





































































































2 cocycle Twists

certain homological invariants

PADMINI VEERA PEN
TENNESSEE TECH UNIVERSITY

JOINT WORK WITH H HUANG
Y C NGUYEN C URE K B VAS HAIN

X WANG HNUVVIN

	 	 	 	 	 



                     










































Classification of AS regular algebras of dimension 4

still an open problem

Explore how 2 co cycle twists can further our

understanding of these algebras
A B connected graded algebras generated in

degree
A Koszul and AS regular of dimension d

B Koszul AS regular of dimension d with same

Hilbert series as A

Is 13 2 co cycle twist of A

P VEERAPEN

          Motivation 

 
































I Mumford 1966 Vanishing theorem via Jorgensen 20047

Know some conditions under which all co homologies
H H of a coherent sheaf on a scheme vanish

If a coherent sheaf on P is m regular then it

is also m regular Hm m

Sheaf M is m regular if H M m i 0

I Eisenbud Goto 1984

Regularity of graded algebras over polynomial algebras
Satisfies Mumford's vanishing theorem

Related to existence of linear resolutions PVEERAPEN

A bit of history: Numerical Homological Invariants 

 






















I Jorgensen 1999 2004 noncommutative setting
A noetherian connected IN graded algebra
X nonzero complex of graded left A modules
Tor regularity Torrey Ik sup j i Tor Ir X O

injez

Measure of the growth of the degrees of generators
of the free modules in a minimal free resolution of X

I Auramov Deena 2001 Torrey a
112 0 on a commutative

I KINZ 2022 Torrey alk N U to noncommutative

PVEERAPEN

 

  Numerical Homological Regularities

 
























I Jorgensen 1999 2004 and Dong Mus 2009
finitelyA noetherian connected N graded algebra generated
leftCastelnuovo Mumford Regularity CM regex A module

ith local cohomology of M is MI M fig Ext A 772 Mi

extension to
CMreg M EYE j ti Him M O noncommutative

setting

Eisen bud Goto Torrey CM CMreg N

ycommutativeA polynomial ring generated in degree 1

Romer 20087 Other relationships
PVEERAPEN

  Numerical Homological Regularities

 

 




































Pn
d

Pn 7
d

Po A 0

Apply left exact functor Mom A D

O MOM A D Home Po D
d

Mom Po D
d

d
Mom Ph o D

d
Mom Pn D

dnt

Ext's A D Ker dnt
Im dn

PVEERAPEN

           Ext groups & Tor groups

 
























Take tensor products with D to obtain

D x Pn D x Pn d's Dx Po 5 DX A 70

Torn D A Ker ca x d n

Im co x data

PVEERAPEN

 

 





























I kirkman Won Zhang 2022

A noetherian connected graded algebra

Definition Artin Schetter regularity of A
As reg CA Torrey 112 CM reg CA

Generalizing Dong Wu

A with balanced dualizing complex
A AS regular ASneg CA 0

Measuring how far A is from AS regular

PVEERAPEN

Numerical Homological Regularities

 
























112 base field

H Hopf algebra

A it A connected graded right H co module

algebra

M relative A H module

r H x H 112 2 cocycle twist

PVEERAPEN

              SETUP

 





























Drinfeld 1987 Drinfeld twist I defined on M x H
H M as algebras BUT H M as co algebras
If module categories of 2 Hopf algebras are tensor

equivalent then they are Drinfeld twists of each other

I Doi 1993 Doi Takeuchi 1994
Dual to Drinfeld twists 2 co cycle twists r defined

on H X H
Hot H as algebras BUT HE M as co algebras
H finite dimensional
J E M X H Drinfeld twist map o H x h 112

defined by f x g i f x g T is a 2 co cycle
PVEERAPEN

  A bit about 2-cocycle twists …
 








































































































2 co cycle o on H is a convolution invertible map o

o H x H 112 satisfying

0 7C Y G 702 Ya Z 20 Y Z 0 2,9222

and o r r OCP 7C E R V X Y Z E M

Radford convolution algebra find A98in e

f A g p mo f x g o H f g e Hom C A

PVEERAPEN

         2-cocycle Twists

 





























































































How do notions of CMreg Torrey and

AS reg behave with respect to 2 cocycle

twists

PVEERAPEN

       Motivating Question

 






















     Relative (A, H)-modules

 






















Twisted Air Ho

Twisted algebra A

G H x M 112 right 2 co cycle for M
A is a right H co module algebra via coaction

p A A x H with a 1 do x a ta e A

A twisted algebra of A by o with product
a g b I o ay b do bo ta b E A

Twisted Hopf algebra Ho

Mo twisted Hopf algebra of H by o with

product
C y I 5 7C y 702 Y 2 T 7C 3,93

V x y e M
P VEERAPEN

 

 






























area
M category of all graded left relative

A H modules with degree preserving A linear and

H co linear maps
important functor

F comodch comod Mo

induces equivalence between categories

M
area

M via M i M
GrCA

PVEERAPEN

  Category of relative (A, H)-modules

 
























Lemma t Every graded relative A H module M has a

resolution consisting of free graded relative CA n

modules

Additional Assumption A noetherian M finitely
generated A modules

Lemma 2 Suppose M has a finite presentation of free
relative A H modules

Mom M N x T I Hom M N x T as H co modules

T H co module

A module structure on N x T multiplication on N

PVEERAPEN

 Results about resolutions (HNUVVW)

 




