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Abstract

Let k be a field of characteristic p, where p is a prime number, let pp; (G) be the
Grothendieck group of p-permutation kG-modules, where G is a finite group,
and let Cpp,(G) = C ®z pp,(G). In this article, we find all the composition
factors of the biset functor Cpp; restricted to the category of abelian groups.
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1. Introduction

Let k be an algebraically closed field of characteristic p, where p is a prime
number or 0.

Let G be a finite group and let pp,(G) be the Grothendieck group of p-
permutation kG-modules. If we tensor everything with C and if G varies, C pp,,
becomes a C-linear biset functor (Definition 31).

Recall that the simple biset functors Sp v are parametrized by pairs (H, V),
where H is a finite group and V a simple C Out(H )-module.

We want to describe the composition factors of the biset functor Cpp,, re-
stricted to the category of abelian groups. This is similiar in spirit to the work
[1] dealing with the subfunctor of permutation modules.

In order to work with abelian group, we will define the tensor product of biset
functors on groups of corime order. Let Cp,x, be the category whose objects are
finite groups of the form P x @ where P is a p-group and @ is a p’-group (the
morphism are defined using bisets).

In this article, we will prove the following theorem:

Theorem 1. The composition factors of Cpp,, on Cpxy are the simple factors
Sc,xCyxCm,ce and Sc,, c., where (m, &) runs over the set of pairs consisting of
a positive integer m prime to p and a primitive character & : (Z/mZ)* — C*.
Their multiplicity as composition factor is 1.
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Restricting to abelian groups, we obtain the following corollary:

Corollary 2. If G is a finite abelian group and V is a simple C Out(G)-module
then Sg v is a composition factor of Cpp,, if and only if there exists a positive
integer m prime to p and a primitive character & : (Z/mZ)* — C* such that
G = Cy or G =2 C, x C, x Cy,, where V is the 1-dimensional module Cg.
Moreover, the multiplicity of Sa,v as composition factor is 1.

This article begins with some background results on biset functors and com-
position factors. Then we define the tensor product of biset functors on group
of coprime order and show that the tensor product of simple functors is also a
simple functor. Using this and the composition factors of the Burnside func-
tor CB and of the functor CRy of ordinary representation obtained by Serge
Bouc, [2] chapter 5 and 7, we will find the composition factors of the functor of
p-permutation modules Cpp,. So we will have the proof of Theorem 1. Then
we will restrict the category Cpx, to abelian groups to obtain Corollary 2.

All groups are supposed finite, all vector spaces are finite dimensional and
all modules are finitely generated left modules. Let G and H be finite groups.
All G-sets and all (H, G)-bisets are finite. We denote by [U] the isomorphism
class of U (where U can be a group, a vector space, a module, a G-set, an
(H, G)-biset, ...).

2. Background on biset functors

2.1. The category of biset functors
We begin with some recall on biset functors. See [2] for more details.

Definition 3. Let G and H be finite groups. Then B(H, G) is the Grothendieck
group of the isomorphism classes of finite (H, G)-bisets (for the disjoint union).

Notation 4 ([2], Definition 2.4.9 and Notation 2.4.10). Let G be a group.
We denote by Idg the (G, G)-biset G where the two actions are defined by left

and right multiplication in G. We also denote by Ids the image of Idg in

B(G,G).

The product x g can be extended to a map
xy:B(G,H) x B(H,K) — B(G,K)

such that [V]x g [U] = [V x g U] for every (G, H)-biset V and every (H, K )-biset
U.

Definition 5 ([2], Definition 3.1.1).
We define the biset category GrB of finite groups as follows:

e The objects of GrB are all finite groups;
e If G and H are finite groups, then
Homg:p(G, H) = B(H, G);



e If G,H and K are finite groups, then the composition v o u is equal to
vX gu, for all morphisms v € B(H, G) and for all morphisms v € B(K, H);

e For any finite group G, the identity morphism of G in GrB is equal to
Idg.

Let R be a commutative ring with identity element.

Definition 6 ([2], Definition 3.1.6).
We define the category R GrB as follows:

The objects of R GrB are all finite groups;
e If G and H are finite groups, then
HomR@(G, H) =R®y B(H, G);

The composition of morphisms in R GrB is the R-linear extension of the
composition in GrB;

For any finite group G, the identity morphism of G in R GrB is equal to
Idr ®z 1dg.

Definition 7 ([2], Definition 3.2.2).
Let D be a preadditive subcategory of GrB. A biset functor defined on D with
values in R-mod is a R-linear functor from RD to the category R-mod of all
finite generated R-modules.

Biset functors over RD, with values in R-mod, are the objects of a category,
denoted by Fp r, where morphisms are natural transformations of functors, and
composition of morphisms is composition of natural transformations.

Proposition 8 ([2], Proposition 3.2.8).
Let D be a preadditive subcategory of GrB.
1. The category Fp g is a R-linear abelian category: If f : F — F' is a
morphism of biset functors, then for every object G of D

(Ker(f))(G) = Ker(f(G)),  (Coker(f))(G) = Coker(f(G)).

2. A sequence 0 — F o Ly B 50 ds an exact sequence of Fp r if
and only if for any object G of D, the sequence

0— F(&) 'Y ra) X9 ) — o
is an exact sequence of R-modules.

Definition 9 ([2], Definition 4.1.7).
A class D of finite groups is said to be closed under taking subquotients if any
group isomorphic to a subquotient of an element of D is in D.

A subcategory D of GrB is called replete if it is a full subcategory whose
class of objects is closed under taking subquotients.

A subcategory C of RGrB is called replete if there exists a replete subcate-
gory D of GrB such that C = RD.



2.2. Simple functors and composition factors

Let R be a commutative ring with identity element and D be a replete
subcategory of GrB containing group isomorphism. We set C = RD

Now we will give some recall on simple functors of the category Fp r. For
more details, see [3], [2] and [4].

Definition 10. A fonctor is said simple if he’s non-zero and its only subfonctors
are itself and the zero functor.

Remark 11. Proposition 4.2.2 of [2] implies that the simple functors doesn’t
depends of the chosen category D.

Definition 12 ([2], Example 3.3.5). Let G be an object of C and V' be a
simple R Out(G)-module. Then V is also a End¢(G)-module and we define the
biset functor Lg v by:

e For all object H of C, we set

LG,V(H) = Homc(G, H) ®Ende (G) V= RB(H, G) QRB(G,G) V.

e For all morphism ¢ : H - H' in C, Lgv(¢) : Lgv(H) — Lgv(H') is
defined by:

Lav(e): Lav(H) — La,v(H')
fRv— (pof)®w.

We can notice that Lg v (G) = V.

Proposition 13 ([2], Corollary 4.2.4). Let G be an object of C and V be a
simple Ende(G)-module. Then the functor Lgy has a unique proper mazimal
subfunctor Ja,v, and the quotient Sqv = La,v/Jc,v is a simple object of Fp R,
such that Sqv(G) = V.

Remark 14 ([2], Remark 4.2.6). Let H be an object of C. Then Jg v (H) is
egal to the set of finite sums Y. | ¢; ®v; in Lg v (H), where ¢; € Home (G, H)
and v; € V, such that Y. (¢ o ¢;)-v; = 0 for any ¢ € Home(H, G), where
(1 o ;) - v; denote the image of the element v; of V under the action of the
endomorphism ¢ o ¢; of G.

The simple objects of the category Fp g are labelled by pairs (G, V'), where
G is a finite group and V a simple R Out(G)-module. We denote by Sg,v the
simple functor associated to (G,V). If F € Fp g is a simple functor, then
F = Sg,v where G is the smallest group (unique up to isomorphism) such
that F(G) # {0} and V = F(G). We can define a notion of isomorphism
on those pairs such that two simple functors are isomorphic if and only if the
corresponding pairs are isomorphic ([2], Theorem 4.3.10).



Definition 15. Let F be a biset functor on C. A simple functor S is a composi-
tion factor of F if there exists subfunctors F' C F”" C F such that F"/F' = S.

Definition 16. Let G be an object of C. We define the category Cl¢ as the
full subcategory of C whose objects are subquotients of G.

Definition 17 ([5],page 20). Let G be a fixed object of C and F' be a biset
functor on C. The functor F' has a composition series over G if there is a series
of subfunctors

O:T0g31CT1g§BmCTm§Bm+1:F
such that

e T;/B; is a simple functor, whose restriction to C |g is non-zero for all
t=1,...,m.

o Res§y  (Bi+1/T;) =0 for alli =0,...m.

If such a composition series exists, we will call the set of simple functors T;/B;
together with their multiplicities the composition factors of F' over G.

Remark 18. The composition factors of F' over G corresponds exactly to the
composition factors of F' which are non-zero on G. In particular, this allows us
to have a notion of multiplicity for composition factors (thanks to the following
Proposition and Theorem).

Proposition 19 ([5],Proposition 3.1). Let G be a fized object of C and F
a biset functor on C. If F has a composition series over G, then any other
composition series over G of F' has the same lengh and the composition factors
on G (taken with multiplicities) are the same.

Theorem 20. We suppose that R is a field. Then every biset functor on C has
a composition sequence on G, for all group G in C.

PRroOF. This is a consequence of Theorem 3.3, page 22 of [5].

3. Tensor product of biset functors on groups of coprime order

Let k be a algebraically closed field. Let m be a set of prime nombers. Let
P be the full subcategory of k GrB whose objects are all finite m-groups and
let @ be the full subcategory of k GrB whose objects are all finite 7’-groups.
Moreover, let Cp g be the full subcategory of k GrB whose objects are all the
groups of the form P x ) where P is a object of P and @ is an object of Q.
Those three category are replete.

Let Fp be a biset functor on the category P and Fg a biset functor on the
category Q. The aim is to construct a biset functor F' on the category Cp o such
that the restriction of F' on P and Q correspond to Fp and Fg respectively.



We start by defining F' on the objects of Cp o: Let G = P x Q, where P is
an object of P and @ is an object of Q. We set

F(G) = Fp(P) @k Fo(Q)-

As Fp(P) and Fg(Q) are finite dimensional k-vertor spaces, F'(G) is also a finite
dimensional k-vector space.

Now we have to define F'(11) when p is an element of kB(H,G) (where P
and P’ are objects of P and @ and Q' are objects of Q such that G = P x Q
and H = P’ x @’). In order to do this, we need the following proposition:

Proposition 21. Let G, G, H and H' be finite groups. If U is a (G,G')-biset
andV is o (H, H')-biset, then U XV is a (Gx H,G' x H')-biset for the structure
given by:

(g.1) - (w,0) - (¢, 1) = (gzg’, hyh'),
forall g € G, for all ¢ € G, for allh € H, for all W € H', for allu € U and

for allv € V. The correspondence (U, V) — U x V induces a bilinear map
from B(G,G") x B(H,H') to B(G x H,G' x H'), hence a linear map

£ B(G,G') ®z B(H,H') — B(G x H,G' x H'),

which is an injective Z-module homomorphism preserving identity elements. If
G x G" and H x H' have coprime order, this map is an isomorphism.

PROOF. The fact that the correspondence induces a bilinear map comes from
Lemma 8.1.2, page 135 of [2]. It is a generalization of Proposition 2.5.14 b),
pages 38-39 of [2]. The proof is analogous.

Remark 22. The previous proposition remains true if we replace Z by k. We
obtain a homomorphism of k-vertor spaces

e:kB(G,G") @, kB(H,H') — kB(G x H,G' x H')

which becomes an isomorphism if G x G’ et H x H' have coprime order. If
moreover G = G’ and H = H', it becomes an isomorphism of k-algebras.

Let G =P x Q and H = P’ x @', where P and P’ are objects of P and Q
and Q' are objects of Q. Let u be an element of CB(P x Q, P’ x Q'). Then we
define F(u) : F(G) — F(H) as the map

> AiFp(up,;) @k Folug,) : Pp(P) @k Fo(Q) — Fp(P') @ Fo(Q),
=1

where e (u) = 31| Niup ;®@kug,, withup; € kB(P, P') and ug,; € kB(Q,Q’),
foralli=1,...,n.

Proposition 23. Defined in this way, F is a biset functor.



PROOF. Since ¢ preserves identity elements, it is easy to check that F(Idg) =
Idp(q) for all object G of Cp o.

It remains to check that F(uy ous) = F(u1) o F(ug) for all uy € kB(P" x
Q",P' x Q') and for all us € kB(P' x Q', P x Q). By k-linearity, it is enough
to verify this in the case of transitive bisets. Let P, P’ and P” be objects of P,
Q, Q' and Q" be objects of Q, U be a transitive (P x Q", P’ x Q’)-biset and
V be a transitive (P’ x @', P x @)-biset. Then, by Proposition 21, there exists
a (P”, P")-biset Up, a (P’, P)-biset Vp, a (Q",Q’)-biset Ug and a (Q’', Q)-biset
Vo such that:

U=Up xUgetV =VpxVpg.

Then we have:

F([U]) o F([V]) = (Fp ([Up]) @k Fo ([Ug])) o (Fp([VP]) ®k Fo([Va]))
= (Fp([Up]) o Fp([Vp])) @k (Fo([Ug]) o Fo([VQ]))
= Fp([Up xp Vp|) @k Fo([Ug xq Val)
= F([U xpxq V])

because there exists an isomorphism of (P” x Q”, P x Q)-bisets
(Up xpr Vp) x (Ug Xqr Vo) = (Up x Ug) Xprxq (VP x Vo).

Proposition 24. Let 0 — Fp - Fy N Fp — 0 be an exact sequence of
biset functors on the category P and let Fg be a biset functor on the category
Q. We can define an exact sequence of biset functors on Cp g:
n®pld n®ld
O—)Fp@kFQLk—;Q F;;@kFQ k—>FQ Fg@kFQ—)O.
Proor. We begin by defining p ® Idp, and verifying that this is a natural

transformation. Let G = P x ), where P is an object of P and @ is an object
of Q. We define (,u Rk IdFQ)(G) : (Fp Rk FQ)(G) — (Fr;; Rk FQ)(G) by

(n@r1dpy )(Px Q) = p(P) @i ldpy (@) : Fp(P)®1 Fo(Q) — Fp(P)@k Fo(Q).

It is easy to check that it is a natural transformation, by verifying that it is the
case for transitive bisets, using the fact that we have k-linear maps. The map
n ®x Idp, is defined in the same way.

Now we have to verify that we really obtain a exact sequence. By Proposition
8, it is enought to verify that it is a exacte sequence when evaluating in a group
G of Cp,g. Let G = P x (), where P is an object of P and @ is an object of Q.
We have to check that the following sequence of C-vector spaces is exacte:

0 — Fp(P) ®) Fo(Q) — Fp(P) @, Fo(Q) — Fp(P) @k Fo(Q) — 0.
But, by Proposition 8, the following sequence is exacte:
0 — Fp(P) "B Fr Py ™) Er Py 0,

which implice that the previous sequence is also exact.



8.1. The product of simple functors

Let P be an object of P,  be an object of Q, V' be a simple k Out(P)-
module and W be a simple k& Out(Q)-module. We want to show the following
theorem:

Theorem 25. We consider Spy as a simple functor on P and Sqw as a
simple functor on Q. The functor Spy Q@ Sgw 1is, on the category Cp o,
isomorphic to the simple functor Spxg ve,w-

In order to prove this theorem, we first need the following proposition:

Proposition 26. We consider Lpy as a functor on P and Lg w as a functor
on Q. The functor Lpy Q@ Lgw s, on the category Cp g, isomorphic to the
functor Lpxg ve,w-

PROOF. Let G be an object of P and H be an object of Q. Then:

(Lpyv @k Low) (G x H) = (kB(G, P) @ipp,p) V) @k (kB(H, Q) @1B0,0) W)
and

(Lpx@ve,w)(Gx H) =kB(G x H,P X Q) ®,ppx,rxq) (V @, W)
= (kB(G, P) @, kB(H,Q)) ®r(p,P)2:kB(Q,Q) (V @1 W).

Those are isomorphic k-vector spaces, by the map (G x H) defined by:

QQ(G X H) : (LP,V Rk LQ,W) (G X H) — LPXQ,V®kW(G X H)

(u1 ®rp(p,P) V) Ok (U2 kB(Q.Q) W) — (U1 B U2) ®kB(PxQ,PxQ) (V K W).
This induce a natural transformation ¢ : Lpy ®r Lo.w — LpxQ,ve,w-

Now we have the following commutative diagram:

Pproj®;proj
Lpy @k Low —> éP,V ®r So,.w

J/ x
@
proj
LpyQve,w —— SpxQ.ve,w
We set 1[) =projoy: LP,V Rk LQ,W — SPXQ,V®kW~
Lemma 27. The kernel of proj ®j proj is contained in the kernel of 1.

ProOOF. By Proposition 8, it is enough to prove it for a group G x H, where G
is an object of P and H is an object of Q. Moreover,

Ker(proj @ proj) = Jpv @k Low + Lpyv @k Jo,w

and Remark 14 gives a description of Jpy (G) and Jg w(H).



Let n € N, u; € Homp(G, P) and v; € V such that Y (axgu;)-v; = 0 for
all @ € Homp (P, G) (that is > i u; ® v; € Jpy(G)). Let u®@ w € Low. We
have to verify that ¢(G x H) (37, u; ®v;) @k (u®w)) = 0, which is equivalent
to check that (G x H)((Xi—, wi ®@v;) @k (u®@w)) € Jpxg,ve,w(G x H). But

p(G x H) ((iuz(@vz) ®k (u®w)> =

i=1

e(u; ®p u) ® (v; g w).

i=1

Let U be a transitive (P x @, G x H)-biset. Then it exists a (P, G)-biset Up
and a (Q, H)-biset Ug such that U = Up x Ug. Then

n

D (U] xaxn e(us @ w)) (v @p w) =Y (e([Up] X6 w) @ ([Ug] xar w))) (v; @ w)

i=1 i=1

= zn: ([Up] x @ ui)(vi) @k ([Ug] X # u)(w)

i=1 —0

=0

By k-linearity, this implies that

»(G x H)((iul ®v;) Q) (u X w)) € Jpxove,w(G x H).

i=1

Similarly, we can show that
(G x H)(Lpy(G) @k Jow(H)) € Jpxqve.w(G x H).

As Ker(proj @ proj) C Ker 1, it exists a natural transformation p : Spy ®
So.w — Spxo,ve,w. We will show that it is an isomorphism. It is enough
to show it for a group G x H of Cp o.

Lemma 28. The k-vector space Spxqve,w(G X H) is zero if and only if
Spv(G) or So.w(H) is zero.

Proor. If Spy(G) or Sqw(H) is zero, then Spy(G) ®, Sqow(H) = 0. As
w(G x H) is surjective (because ¢ and proj are surjective and so is ¢) , we have
that SPXQ,V(X)kW(G X H) =0.

Reciprocally, we suppose that Spxg ve,w(Gx H)=0. If Spy(G) =0
have finish, so we can suppose that Spy(G) # 0, that is Jpy(G) € Lpyv
Therefore, it exists n € N, p; € kB(G,P), v; € V for all 1 < 4
p € kB(P,G) such that Y. (p X¢ ¢i)(vi) # 0. We will show that Sq w (H) =
0. It is enough to show that the elements u ® w, where u € kB(H
w € W, are in Jg w(H), because, this implies that Jo w (H) = Low
so Sogw(H) =0. Let u € kB(H,Q) and w € W. For all u € kB(Q, H), as

O



Di1 (i @k ) ® (v @ w) is in Lpxgve,w (G x H) = Jpxq,vew(G x H):

3 (elp @k W)ei @k w) (v; B w)

[

I
NgERD

e((p X ¢i) @k (U x g u))(v; @ w)
1

=D ((p xc i) () ®r (@ x5 w)(w))

=1

Z P Xa 4101 Vi > ®k((a XH’U,)(IU))

.
3 |l

/_\

#0

Consequently, we must have that (ux gu)(w) = 0. As @ is arbitrary, this implies
that u ®p w € JQyw(H).

Now we can suppose that Spxve,w(G x H) and Spyv(G) ®; So,w (H)
are non-zero because otherwise, they are both zero and we have

Spv(G) @k Sqw(H) = Spxqve,w(G x H).

But then, by Corollaire 4.2.4, page 58 of [2], we know that Spy (G) is a simple
kB(G, G)-module, Sg w(H) is asimple kB(H, H)-module and Spx g ve,w(G x H)
is a simple kB(G x H,G x H)-module. As k is algebraically closed, the tensor
product of two simple modules on finite dimensional k-algebras is a simple mod-
ule on the tensor product of the two algebras (Proposition 3.56, page 65 of [6] and
Schur’s lemma, [7], Lemma 27.3, page 181), so Sp,v (G) @k Sg,w (H) is a simple
kB(G,G)®xkB(H, H)-module. But kB(G,G)®rkB(H,H) = kB(GxH,GxH)
as k-algbras (Remarque 22), so we can consider Sp,yv (G)®ySq,w (H) as a simple
kB(G x H,G x H)-module. Now we have a non-zero homomorphism of module
between two simple kB(G x H,G x H)-modules, which implies that it is an
isomorphism through Schur’s lemma ([7], Lemma 27.3, page 181). Now we have
proved the wanted theorem:

Theorem 29. We consider Spy as a simple functor on P and Sqw as a
simple functor on Q. The functor Spyv ®r Sq.w 15, on the category Cp o,
isomorphic to the simple functor Spxg ve,w-

4. The biset functor of p-permutation modules

Let k£ be an algebraically closed field of caracteristic p € P.
We want to prove the following theorem:

Theorem 30. If G is a finite abelian group and V is a simple COut(G)-
module, then Sg,v is a composition factor of Cpp;, on C GrB if and only if there

10



exists an integer m prime to p and a primitive character § : (Z/mZ)* — C*
such that G = C,, or G =2 C), x Cp X Cy,, where V is the simple COut(G)-
module C¢ (where Out(C), x C)) acts trivialy in the second case). Moreover, the
multiplicity of Sq,v as composition factor is egal to 1.

First, we have to define Cpp,, and two other biset functors we need for the
proof:

Definition 31. Let G be a finite group. We define pp, (G) as the Grothendieck
group of the set of isomorphism classes of p-permutation kG-modules (i.e. direct
sums of indecomposable trivial source kG-modules) with respect to direct sums.
For every (H,G)-biset U we define:

ppi([U]) : ppi(G) — ppi(H)
[M] —  [kU Qg M|

for every trivial source kG-module M. This extends by C-linearity to a map
Cppi([U]) : Cpp(G) — Cppi(H), where Cpp,(G) = C ®z ppp(G).

Now we can define C ppy, (u) for every u € C®zB(H,G). Let u =Y | \;[U;]
where A\; € C and U; is a (H, G)-biset, for every i = 1,...,n. Then Cpp,(u) =
S  MCpp,([U;]). This defines a structure of biset functor Cppy,.

Definition 32. Let G be a finite group and B(G) be the Grothendieck group
of the set of isomorphism classes of finite G-sets (for disjoint union). Then B(G)
is a ring (called the Burnside ring of G), where the multiplication is defined by

0] [V] = [U x V]

for all G-sets U and V (extended to B(G) by bilinearity).
Let G et H be two finite groups. For every (finite) (H, G)-biset U, we can
define the following map:

B([U]): B(G) — B(H)
[V] — [UXGV]

for every (finite) G-set V.

This map can be extended by C-linearity to a map CB([U]) : CB(G) —
CB(H), where CB(G) = C®z B(G). As for Cppy,, we can now define CB(u)
for every u € C ®z B(H, G). This defines a structure of biset functor CB.

Definition 33 ([2], Notation 5.2.2 and Definition 5.4.6).
If G is a finite group, and N is a normal subgroup of GG, denote by m¢ n the
rational number defined by

1
mag,N = @ Z | X |u(X, G),
XN=G
where p is the Mobius function of the poset of subgroups of G.
A finite group G is called a B-group if for any non trivial normal subgroup
N of G, the constant mg, n is equal to zero.

11



Theorem 34 ([2], Remark 5.5.2).

Let D be a replete subcategory of GrB. The composition factors of the Burnside
functor CB on CD are exactly the functors Sg,c, where G is an object of D
which is a B-group.

Definition 35 ([2], Notation 7.1.1).

Let G be a finite p’-group. Denote by Rj(G) the Grothendieck group of the
category of finite dimensional kG-modules (for exact sequences). If H is a other
finite p’-group and U is a (H,G)-biset, denote by Ri([U]) : Rx(G) — Ry (H)
the group homomorphism defined by:

R ([UD([E]) = [kU ®ra EJ,

for all kG-module E. By Z-linearity, we can extend this definition to Ry (G).

As for Cpp,, and CB, this construction can be extend by C-linearity to a
biset functor CRy defined on CD with values in C-mod, where D is the full
subcategory of GrB of all finite p’-groups.

Definition 36 ([2], Definition 7.3.1).
Let m € N*. A character £ : (Z/mZ)* — C* is called primitive if it cannot be
factored through any proper quotient (Z/nZ)* of (Z/mZ)*.

Theorem 37 ([2], Corollary 7.3.5).
The functor CRy, is a semisimple object of Fp.c (where D is the full subcategory
of GrB of all finite p’-group). More precisely

CRr = P Sz/mzc.:
(m7£)

where (m,§) runs through the set of pairs consisting of a positive integer m
prime to p and a primitive character § : (Z/mZ)* — C* and Cg¢ is the vector
space C on which the group Out(Z/mZ) = (Z/mZ)* acts via &.

Let C, be the full subcategory of C GrB whose objects are all the finite p-
groups and let C,s be the full subcategory of C GrB whose objects are all the
finite p’-groups. Let moreover C,x, be the full subcategory of CGrB whose
objects are all the groups of the form P x @) where P is a finite p-group and @
is a finite p’-group.

Theorem 38. The biset functor Cpp, on the category Cpxp is isomorphic to
the functor CB ®@c CRy,, where CB is considered as a functor on C, and CRy
as a functor on Cpy .

PROOF. Let P be a finite p-group and ) be a finite p’-group. We define
n(P x Q) by:

(P x Q) : CB(P)®CRk(Q) — Cppy(P x Q),
[(X] ®c [V] +— [kX ®% V]
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for all P-set X and for all kQ-module V. The action of P x Q on kX ®; V is
such that P acts on kX and Q acts on V. The k(P x Q)-module kX ®; V is
a p-permutation module because V is a p-permutation k(Q-module. We extend
the definition of pu(P x @) to CB(P) ® CRy(Q) by C-linearity. It is a bijective
C-linear map: we can define its inverse by:

(P x Q) : Cppy(P x Q) — CB(P) ® CRi(Q),
[M] — [P/D]® [V]

for all indecomposable p-permutation k(P x @))-module, where D is a vertex of
M and V is a simple kQ-module such that M = Indgig Infng \%

Proposition 39. A such D and a such V always exist.

Proor. By the classification of the p-permutation indecomposable modules
(Theorem 3.2 of [8] or Theorem 27.10 of [9]), there exists a vertex D of M
and a projective indecomposable kNp(D)/D x @-module W such that M is a
direct factor of

PxQ
IndN,X;(D) «@ N, D)/ Dxq W

But then, there exists a simple kQ-module such that W = Inng(D)/DXQ V and
so M is a direct factor of

dP><

Np(D)/DxQ
IIl NP?D)xQIanP(D)/DXQIndQP( )/ X V

But Indf,; (QD)XQ Infn,(D)/DxQ Inng(D)/DxQ V' is indecomposable (Corollary
6.11, [10]) and so egal to M. But then

~ P Np(D)/DxQ
M:IndN:(QD)XQIanp(D)/DXQIndQP( )/Dx \%4

~ TP Ng(D)/DXQ 1. oD
=Ind X2, o IndpS S P* A Infg v

~Indp g Info Vv
which concludes the proof.

Lemma 40. If D is a subgroup of P and 'V is a kQ-module, then Indgig InfSXQ V
is isomorphic to the k(P x Q)-module kP/D ®; V.

PRrROOF. We have
Indgi% Infng VZE(P X Q)rpxq) kQ @rq V.
Now we define the following homomorphism of k(P X @)-modules:

¢ :kP/D @),V —k(P x Q) ®x(pxq) kQ @ro V

D AipiD) @k v > Ai(pi, 1) @k 1 @4 v
i=1

i=1
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for all -1, \i(p;D) € kP/D and for all v € V. It is easy to check that this
map is well defined and a homomorphism of k(P x @)-modules. It remains to
check that it’s bijective. But

dimg(kP/D ®; V) =[P : D] -dim; V
=[PxQ:DxQ] -dimpV
= dimk(k(P X Q) Pk(DxQ) kQ RkQ V).

Proposition 41. The application p= (P x Q) is the inverse of the application
u(P x Q).

PROOF. Let M be an indecomposable kP x @-module of p-permutation. Let D
be a vertex of M and V' be a simple k@-module such that M = Indgig In fDXQ V.
Then:

(P x Qu™ (P x Q)([M]) = (P x Q)([P/D] & [V])
k(P/D) @y, V]

=
[Ind}p & Inf g V]
= (M

]

Reciprocally, let D be a subgroup of P and V be a simple k@Q-module. Then

p(P < Q)([P/D] @y, [V]) = [k(P/D) @ V]
so if we prove that D is a vertex of k(P/D) @ V then
NP X Qu(P x Q)([P/D) &y [V]) = [P/D] &y [V].
As M =k(P/D)®, V Indgig InngQ V is a direct factor of
Indp @ Infy @ kQ 2 Indp %S Inf o * 9 Indf &

= Ind}) 5§ IndDXQI £ k
= Indp*? Inf? k
~ TP
=~ ndP*?k,

M is relatively D-projective. So the vertex of M must be a subgroup of D, say
D. Then M is a direct factor of IndPXQ k, so RengQ M is a direct factor of

Resp @ Ind”*? k. But

ResD*? M = Resh*?(k(P/D) @ V)
dimg V

@ k(P/D).
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and

ReSgXQ InngQ k= Z Indgm » 5 150(%a) Resgmf, g

ze[D\PxQ/D]

ze[D\PxQ/D]

So k(P/D) is a direct factor of Ind?~ k for some 2 € P x Q. This is impossible
except if D = D because the kD-module k(P/D) is of vertex D.

It’s remain to check that p is a natural transformation between CB ®@¢ CRy,
and Cpp,. Thanks to the C-linearity of u, it is enough to verify it for the
element of a basis of CB(P x Q, P’ x Q'), where P and P’ are finite p-groups
and @ and Q' are finite p’-groups. Let U be a transitive (P x @, P’ x Q')-biset.
We have to check that the following diagram commuts:

(PxQ)
CB(P) @c CRL(Qf —> Cpp,(P x Q)
(CB@CRk)([U])\L lepk([U])

CB(P') @c CRy(Q') — Cpp, (P’ x Q')
u(P'xQ")

There exists a (transitive) (P, P’)-biset Up and a (transitive) (Q, Q') biset
Ug such that U = Up x Ug (Proposition 21). It is enough to verify that the
diagram commuts for the elements of a basis of CB(P) ®c CR;(Q). So let X
be a P-set and V' a k@Q-module. Then:

Cppi([U]) o u(P x Q)([X] @c [V]) = Cpp,([U]) (kX @1 V])
= [kU Qk(PxQ) (kX R V)]
= [(kUp @1 kUg) @i(pxq) (X ®@% V)]

and

(P x Q") o (CB ®c CRy)([U])([X] ®c [V]) =
= (P x Q") o (CB([Up]) ® CRx([Uo]))([X] ®c [V])
= pu(P' x Q") ([Up xp X] ®c [kUg ®kq V])
= [k(Up X p X) Rk (kUQ QkQ V)]
= [(kUp @rp kX) @k (kUg ®kq V)]

Given the definition of the action of P x @ on kUp ® kUg and [kX ® V], it
is easy to check that there is an isomorphism of k(P’ x Q’)-modules

(kUp @1 kUQ) ®@rpxq) (kX @1 V) = (kUp @rp kX) @ (kUg ®rq V).

But on Cp,/, CRj, decomposes as a direct sum of simple functors:

CRy = @ Sz/mz.Ce>
(m7£)
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where (m, £) runs over the set of pairs consisting of a positive integer m prime
to p and a primitive character £ : (Z/mZ)* — C*. Consequently, on Cpx,, we
have the following decomposition:

Cpp, = € CB e S, o
(m7£)

where (m, £) runs over the set of pairs consisting of a positive integer m prime
to p and a primitive character £ : (Z/mZ)* — C*. So, to find the composi-
tion factors of Cpp,, on Cpx,, it is enough to find the composition factors of
CB ®c Sz/mz,c. on Cpxy, for all positive integer m prime to p and for all prim-
itive character & : (Z/mZ)* — C*. Let m be a positive integer prime to p and
& :(Z/mZ)* — C* be a primitive character. By 5.6.9 “The case of p-groups”,
page 94 of [2], we have the following exact sequence, on Cp:

0— SCpxCp,([: — CB — Sl,C — 0.

But now, applying Proposition 24, we have the following exact sequence
(on Cpxpr):

0 — Sc,xc,.c ®c Se,,.c. — CB&c Sc,, cc — S1,c ®c Sec,,.ce — 0.
We can now apply Theorem 29 and we obtain the following exact sequence:
00— SCpxCpme,(Cg — CB ®¢ SCm,Cg — SCm,Cg — 0

on Cpx,, where the COut(C), x Cp x Cy,)-module Cg is defined as follows: the
action of Out(C), x C,) is trivial and Out(C,,) acts through £ (as Out(C), x C), x
Crn) = Out(C), x Cp) x Out(Cyy,), we can describe the two actions separately).

Now the composition factors of CB Q¢ Sz/mz,c. on Cpxpr are Sc, x ¢, x Cp, ,Ce
and Sc,, c.. Consequently, we have proved the following Theorem:

Theorem 42. The composition factors of Cpp,, on Cpxp are the simple factors
Sc,xCpxCy.ce and Sc,, c., where (m, &) runs over the set of pairs consisting of
a positive integer m prime to p and a primitive character & : (Z/mZ)* — C*.
Their multiplicity as composition factor is 1.

By the description of composition factors in section 2.2, this implies the
following Theorem:

Theorem 43. If G is an object of Cpxp (that is the direct product of a finite
p-group with a finite p’-group) and V is a simple C Out(G)-module, then Sq v
s a composition factor of Cpp, on CGrB if and only if there exists a positive
integer m prime to p and a primitive character £ : (Z/mZ)* — C* such that
G = Cp, where G =2 Cp x Cp x Cp, and V' is the module C¢. Moreover, the
multiplicity Sq,v as composition factor is 1.

As corollary, we obtain Theorem 30:
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Corollary 44. IfG is a finite abelian group and 'V is a simple C Out(G)-module
then Sq.v is a composition factor of Cpp,, on CGrB if and only if there exists
a positive integer m prime to p and a primitive character & : (Z/mZ)* — C*
such that G = Cy, or G = C), x C)p, x Cp,, where V' is the module Ce. Moreover,
the multiplicity of Sa,v as composition factor is 1.
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