
An Introduction to Categorification of a cantum
Groups & Link Invariants III
Aaron Lauda * * *
We saw . Following the CKM approach to entot
invarcents requires two ingredients:
Üglogem
Quantum Weyl groep action
Today:We categority these ingredients in
order to categorify sln link polynomials?

What does categorification mean ?
sen- polynomial (Laurent polynom )
Iseniv(k) EZ Iqq7 ansett
Üg glon) linear category Category
idea: decategorification is a specified process of
destroying into (n-1)-cat & n -cat

categorification is the process of inverting such
a destruction for a given (n-1)-cat of interest .
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Ex . " Additive " eategorification
Start w / le an additive category ( 0, 0)
Define (split ) Grothendieck group kole) to
be free abelican sp. on iso classes XI of
objects in le modulo relation LX @y]=[x ]+[y ]
if le is monoidal (ine., &- prod associative)
Kolle)is a ring w / [XBY]=[x]-[Y]
If he is graded (ie, has an invertible auto-equio
1 <1> :6 6 s . f. fx ,XK tez
Ko(6) is a 2 ggr -mode [xstl1=q*[x ]

Ex. finite dime vector spaces Fin vect
Iso class of object likh k groundfield
MR ... Oh
" ]= WIR I
Kolfin Vect)= 2

Trodim(V).[K ]

GrVect objects V = Ovo

morphs:homomorphismsmaps
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 SET
ko Grlect)~ Z [q,q7 ]
v to grdim (V)= = 2 dim Vs[K ]
note: [V ] ENI[q,q"]

kom(Grrect ):
objects:unda valdo vn-z ......

morphs: chain maps/ homotopy
Kolkom (Gelect)) ~ Z [q,q4]
vora [vº ]:= Ž GDS orolim vs

= ® (V )
TEL

EulerChar
GOAL . 54Korgraded
' Chain cples of
graded vectorspaces

graded additive
graded ?

1,7 ) akoopada
Take sln polynoms *
EZIq,q7

Hom .

1aUg(gen)La
C(q)- vectorsp
Z2q1q "I module of category



additive
ů(gem) s graded
category

What makes a "good " categorification?
a -cat

•An analogy :
4 X is a nice space, say finite CW cpl .
Euler Char.
x (X )

top. invariant .
We this.

But better! Homology groupsHX(X, Q .
Notice: The Fuler charis Ko of hom .gps.
Why are homology/ gps better invariants?
•Comult, dually mult, on cohomology
olt's better at telling apart spaces
It's functorial: x ry = An(x,2 )* tn(72)
It deeply knows more aboutX and has
useful structure to use to studyX ..

X (X) A Ko HX(X,Q )
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Ko
In our setting

sen- poly a no

Jones poly:

like x link homology theory
aka khonanov homologa
Khowanor Rozanskys
better, like Hit
ko

quantum categorified quantuon gas
groups

(step one:write everything in early letters.... :)

DEF. U glem (graded,additive,IK-linear)2-cat
•06 : 2 =(22g-ra,fan) €2m

Morphs: gend by 12:2 7
E 12 : 2 -oardi

Fly : 27-d ;
Graded v 1-morphy wehave Xxt ),tez
il. E;17 <t): f cardi
Additive formal direct sung
ie. Ei 12< t> 6 & Fi& Is<t :7 -07rdi
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2 -morphs;
convention Idea= ard ta

 1 (stringdicegraus

(readbottomto

-top,
R oL)
Elpla - Adida (readb
Eila t o
E ; E;12

Xeditolj ik

 his atdi& a edot
notletr
x 4

Eila not the identith

Ej Xtdi

Xeditd;
athird; I ,
A

 &; Fila
G FrEila
E; Fi MA

7 AN
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Relations :

•Ei, Ee are biadjoint

( Idę, o

Na = 11

yout = N

(A,1d8,12) (idega ta(t)=102,1
ocycliclor= red -

l oll = (m ) toptop.def gives

samea-morphisms
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osle iso
ElFila= F,Eila +[an-ani? Az =F;F;1a+2hetin
-

 tt
 2 72t .

in a ri Eila
Ei que la act;-3 ) M
AL1-7+27 g
The 1-2 & 12

Relations on upward strands governedby
Ker - algebia = serre relation isos '
THM.(Knounou,L)
Ko(22 ) ~ lq(glon)

slightenlargementwherewe addimages of idempotents
SI (S) (staithir),
oila = ZľFi A 1 = (A;-7;+1)

Agenda
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= a ( i) da Eitea to the skin & ....

d² = 0




