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Motivation/History (Field b = E, charo) 1/1g

Fusion (finite, Tensor, S.Simple)
t

Braided (Cy.xoy y(x)
Modular I t C

HDF mmn] fusion Rbbon Twist x:X->X
algebras categories -xxty-c =8xx),(+E*x)-y I t

S Applications Non-degeneracy of S-matrix

Low-dim top, Top.phases of matter, quantum computing us

Examples: ·Semisimplification of Tiling modules of Valg)
O Via Reps

· Via Reps of doubles



Drop semis implicity: 2/18

Finite Tensor
Definition (Lyubashenko

I
t

C
↳

Braided (Cy.xoy y(x)
t

Modular Tensor category = Ribbon
Twist 8x:X->X

S
(MTc

s t -xxty-c =8xx),(+E*x)
Non-degenerate (Trivial Miger center)

Applications: Shimizu: Many equivalent characterizations

Low-dim Topology, some field Theories, mapping class groups...

Key source for MTCs: Drinfeld Centers

Upshot: for Centers, main obstruction for modularity is ribbonality



Ribbonality of doubles 3/18

[Kauffman-Radford] For H fin. dim Hope,

Ribbon elements =<((B,k)/B2 =CH.ki =9H,S[(n) =... Ior D(H) L ⑨

Distinguished group-lives of H

PA = P(SHA, DeH*, Xx(h) A = Ah, nett
I ↓

Right integral of HE Left integral of H



Ribbonality of Centers 4/18

TShimizu] For 3 finite Tensor

invertible of 3
Radford isDox-X**UDistinguished

Ribbon - ↑
1) structures

a Certain "square roots" of (4, 3x)1 =: SqrTy(D,3x
on E(Y) I

2)If E is spherical=>SqrTy(D,3p)noT empTy
=)E(E) modular
-

Generalizes Miger's result in the fusion setting

Warning: (Douglas- Schommertries- Snyder]

·Eispivotal if Iji XXXX · (E) is sphericaliz isV:1cD
xcx

· (3,j) is Trace-spherical if dimjx=dimx*
S.T tr d v
DAX)x**D



Ribbonality of relative Centers EA(E)
5/18

A braided with F: Abopoo, E(B) faithful
2x,y:xo4->YOX

C: Cx:x*x->YOXbop

·Enel:=Full subcat of E(Y) That centralizes The image ofA+E(3)

[LaugwiTz-WalTon] A non-deg, F(A**) closed by and Subquot.

IFSqrTy(D,3x)#d> Ene) is modular

Application: Modularity of braided Drinfeld doubles s

Take A=K-mod for a quasi Hope

3=H-mod (A) for H HPF.ag in A

Then EA(?) = Dr(H,H)-mod
hisBraided Drinpeld doubleT

Quantum groups are of this form! Next: get more examples ...



Nichols algebras 6/18

For a matrix 9 = (9) in F mNichols algebra By, braided Hopp algebra

Heckenberger] Classification of 9 s.t. dim Ba xx I Using gen.**Root systems
I and Weyl groupoids

[Andruskiewitsch-Angiono] Lie-Theoretical organization
· Cartan me Froberius-LuszTig Kernels

·Super - Contragredient Lie superaly /D
· Supermodular it is " "in charco

· UFO - Unidentified.



Realization of9 = (9y): a (Finite, abelian) group 6 with↑EISgiCEys.T.N; (gi) = Gis
Usually: Consider BqeHopp(EYDM= YetTer-Drinfeld modsmcDrin (Ba*C*)
Instead. Consider Ba, BFEHopF(AGTAq = G-comod with (dual) R-matrix

Can define Dring(BF, Ba) 1 r(gix9j) =9ji

Double vs. Rel double: =Drin(BqXCE) (xDrinox IBEF, Bal

BayDItal<eBYdi
Rese

Dringz(Ba, Bal-Mod- Drin(BqNCE)-mod F/1g



Why care? 8/18

Example: Idiag) symmetrized finite Cartan matrix, q root of unity
For 9ijgdiais We get DringElBiBg) EWalg)smallgrantumgratCarTan Type

[Laug I Give conditions for modularity of Drinsx(BF,BalWiTE-WalTon m(

In Terms of Top-degree of By and

I non-elegeneracy of AgRecover known results for modularity of quantum groups

Verify modularity for one example of Type Super

Kaugwitz-S]: Study modularity and applications for 9 of Type Super A



Nichols algebras of Type super A:
↑ 9/18

Denoted Ar(q, T, subset of X1, ....r?"Odd roots(non-emptyb m
Rank Root of unity order NxZ

Dynkin diagram: linear concatenation of

- 1 - 1 -1
- 1

q
-

q 9 9
-I 9 9 9 9 9 -1 9
⑳ ⑳ ⑳

*T
I

-J
I ⑰I

I
C

Example: 19 even order)
-

1 -
1

- 1 - 1 -
1

q 9 q 9 9 -1 9 9 9 9 9
... ⑳ ... ⑳ ⑳

1 2 m 1 n-1 r

Here Bo = Ua(se(mIn)



Quantum groups of Type Super A. Assume N= order of 9 is even
10/18

We define a small quantum group U, (seCr, Ill by gens and rels, and :

· Show ThaT U,(seCr, Ill E Drig(Ba,Bgl
· Provide Triangular decomposition U, (seCr,Tll=BE**C*Ba and PBW-basis
· Classify simples in 3 (h.weights, after Bellamy-Thiel)

Theorem[(S] For Y=U,(secr, II)-mod Of Type Ar(q, I), TFAE:

1)E is ribbon

2) E is modular.

3) All roots are odd, i.e. 1 =k1, ...,r/

· For rank v=2, m) explicit description of simples and their dimensions

is invariants of knots

·For rank r =2 at 4th root of unity -> Tensor Products of simples



Definition: Ug(se(r.1)) is defined by gens X, Y, K: (EiEr) and rels

Example: Rank v =2, D = (1,2), N = 2n

11



v-Rep Theory n M 12/18

Have a Triangular decomp.v. (selr, Ill IBtokoBa-t
Can follow highest weight Theory yoga

LaTTice x = (Y/Nx)**, x - 1m> Itx-mod

Standard M(x):= IndInpy**A

Simple head (unique) M() <> L(t)

TBellamy-Thiel, Vay]:1)(L(t), +eX classify isoclasses up simples

2) Projective cover of L(t) has standard filtration

3)Brawer reciprocity...



Rank 2 case: D:1: puck, 9 of order N = 2n+2 13/18

N = Y/N + Y/N dim qdim

1 I

2j +1 (-75
2i +1(- 1)

4k O



How to obtain knots-invariants 14/18

·Using 3-dim module · · · can use usual Traces

butget
trivial"invariantCounts parity of connected components

N =2n
·

· Using 4-dimensional module · · L(n,n+1) =W

Since gdim = 0need to use
modified Traces [seer-PaTureau-Mirand-Turner]

Butget a nice invariantofframed
links

(++W

mus RTfuncTor Ew:Priented-Wont (1)+W*

Iw(2) =dw(Fw((z))
~Ribbon diagram, Fwlr1)a

End(W)

mms Ambidextrous Trace dw:End(W) ->H



Example: Tab Torus Knot on a-strands braided b-Times 75/y

Wind b-Times The hole of The Torus,( LOD 9-Times around Z-axis, join ends t
- Wolfram

T2,3 T2,5 T2,7

For any be1 we have

Tangle used:* Yww is the braiding of We U-mod

Closed formula for [w(Ta,b)?



Example: The knots T2.5=5, and 10132 have the 16/8
Same Jones, Alexander and HOMFLYPT (different (2)

Iw(51) =294 +493 + 692 + 89 +5

Iw(10n32) =49+ 49 -3+ 897893+ 294

Tangle used To
compute Iw(10132)



Example [Eliahou-KarPrman -ThisTleThwaite] 17/18

Exist Links LL(K), III, with Jones (Lc(2x))=Jones (2-component unlink)
2

=- t
-
- -
z

BUT

[EKT]

Tangle used

for [w(LLc())

LLz(7) LLz(z)



Tensor product of simples 18/18
-E-graded modules

[BelIamy-Thiel, Vay] Exists Kolv-mod?) <-XNt,tY)
V I(h()

Can use it to compute L(AloL() in Ko(u-mod)

Example: rank v =2, D = < 124, N =ordg = 4, N= *k **/m



Gracias!


