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G distinguishing knots links is a
difficult problem

Alexander every knot or link can be obtained
as closure of a braid

Markov Two braids give same knot on link
if they are connected by Markov moves

Thus to distinguish knots it suffices to
construct a representation of braid group
take a trace that is invariant under
Markov moves

Jones 49827 Constructed representation using Thealg
took Markov trace

got the Jones polynomial Jk

ftp.t.ve
Two knots are same

related by Reidemeists moves

R1 R2 R3

All



Kauffman 11987
For a link L he defined a polynomial
invariant called the Kauffman bracket L

L defined using two relations
it LUO GAZA 2 L

ii X A A X

The relations c and ii are called
skein relations

Example What is CEO

A QD A

A OO D O ARGO
Atl AT A A A A
A A 2 A A

Note 47 obtained this way is not
invariant under R1 Have to add a

correction factor
After a change of variables we get
the Jones polynomial



One can go beyond the Jones polynomial
in many ways

path in a
3manifold M

solidtorus

I replaced threads
in a knot

filamentsby ribbons

change the algebraic
input

4912 pe delskD e
fghhsgoongVeobje

For a 3 mfld M due to Przytcki Turner

Sks lM A A vector space spanned by all
framed links in M

isotopyequivalen
Kauffmanrelations

Eg A A



Observations
i Sksy EXI A is an algebra

bystacking

E Ed

i let M be a 3 mfld by bdry Σ
Then Skson M A is a Sksy EXI A

module

far



G Character variety of a surface
algebraic

compact manifold G group
charactervariety

Chalx P MIX G
set of group homomorphism for

the fundamental group of S to G
upto G conjugation

this can be though of as data of aprincipal
G bundle E Tg Ex Ey M trio of fibers EEG

Choosing a set of m generators with
n relations identifies
e R X G closed subvariety of Gm

defined by the n relations
Chacx is then obtained by taking the
GIT quotient by the G action by
conjugation

this admits the structure of stack
Chalx stark version of Chalx

this is better for TOFT statements

for G SL and Is a surface
we have that

Chsu E Spec Sksy E



For a surface Σ

Sksu E Sks EXI A 1
vector spacespanned by all

closed curves

Enfisotoy t
4

2

Thus the Skien algebra Sls EXI A
is a deformation of the coordinate

ring of SLz character variety of Σ

Witten conjectured
Theorems The skin module Sksu M A

of any oriented 3 mfld M is finite
dimensional

The g dd spliffdfÉÉ fget sksu.CM AS sksiiIMs.Ass
i gfyjiEtes.A

N Nz
show A dofour quant of Poissonvariety69

Ni Nz also def quant of Lagrangian
Subvar 69463

using def went mad theory of Kashingtraffhapine



s

What about A 1 specialization of
Sksu M A
It recovers the algebra of functions
on the charater variety of M

but this is rarely a nice deformation
because

Poisson bracket does not lift
Sksen IM AS does not have a

natural algebra structure

What if A is another root of unity
ongoing research

Higher categorical perspective

sreinskmidlat.AE Endo Ho

where D skate Σ
Skein module category
factorization ftbromology

This construction is in fait a 3 2 TFT
Bond's Cat

Σ to see



What are the resulting categories
M fee

They are braided e module categories
this is one of the results of 1606.04769

f fe braidede

module.fisurface with circle
boundary

action given by gluing annulas

algebraically this looks like a

relative tensor product


