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K - module algebra A,
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=> Hopf algebra gauge theory on ribbon graph: [C.M.] Q(2) (1)

2> G*induces K®" module algebra structure on K*®F
o> Al ={ac K*®" :a<h=c¢h)aVhec K®'} is subalgebra, independent of sites

mv

structure
* K =F|G] = lattice gauge theory for G o ,®
* K=D(H) => for single open edge = H#H™

> for single loop =~ D(H) .C

e K factorisable = for single loop =~ K

=> isomorphic to moduli algebra from combinatorial quantisation of Chern-Simons theory
[Alekseev, Grosse, Schomerus '94] , [Buffenoir Roche '95]
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e for each face [ : algebra morphism ¢} :{a € K" : A(a) = A?(a)} — C(47],,)
* projector P: Aj,, — A7, ,a — (Il;ep¢}(n)) - a from Haar integral 1 € K~

e M = P(A;, ) topological invariant: depends only on associated surface
~ gauge invariant functions on flat connections

summary

* Hopf algebra gauge theory on fat graph determined uniquely by simple axioms:
|. algebra of functions lll. subalgebra of observables
Il. action of gauge transformations V. locality

* requires: |. ribbon graph + ordering of edges at each vertex
ll. ribbon Hopf algebra

e result: Hamiltonian quantum Chern-Simons theory, quantum moduli space of flat connections
=> not by quantising of Poisson structures, derived from axioms
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<«
=> not a Hopf algebra gauge theory but structural similarities f / \
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Kitaev models as Hopf algebra gauge theory

e combine ribbon graph and its dual

ribbon graphT" => dual ribbon graph T
=> double ribbon graph D(T")

e edgee € E(I') » Heisenberg double H#H*
H & H* with multiplication
(h@a)- (k& B) = (an), kaz)) a@b @ hak

* 4 basic edge operators

et s o= : H® H* — (HH#H")®P |
pe+ (h @ a) = e(a) (h® 1), v
Ge+(h @ ) = €(h) (1 @ a)e

e = 5% 0 e 09

pe- =S¥ 0 -0 Lemma

e S p: LZi — P (h® 1)
g % = pet (1@ )

defines a faithful representation of Kitaev’'s
edge operator algebra on (H#H*)®*
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holonomies pathp - map ¢, : H® H* — (H#H*)®" defined by:

Pg, = €(1® 1)®E
qbeiaqbéi

Theorem [C.M]

e the holonomies ¢r() : H ® H* — (H#H)®" induce an algebra structure on (H © H*)®*
e vertex and face operators induce a D(H)®" module algebra structure on (H @ H*)®*

* this is the K®"-module algebra of the Hopf algebra gauge theory for K = D(H)
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To do: ¢ investigate defects or excitations
* Poisson geometrical analogues

e weakening of axioms to include non-associativity = what mathematical structures?



