2,2) theory [MiESN.

o T4, 724 couple supersymmetrically.

o Physical quantity: the partition function of the 4d-2d coupled system
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Intersecting surface defects: as 4d-2d-0d system

o QFT Construction
o bulk M*, N =2 theory T4d.
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Intersecting surface defects: as 4d-2d-0d system

o QFT Construction

o bulk M*, N =2 theory T4d.
o Dy, C M*, N = (2,2) theory [Esd

o Dr C M*, N = (2,2) theory .

Yiwen Pan (Yiwen Pan) Intersecting defects & 2d CFT 2016 Nov 13 /27



Intersecting surface defects
[e]e] lelelelele]le]e]

Intersecting surface defects: as 4d-2d-0d system

o QFT Construction

o bulk M*, N =2 theory T4d.
o Dy, C M*, N = (2,2) theory [Esd

o Dr C M*, N = (2,2) theory T]%d .

o P=DLNDgr C M* 0d N =2 theory [lN (0d N = 2 Fermi or chiral).
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Intersecting surface defects: as 4d-2d-0d system

o QFT Construction

o bulk M*, N =2 theory T4d.
Dy, C M* N = (2,2) theory [Ea

©

Dr C M* N = (2,2) theory ISl

©

o P=DLNDgr C M* 0d N =2 theory [lN (0d N = 2 Fermi or chiral).

o 744, 724 and 794 couple supersymmetrically.
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Intersecting surface defects: as 4d-2d-0d system
o QFT Construction

DR,s T}%(l
P. :T(M

DL7712d

M*, T
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Intersecting surface defects
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Intersecting surface defects: as 4d-2d-0d system
o QFT Construction

DR,eTl—gd
P. 'T(M
DL7712d

M*, T

o Physical quantity: the partition function of the 4d-2d-0d coupled system
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Coupling across dimensions

o Two basic operations: gauging and superpotential.
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Intersecting surface defects
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Coupling across dimensions

o Two basic operations: gauging and superpotential.

f4d N:z( N fN=(2,2) £0d N=2

o Decompose: Ti,...,T4) ea,wg (@1, @2) = 125 00 s 24

o Examples (R* D RZ, ., D {0}):

A% N=2 AN:(Z,Q) o PN=(2.2) QN:Q V=022 @&)N:(z,z)

T3,T4 z3,T4 3,4 x3,T4
N=(2,2 0d N=2 0d N'=2 N=(2,2 0d N'=2 0d N'=2
A @2 - "411@2 D (I)-Th-rz ) @ @2 - ®1‘171‘2 S fm,mz
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Coupling across dimensions

o Two basic operations: gauging and superpotential.

f4d N:z( N fN=(2,2) £0d N=2

o Decompose: Ti,...,T4) ea,wg (@1, @2) = 125 00 s 24

o Examples (R* D RZ, ., D {0}):

AN N=2 _ qN=(2.2) o PN=(2.2) QN:Q V=022 @&)N:(z,z)

T3,T4 z3,T4 3,4 x3,T4
N=(2,2 0d N=2 0d N'=2 N=(2,2 0d N'=2 0d N'=2
A @2 - "411@2 D (1)11712 ) @ @2 - ®1‘171‘2 D fm,mz

©

Higher-dim vector multiplet gauge lower-dim global symmetries

©

Bulk and defect fields superpotential = relations between R-charges and masses.
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Intersecting surface defects
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Example: the quivers

o M* =5} DL=S% Dr =53 {N,S} =SZnSE
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Intersecting surface defects
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Example: the quivers

o M* =S¢, Dr. =S Dr =S, {N,S} =5S2nSE
N

Sﬁ: Zﬁz(xf+z§)+[‘72(:v§+xi)+r721€:1
Sf: Z_Z(w%-ﬁ-xg)-i— +7‘_2w§:1
S%: +l7’2(w§+mi)+r’2m§:1
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Intersecting surface defects
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Example: the quivers

o M* =S¢, Dr. =S Dr =S, {N,S} =5S2nSE

o 4d-2d-0d coupled system: F -type and C -type quivers
Sy

4d free hypers 2d chirals 0d Fermis | 0d chirals
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Example: partition function

o The full partition function reads

S$2nsZcst _ S Z LR 52 a pa
Z - Zﬁ’eehy])er do H ZS(SCD(A)(U ’B )

BL.R a=L,R

x Zpc(0, B)ZE (o, B)

Yiwen Pan (Yiwen Pan) Intersecting defects & 2d CFT 2016 Nov 16 / 27



Intersecting surface defects
[e]e]e]ele] lelele]e]

Example: partition function

o The full partition function reads

SsEnsgcsy _ L,R o
Z7E TR b ﬁeehy])el Z /dU H ZSQCD(A) U B )

BL.R a=L,R

X ZIlF/C(UaB)ZE/C(J’ B)

o the 0d Fermi/chiral contribution at N- and S-poles

[T I o
1 T0 L @Y & 02+

where A7 = b~ (iok+BL/2) — b(iof+ B /2).

N/S
Zy //((U B) =
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Example: compare with Liouville [Fateev, et.al, "09; Zamolodchikov, Zamolodchikov;]

o Liouville CFT on ¥,-¢ = S?; parameter b

o su(2) fund. O(= symm' [J = A'[]), highest weight KUaI=NEPA.
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Intersecting surface defects
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Example: compare with Liouville [Fateev, et.al, "09; Zamolodchikov, Zamolodchikov;]

o Liouville CFT on ¥,-¢ = S?; parameter b

o su(2) fund. O(= symm' [J = A'[]), highest weight KUaI=NEPA.

o Consider 3 generic vertex op., 1

(Vao (0) (,2) Ve (1) Varas (00))
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Intersecting surface defects
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Example: compare with Liouville [Fateev, et.al, "09; Zamolodchikov, Zamolodchikov;]

o Liouville CFT on Z,—¢ = S?; parameter b

o su(2) fund. O(= symm' [J = A'[]), highest weight FURI=NEPA.

o Consider 3 generic vertex op., 1

<VD¢U (O) (OO)>
sh L Sspusiesi 5t L ,spusicsi
AF(xvi) AC(xvj)
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Intersecting surface defects
0000008000
Example: compare with Liouville [Fateev, et.al, "09; Zamolodchikov, Zamolodchikov;]

o Liouville CFT on Z,—¢ = S?; parameter b

o su(2) fund. O(= symm' [J = A'[]), highest weight FURI=NEPA.

o Consider 3 generic vertex op., 1

<VD¢U (O) (OO)>
sh L Sspusiesi 5t L ,spusicsi
AF(xvi) AC(xvj)
o nf =2, &rr = &y = &pp = —EFp = &

Yiwen Pan (Yiwen Pan) Intersecting defects & 2d CFT 2016 Nov 17 / 27



Intersecting surface defects
0000008000

Example: compare with Liouville [Fateev, et.al, "09; Zamolodchikov, Zamolodchikov;]

o Liouville CFT on Z,—¢ = S?; parameter b
o su(2) fund. O(= symm' [J = A'[]), highest weight FURI=NEPA.

o Consider 3 generic vertex op., 1

(Vao (0)

1 susicst
AF(xv ZE)

o ng =2, &pr =&y = Ef1 = —

o Left-right mass relations b~

CFT ‘

otk 1 Zsﬁusﬁycsg
AC (ZE, .’L‘)

L _
FI:§-

Y = bm! + %(b2

— b ?), etc: superpotential

X ‘ (O]

R, R =0

Quiver ‘ n=n =..=1

Yiwen Pan (Yiwen Pan)

e 27 ‘ masses

2016 Nov 17 / 27

Intersecting defects & 2d CFT



Intersecting surface defects
0000000800

Seiberg-like duality

o Hint from previous slide: quivers of F-type and C-type have equal

partition function
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Intersecting surface defects
0000000800

Seiberg-like duality

o Hint from previous slide: quivers of F-type and C-type have equal

partition function

R p/ = ng —nb

en=nvn
. _ ¢l _ ¢R _ L _—

o {pr = i1:| - L["[ - 7i1x| =<

o Mass relations m; +1¢/2 = m'/‘, m’/ +1i/2 = m[/‘, etc.
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Intersecting surface defects
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Symmetry enhancement

o Round sphere limit b — 1.

0 Qdeg = —b/2 — b’1/2 — —b ~ highest weight of R = symm? Osuc2)-

o By [Gomis, Le Floch], defect 2% m defect on one S*:

2 2 4
ZSEUSRCS;
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Intersecting surface defects
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Higgsing

(]

Procedure of constructing surface defects [Gaiotto, Razamat, Rastelli; Gaiotto, Kim].

_ Hi i _
TN7? B8, TN=2 | surface defects

(%)

(]

C-type Quiver from Higgsing, |.P.F. with surface defects from Higgsing

o Factorization [Pan, Peelaers, to appear]: ¥ — Y1 YR,

Zinst (Y) ~ Zvortex(YL)Zvortex(YR)ZOdchiral(YL7 YR)

©

Example:

Higgsing Higgsing
ST ST
™
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Summary/conjectures
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Summary
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The conjecture: ingredients

o Players
o LEPIEGN coupled quiver : F- and C-type
° [RITWIIYARYER correlators
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Summary
[e] le]e]
The conjecture: ingredients

o Players
o LEPIEGN coupled quiver : F- and C-type
° [RITWIIYARYER correlators

o Input: two reps of su(ng):

o determine 2d part of the quivers;

o determine the deg. momentum: age; = —b0r — b 1Qp.
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Summary
[e] le]e]
The conjecture: ingredients

o Players
o LEPIEGN coupled quiver : F- and C-type
° [RITWIIYARYER correlators

o Input: two reps of su(ng):

o determine 2d part of the quivers;

o determine the deg. momentum: ogegs = —bQr — b~ 1Qp/.
o Other input: £ <> x, m,m < Qo, Qe

o &: 2d Fl parameter;

o m,m: 2d masses;

o x: position of the deg. vertex operator;

o o, oo Momenta of other vertex operators.
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Summary
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The conjecture: inputs R, R’

o R, R’ determines 2d part of the F-type quivers:

v v
— —
1 ¥
/ /
”*7"'»’+"w/71 ny
4 1
ng—nl, ., +nl,_, na—ny
1 4
j—
L ne—nb+n) L ny1—ny—2
1 1

ng—n} Ny —ny 1
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The conjecture: inputs R, R’
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The conjecture: inputs R, R’

o R, R' determines 2d part of the F-type quivers:
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The conjectures

o IFTINCESY AU YR E s R Tttt of the F-type quiver gauge theory =
Liouvlle/Toda degenerate with V,bQR,bme/

o A special set of F-type quivers are Seiberg-dual to C-type quivers:

where nt + n’ = n¢, n = nft.
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Open problems
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Open problems
[

Open problems

o F-type quiver from QglitGlil-d?
o Seiberg-like, hopping when 744 is ?

o Brane realization of the Seiberg-like duality (C-type <> F-type)?
Generalize to intersecting defects, and W, correlators?
What is the low energy effective theories for GLSM'’s? NLSM'’s on

intersecting worldsheets?

©

©

Yiwen Pan (Yiwen Pan) Intersecting defects & 2d CFT 2016 Nov 26 / 27



And ...

Thank you for your attention!

Yiwen Pan (Yiwen Pan Intersecting defects & 2d CFT 2016 Nov 27 / 27
g



	Introduction
	Intersecting surface defects
	Summary
	Open problems

