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Abstract

We provide a parameterization of all fusion subcategories of the equivariantization by
a group action on a fusion category. As applications, we classify the Hopf subalgebras
of a family of semisimple Hopf algebras of Kac-Paljutkin type and recover Naidu-
Nikshych-Witherspoon classification of the fusion subcategories of the representation
category of a twisted quantum double of a finite group.

1 Introduction

Fusion categories generalize the representation categories of finite-dimensional semi-
simple (quasi) Hopf algebras [6]. A fundamental construction in the theory of fusion
categories is equivariantization by a group action, [5]. Given a categorical action of
a finite group G on a fusion category C, the equivariantization C% is a new fusion
category, consisting of categorical “fixed points” under the G action. Equivariantiza-
tion, and its reciprocal construction called de-equivariantization, have been extensively
studied and used in recent years to classify and characterize families of fusion cate-
gories, see [4, 7]. The goal of this note is to identify the lattice of fusion subcategories
of CY in terms of the lattice of fusion subcategory of C and cohomological data arising
from the G-action (Theorem 4.8).

If a fusion category C is equivalent to the category of (right) comodules of a finite-
dimensional semisimple Hopf algebra H, then the lattice of fusion subcategories of C
is isomorphic to the lattice of Hopf subalgebras of H, see [14, Theorem 6]. Many
interesting Hopf algebras (in particular Hopf algebras of Kac-Paljutkin type and
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quantum groups at roots of unity) contain a central Hopf subalgebra C¢, and this
implies the existence of a central exact sequence of Hopf algebras of the form

Ik—>IkG—>H—>Q—>Ik.

In this case, the category of H-comodules is a G-equivariantization of the category
of Q-comodules, [1]. Thus, we can apply our results to obtain a parameterization of
the Hopf subalgebras of central extensions of semisimple Hopf algebras, particularly
to Hopf algebras of Kac-Paljutkin type associated to semidirect products of groups.

It is well known how to parameterize the simple objects of the equivariantization
and compute their fusion rules in terms of the data of the G action (for example,
[3]). Fusion subcategories of a fusion category D correspond to fusion sub-rules of
the Grothendieck ring Ko (D). Hence, in principle, having the fusion rules of CY, the
computation of fusion subcategories of C¢ reduces to the computation of fusion sub-
rules of Ko(CY). However, even the computation of Ky (C%) and its multiplication
could be computationally demanding. Therefore, it is desirable to obtain a parameter-
ization of the fusion subcategories of an equivariantization directly in terms of the data
of the group action. The main result of this paper, Theorem 4.8, is a parameterization
of all fusion subcategories of the equivariantization C€ in terms of the lattice of fusion
subcategories of C stables by the G-action and cohomological data arising from the
G-action.

After posting an initial version of this paper to the arXiv, Dmitri Nikshych brought
to our attention that our Theorem 4.8 was previously obtained by Alex Levin and pre-
sented at conferences in 2017. Levin’s work has not yet been made publicly available.
We thank Dmitri for bringing this to our attention.

The paper is organized as follows. In Sects.2 and 3, we recall the basic defi-
nitions and results concerning equivariantization by a categorical group action and
de-equivariantization of a fusion category containing a central inclusion of Rep(G).
In Sect.4, we prove our main result, which provides a parameterization of equivari-
ant fusion subcategories of a fusion category. In Sect.5, we take a closer look at the
parameterization in the case of group actions on pointed fusion categories, providing
an obstruction theory for G-invariant trivializations. Finally, in Sect. 6, we apply this
to parameterize Hopf subalgebras of a class of Kac-Paljutkin type studied in [15]
and [10].

2 Preliminaries

A fusion category is a finite semi-simple rigid tensor category. In this paper, we
assume our field is algebraically closed and characteristic 0. We refer the reader to the
comprehensive reference [5] for categorical background. In this section, we will recall
some basic notions and set up notation for categorical actions of groups on fusion
categories and equivariantization.

Let Aut(C) denote the 2-group of tensor autoequivalences of a fusion category and
tensor natural isomorphisms with tensor product given by the composition of tensor
functors. A categorical action of a finite group G on C is a strong monoidal functor
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G — Aut(C), where G is the discrete monoidal category where the objects are the
elements of G and the tensor product is defined by the product of G. We denote the
assignment g — g, and the monoidal natural isomorphisms (g 5 : g4 0 hs — (gh)x.
We denote the component of a natural isomorphism with a superscript, i.e., the x
component of (g 5 is denoted ,ug’ p forx € C.

Given a categorical action of G on C, recall that the equivariantization C® is a
new fusion category whose objects are equivariant objects, given by pairs (x, p),
where x € C and p = {pg : g+(x) = x}eec is a family of isomorphisms satisfying
Mg, nPg8x(pn) = pgp for all g, h € G. Morphisms between equivariant objects (x, p)
and (y, 8) are morphisms f € C(x, y) such that for all g € G, fp; = §o8+(f).

This forms a new monoidal category called the equivariantization, denoted C¢. The
product (x, p) ® (y, 6) is defined by

(x®y, (p®8)op™),

where ﬁ;f’y 1 2x(X ®Y) = g4(x) ® g«(y) is the tensorator of the monoidal equivalence
8-

An important point of note is that since the unit object of C is simple, there is a
canonical copy of Rep(G) < C® embedded as a full subcategory, consisting of equiv-
ariant objects which are direct sums of the unit object 1. Furthermore, this subcategory
naturally lifts to the center Z(C?); see [5, Proposition 8.23.1]. Fusion categories C
equipped with a fully faithful monoidal functor F : Rep(G) — C that factors through a
braided monoidal functor Rep(G) — Z(C) are called fusion categories over Rep(G).

Both G-fusion categories and fusion categories over Rep(G) naturally form 2-
categories (see [4, Section 4]). Equivariantization extends to a 2-functor from G-fusion
categories to fusion categories over Rep(G). This 2-functor has an explicit inverse
called the de-equivariantization functor.

Given a fusion category over Rep(G), then identifying Rep(G) with its image
under F, the étale algebra Fun(G) € Rep(G) can be viewed as a central algebra in
C. Thus, the category of right Fun(G) modules Crun(g) is a fusion category called
the de-equivariantization of C, which we also denote by Cg. The free module functor
C — Crun(c) = Cg is monoidal. Furthermore, one can equip the dequivariantization
with a natural categorical action of G, and in fact this extends to a 2-functor from the
2-category of fusion categories over Rep(G) to the 2-category of G-fusion categories.
The fundamental theorem of G-actions on fusion categories states that equivarianti-
zation and de-equivariantization are mutually inverse 2-functors [4, Theorem 4.4].

3 Sequential Equivariantization
Let G be a group acting on a monoidal category C and let H < G be anormal subgroup.

First pick a section ¢ : G/H — G of the canonical projection 7 : G — G/H and
definea : G/H x G/H — H by a(a,b) = t(@)i(b)i(ab)~ foralla,b € G/H.
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Using the bijection

HxG/H— G
(h,a) — hi(a).

the multiplication on G transports to
(h, a)(k,b) = (hi(a)ki(a) 'a(a, b), ab).
Given (x, p) € CH,and a € G/H, we define a,(x, p) := (x’, p’) where
x' = 1(@)s(x)
and pj, is defined via the composition

7 (1(@)s (1) —225 1(@)o (@) he(@) ()~ (@), (x).

It is straightforward to check for each a € G/H this is a monoidal functor, using
the tensorator for ¢(a).

To obtain a categorical action, we need monoidal natural isomorphisms a, o b, —
(ab). Recall that t(a)t(b) = t(ab)(t(ab) " a(a, b)i(ab)), and thus we define vc(fl;p)
to be the morphism making the following diagram commute

U@« (D)4 (x)) 2 L(ab).((L(ab) " a(a, b)i(ab)).(x))

lt (@)« (0, 41y ~1, @y ()
V(x,ﬁ)
a,b

t(ab)y(x)

which is an equivariant morphism. v, ; : ax« o by — (ab), assembles into a monoidal
natural isomorphism. This gives us a categorical action G/H — Aut(C).

It is not difficult to see there is a canonical monoidal equivalence (C¥ YG/H ~ G
(for example [4, Equation 75]). One way to see this is using the strictification result of
[81, which implies it suffices to consider the case where the G action on C is strict. Here
it is very easy to build this equivalence by simply rearranging the data of equivariant
objects.

4 The Parametrization

In this section, we parameterize fusion subcategories of an equivariantization of a
fusion category by a group action. If C is a fusion category, by a fusion subcategory,
we mean a full, replete monoidal subcategory (which itself is necessarily a fusion
category). These correspond bijectively to unital-based subrings of the fusion ring of
C.
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We define the trivial categorical action Tr of a group G on a monoidal category
C as the action that assigns each group element to the identity monoidal functor
Idc, with all structure maps being the identities as well. If we have a categorical
action o = (g«, g, n)g.nec : G — Aut(C), a trivialization is a monoidal natural
isomorphism o = Tr. Unpacking this, a trivialization consists of

e For each g € G, a monoidal natural isomorphism 7, : g« = Idc.
o These {ngy}gec must satisfy the equation

Mg0tg (M) = NypMg - 4.1

Recall if £ is a full, replete subcategory of C, we say & is invariant under the
G-action if «, restricts to an autoequivalence of £.

Definition 4.1 Let £ < C be a G-invariant fusion subcategory, and let H < G be a
normal subgroup. We say a trivialization n of «|y on the category £ is G-equivariant
if the following diagram commutes:

can

ha(ge (X)) 2% g4 ((g71hg)«(x))

\ 18+, G 4.2)
7]8* (x)

g g+ (x)

where can is the canonical morphism arising from coherence.

Writing can out explicitly gives the equation:

h - \
8Ty 1gMg-1 ghh.g) (o, (g(x))) ns,

Definition 4.2 Given a group G acting on a monoidal category C, a lifting of a fusion
subcategory £ < C is a choice, for every x € £ of equivariant structure (x, p*) such
that

(1) (x, p") ®cc (v, p¥) = (x Q@ y, p*®)
(2) Homge ((x, %), (v, p¥)) = Home (x, y).

We denote the image of £ in C¢ by £° < CC.

Lemma 4.3 Let G be a group acting on a monoidal category C and let £ < C be a
fusion subcategory. A family of natural isomorphisms

{ngzg*(x)ax:xeé’,geG}

defines a lifting of £ if and only if it defines a trivialization of the G-action on &.

Proof Given a lifting of £, we can define a trivialization of the G action on & as
follows. Set nz 1 g+(x) E x by ng = ,ogf. Equation (4.1) is (4.2) in the definition of
lifting and Eq. (4.2) is equivalent to the naturality of 7, for every g.
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Conversely, given a trivialization of G on &, then (x, 77;) defines an equivariant
structure. Since the 1, are natural, we see

Homea ((x, p*), (y, p*)) = Home (x, y).
]

Lemma 4.4 Given a G action on C, £ < C be a fusion subcategory, and a lifting p
of € to CH for some normal subgroup H < G, then the corresponding trivialization
of the H action on & is G-equivariant if and only if £F < CH is invariant under the
G-action.

Proof Let p be a lifting of £ to C*, and let {1, },cx be the trivialization defined by
m, = pj,.If g € G then g, (x, p) = (x’, p’) where x" = g, (x) and p,’lg*(x) is defined
by the composition

can «(03,)
ha(2(0)) —2s g,((27 hg)(x) 225 g (x).

Hence, £° < CH is G-invariant if and only if p’ = pg*(x), and that is exactly the
commutativity of diagram Eq. (4.2). O

Definition 4.5 [12, Definition 3.1]

Let C be a fusion category, let £ C C be a fusion subcategory, and let A be a
separable algebra in C. We will assume that Hom¢ (A, 1) = k, that is, that A is a
connected algebra. We say that £ is transversal to A if

Hom¢ (X, A) = Homg (X, 1)

forall X € £.

It is easy to see that transversality is equivalent to requiring
Hom¢ (x, A) = Homg(x, 1)

forall x € £. We denote by C4 the semi-simple category of right A modules in C. We
have the following lemma:

Lemma 4.6 Let C be fusion, £ < C a fusion subcategory, and A € C a connected
seperable algebra. Then, £ is transversal to A if and only if the free module functor
Fpo:& — Cyq, Fa(x) :=x ® A, is fully faithful.

Proof Let x, y € £. Suppose £ is transversal to A. Recall that the left adjoint of F4 is
simply the forgetful functor, i.e., the functor that forgets the right A-module structure on
an object. Then, Hom¢, (Fa(x), F4(y)) = Hom¢(x, F4(y)) = Homc(y* ® x, A) =
Hom¢ (y* ® x, 1) = Homge (x, y). Thus, the inclusion

Fa : Home(x, y) — Homg, (Fa(x), Fa(y))
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is an isomorphism, hence F, is fully faithful.
Conversely, if F4 is fully faithful on &, then

Hom¢(x, 1) = Home, (Fa(x), Fa(1)) = Home(x, A),

so & is transversal to A. O

Lemma 4.7 LetC be a fusion category with G action. There is a bijection between the
following:

(1) G-invariant fusion subcategories D < C with trivializations of the G action on
D.

(2) Fusion subcategories £ < CS such that Frunc) restricted to € is fully faithful.

(3) Fusion subcategories of CS which are transversal to the algebra Fun(G) €
Rep(G) < CC.

Proof First, we establish a bijection between items (1) and (2). Given D < C and a
trivialization 7, this uniquely defines a lifting p by Lemma 4.3. Then, we consider the
full subcategory £ := D? < CY, spanned by objects {(x, p*)} ep. By the definition
of lifting, this is a full monodial catgeory of CY, such that the forgetful functor is fully
faithful.

In the other direction, suppose we have a €& < CY such that the forgetful functor
is fully faithful. Define D to be the image of £ under the forgetful functor. Since the
forgetful functor is fully faithful, we have

Homg ((x, n%), (y, ")) = Home(x, y),

in particular, that implies that if (x, %), (x, A*) € &£, then n* = A*. This follows since
1, € Homg(x, x) = Homg ((x, %), (x, A*)). Since £ is monoidal, the uniqueness of
n* for all x € D implies Eq. (4.1). Now for each object x € D, by definition, there
exists a unique pre-image (x, 7*) € C¢, which is isomorphic to an object in £, and
thus by repleteness is in £. The isomorphisms {1*},<p define a lifting of D.

The equivalence of items (2) and (3) follows from Lemma 4.6. O

Theorem 4.8 Let C be a fusion category with G action. Fusion subcategories of C¢
are parameterized by triples (£, H, n) where

(1) &€ < C is a G-invariant fusion subcategory.
(2) H < G is a normal subgroup.
(3) nis a G-equivariant trivialization of H on E.

Proof As explained in Sect.3, a G/H-action on C can be defined given a normal
subgroup H < G and a section : : G/H — G. This action satisfies (CH)G/H = O,
It is worth noting that any pair of sections ¢, : G/H — G are related by a map w :
G/H — H that ensures the associated (non-abelian) 2-cocycles are cohomologous,
and the actions associated with ¢ and ¢ are canonically equivalent. Thus, the sequential
equivariantization (C¥ )G/ #'~ ¢G up to a canonical equivalence, is independent of
the choice of ¢ or the associated 2-cocycle.
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Given the above data, let p be the lift of £ to C¥ defined by the trivialization
(Lemma 4.3). The fusion subcategory £° < CY is G/H invariant by Lemma
4.4. Define D to be the replete image of (£°)¢/H under the canonical equivalence
(CHYG/H = G This gives a subcategory of C® from our data.

In the other direction, let D < C¢ be a fusion subcategory. Let £ < C be the
full fusion subcategory generated by the image of D under the forgetful functor Fg :
C¢ — C. Clearly £ is G-invariant.

Let H be defined by Rep(G) "D = Rep(G/H). To get the trivialization of the H
action on &£ note that we have the following diagram of monoidal functors commutes
up to canonical natural isomorphism:

CG

\Fj/y

Fo cH 4.3)

i

C

Thus, if we define &' = Fg,u(D) < CH, then we have Fy(€') = Fg(D) = €.
Alternatively, using the equivalence C%¢ JH = CH | then we see & = (D)g JH <
cH.

We claim that the separable, connected algebra Fun(H) € (C%)g /H 1s transversal
to &', or in other words, Fun(H) N &’ = 1. Let Fg/py : C — Cl?un(G,H) =~ CH pe the
forgetful functor, which is equivalent as a monoidal functor to Frun(G,n). This functor
is normal by [2, Corollary 5.4]. Thus, by [2, Corollary 4.3], for any two simple objects
X,y in co, Fg/n(x) and Fg, g (y) are either isomorphic or disjoint. Since Rep(G)
and D are full, replete subcategories of C© this implies

Fg/u(Rep(G) ND) = Fg/u(Rep(G)) N Fgu (D).

But Rep(G) N D = Rep(G/H), so the left hand side reduces to Vec. The right hand
side is Rep(H) N &’. Since Fun(H) € Rep(H) it must be transversal to £’.

By Lemma 4.7, this implies Fy induces an equivalence from &’ to &, and such
an equivalence uniquely defines a lifting & — C which is G/H invariant (since
&' is G/H invariant by construction). This gives a G-equivariant trivialization n by
Lemma 4.3.

It is easy to see that these two constructions are mutually inverse. Indeed, starting
with a full subcategory D < C©, apply our construction to obtain a normal subgroup
H < G, a full subcategory £ < C and a trivialization for H on £. By construction
&' = Fgu (D) is the lift of £ corresponding to the trivialization of H on £ Eq. (4.7),
and (Fg/u(D))/" = D.

Starting from the data (£, H, 1), then D is obtained by using 5 to lift £ to an
£ < CH Eq. (4.7) and then equivariantizing, so that D = (£)¢/H . We see that apply-
ing our construction in the reverse direction gives Fg,y (D) = Fg/ g (ENC/HY = ¢,
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and thus the associated trivialization on £ will agree with the original (again by
Lemma 4.7). O

From the construction, we have the following corollary

Corollary 4.9 Let D(E, H, 1) < CC denote the subcategory constructed in the previ-
ous theorem. Then,

(1) FPdim(D(&, H, n)) = |G : HIFPdim(E).

) DE,H,n) <DF,K,v)ifandonlyif E < F, K < Handn|lg =voné.

5 Pointed Fusion Categories

Let K be a finite group and w € Z3(K, k*). The data of a categorical action of the
group G on Vec(K, w) can be described by the following:

(1) A homomorphism G — Aut(K), g — g«

(2) A collection of scalars ,351 € k* fork,l € K, g € G and a collection of scalars
M’; p € k* fork € K and g, h € G, satisying the following equations:

k1 ki,
a)k,l,m _ :Bg ﬁg " (5 1)
Dgo(k),g:D.8:0m)  BE" B
ko k h(k) | k
Mg nbpgh = HpgMfen (52)
Kl ko
Po ___ Monky (5.3)
T (k) Tw (D) kil ki ’
ﬁg (k) ()IBh I’Lg,h

To realize this data, pick a skeletal model of Vec(K, w) with the associator given
by w explicitly. Then, extend the action of g, on K linearly to a functor. By semi-
simplicity, it suffices to define natural transformations of functors on simple objects.
The tensorator g, (k®I) = g, (k) ® g«(l) is given by /3]5 ’l, and Eq. (5.1) above is exactly
the required compatibility with the associator. We define the natural isomorphisms
ghy(k) = gy o hy(k) by u’g‘,_ ;- Equation (5.3) ensures these are monoidal natural
isomorphisms, and Eq. (5.2) guarantees these assemble into a categorical action.

Now, our goal is to apply our general results to parameterize subcategories of the
equivariantization in terms of the above data. The only remaining task is to interpret
the G-equivariant trivializations in terms of this data.

Let L < K be a G-invariant subgroup, and H < G a normal subgroup such that
h|r is trivial. First, we can unpack the definition of a trivialization of the H action on
L.

It consists of a family nﬁ e k* fork € L, h € H satisfying forall g, h € H

ny =Byt (5.4)
Mellly = Mol (5.5)
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Viewing n : L x H — k, we see that it is almost a bicharacter. In particular, it is a
character in each variable up to 8 and u respectively. Thus, we willcalln : Lx H — k
satisfying the above equations a (8, u)-bicharacter.

Now, we can unpack the definition of a G-equivariant tivialization to obtain

k k
R
g (k) _ Kk ZglhgThg
My = Ng-1e 2 (5.6)
887!
or equivalently
k
M M 1
g(k) _ ok '.gh™"ghg~!.g
Nong—t = h 20 5.7
887!

where we have used in the superscript on the denominator that H is normal in G, and
since H acts trivially on L, g(ghg ™). (k) = g(k) forall k € L.
Note that we can assume ,uz I is normalized so that ,u’h‘ 2= l1forallkifhorg

is 1. Then, the defining condition for u implies y, g = Mg*;k) Furthermore, the

defining equation, together with normalization and the fact that & acts trivially on L
implies the equation

k ok k
/’Lg,hl’bg—]’ h = Mg_l,g'
Solving for ,u/; 1 en replacing ,u’; _; with ,ug*(_)l , and substituting into Eq. (5.7) gives
k
Moot
gk ghg~'.g
i = | =) (58)
He.n

Definition 5.1 A (8, i) bicharacter satisfying Eqs. (5.7) or (5.8) is called a G-
equivariant (f, u) bicharacter.

Corollary 5.2 Consider a categorical action of G on Vec(K, w), given by a homo-
morphism G — Aut(K), together with (8, i) as above. Then, fusion subcategories of
Vec(K, a))G are parameterized by triples (L, H, n) where L < K is a G-invariant sub-
group, H is a normal subgroup of G fixing every element of L, and n is a G-invariant
(B, ) bicharacter.

5.1 Z(Vec(G, ®))

Now, we compare our parametrizations with the results of [13]. To state their results,
we need to introduce some notation. Let w € Z3(G, k*). Following [13, Section
5.1]), for any a, x, y € G define the quantities
w(x,y, a)a)(xyay_lx_l, X, y)

w(x, yay=!,y)

Na(x,y) 1=
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1

w(axa™ ", aya_l, a)w(a,x,y)

ve(x, y) =
a (%, ) w(axa=, a,y)

Setting ,u’;,’h = ni(g, h) and ﬂg’k =Vg(h, k), and g«(h) := ghg™!, then it’s direct
calculations show this data satisfies Egs. (5.1), (5.2), (5.3) (see [13, Equation 21])
and thus provides a G action on Vec(G, w) via conjugation. It is well known that
Vee(G, )° = Z(Vec(G, w)).

Thus, according to Corollary 5.2, since the action of G on G is by conjugation, the
subcategories of Z(Vec(G, w)) are parameterized by triples (L, H, n), where L, H
are commuting normal subgroups of G and 7 is a G-invariant (8, w)-bicharacter.

The parameterization in [13] is given by triples (L, H, B), where L, H are com-
muting normal subgroups of G, and B : L x H — k* is a G-invariant w-bicharacter
([13, Definition 5.4]). Using [13, Equation 19], we see that B is an w-bicharacter if
and only if B~! is a (8, uu)-bicharacter in our sense.

5.2 Obstruction Theory

In Corollary 5.2, we parameterized the subcategories of the equivariantization of a
pointed fusion category in terms of algebraic data, which can be described as solu-
tions to families of equations with a cohomological flavor. It is desirable to have an
obstruction theory that allows one to determine whether such data exists or not, and to
be able to count the solutions if they do exist. In this section, we present some results
in this direction.

Let G be a finite group acting on Vec(K, ) with associated data ,Béf’l and M]fo, e
Let L < K be a G-invariant subgroup and H < G a normal subgroup such that H
acts trivially on L. We will analyze the cohomological conditions for the existence of
a G-equivariant (8, u)-bicharacter n : L x H — k*.

5.2.1 Existence of (8, i) Bicharacters.

Since H acts trivially on L, it follows from Eq. 5.1 that

Bu)lLxL € Z*(L, k*),

forall h € H.If follows from Eq. 5.4 that a first necessary condition for the existence
of a (B8, u) bicharacter is that the cohomology class of (81,) |1« is trivial forallh € H.
If the cohomology class (8;) |1« is trivial forallh € H, thereexistt : L x H — k*
such that

h _ _h_hghh
T, = T, T, B

holds forallh € H,Il;,l, € L.
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The function

i HxHxL— k*

hihy
1 I
(h],h27l) = u’h[,hz 'L'hl hy’

Il
defines an element in i € Z2(H, Hom(L, k*)). In fact,

hihy hihy
~1 ~1Ip Iy Tl] le
FonynaPmy ny = “hlhzl‘hl hy Iy _hy _hi By
T, 01T, T
L "l "k "l
hihy _hihs

bl T 1
_MhthMhth’B 2ﬂ12 11 22
Ui Tyl
‘L'hlhz hihy
_ 1112 ﬂll N 2]
Hhy hy Phyhy h1 _hy
Ll "hip
h1h2
_ hb Ui
- 'uhl~,h2 hy _h»
lily "Ly
~111p
= My hye

for all /1,1 € L,hy,hy € H. It is easy to see that the cohomology class of 1 €
Z%(H,Hom(L, k*)) does not depend of the choice of . Hence, it follows from
Eq. 5.5 that a second necessary condition for the existence of a (8, u)-bicharacter
is the triviality of the cohomology of 1. Moreover, the triviality of the cohomology
of i is a sufficient condition for the existence of a (8, u)-bicharacter. In fact, if

x € Hom(L, k*) is such that ji(hy, hy) = Xhhl;; then nﬁl = T;I,X;l, is a (B, w)-

bicharacter.

5.2.2 Existence of G-invariant (8, u)-bicharacters

It is easy to see that the set of all (8, t)-characters is a torsor over the abelian group of
all bicharacters H x L — k*.Letn : H x L — k* be a (8, u)-bicharacter. Define
the function

Q(n,n):Gx HxL— k* (5.9)
i I
Mh Meng—1.g
(8D | = ( - ) .
77ghg—l g‘h

Proposition 5.3 The following conditions are necessary and sufficient for the existence
of a G-invariant (8, w)-bicharacter.
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(1) Qn, p) defines an element in Z' (G, Hom(L, Hom(H , k*))) whose cohomol-
ogy class does not depend on the choice of n. Here, the action of G on
Hom(L, Hom(H, k*)) is induced by the action by conjugation of G on the nor-
mal subgroup H and the action x of G on L.

(2) The cohomology class of 2(n, ) vanishes.

Proof Lett : H x L — k* be a G-invariant (8, t)-bicharacter. There is a bicharacter
x : L x H — k> such that n = 7 x. Hence,

Xi
Q(n, M)g,h,l = o)

ghg™!

and

l l
Xn Xn
Q. W (. Wgant) = =5 © ( (82)*(l)>
Xn Xn
_H
«(l
X;Egng) 0]

= Q(n, I’L)glgz,h,ls

so Q(n, ) € ZY(G, Hom(K, Hom(H, k*))) and the cohomology does not depend
on 1.
It follows by the definition of €2 (7, ) thatit vanishes if n is G-invariant. Conversely,
if Q(n, n) € Z'(G,Hom(K , Hom(H, k*))) and there exists a bicharacter x such
1

that (1, ) gni = % then T = % is a G-invariant |
Xn

6 The Lattice of Hopf Subalgebras of a Hopf Algebra of Kac-Paljutkin
Type

6.1 Hopf Algebra of Kac-Paljutkin Type

Let G be a finite group acting on a finite group K and (8, ) a data defining an action
of G on Vec(K).

Let us denote kG := Maps(G, k), let 6, € k€ be the function that assigns 1 to
g and O otherwise, and let §, ; be the Dirac’s delta associated to the pair g, h € G,
namely &, ; is 1 whenever g = h and 0 otherwise.

The vector space ]kG#ﬁ]kK with basis {§,#x|g € G, x € K}is aHopf algebra with
product

(8s#) (Sn#y) = 8¢ 1By Sgtxy,

coproduct,

A@ghx) = > il ,8a#b - x@Bphx,
a,beG:ab=g

) Birkhauser



C. Galindo and C. Jones

counit, unit and antipode

1
e(oHx) =840 lHe,  S(gHx) = —— 5 1#(gx)"",
: geost 8
(gx)~1 Mglg

forall g,h € G, x,y € K. See [11] for more details.

Corollary 6.1 Let IkG#gIkK be a semisimple Hopf algebra of Kac-Paljutkin type, then
the lattice of Hopf subalgebras is in correspondence with the lattice of triples (L, H, n)
where

(1) L < K is a G-invariant subgroup.
(2) H < G is a normal subgroup.
(3) n: Hx L — k* isa G-invariant (8, )-bicharacter.

Proof 1t follows from Corollary 5.2 that the triples are in correspondence with fusion
subcategories of Vec(K)®. Now, the fusion category of right ]kG#ﬁJkK -comodules is
tensor isomorphic to the fusion category Vec(K )G (see [9, Theorem 7.1]) hence by
[14, Theorem 6] they correspond to Hopf subalgebras of lkc#ﬁkK . O

6.2 Concrete Example
Let G = C, = (o) a cyclic group of order two and K = Z/n x Z/n. Consider the
action of G on K given by o (a, b) = (b, a). Since we can consider only normalized

maps B : C; x K x K - kX u: Cy x Co x K — k*, hence the pair (8, u) is
complete determined by elements 8 € Z>(K, k*) and 1 € C! (K, k*) such that

3k (w) = BC P, n(p) = 1. (6.1)

Up to equivalences, the pairs (8, ) are classified by G,, the group n-th root of unit,
see [10, Theorem 2.1]. In fact, given g € G,,, we can define

Bq(@, b) = q“", 1q(@) =g, (6.2)
where @ = (a1, ap) and b = (by, by).

We now can divide the possible Hopf subalgrebras of k2 #ﬁ‘; k(Z/n x Z/n) in two
cases depending if H < (3 is trivial or not.

6.2.1 WhenH = (C;

In this case, the subgroup L is just a subgroup of A(Z/n) = {(a,a) : a € Z/n}. Let
m be a divisor of n and x = n/m. Hence, L = ((x, x)) and

By(a(x, x), b(x,x)) = q* .

W Birkhauser



Equivariant Fusion Subcategories

The 1-cochain
—x2 1D

,(l(x,x)) =¢q

satisfies 6k (74) = B, forall [(x, x) € L.
In order to compute the obstruction, let us consider

g (x, x))
7, (I(x, x))?
712x2qx21(1+])

fg(l(x,x)) =

=9

2
x“l

Then, the obstruction vanishes if and only if there is ¢ € G, such that

If q"2 = ¢2, the associated (S, jt)-bicharacter is

211+

n((l(xvx)):‘[q(l(x,x));[:qix 2 g‘l

Moreover every 1), is invariant.

6.2.2 When H is Trivial

In general, if H is trival the fusion subcategories associated are given just by pairs
(L,n) where L < K is a G-invariant subgroup and n € G is G-invariant linear
character.

Using Goursat’s lemma it is straightforward to see that C-invariant subgroups of
Z/n x Z/n corresponds to triple (B, N, f) where N C B C Z/n is a tower of groups
and f : B/N — B/N is an automorphism of order two. The subgroup associated
with the triple (B, N, f) is

Hep v py=1{(a,b): f(aN) =bN}.
As a conclusion of the Sections 6.2.1 and 6.2.2, we obtain the following result.

Theorem 6.2 The Hopf subalgebras ofkcz#fi‘é k(Z/n x Z/n) come in two types, and
correspond to
Type 1: pairs (m, {) where m is divisor of n and ¢ is a root of unity of order - such
n\2
thatq(ﬁ) = {2.
Type 2: four-tuples (B, N, f,n) where N C B C Z/n is a tower of groups, f :

B/N — B/N is an automorphism of order two, and n : Hip y 5y — k™ is
a character such that n(a, b) = n(b, a) for all (a, b) € H N, r).

O
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