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- Duality Property A (Flavor symmetry G,)
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IR Dynamics of DGG theory from duality across dim
- Main duality in my talk

®
/TDGG[ N,Al=] (free <I>#) T#m] A N : a 3-manifold with a torus boundary
(HeU@* )™ - A € H{(0N,Z)
+(Wsyp using chiral primaries)
NN = 1-1 correspondence
|12 N =M\ K, A : circle linking K
M =N,

T6d,(irred)[M,K]
~(6d su(2) (2,0) theory on R"? x M M : a 3-manifold without boundary
with co-dimenson 2 defect along RY? x K) ) K is a knot inside M
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Let me explain the two theories in the
duality more in detalil
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- LHS of duality

# (free ®)°#7)
DGG _
T [N,A] —[ (HCU(l)#(T) )K]

&

+(Wsyp using chiral primaries)/

A N : a 3-manifold with a torus boundary

A € H,(dN,7)

« Based on an ideal triangulation of N, #(T) : number of ideal tetrahedrons

—_— (A — Sy R
S \“I‘/”“yl \ o~ L :

s

TP°18° \@] = (u(l)o coupled to 2 ®s of charge +1 )

(A = (merdian))
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« Based on an ideal triangulation of N, #(T) : number of ideal tetrahedrons
o (Different ideal triangulations) = (Different duality frame)
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e U(1)4 flavor symmetry associated A (or K)
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- LHS of duality
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o (Different ideal triangulations) = (Different duality frame)

« Vacua on R? x S = (Irreducible SL(2,C) flat-connections on N)

e U(1)4 flavor symmetry associated A (or K)
e TPCGGIN pA + B] = (Gauging U(1) 4 of TPCCG[N,A] with CS level p)

U(l)pA+B: U(l)top
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Question : Will U(1), be enhanced to SU(2),4/ SO(3)4?

« U(1), tlavor symmetry assoclated A (or K)

e TPCGGIN pA + B] = (Gauging U(1) 4 of TPCCG[N,A] with CS level p)
U(l)pA+B: U(l)top
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Question : Will U(1), be enhanced to SU(2) 4?
For generic A, the answer is No!!
( Monopole is T?9¢[N,pA + B] is heavy when large p )
Let us answer the question from 6d dual

« U(1), tlavor symmetry assoclated A (or K)

e TPCGGIN pA + B] = (Gauging U(1) 4 of TPCCG[N,A] with CS level p)
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- RHS of duality

T6d,(irred)[M,K]
~(6d su(2) (2,0) theory on R"* x M M : a 3-manifold without boundary
with co-dimenson 2 defect along RY? X K)) K is a knot inside M

Comparison with Té¢7/[) K]

Flavor symmetry
associated to knot SU2)k Generically U(1) 4

(puncture)

Vacua on R? x S1 Contains all SL(2,C) Only irreducible SL(2,C) flat-
flat-connections on N connections on N

6d su(2) (2,0) theoryonR?* xS xM — 5dN=2SYMonR*x M
Codimension 2 defect on R? x ST x K — Coupling T[SU(2)] theory on R?*x K
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- RHS of duality

Flavor symmetry
associated to knot SU(2)k Generically U(1) 4
(puncture)

Vacua on R? x S1 Contains all SL(2,C) Only irreducible SL(2,C) flat-
flat-connections on N connections on N

6d su(2) (2,0) theoryonR?*xS! xM — 5dN=2SYMonR?>xM
( SU(2) Gauge field A, , 5 scalars - Complex gauge field A = A, +i ¢, , and 1 complex sclar )

Codimension 2 defect on R? x ST x K — Coupling T[SU(2)] theory on R*x K

Coupled to bulk su(2) gauge fields
<|'I'H> = log ¢AA

T[SU(2)] : SU(2)xSU(2) momenta operators , pc and@ —

Claim : Teéafui[M, K] > Téaired[M,K] > Tédired[M,K]
Choose a particular Superpotential
H-saddle corresponding deformation W= pc

to the component of
irreducible ones
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Flavor symmetry SU2)k Generically U(1) 4

Vacua on R? x S1 all SL(2,C) flat-connections on N Only irreducible SL(2,C) flat-connections

Codimension 2 defect on R? x S x K — Coupling T[SU(2)] theory on R?*x K
T[SU(2)] : SU(2)xSU(2) momenta operators , p. and @

Coupled to bulk su(2) gauge fields
(IJ'H> = log ﬁAA

Claim : Tédfulfp,K] > Toaimed M, K] > Tédired[ M, K]
Choose a particular Superpotential
H-saddle corresponding deformation W= p,

to the component of
irreducible ones ‘P\
It explains why 1) only irreducible flat-connections

2) Generically U(1), instead of SU(2),
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Flavor symmetry SU2)k Generically U(1) 4
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to the component of 1
irreducible ones ‘—\ _/SU(2), symmetry condition :

It explains why 1) only irreducible flat-connections //

2) Generically U(1), instead of SU(2), () # 0/' No irreducible flat
Hy

connections on M = N,

Mc is irrelevant
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p
TPGG[N, A] =]

o

(free ®)°#(7)

(Hcu(1)#™M) )K]

\

+(Wsyp using chiral primaries)/

N : a 3-manifold with a torus boundary
A€ H{(0N,Z)

Question : Will U(1), be enhanced to SU(2) 4?

For generic A, the answer is No!!

( Monopole is T?9¢[N,pA + B] is heavy when large p )
Let us answer the question from 6d dual

From analysis of 6d dual

SU(2)4 symmetry condition :

/

(M) # 0

M IS irrelevant

.

No irreducible flat
connections on M = N,

No irreducible flat connections on M = N, H

ﬁ

TPG6[N, Al has SU(2), symmetry
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- IR Symmetry enhancement of DGG theory

/

(M) # 0

SU(2)4 symmetry condition :

M IS irrelevant

.

No irreducible flat
connections on M = N,

Consistent check :

-

No irreducible flat connections on M = N,

ﬁ

TPG6[N, Al has SU(2) 4, symmetry

Thurston’s theorem : Except only finite many A € H;(dN,Z), M = N, is hyperbolic

For hyperbolic M = Ny, there is always an irreducible flat connections

‘ For only finite many A € H,(0N,Z), TP%¢[N,A] has SU(2), symmetry

Comptibile with the fact that T?¢¢[N,pA + B] = (Gauging U(1),4 of TP¢¢[N,A] with CS level p)
can not have SU(2), for large p
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- IR Symmetry enhancement of DGG theory

/

(M) # 0

SU(2)4 symmetry condition :

M IS irrelevant

.

No irreducible flat
connections on M = N,

Consistent check :

Example :

-

No irreducible flat connections on M = N,

ﬁ

TPG6[N, Al has SU(2) 4, symmetry

TS’ \@] = (u(1), coupled to 2 @s of charge +1 ) , (A = (merdian))

U(1), X SU(2)y DU), xU(1) DUy, = U(1),4

'

SU(3)> S0(3), = SU(2),

1

( Ny=S3,no0 irreducible flat connection)

SU(2)4

cf) [Gaiotto,Komargodski,Wu; 18] [Benini,Benvenuti; ‘18]
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- IR Symmetry enhancement of DGG theory

SU(2)4 symmetry condition :

/

M) #0 | «—

No irreducible flat connections on M = N,

‘—»

TPG6[N, Al has SU(2) 4, symmetry

M IS irrelevant

No irreducible flat
connections on M = N,

- 3d Index as an order parameter

. 2 o yEY = () if M does not allow
Iﬂf(@') — /DAei'E”;rfM Tr[.Ax"\dA—l—%AQ)—I—C.C ‘ ﬂI{Q)

k=0,0—= An any 1rreducible flat connections

B Z Vol(;taba)z‘g‘?) (9) l'

acflat SL(2,C) connections on M

- S 737 () TPGCIN. Al has SU(2) 4 symmetry

aeirreducible flat connections on M '
if Zn(q)=0

(3d Index : Polynomial in q with integer coefficient)



Summary

KTDGG[ N,A]l=[ (free ‘I’)®#(T)] h N : a 3-manifold with a torus boundary
’ (Heu@*™) ), A € H,(ON,Z)
+(Wy,, using chiral primaries
- ( SUP J P )J 1-1 correspondence
|12 N =M\ K, A : circle linking K
Frb'd,(irrea’)[M,K] ) M = N,
~(6d su(2) (2,0) theory on R"* x M M : a 3-manifold without boundary
dvith co-dimenson 2 defect along R1% x K) K is a knot inside M
Claim : Tédfullm, K] » Tédired[M,K] > T6dirred[ M, K]
Choose a particular Superpotential
H-saddle corresponding deformation W= p,

to the component of
irreducible ones

TPGS[N,Al has SU(2) 4 symmetryif No irreducible flat connections on M = N,

@ 7,,9)=0




