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ABSTRACT. The notion of kernel of a representation of a semisimple Hopf
algebra is introduced. Similar properties to those of the kernel of a group rep-
resentation are proved in some special cases. In particular, every normal Hopf
subalgebra of a semisimple Hopf algebra H is the kernel of a representation of
H. The maximal normal Hopf subalgebras of H are described.

INTRODUCTION

In this paper the notion of kernel of a representation of a finite dimensional
semisimple Hopf algebra is proposed. Similar properties to those of the kernel of a
group representation are proved in some special cases.

Let G be a finite group and X : G — End¢ (M) be a finite dimensional complex
representation of G which affords the character x. The kernel of the representation
M is defined as ker x = {g € G| x(9) = x(1)}, and it is the set of all group
elements g € G which act as the identity on M. (For example, see [2].) Every
normal subgroup N of G is the kernel of a character, namely the character of the
regular representation of G/N. If Z = {g € G| |x(g9)] = x(1)}, then Z is called the
center of the character x, and it is the set of group elements of G which acts as a
unit scalar on M. The properties of Z and ker x are described in Lemma 2.27 [2],
which asserts that Z/ker x is a cyclic subgroup of the center of G /ker x.

If M is a representation of a finite dimensional semisimple Hopf algebra H and
X € C(H) is its associated character, then ker x C H is defined to be the set
of all irreducible H*-characters d € H such that d acts as the scalar ¢(d) on M.
We prove that ker x = {d € Irr(H*)| x(d) = e(d)x(1)}. Similarly, the set of all
irreducible H*-characters d € H that act as a scalar of absolute value €(d) on M is
characterized as z, = {d € Irr(H*)| |x(d)| = e(d)x(1)}.

Section [ presents the definitions and the main properties of the kernel of a
character x and its center z . It is shown that these sets of characters are closed
under multiplication and under the duality operation “ * 7. Thus they generate
Hopf subalgebras of H, denoted by H, and Z_, respectively. We say that a Hopf
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subalgebra K of H is the kernel of a representation if K = H_for a certain character
x of H.

Section Plstudies the relationship between normal Hopf subalgebras and the Hopf
algebras generated by kernels. It is shown that any normal Hopf subalgebra is the
kernel of a character which is central in H*.

In Section [3 the converse of the above statement is proven. More precisely, it is
shown that for a representation M of H affording a character y which is central in
H*, the Hopf subalgebra H_ is normal in H. This implies that a Hopf subalgebra
is normal if and only if it is the kernel of a character which is central in the dual
Hopf algebra. Under the same assumption on x it is shown that the irreducible
representations of H//H, := H/HH? are precisely the irreducible representations
of H which are constituents of some tensor power of M. Using a basis description
given in [14] for the algebra generated by the characters which are central in H*, we
describe a finite collection of normal Hopf subalgebras of H which are the maximal
normal Hopf subalgebras of H (under inclusion). Any other normal Hopf subalgebra
is an intersection of some of these Hopf algebras. Two other results that hold for
group representations are presented in this section.

In this paper we work over the base field C. For a vector space V, |V| de-
notes the dimension dimcV. We use Sweedler’s notation, A(z) = > x1 ® x4, for
comultiplication. All other notation is the same as that used in [7].

1. PROPERTIES OF THE KERNEL

Let H be a finite dimensional semisimple Hopf algebra over C. Then H is also
cosemisimple [5]. Denote by Irr(H) the set of irreducible characters of H and by
C(H) the character ring of H. Then C(H) is a semisimple subalgebra of H*,
[15] and 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 x* = x 0.S. This induces
an involution “*” : C(H) — C(H) on C(H).

Recall that the exponent of H is the smallest positive number m > 0 such that
hl™ = €(h)1 for all h € H. The generalized power hl"™ is defined by hl™ =
Z(h) hihs...hy,. The exponent of a finite dimensional semisimple Hopf algebra is
always finite and divides the third power of the dimension of H [1].

Remark 1.1. Let W be a simple H*-module. Then W is a simple right H-comodule,
and one can associate to it a simple subcoalgebra of H denoted by C,, [M]. If
q = |W|, then |C,, | = ¢* and Cyy is a matrix coalgebra. It has a basis {z;; }1<i j<q
such that A(z;;) = Y], 2 @y for all 1 < i,j < g. Moreover, W =~ C < x1,| 1 <
i < ¢ > as right H-comodules, where p(z1;) = A(z1;) = Y i, z1u ® xy; for all
1 < i < q. The character of W as a left H*-module is d € C(H*) C H, and it
is given by d = >°¢ | z;;. Then €(d) = ¢, and the simple subcoalgebra C,, is also
denoted by Cj.

Proposition 1.2. Let H be a finite dimensional semisimple Hopf algebra and let M
be a representation of H affording the character x € C(H). If W is an irreducible
representation of H* affording the character d € C(H™), then the following hold:

(1) Ix(d)] < x(1)e(d).
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(2) Equality holds if and only if d acts as ae(d)Id,, on M for some root of
unity o € C.

Proof. (1) W is a right H-comodule, and one can define a map T which is
similar to the one defined in Paragraph 3.1 of [3]:

T: MW — MeQW
mEw — > wim® wg.

It can be checked that T?(m ® w) = Zw[lp]m ® wo for all p > 0. Thus,
if m = exp(H), then T™ =1d,,,,, . Therefore T is a semisimple operator
and all its eigenvalues are roots of unity. It follows that tr(T) is the sum of
all these eigenvalues and consequently [tr(T)| < dim¢(M @ W) = x(1)e(d).
It is easy to see that tr(T) = x(d). Indeed, using the above remark one can
supposethatW:(C<x1i|1§i§q>whereCW:C<xij\ 1<i4,5<
q > is the coalgebra associated to W. Then the formula for T becomes
T(m ® x1;) = Z;(:di zj;m ® x1;, which shows that tr(T) = Zf(:dl) x(xs) =
x(d).

(2) Equality holds if and only if T = old,,,, for some root of unity . The
above expression for T implies that in this case xz;;m = §; jam for any
1 < 4,5 < e(d). Therefore dm = ae(d)m for any m € M. The converse is
immediate. (]

Let M be a representation of H which affords the character x. Define ker y
as the set of all irreducible characters d € Irr(H*) which act as the scalar ¢(d) on
M. The previous proposition implies that ker x = {d € Irr(H*)| x(d) = e(d)x(1)}.
Similarly let z_ be the set of all irreducible characters d € Irr(H*) which act as a
scalar ae(d) on M, where « is a root of unity. Then from the same proposition it
follows that z, = {d € Irr(H")| [x(d)| = e(d)x(1)}. Clearly ker x C z, .

Remark 1.3. (1) The proof of Proposition [[2implies that for a representation
M of H affording a character x € C(H) and an irreducible character d €
Irr(H*) the following assertions are equivalent:

1) d € ker x.
2) x(d) = e(d)x(1).
3) X(xij) = (Sijx(l) for all Z,]
4)dm = e(d)m for all m € M.
5) z;;m = §;;m for all 4,5 and all m € M.
(2) Similarly one has the following equivalences:
1)dez,.
2) x(d)] = e(d)x(1).
3) There is a root of unity a € C such that x(z;;) = ad;;x(1) for all 4, j.
4) There is a root of unity o € C such that dm = ae(d)m for all m € M.
5) There is a root of unity o € C such that z;;m = ad;jm for all ¢, j and
all m e M.
(3) Let Irr(H) = {x0,---, Xs} be the set of all irreducible H-characters
and let M be a representation of H which affords the character y. If
X = >i—gmixi where m; € Zxq, then ker x = (1, ,, ker x; C z, C

ﬂmi #0 in '
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A subset X C Irr(H*) is closed under multiplication if for every x,u € X in
the decomposition of yu = Z,yem(H*) m.7y one has v € X if m, # 0. A subset
X C Irr(H™) is closed under “*” if z* € X for all x € X.

Proposition 1.4. Let H be a finite dimensional semisimple Hopf algebra and M
a representation of H affording the character x € C(H). Then the subsets ker x
and z of Irr(H*) are closed under multiplication and under “* 7.

Proof. Proposition [[L2 implies that x(d) = e(d)x (1) if and only if d acts as €(d)Id,,
on M. Therefore if d € ker x, then d* = S(d) € ker x since x(d*) = x(d) [10]. Let
d,d" € ker x. Then dd’ acts as e(dd’)Idp; on M since d acts as €(d)Idy; and d’ acts

e(d)Idpr on M. Write dd’ = Y"7_, m;d; where d; are irreducible characters of
H* and m; # 0 for all 1 <i < gq. Then x(dd') = Y_]_, mix(d;) and

x(1)e(dd') = |x(dd")| Z d;)| < x(1 Zmz ) = x(1)e(dd).

It follows from Proposition that x(d;) = x(1)e(d;) and therefore d; € ker x for
all 1 <17 < ¢q. The proof for z, is similar. O

Remark 1.5. (1) For later use let us note that ker x C ker x" for all n >
0. Indeed if d € Irr(H*) is an element of ker x, then one has a simple
subcoalgebra Cy associated to d and d = Zf(dl) 2. Ttem () of Remark [[3]
implies that x(z;;) = x(1)d;;. Thus

e(d) e(d)
Z Z X (@i )X (Tigiz) - X(@i,,_13) = x(1)"e(d).

=141, ,ip—1=1

Similarly it can be shown that z, C7Zn for all n > 0.

(2) If X C Irr(H*) is closed under multiplication and under “ * 7, then it gener-
ates a Hopf subalgebra of H denoted by H, [9]. One has H, = @,y Ca.
Using this, since the sets ker x and z are closed under multiplication and
under “* 7, they generate Hopf subalgebras of H denoted by H_ and Z_,
respectively.

(3) The proof of Proposition implies that y iHX = X(l)eHX, where x |, is
the restriction of x to the subalgebra H and €y, 18 the character of the
trivial module over the Hopf algebra H_ .

(4) Suppose that M and N are two H-modules affording the characters x and
w. If M is a submodule of N, then it can easily be seen that ker u C ker x
and consequently that H, C H_ .

2. NORMAL HOPF SUBALGEBRAS

As before let H be a finite dimensional semisimple Hopf algebra over C. We use
the notation Ay € H for the idempotent integral of H (e(Ay) = 1) and ty € H*
for the idempotent integral of H* (tg(1) = 1). From Proposition 4.1 of [] it follows
that the regular character of H is given by the formula

(2.1) Hit, = > xW)x.

x€lrr(H)
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The dual formula is

(2.2) HIA, = > e(d)d.

delrr(H*)

One also has t,,(A,) = ﬁ [5].

If K is a Hopf subalgebra of H, then K is a semisimple and cosemisimple Hopf
algebra [7]. A Hopf subalgebra K of H is called normal if hjxS(he) € K and
S(hi)xhe € K for all z € K and h € H. If H is a semisimple Hopf algebra as
above, then S? = Id (see [5]) and K is normal in H if and only if hy2S(hs) € K for
allz € K and h € H. If K™ = Ker(e) N K, then K is a normal Hopf subalgebra of
H if and only if HKT = KT H. In this situation H//K := H/HK™ is a quotient
Hopf algebra of H via the canonical map 7 : H — H//K (see Lemma 3.4.2 of [7]).
In our setting, K is normal in H if and only if A, is central in H (see Lemma 1 on
page 1932 of [6]).

Remark 2.3. Suppose that K is a normal Hopf subalgebra of H and let L = H//K
be the quotient Hopf algebra of H viaw : H — L. Then * : L* — H* is an injective
Hopf algebra map. It follows that 7*(L*) is normal in H* and it is easy to see that
(H*//L*)" = K. The representations of L = H//K are those representations M
of H such that each « € K acts as e(z)Idas on M. If x is the character of M as an
L-module, then 7*(x) € C(H) is the character of M as an H-module and with the
above notation, H_ D K.

*(x)

Notation: Let p be any irreducible character of H and let {, € Z(H) be the
central primitive idempotent associated to it. Then v(§,) = d,, ,1(1) for any other
irreducible character v of H and {{,} ..., is the complete set of central orthogonal
idempotents of H. Dually, since H* is semisimple to any irreducible character
d € C(H*), one has an associated central primitive idempotent £; € Z(H*). As
before one can view d as being in H** = H, and the above relation becomes
€4(d") = bq, we(d) for any other irreducible character d' € C(H*). Also {¢,
is the complete set of central orthogonal idempotents of H*.

We say that a Hopf subalgebra K of H is the kernel of a character if K = H_
for some character x € C(H). The following is the main result of this section.

}dEIrr(H*)

Theorem 2.4. Let H be a finite dimensional semisimple Hopf algebra. Any normal
Hopf subalgebra K of H is the kernel of a character which is central in H*. More
precisely, with the above notation one has
K= H\Llw*(tL)'

Proof. Let L = H//K. Then L is a semisimple and cosemisimple Hopf algebra
[7]. The above remark shows that the representations of L are exactly those rep-
resentations M of H such that HXM D K where x,, is the H-character of M. Let
m : H — L be the natural projection and let 7* : L* — H* be its dual map.
Then 7* is an injective Hopf algebra map and L* can be identified with a Hopf
subalgebra of H*. Therefore, if ¢, € L* is the idempotent integral of L, then |L|t,
is the regular character of L and H|L‘,T*(tL) D K. Since 7*(L*) is a normal Hopf
subalgebra of H* it follows that 7*(¢, ) is a central element of H*. We have to show
that H = K and the proof will be complete.

ILlm* (t))
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With the above notation, since 7*(¢,) is a central idempotent of H*, one can
write it as a sum of central primitive orthogonal idempotents:

() = 3 &
deX

where X is a subset of Irr(H™*). It follows that for any d € Irr(H*) one has that
7*(t,)(d) = e(d) it d € X and 7*(¢,)(d) = 0 otherwise, which shows that X =
ker |L|7*(t,). Since Hy v, 2 K, one has 7*(t,)(d) = e(d) for all d € Irr(K*)
and thus Irr(K™*) C X. Let A,, € H and A, € L be the idempotent integrals of H
and L. Since 7 is a surjective Hopf algebra map, one has m(Agy) = A,. Then

() (M) = b, (1(A,) = £, (A,) = %

On the other hand, since A, = = Y dete(m+) €(d)d it follows that

[H]
i} 1
T (tL)(AH) = H Z E(d)zv
deX
which implies that Y. €(d)* = ||Lﬂ = |K|. Since X:dem(K*)e(d)2 = |K| and
Irr(K*) C X, we conclude that Irr(K*) = X and HlLW(tL) =K. O

Let C be the trivial K-module via the augmentation map €,.. Denote by € 1:=
€, T the character of the induced module H @ C.

Corollary 2.5. Let K be a Hopf subalgebra of H. Then K is normal in H if and
only ifHTH =K.
Tk

Proof. Suppose K is a normal Hopf subalgebra of H. With the notation from

the above theorem, since € = |L|7*(¢,) and Hp e, = K, it follows that

H = K. Conversely, suppose that H = K. Then by using the third item of
et Tk

Remark [[Hlit follows that eTgig = %e «- Using Frobenius reciprocity this implies

that for any irreducible character x of H the value of m(x lr, ex) = m(x, € t1) is
either x(1) if x is a constituent of € £ or 0 otherwise. But if A, is the idempotent
integral of K, then m(x {k, €,) = x(A,). Thus x(A,) is either zero or x(1) for
any irreducible character x of H. This implies that A, is a central idempotent
of H and therefore that K is a normal Hopf subalgebra of H by [6] (see also
Proposition 1.7.2 of [g]). O

3. CENTRAL CHARACTERS

Let H be a finite dimensional semisimple Hopf algebra over C. Consider the
central subalgebra of H defined by Z(H) = Z(H) N C(H*). It is the algebra of
H*-characters which are central in H. Let Z(H*) := Z(H*) N C(H) be the dual
object, namely the subalgebra of H-characters which are central in H*.

Let ¢ : H* — H be given by f — f — A, where f — A, = f(S(A, ))A,,.

Then ¢ is an isomorphism of vector spaces [7].

Remark 3.1. With the notation from the previous section, it can be checked that
$(6a) = Sld* and ¢71(€,) = x(1)x for all d € Trr(H*) and x € Trr(H) (see for
]).

\
example [7
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We use the following description of Z(H*) and Z(H) as given in [I4]. Since
¢(C(H)) =7Z(H) and ¢p(Z(H*)) = C(H™*), it follows that the restriction

By, Z(H") = Z(H)

is an isomorphism of vector spaces.

Since Z(H*) is a commutative semisimple algebra it has a vector space basis
given by its primitive idempotents. Since Z(H*) is a subalgebra of Z(H*) each
primitive idempotent of Z(H*) is a sum of primitive idempotents of Z(H*). But
the primitive idempotents of Z(H*) are of the form &; where d € Irr(H*). Thus,
there is a partition {J;};cs of the set of irreducible characters of H* such that the

elements (e;);cs given by
e = &

dey;
form a basis for Z(H*). Note that e;(d) = e(d) if d € Y; and e;(d) = 0 if d ¢ V.
Since ¢(Z(H*)) = Z(H) it follows that €; := |H|p(e;) is a basis for Z(H). Using
the first formula from Remark Bl one has

&= e(d)d".

dey;

Remark 3.2. (1) By duality, the set of irreducible characters of H can be par-
titioned into a finite collection of subsets {X;};c; such that the elements
(fi)ier given by
fi= Z x(L)x
XEX;
form a C-basis for Z(H*). Then the elements ¢(f;) = > xex; &, are the

central orthogonal primitive idempotents of Z(H ) and therefore form a
basis for this space. Clearly |I| = |.J|.

(2) Let M be a representation of a semisimple Hopf algebra H. Consider
the set C of all simple representations of H which are direct summands
in some tensor power M® ™. Then C is closed under tensor products and
under “*” and thus generates a Hopf algebra L which is a quotient of H
(see [12] or [13]). Note that if C C Irr(H) is closed under multiplication
and under “ * 7 then from the dual version of item (2 of Remark
it follows that C generates a Hopf subalgebra HF of H*. It follows that
L = (H})* (see also Proposition 3.11 of [I1]). If M has character x € H*,
then the character 7*(¢t,) € C(H) can be expressed as a polynomial in x
with rational coefficients (see Corollary 19 of [10]).

Proposition 3.3. Suppose x is a character of H which is central in H*. Then H
is a normal Hopf subalgebra of H and the simple representations of H//H, are the
simple constituents of all the powers of x.

Proof. Since x € Z(H*), with the above notation one has y = ZjeJ a,e;, where
a; € C. It follows that x(d) = a,e(d) if d € ;. Therefore if d € Y}, then d € ker x
if and only if a; = x(1). This implies that ker y is the union of all the sets ); such
that a; = x(1). Using formula (2.2)) the integral [H [Ay can be written as

H Ag, = Y edd= > > e(d)d

déker x (| ay=x(1)} d€y;
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and therefore

H An, = H|SAn)= S Sead= Y
{7 a;=x(1)} dey; {7 I aj=x(1)}
Then A H, is central in H since each €; is central in H. As above this implies that
H_ is normal in H.
Let V be an H-module with character x and let I =), >, Ann(V® ™). If L is
the quotient Hopf algebra of H generated by the constituents of all the powers of
X, then from [13] or [12] one has that L = H/I. Note that I > HH* Using

1Llm* (e,
item (@) of Remark one obtains that 7*(¢,) is a polynomial in x with rational
coefficients. Since  is central in H* it follows that 7*(¢, ) is a central element of H*
and thus that L* is a normal Hopf subalgebra of H*. Using [2.3]) (for L* — H*),
it follows that H//(H*//L*)* = L. Then if K = (H*//L*)*, one has H//K = L.

Theorem 24 implies that H‘quﬁ = K; thus H//H‘LW‘“L) = H//K = L. But
L =H/I, and sinceIDHHI‘ «¢, it follows that HHI‘ v, =1. It is easy to
™ tL ™ tL

see that H H: C I since the elements of H_ act as € on each tensor power of V' (see

item () of Remark [LH]).
On the other hand |L|¢, is the regular character of L. Then ker x D ker |L|7*(¢,)

since x is a constituent of |L|z*(t,). Thus I > HH} D HHI\ v, Since
™ tL
HHY - =1itfollows that HH = I and thus H//H, = L. O
™ tL

Theorem [Z4] and the previous proposition imply the following corollary:

Corollary 3.4. A Hopf subalgebra of H is normal if and only if it is the kernel of
a character x which is central in H*.

Let H; := H 5,5 see Remark for the definition of f;. From Proposition B3]
it follows that H; is a normal Hopf subalgebra of H. If K is any other normal
Hopf subalgebra of H, then Theorem 2.4] implies that K = H _ for some central
character x. Following [14], one has x = } ,.;, m;f; for some rational positive
numbers m; and some subset I’ C I. Then ker x = [, ker f;, which implies
that H = ();c;» H;. Thus any normal Hopf subalgebra is an intersection of some
of these Hopf algebras H;.

Remark 3.5. If K and L are normal Hopf subalgebras of H, then it is easy to see
that KL = LK is a normal Hopf subalgebra of H that contains both K and L.

Let L be any Hopf subalgebra of H. We define core(L) to be the biggest Hopf
subalgebra of L which is normal in H. Based on Remark 3.1 clearly core(L) exists
and is unique. If A is a Hopf subalgebra of H, then there is an isomorphism of
H-modules H/HAY 2% H®, C given by h — h®, 1. Thus if A C B C H are
Hopf subalgebras of H, then e Tg is a constituent of € Tf since there is a surjective
H-module map H/HA" — H/HB™.

Remark 3.6. Suppose x and p are the characters of two representations M and
N of H such that p is central in H* and x is an irreducible character which is
a constituent of p. From item (I of Remark it follows that x € Aj, for
some iy € I. Since p is central in H* it follows that p is a linear combination
with nonnegative rational coefficients of the elements f;. Since x is a constituent
of p it follows that f;, is also a constituent of an integral multiple of p. Thus
ker i C ker f;,.
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Theorem 3.7. If x is an irreducible character of H such that x € X; for some

i €1, then core(H,) = H, .

Proof. Let K = core(H, ). Since x is a constituent of f;, by item () of Remark [
one has that H, C H . The normality of H, implies that H, C K. By the
proof of Corollary 2.5 p := € Tf is the H-character of H//K = H/KTH and is
central in H*. Since x lu = Xx(1)en, and K C H,_ it follows that x |,= x(1)e,.

By Frobenius reciprocity one has that x is a constituent of the character u. Using
Remark we then have ker f; Dker pand H, D H, = K. O

Remark 3.8. Ttem (B of Remark implies that y is a constituent of € Tgx and
therefore that H >H o Let H;y = H_ and
ol

H_ , = ettt for s > 1.

The above argument implies that H, O Hsyi. Since H is finite dimensional we
conclude that there is | > 1 such that H; = Hj,1 =--- = H;4,, = ---. Corollary 23]
gives that H; is a normal Hopf subalgebra of H. We claim that core(H ) = H;.
Indeed, for any normal Hopf subalgebra K of H with K C H C H we have

that e Tg is a constituent of Tg , and then using Corollary it follows that
X
K=H CH = H,. Inductively, it can be shown that K C H, for any
eTﬁ eTg

s > 1, which implies that core(H ) = H;.

Proposition 3.9. Let H be a semisimple Hopf algebra. Then

(| z =G(H)

x€lrr(H)
where G(H) is the set of all central grouplike elements of H.

Proof. Any central grouplike element g of H acts as a scalar on each simple H-
module. Since g®PH) =1 it follows that this scalar is a root of unity and then

x€lrr(H)

Let d € mxem(m z.. If C, is the simple subcoalgebra of H associated to d (see

Remark [[T]), then d = Zj(jf x;. Item (@) of Remark implies that x;; acts as
5i7jaXIdMX on M where a is a root of unity. For i # j, it follows that x;; acts
as zero on each irreducible representation of H. Therefore xz;; = 0 for all i # j
and d is a grouplike element of H. Since d acts as a scalar on each irreducible
representation of H we have d € Z(H) and therefore d € G(H). O

The next theorem is the generalization of the fact that Z/ker x is a cyclic sub-
group of G//ker x for any character of the finite group G.

Theorem 3.10. Let M be a representation of H such that its character x is central
in H*. Then Z is a normal Hopf subalgebra of H and Z, //H__ is the group algebra
of a cyclic subgroup of CG(H//H ).
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Proof. Since y € Z(H*) one can write y = djed
argument to the one in Proposition shows that

|ZX|AZX = |ZX|S(AZX) = > > e(d)d = > éj.
{7 | lay] =x(1)} de€y; {1 lay| =x(1)}

Therefore A, is central in H and Z _ is a normal Hopf subalgebra of H. Let

aje; with ; € C. A similar

w:H— H//XHX be the canonical projection. Since H is a free Z _-module there is
also an injective Hopf algebra map i:Z //H — H//H such that i(Z) = 7(z) for
all z € Z . Proposition [3.3] implies that the irreducible representations of H//H
are precisely the irreducible constituents of tensor powers of x. From item () of
Remark it follows that Z C le for any nonnegative integer [. Let d € z,_ and

let C, =< x;; > be the coalgebra associated to d as in Remark [Tl Item (2)) of
Remark [[13] implies that for ¢ # j the element z;; acts as zero on any tensor power
of x and therefore its image under 7 is zero. Since 7 is a coalgebra map, one has

e(d)
A(m(xy)) = Zw(xij) Q@ m(xj;) = m(@ii) @ 7(245)-

Jj=1

Thus 7(z) is a grouplike element of H//H . Since m(z) acts as a scalar on
each irreducible representation of H//H_ it follows that m(z;;) is a central grou-
plike element of H//H . This proves that the image under i of Z _//H _is inside
CG(H//H). The grouplike elements that act as a scalar on the representation M
of H//H, _ form a cyclic group by Theorem 5.4 of [3] and the proof is finished. [

Remark 3.11. If x € Z(H *) is an irreducible character of H, then Proposition [3.3]
together with Theorem 5.4 of [3] implies that G(H//H ) is a cyclic group of order
equal to the index of the character .
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