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(0,2) Multiplets

e Chiral multiplet: D, ® = 0
d=0od+V20Tp, —i0 07O,
e Complex scalar
e Complex right-moving fermion
® Fermi multiplet: D_ ¥ =0
U =1_ —V20TG —i0T 0T 0,
e Complex left-moving fermion

® Vector multiplet:

® Gauge invariant d.o.f.: Fermi multiplet A
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(0,2) SQCD

® Similar to 4d N=1 SQCD, but 2 types of matter
® U(Nc) gauge theory with Nb Chiral and Nf Fermi

® + Gauge anomaly cancellation e + Normalizable vacuum
2N -Ny+ N,
- X /d@FP(I)+/d9A
L P
N, LN} oo N,
()
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Phase diagram

A Ny
linear model
(SQED)
i»/
= | SUSY &
N, :
=] susy

Produced by superconformal
index

SUSY preserved in the
shaded region

SUSY broken outside
Gapless theory at all points

We will focus on the shaded
region
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Symmetric labeling

N1+ Ng — N3

2

® Symmetric phase diagram

® Triality !
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TI‘WSJSU(Nl)JSU(Nl) —
TWSJSU(NQ)JSU(NQ) —

Try* Jsu(ng) Jsu(Ng) =

N1+ No — N3

Anomalies

; Tp() — NI (
Ni+Ny—Ns,
1 22 STq)( )_NlTF(
N No — N
RS + N9 quj(

2

1

) = _Z(_Nl _I_NQ _|_N3)
1

) = _Z(+N1 — Ny + N3)

1
) — _Z(—I_Nl + No — NS)
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Anomalies

N1+ Ny — N, — 1

Tr ¥ Jsun)Jsuny) = — 22 =Tp(0) — NoTr(0) = = (=N 4+ N2 + N
N1+ Ny — N, — 1

Try*Jsus)Jsumn) = — 22 “Te(0) — N Tr(0) = _Z(+N1 — N3 + N3)
N1+ Ny — N, 1

Try° JsuNs) JsU(Ng) = - 22 *Ty(0) = —Z(‘FNl + No — N3)

Abelian symmetries
® Pick a basis so that cross anomalies are zero

v P T  Q Q0
Do | 0 0 1 -1 —N; 0
D | -1 0 0 1 —Ny 0
g | 0 1 0 0 0 N

===
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Anomalies
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Try° JsuNs) JsU(Ng) = - 22 *Ty(0) = —Z(‘FNl + No — N3)

Abelian symmetries

® Pick a basis so that cross anomalies are zero

o v P I Q £

U(:-)(l) o o0 1 -1 -—M 0
U(:-)(Q) —1 0 0 1 =Ny 0
U(:-)(g) 0O 1 O 0 0 Njs
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Low energy physics

Poincare symmetry

N

Virasoro  (0,2) N=2 superconformal

| .

Affine 9=]] SUWi)n, x UQ)nn,

1

® The central charges can be determined from c-extremization
and gravitational anomaly

Cp = 3Tr73RR, Cp — CL = T]m3

(—N1 4+ No + N3)(N1 — No + N3)(N1 + No — Nj)
N1 + Ny + N3

1
cL = Cp — Z(Nl2 + N5 + N5 —2N;Ny — 2Ny N3 — 2NsN;) + 2

w3
STy
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Low energy solution

H =D H @ H;
_— T \
Integrable modules Modules of N=2
Modules of $

® Sugawara central charge = CL

® |mmense simplification: rational CFT

A
® Modular invariance of the partition function helps fix Hy
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NS-NS partition function

Z(1, &7, 1) 1= Tryy e2 (T Lot 2 & Ho—=TLo =1 Jo)

Py T

$H symmetry Cartan R symmetry Cartan

time

Affine character

anti-periodic

® Invariant under S and T2

Z(Tagi;%an ZX)\ gz K)\ 77)
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NS-NS partition function

Z(1, &7, 1) 1= Tryy e2 (T Lot 2 & Ho—=TLo =1 Jo)

Py T

$H symmetry Cartan R symmetry Cartan

time

Affine character

anti-periodic

N=2 character
® Invariant under S and T2 /

Z(Tagi;%an ZX)\ gz K)\ T 77)

Thursday, August 21, 14



Partition function (contd)
S:(1,6) = (=1/r,¢/7)




Partition function (contd)

S (1,8) = (=1/7,§/7)
C = 52 : (T,f) — (7-7 _5)




Partition function (contd)

S (1,8) = (=1/7,&/7)
C=S5%:(r,¢& — (1, =€) = 5SS =1




Partition function (contd)
S (1,6) = (=1/7,¢/7)

C=5:(r,8) = (1,—¢) = 58 =1
Use S invariance
1 1 N
Z(t,&7,1) = Z( T,fa = Z)




Partition function (contd)
S (1,6) = (=1/7,¢/7)

C=5:(r,8) = (1,—¢) = 58 =1
Use S invariance
1 1 N
Z(t,&7,1) = Z( T,fa = Z)

® K is NOT the anti-holomorphic affine character of )




Partition function (contd)
S (1,6) = (=1/7,¢/7)

C=5:(r,8) = (1,—¢) = 58 =1
Use S invariance
1 1 N
Z(t,&7,1) = Z( T,fa = Z)

® K is NOT the anti-holomorphic affine character of )

® Note that charagters of level-rank dual ﬁt
transform with S

ﬁt — HSU(TLZ)N,L X U(l)an
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To summarize

e K is an N=2 character with central charge cR

® |t transforms as a character of holomorphic $°
under modular S-transformation

® Singlet under all affine symmetries
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To summarize

e K is an N=2 character with central charge cR

® |t transforms as a character of holomorphic $°
under modular S-transformation

® Singlet under all affine symmetries

® K is a character of the Kazama- Suzuki coset [@]/[ﬁt]

( For appropriate &)
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e |0k is SUSY extension of WZW model g at level k

® |t is obtained by adding free adjoint fermions to g
a a Z a a, . /,C
J" = Jbos o Efbcw w
k = kbos =+ hY

1.
Clg] = Cg T §d1mg
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Intermission: SUSY W/ZW

® 9]k is SUSY extension of WZW model g at level k
® |t is obtained by adding free adjoint fermions to g
e T
k= kbos + h"

1.
Clg] = Cg T §d1mg

® Matching the right-moving central charge with that
of the coset:

C[@] = NN
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e Combined with the condition & O §?
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e Combined with the condition & O §?

6] = U(N)ly = [0 (D] x [SUN)Ly
T

Bosonic level 0

Only bosonic part U (1)

® Coset character C is a branching function

A,v
Cy:
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e Combined with the condition & O §?

6] = U(N)ly = [U(D]e x [SUN)Ly
T

Bosonic level 0

Only bosonic part U (1)

® Coset character C is a branching function

U(1)n2 module
~— SO(dim & /$")
CA7U module
)\t
9 module /
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Solution

® We pick modular invariant combinations (Ag, vg)
Then K)\ — Z L)\j)\t Cﬁ\\t()’vo
>\t

has all the desired properties!
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Solution

® We pick modular invariant combinations (Ag, vg)

Then K)\ —ZLA A\t CAO oo

has all the deswed properties!

H=0D LaxH @ Hp
A,

e

Module of $ Module of [&]/[$H]

® Matches with the UV computation of the index
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®]/[9°] = [UB)s/[U1)s])

|

c=| minimal model




DT = Xo.00 (T>70) (Eo 0,0(7) + Z1,11(7) + E-1,-1,-1( ))
XL (?,ﬁ)(El,O, (7) +Z-1,1,0(7) + Zo,—1,1( ))
(6’3)

where
Zab,e(T,81,82,83) = Eo(T,81)20(7,82) 2 (T, E3)
=11, €) = o) O+ ()
Z0(r.6) = Xy () Fxgy) (T
=1(r.8) = Xy O+ X (),
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DT = Xo.00 (T>70) (50 0,0(7) + Z1,11(7) + E-1,-1,-1( ))
XL (?,ﬁ)(El,O, (7) +Z-1,1,0(7) + Zo,—1,1( ))
(6’3)

where
Zab,e(T, 61,62, 83) 1= Ea(T,81)2(T, §2) (T, &3)
=11, €) = o) O+ ()
Z0(r.6) = Xy () Fxgy) (T
=1(r.8) = Xy O+ X (),
Remarkably

70 = Xy T Xs " (1.6) + X FxG ™ (&) + x50 (T xg ' (7.6)

'3
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Triality and enhancement

Q ? SU(2)

SU(2)q

‘=

SU(2)




Solution to a general quiver

\4
o
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Thank you!




