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methods to compute the primitive (central) idempotents in semisimple group
algebras.
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1. INTRODUCTION

The knowledge of the idempotents in a group algebra represents a useful
information for various problems like the study of the group of units in orders
of the group algebra as was done by Ritter and Sehgal [RS91], by Jespers and
Leal [J1L93], by Jespers and del Rio [JAR00], by Jespers, Olteanu, del Rio and
Van Gelder [JOdRVG]), the computation of the Wedderburn decomposition of
a semisimple group algebra done by Olteanu [O1t07], or the description of the
automorphism group of o group algebra done by Herman [Her97], by Olivieri,
del Rio and Simén [OdRS06]. A good description of the primitive central
idempotents was proved to be also useful for proving results like the one of
Perlis—Walker [PW50] which states that the rational group algebra of a finite
abelian group A determines, up to isomorphism, the group A.

Finding explicit expressions of the primitive central idempotents in a ratio-
nal group algebra QG using alternative methods of the classical one, character-
free methods or methods which do not involve computation in extensions of
the rationals was a problem studied by several authors, for example by Ayoub
and Ayoub[AA69], Jespers, Leal and Paques [JLP03], Olivieri, del Rio and
Simén [OdRS04], Jespers, Olteanu and del Rio [JOdR12|, Janssens [Jan12],
Bakshi and Passi [BP12], Bakshi, Kulkarni and Passi [BKP12]. The case of
a finite semisimple group algebra was also studied by Broche and del Rio
[BARO7], Bakshi, Gupta and Passi [BGP12], Bakshi and Raka [BR03], Ferraz
and Polcino Milies [FP07] with the possibility to apply some of these results
in coding theory. Some of these methods were also implemented in a package
called wedderga [Wedderga09] of the computer algebra system GAP [GAP].

The primitive idempotents in a simple component of a semisimple group
algebra were also studied by Jespers, Olteanu and del Rio [JOdR12], Olteanu
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and Van Gelder [VGO11] with a special interest for the applications in units
of integral group rings.

We shall collect and present the classical and some recent methods to com-
pute the primitive (central) idempotents in a semisimple group algebra over a
finite field or over the rationals.

2. PRELIMINARIES

We introduce some useful notation and results, mainly from [JLP03] and
[OdRS04]. Throughout G is a finite group. If H is a subgroup of a group G,

then let H = ‘—}I' Y henh € QG. For g € G, let g = (g) and for non-trivial G,

let ¢(G) = [[(1 — M), where M runs through the set of all minimal normal

nontrivial subgroups of G. Clearly, Hisan idempotent of QG which is central
if and only if H is normal in G. If K <« H < G then let

€(H,K): H (K_]/\Z)7

where M(H/K) denotes the set of all minimal normal subgroups of H/K.
We extend this notation by setting e(K,K) = K. Clearly e(H, K) is an
idempotent of the group algebra QG. Let e(G, H, K) be the sum of the distinct
G-conjugates of e(H, K), that is, if T is a right transversal of Ceng(e(H, K))
in G, then
(G, H,K)=> e(H,K),
teT

where a9 = glag for a € CG and g € G. Clearly, (G, H,K) is a central
element of QG. If the G-conjugates of £(H, K) are orthogonal, then e(G, H, K)
is a central idempotent of QG.

A Shoda pair of a finite group G is a pair (H, K) of subgroups of G with
the properties that K < H, H/K is cyclic, and if ¢ € G and [H,g| " H C K
then g € H. A strong Shoda pair of G is a Shoda pair (H,K) of G such
that H < Ng(K) and the different conjugates of ¢(H, K) are orthogonal. We
also have, in this case, that Ceng(e(H, K)) = Ng(K) and H/K is a maximal
abelian subgroup of Ng(K)/K.

If y is a monomial character of G then y = ¢, the induced character
of a linear character ¥ of a subgroup H of G. By a Theorem of Shoda, a
monomial character Y = ¢ as above is irreducible if and only if (H, Kery)
is a Shoda pair (see [Sho33] or [CR62, Corollary 45.4]). A strongly monomial
character is a monomial character y = 1) as before with (H,Kery) a strong
Shoda pair. A finite group G is monomial if every irreducible character of
G is monomial and it is strongly monomial if every irreducible character of
G is strongly monomial. It is well known that every abelian-by-supersolvable
group is monomial (see [Hup98, Theorem 24.3]) and in [OdRS04] it is proved
that it is even strongly monomial. We will use these results in order to study
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the primitive (central) idempotents of group algebras for some abelian-by-
supersolvable groups, including finite nilpotent groups.

Now we focus on finite fields. First, we introduce some notations and results
from [BARO7]. Let F = F,m denote a finite field of characteristic ¢ with ¢™
elements, for g a prime and m a positive integer, and G a finite group of order
n such that FG is semisimple, that is (¢,n) = 1. We fix an algebraic closure
of F, denoted by F. For every positive integer k coprime with ¢, &, denotes a
primitive kth root of unity in F and oy, denotes the multiplicative order of ¢™
modulo k. Recall that F () ~ Fgmoy, the field of order ¢ .

Let Q denote the subgroup of Zy , the group of units of the ring Z,,, generated
by the class of ¢™ and consider Q acting on G by s-g = ¢g°. The ¢"-cyclotomic
classes of G are the orbits of G under the action of Q@ on G. Let G* be the
group of irreducible characters in F of G. Now let C(G) denote the set of
q™-cyclotomic classes of G*, which consist of linear faithful characters of G.

Let K < H < G be such that H/K is cyclic of order k and C € C(H/K).
If x € C and tr = trp,)/r denotes the field trace of the Galois extension
F(&)/F, then we set

co(H,K) = [H|7' Y tr(x(hK))h™ = [H: K"K Y tr(x(X)hy,
heH XeH/K

where hx denotes a representative of X € H/K. Note that ec(H, K) does not
depend on the choice of x € C. Furthermore, ec(G, H, K) denotes the sum
of the different G-conjugates of ec(H, K). Note that the elements ec(H, K)
will occur later as the building blocks for the primitive central idempotents of
finite group algebras.

If H is a subgroup of G, ¥ a linear character of H and g € G, then 99 denotes
the character of HY given by 19(hY) = ¢(h). This defines an action of G on
the set of linear characters of subgroups of G. Note that if K = Ker, then
Kery?9 = K9 and therefore the rule ¢ — 99 defines a bijection between the set
of linear characters of H with kernel K and the set of linear characters of HY
with kernel K9. This bijection maps ¢-cyclotomic classes to ¢"-cyclotomic
classes and hence induces a bijection C(H/K) — C(HY/K9). The image of
C € C(H/K) under this map is denoted as C9. The following equality is
obvious

ec(H,K)? = ece(HY, K9).
Let K < H < G be such that H/K is cyclic. Then the action from the
previous paragraph induces an action of N = Ng(H) N Ng(K) on C(H/K)
and it is easy to see that the stabilizer of a cyclotomic class in C(H/K) is

independent of the cyclotomic class. We denote by Fq(H/K) the stabilizer of
such (and thus of any) cyclotomic class in C(H/K') under this action.

REMARK 2.1. The set Eg(H/K) can be determined without the need to
use characters. Let K I H < G be such that H/K is cyclic. Then N =
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Ng(H) N Ng(K) acts on H/K by conjugation and this induces an action of
N on the set of ¢"-cyclotomic classes of H/K. It is easy to verify that the

stabilizers of all the ¢™-cyclotomic classes of H/K containing generators of
H/K are equal and coincide with Eg(H/K).

There is a strong connection between the elements e(H, K) and ec(H, K)
given in the following Lemma from [BARO7].

LEMMA 2.2. Let Z(4) denote the localization of Z at q. We identify Fy with
the residue field of Zq), denote with T the projection of x € Z, in Fy CF
and extend this notation to the projection of Z(yG onto F,G C FG.

1. Let K 9 H < G be such that H/K s cyclic. Then

eHK)= > co(HK).
CeC(H/K)
2. Let K < H < Ng(K) be such that H/K s cyclic and R a set of
representatives of the action of No(K) on C(H/K). Then

e(G,H,K) =) _ec(G, HK).
CeR

REMARK 2.3. From [BdRO7, Theorem 7], we know that there is a strong
relation between the primitive central idempotents in a rational group algebra
QG and the primitive central idempotents in a finite group algebra FG that
makes use of the strong Shoda pairs of G. Hence, if X is a set of strong
Shoda pairs of G and every primitive central idempotent of QG is of the form
e(G,H,K) for (H,K) € X, then every primitive central idempotent of FG is
of the form ec(G, H, K) for (H,K) € X and C € C(H/K), as one can see in
Section 4.

3. PRIMITIVE CENTRAL IDEMPOTENTS IN RATIONAL GROUP ALGEBRAS

The classical method used for the computation of the primitive central
idempotents of QG starts by calculating the primitive central idempotents
e(x) of CG associated to the irreducible (complex) characters x of G, for
which there is a well known formula given by

e(x) = 9%1\) > x(g7Ng
geG

and continues by summing up all the primitive central idempotents of the form
e(oox) with o € Gal(F(x)/F).

PROPOSITION 3.1. [Yam73, Proposition 1.1] For G a finite group and x an
irreducible complex character of G, ep(x) is given by the formula

(1) er(X)= Y, e
oceGal(F(x)/F)

where x? is the character of G given by x°(g) = o(x(g9)), for g € G.
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The primitive (central) idempotents of QA for A abelian are well known
(see [AA69], [GJPI6] or [PW50]). A description in terms of the idempotents
of the form (A, H) has been given by Jespers, Leal and Paques.

ProprosiTION 3.2. [JLP03, Corollary 2.1] If A is an abelian group, then
the primitive central idempotents of QA are the elements of the form (A, H)
where H is a subgroup of A such that A/H is cyclic.

An alternative method to compute the primitive central idempotents of QG,
for G a finite nilpotent group, that does not use the character table of G has
been introduced by Jespers, Leal and Paques [JLPO03].

THEOREM 3.3. [JLP03, Theorem 2.1] Let G be a finite nilpotent group. The
primitive central idempotents of QG are precisely all elements of the form

Z(g(GTmHm))g

g

(the sum of all G-conjugates of (G, Hy,)), where Hy, and G, are subgroups
of G that satisfy all of the following properties:

(1) HoCH1 C---CHp CGp C--- CG1L CGo =Gy

(2) for 0 <i<m, H; is a normal subgroup of G; and Z(G;/H;) is cyclic;

(3) for 0 <i < m, G;/H; is not abelian, and G, /Hy, is abelian;

(4) for 0 <i < m, Gip1/H; = Cg,/u,(Z2(Gi/H;)), where Zo(Gi/H;) is
the second center of Gi/H; and Cg, g, (Z2(Gi/H;)) is the centralizer
of Z2(Gi/H;);

(5) for 1 <i<m, Nyeq, ,/u,_, HF = Hi-1.

)

Olivieri, del Rio and Simén pointed out that this method relies on the fact
that nilpotent groups are monomial and, using a theorem of Shoda [Sho33],
they gave an alternative presentation. This method was generalized and im-
proved in [OdRS04] and it was given a character-free method to describe the
primitive central idempotents of QG provided G is a monomial group, that is,
every irreducible character of G is induced from a linear character of a sub-
group of G. The new method relies on Shoda pairs of the group G, that are
subgroups (H, K) of G with K normal in H, H/K abelian and so that an ir-
reducible linear character of H with kernel K induces an irreducible character
of G. This method is applicable to all abelian-by-supersolvable finite groups,
in particular to finite nilpotent groups.

THEOREM 3.4. [OdRS04, Theorem 2.1] Let G be a finite group, H a sub-
group of G, v a linear character of H and ¥ the induced character of 1 on
G. IfYC is irreducible, then the primitive central idempotent of QG associated
to Y& is
[Ceng(e(H,K)) : H]

Q) : Q(¥%)]

eq(v) =
where K 1is the kernel of 1.

e(G7 H7 K)’
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Moreover, if the character ¢ from the previous theorem is a linear charac-
ter of H with kernel K and (H, K) is a strong Shoda pair, then EQ(Q/JG) =

e(G, H, K), that is, if we denote the coefficient o = % and (H, K)
is a strong Shoda pair then o =1 (see [OdRS04, Theorem 4.4]).

This method was implemented in a computer GAP package called wedderga
[Wedderga09]. This package includes a function for the computation of the
primitive central idempotents in semisimple group algebras using characters,
named PrimitiveCentralIdempotentsByCharacterTable. The function us-

ing strong Shoda pairs is called PrimitiveCentralIdempotentsByStrongSP.

For groups that are not monomial, only for very few has been obtained a
character-free description of the primitive central idempotents of the corre-
sponding rational group algebra. In [GJ98] this is done for alternating groups.
In [BP12] is provided an explicit description of the primitive central idempo-
tents of a group algebra QG associated to complex irreducible characters of
G having a property called P. A complex irreducible character y of a finite
group G , with affording representation p, said to have property P if, for ev-
ery g € G, either x(g) = 0 or all eigenvalues of p(g) have the same order.
The following result gives equivalent conditions for a character y to have the
property P.

PROPOSITION 3.5. [BP12, Theorem 1] Let x be an irreducible complex char-
acter of the finite group G with p a representation of G affording x. For g € G,
the following are equivalent:

(i) All the eigenvalues of p(g) have the same order;
(ii) Y’(Ker(x)@ is a sum of faithful irreducible characters of (Ker(x)g),

where X is the character of the representation p of G /Ker(x);

(iii) p maps all primitive central idempotents of the rational group algebra
Q(Ker(x)g) to zero, except the idempotent e((Ker(x)g), 1), which gets
mapped to the identity matriz.

An explicit description of the primitive central idempotents of a group alge-
bra QG associated to complex irreducible characters of G having the property
P is given in the following result.

THEOREM 3.6. [BP12, Theorem 1| Let x be a complex irreducible character
of a finite group G with affording representation p such that for every g € G,
either x(g) = 0 or all eigenvalues of p(g) have the same order. Then the
primitive central idempotent eq(x) of QG associated with x is given by

1 d
T p(d(g))

eq(x) = eI

u(d(9)) ) ?
deG,X(g);ﬁo (v(d(g))) 9€G,x(9)#0
where, for g € G, d(g) denotes the order of g modulo Ker(x), and p and ¢ are
the Mobius and the Euler’s function respectively.
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Remember that for any integer n > 1, ¢(n) denotes the number of integers
i, 1 <i <mn such that ged(i,n) =1, and

1, if n=1;
p(n) = ¢ (=1)", if n is square-free and is a product of r distinct primes;
0, if n is not square-free.

The previous theorem is applied in [BP12] in order to explicitly write the
primitive central idempotents in the rational group algebra of an extra-special
p-group, a CM,,_1-group, a nilpotent group of class < 2 and those associated
with some monomial characters.

For arbitrary finite groups G, it has remained an open problem to give
a character-free description of the primitive central idempotents of QG. In
[JOdR12] it is proved that for arbitrary finite groups G the elements e(G, H, K)
are building blocks for the construction of the primitive central idempotents e
of QG, i.e. every such e is a rational linear combination of e(G, H, K), where
(H, K) runs through strong Shoda pairs in subgroups of G. The proof makes
fundamental use of Brauer’s Theorem on Induced Characters.

ProrosiTION 3.7. [JOdR12, Proposition 3.2] Let G be a finite group of
order n and x an irreducible character of G. Then the primitive central idem-
potent eq(x) of QG associated to x is of the form

x(1) ai
eq(x) = Q) = Q(¥i)e(G, Hy, Ks),

o = g Qo] 2 G 6 12 QI
where a; € 7, (H;, K;) are strong Shoda pairs of subgroups of G (equivalently
H;/K; is a cyclic section of G), C; = Ceng(e(H;, K;)) and 9; are linear char-
acters of H; with kernel K;.

i

Notice that the formula from Proposition 3.7 for the computation of the
primitive central idempotents eg(x) of QG associated to an irreducible char-
acter x of G coincides with formula from Theorem 3.4 in case x is a monomial
irreducible character of G, that is y is induced to G from only one linear char-
acter ¢ of a subgroup H, with kernel K such that (H, K) is a Shoda pair of
G. The previous formula does not give a bound for the integers a; used in
the previous proposition and on the pairs of groups (H;, K;) that one has to
consider in the description of eg(x).

In [Jan12] a similar description of the primitive central idempotents e of QG
is given for arbitrary finite groups G with a better control of the coefficients
done by the use of the Artin Induction Theorem.

THEOREM 3.8. [Jan12, Theorem 2| Let G be a finite group, x an irreducible
complex character of G and C; = (¢;). Then

m;

< b, x(1) e box(@) s
00 = G0 “ ¢ 0 = G e (Ze(cﬂa) ) )

i=1 i=1 k=1
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where the sum runs through a set {C1,...,C,} of representatives of conjugacy
classes of cyclic subgroups of G and

[G : Ceng/(ci)]

C:ZCl O'EGX

where the sum runs through all the cyclic subgroups C; of G which contain C;
and z* is a generator of C7.

An alternative approach is used in [BKP12] for the computation of an ex-
plicit expression for the primitive central idempotents of the rational group
algebra of a finite group G associated with an irreducible complex character
of G. For any integer d > 1, g € G and an irreducible complex character x of
a finite group G afforded by a representation p, denote by v} (g) the number
of eigenvalues of p(g) of order d.

THEOREM 3.9. [BKP12, Theorem 1] Let x an irreducible complex character
of a finite group G. The primitive central idempotent eg(x) of QG associated
to x is given by

1 X d
eq(x) = x(1) Y Y (g)n( )g'
vi(g)n(d) o(d)
ZQEG,X(g)7£O Zd\n ( o(d) ) 9€G x(9)#0 d|n

4. PRIMITIVE CENTRAL IDEMPOTENTS IN FINITE GROUP ALGEBRAS

The computation of the primitive (central) idempotents in finite semisimple
group algebras provides useful information for the computation of the Wedder-
burn decomposition of the group algebras and can have applications in coding
theory (see for example [PA96], [KSO01], [BR0O3], [FPOT]).

In [BARO7, Theorem 7] is given a description of the primitive central idem-
potents of a finite group algebra and the Wedderburn decomposition of the
corresponding simple components for those idempotents coming from Shoda
pairs of the finite group G. This is implemented in the package wedderga.

THEOREM 4.1. [BARO7, Theorem 7] Let G be a finite group and F a finite
field such that F'G is semisimple.
1. Let (H,K) be a strongly Shoda pair of G and C € C(H/K). Then
ec(G, H,K) is a primitive central idempotent of FG and

FGeo (G, H, K) ~ Mg.p)(Fo/im:m),

where E = Eg(H/K) and o is the multiplicative order of ¢ module
[H : K].

2. Let X be a set of strongly Shoda pairs of G. If every primitive central
idempotent of QG is of the form e(G,H,K) for (H,K) € X then
every primitive central idempotent of F'G is of the form ec(G, H, K)
for (H,K) € X and C € C(H/K).
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For abelian-by-supersolvable groups which have all primitive central idem-
potents of this kind we have the following result as consequence.

THEOREM 4.2. [BARO7, Corollary 8] If G is an abelian-by-supersolvable
group and I is a finite field of order ¢ such that FG is semisimple, then every
primitive central idempotent of FG is of the form ec(G,H,K) for (H,K) a
strong Shoda pair of G and C € C(H/K). Furthermore, for every strong Shoda
pair (H,K) of G and every C € C(H/K),

FGec(G, H, K) =~ Mig.p1)(F jmo/12:x1),
where E = Eq(H/K) and o is the multiplicative order of ¢" modulo [H : K].

In [BGP12, Theorem 1] is explicitly computed a complete set of primitive
central idempotents of a semisimple group algebra F,G, where G is a group of
order p1pz with pi,ps primes and F, denotes a finite field of order ¢ coprime
to pipe. This result may be compared with the particular case provided by
[BARO7, Corollary 9].

5. PRIMITIVE IDEMPOTENTS IN SIMPLE COMPONENTS OF SEMISIMPLE
RATIONAL GROUP ALGEBRAS

Now we show an effective method to calculate a complete set of orthogonal
primitive idempotents of QG for G a finite nilpotent group given in [JOdR12].
Since G is abelian-by-supersolvable and hence strongly monomial, it follows
from [OdRS04, Theorem 4.4] that every primitive central idempotent of QG
is of the form e(G, H, K) with (H, K) a strong Shoda pair of G and therefore
it is enough to obtain a complete set of orthogonal primitive idempotents of
QGe(G, H, K) for every strong Shoda pair (H, K) of G.

THEOREM 5.1. [JOdR12, Theorem 4.5] Let G be a finite nilpotent group
and (H,K) a strong Shoda pair of G. Set e = e(G,H,K), ¢ = ¢(H, K),
H/K = (a), N = Ng(K) and let No/K and He/K = (agz) (respectively
No/K and Hy /K = (ay)) denote the 2-parts (respectively, 2'-parts) of N/ K
and H/K respectively. Then (@) has a cyclic complement (ba) in Ny /K.

A complete/s\et of orthogonal primitive idempotents of QGe consists of the
conjugates of by Bag by the elements of Tor'I5Tq N, where

2 [N 1 H /]—1
Ty ={1,a9,ay,...,a5 > %" "},

Tq/n denotes a left transversal of N in G and B2 and Ty are given according
to the cases below.

(1) If Hy/K has a complement Ms/K in No/K then o = ]\/4\2 Moreover,
if Ma/K is cyclic then there exists by € Ny such that No/K is given
by the following presentation

o —2k B SO
({@,by | @3> =by =1, @2 =a"),
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and if My/K is not cyclic, there exist by, co € Ny such that No/K is
given by the following presentation

k —_
S —on 72 —2 —b —r
(a2,b2, 62 | @° =by =16&" =1, a?*=a",

aQC2 - @_la [E; 6] — 1>7

withr =1 mod 4 (or equivalently, az>" " is central in N2/K ). Then
(i) T = {1,a2,d3, ... ,a%k_l}, ifaz?" " is central in No/ K and My /K
is cyclic; and
(ii) To = {1,a2,d3,... ,a%kil_l, a%n_2, a%n72+1, . ,a§n72+2k71_1}, oth-
erwise.
(2) if Ho/K has no complement in No/K then there exist ba,ca € Nay such
that NoJ/ K is given by the following presentation

@ha | @ =k =L, @-a @ =,
w2 =a", [ =1),
with r =1 mod 4 and we set m = [Hy : K|/[Ny : Hy]. Then
(i) B2 = by and Ty = {1,az,d3, ... ,agk_l}, if either Hy = K or the
order of 2 modulo m is odd and n — k < 2 and

on—2

" i 1+xa2n72+ya &)
(11) 62 = b2 2 2 2 and

2 2k —1 2 2k—1
To ={l,a2,a5,...,a5 ,C2,a2C2,a5C2,...,a5 Ca}

with z,y € Q {CLQ[,Ny:HQ'], 61221€ + a2_2k] satisfying (1+x%+y%)e = 0,

if Hy # K and either the order of 2 modulo m is even or n—k > 2.

The given explicit and character-free construction of a complete set of or-
thogonal primitive idempotents of a rational group algebra of a finite nilpotent
group allows a full description of the Wedderburn decomposition of such al-
gebras. An immediate consequence is a well-known result of Roquette on the
Schur indices of the simple components of group algebras of finite nilpotent
groups. As an application of [JOdR12, Theorem 4.5] one obtains that the
unit group of the integral group ring ZG of a finite nilpotent group G has a
subgroup of finite index that is generated by three nilpotent groups for which
we have an explicit description of their generators. Another application is a
new construction of free subgroups in the unit group.

In [JOdARVG] it is shown an explicit construction of a complete set of or-
thogonal primitive idempotents of QG, for a class of groups inside the finite
strongly monomial groups, namely groups G for which the simple components
QG are determined by a strong Shoda pair (H, K) such that 7(nH,n'H) =1
for all n,n" € Ng(K). The construction is based on the isomorphism of The-
orem 5.2 on classical crossed products with trivial twisting. Hence, when the
twisting 7 is cohomologicaly trivial, the classical crossed product is isomor-
phic to a matrix algebra over its center. Moreover, when 7 = 1 we get an
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explicit isomorphism. More precisely, denoting the matrix associated to an
endomorphism f in a basis B as [f]p, we have

THEOREM 5.2. [Rei75, Corollary. 29.8] Let L/F be a finite Galois extension
and n = [L : F]. The classical crossed product (L/F,1) is isomorphic to
M, (F) as F-algebra. Moreover, an isomorphism is given by

Y (L/F,1) — Endp(L) — My(F)
ru, — x'ooc +— [2oo]p,

forze L, o€ Gal(L/F), B an F-basis of L and where 2’ denotes multiplica-
tion by x on L.

A basis of Q(C[H:K})/Q(C[H:K])NG(K)/H is of the form {w” | z € Ng(K)/H}
with w € Q((g.x))- By a general theory we know that this exists. If £/F
is a finite Galois extension, then by the Normal Basis Theorem, there exists
an element w € E such that {o(w) | 0 € Gal(E/F)} is an F-basis of E, a
so-called normal basis, whence w is called normal in E/F.

THEOREM 5.3. [JOARVG, Theorem 4.1] Let (H, K) be a strong Shoda pair
of a finite group G such that T(nH,n'H) = 1 for all n,n’ € Ng(K). Let
e=¢(H,K) and e = ¢(G,H,K). Let F denote the fized field of QHe under
the natural action of Ng(K)/H and [Ng(K) : H] = n. Let w be a normal
element of QHe/F and B the normal basis determined by w. Let 1) be the
isomorphism between QN¢g (K )e and the matriz algebra M, (F) with respect to
the basis B as stated in Theorem 5.2. Let P, A € M, (F) be the matrices

1 1 1 --- 1 1 0 0 0 1
1 -1 0o --- 0 0 1 0 --- 0 O
1 o -1 --- 0 0 0 1 0 0
P = . ) . . ) and A= .
1 0 0o --- -1 0 o0 --- 00
1 0 0 -~ 0 -1 00 -~ 10

A complete set of orthogonal primitive idempotents of QGe is formed by the
set
{xﬁax_l |z € Ty (z¢)},
where x. = " (PAP™Y), Ty is a transversal of H in Ng(K) and Ty is a right
transversal of Ng(K) in G. By T, we denote the element ﬁ Yoier, tin QG.
The previous result allows a description of a complete set of matrix units in

a simple component QGe(G, H, K) for a strong Shoda pair (H, K) of a finite
group G such that 7(nH,n'H) =1 for all n,n’ € N.

6. PRIMITIVE IDEMPOTENTS IN SIMPLE COMPONENTS OF SEMISIMPLE FINITE
GROUP ALGEBRAS

Finite group algebras and their Wedderburn decomposition are not only of
interest in pure algebra, they also have applications in coding theory. Cyclic
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codes can be realized as ideals of group algebras over cyclic groups [HP9§]
and many other important codes appear as ideals of noncyclic group alge-
bras [HP98, ESL95|. In particular, the Wedderburn decomposition is used
to compute idempotent generators of minimal abelian codes [FP07]. Using a
complete set of orthogonal primitive idempotents, one would be able to con-
struct all left G-codes, i.e. left ideals of the finite group algebra F'G, which is
a much richer class then the (two-sided) G-codes [OVG13].

In [VGOL11] is provided a complete set of orthogonal primitive idempotents
in a simple algebra of type FGe for e a primitive central idempotent of the
semisimple finite group algebra F'G for G a finite nilpotent group. It is used the
description of the primitive central idempotents and the simple components
for abelian-by-supersolvable groups, given in [BARO7].

THEOREM 6.1. [VGOL11, Theorem 3.3] Let F be a finite field of order ¢™ and
G a finite nilpotent group such that FG is semisimple. Let (H, K) be a strong
Shoda pair of G, C € C(H/K) and set ec = ec(G,H,K), ec = ec(H, K),
H/K = (a), E = Eqg(H/K). Let E3/K and Hs/K = (az) (respectively
Ey /K and Hy /K = (ay)) denote the 2-parts (respectively 2'-parts) of E/K
and H/K respectively. Then (ay) has a cyclic complement (by) in FEo /K.

A complete set of orthogonal primitive idempotents of FGec consists of
the conjugates of Ber, = by Pacc by the elements of Tc, = To'T2TE, where
Ty = {1,ay,a%,... ,ag?Q“HQ']_l}, Tr denotes a right transversal of E in G
and By and Ty are given according to the cases below.

(1) If Hy/K has a complement My/K in Es/K then o = Ms. Moreover,

if Mo/ K is cyclic, then there exists by € Fy such that FEy/K is given
by the following presentation

n

(@b | @2 = =1,;"2 =1"),
and if My/K is not cyclic, then there exist by, ca € Eo such that Eo/ K
is given by the following presentation

(@5 | G2 =h? =G =16"=0a",
B2 =a ', (b, = 1),

withr =1 mod 4 (or equivalently az>" " is central in Es/K ). Then

. k_1y .p__on-2 . .
(i) Ty = {1,as,a3,...,a5 '}, if az? * is central in Fy/K (unless
n <1) and My/K is cyclic; and
.. d/2—1 9gn—2 9n-2.4 2" =24.4/2—-1
(ii) Ty = {1,az,d3,... ,a2/ a3 ay th L ag / }, where

d = [Ey : Hsl, otherwise.
(2) If Hy/K has no complement in Eo/ K, then there exist by, ca € Eo such
that Eo/K is given by the following presentation

— 7 = — 79k _92 __9on—1 __p, .
(@2,b2,62 | @ =b” =1, =a ,az? =az’,

G2 =ay ', [by, ) = 1),
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-2 n—2
. i ~ 1+1_a2n n o2 c
with r =1 mod 4. In this case, B3 = by - Y92 2 and
T — {1 2 2k—1 2 ok _1
2—{ , 02,05, . ..,09 , C2, €202, C2035, . . ., C205 }’

with x,y € F and y # 0, satisfying x> +y? = —1.

Theorem 6.1 provides a straightforward implementation in a programming
language, for example in GAP [GAP|. Computations involving strong Shoda
pairs and primitive central idempotents are already provided in the GAP pack-
age Wedderga [Wedderga09].
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