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Motivation

To understand
e mixed Chern-Simons levels of 3d A/ = 2 theories [sce c..Dorey, Tong 1909]

e construction of theories using the 3d-3d correspondence [rerashima,

Yamazaki, 2011][Dimofte, Gaiotto, Gukov, 2011]

o knOtS-quiverS Correspondence [Kucharski, Reineke, Stosic, Sutkowski, 2017]
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3d N =2 Abelian theories

e Gauge groups: U(1) x --- x U(1).

Mixed Chern-Simons levels

Scs = k,-j/A,-dAj, kij = kji .

The effective Chern-Simons levels k,-j'-ff cZ.

Vector multiplet: FI parameter &

Chiral multiplet: mass parameter m — flavor symmetry U(1)p,.
Superpotential: W = ®10,P3 -+ -,
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3d-3d correspondence

e 6d (2,0) theories M, 3¢ N =2 theories

e Wrap one M5-brane M . Abelian theories

e M5 can be plumbing manifolds.

[Gadde,Gukov,Putrov,2013][Gukov, Putrov,Vafa,2016][Gukov,Pei,Putrov,Vafa,2017]
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Plumbing graphs

e Plumbing manifolds are represented by plumbing graphs:

k1,2
k1 ks ks ki

oD - =k

e Linking numbers Kj; between circles:

oo ki =]
YU ki, i)

e Engineer Abelian gauge theories:

U(1) x -+ x U(1), with mixed CS levels Kj; .

[Gadde,Gukov,Putrov,2013]
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Kirby moves for gauge nodes

e Kirby moves produce equivalent graphs

I ST == G2

K+ 1+ ki 0 ko ki + ko

=

k1T 11 Tk ke

The contribution of U(1) can be separated:

Zss = X (other terms).

[Gadde,Gukov,Putrov,2013]
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Problem

e How to describe matter? such as fundamental matter F,
anti-fundamental matter AF, and so on.

e Are there similar Kirby moves for matter?
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Matter

e We conjecture it is possible to add matter.

e A new notation: we denote matter by M.

q qi _9j /L
K ki ki

e g; are charges under gauge nodes.
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Kirby move for matter: ST-transformation

The Lagrangians of 3d theories enjoy a SL(2,7Z) action, where
ST S 5L(2, Z) W|th (ST)3 - ]_ [Witten, 2003][Dimofte, Gaiotto, Gukov, 2011]

ST introduces a new gauge node and mixed CS levels.

>I (T,
—

Graphically,

k k+3 +1
e It is analogous to
+1
> e

k k+1 +1
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Kirby move for matter: ST-transformation

° ST |eadS to the trlahty [Dimofte, Gaiotto, Gukov, 2011]

F
N

+1F ! — ! U(l),L“rlF
0 2

e Their sphere partition functions are equivalent

. mi(ia_)? .
(sT)* - sb<sz>=e:F2(2 )/dxe]szjFsz_*os (gfx),

2

e This identity can be used as a nontrivial replacement to
transform generic matter.
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Kirby moves for matter: ST-transformation

e A generic matter can be turned into a fundamental matter F:

A
T <
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Generic Kirby moves

Kirby moves + ST-transformations

to generate equivalent plumbing graphs.

Equivalent graphs <+— Equivalent theories

Generic Kirby moves lead to dual theories.
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Examples: U(1), + 3F

e Kirby moves — many graphs

k 1 1 k+1 1
2 2 2

k+ 3

(S

2

e For k= —% or —%, symmetric graphs
1 2

? N +1 +1

% k¥ 1 2 +1 2

e For k = j:%, bifundamentals

+1 +1
+1 +1 +1

+1 1/2 +1 -1
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Examples: mirror theories

e Mirror dual theories have equivalent plumbing graphs.
e An example is

U(1)41 + IF + 1IAF <™ U(1)g1 + 2F

+1\ /-1 +1\[+1
+1
— —
+1 +% _1 F1

e The Abelian mirror pair [porey, Tong, 1999]

M 1] - U(1) — U(1) - U(1) — (1]

ol

U(1) w; + N¢F
2

is related through Kirby moves. For example,

+1
1 -
— +1 — ! 1 — *A\#
2 of +1 0 0 0 +1
+1
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Seiberg duality

e Could plumbing graphs encode superpotentials?

e Seiberg duality — an additional matter + a superpotential
e We consider the basic mirror dual pair

1F +1AF «— U(1)o + IF + 1AF + 1Adj with W = QQ®,q; .

e Their sphere partition functions are equivalent

[Dimofte, Gaiotto, Gukov, 2011]
Z_é‘gHs = ZSREHS s sp(ytz) = s (IQ/2 — 2y) / dx e 2™ s, (iIQ/2 4+ x — y) .
e Flavor symmetry U(1), x U(1),.
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Seiberg-like duality

e To generate interesting graphs, we should gauge flavor
symmetries.

o After gauging, the dual pair becomes

/dy dz[..] z;é*s = /dy dz[..] z%”s

[] — efﬂi(ay2+bz2+2cyz)e27ri(£yy+£zz)
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Seiberg-like duality

e Kirby moves simplify Seiberg-like dual graphs

P~ -1
77 A

b

e The Seiberg-like duality becomes a 2-3 move

AN

17/23



Triangles A,B,E

e Triangles encoding superpotentials are not unique:

r+s+2k—1 T4 542k r+s—2k—1
shko1 stk vt s -2 r+o—2k-1
rts—2k

T k-1 8 r ftls

E. E;

e Cases A and B are firstly found in [Exnoim, Kucharski, Longhi, 2019], which
are named unlinking and linking. These triangles are very useful
to study knOt inVariantS [see Larraguivel and Noshchenko's poster].
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Triangles A,B,E

e The relation between these triangles is given by

o QI
n | N
A B E; s

e Triangles A,B and E are related by W~1 0 (ST)* o W.
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Local duality

e Seiberg-like duality is a local duality:

e Kirby moves simplify this dual pair:

e B
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Partially gauging

e Gauging only the flavor symmetry U(1), decouples a matter.
Then we have a 2-2 move

+v1 +1\ /-1
“ +1
z > T z
b

b 0

e If this dual pair couples to other gauge nodes

+l\ {71 +l\ {71
z b > x g b
b Ci 0 b Ci

e These dual graphs also satisfy cases A, B and E.
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Higgsing

e If one adjusts the mass parameters for a F and an AF properly,

then
1F + 1AF — 1.
Graphically,
+1 !! -1 Higgsing
k k

e This is the Higging of a D5-brane in the brane web description.



Outlook

Relat|on to hlghel’ fOI’m Symmetry.[Eckard‘K\m‘Schafcr—NamckuVVchthOlQ]

Construct nonabelian theories and more generic dualities.

Introduce matter to plumbing graphs using M5-branes.

Relation to other constructions: CY4, orbifolds, BPS quivers,
and brane webs.

Thank you!
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