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Motivation: … or, how this is related to HMS

•

• rigorous mathematical definition due 
to Kontsevich and Kapranov 

based on: H.Nakajima, D.Pei, … (2020 - 2021)
Work in progress

• Symplectic duality

• Galois action on categories
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Theorem:
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Kazhdan-Lusztig

Geometric
realization



Parameter walls / interfaces / surface operators in 3d:

Kahler / Stab

A.Gadde, S.G., P.Putrov (2013)



cf. (codim-1) lines in 2d A-model / B-model:

A-model / B-model to

S.G, E.Witten (‘06)



ramification

A-model / B-model of
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affine Hecke algebra:

affine Weyl group:

affine braid group: omit quadratic relation on

N.Chriss, V.Ginzburg



quantized K-theoretic Coulomb branches:

cf. geometric Satake correspondence:

spherical nil-DAHA

The “ravioli space”      is a sub-variety of

space of BFN triples (cf.              )

M.Finkelberg, A.Tsymbaliuk
R.Bezrukavnikov, M.Finkelberg, I.Mirković

A.Braverman, M.Finkelberg, H.Nakajima
:      
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Modern low-dimensional topology:



Rozansky-Witten         vs          Chern-Simons

• trivalent graph with 2n vertices = n+1 loops in CS 
= finite type of order 3(n-1)

• For X of real dim 4n: only trivalent graphs with 2n 
vertices



The IHX relation for the weight follows from Jacobi 
identity in WRT, from Bianchi identity in RW
(ff+ff+ff=0 vs DR=0 on the Riemann tensor)

Finite type invariants of 3-manifolds introduced by T.Ohtsuki (1996)
For knots: Vassiliev, Gusarov, …

The number of independent degree-n Vassiliev inv’ts:



Rozansky-Witten         vs          Chern-Simons

Q-cohomology:

line
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torus



Q-cohomology:

line
operator
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Example:



tri-holomorphic
(on arbitrary 3-manifolds)

holomorphic: on Seifert 3-manifolds

Coulomb branch, … 

TQFT



There is a canonical map:

induced by

which, in turn, is part of the fiber 
sequence for the classifying spaces.



Def:

d-dimensional TQFT

G abelian

(n+1)-form

connection on a flat n-gerbe

–decorated TQFT

F.Costantino, S.G., P.Putrov



d=3:

:

Pontryagin dual

F.Costantino, S.G., P.Putrov



3d                –decorated TQFTs

graded by

M.Jagadale
F.Costantino, S.G., P.Putrov



2d VOA / CFTDecorated TQFT

G-crossed MTCs, 
“enriched” SPT phases, 
bordered, sutured, …

twisted sectors

M.Jagadale
F.Costantino, S.G., P.Putrov
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Coulomb branch, … 

S.G., P.-S.Hsin, H.Nakajima, S.Park, D.Pei, N.Sopenko



m =

w  =2

w  =1

Example:
wild

Fibonacci MTC2 fixed points

M.Dedushenko, S.G., H.Nakajima, D.Pei, K.Ye



m =

w  =2

w  =1

Coulomb branch, … 

3d reduction of 4d Argyres-Doulas theory

Fibonacci MTC2 fixed points

M.Dedushenko, S.G., H.Nakajima, D.Pei, K.Ye



MTC

Geometry

of
Galois action?

m =

w  =2

w  =1

M.Dedushenko, S.G., H.Nakajima, D.Pei, K.Ye
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S.G., P.-S.Hsin, H.Nakajima, S.Park, D.Pei, N.Sopenko
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tri-holomorphic holomorphic



AlgebraGeometry / TQFT



1

2



Hilbert series of



cotangent bundle:



for

cotangent bundle to Affine Grassmannian

functions holo on

functions holo on

loop rotation holomorphic





Thanks for listening.

Questions?
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Example: or               0-form symmetry

line operators

has k simple objects

surface operator line operator

Chern-Simons TQFT



M.Jagadale


