GREEN CORRESPONDENCE FOR
MACKEY FUNCTORS

A THESIS
SUBMITTED TO THE DEPARTMENT OF MATHEMATICS
AND THE INSTITUTE OF ENGINEERING AND SCIENCE
OF BILKENT UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

MASTER OF SCIENCE

By
Mehmet Uc
January, 2008



I certify that I have read this thesis and that in my opinion it is fully adequate,

in scope and in quality, as a thesis for the degree of Master of Science.

Assoc. Prof. Dr. Laurance J. Barker (Supervisor)

I certify that I have read this thesis and that in my opinion it is fully adequate,

in scope and in quality, as a thesis for the degree of Master of Science.

Assoc. Prof. Dr. A. Sinan Sertoz

I certify that I have read this thesis and that in my opinion it is fully adequate,

in scope and in quality, as a thesis for the degree of Master of Science.

Asst. Prof. Dr. Ayse Berkman

Approved for the Institute of Engineering and Science:

Prof. Dr. Mehmet B. Baray
Director of the Institute Engineering and Science

1



ABSTRACT

GREEN CORRESPONDENCE FOR MACKEY
FUNCTORS

Mehmet Ug
M.S. in Mathematics
Supervisor: Assoc. Prof. Dr. Laurance J. Barker
January, 2008

The Green corespondence for modules of group algebras was introduced by Green
in 1964. A version for Mackey functors was introduced by Sasaki in 1982. Sasaki’s
characterization of Mackey functor correspondence was based on the theory of
Green functors. In this thesis, we give Sasaki’s characterization and an alternative
characterization of the Mackey functor correspondence. Our characterization is
closer to Green’s original module theoretic approach. We show that the two
characterizations are equivalent. This yields a new way of determining vertices,
sources and Green correspondents; we shall illustrate this with some examples.

Keywords: Green correspondence, Green functor, Mackey functor, endomorphism
Green functor, vertex, source, defect base, defect group.
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OZET
MACKEY IZLECLERINDE GREEN UYUSUMU

Mehmet Ug
Matematik, Yiiksek Lisans
Tez Yoneticisi: Dog¢. Dr. Laurance J. Barker
Ocak, 2008

Grup cebirlerinin modiilleri i¢in Green uyusumu 1964 yilinda Green tarafindan
ortaya koyuldu. Mackey izlecleri i¢in olan versiyonu 1982 yilinda, Sasaki tarafin-
dan ortaya koyuldu. Sasaki'nin Mackey izleci uyugumunu karakterize etmesi,
Green izlegleri kuramini baz alir. Bu tezde, Sasaki'nin Mackey izleci uyugumunu
nasil karakterize ettigini inceledik ve konuyu diger bir yoldan nitelendirdik. Bizim
yaptigimiz nitelendirme Green’in ilk modiil kuramsal yaklagimina daha yakindir.
Bu iki nitelendirmenin ayni oldugunu gosterdik. Bunun sayesinde koseyi, kaynagi
ve Green uyusumlarini tespit etmek icin yeni bir yol elde ettik; bunu baz

orneklerle gosterdik.

Anahtar sézcikler: Green uyusumu, Green izleci, Mackey izleci, 6zyapi dontigtimii

Green izleci, koge, kaynak, hata bazi, hata grubu.
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Chapter 1

Introduction

The theory of the Green correspondence is a fundamental theorem in group repre-
sentation theory. The Green correspondence for Mackey functors is an analogous

development.

Green[5] showed that there is a one-to-one correspondence between the isomor-
phism classes of finitely generated indecomposable kG —modules which have ver-
tex () and isomorphism classes of finitely generated indecomposable kK H —modules
which have vertex @), where H is a subgroup of G and H contains Ng(Q). Later,
in [6], Green established the Green correspondence for Green functors. The Green
correspondence for Green functors is a natural application of a general transfer
theorem that he established, again in [6]. Sasaki[8] defined the Green correspon-
dence for Mackey functors by adapting the method established for Green functors.
After introducing the endomorphism Green functor Endg(M) of a Mackey func-
tor M for GG over a complete principle ideal domain, Sasaki defined the vertex of
a Mackey functor as a defect group of the endomorphism Green functor of the
Mackey functor. Then, he defined the Green correspondent using the method of

Green.

In [11], Thévenaz and Webb gave some applications of the Green correspon-
dence for some special Mackey functors: the simple Mackey functors, Sg v, pro-
jective Mackey functors, Py y , fixed point, F/P(V), and fixed quotient FQ(V).
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This classic paper substantially laid down the modern notation for the theory of

Mackey functors.

We have made our study in historical order of the development of the theory
of the Green correspondence and the theory Mackey functors. Part of our task

in this thesis has been to provide a modern update of Sasaki’s ideas.

In Chapter 2, we give some easy facts to the theory of the Green correspon-

dence for group algebras.

Chapter 3 contains the two equivalent definitions of Mackey functors and the

definition of Green functor.

In Chapter 4, we introduce the endomorphism Green functor and show that
it is a Green functor with some elegant properties. The definition of the vertex
of a Mackey functor, which is crucial in our study, is based on the endomorphism

Green functor.

In [6], Green gives some properties of Green functors, defines the defect basis
and the defect group for Green functors and gives some methods to identify
them. In Chapter 5, we relate these results to the endomorphism Green functor

of a Mackey functor.

In Chapter 6 and in Chapter 7, we collect together several results on the
Green functors and Mackey functors. We define the correspondence and prove

the Green correspondence for Mackey functors.

Finally, in Chapter 8, we define some special Mackey functors and determine

the vertices, sources and Green correspondents for them.

To facilitate the reading, important definitions and results have been repeated

where necessary.



Chapter 2

Green Correspondence in Group
Algebra

The Green correspondence for Mackey functors was introduced by Sasaki. How-
ever, the Green correspondence is encumbered with some important technicalities.
Our goal in this chapter is to describe group algebras and to introduce the Green
correspondence for them. We need some facts about group algebras. The follow-
ing definitions can be found in [4] and [1]. Consider G, a finite group, and k an

algebraically closed field throughout the entire chapter.

2.1 Preliminaries

Free modules, projective modules, related definitions, especially vertices and
sources give a great deal of intuition and information about the Green corre-
spondence in group representation theory. Firstly, we give these necessary and

useful definitions and results.

Let G be a group and consider the kG—modules isomorphic with direct sum
of copies of kG. Such kG—modules are called free modules. Free modules play a

central role in ring theory, since any module is the homomorphic image of some
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free module. The following definition gives the fundamental characterization of

summands of free modules.

Definition 2.1 Let A be an finite dimensional algebra over an algebraically
closed field k and U be a A—module. The modules satisfying the following equiva-

lent properties are called projective modules

1. U 1s a direct summand of a free module;

2. If a is a homomorphism of the A—module V' onto U then the kernel of «

s a direct summand of V;

3. If a is a homomorphism of the A—module V' onto the A—module W and (3
is a homomorphism of U to W then there is a A—homomorphism v of U
to V with ay=4.

So the characterization of the projective modules give us new information

with the following definition.

Definition 2.2 Let A be an finite dimensional algebra over an algebraically
closed field k and U be a A—module. The modules satisfying the following equiva-
lent properties are called injective modules

1. U 1s a direct summand of a free module;

2. If a is one-to-one homomorphism of the A—module U into V then a(U) is

a direct summand of V;

3. If a is a one-to-one homomorphism of the A—module W into the A—module
V' and B is a homomorphism of W to U then there is a R—homomorphism
v of V to U with ya=0.

For group algebras, the two notions coincide.

Theorem 2.3 Let U be a kG—module. U is projective if and only if it is injective.
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Now we extend the idea of free modules by relating kG —modules and modules

for subgroups. By this means, we introduce the induced modules.

Definition 2.4 Let G be a group and H be a subgroup of G. A kG—module U
1s said to be relatively H— free if there is a kH—submodule X of U such that any
kH— homomorphism of X with respect to any kG—module V extends uniquely
to a kG— homomorphism of U to V.

Lemma 2.5 Let G be a group and H be a subgroup of G and X be a
kH—module. Then there is a kG—module which is relatively H— free with respect
to X.

Now we describe these relatively free modules by the tensor product construc-

tion.

Definition 2.6 Let G be a group, H be a subgroup of G and V' be a kH—module.
Consider the tensor product kG ® V' of two vector spaces and let kG Qg V' be the
quotient by the subspace spanned by all the elements of the form ah ® v — ®hv
where a€kG, veV, he H. We shall give this quotient space the structure of a
kG—module. For geG define g(a ® v) = ga ® v. Obviously, by the bilinearity of
this action we have a kG—module structure on the vector space kG Q@ V. Since
glah @ v —a ® hv) = (ga)h @ v — (ga) ® hv the subspace given is preserved by
the action of g thus we have a kG—module structure on kG Qg V. This module
1s called the kG—module induced by the kH—module V. For acG and v € V we

write a @V for the element of V& which corresponds to this tensor.
With these definitions we have the following remark.

Remark 2.7 Let H be a subgroup of G and V' be a kH—module. The induced
module V& is relatively H— free with respect to V. Furthermore, V¢ is the vector
space direct sum
Vi=3 soV
s€G/H
and each subspace s @ V' has dimension equal to that of V



CHAPTER 2. GREEN CORRESPONDENCE IN GROUP ALGEBRA 7

Now we give a collection of basic facts about induction.

Lemma 2.8 Let V, Vi, Vy be kH—modules for the subgroup H of G and let U be
a kG—module.

~

. If V is free(projective) then V¢ is free(projective).

2 (oW =VraVy

3. Let L be a subgroup of H and let W be a kL—module. Then (WH)¢ = W&,

4. UVex(Uya V).

5. Hompq (VY,U) =2 Homy (V,Uy).

6. Hompq (U, VE) = Homyy (U, V).

The next result, which is Mackey’s theorem, allows us to describe the process
of inducing and then restricting in terms of restriction followed by induction.
Recall that, as a disjoint union, G = J,. ING/H LsH where the notation indicates

that s runs over a set of double coset representatives for H and L in G. Now we

can state the Mackey’s theorem.

Theorem 2.9 Let H and L be two fized subgroups of a group G and let V be a
kH—module. Then the following holds.

12

VOr= P (s&V)nems)"

seL\G/H

To begin to study the Green correspondence in group algebra, lastly we in-
troduce vertex and source. If H and A are subgroups of G then H <; A means
that H* < A and H =g A means that H* = A for some 2 € G. Note that if U
and V are kG—modules and U is isomorphic with a direct summand of V' then

we write U|V.
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Definition 2.10 Let U be a kG—module and H be a subgroup of G. The modules
satisfying the following equivalent properties are called relatively H—projective or

H—projective.

1. U is a direct summand of a relatively H—free module;

2. If a is a homomorphism of the kG—module V' onto U and « split as a

kH—homomorphism then « is split;

3. If a is a homomorphism of the kG—module V' onto the kG—module W and
0 is a homomorphism of U to W the there is a kG—homomorphism ~ of U
to V with ay=[3 provided there is a kH—homomorphism with this property;

4. U is a direct summand of (Ug)®.

Lemma 2.11 Let (Q and H be subgroups of G and let W be an kQ—module and
V' a component of WE. Suppose that Vg = U, @ Us ... U, where each U; is an
indecomposable kH—module. Then for each i there exists x; € G such that U; is
H N Q% —projective. In fact Us/{W o0}

For a kG—module V' let B(V') be the set of all subgroups H of G such that
V' is H—projective.

Lemma 2.12 Let V be an indecomposable kG—module. Assume that

1. Q is a minimal member of B(V).
2. W is a kQ—module such that VWS,
3. He B(V).

Then U|VE for at least one indecomposable component U of V. Moreover for

such U there exist x € G with Q© < H and U|(W?®)H.
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Proof: Since V is H—projective V|(Vy)“. Thus V|U® for some indecom-
posable component U of VH as V is indecomposable. By Lemma 2.11 for any
such U there exists x € G such that U is (H € Q%)—projective. Thus V is
(Hff1 € @Q)—projective. Moreover by the minimality of A < H*'. Part (3) is a
consequence of Lemma 2.11.

O

Corollary 2.13 Let V' be an indecomposable kG—module. Then there exists a
subgroup A of G such that V' is QQ—projective and when V' is H—projective then

Q <g H where A is uniquely determined up to conjugation in G.

Proof: This corollary is immediate by Lemma 2.12.

Definition 2.14 Let U be an indecomposable kG—module. The minimal element
Q in B(U) is called a vertexr of U and the vertex is determined unique up to
conjugation in G. Moreover, given an indecomposable kG—module U with vertex
Q, then Q is a p—subgroup of G. The indecomposable kQQ—module S,unique up
to conjugation in Ng(Q), such that U|SY is called the source of U.

The idea is that the closer the vertex @ is to the identity, the nearer U is to
being projective. The following two results about vertices are useful to understand

the Green correspondence in group algebra.

Lemma 2.15 If U is an indecomposable kG—module with vertex () and H is a

subgroup containing QQ, then:

1. There exists a kH—module V such that V|Ug and U|VE;
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2. There exists a kH—module V such that U|VE and V has vertex Q;

3. There exists a kH—module V' such that V|Uy and V' has vertez Q;
Proof:

1. Since U is relatively H—projective, we have U|(Uy)“. Therefore there is

an indecomposable summand V of Uy such that U|VC.

2. Let S be a kQ—module which is a source for U so U|S®. But S¢|(Sy)¢
so there is an indecomposable summand V of S with U/V¢. We claim
that V has vertex (). By establishing this assertion we will prove (2). Since
V|Sy we have that V is relatively QQ—projective so there is vertex R of
V' contained in ). Let W be a kR—module such that V|Wy. Hence,
VG (Wg)9, that is, VE|WE, so UWY and U is R—projective. Thus, R
contains a conjugate of (). But R < () so R = () as claimed.

3. Let S be an indecomposable kQ—module with S|Ug and U|SY. Hence,
there is an indecomposable kH—module V' with V|Uy and S|Vg. We will
prove that V has vertex Q. V|Ug so V|(V®)y and by Mackey’s theorem
there is s € G with

V(s ® (S)ans@s—)".

Hence, V has vertex R with R < H N sQs~ 1. It suffices to prove that R is
conjugate to Q in H. However, V is a summand of a module induced from R
to H and S|V so Mackey’s theorem implies that S is relatively Q@ N hRh ™"
projective for some h € H. But S has vertex Q(or else, as U|SY, U would
be relatively projective for a proper subgroup of @) so @ N hRh™! can not
be a proper subgroup of Q, that is Q < hRh™!. However, R < sQs~! so
|R| <|Q| and we have Q = hRh™!. Thus, V satisfies (3).
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In Corollary 2.22, below, we shall show that there exists a kG—module V'

satisfying all three conditions of the lemma.

Lemma 2.16 Let Q) be a subgroup of the subgroup H of G. If V is a relatively
Q—projective kH—module, then

VOYr=2VaeWw
where every indecomposable summand of W is relatively projective for a subgroup

of the form sQs™*NH, s€ G, s ¢ H.

Proof: Since V is relatively Q—projective, there is a kQ—module U with V|UH.
Thus U7 =2V @ T for some kH—module T, so U =2 V¢ @ T¢ and

UYyp2VeWeToX

where (V) y 2V @ W and (T g = T @® X for suitable kH—modules W and
X. However, by Mackey’s theorem,

12

VY2 P @0 unses) =U0Y

s€eH G/Q

where the summand s € H gives U¥, Y is the direct sum of all terms for s € H
and so each indecomposable summand of Y is relatively projective for a subgroup
of the form sQs ' N H, s ¢ H. So it is immediate that W & X 2 Y so W is as
claimed.

OJ

2.2 Green Correspondence in Group Algebra

Now we can begin to study Green correspondence in group algebra.
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Firstly let us fix some notation. Let ) be a p—subgroup of G and let M be a
subgroup of G containing Ng(Q), which is the normalizer of ().Remember that
if P and R are subgroups of G, P <5 R means that a conjugate of P in G is
contained in R. Let H is a collection of subgroups of GG then P <5 H means
P <q H for some H € 'H.

Secondly we fix some collections of p—subgroup of G. Let
X={sQs'NQ|sc G, s¢ M}
D ={sQs ' NMl|secG,s¢ M}

3={RIR<Q R gc X}

X consists of the proper subgroups of Q because Ng(Q) < H. Thus @ € 3.
Clearly X < 9).

Finally, if H is any collection of subgroups of G we shall say that the
kG—module U is relatively H—projective if U is direct sum of modules each
of which is relatively projective for a subgroup of H. Now we can state the

fundamental theorem.

Theorem 2.17 There is a one-to-one correspondence between isomorphism
classes of indecomposable kG—modules with vertex in 3 and isomorphism classes
of indecomposable kM —modules with vertex in 3. If U and V are such modules
for G and M, respectively, which corresponds then U and V' have the same vertex
and

Uu=2VeaYy

Véix2Uas X

where Y 1s a relatively P—projective kM —module and X is a relatively

X—projective kG—module.
The next four results are necessary preliminaries.

Lemma 2.18 Suppose that R is a subgroup of Q). Then the following are equiv-

alent.
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1. R SG %,’

3. R<y 9.

Proof: If (1) is valid then there is g € G with gRg™ < Q N sQs™!, where
s € G,s¢ M. Thenif g € M then certainly (2) holds. If g ¢ M then R < ¢7'Qg
yields R < Q N g 'Qg, that is R in X so certainly R <,; X. So (2) holds.
If (2) holds then there is z € M,s € G,s ¢ M such that zRz~! < Q NsQs™L.
Thus, we get Rz~ < M NsQs™! and R <p; Y. So (3) holds.
If (3) holds then there is v € M,s € G,s ¢ M with zRz™' < M N sQs™ L.
Hence R < M N (z7's)Q(s™'z). However 27 's ¢ M. So clearly we have R <
QN (z7's)Q(s7'x) and R <g X. So (1) holds.

The next lemma gives the reason why the statement of the theorem is not
symmetrical in X and %), but is quite symmetrical in G and M, restriction and

induction.

Lemma 2.19 IfU s a relatively X—projective kG—module then Uy is relatively
D — projective. If V is a relatively Y —projective kM —module then Vg is relatively
X— projective.

Proof: Let W be an indecomposable summand of U so W is relatively projec-
tive for a subgroup of the form sQs=!, s ¢ M. Hence, by Mackey’s theorem, Wy,

is relatively projective for the collection of subgroups of the form

tsQs TN TN M =tsQs 't Nttt N M.

But either t ¢ M or ts ¢ M so such a subgroup is contained in an element of )

so Wy and Up, are relatively ) —projective.
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If W is an indecomposable summand of V' and W has vertex P then P <;; ) so
W is relatively P—projective and P < X, by Lemma 2.18 , so W is relatively

X—projective and we proved the lemma.

The next two results contains the bulk of the theorem.

Lemma 2.20 If U is an indecomposable kG—module with vertex R in 3 then
Uy 2V W, where V is an indecomposable kM —module with vertex R, U|V¢
and W 1s a relatively )—projective kM —module.

Proof: By Lemma 2.15, there is an indecomposable kM —module V' with vertex
R and U|VE. Now (V%) =2V @& Wy, where W is relatively 2)—projective, by
Lemma 2.16. Thus U, is either isomorphic with V &Y or W for some summand
W of Wy. But, again by Lemma 2.15, Uy, has an indecomposable summand
W with vertex R. Now W cannot be isomorphic with summand of W, or else
R <j; X, by Lemma 2.18, so R ¢ 3. Thus, W =V and Uy, =V & W.

Lemma 2.21 If V is an indecomposable kM —module with vertex R in 3 then
V& =2 U@V where U is an indecomposable kG—module with verter R, V|Uyy
and X is a relatively X—projective kG—module.

Proof: Let V¢ = U, + ... + U, be a direct sum of indecomposable
kG—modules.Since (V&) =

kM —module, by Lemma 2.16, we have, after renumbering, that (Uy)y =V +Y,
(U)m =Y, 2 <i<r, where the Y; are kM —modulesand Y =Y, &...dY,. We

claim that U; has a vertex in 3 and that Uy, ..., U, are relatively X—projective.

V &Y, where Y is a relatively ) —projective

Indeed, U; has a vertex in Q, as U;|V¢, and U; cannot be relatively X—projective.
Then Lemma 2.19 would imply that (Uy)y = V + Y7 is relatively )—projective

which is not the case. Hence, U; does not have a vertex in 3. Moreover, if Uj;,
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1 < 2, was not relatively X—projective. Then Lemma 2.20 would imply to it and
(U;)ar would not be relativle 9 —projective, which it is. Thus, U; is relatively
X—projective.
Setting U = Uy, X = Uy + ... + U, we have that U\VG, VG =2 U ® X where X
is relatively X—projective. It remains only to prove that U has vertex R. How-
ever, the vertex of U is in 3. Thus Lemma 2.20 applies and there is a unique
summand, in any decomposition of Uy, into the direct sum of indecomposable
modules, which is not relatively Q) —projective and that module has a vertex
equal to a vertex of U. However Uy; = V@Y. So U has vertex R as V has vertex
R. This completes the proof.

O

Proof: Obviously in the last two lemmas almost everything of the Theorem
2.17 established. We only need to show the one-to-one property. We need to
show two things:

If U is an indecomposable kG —module with vertex R in 3, V is as in Lemma
2.20. Then V¥ = U @Y as in Lemma 2.21. Thus U = U'. But in Lemma 2.20 we
proved that U|V. If we start with V, a similar result holds as proved in Lemma
2.21 that V|Uy,. This shows the one-to-one property and Green correspondence

is established which completes the proof of theorem of Theorem 2.17.

Corollary 2.22 IfU is an indecomposable kG—module with vertex () and H is a
subgroup containing () then there is an indecomposable kH—module V' satisfying
the following

V|Ug and U|VE and V has vertex Q.



Chapter 3

Green Functors and Mackey
Functors

Our goal in this chapter is to define Mackey and Green functors. Actually we

shall give two equivalent definitions of a Mackey functor.

3.1 Mackey Functors

3.1.1 Definition of Mackey functors in terms of subgroups

Let G be a group, k be a commutative ring with unity element. A Mackey functor

M for G over k consists of the following:

A. A k—module M(H) for all H < G.

B. k—linear maps r : M(H) — M(K) and tiZ : M(K) — M(H) for all
K < H < G. We call i and ti a restriction map and a transfer map,

respectively.

C. A k—linear map ¢’ : M(H) — M(“H) for all g € G and H < G. Here

IH = gHg™ . We call cf a conjugation map.

16
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Furthermore, the following relations are to be satisfied for all g,h € G and
H K L<G.

1. rfrﬁ:rf and tgtf:tf if L<K<H,

2. 7’[}{1 = tH = ZdM(H),

3. cﬁl = Cy gn=1Ch,H;
4. ¢ M(H) — M(H) is the identity if h € H,

—1 —1
K.H _ .HY _H HyH _ 4HY K
5. CuTg =Ty1Cq and ity =t e if K < H,

6. (MackeyAxiom) If L, K < H,

-1
Tft% = Z tmehfl Tfr:thl ChK
heL\H/K
where L < hH > K and L\H/K denotes a set of representatives of the
(L, K)—double cosets LhK

It is not hard to show that the formula in the Mackey axiom does not depend

on the choice of the double cosets representatives.

—1
Since every conjugation map ¢/ has the inverse ¢/”, it is an isomorphism.

We allow G to act as k—linear automorphisms on B¢ M (H) such that, by
defining;
Im = c'(m) forme M(H) and g € G.

Furthermore the subgroup Ng(H) stabilizes M (H). By axiom (4), the quotient
Ng(H) = Ng(H)/H acts on M(H) as a group of k—linear automorphims. So
we can say M(H) is a kNg(H)—module. In particular M(1) is a kG—module.
Thus, a Mackey functor can be considered as a family of modules related to one

another by restriction, transfer and conjugation maps.

A morphism of Mackey functor f : M — N is a family f§ : H < G of maps

fu: M(H) — N(H) which commute with restriction, transfer and conjugation.
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By a subfunctor N of a Mackey functor M for S(G) we mean a family of
k—submodules N(H) < M(H), which is stable under restriction, transfer and

conjugation.

3.1.2 Definition of Mackey functors as modules over the

Mackey algebra

The second definition of a Mackey functor is by means of the Mackey algebra
Mackr(G) which we shall define in a moment. First, we define Mack(G) to be
the algebra over Z generated by elements generated by the elements t£, 7 and
cf . For K < H < G and g,h € G we impose the following relations on the

generators:

Lotk =t if L <K <H,

2. rKpll = yHif L <K <H,

4. T’g = tg = ChH = ZdM(H),

HyH _ 4H9 K
5. ot =l Cy,

-1
K. H _ . HY _H
6. cgrg =71y

7. ZHtg:ZHTII:[I: 1,

8. (MackeyAxiom) if L, K < H,
-1
Ltk = Z tanhflrfr:thlchK

heI\H/K

any other product of rf, 3 and ¢/ being zero.

Let Macky(G) = k @z Mack(G). Given a Mackey functor M for G over k,
as defined above, then we can define a Mack;(G)—module M = Dr<c M(H).
When we pass from Mackey functors M to Macky(G)—modules M, morphisms of
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Mackey functors f : M — N give rise to maps of Macky(G)—modules f:M—N
such that f and fy agree as maps M(H) — N(H).

So it is possible to define a Mackey functor as a Mackg(G)—module, and a
morphism of Mackey functors as a morphism of Mackgr(G)—modules. If M is
a Mackr(G)—module, then M corresponds to a Mackey functor M; in the first
sense, defined by M;(H) = t¥ M, the maps i, ri!M and ¢}, being defined as the

multiplications by the corrsponding elements of the Mackey algebra.

Note that for H < G a Mackey functor for G over over k is naturally considered
to be a Mackey functor for H over k. Such a Mackey functor is called the
restriction of M to H and is denoted by |§ M.

Definition 3.1 Let M and N be Mackey functors for G over k. Then a mor-
phism of Mackey functors 6 : M — N is defined to be a family (0u))n<c of
k—homomorphisms 0y : M(H) — N(H) such that
ti(On(m)) = Ox(ty(m)) (m e M(H)),
)) = O(H)(rgm') (m € M(H)),
(O0u(m)) = 0(H?)(c'(m)) (M € M(H))

/

rg(QK(m

forall H< K < G and g € G, where k is an complete principle ideal domain.
We denote by Macky (G) the category whose objects are the Mackey functors for

G over k and with morphisms as just defined. Macky,(G) is an abelian category.

3.2 Green Functors

With the notation of the previous section, A Green functor for G over R is a
Mackey functor A such that A(H) is endowed with an associative R—algebra
structure with a unity element for every H € S(G) and the following axioms are

satisfied:

1. All restriction maps r# : A(H) — A(K) and the conjugation maps ¢, :

A(H) — A(K) are unitary homomorphisms of R-algebras.
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2. (Frobenius Axiom) For all K < H, a € A(K), € A(H), then
ti(arg(B)) = ti(a).p

ti(ric(B).c) = B.ti(a)

We emphasize that ti£ need not to be a ring homomorphism. In fact, the
Frobenius axiom implies that the image of ¢ is a two sided ideal of A(H). The

formulas in the Frobenius axiom are also called projection formulas.

Since the conjugation maps are unitary homomorphisms of R—algebras, G
acts on HHes(G) A(H) as a group of algebra automorhisms, and in particu-
lar N(H) acts on A(H) as a group of algebra automorphisms. So A(H) is
an N(H)—algebra, and in particular A(1) is endowed with an action of G' by

R—algebra automorphisms.

Moreover, there is an evident notion of morphism of Green functors: a
morphism ¢ from the Green functor A to the Green functor B is a mor-
phism of Mackey functors such that, for any subgroup H of G, the morphism
¢p : A(H) — B(H) is a morphism of rings. The morphism ¢ is said to be uni-
tary if the morphism ¢y preserves the unit for all H. It is actually enough that

morphism ¢ preserves the unit, since

o6 (Lagn) = ¢a(r$) (La) = rade(lae) = rlse) = lam

A module over the Green functor A, or A—module, is defined to be a Mackey
functor M for the group G, such that for any subgroup H of G, the module M (H)
has a structure of A(H)—module with unit. Furthermore, the structure must be

compatible with the Mackey structure, in the following sense:

o If x € G and K < G, let m —® m be the conjugation by z from M(K) to
M(*K). If a € A(K) and M € m(K), then *(a.m) = *(a).*(m).

o If H < K are subgroups of G, if a € A(K) and m € M(K), then r&(a.m) =

r&(a).rk(m).
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e In the same conditions, if a € A(K) and m € M(H), then
a.tiy(m) =t (ri(a).m)
and if « € A(H) and m € M(K), then
th(a).m =t (a.rk(m))
A morphism ¢ from the A—module M to the A—module NN is a morphism of

Mackey functors from M to N such that any subgroup H of G, the morphism
¢p is a morphism of A(H)—modules.

Now we will define another category Ay(G) as subcategory of Mack(G) as
the following;:

Definition 3.2 Let A, B be Green functors where G is a group. Then a ring
homomorphism v = (0g)u<c : A — B is a morphism between Green functors
such that each Oy is an algebra of Macky(G) whose objects are all Green functors

and morphisms are ring homomorphisms.

An important example of a Green functor is End(M), obtained for any Mackey
functor M by,

End(M)(H) = Endy(M) = Homaraerm (1% M, 15 M)

we will study End(M) in the next chapter.



Chapter 4

Endomorphism Green Functors

Let G be a finite group and M a Mackey functor. In this chapter, we will
study a Green functor, defined by Sasaki, called endomorphism Green functor of
a Mackey functor M. The role of the endomorphism Green functor in the Green
correspondence for Mackey functors is crucial because we define the vertex of a

Mackey functor M to be the by vertex of the endomorphism Green functor of M.

Firstly, we will give the definition of endomorphism Green functor. Then we
will show that the endomorphism Green functor satisfies the axioms for Green

functors.

Definition 4.1 Let M be a Mackey functor for G over k. Then the Green func-
tor Endy (M) = (Endyg(M), T, R,C) is defined as follows. For each H < G we
define

Endg (M) = Homaraen, (L5 M, 1§ M),

the set of morphisms from |% M to |% M in Macky(H). Let H < K < G and
g€ qG.
Define the transfer map;

TE : Endyg(M) — Endg (M) : 0 — Tk (0)

22
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as follows. Writing
Oy )y<n = (T (0)1) 1<k
then, for L < K, the map (T (0))r, : M(L) — M(L) is such that, forz € M(L),
we have
T Z tH o Oponrr e O ().

HgL<K

Define the restriction map;
RE : Endg (M) — Endg(M) : 1 — R (1)
as follows. Writing
Wy )v<x = ((Rg(¥))p)p<m
then for E < K, the map (RE(¢))p : M(E) — M(D) is such that, for y €
M(D), we have
y — ¥p(y).

Define the conjugation map;
CY - Endp(M) — Endspr(M) : 0 — Ci(¢)

as follows. Writing
(ev)v<x = (Ch(p))e)E<on
then for E < K, the map (C§(¢))r : M(E) — M(E) is such that, for z €
M(E), we have
Z CfggngC’%(z).

Now we will show that the endomorphism Green functor Endg(M) satisfies

the axioms given in Chapter 3.

Proposition 4.2 If M is a Mackey functor for the group G, then
(Enda(M),T,R,C) is a Green functor.

Proof: Letting M be a Mackey functor for GG, then
(1) For L < K < H, RERI = RE. Indeed, given D < K and m € M(D) and
¢ € Endg(M) then RE(p) € Endyg (M) satisfies

(Ri(9))(m) = (¢p)p<i (m).
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For E < L and R € Endg (M), we have

RE (R ()(m) = (((¢)p)r)p<r.p<r(m) = (¢r)p<i(m) = (RL (¢))(m)

for ¢ € Endy(M).

(2) For L< K < H, TETKE =TL.

Indeed, for given S < K and m € M(S) and ¢ € End(M) then TF(p) €
Endg (M) satisfies

k —1
(TEe)m)s = > thwFosarands (m).
SkL<K k€K

Given R < K and n € M(R) and ¢ € Endg(M) then TH(¢) € Endy(M)

satisfies;
h fo— 1

(TEW))r=" Y,  thoxrorriacch (n).
RhK<H,heH

Given R < H and n € M(R) and ¢ € End(M) then;

h —1
(TR(TE () (n) = >tk ) rnkr il (n)
RhK<H,hcH

h hk k —1
(T W) () prok = Z tghngkLckahka’cerghkgllgkmLck (n)

(RPMNK)kL<K,he K

So

H/mK _ R h,RMNK k RhenKE k=1 Rh h1
(T (Tp (W) = § trrn i C R ARLC WRRMAKFALT RieAKEALC T RAAKCR

(RMNK)KL<K,RhK€H

— R RﬂhK T x—l RﬂhK R
o Z tRrr kTRAe KN LC YRreaknLC T"rRarkne LT RAP K
(RMK)kL<K,RRK€H

L T x~1
= Z trne(ann)C YREAKNLC"  TRAw(HAL)
RxL<H

where x = hk.
The result is what we claimed because as k and A runs over double coset repre-
sentatives REK < H and (R" N K)hL < H then x = hk runs over double coset
representatives REK < H.
(3) For a finite group H, RY = idpna, (a)-
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Given D < H and m € M(D) and ¢ € Endy(M) then RE(Y) € Endy(M)

satisfies
(Riz(¥)(m) = (¥p)p<m(m).

Since (¢¥p)p<p is a family of homomorphisms over D < H then

(¥p)p<r(m) = 3(m)

as we claimed.

(4) For a finite group H, T# = idpna, ).

Indeed, for given S < H and m € M(S) and ¢ € Endy(M) then TH () €
Endg (M) satisfies

H S h Sh h~1
Ty (Y)(m) = Z torn € stanTgnapCs  (M).
ShH<H,heS
S _h Sh h~1
= Z t5Conmp¥shnnTsnnpCs (M)
ShH<H,heS
h
= Z tgcghwshrghcg
ShH<H,heS

= Z Ysn(m)

ShH<H,heS

= Z Ygn(m)

ShH<HheH

= (m)

—1

(m)

as we claimed.

(5) For a finite group G with a subgroup H, we have
C’[‘f]h = C;‘L]HCIZ where h, g € G.

Indeed, for given m € M(E), E <% H and a € Endy(M) then C%'(a) €
Endy (M) satisfies;

-1,-1
(CH)(m) = cFagmey, (m)
— ciE(c%aEgth:;E)cgl(m)

= (CH(a) o)y (m)

= C’fHC'Z(m).
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(6) For a finite group H and h € H, C" : Endy (M) — Endy(M) is the identity.
Indeed, for given m € M(E) and E <" H = H and § € Endg (M) then;

(CHO)N(m) = dip (Orp)rpench(m)
= 0(m)

where we consider the family of homomorphisms (6rg)rp<p.
(7) Let G be finite group and K < H < G and g € G. Then we have

CURE = RyiCY.
Indeed, for given D < K, E <9 K and m € M(D) and o € Endg(M);

CLRIL(a)(m) = Cf(ap)(m)
= Yy (ap)spCl(m)
= Y aypCl(m)
= (CYy an CY)p(m)
= RIE(CH anyCY)(m)

= RygCh(a)(m)
where Y €9 H.
(8) (Mackey axiom): Take 0 € Endy (M), and if L, K < H, then we have

Ry Ty (0) = Z TLngkRgLIrgchg( (0).

LgK<H,gcH

Indeed, for any X < L we must show that

(RI%TIQ()X(Q:) - Z (TLngkR?rﬁgKC?((Q))X(I)
LgK<H,geH
where x € L. We show the equality of the left hand side(LHS) and right hand
side(RHS).
LHS :

(RﬁTg(Q))X(@ = RIZ(TIS((@))X@)
= (T (9)x(x)

_ X X9 g
= E txro Oxonk oK Cx (2)
XgK<H
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RHS :

Z (TLﬂgkRngKCg (0))x(z) =

LgK<H,geH
Y (Thox (R Ck(9))x ()
LgK<H,gcH
2 > (R (CF(0)) xenznaryrxe 0 (L 09 KX e (x)
XN*(LNIK) LNIK\~K XuN(LNK)T'X X

LgK<H,geH Xu(LNIK)<Lu€eL

w -1
Z Z tXmu(ngK)C (Cg((6))X“ﬂ(LﬂgK)TXuﬁ(LﬂgK)CX (z)

LgK<H Xu(LNIK)<

Z Z tXmu(ngK)CuCg(8)(X“N(L09K))9Cg

LgK<H Xu(LN9K)<L

—1 —1
TXZM(LHQK)CU (2)

X ug X9 g u
E txru(Lno k)€ (6)(X"QN(LOQK))QTXugﬂ(ngK)gC (z)
LgK<H,Xu(LN9K)<L
X X9 gt
E txrorOxonkTYonCx (T)
XgK<H

because u and g runs over Xu(L N9 K) and LgK, respectively, then ug runs over
XugK. Since X < L and u € L, then ug runs over XgK. So LHS and RHS are
equal.

(9) (Frobenius axiom) If K < H, a € Endxg(M),3 € Endyg(M), then the

following multiplicative structures are both satisfied.
T (a.RiE(B)) = T (@).3

Tg (RE(B).a) = B.T¢ (a).
Indeed, for the first statement of the Frobenius axiom, we show that the left hand

side and the right hand side are equal. Let S < H.
LHS :

h 1
T (.RE () = Z tgmhKch(a.R%(ﬁ))Sthrgthcg
ShK<H,heH
h 1
= Y g amnx(RIEB) siarrinnxch
ShK<H,heH

_ S h Sh h~1
= >t sk BsnkT oS
ShK<H,heH
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RHS :

H _ S h sh h~!
Ti().8 = ( § tson k¢ AsrnrTgnakCs )-On
ShK<H,hcH
S h Sh h~1
= Ytk asiar Bk iy
ShK<H,hcH
by application of conjugation and restriction on Gy. Since LHS and RHS are

equal, the first statement of the Frobenius axiom is satisfied.

Similarly, the endomorphism Green functor satisfies the second statement of

the Frobenius axiom.

OJ

As a consequence, we have shown that the endomorphism Green functor satisfies

all the axioms defined for a Green functor.

In this chapter, finally we will give a remark which defines a Mackey functor
for which the endomorphism Green functor is a special case. The proof is in Bouc

[2]. But it can also be proved by an argument similar to the above.

Proposition 4.3 (Bouc,[2]) Let M and N be Mackey functors for G over k.
Then a Mackey functor Homg(M,N) = (Homyg(M,N),T,R,C) is defined as
follows.

For each H < G we define

HOTT”{(M, N) = HOmMack(H)(lg M7 l«g N)’

the set of morphisms from |% M to |$ N in Mack(H).



Chapter 5

Defect Base and Defect Group
for Mackey Functors

In this chapter, making use of the defect base and defect group established by

Green in [6] , we shall study the vertex of a Mackey functor.

5.1 Some Notation and Canonical Filtration

Firstly, let us remember some definitions concerning sets of subgroups of a group
G. Let K and L be subgroups of H which is a given subgroup of G. We write
K <y L to mean that there exists some h in H such that K" < L. If H, B are
sets of subgroups of H, we write H <y B to mean that for each K € H there
exists some L € B such that K <g L. We write H =g B to mean that H <z B

and B <z H. Now we define the closure operation, jg.
Definition 5.1 If H is a set of subgroups of H, define

joH ={L < H|3K € H such that L <y K},

and we call jgH, the jg—-closure of H. The set H is said to be jy—closed or
closed under subconjugation if juyH = H. Thus H is jy—closed if and only if H

29
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contains, with any subgroup L € H, all the subgroups of L and all conjugates of
L<H.

The following proposition is obvious.
Proposition 5.2 Let 'H, B be sets of subgroups of H. Then

1. H <, H.

2. ju(juH) = juH.

3. H <y B if and only if juyH < jubB.

4. JuH =u<p if and only if jgH = juB.

5. Every jy—closed H contains the unit subgroup {1} of H.

6. The intersection and union of any non-empty set of jy—closed sets of sub-

groups of H are both jg—-closed sets of subgroups of H.

Definition 5.3 Let H, K, L be subgroups of G such that H < L and K < L. Let
H, B be sets of subgroups of H, K respectively. Then consider the following set of
subgroups.

H:L:B={U'NV|U e H,V €B,ge L}.

This set of subgroups described above is called midrel set.

Proposition 5.4 With the notation of the definition just above

]L(H L B) :jLHﬂjLB

Definition 5.5 Let A be a Green functor for a finite group G in k. For each
pair (H, H), where H is a subgroup of G and 'H is a set of sungroups of H (H can
consist of single subgroup), consider

An(H) = Yt (AU).

UecH
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The family (An(H)) indexed by the set of pairs (H,H), is called the

canonical filtration on A.

Proposition 5.6 Let A be a Green functor, and (Ay(H)) its canonical filtration.
Then each Ay (H) is an ideal of A(H). Also, let D, H, K be subgroups of G, and
any set 'H, B of subgroups of H. Then:

1. Ay(H) = A(H).

2. H <g B implies that (Ay(H)) < Ag(H)).

4. t5(Ay)(H) = Ay(K) for H < K.

5. rB(Ay(H)) < Ay.pr.p(D) where D consists of only D, D < H.

6. i (An(H)) = Ape(HY) for all g € G and HY = {U|U € H}.

5.2 Defect Bases

Definition 5.7 Let A be a Green functor for G and H be a set of subgroups of
G. We say that A(G) is H—projective if (An(G)) = A(G), which means A(G) is
‘H—projective if

ST HEAW) = AG),

UcH

We also say A itself is H—projective in this case.

Lemma 5.8 With the notation of the Definition 5.7 we have the following:

1. A(G) is G—projective.
2. A(G) is H—projective if and only if A(G) is joH—projective.

3. If A(G) is H—projective, and if H <¢g B, then A(G) is B—projective.
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4. If A(G).A(G) = A(G) and if A(G) is both H—projective and B—projective,
then A(G) is (jaH N jeB)—projective.

Proof: (1) follows from Proposition 5.6(1). From Proposition 5.6(2) we deduce
that if H < B then (Ax(G)) = A(G) implies (Ap(G)) = A(G), so this proves
(3). Since joH = H, we get the result (2). Assuming the hypotheses of (4) then,
by Proposition 5.6(3)

A(G) = A(G).A(G) = An(H).Ap(H) < Ay:5(G)

which means that A(G) is (H : G : B)—projective. By (2) and Proposition 5.4,
A(G) is (jeH N jeB)—projective.
0

Definition 5.9 Let A be a Green functor for G and D be a set of subgroups of
G. Then we say that D is a defect base for A(G) if the following two conditions
are both satisfied.

1. For all H(any set of subgroups of G), A(G) is H—projective if and only if
D <sH.

2. D is jg—-closed.

In other words, a defect base of A is a family of subgroups which is closed under

subconjugation and which is minimal under the condition

> HAL)) = AG).

UeD

Theorem 5.10 (Green,[6]) Let A be a Green functor such that A(G).A(G) =
A(G). Then A(G) has a unique defect base.

Proof: Let II be the set of all jo—closed sets of H of subgroups of G such that
A(G) is H—projective. By Lemma 5.8(1), (2) II contains jo{G}. Thus II is not

empty. We observe that the intersection D of all the members of II is itself a
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member of [[, by Lemma 5.8(4) and Proposition 5.2(5). If D < H for some H,
then A(G) is H—projective, by Lemma 5.8(3).
Conversely, if A(G) is H—projective for some H, then joH € II. Thus D < jo'H,
i.e. D < H by Proposition 5.2(3). Therefore D satisfies the first condition in
the definition of the defect base. The uniqueness of D follows immediately from
the definition of the defect base.

O

Remark 5.11 If A(G) has the identity element lg, then the condition
A(G).A(G) = A(Q) is satisfied. If H is any set of subgroups of G, then A(G) is
H—projective if and only if 1 € Ax(G).

The condition A(G).A(G) = A(G) is clearly satisfied with our definition since

we always assume the existence of unity elements.

The definition and existence of a defect base for a Green functor A depend
only on a small number of properties of the family of ideals (A (G)) of A(G). In
the next definition we isolate these properties and we will be able to speak of the

defect base of a k—algebra A, relative to a G— family of ideals of A.

Definition 5.12 Let A be a k—algebra, G a finite group, and S(G) the set of all
sets of subgroups of G. Suppose that (Ay) is a family of ideals of A, indexed by
H in S(G) which satisfies the following conditions, for all H,B in S(G):

1. Ag = A.

2. H <g B implies Ay < Ag.

3. Apx A < An.as.

Then (Ay) is called a G—family on A.

For example, the family (Ax(G)) of A(G), where Ay (G) and A(G) are defined
by a Green functor A, is a G—family on A(G).
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If (Ay) is a G—family on the k—algebra A, we say that A is H—projective,
relative to (Ay), if Ay = A. We define a defect base D relative to (Ay) to be a
set D of subgroups of G' which satisfies the conditions of the defect base which

we stated before.

Proposition 5.13 Let A be a k—algebra such that Ax A = A, and let (Ay) be
a G—family on A. Then A has a unique defect base D = D(A) relative to (Ay).

Now consider the associative k—algebra A with the identity element 1 and

(Ay) be a fixed G—family on A. Then we have the following proposition.

Proposition 5.14 Let S be a subalgebra of A. Then (SN Ay) is a G—family on
S and D(A) > D(S).

Suppose that e is an idempotent in A. S = eAe is a subalgebra of A; also
eAe NI = ele, for any ideal I of A. So the G—family on subalgebra eAe = S
is (eApe). For any H € S(G), the condition for eAe to be H—projective is that

e € eAye, which is equivalent to the condition e € Ay.

Theorem 5.15 (Green,[6]) If1 = e +...+e,, whereey, ..., e, are idempotents
in A, then D(A) = ] D(e;Ae;).

Proof: Let D; = D(e;Ae;). Then D(A) > D;, for all i. Therefore,
D(A) > D = |J; D;. However, we also have e; € Ap, for all i. Therefore

1= Zei € ZADz < A’D7
so that A is D—projective. Since Dis jgo—closed, D(A) < D. Thus D(A) = D.

This completes the proof.
O

Now consider the idempotents e, f of A, we say that e, f are associated in A

if the right A—modules eA, fA are isomorphic. Indeed, e, f are associated in A
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if and only if there exists elements z,y in A such that

exf =, fye=y,zy=e, yr=f.

It follows that any ideal Ay, of A which contains e, also contains f, and conversely.

Thus we have the following.

Proposition 5.16 If e, f are idempotents which are associated in A, then
D(eAe) = D(fAf).

We say that an idempotent e of A is completely primitive in A if eAe/rad(eAe)

is a division algebra. Here rad(eAe) denotes the Jacabson radical.

In the next proposition and definition, we shall assume that the G—family

(Ay) satisfies that for H € S(G),

A=Y A(H).

HeH

Proposition 5.17 Ife is a completely primitive idempotent of A, then D(eAe) =
JjaD, for some subgroup D of G, which is determined uniquely up to conjugacy
n G.

Proof: Let D = D(ede). Then e € Ap = >, pA(D) and so e €
Y pep ¢A(D)e. If all eA(D)e were proper ideals of eAe, they would lie in
rad(eAe), giving the contradiction e € rad(eAe). So there is some D in D for
which e € A(D). Hence eAe is D—projective and so D < joD. But D € D, so
JaD < D. So it completes the proof. Since D = joD, D is determined uniquely
up to conjugacy in G.

O

Now we give the definition of the defect group.

Definition 5.18 With the notation of the previous proposition, we say that D is
called a defect group of e, or eAe.
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In order to apply this result to a Green functor A, we need the following

lemma.

Lemma 5.19 Let A be a Green functor for a finite group G in k such that each
algebra A(H) is associative. Let e = eq be an idempotent of A(G), and define
eg =18e and A'(H) = eg A(H)ey, for all subgroups H of G. Then the family
(A'(H)) defines a subfunctor A" of A whose canocical filtration is (eg A(H)er).

For notation, we write eAe for the Green functor A’, which is a subfunctor of

A.

Proposition 5.20 (Green,[6]) Let A be Green functor for G over k such that

each algebra A(H) is associative and has identity element 1y . Let
lg=e1+...4+¢,

be a decomposition of 1¢ as sum of mutually orthogonal idempotents eq, ..., e, of

A(G). Then

n

D(A) = D(e;Ae).

and if e;, e; are associated in A(G), then D(e;Ae;) = D(ejAej), (i,j=1,...,n).
Moreover, if for each i, e; is completely primitive in A(G), and if D; is a defect
group of e;, then

D(A) = je{D1,...D,}.

Proof: By Lemma 5.19 for each idempotent e;, the subfunctor e;Ae; has its
defect basis D(e;Ae;). By Theorem 3.15 we have

D(A) = D(e;Ae;).
1
And by Proposition 5.16 we have D(e;Ae;) = D(e;Ae;). Finally by this fact we
get
D(A) = je{D1,...D,}.
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In the rest of this section we will study the relation between the defect base
and defect group of the endomorphism Green functor Endg(M), where M is an
indecomposable Mackey functor for GG, and the vertex of M.

Theorem 5.21 (Green,[6]) Let M be a Mackey functor for G and the iden-
tity element of Endg(M)(G) be a completely primitive idempotent. — Then
Endg(M)(G) has a unique defect group up to conjugation.

Proof: Existence of the unique defect group(up to conjugacy) of Endg(M)(G)
follows directly from Proposition 5.17 and Proposition 5.20.

Lemma 5.22 (Sasaki,[8])

1. Let M be a Mackey functor for G and D be a subgroup of G. Then the
following are equivalent:
(a) M is D—projective.
(b) M is isomorphic to a direct summand of %1% M.
(¢) There is a Mackey functor N for D such that M is isomorphic to a

direct summand of 1% N.

2. Let D be a family of subgroups of G. Then a Mackey functor M for G is a
D—projective if and only if there exists, for each D; € D, a Mackey funtor
N; for D; such that M is isomorphic to a direct summand of ), Tg N;.

Proof:

1. Suppose (a) holds. Then there exists an element ® of Endg(M)(D) such
that ®“ = 1. Put N =|% M. Define morphisms

A:M— N and T1: N — M
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by for each H < G.
A(H) : M(H) — N%(H) such that for o € M(H)

a— Z GHngrgngc%_l(a) ® Hg.
HgeH/G
and IT1: N(H) — M(H)
Z g ® Hg — Z tiina pCl g
HgeH/G geH\G/D

respectively. Then A(H)II(H) = ®“(H) = 1 for each H < G. Namely,
we have A® = 1 in Endg(M)(G) and hence M is isomorphic to a direct
summand of 1§|% M. (b) implies (c) trivially. Suppose we have (c). Let
© be an element of Endg(N%)(D) defined by for each E < D O(E) :
NY(E) — NY(E) such that for 3 € NY(E)

Y. B,®Eg— BioE.

EgeE/G

Then ©% = 1. Let A: M — N% and I : N — M be the injection and the

projection, respectively. Let
=% A0 |GT1:1% M —|G M.
Then ®¢ = 1. Thus (a) holds.

2. If M is D—projective, then there exists, for each D; € D, an element ®; in
Endg(M)(D;) such that >, ®; = 1. Put N; =] and define morphisms,
using P,

A;: M — NE and 1I;: N© — M

as in the first half of the proof (1). Let, for each D;, I'; and Z; be the injec-
tion from NZ to >, N& and the projection from Y, N to NZ, respectively.

Let
A=) AT;: M — > Nf

T=> EI: Y NFf— M.
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Then we have AIl = 1. Namely, M is isomorphic to a direct summand of
> N&. Suppose conversely that M is isomorphic to a direct summand of
> Nf, where N; is a Mackey functor for D; for each D; € D. Let I'; and
Z; be the injections from N to >, N and the projection from >, N&
to N, respectively. Let A and II be the injection from M to >, N& and
the projection from ), NE to M, respectively. Let ©; be an element of
Endg(NE)(D;) such that ©; = 1 and define

®=9 A% 20, 5T, |51,

Then we have >, ¢ = 1. So M is D—projective.

Definition 5.23 A Mackey functor M is said to be H—projective if its endo-
morphism Green functor is H—projective, where H is a family of subgroups of

G.

Definition 5.24 Let M be a Mackey functor for G, and Endg(M) be the corre-
sponding endomorphism Green functor. If the identity element of Endg(M)(G)
is a completely primitive idempotent, then the defect group of Endg(M) is unique
up to conjugacy. The defect group of Endg(M) is called the vertex of the Mackey
functor M.

Proposition 5.25 Let M be a Mackey functor for G and let D < G. Then D
is a vertex of M if and only if D is minimal such that M| 151% M.

Proof: Let D be a vertex of M. Remember that if D is a vertex of M then
D is the defect group of Endg(M). By Definition 5.9 there is D, a set of sub-
groups of G, such that Endg(M) is D—projective. Thus by Definition 5.23 M is
D—projective. Then by Lemma 5.22(1), M| 1%1% M.

Now let M| 191G M. Remember that D is minimal with M| 19]% M.
Consider &', the set of subgroups of G, such that D is maximal in it and X is

closed under subconjugation. We need to show that M is X —projective. Indeed,
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because X is closed under subconjugation, by Lemma 5.22(2), the sum of induced
Mackey functors formed for each element of X for M, Y. N;, is a Mackey functor
for D. Since M| 1%l M, M|>", N;. Thus M is X—projective. By Definition
5.23, Endg(M) is X —projective. So X is the defect base for Endg(M) and since

D is maximal in X, it is a vertex of M.

As a summary, let k be a field and M is an indecomposable Mackey functor
for a finite group GG. There is a unique set of subgroups H closed under con-
jugation and taking subgroups minimal with respect to the property that M is
‘H—projective. This set consists of a single conjugacy class of subgroups together
with their subgroups. A representative of this single conjugacy class is a vertex of
M. Let D < G be a vertex of M. Then there is an indecomposable Mackey func-
tor N for D, unique up to conjugacy in Ng(D), such that M| 1% N. Note that
the vertex of an indecomposable Mackey functor need not to be a p—subgroup
of G. In fact any H < G may be the vertex of M. We use this result to prove
the Green correnspondent theorem by analogue proof as in group algebra. Before

that we study the Sasaki’s proof for Green correspondence for Mackey fucntors.



Chapter 6

Green Correspondence for
Mackey Functors(1)

In this chapter we will study the Green correspondence of Mackey functors via
Sasaki’s proof. Let M be a Mackey functor for G and ‘H a family of subgroups
of K < (@, then,

M(H)* ="t M(H).

HeH
A Green functor A for G is called local if A(G) is a local algebra.

Let k be a complete local principle ideal domain and R be a finitely generated
associative k—algebra with identity element 1. Then by [6], 1 has at least one

primitive decomposition in R, as
l=¢+...+¢,

and €g, ..., €, are mutually orthogonal idempotents and they are completely
primitive in R. Let 1 = a9 + ... + a5 be another primitive decomposition of
1 in R. Som = s and the «; can be so numbered that, 57'¢;3 = «; for
j=0,...,m, for a suitable element  of R. Furthermore, every idempotent of R
can be expressed as the sum of mutually orthogonal primitive idempotents of R.
In particular every primitive idempotent of R is completely primitive. Note that

for easy notation we use ex as the restriction of ¢ and €“ as the induction of €

41
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where € is an idempotent in A(H) .

Definition 6.1 Let A € Ax(G) be a local Green functor and let M € Macky(G)
an A—module. Let D be a defect group of A and H be a subgroup of G which
contains Ng(D). Let

X={sQs'NDlscG,s¢ H}
D={sQs'NH|scG,s¢ H}

which we studied in Chapter 2. Let

lpy=¢+...+¢,

be a primitive decomposition of the identity element 1y of A(H). Then by [6]
there is exactly one index i such that D is a defect group of ¢; |$ A. Furthermore,

again by [6], arranging notation so that i = 0, we have
1y =€ modA(@)H.
where ¢; € A(D)H fori > 1. Also
e§ =1¢ modA(D)°.

We put € = ey and note that € is a unit in A(G).
We define N, a Mackey functor for H, as a subfunctor of |& M for each L < H,

N(L) =€, M(L).
This Mackey functor for H s called a Green correspondent of M with respect to

(G.D,H,A).

Remark 6.2 The definiton of Green correspondents depends on a primitive de-
composition of the identity element of A(H). However, all decompositions give

rise to isomorphic Green correspondents.

The following lemma is a result from Sasaki.
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Lemma 6.3 Let M be a Mackey functor for G over k and ¢ € Endg(M)(G) be
an idempotent. Then a subfunctor N of M defined by N(H) = ey M(H) (H < G)
is a direct summand of M. Furthermore Endg(N) is isomorphic to eEndg(M )e.

Proposition 6.4 (Sasaki) Using the notation of Definition 6.1 we have the
following.

1. The Green correspondent N is an e |& Ae-module.

2. 1% M, which is the Mackey functor for H, is the direct sum of N and a
9 —projective Mackey functor for H. The induced Mackey functor 1% N is
the direct sum of M and a X— projective Mackey functor for G.

3. The factor modules M (G)/M(X) and N(H)/M(D)? are isomorphic by

¢+ M(X)" — e(rizo) + N(D)™.
Proof:

1. Let L be a subgroup of H. For an element ¢;¢ and an element €;0¢;, of

e 15 Ae(L),
(e20)(e |G Ae(L)) = ¢erber,

which is in N(L). Thus N is an € |% Ae—module.

2. Let v =€, + ...+ €,. Then v is in A()Y. We define a subfunctor P of

% M by P(L) =y, M(L) for L < H. Obviously, | M is the direct sum

of N and P. Moreover P is a v |§ Ay—module, which can be shown as in
(1). Thus P is Y—projective.

Now we define the following morphisms
QIS N—-M

such that

OK) 1§ NK) = MK): Y BeKgr— Yt (B)
KgeK\G geK\G/H
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I:M—14 N

such that

T(K): M(K) =15 N(K) :a— > exonnrinonc’ ® Kg
KgeK\G
by for each K < (.
Then for K < G we have

DNE)QUK):a— e g a

and this is an isomorphism so that I'Q2 : M — M is an isomorphism. And
M is isomorphic to a direct summand of 1% N. Let consider Endg(N¢).
Obviously, Endg(N¢) is D—projective. Let ¥ = QI' and

lg—U=0+...+86,

be a primitive decomposition of 1¢ — ¥ in Endg(N%)(G). We need to
show that ©; is in Endg(NY)(X)¢. Because Endg(N¢) is D—projective,
by Theorem 2 of [6] ©; is in Endg(NY)(X)% if and only if (6;)y is in
Endo(N) D)2, 19154 N is the direct sum of N and a ) —projective
Mackey functor for H by Lemma 5.22. Furthermore N is a direct summand
of |& M and |2 M is isomorphic to a direct summand of |%1% N. Thus

(©;)y must lie in Endg(NY)(D)~.

3. M is defined by its transfer map ¢, restriction map r and conjugation map
c. By Theorem 2.3 of [7], r& induces an isomorphism of M(G)/M(X)¢ and
N(H)/M(D)H. After realizing this isomorphism, we can combine this with
the first half of the (2). Clearly we get the result.

The following theorem is our main theorem, Green Correspondence for Mackey
functors, which is the result what we have done up to now. Since everything is

established, the proof of the theorem is easy to follow.
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Theorem 6.5 (Sasaki) Let k be a field, D be a subgroup of G, and H be a
subgroup of G containing Ng(D). Then there exists a one-to-one correspondence
between the set of all isomorphism classes of indecomposable Mackey functors
for G over k which have vertex D and the set of all isomorphism classes of
indecomposable Mackey functors for H over k which have vertex D, in which a
Mackey functor M for G and a Mackey functor N for H correspond if, and only
if, either N is isomorphic to a direct summand of |$ M or M is isomorphic to

a direct summand of 1% N.

Proof: Let M be an indecomposable Mackey functor for G over k. Consider
the endomorphism Green functor for M, Endg(M). Let say A = Endg(M).
Then A(G) is local because M is indecomposable. Let D be a vertex of M,
H a subgroup of G containing Ng(D), and N be a Green correspondent of M,
which is as we defined above, with respect to G, D, H, A. Let € be our primitive
idempotent of A(H) that defines N as in Definition 6.1. Then by Lemma 6.3
€ |% Ae is isomorphic to Endy(N). Furthermore, N has vertex D. Hence, the
desired one-to-one correspondence is the one that corresponds the isomorphism

class of M to isomorphism classes of N.



Chapter 7

Green Correspondence for
Mackey Functors(2)

In the previous chapter we studied Sasaki’s proof for the Green correspondence
for indecomposable Mackey functors. Sasaki proved the Green correspondence for
an indecomposable Mackey functor M via endomorphism Green functor End(M)
after defining the vertex of M via the vertex of End(M). In this chapter we shall

prove the theorem by an analogue of the proof for group algebras.

Theorem 7.1 Let k be a field, D be a subgroup of G, and H be a subgroup of G
containing Ng(D). Then there exists a one-to-one correspondence between the set
of all isomorphism classes of indecomposable Mackey functors for G over k which
have vertex D and the set of all isomorphism classes of indecomposable Mackey
functors for H over k which have vertex D, in which a Mackey functor M for G
and a Mackey functor N for H correspond if, and only if, either N is isomorphic

to a direct summand of |% M or M is isomorphic to a direct summand of 1% N.

Proof: Remember some collections of subgroups of GG. Let
X={sDs'ND|s€G,s¢ H}

N ={sDs'NH|scG s¢ H)}

46
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© ={RIR<D,R ¢z}
We have the following results.

Lemma 7.2 Suppose that R is a subgroup of D. Then the following are equiva-

lent.

1. R SG’ %,‘

3. R<yg?.

Proof: If (1) is valid then there is g € G with gRg™' < DN sDs™!, where
s €@, s ¢ H. Then if g € H then certainly (2) holds. If g ¢ M then R < g~*Dg
yields R < DN g 'Dg, that is R in X so certainly R <y X. So (2) holds.
If (2) holds then there is € H,s € G,s ¢ M such that zRz™' < DNsDs™ .
Thus, we get tRr~' < HNsDs™ ' and R <x 2. So (3) holds.
If (3) holds then there is z € H,s € G,s ¢ H with xRz~ < H N sDs™ L.
Hence R < H N (x7's)D(s'z). However z7's ¢ H. So clearly we have R <
DN (z7's)D(s™'x) and R <g X. So (1) holds.

Lemma 7.3 Let M be a Mackey functor for G which is X—projective and N be
a Mackey functor for H which is Q)—projective. Then |$ M is Q—projective and
@ N is X—projective.

Proof: Let T be an indecomposable summand of M so T is projective for a
subgroup of the form sDs™1 s ¢ H. Hence, by Mackey’s theorem, |% T is pro-

jective for the collection of subgroups of the form

t(sDs'N D)yt ' NH=tsDs 't ' NtDt™' N H.
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But either ¢t ¢ H or ts ¢ H so such a subgroup is contained in an element of 9
so |4 T and |§ M are relatively 2)—projective.
If T' is an indecomposable summand of N and 7" has vertex P then P <y %) so
14 T is P—projective and P <g X, by Lemma 7.2 , so 1% T is X—projective.
The lemma is proved.

O

The next two results contain the bulk of the theorem.

Lemma 7.4 If M is an indecomposable Mackey functor for G with vertex R in
D then |G M = N®T where N is an indecomposable Mackey functor for H with
vertex R, M| 1% N and T is a Y—projective Mackey functor for H.

Proof: There is an indecomposable Mackey functor N for H with vertex R
and M| 1% N. Now |%1% N = N @ T, where T is relatively 9)—projective,
by Lemma 2.16. Thus |% M is either isomorphic with N & T or T for some
summand T of Ty. But, |% M has an indecomposable summand Z with vertex
R. Now Z cannot be isomorphic with summand of T, or else R <y X,so R ¢ ©.
Thus, Z 2 Nand Uy | M N T.

Lemma 7.5 If N is an indecomposable Mackey functor for H with vertex R in
D then 1% N =2 M & W where M is an indecomposable Mackey functor for G
vertex R, N| % M and W is a X—projective Mackey functor for G.

Proof: Let 1% N = M, + ...+ M, be a direct sum of indecomposable Mackey
functors for G. Since %1% N = N @ T, where Y is a 2 —projective Mackey
functor for H.We have, after renumbering, that |% M, & N + Ty, |9 M; = T;,
2 <1 <r, where T; are Mackey functors for H and T =T} ® ... ®T,. We claim
that M; has a vertex in ® and that Mi,..., M, are relatively X—projective.
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Indeed, M; has a vertex in D, as M;| 1% N, and M, cannot be X—projective.
Then | M, = N + Ty is 2 —projective which is not the case. Hence, M; does
not have a vertex in ®. Moreover, if M;, ¢+ < 2, was not X—projective. Then
Lemma 7.4 would imply to it and | M; would not be ) —projective, which it is.
Thus, M; is relatively X—projective.
Setting M = My, W = My + ...+ M, we have that M| 1% N, 14 N = M @
W where W is X—projective. It remains only to prove that M has vertex R.
However, the vertex of M is in ®. Thus Lemma 7.4 applies and there is a unique
summand, in any decomposition of | M into the direct sum of indecomposable
modules, which is not §)—projective and that Mackey functor has a vertex equal
to a vertex of M. However |§ M = N @ T. So M has vertex R as N has vertex
R.

OJ

We almost proved the Theorem 7.1. We only need to show the one-to-one

property.

If M is an indecomposable Mackey functor for G with vertex R in ®, N is as
in Lemma 7.4. Then 1% N = M @ T as in Lemma 7.5. Thus M = M'. But in
Lemma 7.4 we proved that M| 1§ N. If we start with N, a similar result holds
as proved in Lemma 7.5 that N| |% M. This shows the one-to-one property.



Chapter 8

Some Further Applications

In this chapter we will assume that the coefficient ring is a field k. We will
study the proofs of Thévenaz-Webb, results on Green correspondents, vertices,
sources of the projective Makcey functor, the fixed point and the fixed quotient
Mackey functors and the simple Mackey functor. Moreover, to avoid some further
knowledge about the Mackey functors we sometimes give only the theorems and

propositions.

Recall that every indecomposable Mackey functor M for a finite group G over
k has a vertex H < (G, a unique minimal subgroup up to conjugacy, relatively to
which it is projective. The Green correspondence works in this situation, such
that if H is vertex of M and K is a subgroup containing Ng(H) then |¢ M
has a unique summand, let say it f(M), with vertex H, and if L is a Mackey
functor for K with vertex H then 1% M has unique summand, let say it g(L),
with vertex H, the correspondence f and g being mutually inverse. This idea
consists of the method to determine the Green correspondents, vertices, sources
of the projective Makcey functor, the fixed point and the fixed quotient Mackey

functors and the simple Mackey functor.

20
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8.1 Vertices, Sources and Green Correspon-

dence of Simple Mackey Functors

In this section, firstly we define the simple Mackey functor, the projective Makcey
functor, the fixed point and the fixed quotient Mackey functor. Then we give
some results for the Green correspondence of these functors. Recall that by a
subfunctor N of a Mackey functor M for a finite group G on H, which is a family
of subgroups of G, one means a family of k—submodules N(H) < M(H) where
H € 'H is stable under restriction, transfer and conjugation. If N is a subfunctor

of M, then the quotient functor M /N is defined by (M/N)(H) = M(H)/N(H).

Definition 8.1 o A mackey functor M is called simple if the only subfunc-
tors of M are M itself and zero(i.e. the Mackey functor which is zero on
each subgroup) and is denoted by Sy for a subgroup H of G and for a
kEG—module V.

e A mackey functor is projective and indecomposable, if it is the projective

cover of a simple Mackey functor Spyv.Then it is denoted by Py .

e For a kG—module V', the functor, which is denoted by F Py, is called the
fized point Mackey functor and satisfies that F Py = VH for a subgroup H
of G.

o [or a kG—module V', the functor, which is denoted by F'Qy, is called the
fized quotient Mackey functor and satisfies that F'Py = Vi for a subgroup
H of G.

Throughout this section we use superscripts to indicate for which group a Mackey
functor is considered. Thus for instance Sfjy, is the simple Mackey functor for K

corresponding to the pair (H,V).

Proposition 8.2 (Thévenaz-Webb,[11]) Let H < G and let V be a simple
kN¢g(H)—module. Then the indecomposable projective Py has vertex H.
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The source of the projective module is defined by some further theorems on

Burnside Mackey functors and for more information review [2]

Now we consider Green correspondents of projective Mackey functors.

Theorem 8.3 (Thévenaz-Webb,[11]) Let K be a subgroup of G which con-

tains Ng(H). The Green correspondent of Pfj, is Pf .

Proof: We may write 1% Pjy = g(Pf} )& M where M is a Mackey functor all
of whose summands have smaller vertex than H. Since induction preseves projec-
tives, these summands have the dorm Pp,y with L < H. Apllying induction to the
epimorphism P/, — Sf,, gives an epimorphism g(Pfj )& M =1§ Pl — S§
using the fact that Sfj is an induced functor. The only way we can have such
an epimorphism to a simple Mackey functor is if Pg}v is a summand, and since

this has vertex H we must have g(Pf ) = Pf .

O

In order to study the vertices and sources of simple Mackey functors, firstly

we need the statement of the following lemma.

Lemma 8.4 Suppose that M is a Mackey functor which is projective relative to
a set of subgroups H, and let S(G) be a set of subgroups of G which is closed
under taking subgroups and conjugation. Consider the Mackey functor N whose

value at a subgroup H is defined to be

NH)= Y M)

J<H,JeH
Then N is also projective relative to H.

We need to extend the notation Sy to non-simple modules V. If V' is an
arbitrary kN (H)—module, define Sf‘(/H)(K) = t&(V) < VE = FPy(K). Thus
Si1,v is a subfunctor of F'Py. Then define

N(H) oN(H
Suy = Sg,v :T%(H) (Infﬁé’m(/ ))
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And it is easy to see that Sy (H) = V. As a consequence, Sy y is indecompos-

able if and only if V is an indecomposable kN (H)—module.

Here it is necessary to give the definition of inflation Mackey functor.

Remark 8.5 Whenever we have a normal subgroup N <G and a Mackey functor
L for @ = G/N we can form the inflation InfgL which is a Mackey functor
defined by
0 if K 2 N
InfSL(K) = i
L(K/N) if K> N

with zero restriction and induction morphisms rg,tg unless N < H < K in

which case they are the mappings rﬁ%, tg%, and similarly with conjugations.

The next proposition gives the notion of the vertices of the fixed point and

fixed quotient Mackey functors functors.

Proposition 8.6 (Thévenaz-Webb,[11]) For any indecomposable kG—module
W, the vertices of F Py, FQw and W are the same.

Proof: We rely on the fact that induction of Mackey functors commutes with
all of FFP,F(@) and evaluation at 1. Let K be a vertex of W. Then since W
is a summand of W§ we have that FPy is a summand of F Py 1% FPy.
Hence K contains a vertex L of F'Py,. On the other hand, the split epimorphism
1¢ FPy — FPy on evaluation at the identity subgroup is a split epimorphism
W& — W, and hence L must be K. The proof for FQyy is similar.

Finally we show that the vertex, source and Green correspondent of simple
Mackey functors are determined by the Green correspondents of the correspond-

ing modules. Firstly, consider the following lemma.
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Lemma 8.7 Let K be a normal subgroup of G and let K < J < G. Let M be an
indecomposable Mackey functor for J with vertex K. Then every indecomposable

summand of 1§ M has verter K.

Proof: Let N be a source of M. Since M is a summand of T4, N, the functor
1% M is a summand of
h
lclx= @ N.
heJ/K
Thus |4 M is a dirrect sum of conjugates of N.

Now let L be an indecomposable summand of 1§. Then |& L is a summand of

-1
e M= P &M= (kM)
gEK\G/J geG/J
and so every summand of |5 L is a conjugate of N. After conjugation, it follows
that N is a summand of |& L. Since we also have that L is a summand of 1§ N
and N is its own source, N must be a source of L. In particular K is a vertex of

L. So this completes the proof the lemma.

Theorem 8.8 (Thévenaz-Webb,[11])

1. Let Sg,v be a simple Mackey functor, and let K be a subgroup of G with
H < K < Ng(H) such that K/H is a vertex of V. Then K is a vertex of

G
SH,V

2. Let moreover U be a source of V. Then the indecomposable Mackey functor

SK . is a source of SG+,.

3. Let Sgy be a simple Mackey functor for G and let K/H be a vertex of V.
Let W be the Green correspondent of V', a module for Ny u(K/H) =
N(H,K)/H where N(H,K) = N(H) N N(K). Then the Mackey functor

for N(K) which is the Green correspondent of Sf \ is equal to TN (H, )N )

N(H,K)
S
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Proof:

1. Since S :TG (Inf%Sf‘(/H)) is an induced functor, it follows that a

SN(H)

vertex of Inf N

as a Mackey functor for N(H) is also a vertex of

Sf . Evidently this will be the preimage in N(H) of a vertex of SN(H).

By this means we reduce to the case that H = 1, so we consider a simple

Mackey functor Sy y.

A vertex L of Sy must always contain a vertex K of V' since the split epi-
morphism 7¢|¥ S; — Sy on avaluation at 1 gives a split epimorphism
(V)¢ — V . On the other hand F Py is projective relative to K by Propo-
sition 8.6 and Sy is construced as in Lemma 8.4 on taking M = F' Py, and
S(G) =1 so it follows by Lemma 8.4 that S; y is also projective relative to
K. Thus L = K.

2. By the same reduction argument as in (1), we are left with the case H = 1.
Since V is a summand of U®, FP is a summand of FPS; =15 FPJF. By
the definition of S{’y,, it is clear that ST}, is a summand of SY’ v =1¢
Since we already know that K is a vertex of SLV, the argument suffices to

guarantee that S is a source of Sf’,. So this completes the proof of (2).

3. The functor V. — S;y from modules to Mackey functors is additive and
the proof of Proposition 11.4 shows that it preserves vertices. It follows
easily that SN(HK M is the Green correspondent, of S{V ‘(/H)/ 7 Applying

inflation from N(H)/H to N(H), one obtains that SN(H ) is the Green

correspondent of Sﬁfj”. Therefore

N(H N(H,K) ~, oN(H
TNEH,)K) SH,(W = SH,(V ‘T

where each summand of T" has vertex smaller than K. Let M :T%Eg?K)
Sg’(VIV{’K). Then
N(H,K) A,
% M =15 SH,(W ) SEv® 15w T

By Lemma 8.7, every indecomposable summand of M has vertex K. By
Green correspondence, each such summand corresponds to an indecompos-

able summand of T%( x) M with vertex K. However, we have seen that SGv
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is the only summand of T%( K) M with vertex K. Hence M is indecompos-

able and M is the Green correspondent of Sﬁ,v-
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