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COSET DECOMPOSITION FOR SEMISIMPLE
HOPF ALGEBRAS

Sebastian Burciu
Institute of Mathematics, “Simion Stoilow” of the Romanian Academy,
Bucharest, Romania

The notion of double coset for semisimple finite dimensional Hopf algebras is
introduced. This is done by considering an equivalence relation on the set of irreducible
characters of the dual Hopf algebra. As an application formulae for the restriction of
the irreducible characters to normal Hopf subalgebras are given.
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INTRODUCTION

In this article we introduce a notion of double coset for semisimple finite
dimensional Hopf algebras, similar to the one for groups. This is achieved by
considering an equivalence relation on the set of irreducible characters of the dual
Hopf algebra. The equivalence relation that we define generalizes the equivalence
relation introduced in [7]. Using the Frobenius—Perron theory for nonnegative Hopf
algebras the results from [7] are generalized and proved in a simpler manner.

The article is organized as follows. In the first section we recall some basic results
for finite dimensional semisimple Hopf algebras that we need in the other sections.

In Section 2 the equivalence relation on the set of irreducible characters of the
dual Hopf algebra is introduced and the coset decomposition it is proven. Using this
coset decomposition in the next section we prove a result concerning the restriction
of a module to a normal Hopf subalgebra. A formula for the induction from a
normal Hopf subalgebra is also described using Frobenius reciprocity. A formula
equivalent to the Mackey decomposition formula for groups is given in the situation
of a unique double coset.

Section 4 considers 1 of the above equivalence relations but for the dual Hopf
algebra. In the situation of normal Hopf subalgebras this relation can be written in
terms of the restriction of the characters to normal Hopf subalgebras. Some results
similar to those in group theory are proved.
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The next sections study the restriction functor from a semisimple Hopf
algebra to a normal Hopf subalgebra. We define a notion of conjugate module
similar to the 1 for modules over normal subgroups of a group. Some results
from group theory hold in this more general setting. In particular we show that
the induced module restricted back to the original normal Hopf subalgebra has as
irreducible constituents the constituents of all the conjugate modules.

Algebras and coalgebras are defined over the algebraically closed ground
field k = C. For a vector space V over k by |V| is denoted the dimension dim,V.
The comultiplication, counit and antipode of a Hopf algebra are denoted by A,
€ and S, respectively. We use Sweedler’s notation A(x) =) x; ® x, for all x € H.
All the other notations are those used in [6].

1. PRELIMINARIES

Throughout this article H denotes a finite dimensional semisimple Hopf
algebra over k = C. It follows that H is also cosemisimple [5]. If K is a Hopf
subalgebra of H then K is also semisimple and cosemisimple Hopf algebra [6].
A Hopf subalgebra K of H is called normal Hopf subalgebra if K is stable under the
left and right adjoint action, this is h,KS(h,) C K and S(h,;)Kh, C K for all h € H.

Let 6(H) be the Grothendieck group of the category of left H-modules. Then
6(H) becomes a ring under the tensor product of modules and C(H) = G(H) ®y
k is a semisimple subalgebra of H* [10]. Denote by Irr(H) the set of irreducible
characters of H. Then C(H) has a basis consisting of the irreducible characters
y € Irr(H). Also C(H) = Cocom(H*), the space of cocommutative elements of H*.
By duality, the character ring of H* is a semisimple subalgebra of H and under this
identification it follows that C(H*) = Cocom(H).

If M is an H-module with character y then M* is also an H-module with
character y* = y o S.

This induces an involution * : C(H) — C(H) on C(H).

For a finite dimensional semisimple Hopf algebra H use the notation A, € H
for the integral of H with €(A,) = |H| and ¢, € H* for the integral of H* with
ty(1) = |H|. Tt follows from [6] that the regular character of H is given by the
formula

ty = Z z(1)y. (1.1)
yelrr(H)
The dual formula is
Ay = Z e(d)d. (1.2)

delrr(H*)

If W e H*-mod then W becomes a right H-comodule via p: W - W® H
given by p(w) = > w, ® w, if and only if fw = Y f(w,)w, for allw € W and f € H*.

Let W be a left H*-module. Then W is a right H-comodule and one can associate
to it a subcoalgebra of H denoted by Cy, [4]. This is the minimal subcoalgebra of H
with the property that p(W) C W ® Cy,. If W is simple and ¢ = |W| then |Cy| = ¢*
and the associated coalgebra Cy, is a co-matrix coalgebra. It has a basis {x;;},-; -,
such that A(x;;) = Y[y x; ® x;; forall 1 <i, j < g. Moreover W = k(x;|1 <i < g)



10: 00 10 Cctober 2009

Downl oaded By: [Burciu, Sebastian] At:

SEMISIMPLE HOPF ALGEBRAS 3575

as right H-comodules where p(x,;) = A(x);) = Y1 ,x, ® x;; for all 1 <i <gq. The
character of W as left H*-module is d € C(H*) C H and it is given by d = Y7, x;,.
Then e(d) = g and the simple subcoalgebra Cy, is sometimes denoted by C,.

If M and N are right H-comodules then the tensor product M ® N is also a
right H-comodule. The associated coalgebra of M ® N is CD where C and D are
the associated subcoalgebras of M and N respectively (see [8]).

2. DOUBLE COSET FORMULA FOR COSEMISIMPLE
HOPF ALGEBRAS

In this section let H be a semisimple finite dimensional Hopf algebra as before
and K and L be 2 Hopf subalgebras. Then H can be decomposed as sum of K — L
bimodules which are free both as K-modules and L-modules and are analogues of
double cosets in group theory. To the end we give an application in the situation of
a unique double coset.

There is a bilinear form m : C(H*) ® C(H*) — k defined as follows (see [7]).
If M and N are two H-comodules with characters ¢ and d then m(c, d) is defined
as dim, Hom"” (M, N). The following properties of m (see Theorem 10 of [7]) will be
used later:

m(x, yz) = m(y*, zx") = m(z", x"y) ~ and
m(x,y) = m(y, x) = m(y", x%)

for all x, y, z € C(H*).

Let H be a finite dimensional cosemisimple Hopf algebra and K, L be two
Hopf subalgebras of H. We define an equivalence relation r{, on the set of simple
subcoalgebras of H as following: C ~ D if C C KDL.

Since the set of simple subcoalgebras is in bijection with Irr(H*) the above
relation in terms of H*-characters becomes the following: ¢ ~ d if m(c, AxdA;) > 0
where Ag and A, are the integrals of K and L with €(Ay) = |K| and e€(A;) = |L]
and ¢, d € Irr(H*).

It is easy to see that ~ is an equivalence relation. Clearly ¢ ~ ¢ for any
¢ € Irr(H*) since both Ay and A, contain the trivial character.

Using the above properties of the bilinear form m, one can see that
if ¢~d then m(d, AgcA;) = m(A%, cA, d*) = m(c*, Apd*Ay) = m(c, AydA}) =
m(c, AxdA;) since Ay = Ag and A} = A;. Thus d ~ c.

The transitivity can be easier seen that holds in terms of simple subcoalgebras.
Suppose that ¢ ~ d and d ~ e and ¢, d, and e are 3 irreducible characters associated
to the simple subcoalgebras C, D and E respectively. Then C € KDL and D C KEL.
The last relation implies that KDL C K?EL?> = KEL. Thus C C KEL and ¢ ~ e.

If €, 6,, ..., € are the equivalence classes of r{, on Irr(H*) then let

a;= ) e(d)d 2.1

de€;

forl <i<lIL
For any character d € C(H*) let L, and R, be the left and right multiplication
with d on C(H*).
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Proposition 2.2. With the above notations it follows that a; are eigenvectors of the
operator T = L, _o R,, on C(H*) corresponding to the eigenvalue |K||L|.

Proof. Definition of rf, implies that d ~d' if and only if m(d’, T(d)) > 0.
It follows that 7(a;) has all the irreducible constituents in ¢, for all 1 <i </
Since A, = YI_, a; the formula T(A,) = |H||K|A, gives that T(a;) = |K||L|a; for
alll <i <L O

In the sequel, we use the Frobenius-Perron theorem for matrices with
nonnegative entries (see [2]). If A is such a matrix then A has a positive eigenvalue
J which has the biggest absolute value among all the other eigenvalues of A.
The eigenspace corresponding to A has a unique vector with all entries positive. 4 is
called the principal value of A and the corresponding positive vector is called the
principal vector of A. Also the eigenspace of A corresponding to 4 is called the
principal eigenspace of A.

The following result is also needed:

Proposition 2.3 ([2, Proposition 5]). Let A be a matrix with nonnegative entries
such that A and A' have the same principal eigenvalue and the same principal vector.
Then after a permutation of the rows and the same permutation of the columns A can be
decomposed in diagonal blocks A = A,, A,, ..., A, with each block an indecomposable
matrix.

Recall from [2] that a matrix A € M,(C) is called decomposable if the set
I={1,2,...,n} can be written as a disjoint union [ = J, UJ, such that a,, =0
whenever u € J; and v € J,. Otherwise the matrix A is called indecomposable.

Theorem 2.4. Let H be a finite dimensional semisimple Hopf algebra and K, L be two
Hopf subalgebras of H. Consider the linear operator T = L, o R, on the character
ring C(H*) and [T] the matrix associated to T with respect to the standard basis of
C(H*) given by the irreducible characters of H*.

(1) The principal eigenvalue of [T) is |K||L|.
(2) The eigenspace corresponding to the eigenvalue |K||L| has (a;),.,-; as k-basis were
a; are defined in 2.1.

Proof. (1) Let . be the biggest eigenvalue of T and v the principal eigenvector
corresponding to 4. Then AgvA = Av. Applying € on both sides of this relation it
follows that |K||L|e(v) = Ze(v). But €(v) > 0 since v has positive entries. It follows
that 1 = |K]||L|.

(2) It is easy to see that the transpose of the matrix [7] is also [7].
To check that let x,,...,x, be the basis of C(H*) given by the irreducible
characters of H* and suppose that T(x;) = 3=7_, #;;x;. Thus t;; = m(x;, Agx;A;) and
t; = m(x;, Agx;Ap) = m(Ag, x;Apx7) = m(x5, ApxiAg) = m(x;, Agx;A}) = t; since
Ay = S(Ag) = Ag and also A = A;.

Proposition 2.3 implies that after a permutation of the rows and the
same permutation of the columns the matrix [7] decomposes in diagonal blocks
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A={A, A,, ..., A} with each block an indecomposable matrix. This decomposition
of [7] in diagonal blocks gives a partition Irr(H*) = |J_, &¢; on the set of irreducible
characters of H*, where each s{; corresponds to the rows (or columns) indexing
the block A,. The eigenspace of [T] corresponding to the eigenvalue 1 is the sum
of the eigenspaces of the diagonal blocks A,, A,, ... A, corresponding to the same
value. Since each A, is an indecomposable matrix it follows that the eigenspace of
A; corresponding to / is one dimensional (see [2]). If b; = Zdeﬂj €(d)d then as in
the proof of Proposition 2.2 it can be seen that b; is eigenvector of T corresponding
to the eigenvalue 4 = |K||L|. Thus b; is the unique eigenvector of A; corresponding
to the eigenvalue |K||L|. Therefore each q; is a linear combination of these vectors.
But if d € o; and d’ € si; with i # j then m(d’ T(d)) = 0 and the definition of ry,
implies that d »~ d'. Th1s means that g, is a scalar multiple of some b; and this
defines a bijective correspondence between the diagonal blocks and the equlvalence
classes of the relation r{,. Thus the eigenspace corresponding to the principal
eigenvalue |K||L| has a k-basis given by @, with 1 <i < [. 0

Corollary 2.5. Let H be a finite dimensional semisimple Hopf algebra and K, L be
two Hopf subalgebras of H. Then H can be decomposed as

where each B; is a (K, L)-bimodule free as both left K-module and right L-module.

Proof. Consider as above the equivalence relation ry, relative to the Hopf
subalgebras K and L. For each equivalence class €, let B, = (P, C. Then KB,L = B;
from the definition of the equivalence relation. It follows that B; = KB;L € y./(* which
implies that B; is free as left K-module and right L-module [9]. O

The bimodules B; from the above corollary will be called a double coset for H
with respect to K and L.

Corollary 2.6. With the above notations, if d € G; then

Ag AL a;
md|L| = €(d) @) 2.7

Proof. One has that AgdA, is an eigenvector of T = L, o R, with the maximal
eigenvalue |K||L|. From Theorem 2.4 it follows that AydA; is a linear combination
of the elements a;. But AgdA; cannot contain any a; with j # i because all the
irreducible characters entering in the decomposition of the product are in ;. Thus
AgdA, is a scalar multiple of g; and the Formula 2.7 follows. |

Remark 2.8. Let C; and C, be 2 subcoalgebras of H and K=3}_,.,C} and
L=73,.,C} be the 2 Hopf subalgebras of H generated by them [8]. The above
equivalence relation rg, can be written in terms of characters as follows: ¢ ~ d if
m(c, cidcy) > 0 for some natural numbers m, n > 0.
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Remark 2.9. Setting C;, = k in the above remark Theorem 2.4 gives Theorem 7 [7].
The above equivalence relation is denoted by r, and can be written as ¢ ~ d if
and only if m(c, dcy') > 0 for some natural number m > 0. The equivalence class
corresponding to the simple coalgebra k1 consists of the simple subcoalgebras of
all the powers C}' for m > 0 that is all the simple subcoalgebras of L. Without
loss of generality we may assume that this equivalence class is 6,. It follows that
a; =A; and

d A, a;

1

e(d) L]~ e(a)
for any irreducible character d € €,.

Let K be a Hopf subalgebra of H and s = |H|/|K|. Then H is free as left K-
module [9]. If {a;}._,, is a basis of H as left K-module then H = Ka, ® Ka, --- ®
Kay as left K-modules. Consider the operator L, given by left multiplication with
Ay on H. The eigenspace corresponding to the eigenvalue |K| has a basis given by
Aga;, thus it has dimension s. If we restrict the operator L, on C(H*) C H then
Theorem 2.4 implies that the number of equivalence classes of 'y is equal to the
dimension of the eigenspace of L, corresponding to the eigenvalue |K|. Thus the
number of the equivalence classes of r[’; is always less or equal then the index of K
in H.

Example 2.10. Let H = kQ#"kC, be the 16-dimensional Hopf algebra described
in [3]. Then G(H*) = (x) x{y) =Z, xZ, and Irr(H*) is given by the four
1-dimensional characters 1, x, y, xy and three 2-dimensional characters denoted by
d,, d,, d5. The algebra structure of C(H*) is given by:

x.dl = d3 = dl X, x.dz = dz = dz..x, .x.d3 = dl = d3..x
vd;,=d;,=d;;y forali=1,3

d=di=x+xy+d,, di=1+x+y+xy, dd,=dyd =d, +d,
didy;=dyd =1+y+d,

Consider K = k(x) as Hopf subalgebra of H and the equivalence relation r/’;
on Irr(H*). The equivalence classes are given by {1, x}, {y, xy}, {d,} and {d,, d;}
and the number of them is strictly less than the index of K and H. If C, C H
is the coalgebra associated to d, then the third equivalence class gives in the
decomposition 2.5 the free K-module C,K = C, whose rank is strictly less then the
dimension of C,.

3. MORE ON COSET DECOMPOSITION

Let H be a semisimple Hopf algebra and A be a Hopf subalgebra. Define
H//A = H/HA" and let = : H — H//A be the natural module projection. Since HA™"
is a coideal of H it follows that H//A is a coalgebra and = is also a coalgebra map.

Let k be the trivial A-module via the counit €. It can be checked that
H//A = H ®, k as H-modules via the map 2 +— h®, 1. Thus dim, H//A = rank ,H.



10: 00 10 Cctober 2009

Downl oaded By: [Burciu, Sebastian] At:

SEMISIMPLE HOPF ALGEBRAS 3579

If L and K are Hopf subalgebras of H define LK//K := LK/LK*. LK is a
right free K-module since LK € M(¥. A similar argument to the 1 above shows
that LK//K = LK ® k as left L-modules where k is the trivial K-module. Thus
dim,LK//K = rank LK. It can be checked that LK" is a coideal in LK and
therefore LK//K has a natural coalgebra structure.

Theorem 3.1. Let H be a semisimple Hopf algebra and K, L be 2 Hopf subalgebras
of H. Then L//LNK = LK//K as coalgebras and left L-modules.

Proof. Define the map ¢ : L — LK//K by ¢(I) = 1. Then ¢ is the composition

of L LK — LK//K and is a coalgebra map as well as a morphism of left

L-modules. Moreover ¢ is surjective since lk = e(k)l for all [ € L and k € K. Clearly

L(LNK)* C ker(¢) and thus ¢ induces a surjective map ¢ : L//LNK — LK//K.
Next it will be shown that

Ll _ ILK]
LN K| K|’

which implies that ¢ is bijective since both spaces have the same dimension.
Consider on Irr(H*) the equivalence relation introduced above and corresponding
to the linear operator L, oR, . Assume without loss of generality that €, is
the equivalence class of the character 1 and put d =1 the trivial character, in
the Formula 2.7. Thus %%"‘ = E(“al]). But from the definition of ~ it follows
that a, is formed by the characters of the coalgebra LK. On the other hand
AL =Y gerran €(d)d and Ay =3 k) €(d)d (see [4]). Equality 3.2 follows
counting the multiplicity of the irreducible character 1 in AxA;. Using Theorem 10
of [7] we know that m(1, dd') > 0 if and only if d’ = d* in which case m(1, dd’) = 1.

Ap Agy 1 2 _ |LNK| a _ 1 _ 1
Then m(1, 5 3) = g Lactmwon €(d)’ = g and m(l, T5) = o5 = - O

Corollary 3.2. If K and L are Hopf subalgebras of H then rank, LK = rank, L.

Proposition 3.3. Ler H be a finite dimensional cosemisimple Hopf algebra and K, L
be 2 Hopf subalgebras of H such that KL = LK. If M is a K-module then

M A= (M k) 1
as left L-modules.
Proof. For any K-module M one has
M), =LK @y M
while
(M 1og) 1= L ®; g M.

The previous Corollary implies that rank, LK = rank, L thus both modules
above have the same dimension.
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Define the map ¢ : L @,k M — LK Q@ M by ¢(l ® ~nx m) = @ m which is
the composition of L ®,;x M <> LK ®;,x M — LK ®; M. Clearly ¢ is a surjective
homomorphism of L-modules. Equality of dimensions implies that ¢ is an
isomorphism. O

If LK = H then the previous theorem is the generalization of Mackey’s
theorem decomposition for groups in the situation of a unique double coset.

4. A DUAL RELATION

Let K be a normal Hopf subalgebra of H and L = H//K. Then the natural
projection n : H — L is a surjective Hopf map and then n* : L* — H* is an injective
Hopf map. We identify L* with its image n*(L*) in H*. This is a normal Hopf
subalgebra of H*. In this section we will study the equivalence relation /%, on
Irr(H**) = Irr (H).

The following result was proven in [1].

Proposition 4.1. Let K be a normal Hopf subalgebra of a finite dimensional
semisimple Hopf algebra H and L = H//K. If t, € L* is the integral on L with
t,(1) = |L| then €x =1, and t; = %EK.

Proposition 4.2. Let K be a normal Hopf subalgebra of a semisimple Hopf algebra
H and L = H//K. Consider the equivalence relation r{fﬁk on Irr(H). Then y ~ p if and
only if their restrictions to K have a common constituent.

Proof. The equivalence relation rflik on Irr(H) becomes the following: y ~ u if
and only if my(y, t, 1) > 0. On the other hand, applying the previous Proposition it
follows that:

my (1, 1) = my (17, p*) = my(tr, pr*)
= my(e Tﬁ, wr*) = my(€g, (") 1x)
= my(€x, g 1" Vx) = me(r dx> 0 dx)-

Thus y ~ u if and only if their restriction to K have a common constituent.
O

Theorem 4.3. Let K be a normal Hopf subalgebra of a semisimple Hopf algebra H
and L = H//K. Consider the equivalence relation rﬁik on Irr(H). Then y ~ p if and

L — M

only if 755 = -

Proof. Let €|, €,, ..., be the equivalence classes of r/., on Irr(H) and let

a; =Y 1(Dx (4.4)

1E€;
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for 1 <i <[ If 6, is the equivalence class of the trivial character € then the
definition of rf,:k implies that ¢, = ¢,. Formula from Remark 2.9 becomes

AR S a;

LI 7(D) ~ a(D)

for any irreducible character y € €6,.
Restriction to K of the above relation combined with Proposition 4.1 gives:

1k _ a; g
FOBEON

Thumfy«»uthenx(_:%. .

(4.5)

4.1. Formulae for Restriction and Induction

The previous theorem implies that the restriction of 2 irreducible H-characters
to K either have the same common constituents or they have no common
constituents. Let #, be the integral on H with #,,(1) = |H|. One has that r, = ¥"_, g,
as ty is the regular character of H. Since H is free as K-module [9] it follows
that the restriction of 7, to K is the regular character of K multiplied by |H|/|K]|.
Thus 7 | x= [H|/IK|tg. But ty = 3,1k %(1)x and Theorem 4.3 implies that the
set of the irreducible characters of K can be partitioned in disjoint subsets s/; with
1 <i <[ such that

|H|

Kl a(1)o.

a; $x=

aesd;

Then if y € €, formula 4.5 implies that

2 |H]
7 (1o
4 1K| g
Let |s¢;| = 3,c, #°(1). Evaluating at 1 the above equality one gets a;(1) = 'Hl |&4 l.
By Frobenius reciprocity the above restriction formula implies that if o € o, then
o(1) |H|
o ty= 2Dy (4.6)
K= () K] 2

5. RESTRICTION OF MODULES TO NORMAL
HOPF SUBALGEBRAS

Let G be a finite group and H a normal subgroup of G. If M is an irreducible
H-module then
s 8i
ML= M,
i=1
where ¢M is a conjugate module of M and {g;},_, , is a set of representatives for the
left cosets of H in G. For g € G the H-module #M has the same underlying vector
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space as M and the multiplication with h € H is given by h.n = (g~'hg)n for all
n € N. It is easy to see that gN = ¢'N if gN = ¢'N.

Let K be a normal Hopf subalgebra of H and M be an irreducible K-module.
In this section we will define the notion of a conjugate module to M similar to
group situation. If d € Irr(H*) we define a conjugate module “M. The left cosets of
K in H correspond to the equivalence classes of ry . We will show that if d, d’ are
2 irreducible characters in the same equivalence class of rf, then the modules ‘M
and ¢ M have the same constituents. We will show that the irreducible constituents
of M t# % and @Zem(m) M are the same.

Remark 5.1. Since K is a normal Hopf subalgebra it follows that A, is a central
element of H (see [1]) and by their definition r, = r{’y. Thus the left cosets are the
same with the right cosets in this situation.

Let K be a normal Hopf subalgebra of H and M be a K-module. If W is an
H*-module then W ® M becomes a K-module with

k(w® m) = wy @ (S(w))kw,)m. (5.2)
In order to check that W ® M is a K-module one has that

k.(K' (w @ m)) = k(wy ® (S(w;)k'w,)m)
= w ® (S(wy)kw,)((S(ws)k'wy)m)
= w, @ (S(w))kk'w,)m
= (kk")(w ® m)

forall k, k¥ e K, we W and m € M.

It can be checked that if W = W’ as H*-modules then W ® M = W’ ® M. Thus
for any irreducible character d € Irr(H*) associated to a simple H-comodule W one
can define the K-module ‘M =W @ M.

Proposition 5.3. Let K be a normal Hopf subalgebra of H and M be an irreducible
K-module with character o € C(K). Suppose that W is a simple H*-module with
character d € Irr(H*). Then the character o, of the K-module ‘M is given by the
following formula:

O(d(x) == OC(Sdlde)
for all x € K.

Proof. Indeed one may suppose that W = k(x; |1 < i < g) where C, =k(x;; |1 <i,
J < q) is the coalgebra associated to W and ¢ = e(d) = |W|. Then formula 5.7
becomes k(x;; ® w) = 37, x;; ® (S(x;)kx;;)m. Since d = 3", x; one gets the the

formula for the character «,. d

For any d € Irr(H*) define the linear operator ¢, : C(K) — C(K) which on the
basis given by the irreducible characters is given by c,(«) = a, for all « € Irr(K).
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Remark 5.4. From the above formula it can be directly checked that /'« =9 ()
for all d, d' € Irr(H*) and a € C(K). This shows that C(K) is a left C(H*)-module.
Also one can verify that ¢(a*) = (“o0)*.

Proposition 5.5. Ler K be a normal Hopf subalgebra of H and M be an irreducible
K-module with character o. € C(K). If d, d' € Irr(H*) lie in the same coset of ry, then

IM and ¥ M have the same irreducible constituents. Moreover % = %.

Proof. Consider the equivalence relation r{’y from Section 2 and H = @;_, B, the

decomposition from Corollary 2.5. Let %,, ..., %, be the equivalence classes and let
b; be defined as in 2.1. Then Formula 2.9 becomes
d AK b;
—_— =, (5.6)
(d) [K| (b))

where Ay is the integral in K with €(Ax) = |K| and d € B,. Thus

Ap, (x) = a(S(b;),x(b;),)

— S E@A)NEA )
= 6:;;’{;{' a(S((Ag))S(d))xdyr(Ag),)
- Z((Zi))oc(Sdlxdz)
_ %ad(x)
for all d € %,.
This implies that if d ~ d’ then 2 = 2. .

Let N be a H-module and W an H*-module. Then W ® N becomes an
H-module such that

h(w @ m) = wy @ (S(w,)hw,)m. (5.7)

It an be checked that W @ N = NI as H-modules. Indeed the map ¢ : W ®
N—> WQN w®ntr w,®wn is an isomorphism of H-modules where W is
considered left H-module with the trivial action. Its inverse is given by w ® m +—
w0 ® S(w;)m. To check that ¢ is an H-module map one has that

d(h.(w@n)) = p(wy ® (S(wy)hwy)n)
= wy ® w, (S(w,)hws)n
= w, ® hwn
= h(wy, ® wyn)
= h¢(w ® n)

forallwe W, me M and h € H.
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Proposition 5.8. Ler K be a normal Hopf subalgebra of H and M be an irreducible
K-module with character o € C(K). If d € Irr(H*) then

H: H .
e(d) ag Tx=otx
Proof. Using the notations from Subsection 4.1 let s/; be the subset of Irr(K) which
contains «. It is enough to show that the constituents of «, are contained in this
set and then the induction Formula 4.6 from the same subsection can be applied.
For this, suppose N is an irreducible H-module and

N = @Nn (5.9)

i=1

where N, are irreducible K-modules. The above result implies that W @ N = NV
as H-modules. Therefore (W ® N) {x = (N )" as K-modules. But (W @ N) | 4=
@B;_, (W ® N;) where each W ® N, is a K-module by 5.1. Thus

5

DN = BW e N). (5.10)

i=1 i=1

This shows that if N, is a constituent of N |, then W ® N, has all the irreducible
K- constituents among those of N | ;. The Formula 4.6 applied for each irreducible
constituent of o, gives that

1 H_ H
@“d Tk=oTx (5~11)

for all o € Irr(K) and d € Irr(H™). a

Proposition 5.12. Ler K be a normal Hopf subalgebra of H and M be an irreducible
K-module. Then M %% and @ZGIH(H*) M have the same irreducible constituents.

Proof. Consider the equivalence relation r;’y from Section 2 and let %,, ..., %,
be its equivalence classes. Pick an irreducible character d; € 93; in each equivalence
class of r{, and let C; be its associated simple coalgebra. Then Corollary 2.5 implies
that H = B;_, C,K. It follows that the induced module M 1 is given by

M =H®yM =@ CK @ M.
i=1
Each C,K ® M is a K-module by left multiplication with elements of K since
k.(ck' @ m) = ¢;(Scrkcy)k' @y m = ¢; Qg (Scykes)k'm

for all k, k' € K, c € C; and m € M. Thus M ¢§ restricted to K is the sum of the
K-modules C;K ® M. On the other hand the composition of the canonical maps
CRK— CK®M— C,KQ¢ M is a surjective morphism of K-modules which



10: 00 10 Cctober 2009

[Burciu, Sebastian] At:

Downl oaded By:

SEMISIMPLE HOPF ALGEBRAS 3585

implies that C;K ®, M is a homeomorphic image of €(d;) copies of %M. Therefore
the irreducible constituents of M 1% |# are among those of @Zdrr(m) M. In the
proof of the previous Proposition we showed the other inclusion. Thus M 1% | # and

@Zem( #+ M have the same irreducible constituents. O
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