EIGENVARIETIES FOR REDUCTIVE GROUPS

ERIC URBAN

ABSTRACT. We develop the theory of overconvergent cohomology intro-
duced by G. Stevens and we use it to give a construction of Eigenvarieties
associated to any reductive group G over Q such that G(R) has discrete
series. We prove that the so-called Eigenvarieties are equidimensional
and flat over the weight space.

0. INTRODUCTION

The theory of p-adic families of automorphic forms has known many de-
veloppments since the original breakthrough of H. Hida in the early eighties
who constructed p-adic families of ordinary modular cusp eigenforms. His
results were further extended to finite slope modular forms by Coleman us-
ing the p-adic spectral theory of the Atkin U, operator and the construction
by Coleman-Mazur of the Eigencurve brought a more geometric and global
aspect to the theory.

Although Hida’s original approach as well as Coleman’s strategy were built
on Katz’ theory of p-adic and overconvergent modular forms, the cohomo-
logical' method, whose idea is originally due to Shimura, using cohomology
of arithmetic subgroups to study congruences between Hecke eigenvalues led
several authors following H. Hida in the ordinary case and G. Stevens in the
finite slope case to construct families of Hecke eigensystems for reductive
groups G over Q whose archimedean part G(R) is compact modulo cen-
ter. For example, see [Bu04, Ch04, Em06]. However, the extension of these
techniques for more general reductive group were hindered by the difficulty
to handle the torsion of the cohomology of the corresponding arithmetic
subgroups.

In this paper, we by-pass this difficulty for groups G such that G%"(R)
satisfy the Harish-Chandra condition? (i.e. containing a compact Cartan
subgroup) and construct p-adic families of automorphic (cuspidal) represen-
tations for G. In particular, we construct Eigenvarieties associated to such

During the preparation of this work, the author was supported by grants from the
National Science Foundation and by a fellowship from the Guggenheim Foundation.
IThe original geometric approach has also been also generalized by Hida to all Shimura
varieties of PEL type and also in some non-ordinary case by other authors. See for example
[K04, K06, KL05, SU06b].
2For example it applies to any unitary or symplectic groups over a totally real field.
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groups whose points are in bijection with automorphic representations hav-
ing non trivial Euler-Poincaré characteristic and we prove that it is equidi-
mensional of the expected dimension. The main difference between our
approach and other authors’ strategy is to work with the total cohomol-
ogy instead of studying the cohomology separately in each degree. More
precisely, we work with some kind of “perfect complex” that computes the
cohomology of the corresponding arithmetic groups with coefficients in a
family of certain p-adic distribution spaces. Moreover, instead of trying to
construct a universal module that interpolates the cohomology when the
weight of the system of coefficients varies, we rather make a p-adic analytic
interpolation of the trace of the Hecke operators acting on the total coho-
mology. Our approach is somehow similar to Wiles’ idea of constructing
families of Galois representations by the use of pseudo-representations. We
give two applications of the p-adic analyticity property with respect to the
weight of these traces. One concerns the construction of Eigenvarieties and
therefore of p-adic families of automorphic representations. We give actu-
ally an axiomatic treatment of the construction of Eigenvarieties from the
existence of p-adic analytic families of traces of Hecke operators. The other
one is to derive a p-adic trace formula in geometric terms very similar to the
one by Arthur-Selberg.

For groups G such that G(R) do not satisfy Harish-Chandra condition,
like GL,, with n > 2, our method provides evidences that the reason of the
presence of torsion is related to the vanishing of the Euler-Poincaré charac-
teristic of the m-isotypical component of the cohomology when 7 is a cuspidal
representation of G(A). In fact, for GL3 /Q3, Ash and Stevens have noticed
that certain cuspidal representations do not lie in a p-adic family and came
up with a conjecture that says vaguely that a cuspidal representation can be
deformed p-adically in a family of classical cuspidal representations if and
only if it is essentially self-dual. According to Langlands’ philosophy, all such
representations should come from orthogonal or symplectic groups, and the
“if” part of this conjecture would follow from our result applied to these
classical groups. Surprisingly, it turns out* that our method can be modi-
fied in order to give a proof of this without assuming Landglands’transfer
principle (see section 5.6).

After I gave several lectures on this work, I learned that M. Koike and L.
Clozel had worked on a somehow similar approach in the past, similar in
the sense that they also proved some continuity statement w.r.t the weight
of the trace of the Hecke operators (see Clozel’s unpublished manuscript
[C193] and Koike’s papers [Ko75, Ko76]) by using the explicit form of the

3For G = GL(2),kx with K imaginary quadratic, Calegari and Mazur have remarked
the same phenomena.

4T am grateful to D. Vogan for drawing my attention to the fact that the twisted Euler
characteristic by a Cartan type involution is non trivial for most of the cohomological
representations.
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Selberg trace formula. Our approach differs from theirs in two ways. Firstly,
we don’t use an explicit form of the trace formula to prove the analyticity
statement and we use p-adic spectral theory on the Banach spaces defined
by the locally analytic induction of p-adic characters. Secondly, our trace is
a trace of a compact operator acting on a complex of p-adic Banach spaces
although theirs is the usual classical trace computed by Arthur-Selberg. As
a by-product, we have obtained a p-adic trace formula. We hope to give
some applications of it in the future.

To illustrate our work, we now give a description of a special case of our
main result on the existence of p-adic families of automorphic represen-
tations. We want to stress upon the fact that we have constructed here
deformations of automorphic representations rather than deformations of
automorphic forms as it is done usually in the literature. It has especially
the advantage to give a better control of the informations at the ramified
places. This fact is very useful for applications like in [SU06a, SU06b].

We fix G a reductive group such that G(R) has discrete series. Let S (K)
be the locally symmetric space associated to G and a neat open subgroup K
of the finite adelic points of GG. Let m be an automorphic representation of
G(A) occurring in the cohomology of Sg(K) with the system of coefficient
anlg (C) the dual of the irreducible algebraic representation of highest weight
A% with respect to some Borel pair. Such a representation will be called
automorphic and cohomological of weight A%9. It can be seen (and we
will see such a representation in this way) as a representation of the Hecke
algebra of the Q-valued locally constant functions on G(Ay) with compact
support that we denote C°(G(Ay), Q).

We now fix a prime p. For simplicity let us assume in this introduction
that G splits over Q, and fix a Borel pair (B,T). Let RT be the set of the
corresponding positive roots. We denote by I an Iwahori subgroup of G(Q,)
in good position w.r.t. (B,T). More generally, we denote I, the Iwahori
subgroup of depth m defined by

In = {g € G(Z)lg (mod p™) € BZ/p"Z)}
We consider the semi-group
T~ = {t € T(Qy)||a(t)], <1Va € RT}

and we denote T~~ C T~ the sub-monoid of elements ¢ such that the
inequalities in the above definition are strict. Then put A~ := I.T~.1 and
A~ :=I1.T7~.I. We consider U, the local Hecke algebra® at p generated
over Zjp by the characteristic function of the double classes u; := I,,,t1,,. Let
KPCG (AZ}) be an open compact subgroup of the finite adelic points of G

5It is an easy fact that the structure of this algebra does not depend upon m. Hence
we have dropped m from the notation.
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away from p. We now consider
Hp(KP) = O (KP\G(A})/KP,Qp) @ Uy C CZ(G(Af), Qp)

where the left hand side of the tensor product denotes the the locally con-
stant function on G(Af) with compact support which are bi-invariant by
KP. We call finite slope representations of G of level KP, the finite di-
mensional representations of H,(KP) over a complete field extension of Q)
such that for each ¢ € T, the double class u; acts as an invertible automor-
phism. In particular, if such a representation is irreducible, the u;’s act by
multiplication by non zero scalars.

Let m be a cohomological automorphic representation. Let us choose
K? C G(AI;@) and some sufficiently deep pro-p-Iwahori subgroup I/, such

that Wfp'l’,“ # 0. We consider the action of I,,,/I], = T(Z/p™Z) on this
subspace and choose a character e of this group such that the e-isotypical

!

component of ﬁffp'lm is non trivial. Then we have an action of H,(KP?) on

ﬁffp'lm ® €1, An irreducible constituent of the representation of H,(KP)

acting on this space will be called a p-stabilization of 7. The finite slope
irreducible representations of H,(K?) obtained in this way will be called
finite slope classical automorphic representations of weight A = \*9¢
that we consider as a p-adic valued continuous character of T'(Z,). If the
original 7 is cuspidal, a p-stabilization of it will be called cuspidal too.

Fix S a finite set of primes such that the open subgroup K? C G(AZ}) is
maximal hyperspecial away from S. Then consider Rg, the abstract Hecke
algebra defined as the sub-algebra of H,(K?) of Z,-valued locally constant

functions with compact support contained in G (A?U{p }).A_. Note that Rg )
is contained in the center of H,(K?). Therefore the action of Rg, on a finite
slope representation o of H,(K?) is given by multiplication by a character

6, of Rg,

Let mp be a finite slope irreducible cuspidal representation of G(A) of weight
Ao. We normalize this action so that the double class u; acts by multiplying
the usual standard action by [Ao(t)|, ! and we denote 6y the corresponding
character of Rg .

We say that 6 is not critical with respect to Ag if for some t € T~~ we
have

up(Oo(ur)) < (Ao(Ha) + 1)vp(a(t))
for each simple root «, with H, denotes the corresponding co-root.

Finally, we introduce the weight space. Let Z, = Z,(K?) be the p-adic
closure of the image of Z(Q) N K?.T(Z,) in T'(Z,) for some K? neat and
hyperspecial maximal away from S. It easy to see that Z,, does not depend
of K? but only of S. If G is Q-split, then Z, is trivial; otherwise, its rank
is related to the rank of some units and also some Leopoldt defect. Our
weight space is the rigid analytic space X = Xg» defined over @, such that
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X(Q,) = Homeont(T(Zy) | Zy, @; ). Then we have the following theorem (See
subsection 5.4.3).

Theorem: Assume that 0y is not critical with respect to Ao and that the
algebraic part of Ao is dominant regular. Then, there exists

(1) an affinoid open neighborhood $4 C X of A,

(2) a generically flat finite cover B of L with structural morphism w,

(3) a homomorphism by from Rg) to the ring O(Y) of analytic func-
tions on ‘U,

(4) a distribution character Iy : Hp(KP) — O(D),

(5) a point yo € B(Q,) above Ao,

(6) a Zariski dense subset ¥ C B(Q,) such that w(y) is algebraic regular
dominant Yy € X,

(7) for each y € ¥, a non empty set I, of finite slope irreducible auto-

morphic representation of weight Ay = w(y) = )\Zlgey,
satisfying the following:

(i) The specialization of Oy at yo is equal to Oy,
(ii) For anyy € 3, the specialization 0y of Oy at y is a character occur-
ring in the representation of Rs, in w'mE" for all 7 € IL,.
(ili) For each y € X, the specialization I, of Iz at y satisfies:

I(f) = > m(m, \NI(f)

oelly

for all f € Hy(KP) where m(m,\) is the Euler-Poincaré character-
istic of m in H*(Sq, VY) defined as

m(m,A) := Y _(=1)’dimcHomaq, (gery (™", HY, o (Sa(KP 1), V)
where f — I:(f) is the trace distribution f — tr(n(f)) defined on
Hp(KP)

Moreover, the distribution character Iy can be chosen such that 11, be a
singleton for a Zariski dense subset of 3.

In a recent preprint, Ash-Stevens have constructed® all we need to con-
struct the total Eigenvariety for any reductive group (see [AS06]). By total,
we mean that the points occurring in that Eigenvariety are in bijections
with systems of Hecke eigenvalues of finite slope occurring in the cohomol-
ogy with coefficients in a Banach space of p-adic distributions (and not only
those having a non trivial Euler-Poincaré characteristic). However, their
result does not give any informations about the dimension of the irreducible

6They have actually constructed local pieces of the total Eigenvariety. A global con-
struction has been recently carried out by Z. Xiang in [Xil0].
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components. Our construction gives a complete description of the compo-
nents of the Eigenvariety having the same dimension as weight space. When
the group is anisotropic, it is exactly the set of Hecke eigensystems having
a non trivial Euler-Poincaré characteristic. In general, we describe it as a
union of cuspidal and various Eisenstein components. In section 5.4 of the
present paper, we present a conjecture for the dimension of the irreducible
component passing through a given point of the Eigenvariety in terms of
the multiplicities of the corresponding system of Hecke eigenvalues in the
various degrees of the cohomology. It is also worth noticing that these com-
ponents do not always’ contain a Zariski dense subset of classical points (i.e
attached to a classical automorphic representation). I hope this paper will
convince the reader that the good framework to study p-adic automorphic
representations and their families is the one of derived category.

We now give a brief description of the content of the different sections. In
section 1, we introduce the basic notations and we give a brief account of
the cohomolgy of arithmetic groups with algebraic coefficients. Especially,
we recall the main important results of Borel-Wallach, Saper, Li-Schwermer
and Franke. In section 2, we introduce some formalism of derived category
of complex of Banach spaces and the spectral theory of compact operators
acting on them. In the section 3, we define the locally p-adic analytic in-
duction spaces “ a la Ash-Stevens-Hida” that will be used to define what
we have called the “overconvergent cohomology”. In section 4, we study
this cohomology and we prove that the trace of the compact operators wuy
acting on it is an analytic function of the weight A € X(Q,). We also in-
troduce the notion of effective finite slope character distribution which is a
linear functional on the Hecke algebras H;,(K?) that behaves like the trace
of compact operator acting on a p-adic Banach space. In section 5, we make
an axiomatic construction of Figenvariety associated to analytic families of
effective finite slope distribution and we apply it to the analytic families of
finite slope distribution constructed in the previous chapter. In section 6,
we establish some p-adic trace formulae interpolating Arthur’s and Franke’s
trace formulae.

Acknowledgments. It will be obvious to the reader that this work is much
influenced by the works of Ash-Stevens, Coleman-Mazur and Hida. But it
is especially my pleasure to thank H. Hida for many inspiring conversations
all over the years and also for pointing out a few inaccuracies in an early
version of this paper. I would also like to thank A. Ash, L. Clozel, M.
Harris, B. Mazur, C. Skinner, G. Stevens, J. Tilouine and D. Vogan for
useful conversations during the preparation of this work. I am also grateful
to the organizers of the Eigenvarieties semester at Harvard in the spring 2006
for giving me the opportunity to think about these questions again. I would

"See the GL(3) jg-example of Ash-Pollack-Stevens [APS] or the GL(2),k-case with K
imaginary quadratic case considered by Calegari-Mazur [CaM].
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1. COHOMOLOGY OF ARITHMETIC GROUPS
1.1. Notations and conventions.

1.1.1. General notations. We denote respectively by Q,R and C the fields
of rational, real and complex numbers. For any prime p, Q, is the field
of p-adic numbers and we denote by C, the closure of an algebraic closure
@p of Q. Throughout this paper, we fix Q an algebraic closure of Q and
embeddings (o, and ¢, of Q into C and C,. Any number field M will be
considered as a subfield of Q.

We denote by | - |, the non-archimedean norm of C, normalized by |p|, =
p~t. We denote by A the adele ring over Q and we fix a decomposition
A=A; xR. If M is a number field, we will denote also Ay; = A ® M and
for each place v of M, we write M, for the completion of M at v.

Sometimes we denote by | X| or by #X the cardinal of a finite set X.

For any algebraic group H defined over Q, we set Hy = H(Ay) and Hy =
H(R). We denote by HZL the connected component of H., containing the
identity. Whenever we put the superscript + to a given group, it will mean
that we consider the subgroup of the elements whose infinity part belongs
to the connected component of this infinity part.

1.1.2. Locally symmetric spaces and reductive groups. We fix G a connected
reductive group over Q. We denote by Z = Zg the center of G. We fix
Py a minimal parabolic subgroup defined over ( and a Levi decomposition
Py = My.Ny and we denote by Pg the set of standard parabolic subgroup
P of G defined over Q (i.e. those containing ;). We denote also L the set
of standard Levi subgroup (i.e. containing My). For any Levi subgroup M,
we will denote by WY, its (rational) Weyl group i.e. WY, := Ny (Moy)/Mo
(Here Nps(My) denotes the normalizator of My in M).

We fix K, a maximal compact subgroup of G := G(R) and put C$ =
Koo-Zoo. We denote by G the identity component of Go,. We also write
Gl, € GZ for the kernel of the map from G, onto the connected component
of the R-split part of the co-center Goo/Ggg’" of Go.

We fix Kiae C G(Af) a maximal compact subgroup and dg a Haar measure

of Gy such that
/ dg=1

If K C Gy is a measurable set we write

Meas(K) = Meas(K, dg) := / dg.
K
For any open compact subgroup K C Gy, we consider the locally symmet-
ric space

Sa(K) == GQ\G(A)/K.CS,
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. Let Hg = GL/CS N GL. In all this paper, we assume that the strong
approximation theorem applies to G%". In particular, for any open compact
subgroup K C G), we have a finite decomposition

(1) G(8) = | 6@ x GL x gi.K

For any z € G(Ay) and any open subgroup K C G(Ay), we set I'(z, K) the
image of 2Kz~ ' N G(Q)T in G*(Q) = G(Q)/Z¢(Q). Then we have

Sg(K) = I_Iri\Hg.

with I'; := I'(¢;, K). We say that K is neat if none of the I'; := I'(g;, K)
contains finite order elements. In that case, Sg(K) is a smooth real analytic
variety and for each connected component the morphism from its universal
covering to itself is étale.

1.2. Local systems and cohomology. We will be interested in the co-
homology of local systems on S (K). They are defined by representations
of the fundamental group of each connected component. We recall below
different equivalent constructions of these.

1.2.1. First definition. If M is a Q-vector space equipped with an action of
G(Q), we set M the local system defined as the sheaf of locally constant
sections of the cover

M = G(Q)\(G(A) x M)/K.Coo — G(Q\G(A)/K.Coc = Sc(K).
with left action of G(Q) and right action of K.Cy, defined by the formula

v-(g,m).k := (ygk,vy.m)

for any v € G(Q), g € G(A), k € K.Co, and m € M.
Let Zx := Zg(Q)N K. Then a necessary condition for M to be non trivial
is that

(2) Z acts trivially on M

When this condition is satisfied, the subgroups I'(z, K) act on M. Then
for each irreducible component I';\'H, the local system is defined by:

Mz' = FZ\(HG X M) — FZ\HG

and the isomorphism M = L;M; is induced by the maps (7.g;.goo.k, m) —
(9o0,y~110).
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1.2.2. Second definition. If M is a group which is left K-module, we can
define also the local system

Mg = G(Q\G(A) x M)/K.Coo — G(Q\G(A)/K.Coo = Sa(K).
with left action of G(Q) and right action of K.C given by the formula
v.lg,m).k = [ygk, k™ .m)]

When the action of K or G(Q) on M in the definitions (1.2.1) and (1.2.2)
above extends in a compatible way to an action of G(A), then the two defined
local systems M and M coincide by the isomorphism (g, m) — (9,9~ t.m].
Again the sheaf M is non trivial only if the condition (2) is satisfied.

1.2.3. Let v be a place of Q such that the action of K factorizes through the
projection K — K, with K, the image of K into G(Q,). Assume that the
image of g; in G(Q,) be trivial, then we can now describe the local system
M on each irreducible component by:

Mi = M|Fi\HG = Fi\(HG X M) — FZ'\HG

with v.[z,m] = [y.z,7.m] for all z € H¢g and v € I';, the map from the M
onto U; M; being given by [Y.¢i-9oo-k, m] — [V.900, k.- m)].

1.2.4. Cohomology. We will respectively write H*(S¢(K), F) and H2 (Sq(K), F)
for the cohomology and cohomology with compact support of a local system
F on Sg(K). We also denote by H?(Sg(K),F) the image of the canoni-
cal map from H?(Sq(K),F) into H*(Sq(K),F). When F = M, we will
sometimes drop the symbol~ from the notations; so we write H*(Sq(K), M).
When M is defined by an action of G(Q), we also write H$ (S, M) for the
projective limit of the H3(Sq(K), M) over all the open compact subgroups
K C G(Af)

We recall also that the decomposition into connected components induces
a canonical isomorphism

(3) H*(Sq(K), M) = @&;H*(T;\Hg, M;) = &;H*(T;, M).

1.2.5. Hecke operators. We now briefly recall some equivalent definitions of
the action of the Hecke operators on the cohomology.

Assume x € G(Ay), then the right translation by = defines an isomorphism
R:: Sg(K) — Sg(z 1K) and we expect that it induces a map
(4) H*(Sq(z 'Kz), M) — H*(Sq(K), M).

This is so indeed if M is defined by a representation of G(Q) (i.e. like in
definition (1.2.1)). In that case, the definition above induces a left action of
G(Ay) on H*(Sq, M) such that there is a canonical isomorphism

H*(Sa, M)* = H*(Sa(K), M)
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where the left hand side of the above equation denotes the K-invariant of
H*(Sg,M). If M is a Q-vector space, we can therefore define an action of
the Hecke algebra C2°(G(A¢), Q) on H®*(Sq, M) from our choice of an Haar
measure on G(Ay).

In the case M is not a representation of G(Q) but is a left K-module, we
need to make some additional assumptions on M. Assume that we have
Ay C Gy a semi-group containing K and acting on M on the left. Then for
any x € Ay, the map m — x.m induces canonically a map R;fole —
Mp. We therefore have a map in cohomology

(5) H*(Sg(z™ ' Kz), M) — H*(Sc(K), M)

In each case, this enables us to define a left action of the double cosets
Kz K. Moreover these actions coincide when the definitions (1.2.1) and
(1.2.2) do. We can also compare this action with the definition (1.2.3).
We write ¢, = 7.,:9;,hgo0 With h € K. To the double class FiV;Z-IFji, we
can associate the map H*(I';\\Hg, M) — H*(I';,\Hg, M). In view of the
isomorphism (3), the action of the double coset KxK can equivalently be
seen as

(6) [KaK] = @iTing; Tj].

1.3. Cohomology and automorphic forms. In this section, we review
some of the important known results relating cohomology of arithmetic
groups and automorphic forms. The study of this relationship has been
originally undertaken by A. Borel and N. Wallach [BW00] and developed
by many authors including G. Harder, J. Schwermer, J.-S. Li and the the-
ory has culminated with the results of J. Franke [Fr98] who proved Borel’s
conjecture.

1.3.1. Algebraic representations of G. We recall here the definition and con-
struction of some irreducible and algebraic representations of G. Let ' C Q
be the smallest splitting field for G. We fix a Borel pair (B/p,T)f) con-
tained in the pair (Fy/p, Mo, and for all field L containing F', we denote
respectively by N/, B/_L and N/_L the unipotent radical of B, the Borel
subgroup opposite to B, and the unipotent radical of B/_L. For any alge-
braic dominant weight A of G 1, with respect to the Borel pair (B, T)1),
we denote by Vf\;(L) the irreducible algebraic representation over L of G,
of highest weight A defined as the set of algebraic functions G, — A} ;, such
that

f(n"tg) = A(t)f(g)

foralln™ € N~ (L), t € T(L) and g € G(L). When G is clear from the
context, we usually drop it from the notation and write Vy(L).
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We are interested in the cohomology of VY (C) because it can be interpreted
in terms of automorphic forms. We we will recall below the main results
about this fact.

1.3.2. (g, Ks)-cohomology. Let g := Lier(GL.) and € := Lier(Ks). For
any (g, K )-module H, one denotes its (g, Ko )-cohomology by H*(g, Koo; H).
The reader can consult [BWO0O0] for the definitions and basic properties of
this notion. Let w) the character of Z, acting on V,(C). We denote by
C*(G(Q)\G(A)/K,w)) the space of C*°-functions on G(Q)\G(A)/K which
transform by w) under the action of Z,,. This is a (g, K )-module. By
noticing that the tangent space at the origin of Sg(K) is canonicaly iso-
morphic to g/¢ and that multiplication by g € G(A) gives an isomorphism
between the tangent space at the origine and the one at the class of g, it is
not difficult and classical to obtain an isomorphism:

H*(g, Koo; C(G(Q\G(A) /K, wy) @ VX(C)) = H3p(Sa(K), VX(C))
H*(Sa(K), V3 (C))

I

1.3.3. Cuspidal and L?*-Cohomology. Let L?(G(Q)\G(A),w,) the space of
square integrable functions on G(Q)\G(A) which tranform by wy under the
action of Z,. There is a natural action of G(A) on these spaces. Moreover
we have a decomposition

LAH(G(Q\G(A), wx) = LGG(Q\G(A),w) @ Loy (GIQ\G(A),wh)

where L2, and L? denote respectively the continuous and discrete spectrum
of L? for the action of G(A). We also denote by L2, (G(Q)\G(A),wy)the

cusp

subspace of automorphic functions ¢ € L?(G(Q)\G(A),w)) satisfying:
/ F(ng)dn =0
Np(A/Np(Q)

for the unipotent radical Np of any Q-rational parabolic subgroup P of G.
We have L2, . C Lfl. Notice also that there is a spectral decomposition:

LEZ(G(Q)\G(A)’ WA) — @ V;”(Tr)

where (7, V) runs in a set of irreducible representation with central char-
acter at infinity wy. Similarly we have:

Lgusp(G(Q)\G(A), w)\) — @ V;:n(l’u.sp(’ﬂ')

where now the representation 7 are irreducible and cuspidal. In the above
decomposition m(m) and meysp(7) are non negative integer denoting respec-

tively the multiplicities of m in L2 and Lgusp.

For an irreducible representation 7 as above, let Vﬂf ™ be the subspace of
vectors that generate a finite dimension vector space under the action of K.
It can be shown that under the decomposition above V{™ is contained in
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C*>(G(Q)/G(A), wy)-functions (in fact more generally if 7o is an admissible
representation of G, T
cohomology as

TCL2

cusp

is a (g, Koo)-module). One defines the cuspidal

and the square integrable cohomology as

H3 (Sc(K), VX(C)) = P H*(g, Ko; (V™) @ VX(C))

This is a theorem of A. Borel that both inject via § in the cohomology of
S (K). Then we have the following inclusions:

H?,,(Sc(K), VX(C)) C H?(Sc(K), VX(C)) € H(Sa(K), VX(C))
For ? = (),!, cusp or 2, we put:

H3(S6,VX(C)) == lim H3(S(K),V(C))
KCGy

It has a natural action of Gy. Any irreducible representation 7 has a de-
composition m = 7y ® T, Where 7y and 74, are respectively representations
of Gy and G. We now recall which 7, intervene in the cohomology.

“

1.3.4. L-packet at infinity: For each dominant weight X, one defines the
cohomological ” packet II, as the set of essentially unitary representation
Too Of G(R) of central character wy and such that

H*(g, Koo; 7" ® VY(C)) # 0.

A cuspidal representation 7 is said cohomological if its archimedean com-
ponent o, belongs to II) for some weight A (that we call its cohomological
weight).

1.3.5. The Harish-Chandra condition. We say that G, satisfies the Harish-
Chandra condition if the compact rank of G9" equals its semi-simple rank.
In other words, Ggf;’" contains a compact Cartan subgroup. In that case, it
is known by the foundational work of Harish-Chandra that G, has discrete
series representations (i.e. with square integrable matrix coefficients). In
that case, the dimension of Sg(K) is even and we write d¢ for half its real
dimension.

Assume G, satisfies the Harish-Chandra condition. Then, if A is dominant
and regular, it is known that

(VZ): The representations in Il are in the discrete series (i.e. can be
realized in L?(Goo,wy)). Moreover T, € II, has cohomology only
in degree dg. Moreover it has dimension 1.

(HC): The set I, is in bijection with {w.(A+p)—p ;w € Wa_ /Wk .. }-
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(VZ) is due to Vogan and Zuckerman and (HC) is due to Harish-Chandra.
Even if G does not satisfies the Harish-Chandra condition, the representa-
tions in IIy are known to be tempered? when ) is regular. By a theorem of N.
Wallach, it is known that if 7 is such that 7 is tempered then the respec-
tive multiplicities meysp(m) and m(m) of 7 in Lgusp and in L? are equal. An
immediate consequence of these facts is the following (well-known) proposi-
tion.

Proposition 1.3.6. Assume G, satisfies the Harish-Chandra condition
and that \ is regular, then

(i) We have

HY, (5. VY(C) = HY (6. V3(C))

and these groups vanish except for ¢ = dg.

(ii) For ¢ = dg, we have an isomorphism of G

~ ~ : m(m) m(m)
HI (56, WY (C) = P H (g, Koo; nf" @ Vi) @ 7§ = P nf
e s

Here m = mp @ moo rTuns in the set of cuspidal representation such that
Too € 1I.

1.4. Franke’s trace formula. When the group G is not anisotropic, the
cohomology of Si(K) is not reduced to its cuspidal or square integral part.
In the case of GL(2), G.Harder has proved it can be decomposed into its
cuspidal part and Eisenstein part [H87]. This result has been generalized by
him [H93] and J. Schwermer [Sch] in many other cases including the rank
one case and when ) is regular. The questions has been settled in fairly good
generality thanks to the work of J. Franke [Fr98] and works built on it. See
for example, the results of J-S Li and J. Schwermer [L.S04]. It also results
of the works of J. Franke, that there is a trace formula for the cohomology
H*(Sq,VY(C)) in terms of trace of the square integral cohomology of the
Levi subgroup of G. This formula becomes quite simple when the weight A
is regular.

1.4.1. Fisenstein classes. Recall that Pg and L denotes respectively the
set of standard parabolic subgroup of G and standard Levi subgroup of G.
We also write L¢, for the subset of L of Levi satisfying the Harish-Chandra
condition. For P € Pg with Levi decomposition P = M N, we denote by
pp(m) := det(m;n)'/? with n := Lie N . Let

WM = {weWg | wa) e RT, Va € Rt N Ry}
This is the set of representatives of the cosets Wg /Wy of minimal length.
Here R™ is the set of positive root with respect to (B/r,T)) and Ry is

9This means that the matrix coefficients of this representations belong to
L*(Goo/Zoo) for all € > 0
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the set of root for the pair (M, T)). Then we have the so-called Kostant
decomposition

H(n, VA(C)) := @ Vy(/\ﬂp)*pp(c)
wewM
l(w)=q

where Vﬁ/f denotes the irreducible algebraic representation of M of highest
weight . From the definition of WM, w(\ + pp) — pp is a dominant weight

with respect to the pair (B, N M/L,T/L). For further use, let us remind
the reader that we have the relation:

(7) wx X :=w(A+pp) — pp =w(A+pp) — pp

for all w € WM. Since H¥™"(n,C) = C(—2pp), by Poincaré duality the
Kostant decomposition gives:

HimVC) = D  Virippipe(©
wewM
l(w)=dim n—gq
Let Rp C X*(Zar) be the set of roots for the pair (Zjs,n) and denote by
RY, C X.(Z) the corresponding set of coroots. Then we put

WM = fw e WM w (") e RT,¥3 € Rp}

From the definition, we see that if \ is regular, (w * \)|z, (qaer is Rp-
dominant if and only if w € W%S. From results of Harder, Schwermer-Li
and Franke, it is known that for w € W%S and for regular A the Eisen-
stein series associated to a cohomology class in H*(Sy(Kpr), VM, (C)Y) is

WA
in the domain of convergence and therefore defines an Eisenstein class in

H*(S¢(K),VY(C)). When the weight X is regular, these authors have fur-
thermore proved that the cohomolgy can be expressed in terms of cuspidal
and Eisenstein classes. One formulation of this fact is stated in the next
theorem.

For any function f € C°(G(Ay)) and any M € Lg, we denote its constant
term fyr € C2°(M(Ay)). Recall that it is defined for any m € M(Ay) by

fu(m) :=/ f (k™ Ymnk)dndk
KmxN(Ay)

where P = M N is the levi decomposition of the unique standard parabolic
subgroup of G of Levi subgroup M. This definition is relevant in view of
the following (standard) formula:

G(A
(8) tr(f - IndPEA;‘ga) = tr(far : 0)
The induced representation'” here is the set of smooth function on G(Ay)
such that ¢(pg) = o(p).¢(g) for all p € P(Ay) and g € G(Ay).

10Notice here that we do not consider the unitary induction. The main reason is that
the non-unitary induction preserves rationality and integrality of the Hecke eigenvalues.
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Theorem 1.4.2 (Franke). Assume X is reqular and f € C°(G(Ay)), then
we have:

tr(fH.(gG,VX(C))) = Z (_1)dimnM
MeLg

Z (_1)l(w)tr(fM : Hc.usp(gj\/bV1]1\;/[(/\+pp)+pp(c))v)

M
weEWg,

Proof. This follows from formula (2) page 266 of the paper of Franke [Fr98].m

2. SPECTRAL THEORY ON p-ADIC BANACH SPACES

The aim of this section is to set up some basic facts about the spectral
theory for the derived category of Banach modules over a Banach algebra.
We define the what we call the finite slope cohomology attached to complexes
of p-adic Banach spaces equipped with completely continuous (or compact)
operators. Then we extend it to p-adic Frechet spaces. We do not pretend
any originality in this section but it gives a convenient frame for the theory
developed in the fourth section.

2.1. Perfect complexes of Banach spaces. We introduce the notion
of perfect complexes of Banach spaces that will be suitable to our spec-
tral theory. It arises naturally as the theory of perfect complexes in the
Grothendieck theory of Lefschetz trace formula in étale cohomology.

2.1.1. In this section, A will be a topologically finitely generated Banach
Qp-algebra. Recall that it is a @, algebra equipped with an ultrametric
norm |.|4 satisfying

labla < |a|a - |b|a for all a,b € A

and that we can normalize such that |z|4 = |z|, for all z € Q,. We
will assume (A, |.|) satisfies the Hypothesis M of [Co97, Al]. We write
A :={a€ A|la] <1} and m := {a € A | |a] < 1} C A°. Then we
furthermore assume that A is semi-simple in the sense of [Co97, A1], which
means A°/m is a field and that the norm on it induced by that of A is
multiplicative. We again refer to the reference [Co97] for the notions and
the basic properties of Banach A-modules. We call a Frechet A-module a
topological Q,-vectors space V' equipped with a continuous A-module struc-
ture and which is topologically isomorphic to the projective limit of Banach
A-modules. A Frechet A-module will be said compact if the transition maps
of the projective limit are completely continuous.
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2.1.2. The categories Bana and Frey. For any Q,-Banach algebra A, we
consider the category Bany (respectively Fre,) whose objects are the Ba-
nach (respectively Frechet) A-modules and the homomorphisms are the con-
tinuous A-linear maps. These categories are obviously additive but not
abelian. However, they are exact in the sense of Quillen, the short exact
sequences being those exact in the category of A-modules. Moreover Ban 4
satisfies'! the axiom 1.3.0 of [La83]. Every morphism f € Hom(E, F) has
a kernel and a coimage (and therefore an image and a cokernel). One can
check easily that

Ker f = f~10), Im f = f(E), Coker f = F/f(FE) and Coim f = E/f1(0)

Recall that a morphism f is said strict if and only if it induces an isomor-
phism from Coim f onto Im f. This means here that f(FE) is closed in
F. Equivalently, an epimorphim is strict if it is surjective as a morphism of
A-module and a monomorphism is strict if its image is closed.

2.1.3. Let C(Bany) the category of complexes of Banach A-modules with
homomorphisms the maps of degree 0 between complexes. We denote by
K(Ban 4) the triangulated category of complexes of objects of Ban 4 “modulo
homotopy”. We say that a complex is acyclic if it is exact at every degree and
denote by K?(Ban ) the full subcategory of acyclic complexes. This cate-
gory is “épaisse” and following Deligne, it is therefore possible to consider the
derived category D(Ban,) as the quotient category K(Bany)/K?(Bany).
The objects of D(Bany) are the same as those of K(Ban,). Recall that
if M*,N®* € Ob(D(Banya)), a homomorphism from M® to N® is a triple
(P®,s, f) where s € Homy(gan,)(P*, N°®) and f € Homgan,)(P*, M*)
such that s is a quasi-isomorphism. The latter means that the cone of s is
acyclic.

2.1.4. Projective Banach A-modules. Recall the following definition.

Definition 2.1.5. Let A be a Banach p-adic algebra over a p-adic field L and
M a Banach A-module. One says that M is an orthonormalizable A-module
or is orthonormalizable over A if there exists a family B = {m;;i € I} of
elements of norm < 1 and such that for any m € M there is a unique family
(a;)icr € Al such that lim;a; = 0 and m = Y icr@i-mi. We call B an
orthonormal basis of M.

For any Banach space over L, we denote N° the lattice of elements of norm
< 1. We recall the following lemma.

Lemma 2.1.6. Let M be a Banach A-module and a € A such that |a| < 1.
Then if there exists a subset B C M such that the image of B in M°/a.M?°

Hpe category Bana is quasi-abelian in the sense of [S99]. This means that the pull-
back (resp. push-forward) of any strict epimorphism (resp. any strict monomorphism) is
still a strict epimorphism (resp. strict monomorphism). This fact can be easily verified as
in [S99, Prop. 3.2.4].
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is a basis of this module over A°/a.A°. Then B is an orthonormal basis of
N. Especially any Banach space over L is orthonormalizable on L.

An object P of Bany is said projective if for any strict epimorphism f :
N — M and any map g : P — M there exists a map h from P to N so that
the following diagram is commutative.

N—f»M

A complex M* is called perfect if it is bounded and if MY is projective for
all ¢. We denote Ky¢(Bana) the full subcategory of K(Bany) of perfect
complexes.

Lemma 2.1.7. A Banach A-module is projective (in the category Bany) if
and only it is a direct factor of an orthonormalizable A-module.

Proof. Let us prove that an orthonormalizable P is projective. Let N, M, f
and g be as above. Since f strict, it induces an isomorphism of Q,-Banach
spaces N/Ker f onto M. Then we choose a Q,-direct factor M’ of Ker f
inside N so that f induces an isomorphism of Q,-Banach spaces from M’
onto M. If (e;); is an A-basis of P, let h; € M’ for each i be such that
f(hi) = g(e;) for all 4. Since g is continuous and f|pr is an isomorphism
of Q,-Banach spaces, we know that the family (h;); is bounded. Therefore
there exists a continuous A-linear map from P to N such that h(e;) = h;
for all ¢ and thus such that f o h = g. What remains to be proved is formal
and left to the reader.m

Lemma 2.1.8. Let M*® and N°® be two complexes of Banach A-modules.
Assume that M® is perfect, then the canonical following morphism is an
isomorphism:

HomIC(BanA)(M.a N.> - HomD(BanA)(M.a N.)

Proof. This is a special case of [La83, Cor. 2.2.3] in which the space X is
reduced to one point and the fibred category C over X is Bang and Cj is
the full subcategory whose objects are the projective objects of Ban 4.m

2.1.9. Category of perfect complexes. We denote Dps(Bana) the image of
Kpt(Bana) in D(Bany). It follows from the lemma above that Dp¢(Bana)
is a full subcategory of D(Bana). If A = L is a finite extension of Q,,
every Banach space over L is orthonormalizable. Therefore, Dp¢(Bany) =
D(Bany)

2.2. Compact operators.
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2.2.1. Fredholm determinant. Let M be an orthonormalizable Banach A-
module and u be a compact (or completely continuous) operator acting on
M. By definition, recall that this means there exists a sequence of projective
and finitely generated Banach A-modules (M;); such that u|y;, converges to
u when 7 — oo. One can define its Fredholm determinant by:

Pyr(u, X) = det(l — Xu|M) := lim det(1 — X.u;|M;)

where for all 4, we have written u; for the composite of u|y;, with the pro-
jection onto M;. This definition is independant of the choice of the sequence
(M;); cf. [Co97]. It extends easily to projective Banach modules.

2.2.2. Trace versus determinant. The first coeflicient of the series det(1 —
X.u|M) is the opposite of the trace tr(u; M). On the other hand, one can
recover the Fredholm series from the trace map. There exists a universal
sequence of polynomials'? Q,(X1,...,X,) € Q[X1,...,X,] for n > 1 such
that we have

Py(u, X) = det(1 = Xu|M) = > tr(Qn(u,v?,...,u"); M)X"
n=1

These polynomials are well known, for instance, Q1(X71) = — X1, Q2(X1, X2) =
%(X% — X»), etc ...

From this, one can see that many properties of the Fredholm determinant
follow from the corresponding properties of the trace map. In particular, if
we have an A-valued linear map ¢ from an ideal of a sub-algebra of End (M),
one can define the associated formal series for any element u of this ideal by

oo
P(u, X) := Zt(Qn(u,UQ, coout))X"

n=1
2.2.3. We consider the category Ban’ whose objects are pairs (M, upr) with
M € Ob(Bany) and ups be an A-linear compact operator on M. A mor-

phism (M, ups) — (N, un) is given by a morphism M S Nm Ban g such
that fouys = uyof. This category is also exact and has kernel and cokernel.
A sequence is exact if its image by the forgetful functor Bans — Ban¥ is an
exact sequence in Bany. We can define similarly the categories C(Ban’),
K(Ban’), Kpe(Ban®) and D(Ban%) Dye(Ban’,).

Lemma 2.2.4. Let M, N and P be three projective Banach A-modules fitting
in an exact sequence in the category Ban’:

0 — (N,un) & (M,upg) & (Pup) — 0
Then we have

det(1 — X.ups|M) = det(l — X.uy|N) - det(1 — X.up|P).

12The Q.’s are sometimes called Newton polynomials.
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Proof. This follows easily from [Co97, Lemma A.2.4].m

2.2.5. Definition. Let (M*®,u®) € Ob(C(Ban*)) such that M* is a perfect
complex. Then we put

det(l — X.u®|M?®) := Hdet(l — X,uq|M¢I)(—1)q.
q
It follows from Lemma 2.2.4, that det(1 — X.u®|M*®) =1 if M* is acyclic.

2.2.6. Let M* € Ob(Dy¢(Bana)). A homomorphism Hom pgay ,)(M®, M*®).
is said to be compact (or completely continuous) if it has a representative
u® € Homy(gan ,)(M*®, M*®) (i.e. in its homotopy class) such that (M®,u®) €
Ob(C(Ban?)).

Lemma 2.2.7. The operator u® is compact if and only if there exists a se-
quence of operators of finite rank (uy,)n n Homppan ,)(M®, M*®) such that
lim ul = u? for all q. Equivalently, there are finite rank projection opera-
n—oo

tors ey, € Homp(an ) (M*®, M*) such that lim el ou? = u? for all q.
n—oo

Proof. This follows easily from [Co97, A.1.6].m

Lemma 2.2.8. Let u® and v® be two A-linear compact operators on a per-
fect complex M®. If u® and v® are homotopically equivalent, then det(1 —
X.u®|M®) =det(l — X.v®*|M*).

Proof. From the remark made in §2.2.2, it suffices to show that if u* and
v® are homotopycally equivalent then they have the same trace. For this,
it is sufficent to treat the case where v®* = 0. Then, there are operators
k9 . M9 — M9 such that u? = d97 ' o k9 + k9t o @4 for all ¢ with d¢
denoting the differential of the complex M*® in degree q. Let (e}), be as

in the previous lemma such that lim el o u? = u? for all ¢q. Let us put
n—oo

kL = el P o kloel. Since el od? = dio e, we have tr(ef ou?) =
tr(efouloed) = tr(efoditokdoel +efokitlodioed) = tr(dq_lok%—i—kgﬂodq)
This implies that tr(ef ou®) := Zq(—l)qtr(e%ouq) = 0 and therefore passing
to the limit we have ¢r(u®) = O.m

2.2.9. For any M*® € Ob(Dpy¢(Ban)) and any compact A-linear operator u®
of M*, it follows from the previous lemma that the Fredholm determinant
det(l — X.u®|M*®) does not depend of the homotopy class of u®. For any
compact homomorphism u € HomDpf(Ban A)(M ®, M?*), the Fredholm deter-
minant of u is therefore (well-)defined as the Fredholm determinant of any
of its representatives in its homotopy class.
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Corollary 2.2.10. Let (u};,u};,up) be the morphism of a distinguished
triangle of Dpf(Ban )

N*® M* pP* N*[1]
L“?v lu].\/l J{u% J{“?VU]
N*® M* pP* N°*[1]

such that uy;,uy; and up are compact. Then we have

det(1 — X.u|M®) = det(1 — X.u%|N*®) - det(1 — X.u%b|P*)

Proof. Since this triangle is distinguished, (P*®,u%) is homotopic to the cone
of (N®,u%) — (M®,u};). The corollary follows from this observation and
the previous lemma.n

2.3. Spectral decompositions.

2.3.1. Slope decompositions. We recall here a notion'? introduced by Ash-
Stevens [AS00] in their work on GL,. Let L/Q, be a finite extension. A
polynomial Q(X) € L[X] of degree d € Z> is said of slope < hif Q(0) € OF
and if the roots of @*(X) := X?Q(1/X) in Q, have their slope (i.e p-adic
valuation) less or equal to h.

Let M be a vector space over L and let u be a (continuous) linear endo-
morphism of the vector space M. We do not require M to be equipped with
a p-adic topology. A < h-slope decomposition of M with respect to u is a
direct sum decompostion M := M7 €& Ms such that:

(1) M; and My are stable under the action of w.

(2) M; is finitely dimensional over L.

(3) The polynom det(1 — X.u|M;) is of slope < h.

(4) For any polynomial @ of slope < h, the restriction of Q*(u) to Mo
is an invertible endomorphism of M.

Lemma 2.3.2. Let M and M’ be two L-vector spaces. Let u and u' be
two endomorphisms of M and M’ respectively. Let M = M; & My and
M’ = M| @ M}, be < h-slope decomposition of M and M’ with respect to u
and u' respectively. Let f be a (continuous) L-linear map from M to M’
satisfying fou =u'o f. Then f maps respectively My and My into M and
M} (ie. f(M;) C M! fori=1,2).

Proof. Let Q(X) := det(1 — X.u|M;) and Q'(X) := det(1l — X./|M{). Let
z € My and write f(z) = x+y with z € M{ and y € MJ. Since Q*(u).z = 0,
we must have Q*(v').x = —Q*(u').y = 0. By hypothesis, Q*(u') is invertible

130ur definition is actually stronger than theirs since they don’t require that M; has
a stable direct factor.
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on M. Therefore y = 0 and f(z) € M{. Let now z € M. Since Q™*(u)
is invertible on My, there exists w € My such that z = Q™ (u).w. Write
f(w) =z 4y with € M{ and y € M. Since Q@™ (v').z = 0, we must have
f(z) = Q" (W).f(w) = Q"(v).y € Mym

Corollary 2.3.3. Let M, u and h as in 2.3.1. Then, we have uniqueness
of the < h-slope decomposition of M. We will write M<" for My and M>"
for M.

Proof. Apply the previous lemma for M = M’ and f = idy/.m

Corollary 2.3.4. Let M,M’, u, ' and f as in the previous lemma and
suppose there is a map ¢ : M’ — M such that we have a commutative
diagram:

M4f>M’

1 )
M*f>M’

Assume that M and M’ have < h-slope decompositions with respect to u and

u'. Then f induces an isomorphism between M=" and M'S".

Proof. By Lemma 2.3.2, f induces a map M=" — M'SP. We want to show
it is an isomorphism. From the definition of the < h-slope decomposition,
the restrictions of u and v to respectively M=" and M’'S" are invertible.
Since we have ¢ o f = u and f o ¢ = u/, this implies easily that f induces
an isomorphism from M=" onto M'<". u

Corollary 2.3.5. Let M, v and h as in 2.3.1 and N C M a subspace stable
under the action by u. Assume that M has a < h-slope decomposition. Then
N has < h-slope decomposition if and only if M/N does. When this is the
case, we have

o (M/N)Sh = M=l /N=h gnd NSh = N n M=".
e (M/N)>" = M>"/N>h and N>h = N n M>".

Proof. Assume N has a slope decomposition (The other case is left to the
reader). From the lemma 2.3.2, we have NS" ¢ M<h and N>" c M>".
Hence N = NN M= and N>" = N N M>" therefore M = M/N =
My @ My with My := M<"/N<F and My := M>"/N>". The first three
conditions of 2.3.1 are obviously satisfied. If @) is a polynomial of slope < h,
Q*(u) induces an isomorphism of M>" and of N>". It therefore induces an
isomorphism on the quotient My which proves the fourth condition.m
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2.3.6. Finite slope part of M for an operator u. Let M and u be as in
the section 2.3.1. Let A’ € Q with A’ > h. Then if M has a < h/-slope
decomposition wrt. wu, it has a < h-slope decomposition and we have a u-
stable decomposition M =" = M=<h g M>m=<h" guch that M>" = M>h<M" g
M>"_ We will say that M has a slope decomposition with respect to u if
for an increasing sequence h,, of rationals going to infinity (and therefore for
all such sequences) M has a < hy,-slope decomposition for all h,,. Then we
put
det(1 — X.u) := lim det(1 — X.u|M=n)

n—oo

for (hy)n any sequence of rationals going to infinity. It is straitforward to
check that this sequence is convergent in L[[X]] and that the limit does not
depend of the sequence (hy). If M has a slope decomposition with respect
to u, we write sometimes Mt to denote the inductive limit over n of the
M="n’s. We call it the finite slope part of M. The space Mg, has obviously
a slope decomposition and Méh = M=" for all h.

2.3.7. Let now N C M be a u-stable subspace of M. Assume that N has a
slope decomposition. Then by Corollary 2.3.5, so does M /N and we have:

det(1 — X.u[M) = det(1 — X.u|N).det(1 — X.u|(M/N))

Theorem 2.3.8. Let A be a Banach Qp-algebra, M be a projective Banach
A-module and u be a compact A-linear operator of M. Then P(X,u) :=
det(1 — X.u|M) is an entire power series with coefficient in A ( i.e. €
A{T}})

If we have a prime decomposition P(X,u) = Q(X)S(X) in A{{X}} with Q
a polynomial such that Q(0) = 1 and Q*(0) is invertible in A, then there exist
an entire power series Ro(T) € TA{{T}} whose coefficients are polynomials
in the coefficients of Q and S and we have a decomposition of M

M = Nu(Q) ® Fu(Q)
of closed sub A-modules such that

(1) The projector on N, (Q) is given by Rg(u),
(2) Q*(u) annihilates Ny (Q),
(3) Q*(u) is invertible on F,(Q).

If moreover A is notherian then N,(Q) is projective of rank r and

det(1 — X.ulNy(Q)) = Q(X).

Proof. This follows directly from results of Serre’s and Coleman’s works and
their proofs and some generalizations by Buzzard. See [C0o97, Se62, Bu04|u
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If A =L = is a finite extension of Q,, an immediate consequence of
the previous result is that M has a < h-slope decomposition for any h €
Q. Moreover the definitions of det(1 — X.u|M) of §2.3.6 and §2.2 coincide.
The following proposition is not really needed but it shows that taking the
Hausdorff quotient does not harm when considering finite slope part for a
given operator.

Proposition 2.3.9. Let N <y M a continuous injection of L-Banach spaces
(we don’t assume the image is closed). Let uy and ups be respectively com-
pact endomorphisms of N and M such that jouy = upro0j. Then M/j(N)
have slope decompositions with respect to upn = upy (mod j(N)) and

det(1 — X.up) = det(1 — Xouy). det(1 — Xoupg/n)

Let j(N) the closure of the j(N) inside M. Then u induces a compact

operator tyr/n on the Hausdorf quotient m =M/j(N) of M/N and we
have:

Proof. By Serre’s theorem (Theorem 2.3.8 with A = L), N has a slope
decomposition with respect to uy and therefore so j(IN) does with respect
to uys since j is injective and j o uy = ups o j. The first formula follows
from 2.3.7. We now prove the second part of the corollary. Notice first that

(9) JIN) = j(N)=" & j(N)>".

Indeed let z, = z, + y, be a sequence of N with x,, € N=" and Yn € N>h
such that j(zy) is converging in M. To prove our claim, it suffices to show
for example that j(y,) converges in M>". Let Q = det(1 — X.u|M=h).
Then the sequence Q*(u).j(z,) = Q*(u).j(y,) must converge. Since Q*(u)
is a continuous isomorphism of the Banach subspace M>" it is bi-continuous
by the open mapping theorem. Therefore y, converges to y and we have
proved (9). We deduce easily from the fact that M <" and M>" are closed
and the inclusion j(N)<" ¢ M=" and j(N)>" ¢ M>" that (9) is the < h-
slope decomposition of j(T) Since N=M is finite dimensional, we have
F(N<M) = j(N<=h) and from the decomposition (9), this is equal to the < h-

slope part of j(N). Therefore det(1 — X.un|N=") = det(1 — X.uM|j(N)§h.
This equality for all h implies that det(1 — X.uy) = det(l — X.ups|j(N))
and the last claim follows from the first equality for the lemma applied to

j(N)C M and j(N) C M .=

2.3.10. Fredholm determinant for complexes revisited. We assume that M*®
is a perfect complex of Banach vector spaces over L a finite extension of Q.
Let u® : M®* — M?* a continuous endomorphism of M*® such that for all g,
the operator u? € Endr(M?) is a compact operator.
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Let us denote by d? the differential homomorphism of the resolution from
M9 to M+, By definition, this homomorphism is continuous and therefore
Ker d? is a Banach subspace of M9. However Im d9! C Ker d? is not
necessarily closed and therefore H(M*®) = Ker d?/d9='(M9~') might not
be Hausdorff. We denote by H9(M*) its maximal Hausdorff quotient. We
have HY(M?®) = Ker d?/Im d?' = Ker d?/di—1(Ma-1).

On the other hand, since d? is continuous and commutes with u?, Ker (d?)
is a Banach space with action of u?. It therefore has a slope decomposition
and this implies that M?/Ker (d?) = Im (d?) has a slope decomposition.
This is true for all ¢’s therefore H4(M*®) = Ker (d?)/Im (d?~!) has a slope
decomposition. Let us write HFS(M ®) its finite slope part. By the proposi-
tion above and its proof we can therefore deduce that

HE(M*) = HY(M®)g,
Corollary 2.3.11. With the notations as above, we have

det(l — X.u®|M®) = Hdet(l _ X.uq|}~1q(M’))(—1)q.
q

Proof. We put M = Ker d?, N = M%1/Ker d9=! with its structure of
quotient Banach space and let j the continuous injective homomorphism
from N into M induced by d4 so that j(N) = Im d?!. By the previous
proposition, we have

) o det(1 — X.u?Ker d4)
det(1 — X9 HY(M?®)) = det(1 — X.ui|HI(M®)) = det(1 — X.ud|Im (da-1)

On the other hand, from the exact sequence 0 — Ker d9 — M9 — Im d? —
0 by the previous proposition we have:

det(1 — X.u?|M?) = det(1 — X.ul|Ker d?). det(1 — X.u?|Im d9)

Making now the alternate product over ¢ and combining the above two
equalities provide the desired result.m

2.3.12. Generalization to compact p-adic Frechet spaces or p-adic nuclear
spaces. Recall that a p-adic topological vector space V is called a compact
p-adic Frechet space if it is the projective limite of p-adic Banach spaces V,
such that the transition maps V,, — V,,, for n > m are completely continuous.
An endomorphism u of V' will be said compact if it is continuous and if for
each n we have a commutative diagram of continuous maps:

V—=V,

T

V——s"V,
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where the horizontal arrows are the canonical projection maps coming from
the projective limit. By composing u), with the transition map V,, — V,,_1
we get an endomorphism u, of the Banach space V,, which is completely
continuous. It is easy to check that u,, is uniquely determined by u and that
we have the following commutative diagram for any n:

V*)Vn*)Vn—l

A

V*)Vn*)‘/n—l

If the V,, are projective Banach space on some Banach algebra A, then we
put

tr(u; V) i=tr(up; Vi)

and it is clear from the above diagram that this definition is independant
of n. Similarly we can write slope decomposition for V as we did for p-
adic banach spaces. More generally, it is easy to see that all the previous
discussion on compact operators on complexes of p-adic Banach spaces ex-
tends mutatis mutandis to the case of compact operators on complexes of
compact Frechet spaces. We will take this fact for granted in the following
sections and apply the results explicitly stated for Banach spaces to the case
of compact p-adic Frechet spaces without further notice. We need to state
the following lemma.

Lemma 2.3.13. Let u be a compact operator on a compact Frechet space
V' over a finite extension of Q,. For any h > 0, there is a < h-slope
decomposition of V with respect to u. Moreover, we have:

<h ~ 1/<h
vshays

for all n where for each n, V;, = V.= @ V.>" is the slope decomposition of
Vi, with respect to w,. This fact holds as well for compact maps between
complezes of compact Frechet spaces and the induced slope decomposition on
their cohomology.

Proof. By Lemma 2.3.2, the projection V,,, — V,, for n > m induces projec-
tions on the < h-slope decompositions of V,,, and V,, with respect to u,, and
Uy. This implies that V= = lim V;=" and V>" = lim V" are well defined

and provide a < h-slope decomgosition for V. We are left now to prove that
the projections V=" — V=" are actually isomorphisms. By an induction
argument, it is sufficient to prove this for any m > n. But for m = n’ as
in the diagram above, this follows from Corollary 2.3.4. The result holds
clearly when one replaces V' by a complex of compact Frechet spaces and
this implies the result for the cohomology by the arguments used in this
section. m
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3. p-ADIC OVERCONVERGENT COEFFICIENTS

Let L be a finite extension of Q,. The goal of this section is to define the
system of overconvergent'* coefficients that will be used to interpolate the
cohomology of the local systems Vy(L). As in the original GL(2)-situation
carried over by H. Hida in the ordinary case and by G. Stevens in general, the
idea to do this is to replace V(L) by a system of coefficients which doesn’t
depend on the weight but endowed with an action'® of G which does depend
on the weight. When G' = GL(n), one recovers the construction due to A.
Ash and G. Stevens in [AS00] which they recently generalized in [AS06].

3.1. Basic Notations and Definitions.

3.1.1. Algebraic data. In this section, G is a connected reductive group over
Q, that we suppose quasi-split'® and splitting over a finite unramified exten-
sion of Q,. We fix T" a maximal torus of G and B a Borel subgroup containing
T. By our assumptions, we can (and do) choose F//Q), a finite Galois and
unramified extension of Q, over which G is split. Then (B, T)r) defines
a Borel pair of G,p. We denote by N the unipotent radical of B and B~
(resp. N7) the opposite Borel subgroup (resp. opposite unipotent radical).
We will use gothic letters to denote the corresponding Lie algebra over Q,,
g,tL,b, b7 nn".

We set the lattice of algebraic weights X*(T') := Homgy(T/r, Gin/r) —
Homp(t/p, F') and algebraic co-weights X.(T') := Hom(G,/p, T/r) and we
denote by (.,.) the canonical pairing on X*(T)®X.(T). Welet R C X*(T)
be the set of positive roots with respect to (B, T)/F. For each root o € R,
we denote H, (resp. a”) the corresponding coroot in t/p (resp. in X.(T);
recall that (a, @) = a(H,) = 2. For each root a, we also choose a basis X,
of go = {X € g/ | ad(t).X = a(t)X Vt € T} such that [Xo, X o] = Ha.
A weight A € X*(T) is called dominant with respect to B if A(H,) > 0 for
all positive root o and we write X*(T)* for the cone of dominant weights.

We denote by W the Weyl group of the pair (G,r,T)r) acting on T)p
and therefore on the lattices X*(T') and X, (7). It is generated by elements
of order two called simple reflexions s, for a running among the simple
roots of R. The action on the weights is given by the well-known formula
Sa(A) = A= A(Hy)a for any o € R. We will also need the notion of length of
an element of W. It can be defined as the smallest integer [ such that there

Mpis terminology is non standard. It is used as a reminiscence of the notion of
overconvergent modular forms.

15Not an action of G in fact but of some sub semi-group of it containing an Iwahori
subgroup.

16T hese assumptions are certainly unnecessary if one wants to use the language of
Bruhat-Tits’ buildings.
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is a decomposition w = s4, ...5q, Where the a;’s are simple roots. Such a
decomposition is called a reduced decomposition.

3.1.2. Iwahori subgroups and semi-groups. We fix I C G(Qp) an Iwahori
subgroup in good position with respect to B. By this, we mean that we
have fixed compatible integral models for G, B,T, N, N~ over Z, such that
I = I; where we have put for every integer m > 1:

Im :={g € G(Zp) |9 mod p™ € B(Z/p"Z)}
I, :={9 € G(Zp)) lg mod p™ € N(Z/p"Z)}
We have I,,/I], = T(Z/p™Z). Recall that we have the Iwahori decomposi-
tion:
Iy, =1,,.T(Zy,).N(Zp)
with I, := I, N N7(Q,). We consider T'" the set of elements t € T(Q,)
such that
t7L.N(Z,).t C N(Z)
and T+ C T7 the set of elements ¢ such that
()t N (zZ,)t = {1}
i>1

and we put At = I, 711, and A+ = I, Tt 1,,. We will drop the index
m from the notation, when it is equal to 1. Using the Iwahori decompo-
sition, it is straightforward to see that any element g € A has a unique
decomposition:

(10)  g=nytynS  with ny; €1, ts€ T andn} € N(Z,)

The set T and T+ are sub semi-groups of T(Q,) and we clearly have
T(Z,) C T*. Since T(Q,)/T(Z,) is isomorphic to a sum of copies of Z, we
may choose a splitting!” ¢ of the canonical projection T(Q,) — T(Q,)/T(Z,)
which induces an isomorphism of groups:

T(Qp) = T(Zy) x T(Qyp)/T(Zy)

We will also write § for the composite T(Q,) — T(Qp)/T(Zy) — T(Qp).
Notice that £(TF) C T since £(t)t™1 € T(Zy) for all t € T(Qp). If T is
split over an unramified extension of Z,, we can (and do) choose & so that
for any algebraic character A% € X*(T'), we have

(11) AM9(E(t)) = A1)
for all t € T(Qp).

L

1T his choice is similar to the choice of uniformizing elements in the definition of Hecke
operators at places dividing p in [Hi88].
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3.1.3. The left x-action of I and AT on some p-adic spaces. We consider
the following p-adic cells:

Qo == I; T(Zp)\I C B~ (Qu)\G(Qp)
O =17\ C N7 (Qp)\G(Qp)

By the Iwahori decomposition, we have Qo = N(Zp) and ; = B(Z,). For
any element x € G(Qp), let us denote by [z] its class in B~ (Q,)\G(Qy).
Then the right translation by I defines an action on Qg by [z] x g = [zg].
We can extend this action into an action of A*. For this it is convenient to
introduce the p-adic spaces:

Qf = I; T(Z,)\A" C B~(Q,)\G(Qp)
Qf == I \AT C N7 (Q@,)\G(Qy)

We have a retraction s : Qf{ — )y for the natural inclusion Qy C Qa'
defined by [g] — s([g]) := [£(ty) "'g] where the element ¢, is defined via the
decomposition (10) and & is the section defined in the previous paragraph.
Since &£(ty) = 1 when g € I, this is a well-defined retraction of the inclusion
Qo C Qg. Then the action!® of g € AT on Q is defined by:

[z] g == s([zg]) = [£(tg) " zg]

We define the action of I and AT on 4 using the same retraction of Q; C
QF.

Lemma 3.1.4. The above formula gives a well defined left action of the
semi-group AV on Q; that extends the natural action of I.

Proof. On needs to show that [z] * g¢' = ([z] * g) x ¢’ for any g,¢' € AT.
This follows from the fact that ¢4 = t4t, which is easily checked using
the Iwahori decomposition. Indeed we have: [z] x gg' = [£(ty ) txgg] =
[f(tgl)xg] x g = ([z] * g) x g’. Moreover, if g € I, {(t,) = 1. Therefore the
action of AT restricted to I is the same as the right translation by I. m

3.2. Local analytic induction.

3.2.1. Analytic functions. We now recall some definitions and some fact on
locally analytic functions. We will call p-adic space any topological space X
which is isomorphic!? to an open subset of Q) for some r. We will always
identify such a space with an open subset of Q) and the definitions below
will not depend of this identification. In the examples we will consider later
X will be either a compact open subset of G(Q,) or Qo that we will identify
with N(Z,)(C G(Qp)) via the Iwahori decomposition.

18The reader should keep in mind now and in all this paper that the x-action depends
of the splitting character &.
194efined up to a (locally) Qp-algebraic isomorphism
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Let L be a finite extension of Q,. A continuous function on such a space,
f: X — L, is said L-analytic if it can be expressed as a converging power
series:

(12) flxy,. ... x) = Z Ay, (@1 —a)™ (e —ap)™
N1y Np

for all (z1,...,2,) € X where oy, .. p, € L for some a = (a1,...,a,) € X.
Of course, it is algebraic if almost all the oy, ... »,’s are zero. Basic examples
of analytic functions are given by the logarithm or exponential functions
respectively defined on p-adic Lie groups and Lie algebras.

For any integer n € Z, we will say that f: X — L is n-locally L-analytic
if X can be covered by disks of radius p~" over which f is L-analytic. It is
said locally L analytic if it is n-locally L-analytic for some n. We usually
denote by A(X, L) the space of locally L-analytic functions on X and by
An(X, L) C A(X, L) those that are n-locally analytic. Of course, we have:

AX,L) = | Au(X, L)

n>0

If X is compact, each A, (X, L) is a p-adic Banach space equipped with sup
norm: )
1£lln = Supalan,....n(@)]pp~" ==

where the a = (aj,...,a,)’s run into the set of centers of disks of radius
p~" inside X and where the ay,, . p, (a)’a are the coefficients of the Taylor
expansion at the point a described as in the expression (12). The L-vector
space A(X, L) is then naturally equipped with the inductive limit topology
of the A, (X, L)’s. We have the well-known elementary lemma.

Lemma 3.2.2. Assume X is compact, then the inclusions A,(X,L) C
An11(X, L) are completely continuous.

Proof. Since X is compact, it easy to reduce this statement to the compact-
ness of the restriction map: A, (p"Z,) — An1(p"T'Z7). This fact is an
elementary exercise left to the reader.m

Let D(X, L) (resp. Dy,(X, L)) be the continuous L-dual of A(X, L) (resp.
A, (X, L)). The space D(X, L) is called the space of L-valued distribution
on X. Then D(X, L) is the projective limit over n of the D, (X,L). An
immediate corollary of the previous lemma, is:

Corollary 3.2.3. If X is compact, D(X, L) is a compact Frechet space.

3.2.4. Weights. A(p-adic) weight is a continuous (for the p-adic topology)

group homomorphism
A: T(Z,) = Q,.
A weight is called algebraic if it can be obtained as the composite

T(2,) — T(F) > F* c Q,
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for some A\*9 € X*(T). In fact, we can see that any weight is locally analytic:

Lemma 3.2.5. Let L C @p be a finite extension of F. Any continuous
p-adic character X € Homeont(T(Zy), L™) is n-locally L-analytic for some
n > 0. We sometimes denote by ny the smallest n for which this is the case.

Proof. This is a special case of Lemma 3.4.6. Let t := Lie T)z . Then
H — log(A(exp(H)) is well defined if H is sufficiently closed to 0 in t. It is
Zy-linear and so defines an element A\** € Hom(t,L) = X*(T) ® L. Then
we have A(t) = exp(A*"(log(t)) if ¢ is sufficiently closed to 1 in T(Zp). In
particular, A is analytic on a neighborhood of 1 and it is therefore locally
analytic.m

Notice that A is n-locally algebraic for some n if and only if \** € X*(T).
In that case, we write A% for the corresponding algebraic character and we
have a decomposition

A=\ ¢

with € a finite order character factorizing through T'(Z,/p"Z). We will say
in that case that € of A is of level p". We wil say that A is arithmetic if it is
locally algebraic and if A% is dominant (i.e. %9 € X*(T)*).

3.2.6. Locally analytic induction spaces. Let L C @p be a finite extension of
Qp and A be an L-valued weight (i.e. A € Homeont(T(Zp), L*)). Then we
denote Ay(L) C A(I, L) the space of locally L-analytic function on I such
that:
f(n"tg) = A(t)f(9)

for all n= € I, t € T(Zy,) and g € I. This space is a closed subspace of
the topological space A)(I, L) and is therefore a compact inductive limit
of L-Banach spaces. By the Iwahori decomposition, we see that we have
a canonical linear homeomorphism vy : Ax(L) = A(Q, L) via the map

f = x\(f) where ¥, (f) is defined by

Ua()(g]) = fng),  Vgel

Therefore, we see that A (L) satisfies the topological properties of A(Qq, L).
In particular, its L-dual, that we denote D) (L) is a compact Frechet space.
Our space Ay (L) is equipped with a continuous left action of I defined by
(g-f)(h) := f(hg) for all g,h € I. It is easy to check that this action is
continuous. We therefore inherit of a (dual) continuous right action of I on
Di(L).

Since elements of f are left invariant by I~, we have also a natural inclusion
Ax(L) € A(Qq,L). If f € A\(L), let us write f the corresponding element
in A(Qy,L). Then we have f([g]) := f(g). We have a natural action of
T(Zyp) on A(,L). If ¢ € A(Qy, L) and t € T(Zy), we set

(t-¢)(lg]) == o([tg])
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It is easy to check that it is well defined and that ¢ = f for some f € Ay(L)
if and only if t.¢ = A(t)¢. In other words we have an identification

ANL) = A(Q, L)[A] == {¢ € A(S, L)| t.¢ = A(t)o}

We now consider the *-action of AT on these spaces. For any g € AT and
¢ € A(Q, L), we defined g * ¢ by:

(9 9)([z]) == ¢([2] * 9)
for all [z] € Q.

Lemma 3.2.7. The x-action of AT commutes with the natural action of
T(Zyp) on A(,L). In particular, Ax(L) is stable by the x-action of AT.
Moreover, for any g € I, the x-action of I on Ax(L) coincides with the
natural left action:

(g9 * f)([h]) = f(hg)
forallg,h el

Proof. let x € I, t € T(Z,) and g € AT, then we have (t.(g * ¢))([z]) =
(9 o) ([tz] = o([E(ty) " txgl) = d([t(ty) 'ag]) = (t-0)(E(ty) wg]) = (g9+
(t.#))([z)). This obviously implies that 4(L) is stable by the %-action. Let
us check the last point now. Indeed we have [h] * g = [hg] if g € I, therefore

(9 F)([]) = (1) * 9) = F([hg]). =

We consider the dual right action of AT on D) (L). This *-action is a very
important ingredient of the theory developed in this paper. In particular,
the following lemma (although easy) is crucial®’.

Lemma 3.2.8. If 6 € A™T, then the right x-action of § defines a compact
operator of the compact Frechet space Dy(L).

Proof. We may suppose that § € T since the action of I is continuous.
Let us put Ay \(L) := ¥y (An(Q0,L)). To prove the lemma, we check
that the *-action of § on A, x(L) factorizes through the natural inclusion
Apm—12(L) C Apa(L). Since this one is completely continuous by Lemma
3.2.2, this will prove our claim. If f € A, (L), then

(13) a0 F)([n]) = ea()([EO) T nd)) = AE(O) 1) ea(f)([6 nd)

for all n € N(Z,). We make a choice of a basis of n which gives a system
of coordinates of N(Z,) that we denote by zi(n),...,z,.(n) € Z, for all
n € N(Zy). Let Ts be the matrix of the action of Ad(6~!) on N(Z,). Since
§ € TH*, the p-adic limit of (Tj)¥ is 0 when k& — oco. Therefore the entries
of the matrix Ty are divisible by p. Now if f(z1,...,x,) is an analytic
function of radius of convergence p~™ this implies that f((z1,...,2,)"Ts)
has a radius of convergence at least p~™*!. In view of the identity (13)
above, this implies that our claim follows.m

201y other words, this lemma is saying that the action of § improves the local analyticity.
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3.2.9. Locally algebraic induction. Let A be an arithmetic weight with the
decomposition A = \%9.¢ with ¢ a finite order character of T(Z,) of conduc-
tor p™ and A9 € X*(T)*. We then denote by V) (L) the subset of functions
f € Ax(L) which are locally L-algebraic.

Let us assume that L contains F'. Recall that B/_L is the Borel subgroup
G
opposite to B/r. Then we write (I ndB/,L M\ for the set of L-algebraic

/L

functions f: G, :— A}L such that

f(bg) = X" (b)(g)
for all b € B~(L) and g € G(L) and where A% is seen as a character of B
via the canonical projection B/_L — Ty, One defines an action of G(L) on
this induction by right translation: (g.f)(h) := f(gh). As we have recalled
in the first section of this paper, we have

Vyato (L) = (Ind"/"

A alg
5,
is the irreducible algebraic representation of G(L) of highest weight A9
with respect to the Borel pair (B, Tr).

Let L(e) be the one dimensional representation of I,,, given by the character
Iy, — B(Z/p™Z) — T(Z/p"Z) < L*
Then we have a canonical injection of I,,-left module
Vyaig (€, L) := Vyag (L) @1 L(e)—Vy(L)
given by f ® 1 — f. with
(14) fe(g) := e(ty) f(ng tgng).

We have Vyayg (€, L) = Va(L) N Ay (1, L) (i-e. the elements of Vyay (€, L) are
those that are m-locally L-algebraic).

For a later use, let us record here that the *-action of A}l and the twisted
algebraic action on V) (L) are related by the relation:

(15) §xf=AEE) TG f)

We will see below how to check that an element of Ay (L) belongs actually
to Vyag (L). We first need to define an action of Wg on the locally algebraic
character. For any A = A\.¢ and any w € Wg, we write w * \ for the
character given by

t s oAM= (1)

We consider now the left [-action of I on A(I, L) defined by:
U(h).f(g9) = f(h™'g)  Vhgel

This action is L-analytic and therefore induces an action of the Lie algebra
g/r. We have the following proposition.
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Proposition 3.2.11. Let )\ be a weight and o be a simple root. Assume that
A"(Hy) = N € Z>_1. Then there exists an intertwining (for the x-action
of I) map O,

AN(L) — A, (L)
defined by

Ou(f) = U(Xa)VFLf

Moreover we have

Oualg* f) = é(tg)sa*A_At * Oa(f)
for all g € AT,

Proof. The fact that ©, commutes with the action of I is clear form its
definition. We will need to prove that it lands in A,,-~-1(L). Let f €
Ax(L). First notice that
(16) I(Hy).f = —=X"(Hy)f
since I(t).f = At)7Lf for any t € T(Z,). Now put fi = O,(f) =
I(Xao)VTLf. One first sees that fi(n"g) = fi(g) for any n~ € I~ and
any g € I. In order to prove this claim, we first check that I(X_g).f1 =0
for any simple root §. If 3 # —a, this is due to the fact that in this case
we have [X_g, X,] = 0. If § = —«, we use the relation in the enveloping
algebra of g:
(X X571 = —(i + 1) X4 (o + 1)
valid for any integer i > 0. Now [(X_,).f = 0 since f(n_.g) = f(g) for any
n~ € I~. Therefore
UX—o) 1 = U X X f = 1([X 0, X2 F
Therefore I(X_,).f1 = 0 by the relation above for i = N = \*"(H,) and
the relation (16). This implies that [(X).f; = 0 for all X € Lie (N/_L) since
the X_,’s generate Lie (N]L) as a Lie algebra. This easily implies that
filn=g) = fi(g) for all n~ € I~ and g € I (for instance one can use the log
and exponential map). Now, for any ¢t € T'(Z,), we have
XN f = a@) V(XYL f = NP ONT YO U(X YT f
Therefore I(t).f1 = A 'aN 1 (t)f; and f1 € A,,-~-1(L). We conclude by
noticing that s * A= a "V "la
We have the following proposition:

Proposition 3.2.12. Let A be a locally algebraic dominant weight. Then
we have a canonical isomorphism:

VA(L) 2 AN(L) N () Ker(04)
acd

where @ stands for the set of simple roots for the Borel pair (B,p,T)f).
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Proof. We give an elementary proof here. Notice that this proposition is
a refinement?! of the exactness in degree 1 of the locally analytic BGG

complex (see next paragraph).

We first prove V)(L) C (,cq Ker(©q). Let f € Vy(L). We may assume
without loss of generality that f is actually algebraic. Then, for each simple
root a,, O, (f) belongs to the algebraic induction from B~ to G of the alge-
braic character s, * A\. Therefore ©,(f) = 0 since the weight s, (A% +p) —p
is no longer dominant. So the first inclusion is proved.

We now prove the opposite inclusion. Take f € [),cq Ker(©q). Since f is
locally L-analytic, the restriction of f to a neighborhood U of the identity
is an analytic function which is invariant by left translation by elements in
UNN™(F). Now since f € Ker(©,), for all g € U, the function n — f(ng)
is a locally polynomial function on N, for N, the image by the exponential
map (which is an algebraic map on n) of a neighborhood of 0 in F.X,, C n/p.
Now since the N,’s for o« € ® generate a neighborhood of the identity in
N(F), the restriction of f to this neighborhood will be algebraic. Because
A is locally algebraic by assumption, we deduce that f is algebraic on a
neighborhood of the identity in B(F'). This implies that f is locally algebraic
as claimed since N~.B is Zariski dense in G.»

3.2.13. Integral structure. Recall that Oy, is the ring of integers of L. We
put A(1,0r) C A(I, L) the Op-submodule of functions f taking values in
Op. For any weight A € X(Or), we consider the topological Or-module
Ax(Or) == Ax(L) N A(1,0r) and its Op-dual Dy(Oyr). If A is arithmetic,
we can also define V) (Opr) := V\(L) N A(I,Or). From the definition of the
x-action, it is clear that these Op-submodules are stable under the action of
AT. With regard to the formula (15), this gives an important information
about the p-divisibility of the usual left action. The *-action can then be
viewed as the optimal normalization of the usual left action on Vyai, (L) that
preserves the integrality.

3.3. The locally analytic BGG-resolution. The fact that there should
be a locally analytic version of the BGG-resolution is an outcome of a con-
versation with M. Harris.

3.3.1. Let L be a finite extension of F' and let A be an L-valued arithmetic
weight. The purpose of this paragraph is to define a bounded complex of
Frechet spaces C3(L) in terms of the spaces of distributions we have defined
previously which gives a resolution of V\Y(L) := Homeont(VA(L), L). Such a
resolution is nowadays well-known as the Berstein-Gelfand-Gelfand complex
when one replaces respectively distributions by Verma modules and VyY(L)

2lGince it gives a precise form of the differential maps in degree 1 of the BGG complex
that could be explicitly described as it was done in [BGG].
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by VY (L). We just have to adapt the usual theory to the locally L-analytic
context.

3.3.2. Let X be a p-adic space as in the section 3.2.1. We have defined
the space A(X, L) of locally L-analytic functions on X. More generally, we
denote by A*(X, L) the space of locally L-analytic differential i-forms on
X. Then, A°(X,L) = A(X,L). We also denote by LC(X, L) the space
of locally constant L-valued functions on X. We have exterior differential
maps d; from A*(X, L) to A7TH(X, L). Clearly, LC(X, L) is the kernel of dj.
More generally, it is easy to check that we have a locally L-analytic version
of the Poincaré lemma:

Lemma 3.3.3. Let d be the dimension of X. Then the following sequence
1S exact:

0— LO(X,L) — AX,L) % AMXx, 1) & 42X, L) B ... = AYX,L) >0

Proof. The corresponding Poincaré lemma for sheaf of locally analytic dif-
ferential forms can be proved in the same way as in the classical case of real
analytic differential forms. The local analyticity condition is important here
since integration may decrease the radius of convergence (on closed disks)
of p-adic power series. The exact sequence now follows from the Poincaré
lemma since a p-adic space is completely discontinuous. The details are left
to the reader and can probably be found in the literature.m

3.3.4. We will apply this lemma when X = Qy = B~ (Z,) N I\I. In that
case, we have a natural action of I on AY(Qo,L). If w € AY(Qo,L), g €
and Xq,...,X; belongs to the tangent space of Qy at € g, then:

(gw)(@)(X1,...,Xs) =w(@x*xg)(Xi*xg,...,X; *g)

where X — X x z is the map between the tangent spaces Tq, . and To, z«g
of Qg at respectively z and z % ¢ induced by the map = — z * g. It is then
straightforward to check that the differential maps d* are equivariant for the
action of 1

3.3.5. Analytic induction of B~ -representations. For any finite dimensional
analytic L-representation V of B~ (Z,) N I, we denote by A(V) the space
of locally analytic functions f from I to V such that f(b~g) = b~.f(g)
for any ¢ € B~ (Zp) N 1. Let g and b~ be the F-Lie algebras of G and
B~ respectively. They are respectively equipped with the adjoint action of
G(F) and B~ (F). We can therefore consider g/b~ as a representation of
B~(Z,) N 1. This action is F-algebraic.
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Lemma 3.3.6. For any integer i between 0 and d, we have a canonical
I-equivariant isomorphism
i

Al(Q0, L) = A(\(g/b7)" @r L)

where x stands for F-dual.

Proof. Let w € A% (Qo, L). We consider the function f,, on I taking values
in A'(g/b7)* @p L defined by:

fol@)(Xa A ANXp) =w([g])(X1*g,...,Xi*g)

where we have identified Tq, ;g with g/b™. It is now easy to check that the
map w — f, is I-equivariant and that it defines an isomorphism.m

3.3.7. For simplicity, we now assume A is an algebraic dominant weight. Let
L= AY(Qo, F) ®F Vx(L). Tensoring the exact sequence of lemma 3.3.3
for X = Qg by V(L) gives the I-equivariant exact sequence:

(17) 0— Vyaro(L) —» AL % AL B A28 ., 4d 0
On the other hand, we have the I-equivariant isomorphism
(18) i = AY(Qo, L) ®p V(L)

A(N(g/07)") @ Vy 2 AN (g/b7)" @ V(L))

Now, we remark that as an algebraic representation of B~, we have a stable
filtration of (g/b™)* ®p VA(L):

O0=FCFH CF,C---CF, = (g/b7)" ®@prVa(L)

such that for all j > 1, F} / F;_4 is one dimensional over L with action of B~
given by some algebraic character £;. We denote by S;(\) the set of these
characters. By the isomorphism (18), the above filtration induces a stable
filtration on Aj} with graded pieces isomorphic to A, (L) for & € Si(\).

3.3.8. Infinitesimal characters. Recall that t := Lie T. Harish-Chandra has
defined a homomorphism ¢ from Z(g), the center of the universal algebra
of g, into U(t), the universal algebra of t. Recall that the natural action
of the Weyl group Wg on t induces an automorphism of U(t). Then, the
Harish-Chandra homomorphism 9 induces an isomorphism

Z(g) = U®)"e

For a given algebraic character £ of T, let d€ be the corresponding character
of U(t). We set x¢ := ¥ od{. For any irreducible algebraic representation
W of U(g), the induced action of Z(g) on W is given by a character xy,
called the infinitesimal character of W. For any representation space W
of U(g) and any character x of Z(g), we denote by W, the x-generalized
eigenspace of W. Similarly, if now W is a locally analytic representation of
I, differentiation yields an action of U(g) on W. It can be easily seen that



40 ERIC URBAN

W, is stable under the I-action and that the functor W + W, is exact. It
is well known that we have xv, = x). Similarly, one can remark that for
any character A € X*(T'), the infinitesimal character of Ay(L) is given by

XA-

3.3.9. Construction of the locally analytic BGG resolution. Let us write for
short A} | = (A})y,. By applying the exact functor W — W, to the
exact sequence (17), we have the exact sequence:

(19) 0 - VA(L) - A(/{XA @) A%VXA ﬂ ‘AiXA % T Ai{»X/\ - 0

Now we recall the following well-known fact, for example see [BGG]. Let
§ € X*(T). Then £ € S;(A\) with x¢ = x» if and only if there exist w € W
of length ¢ such that £ = w % \. Moreover this character appears with
multiplicity one. Using the filtration of A@\ and the fact recalled above,
we deduce that we have a filtration of I-modules on Ai&m such that the
corresponding graded object is isomorphic to

(20) A5, = P Auaa(L)

w|l(w)=1

12

Now, we remark that since g is reductive, we have an isomorphism of g-
modules ‘Ai\,m >~ ( g\’XA)gT. Since these space are locally analytic represen-
tation, this isomorphism is left equivariant for the action of a neighborhood
of the identity in I. Since such a subgroup is finite index in I and that L is

characteristic zero, this isomorphism holds as an isomorphism of I-modules.

We write C4 (L) for the continuous L-dual of ‘Ai\,xx Then we have proved
the following theorem:

Theorem 3.3.10. Let A be an arithmetic weight of level p™. There exists
a long exact sequence of right I,-modules:

(21) = O B (L) — - — CY(L) — V(L) — 0
where for each q we have:

weEW3gG,
l(w)=1

Proof. For algebraic dominant weight, this follows from dualizing the exact
sequence (19) and the isomorphisms (20). In the general case, it suffices to
remark that for any locally algebraic weight u = u®e, f — f. where f. is
defined as in formula (14) induces an isomorphism between A,a, (L) and

Au(L) and between W (L) and W, (L) when p™9 is dominant.m
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3.3.11. Remark. It could be proved that the maps d, are defined as fol-
lows. Let i > 1 and w € Wg of length i. Let o be a simple root. As-
sume that [(sqw) = i + 1. Then w™!(a) > 0 and therefore w(A\%9)(H,) =
U9 (|, w-1(a)) = 0 since A9 is dominant. We deduce

w* XU (Hy) = w(N9) (Ho) + (w(p) — p)(Ha) > ~1

and we therefore have a map O, @ Ayn(L) — As, wer(L) defined by the
Proposition 3.2.11. Summing over the simple roots « satisfying [(sqw) =
1+ 1 and then over the w of length i, we get after dualizing the map

d; : CiTH(L) — Ci(L).

The proof of this description of these differential maps is left to the reader
since it is not going to be used anywhere in this paper although it would
imply the following proposition for which we have a shorter and more con-
ceptual proof. Let us introduce some notations first. For each ¢, we have
a decomposition d, = Zw?w, dy . Where dy,,y is the map from Dy, (L) to
Dya(L) induced by dy with I[(w) = ¢+ 1 and l[(w') = ¢.

Proposition 3.3.12. Let w,w’ € Wg such that l(w) = l(w') + 1,then we
have
e (05 8) = (E(&) NN Qo (0) %

for each t € TT and v € Dyur(L)

Proof. For any arithmetic weight A, let us denote by DG(L) the continuous

dual of the locally analytic induction A§ (L) := (zndG(Q@) )L()\))’m defined
P

as the space of locally analytic L-valued function of G(Q)) such that

fin"tg) = Mt)f(g)  VgeG(Q), t€T(Qy), n~ € N (Qp).
Here we have extended A\ = A%¢ to a character of T(Q,) by putting:

At) =AY ()e(te(t)™) Ve T(Qy)

Rewriting the construction of the locally analytic BGG complex with B~ (Q,)\G(Qp)
in place of B~ (Z,) N I\I provides a resolution of V)(L)" as a G(Qp)-
representation in which we replace the Dy.x(L)’s by the DS, (L)’s. The

maps of the complex are then G(Q))-equivariant for the action induced by

the usual right translation in the argument of the locally analytic functions

in A% ,(L). Now the restriction maps AS (L) — Ay (L) induce a AT~
equivariant (for the %-action) inclusion of complexes:

CPL) = P DSAL) = CUL) = P Dua(L

wEWgG, wEW(,
lg(w)=q lg(w)=q

compatible with the G(Qj)-equivariant maps d, .. Since we have the fol-
lowing relation between the *-action and the usual right translation action
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on Ag*A(L)
txf=Et)N-f  VteT" and Vf e AS,\(L)

WHA

we deduce that we have the relation of the proposition from the fact that
the maps d,, ,» are G(Qp)-equivariant for the usual right translation action.m

3.4. Analytic variation and weight spaces. We explain in this section
how the spaces Ay(L) can be interpolated when A varies in the space of
continuous @; -valued characters of T'(Z,). We first recall the rigid analytic
structure of this space.

3.4.1. Open and closed disks. Let a € Q, and r a rational power of p. We
denote by B . (resp. B, ) the open unit disk (resp. the closed unit disk)
of @p of center a and radius r. These spaces are rigid analytic spaces defined
over QQ, in the sense of Tate. These closed disks are in fact affinoid domains:
The ring of analytic function on B, is given by the Tate algebra:

oo
O(Bay) :={>_an(z — a)"| lim |a,|r" = 0}.
n—0 n—oo
The rigid analytic structure of By . is obtained by taking the following ad-
missible covering of it by closed disks

Ba,T = U Bll,'fn

rn<r

where r, is any sequence of rational powers of p converging to r.

3.4.2. Weight spaces. For any finitely generated Zj,-module S, we can give

a rigid analytic structure to Homont (S, @; ). For any algebraic extension L
of Qp, let us write Xg(L) := Homeont (S, L™). We write Sy, for the torsion
part of S and we fix a decomposition S = Sy, X Sfree With Sppee a free Zy,-
submodule of S. Let r the rank of Sy... over Z,. The choice of a Z,-basis
of S¢ree gives therefore an isomorphism

(22) Xs5(Qp) = St x (B1,1(Q,)°)"

with S}, = Homgp(Stor,@;). We will fix such a basis once and for all.
Let K be a finite extension of @, containing the values of all the characters
in S;,.. Then for any finite extension L of K, we have Xg(L) = S}, X
(B1,1(L)°)". This gives X5(Q,) a rigid analytic structure over Q,. Moreover
Xg is isomorphic over K to a disjoint union of finitely many open unit disks
of dimension 7.

3.4.3. Remark. Notice that if S’ is a Z,-submodule of S, then Xg/s can be

identified to the Zariski closure of the characters of X5(Q,) which are trivial
on S’. This observation will be useful in the next section.
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3.4.4. Rigid analytic neighborhoods of S. Let x1,...x, be the system of co-
ordinates of St,c. attached to the chosen basis giving the identification (22).
For each integer n, consider the affinoid

(23) Sfjfg := Stor X Ulay,....ar)Bayp—n X +-* X By, pn
where (ay, ..., a,) runs in a set of representatives of (Z/p"Z)". By the system
of coordinates z1, . .., x,, we can embed S into S,,"Y (@p) via the identification

S = 5,9(Qp) for all non negative integer n. So S, can be seen as a rigid
analytic neighborhood of S and the ring of rigid analytic functions on S, is
isomorphic to the set of n-locally analytic functions on S. In other words,
for any finite extension L of Q, we have

The construction above can be made for any p-adic space X in the sense of
our definition of §3.2.1. We have considered here the compact case in which
our rigid analytic neighborhoods are actually affinoid neighborhoods.

3.4.5. Let 4 C Xg be a rigid analytic subspace. For any s € S, we denote
(s)y the function on Y(Q,) defined by (s)y(A) = A(s) for any A € U(Q,) C
Homcont (S, @; ). Then (s)g is an analytic function on S and the map s —
(s)y defines continuous injective homomorphism from S into O(LL)*.

The following lemma is the essential ingredient for the construction of
analytic families of locally analytic induction spaces.

Lemma 3.4.6. For any affinoid subdomain 4 C Xg defined over L, there
exists a smallest integer n(4), such that any element A € U(Qp) defined
over a finite extension L/Q, is n(i)-locally L-analytic. Moreover the map
(A, 8) = A(s) induces a rigid analytic map 4 x Sy,y — Bi1 defined over L.

Proof. Since it is possible to cover { with a finite number of closed disks,
we may assume that 4 is a closed disk. So let U = By  r for some R < 1.
We can even assume g is the trivial character. Let uy, ..., uq be a Zy,-basis
of S¢ree defining the identification (22) and for any A € Xg (@p). Let us put
Ai = AM(u;). Then we have A € #(Q,) if and only if [A; — 1] < R < 1. Now
fix some integer n = ng depending only on R such that |A? " 1| <p!for
alli=1....,7. Now if 5 € p"Sfyee, we have A(s) = [[, A5 = [T,(A")s:/?"
where the s;’s belong to p"Z, and are the coordinates of s with respect to
the chosen basis (u1,...,uq). Therefore for all s € p"Sfyce and A € ﬂ(@p),
we have:

(24) A(s) = H(i (Sir/fn> o 1y
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where we have denoted y — (g) for the well-known function on Z, defined
by
yy-Dy—=2)...(y=n+1)
n!
The series (24) is convergent for (s1,...,8.) X (A1,...,A\r) € By X B R
by our choice of n and thanks to the well-known lemma 3.4.7 below. The
claims of our lemma follow from this observation.m

Yy € Zyp

Lemma 3.4.7. The series (1 + 2)° = Y, (2) 2" converges for z,s € C,
such that |z| <p~! and |s|, < 1.

Proof. This follows from an elementary evaluation of the p-adic valuation of
the binomial coefficients and this is well known.m

3.4.8. Analytic families of analytic inductions. We will consider now the
case S = T(Zy) and denote by X the corresponding weight space.

Let 4L C X7 be an affinoid subdomain defined over a finite extension L/Q,
and choose an integer n > 0. We define Ay, as the set of rigid analytic

functions f on 4 x ()57 /1 such that
(25) F [tn]) = A@) f (X, [n])

for all A € U(Q,), t € T(Zy)n?(Q,) and n € N(Z,);?(Q,). This space might
be trivial. However we have the following lemma.

Lemma 3.4.9. Let Ml C X7 be an affinoid subdomain and n an integer such
that n > n(Y). Then we have a canonical bicontinuous isomorphism:

Aun 2 OW)@LAL(N(Zy), L).

In particular Ay, is a non trivial O(U)-orthonormalizable Banach space.

Proof. The inclusion 4 x N (Zp)n? < $x ()79, induces a continuous map
(26) Agn — Ot x N(Zp);9) = O(N) @k An(N(Zp), K)

By the relation (25), it is straightforward to see that this map is injective.
To prove the surjectivity, it suffices to show that any pure tensor ¢ ® f is in
the image. So consider the function

(A, [tn]) := p(A)A(®) f(n)

defined for any (A, t,n) € (UxT(Zy)n? x N(Z )”g)((@p) By our assumption
n > n(U) and Lemma 3.4.6, this function is clearly rigid analytic and its
image by the restriction map (26) is ¢ ® f. Therefore (26) is an isomorphism
and since it is a surjective continuous between Banach spaces its inverse is
also continuous by the open mapping theorem. This proves our claim. =
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Corollary 3.4.10. For any n > n(i), the inclusion map Ay C Agny1 is
completely continuous.

Proof. These inclusion maps are induced by the inclusions
Au(N(Zy), K) € A1 (N(Zy), K)
which are completely continuous, thus our claim.m

We put now
A= |J Aun
n>n (L)
and define the continuous O(4)-duals

Dy g1 := Homo(g) (An,g, O(8)) and Dy := Homo(gy (Ag, O(H)).

It follows from the previous lemma and corollary that D,, g is an orthonor-
malizable O(4)-module and that Dy is a O(4)-projective compact Frechet
space.

3.4.11. x-Action of AT. We can define the *-action on the spaces Ay, as
in the case i is reduced to a singleton. For this, we remark that the right
x-action of A* on Q; being algebraic extends into an action of A™ on (Q4)y?
for all n > 0. Similarly we remark also that the left action of T'(Z,) on €
defined in §3.2.6 can be extended into a left action of T(Z,)n? on (£21)7"7.
Ift € T(Zy)n? and f € O((1)r"7), we write t.f for the action of f obtained
by left translation on the argument of f. Now as in §3.2.6, we have the
identification:

Anu = {f € O(())@0W)| t.f © 1= f @ (t)uvt € T(Zp);}

Since the *-action of AT commutes with the left action of T(Zp)ffg , it follows
that we have a left action of AT on A, . We deduce that we have a left
action of AT on Ag and a right action on Dy,.

3.4.12. Remark. Notice that if we consider (-)y the O(U)-valued character
of T'(Zy) given by t — (t) where (t)gy € O(Ll)* is the analytic function on U
defined by A — A(t) then Ay, can therefore be seen as the n-locally O(Ll)-
analytic induction of (-)g¢. When U is reduced to a single point 4 = {\}, we
recover the definition of A) ,,(L) for a n-locally analytic character A € X(L).
In particular, we have the following lemma.

Lemma 3.4.13. Let L be a finite extension of K and X\ € {(L), then we
have the canonical isomorphisms of AT -modules

A @\ L= Ay(L) and Dy ®) L = Dy(L)

Proof. This follows from the definitions and Lemma 3.4.9.m
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We also have the very important lemma;:

Lemma 3.4.14. If § € ATT, then the x-action of § defines a compact
operator of the O(U)-projective compact Frechet space Dy;.

Proof. Assume K is the field of definition of 4. By Lemma 3.4.9, we have
the bi-continuous isomorphism

Dy = O(UW)&xD(N(Zp), K)

From this remark, it is easy to see that the proof of our claim follows exactly
the same lines as the proof of Lemma 3.2.8. The details are left to the
reader.m

4. OVERCONVERGENT FINITE SLOPE COHOMOLOGY

In this section, G q is a reductive group as in the first section. We fix a
prime p and we assume that G g, is quasi-split as in the previous section.

4.1. Hecke algebras and finite slope representations. In this subsec-
tion, we define the notion of finite slope representation for the group G. We
start by defining some Hecke algebras.

4.1.1. The Hida-Hecke algebra. We will use freely the notations of section
3. For all positive integer m, let A, := (Af)~! and A~ := (ALT)7L As
usual we will drop m from the notation when it is equal to 1. We define
similarly 7~ and 7~ ~. The spaces of distributions D) (L) and their quotient
VXGZQ (L) we have defined in section 3 are equipped with the right x-action of
AT. We will consider them now as left A~-modules since we have made the
choice to consider the adelic action on the left to define Hecke operators.

Let m be a positive integer and let C°(A,,//In,Z,) be the subspace of
Zy-valued locally constant functions with compact support in A;, which are
bi-invariant by I,,. This is an algebra for the convolution product defined
with the Haar measure on G(Q,) such that I, is of measure 1. For t € T,
we write wy = wpm = Intl, € CX(A;,//Im,Zy,) for the characteristic
function of the double class I,,tl,,, C A, . Then it is well known and it can
be easily checked that

Ut U = Uyt

for any t,t' € T~. Therefore, the map t — u; defines an algebra homomor-
phism Z,[T~/T(Z,)] = CX(A;,//Im,Zy). Then we put U, = U,(G) =
Zp|T~ /T (Zy)] and we will identify its elements as Zy-valued functions with
compact support on A, which are bi-invariant by I,,, for m chosen according

to the space on which we will let U, act.
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4.1.2. Slope of a character of T~ or of U,. The notion of slope we introduce
here is equivalent to a notion introduced by Emerton in [Em06]. Recall that

X*(T/F) = Homalgfgp(T/Fa Gm/F)

and

Xu(Typ) == Homayg—gp (G yp, T)
where F' is the smallest Galois extension of Q, that splits G. Since T
is defined over Q,, we have an action of the Galois group Gal(F/Q,) on
X*(T)p) and X« (T)F). Recall also that we have a Galois equivariant duality
pairing

(_7 _) : X*(T/F) ® X*(T/F) — Z

such that gopuY (t) =t for any p € XH(Typ), 1" € Xu(Typ) and t € Gy,
Let X.(T)p)* be the dual cone of the cone generated by the positive roots
of X*(T). Then by definition, for any u" € (X*(T/F)JF)G‘LZ(F/QP), we have
p'(p) €T,

Let 6 be now a Q,-valued character of U, . If 6(u;) = 0 for some t € T
we say that the slope of 6 is infinite and we write pp = oo. Otherwise 0
induces a homomorphism of monoids from 7'~ /T(Z,) into @; and can be
easily extended to T'(Q,)/T(Z,). Such a character is said of finite slope.
Equivalently 6 is finite slope if 6(u;) # 0 for at least one t € T~ ~. This can

be checked easily since for any ¢’ € T, there exists a positive integer N
such that tV = 't with ¢ € T~

When 6 is of finite slope, the slope of 6 is the element g of
* Gal F * a
X (T/F)Q (F/Qp) = X (T/F)G U(F/Qp) ®@
defined by
(,“97 'u\/) = Up(g(uuv(p)))

for all 1¥ € (X (T ) T)EF/Q) and where v, denotes the p-adic valuation
of @p normalized by v,(p) = 1. In particular, we have

|(@.pu0) ) |p = 10(usa)p

for any integer a such that a.ug € X*(T)p) and t € T~~. Notice that
if 6 is integrally valued, p9 belongs to the obtuse positive cone X*(T'); o
generated over Q4 by the simple roots relative to the pair (B, T). Of course
X*(T)4+0 D X*(T)é and the inclusion is strict in general. If p, i € X*(T')q,
we write g > g/ if and only if p — p' € X*(T)4 @.

Definition 4.1.3. Let \*9 be an algebraic character of Typ and p = pp.
This slope will be said non critical with respect to X9 if jig — A9 fw* A4 ¢
X*(T)4 g for each w # id. When X9 is implicit in the context we will just
say that 0 or ug is non critical.
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4.1.4. Finite slope part of a Uy-module. Let L C @p be a finite extension of
Qp and let V' be a (possibly non Hausdorff) quotient of Banach (or compact
Frechet) as in chapter 2 L-vector topological spaces equipped with an action
of U, such that the action of u; is completely continuous for any ¢t € T .

For any character # of T~ in @; , we denote by Vg [0] the subspace of
P

V @1, Q, of vectors v such that for all ¢ € T, (u; — 0(uy))?%.v = 0 for some
integer q. Since the operators u; commute and their action is completely
continuous on V', the Vg [0]’s are finite dimensional if 6 is of finite slope.

P

Let pn € X*(T)gal(F/Qp) and V as above. We put

<po._ 7 7
Vo= QJ? Vg, 0] c Vg,
ne<p
then this space is finite dimensional over @p. We have Vg” =VSh@r @p for
P
VSh = Vg”ﬁV. Forany t € T~ and h € Q, we can define as in chapter 2,

P
V=" and set V%, the inductive limit over h of the V=" when h — oo. Since
U, is commutative, this space is clearly stable by the action of U, and we

have
<h _ r
vh= P g l0)
/]
vp (0(ug)<h

It implies that the inductive limit of the V= for u € X*(T)g+ is equal to
Vis.

4.1.5. Global Hecke algebras. We define the Hecke algebra H,, by
Hp = Mp(G) = C(G(AY),Qp) ® Uy C C(G(Ay), Qp).

To define the algebra structure on H,,, we choose that the product is given
by the convolution product for the Haar measure dg on G(Ay) such that
Meas(Khaz.I,dg) = 1 with KB4, be the prime to p part of K., which we
defined in 1.1.2.

We denote by H;, the ideal of H, generated by f = fP ® u; with fP ¢
Ce(G(A%),Qp) and t € T~ For any open compact subgroup K7 C G(A%),
we write

Hp(KP) = CZ(KP\G(A})/KP,Qp) @ Uy
for the subalgebra of H,, of functions which are bi-invariant by K?.

If S is a finite set of primes not containing p, we also consider the Hecke
algebra Rg, defined by

Rs,p = C2 (KPP G (A" 2,) | K50 o u,

}(53J{P}

where stands for a maximal compact of G(

A?U{p }) which is hyper-

special at every prime ¢ ¢ S U {p}. It is well known that this algebra is



EIGENVARIETIES FOR REDUCTIVE GROUPS 49

commutative. Moreover, if K” C K, is hyperspecial away from S, Rg, can
be seen as a subalgebra of the center of H,(K?) via the map f — 1g, ® f
where Kg stands for the open compact subgroup of [],.¢ G(Q;) such that

KP =K S.K;?;U{p }. Here we have denoted 1 K the characteristic function of
Kg.

Definition 4.1.6. A @p—valued character 0 of Rg, will be said of finite
slope if its restriction to Uy is (i.e. O(uy) # 0 for allt € T~ ).

We further generalize the above definition to admissible representations of
Hp.

4.1.7. Finite slope admissible representations of Hy. Let (0,V) be an ad-
missible representation of H,, defined over a p-adic field E. Recall that this
means that for any open compact subgroup K? C G(Ay), the action of an
element of H,(K?) on V defines an endomorphism of finite rank. Since H,, is
the inductive limit of the H,(KP)’s, the character map f — tr(o(f)) is well
defined and will be denoted by J,. It is a classical fact that J, determines
o up to semi-simplification. Assume now that o is absolutely irreducible.
Since U, is included in the center of H,, the action of ¢/, on V is then
given by a character of degree one. We then say that o is of finite slope if
this character is and if %" contains an Op-lattice stable by the action of
Zp-valued Hecke operators in H,(K?).

We will say that this representation is of level K? if the action of H,(KP)
is non trivial. In that case, we write VX" or o%” for the image of o(1x»)
and we have an action of H,(K?) on this subspace. It is well-known that
this representation determines o entirely. Let S be a finite set of primes
such that K? is maximal hyperspecial away from S. Since Rg, is included
in that center of H,(K?), Rs, acts on o by a character we denote 0,.
Then we say that o is of finite slope if and only 6, is. A general admissible
representation of H,, will be said of finite slope if all its absolutely irreducible
sub-quotients are.

4.1.8. p-reqularized constant terms and parabolic induction. Let P C G be
a standard parabolic subgroup (i.e. P containts the fixed minimal parabolic
subgroup P). In particular P)q, contains the Borel subgroup B. We fix a
Levi decomposition P = MN such that Mg, contains 7. Such an M will
be called a standard Levi subgroup of G. Then we can consider the Hecke
algebras H,(M) and U,(M) and admissible finite slope representations or
characters of them.

For any standard Levi subgroup M € Lg recall that WM are the elements
w of the Weyl group of G such that w=!(a)) > 0 for all positive root o for
the pair (BN M,T). Let w € WM we are going to define a linear map
from H,(G) into H,(M) f+— fy},- To do so, we first define the image of
an element f € H;, of the form f = fP ® u;. Notice first that for w € wM
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and t € T, then wtw~! belongs to T,, where T, is defined as the set of
t € T(Qp) such that tN(Z,) N M(Z,)t~* C N(Z,). This follows from the
very definition of WM which tells us that BN M = wBw™' N M for all
we WM,
For any t € T(Qp) and w € WG, p, 1)+ We also write
cc.u(t) = (1) Ter g ) Ter,

It is easily checked that e, induces a character of T(Q))/T(Zy,) taking
values in O. If ¢ satisfies the condition (11), then this character is trivial
since wl(pp) + pp = > acRpruw-1(Rp) @ The reason of introducing this
normalization factor will become clear in the proof of Proposition 4.6.3.

We then define f;;,gw by

]T\/igw = Eﬁ,w(t)fjl\)/[ ® Uytw—1,M

where f}, stands for the (non unitary) constant term defined as in section
1.4.1. By the remark above, w,,,,-1 s is a well-defined element of U,(M).

For general f, we extend the definition by linearity. Now if 0? is an ir-

reducible admissible representation of M (A’}) and if I]\G/[(U?) is the (non

unitary) parabolic induction then we have recalled in section 1.4.1 that
tr(f75 16 (07)) = tr( 25 0%)

If o is an irreducible finite slope representation of H,(M) then we denote
by IAG4 » the admissible finite slope representation defined by:

I§70(0) = I51(0%) @ O pt.
where 6, 17, is the character of U,(G) defined by

Ut — ea(uwtwfl,M)
Then it follows from the definitions and what we have recalled that we have
the character identity:
J]G

M,w

o) () = Jo(f1r)

4.1.9. p-stabilization of automorphic representations. The main examples
of finite slope representations are obtained as follows. Let m = 7y ® o be
an irreducible cohomological automorphic representation of G(A) of weight
A9 Tt is defined over a number field and we can therefore extends the scalar
to a p-adic number field L. Then H,, has a non trivial action on TI'JIcm for some
integer m sufficiently large and there exists some character € of I,,/I] such

that 7m ® L(e~!) contains a non trivial subspace invariant by I,,, and over
which we therefore have an action of H,. An irreducible constituent of this
space for the action of H, is called a p-stabilization of 7. It is a standard
fact that can be checked using the theory of Jacquet modules that a given
representation w has only finitely many p-stabilizations. Notice also that
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this notion is purely local at p. If such a p-stabilization is of finite slope,
it will be called a finite slope automorphic representation of G of weight
A = \%e. Tt is then straightforward to see that it will also appear in the
cohomology of V,aiy (L) with A = e A9,

4.1.10. Finite slope character distributions. Let L be a finite extension of
Qp. We call an L-valued virtual finite slope character distribution J a Q,-
linear map J : H]’D — L such that there exists a collection of finite slope
(absolutely) irreducible representations {o;;i € Z~¢} and integers m; € Z
such that

(i) For all t € T~—, h € Q and KP, there are finitely many indexes i
such that m; # 0 and vy (6, (us)) < h and 05" # 0.
(ii) For all f € H,,, we have

J(f) = Zmzjdz(f)
i=1

Notice that the sum in (ii) is convergent thanks to the condition (i). If the
m; are non negative, J is called a finite slope character distribution. We also
say that J is an effective finite slope character distribution. In that case, for
each open compact KP, we can consider the space V;(KP) as the completion
of @;(VE")®" for the norm defined by || >, vi|| = Sup;l|vi||. This defines a
p-adic Banach space over C,, over which H,(K?) acts continuously and such
that the action of the elements of H;, is completely continuous. Moreover,
for each f € H,(K?), we have

tr(f; Va(KP)) = J(f).

If J is a virtual finite slope character distribution, for a given irreducible
finite slope representation o, we write m (o) the integer such that

J(f) =D my(o)Js(f)

Ift e T, h € Q and an open compact subgroup K? C G(A?), we denote by
Y 7(KP,t, h) the (finite) set of classes of irreducible o such that m (o) # 0,
vp(05(ur)) < h and 0¥ £ 0.

4.1.11. Fredholm determinants attached to a wvirtual finite slope character
distribution. Let J be a virtual finite slope character distribution and f €
H,(KP) of the form f = fP ® uy with t € T7~. Then we put

Pyp(T) := [ [ det(1 — Tai(f))™

=1

This is clearly a ratio of Fredholm series.
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If a € @; and o is an irreducible finite slope representation, we denote
by mq(f,a) the multiplicity of the eigenvalue « for the Hecke operator f.
Then

mJ(fa Oé) = Z mJ(a)'mU(f7 Oé)

is a well defined finite sum by the condition (i) and m;(f,«) is the order
of the zero T = a1 for the meromorphic function P;(f,T) on A7". This
integer is called the multiplicity of the eigenvalue « in J for the operator f.

Lemma 4.1.12. If for all f € H,,, P;(f,T) is an entire power series then
J is an effective finite slope character distribution.

Proof. Let og such that mj(og) # 0. We want to prove that mj(og) > 0.
Let KP such that of" # 0. Fix t € T~ and let h = v,(0,,(us)). Put also

B = Min{v,(0,(u;)), Yo & $;(KP,t,h) such that my(o) # 0 and 0" # 0}

From the condition (i), it is easy to see that h’ > h. Since X ;(KP, t, h) is
finite, we know by Jacobson’s lemma that there exists fi; € H,(K?) such
that for all o € X ;(KP,t,h), we have o(f1) = id xr if 0 = 0¢ and o(f1) =0
otherwise. Now consider f = (1x» ® un)f1 with N > vy /(h' — h) with v
the valuation of the denominator of fi;. Then we have:

Py(f,T) = det(1 — T.o0(1xr @ un )™ @) S(T)

where S(T) = TLyjo 0, uy=y 461~ To((Lis © uyx).f1))™ ) is a mero-
morphic function with the set of zeroes and poles of p-adic norm greater or
equal to p" V=1, Since by assumption Pj(f,T') is an entire function of T
and the set of zeroes of det(1 — T.o(1x» @ uwn)) are of p-adic norm smaller
or equal to p™V, this implies that m s(cg) > 0.m

4.1.13. Assume now that J is effective, we have Pj ¢ (T') = det(1-T f; V;(KP)).
Let t € T~ and suppose that we have a factorization Py,, (T') = Q(T)S(T)
with @ a polynomial such that Q(0) = 1 and @ and S relatively prime.
Then we know that by Theorem 2.3.8, that we have a decomposition stable
by (e

Vi(KP) = N, (Q) & Fs(Q)

such that Q*(u;) acts trivially on N;(Q) and is invertible on F7(Q). More-
over there is a power series Rg g such that Rg g(u¢) is the projector of
Vi (KP) onto N;j(Q).

Since wu; is in the center of H,(K?), this decomposition is stable by the
action of H,(K?) and we have for all f € H,(KP)

(27) Jou(f) = J(foRq,s(ur)) = tr(f o Ro,s(ut); Vi(KP)) = tr(f; Ns(Q))
therefore Jg; is a character of H,(KP) of degree deg Q.
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4.2. Automorphic finite slope representations. We would like now to
define the cohomology of arithmetic subgroup with coefficient in the p-adic
topological A™-modules we have defined in chapter 3 and study the action
of H, on them. Because the standard resolution of group cohomology by
inhomogeneous cochains is not of finite type, it is however not suitable for
topological properties. We will therefore use projective resolution of finite
type that exist thanks to the work of Borel-Serre. Ideally, we would like the
cohomology of Dy to be projective over O(4). In general, this is not quite
true because of the possible presence of torsion in the cohomology and also
because the cohomology might not be Hausdorff. To bypass these difficulties,
we will work in the derived category of perfect complexes in the sense of the
chapter 2. We will also construct finite slope character distributions for each
p-adic weight and show these are analytic functions of the weight. We will
use some of the notations and definitions of the section 1.1.2.

4.2.1. Resolution for arithmetic subgroups. Let T' C G(Q)/Za(Q) C G*4(Q)
be a subgroup containing no non trivial elements of finite order. Therefore
it acts freely and continuously from the left on the symmetric space Hg :=
Goo/ZxoK o so that I'\H¢ is a C*° manifold. Let d be its dimension. Unless
G is anisotropic this quotient is not compact and by the work of Borel-Serre,
there exists a canonical compactification I‘\’I:[G where H is a contractile
real manifold with corners [BS73]. This fact will be useful to prove the
following lemma.

Lemma 4.2.2. Let I' as above, then there exist length d finite free resolu-
tions of the trivial I'-module Z. In other words, there exit exact sequences
of I'-modules of the form.:

0—-Cyl)—---—=C(T") - Co(I') = Z — 0
where the C;(T')’s are free Z[I']-modules of finite rank.

Proof. Since I'\'H¢ is compact, we may choose a finite triangulation of
I'\Hg. We pull it back to Hg by the canonical projection Hg — I'\Hg
and denote by Cy(I") the free Z-module over the set of ¢-dimensional sim-
plexes of the triangulation obtained by pull-back of H¢. This is the module
of g-chains obtained form this triangulation. Since the action of I" on Hg
is free, the Cy(I") are free Z[I']-module and they are of finite type since the
chosen triangulation of I'\H¢ is finite. We therefore obtain a complex of
free Z[I'-modules of finite rank:

0= Cy(T) "5 .. B o) 2 Gy(T) — 0

computing the homology of Hq. Since H is contractile, this complex is
exact except in degree zero. In degree zero, we have

Co(T)/90(C1(T)) = Ho(Ha, Z) = Z

which implies our claim.m
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4.2.3. These resolutions are obviously not unique but two such resolutions
are Z[[']-homotopy equivalent. This is a standard fact true for any pro-
jective resolutions in abelian categories. We will use this fact in the fol-
lowing situation. Consider IY C T' a finite index subgroup, then the re-
striction to IV of any such resolution Co(T") for I" is Z[I']-homotopy equiv-
alent to any resolution C,(I") for I'". We will use these resolution to study
the cohomology of these arithmetic groups. If M is a I'-module, then
we can compute H'(T', M) = Eaxth(Z, M) by taking the cohomology of
C*(I', M) := Homp(C,e(I"), M ). This complex is particularly nice because of
the following corollary.

Corollary 4.2.4. For any I' and M as above, each term of the complex
C*(T', M) is isomorphic to finitely many copies of M.

Proof. This follows from the fact that the Cy(I")’s are free of finite rank over
VAINE

It is well known that we can define an action of Hecke operators on
H*(T', M). We will be explaining how we can directly define an action of
them on C*(I', M).

4.2.5. Fonctoriality. We first consider a somehow general situation. Assume
that we have two groups I' and A together with a group homomorphism ¢ :
I' - A. Assume also that we have a right I'-module N and a right A-module
M with a map of abelian groups f : M — N, such that f(m.¢(v)) = f(m).y
for allm € M and v € I'. If we consider M as a I'-module via ¢, saying that
f is compatible is equivalent to saying it is [-equivariant. A pair (¢, f) like
this is called compatible. It is trivial that f induces a map from M% into
NT.

Let Co(I") and Co(A) be respectively two finite free resolutions of Z by
Z[I'] and Z[Al]-modules of finite rank. By considering Cy(A) as a I-module
by ¢, it is a I-resolution of Z. Since C,o(I") is a I'-projective resolution of Z,
it follows from the universal property of projective modules that we have a
map, unique up to homotopy, Ce(I') — Ce(A) and compatible with ¢.

We deduce we have a map compatible with ¢:

(@) ®f
s

Homz(Ce(A), M) Homyz(Co(I'), N)

By taking respectively I" and A invariants, it induces a map C*(A, M) -,
C*(I", N). Again this is uniquely defined up to homotopy.
IfI' C A, M = N and ¢ is the identity map, we obtain the restriction map
Resk : C*(T', M) — C*(I', M)
that induces the usual restriction map on the cohomology.

Assume now IV C T of finite index. Let us fix a system of representatives
{7i}i of T'\T" (i.e. T' = LI'"y;). The corestriction map is obtained as follows.
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Again we choose free and finitely generated resolutions Ce(I”) and C(T).
Then Co(T") is also a free and finitely generated resolution of the trivial
Z[I"]-module Z since Z[I'] is free of finite rank over Z[I"']. Therefore we have
a I'"-equivariant homotopy 7 : Ce(I") — Co(I"). So we have maps

Homp (Ca(T"), M) Homp (Ca(T), M) =25 Homp(Cu(T), M)

where the second map is the usual average sum m — ) _.m.y; that sends

I-invariant to I'-invariants. We call this composite the corestriction map
Cork, : C*(I', M) — C*(I", M).

It induces the usual corestriction map in cohomology. Again, this is uniquely

defined up to homotopy.

Hom(7p pv,idar)

4.2.6. Hecke operators. We refer to [Sh71] for the abstract definition and
properties of Hecke operators. Let A be a semi-group containing I and I"
and such that 6T'6~! NI is of finite index in I for all § € A. Then we
can consider the abstract Hecke operators IVéT" € Z[I"\A/I']. We say that
I' and I are commensurable. Assume M is a right A-module, then we can
define the map [IVoI'] : C*(I", M) — C*(I', M) as the composition:

[['8T) = Cory-spisnp © [8]  Restunsps1

and where [§] is defined by the pair of compatible maps (z — dz6~,m
m.§) respectively from I' N 66 onto 6T'6~' NI’ and from M into M.
Again the action of IV4T" is well defined up to homotopy.

Consider now a third subgroup I'” € A which is commensurable with I
and I". Then we can compose the double classes IV6I" and I'”6'T and get an
element I'"§'T oTVoT" € Z[I""\A/T'] (see the chapter 3 of [Sh71] for example).
Then we have

Lemma 4.2.7. The maps [['"0'T"] o [[VT] and [I"0'T' o TV6T] are equivalent
up to homotopy.

Proof. This follows easily from the definitions and the fact that this is true
when we define the maps on the level of the ®-invariants for ® = I, TV, T"".
We leave the details to the reader.m

4.2.8. The adelic point of view. Let K be a neat open compact subgroup
of G(Ay) and let M be a left K-module acting through its projection on
K, the image of K in G(Q,). We fix a decomposition as (1) so that the
p-part of each g; is trivial. Recall that I'(g;, K) is defined as the image of

9-Kg7 ' NGQ)* in G(Q)/Zc(Q). We put
RI*(K,M) := ®;C*(I'(g;, K), M)
We can make another description. Consider the space S¢ := G(Q)\G(Af) x

Hg. Then Sg(K) = Sg/K is the Borel-Serre compactification of Sg(K).
Let mx be the canonical projection S¢ — Sg(K). Then choose a finite
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triangulation of Sg(K) and its pullback by 7x. Let us denote C4(K) the
corresponding chain complex. It is equipped with a right action of K. It is
an easy exercise to check that if we consider the decomposition of S¢(K)
in connected components determined by the g;’s and the triangulation on
each connected component He/T'(g;, K) associated to the chain complex
C*(I'(gs, K) (in the proof of Lemma 4.2.2), then we have the isomorphism

RT*(K, M) = Homy (C?(K), M)

where the right action of K on M is given as usual by m.k := k~'.m. In
particular, this implies that if we had chosen another system of representa-
tives g, we would have obtained another complex homotopical to the first
one. Therefore it defines an object in the homotopy category of abelian
groups whose cohomology computes the cohomology of the local system M
on Sq(K).

Moreover, the map M +— RI'*(K, M) is functorial with respect to left
K-module and there is an isomorphism:

H*(RI*(K, M)) = H*(S¢(K), M)

Suppose more generally that we have a pair (¢, f) where ¢ : K’ — K is a
continuous and open group homomorphism and f : M — M’ is a map of
abelian groups where M (resp. M) is equipped with a left K-action (resp.
with a left K’-action) such that f(¢(k').m) = k'.f(m) for all ¥ € K and
m € M. Using the description RI'® = Hom g (C*(K), M) and the arguments
of §4.2.5, we can define a map

Rr* (&, M) 20, jre(i, M)

uniquely defined up to homotopy.

We now make a description using the decomposition in connected compo-
nents associated to the g;’s and g¢.’s respectively for K and K’. For simplity,
we assume that ¢ extends to a map from G(Ay) to itself since it will be the
case for all the examples that will be considered. For each i, let j; such that
é(g!) = vigj. ki € G(Q)g;, K. We can define maps ¢; : I'(g, K') — I'(gj,, K)
and f; by :

¢i(x) == o)y film) = f(yim)
Since the p-component of g, is trivial, the p-component of v; belongs to the
p-component of K and therefore ; acts on M which justifies the definition of
fi. Tt is easy to check that the pairs (¢, f;) satisfy the assumption of §4.2.5.
We therefore have a map from C*(I'(g;,, K), M) — C*(I'(g;, K'), M'). Sum-
ming up over the i’s, we get the map

Rre (&, M) 20, jre (K7, M)

which is defined up to a homotopy.
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4.2.9. Completely continuous action. It is useful and important for our ap-
plication to notice that if f satisfies certain properties then so does the map
(¢*, f) between the complexes. For example if M and M’ are Banach spaces
or compact Frechet spaces equipped with continuous actions of K and K’
and if f is completely continuous, then so is the map induced by (¢*, f)
at the level of the complexes. This follows from the very definition of our
map, the fact that composition between continuous and compact maps is
compact and that each term of the complex RI'*(K’, M’) is isomorphic to a
finite number of copies of M’.

4.2.10. Special cases. Of course, if f is the identity map and K’ is an open
subgroup of K we get the restriction map that we denote by Resﬁ,.

An other special case arises also if Ay C G(Ay) is a semi-group acting such
that there is a left action of Ay on M via the projection of Ay into G(Q,).
For any x € Ay, we consider ¢ = Int;! : K' = xKax=! — K given by
Int;'(k) = = 'kx and the map M — M given by m +— x.m. We therefore
get a map:

RU* (&, M) B2, pre (ke M)
which depends only of the coset x.K modulo homotopy.

Consider now two open subgroups K, K’ of A¢ and € Ay. Then we have
the decompositions:
K'zK =z, K and K =Ujkj.(K' NnaKa™!)

with 2; = k;x for j running in a finite set of indexes. Notice that :L'ijL‘;l =

xKz~ ! is independent of j. Therefore it makes sense to define the action of
the double coset K’z K from RI'*(K, M) into RT'*(K', M) by

[K'vK] =Y RU(K,z;) = Y RU(K'NaKa ' kj) o Resis® 1., o RT(, K)
J J

Again this action is defined up to homotopy and depends (up to homotopy)
uniquely of the coset decomposition of K'zK above. One can see also it is
homotopic to

> RT(K'naKaz™' k) o RT(z,2 'K’z N K) o Resh 1y,
J
When K’ D K and x = 1, we recover the corestriction map.

We now compare this action with the one defined by arithmetic subgroups.
For this purpose, it is convenient to make M a right A;l—module by the

action m.0~! := &.m for all § € Ay and m € M. For each i, we write
Gi® = Yz,i95,hgoo With h € K as in §1.2.5. Then v,; € Ay NG(Q). Then we
have the equality in the homotopy category:

[KxK] = @il Tj)-
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where [[';y,;T,] is the map from C*(T;, M) into C*(T;,, M) defined pre-
viously. Of course, this equality is up to homotopy. The reader should
compare with the relation (6) which was seen at the level of cohomology.

4.2.11. Action of an automorphism on the resolutions. We fix ¢+ an auto-
morphism of G such that K* = K and an automorphism ¢y; of M such
that:
g.tar(m) = ap(gt.m)

for all g € K and m € M. Therefore (t,tp7) induces an automorphism
of RT'*(K, M) in the homotopy category. We can also describe this map
using the decomposition in connected components. For any arithmetic
subgroup I', we have a canonical isomorphism from Homp(C*(I"), M) onto
Hompa (C*(I'*), M) induced by ¢ — ¢* for all ¢ € Homp(C4(T"), M) with
¢*(n) = tp(o(n)). Now note that since K* = K, we should have I'(z, K)* =
I'(z*, K). Since for any representative systems {g;}, {g/} is another system
of representatives, we can see that the map induced by (¢,¢pr) is obtained
from the maps above for I' = T'(g;, K') for each i up to homotopy.

4.3. Finite slope cohomology.

4.3.1. We will use freely the notations and assumptions of Chapter 2. Let A
be a Q,-Banach algebra. Let K” be a neat open compact subgroup of G (A?).
For such KP, we choose representatives g; for the cosets G(Q)\G(Ay) x
He)/KP.I that are trivial at p. Then, it follows from the previous discussion
that the map M +— RI'*(KP.I,,, M) defines a functor from the category of
left A[A;,/Z,)-Frechet modules in the homotopy category of Fre(A). We
let the algebra U, act on the cohomology of Sg(K?.1,,) with coefficients M
or on a complex RI'(K?.1,,, M) through the projection on C°(A;,/ /I, Zy)
and the canonical action of the latter on the cohomology or the complex.
Moreover, RT'*(KP?.1I,,, M) is equipped with an action of the Hecke operators
H,(KP) that defines an algebra homomorphism

Hp(EP) — Endpp (Fre(ay) (BT (KP I, M)).

4.3.2. Weight space revisited. Let Z(KP) := Zz(Q) N KP.I. Then the nat-
ural map of Z(KP) inside I'(g;, KPI) is trivial for each i. Therefore D) and
V(L) are I'(g;, KPT)-modules only if X is trivial on Z(KP). This is the con-
dition (2). We set X = Xg» C X7 to be the Zariski closure of the weights
A which are trivial on Z(KP) for sufficiently small KP. Let Z,(K?) be the
p-adic closure of Z(KP) inside T'(Zy). Then we have

Xkr(L) :=Homeont (T (Zy)/ Z,(KP), L)
for any finite extension L of Q,. Moreover X is of dimension rkz, T(Z,) —
rkz,Zy(KP). Notice that if G is Q-split or semi-simple Z,(KP?) is trivial
since KP? is neat by assumption. Otherwise, its rank depends of the rank
of some global units together with some Leopold defect. For instance, if



EIGENVARIETIES FOR REDUCTIVE GROUPS 59

G = GSp(2n, F) for a totally real field F' then X is of dimension (n+1)[F :
Q- ([F:Q]—1—-6pp) =n[F: Q]+ 1+ F), where dr), designs the defect
of the Leopoldt conjecture for (F,p).

If S is a finite set of prime and K? is maximal hyperspecial away from S,
then Z,(K?) does not depend of KP? if it is sufficiently small. In general,
when KP? decreases Xi» can get more connected components. However its
dimension will stay the same.

4.3.3. Finite slope cohomology. Let M be any left L[A™/Z,(KP)]-module.
We assume that M is a L-Banach or a compact L-Frechet for which the
elements in A™7 act completely continuously. Let ¢t € T~~. We equip the
complex RI'*(KPI,,, M) with an action of the Hecke operators u; (defined
up to homotopy). By the definition of this action and the assumption on
M, this operator is completely continuous on this complex and the latter
has finite slope decomposition with respect to u;. By the results of Chapter
2, this induces a slope decomposition for its cohomology. We then write
H? (Sq(KPIy,), M) C H*(Sq(KP1,,), M) for the finite slope part of its co-
homology. Since for any t,# € T~ there exits an N such that tV = 't
for t € T~ and u; commutes with wuy, it is easy to see that the finite slope
part does not depend of the choice of t. We also put
HY, (S, M) := lim H, (Sg(K?.T), M)
KP

The spaces M that we will mainly consider are Dy(L) and V(L) for X €
Xgr(L).

4.3.4. Finite slope p-adic automorphic representations. Let A € .'{Kp(@p).
An irreducible finite slope representation o of H, will be called p-adic auto-
morphic of weight X\ if it appears as a subquotient of the representation of
H,, on Hgs(gg, Dy (L)) for some integer ¢ and some p-adic field L. It will be
further called (M,w)-ordinary Eisenstein if there exist M € Lg, w € WM
and a finite slope p-adic automorphic character oy of M of weight A such
that J, is a direct factor of the character f — J-(f);%,) for all f € H,
and J; the character of an automorphic finite slope rep%esentation for M.
Moreover M is supposed to be minimal for this property.

Proposition 4.3.5. Let A € Xg»(L). For any irreducible finite slope repre-
sentation o of G, there is an integer m%(o, \) € Z such that for all f € H,
we have

tr(f; H,(Sa, DA(L))) = > m%(0, M) Jo(f)
In particular, o is automorphic of weight A if m%(o,\) # 0 for some q.
Proof. Let t € T7~ and any h € Q. Then the < h-slope part for u; of
H{ (Sc,Da(L)) is H?S(S(;,D)\(L))Sh = liLnHFS(Sg(Kp.I),DA(L))Sh. It is

KP
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equipped with an action of H,, since u; is in the center of H, and this rep-
resentation of H), is clearly admissible. Therefore we have a decomposition

tr(f; HL(Sa, DAL)=) = Y mi (o, M) Jo(f)
vp (0o (ug)) <h

for all f € H,. The proposition then follows easily by considering this
equality with f € H}, and letting i go to infinity.a

One defines the overconvergent Euler-Poincaré multiplicity by

(28) mi(o,)) =Y _(=1)'m? (0, \)

q

In the sequel of this section, we want to relate the action of the Hecke
operators on the finite slope cohomology of Dy (L) to the one of V)\(L). We
start by the following important lemma which goes back to Hida.

Lemma 4.3.6. Let M be a left A~ /Z,-module. Lett € T~ and m a
positive integer. Then the following commutative diagram is commutative
in the homotopy category of complexes of abelian groups.

m
Ug

RT(KP.I,,, M) RT(KP.I,,, M)

[
um+1

RU(KP. Iy 1, M) —— RT(KP.I,, 11, M)

In particular, if M is a Frechet LA™ /Z,(KP)-vector space over which the
elements of A= act completely continuously, the restriction map induces
an isomorphism on the finite slope parts:

HF,(Sa(KPT), M) = Hf,(Sc(K"Iy), M).

Proof. The first part is a consequence of the definition of the action of double
cosets and of the fact that the decomposition in right coset of the double
cosets Ip,tl,, and Ip,41tl, are the same. This last fact follows from I,,411 N
t~ 1t = I, Nt 't for t € T~—. To prove the second part of our lemma,
we apply Lemma 2.3.4 to the following commutative diagram that follows
from the first part of our lemma.

H*(KP Iy, M) —— H*(KP.I,,, M)

T Im+1.t.1m] T
m+1

H*(KP.Ippi1, M)~ H*(KP.Ipps1, M)
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4.3.7. Let X be an algebraic dominant character of T. The next lemma
shows that the finite slope part of the cohomology of VY (L) can be replaced
by finite slope part of the cohomology of V\Y(L).

Lemma 4.3.8. Let A = A€ be an arithmetic weight of conductor p™ .
Then for any m > ny, we have

HF(Sq(KP.1), Vi (L)) = Hf(Sa(KP.In), VX (e, L))

Proof. Let V) (L) be the subspace of locally algebraic functions on I which
are n-locally analytic on I;, . Then V)(L) = lim V) ,(L). By Lemma 2.3.13,
the canonical map "

H*(SG(K".In), VY (L)) — H*(Sa(KP.In), Vi, (L))

induces an isomorphism on the finite slope part. The previous Proposition
applied to the M = V)\vO (L) together with the case n = 0 of the isomorphism
above imply our claim since Vy(e, L) = V) o(L)m

Definition 4.3.9. For anyt € T~ and any A € X*(T)", we put

N(A\ 1) i= Infupialt” .

We are now ready to compare the cohomology of D) (L) and of Vyai, (€, L).

Proposition 4.3.10. Let A = \e € X(L) be an arithmetic weight of
conductor pY and p be a non critical slope with respect to X4 Then for
any positive integer m > ny, we have the canonical tsomorphisms:

H*(Sq(KP.I),Dy(L))S* = H*(Sq(KP.1,,), VY (e, L))SH.

Similarly, for any rational h < vy(N(A,t)) and any Hecke operator f =
fP@ug witht € T, we have:

H*(Sc(KP.I),Dy(L))=" = H*(Sq(KP.1n), Vyay, (e, L)="

for the < h-slope decomposition with respect to the action of f.

Proof. We just prove the first part. The second part can be proved similarly.
By the previous lemmas, it suffices to show that
H*(SG(K?.I), DA(L) < = H*(So(KP.D), Vy (L)<

For any simple root «, recall that we have defined in Proposition 3.2.11 a
homomorphism of left I-module

O : Ax(L) — A (L)
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Let us write ©}, for the dual homomorphism. Then by Proposition 3.2.12,
we have a canonical exact sequence:

P Dir(L) = DA(L) — (L) = 0

a€A
Let us fix an ordering a4, . . ., o, of the simple roots in A and for each integer
i between 1 and r, ©f = O} +---+ 0. . For i =0, we define ©5 = 0. Then
Coker ©f = Dx(L), Coker ©F = V,Y(L) and for each integer i € {1,...,7},
we have an exact sequence:

or
0— Q; = Coker ©] — Coker ©;_; — 0

where @; is the exact quotient of Ds,, . A(L) making the short sequence exact.
This induces the long exact sequence

H(SG(KP.1), Q) <~ O (e ¥ 19(Sg (KP.1), Coker ©F 1)+ —
H9(Sg(K?.I), Coker ©F)<# — HT(Sg(KP.I),Q;)#~ (A" (o) +Das

There is a shift in the slope truncation because the operator O, is not
exactly equivariant for the action of U,. In fact, we have the following
formula for any eigenvector v in H*(Sq(KP.1,), Qi)[0]

uh (0% (1)) = ()" Had 10, (up.v) = O(1)a; (D) Ha)+1OF (v)
which implies our claim since the character of O (v) is therefore of slope
o — (NU9(H,,) + D,

Now since @; contains a stable Op-lattice under the left action of A~
the slope of any character occurring in H®(Sg(K?.I),Q;) must belong to
X*(T)g.+. Since p is not critical with respect to A, g — (A%9(H,,) +
)a; ¢ X*(T)g.4 which implies H®*(Sg(KP.I),Q;)<re~\"(Ha)thai —
Therefore HI(KP.I, Coker®}_;)S* is independant of i. This fact for i = r
and ¢ = 0 means that

H*(Sc(K?.I),DA(L))=* = H*(Sq(KP.I), VY (L))=H.

4.3.11. More multiplicities. Let 6 be a finite slope L-valued character of the
Hecke algebra Rg . For any A € ¥(L) and any K? which is maximal outside
S, let us consider

mT(G, A KP) = Z(—l)qdimLHq(Sg(Kp.I),D,\(L))[H]
q
We also define when ) is arithmetic:
mCl(Q,)\,Kp) = Z(—l)qdimLHq(Sg(Kp.I), VAV(L))[H]
q

An immediate consequence of the previous proposition is the following
classicity result on multiplicities:
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Corollary 4.3.12. Let A be an arithmetic weight. Then for any 0 such that
o is mon critical with respect to A%, we have

me (0, X, KP) = m' (0, \, KP)

4.4. A spectral sequence. Fix A an arithmetic weight of level p. We
can refine the classicity result explained above by using the BGG complex.
For this purpose, we consider the following double complex

O} = RI'(K?L,, C{(1) = €D RIV(KPI, Dyun(L)

w|l(w)=j

Since the BGG complex is exact except in degree 0 where its cohomolgy is
isomorphic to VY (L), the spectral sequence that one obtains by taking coho-
mology with respect to j first degenerates and converges to H (Sq(KPI), VY (L)).
On the other hand, the spectral sequence obtained by taking cohomology

with respect to i first has a E}7 term given by @,)1u)=; H' (S (KPI), Dyr(L)).
Then Proposition 4.3.10 is a corollary of the following theorem.

Theorem 4.4.1. Let A = A\%9¢ be an arithmetic weight of level p™ and a
slope p € X*(T)q. Then we have the following spectral sequence:

D HL(KP Ly, Dypr (L)) S = HIF (SG(KP L), Vi (6, L) S0,
w|l(w)=j

Proof. This follows from the fact that the two spectral sequences attached
to the double complex C*J converge to the same limit. The slope trun-
cation follows from the fact due to Proposition 3.3.12 that the differential
map E — EPT s equivariant with respect to the action of U, if one
renormalizes the #-action of u; on Hf (KPI,, Dy« (L)) by multiplying by
the factor f(t)w*)‘alg -

4.5. The p-adic automorphic character distributions. In the begin-
ning of this chapter, we have defined finite slope p-adic character distribu-
tions as certain p-adic linear functionals on H;. In this section, we define
the finite slope p-adic (virtual) character distributions of the p-adic auto-
morphic spectrum that we will decompose as alternating sums of cuspidal
and Eisenstein parts.

4.5.1. Definition of Ig and Ig. Let L be a finite extension of Q, and fix
A€ X(L). For f € H,, we put

IL(f, ) = tr(f; H,(Sa, DA(L)))
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If f € H,(KP), we easily see that

IL(f,)) = Meas(KP,dg) x tr(f; H,(Sq(KP.I), Dy(L)))
= Meas(KP?,dg) x tr(f; RT'*(KP.I1,Dx(L)))

This second equality comes from Corollary 2.3.11. If A € X(L) is algebraic
dominant, one also defines I¢(f, \) by:

IE(f,A) = tr*(f H* (S, Vya (L))
where the superscript “ +” is here to remind the reader that VY, (L) is
considered as a left A™-module for the x-action. If f = fPu; witht € T,
it follows from the comments of §1.2.5, the relation (15) and Lemma 4.3.8
that we have the following formula:

(29) IE(f,A) = @) r®(f; H* (S, VY (C))

where the superscript “st” means that we have considered the standard
action of the Hecke operators on H*(S¢, VY (C)) as defined in §1.2.5.

Lemma 4.5.2. Let A be an algebraic dominant weight and let f = fPQu; €
H;(Kp). Then the following congruence holds.

LE(£0) = I8(f,3)  mod N(X,t)Meas(K?, dg)
with N (A, t) the power of p defined in definition 4.3.9

Proof. Let KP such that fP is bi-KP-invariant. Let h the largest slope
(strictly) less than v,(NN (A, t)) and ocuring in the cohomology of Dy (L) or
Va(L). Then one has

tr(f, He,(Sa(KP.1), DA(L)=h = IL(f,)) mod N(\,t)Meas(K?”, dg)
tr(f, H (S (KP-In), V' (L)=" = I&(f, ) mod N(X, t)Meas(K?, dg)

By Proposition 4.3.10, the left hand-side of both congruences are equal and
the lemma is proved.m

4.5.3. Twist with respect to a pair (w,\). For any pair (w,\) with w € W
and A a locally algebraic weight, one defines a Q,-linear automorphism of
the Hecke algebra H,

T
defined by:
Jor =g P @
if f=fP®u witht € T~ and f? € C(G(A%),Qp) and extended to H,, by

linearity. For any character 6 of Rg,, we then consider the twisted character
6w defined by:

0UA(f) = 0(f*)
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for all f € Rgp. Similarly, for any irreducible finite slope representation o,
we denote by % the twisted finite slope representation defined by

A (f) = o (F).
It is straightforward to verify that we have
(30) gu = fig + AT — % A9

In particular, when f is not critical with respect to A9, pguws ¢ X*(T)g.+
and therefore mf (8% w, A, K?) = 0 as long as w # id since the cohomology
as an integral structure (if the multiplicity is not zero, that means guwA
must be integrally valued and its slope must belong to X*(T)g,+). In view
of Corollary 4.5.5 below, this gives another proof of Corollary 4.3.12.

Theorem 4.5.4. Let f € 'H;,, then for any locally algebraic character \, we

have
IE(LN) = (=D)LL (2w N

w

Proof. One applies the finite slope spectral sequence of Theorem 4.4.1. One
needs again to pay attention to the fact that the action on the BGG reso-
lution is the standard action (i.e. the action of ¢ on D\ (L) is the *-action
multiplied by & (t)w*/\alg), it is why the twists of the Hecke operators appear
here since the distribution Ig is the trace with respect to the x-action. The
details are left to the reader.m

Recall that for any irreducible finite slope representation o, we have defined
in (28) the Euler-Poincaré multiplicity mg(a, A). It satisfies

LN =Y mb(e N T, (f)

where the sum runs over (absolutely) irreducible finite slope representations.
If moreover X is locally algebraic, we can also define m® (o, \) in a similar
way by replacing I é( fyA) by Ig;l( fyA). Then we have the following straight-
forward corollary.

Corollary 4.5.5. Let \ be an arithmetic weight. Then for any finite slope
wrreducible representation o, we have

m&(o,0) = Y (=1)!™mf (0" w \)
weW
There is a similar formula for the multiplicities m (0, X\, K?) and m° (6, \, KP).

4.6. The Eisenstein and Cuspidal finite slope p-adic character dis-
tributions. Like in the classical case, the p-adic automorphic distribution
(which is not in general effective) can be decomposed as a sum indexed on
Levi M and elements of W™ of Eisenstein and a cuspidal p-adic character
distributions.
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4.6.1. Definitions of Ing and Iéo. For any standard Levi M € L5 and

w € WM recall that we have defined linear maps from H,(G) into H,(M)
[ firh, to relate the character of the parabolic induction of an admissible
finite slope to the character of the representation which is induced. We define
character distributions Ig‘,o and Ig, Mw for any M € Lg and w € W%s, by
induction on the rk(G). If rk(G) = 0, we put:

IL o (F ) = 1L o (£ ) = T (£, )
Assume now that rk(G) = r and that these distribution are defined for
groups of rank less than r. Then, for any proper Levi M € L4 and f =
/P @ uyg, we put
I (N = I o (F35%, w % A+ 2pp)

where 2pp stands for the sum of positive roots of the unipotent radical of
the standard parabolic subgroup of Levi M and

Iy (0 = Y (—)lwdtdimmgl ()
wewgs

where njys stands for the Lie algebra of the standard parabolic of Levi M.

We define:
Lo (0 = IL(EN) = 3 150 (F )
MEEG
M#G

Let A = A%¢ be an arithmetic weight of level p™. In view of the formula
(29), we define for f € H,(KP):

I o(f,A) = Meas(KP).£(0) " (f; Hoysp(Sa(KPIn), VX (C)(€)))
Lemma 4.6.2. For any f = fP @ us € H, and regular arithmetic weight X,

we have:
EEN=> > >

MeLg woeWh wewM

. s
(_1)l(w)+dzm an(t))\ w™ two A,I]Cé[’o( ;\"/;’gw?wo * A-}-QpPM)

Proof. This is a consequence of the trace formula of Franke and a standard
computation that we explain now. In order to have lighter notations, we
write the proof only when A is algebraic (i.e. ¢ =1) and f = 1g» ® uy since
the proof is strictly the same in the general case. We first fix a standard
parabolic P of Levi subgroup M. For any algebraic dominant character
i, let us write o, = Hc'usp(SM, VMV(C))KP viewed as a representation of
M(Qp). Let P be the standard parabolic subgroup with Levi M and let N
be its unipotent radical. Then by the relation (8), we have

s s G
tr (far, o) = trt (uy - Indpggziau).
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Here again, the subscript “st” stands as usual for “standard action” and
the parabolic induction is the smooth non-unitary parabolic induction. If

¢ € (Indgggz;au)l and w € WM then ¢(w) is invariant by wlw=1NM(Q,) =

INM(Qp) = Iy since w € WM. Therefore from the decomposition

G(Qp) = |_| P(Qp)wl

wewM

we see that the map ¢ — (¢(w)),cpym defines an isomorphism:

M
(i) = o

Then a classical computation gives:

I
tr5t (uy (IndG(Qpio—u) ) =

P(Qp
D7 [Nul@p) : tNu (@)t tr! Lyt Iy - 0,2) =
weWwM
Nu(Zp) : tNu(Zp)t ™ e
Z [N P) w( P) ]g(t) w 1”]—]0\[470(1}(?@“101510*1,1\4?”)

S Meas(KP)
w

Here we have considered Ip;ywtw™'I; as the element Uppp—1, 0 € Up(M)
thanks to the remarks of §4.1.8 and N,, := N Nw~!Nw. Notice that

[Nw(Zp) : tNw(Zp)t ] = 11 ()], = | ey ree |

aGRpﬁw_l(Rp)

If p=wo*A+2pp = wo(A+ pp) + pp for some wy € W%S, we therefore
have

EOMNw(Zp) 1 tNw(Zp)t Y E(E) ™ = ()70 (Woltor)tor) o™ pp)ter |71
_ g(t))\—ufl(w0(>\+pP)+PP)+’w71(PP)'*‘PPE&w(t) = g(t))‘_wilwomegw(t)

Recall also that we have
ee.w(®) T (Lr) M @ Uppo—1 01 = Meas(K?)™1 {19 .

Combining all the previous identity, we get:

(31) f(t) tTSt(fMa cusp(S Vwo*)\+2pp((c)v):
ST G (Fh5 w0+ A+ 20p)
weWwM

Recall that by Theorem 1.4.2 due to J. Franke, since A is regular, we have:

tT‘St(f : H.(Sg,VV Z Z I(wo +dzmthrst(fM Cusp(SM,VwO*)\JerPM))

MELG woeWM
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therefore after multiplying by & (t))‘ we get:
Z Z I(wo +dlmn]\{§( t) trSt(fM : cusp(SMﬂvwo*A—&-?ppM))

MeLg onV\}El9

The statement we have claimed now results from the combination of this
formula and (31). m

Corollary 4.6.3. Let f = fP ® u; € Hp(KP) be Zy-valued and let X be a
regular arithmetic weight. Then we have the congruence

ILo(f N = T8 (f,2)  (mod Meas(KP,dg).N(A,t))

Proof. Notice first that since f = fP ®@u; € Hy(KP) is Zy-valued, the images
of f by all the character distributions we have defined are Meas(KP).Z,-
valued. We prove this proposition by induction on the rank of G. The
case of rank 0 follows from the previous paragraph (see Lemma 4.5.2). We
now assume the proposition is satisfied for all proper Levi subgroups M
of Lg. If wy # w, then N(A,t) divides &(¢)} %~ "wo*A therefore it follows
from the previous lemma that we have the following congruence modulo
Meas(KP)N (), t):

IG 0= Cl(fv )‘) - Z (_1)l(w)+dim nMIKlLO( X;iuv wx A+ 2pPM)
wewl,
By Lemma 4.5.2; we also have
IE(f,N) = IL(f,A)  (mod Meas(KP,dg).N(A,t))

We can now conclude using the induction hypotheses and the definition of
Il . =
G,0

4.6.4. For any X € X(Q,), By Proposition 4.3.5, we have
A = ml(a,\)Jo(f)

with mf(o,\) = >_y(=1)"mi(o, \) € Z and where the set of o of bounded
slope and such that mf(o,\) # 0 is finite. By induction on the rank of

G, we see easily that Igo(f, A) and Ing(f, A) are finite slope character
distributions and we have spectral decompositions:

Gof’ Zmoa)\ (f)

and

IngfA ZmGMwU)‘ (f)
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where mg Moaw and mTG,O(a, A) € Z denote the corresponding multiplicities. If
A is a dominant algebraic weight, we denote also mﬁio (0, \) the multiplicity
of o with respect to the finite slope character distributions f ~ I él o(fs A).

Corollary 4.6.5. Let A be a reqular arithmetic weight. If o is not critical
with respect to A%, then we have:

mCCE',O(O'v )‘) = mTG,o (07 )‘)

Proof. This is an easy consequence of Corollary 4.6.3 using an appropriate
t € T~~. The details are left to the reader.m

Definition 4.6.6. Let (\,), be a sequence of algebraic dominant weight in
X(Qp) such that (An)n is converging p-adically to a weight X in X(Qp). We
say that this sequence is highly regular if for all positive simple root «, we
have

lim \,(Hy) = 400

n—oo

This notion is used in the following situation. If ¢ € T~ then
(32) lim N(A,,t) =0

n—od

where the limit is understood for the p-adic topology.

Corollary 4.6.8. Let (\,), be a highly regular sequence of dominant weight
converging p-adically to a weight X € X(L). Then for any Hecke operator
f=f"®@u €H,, we have

Jim Io(f. ) = I (£.)
for 7=10,0.

Proof. This is a direct consequence of the congruences of Lemma 4.5.2 and
Corollary 4.6.3.m

4.7. Automorphic Fredholm Series.

4.7.1. Definition. We consider automorphic Fredholm series only when G(R)
has discrete series. Under this hypothesis, dg stands for half the dimen-
sion of the corresponding locally symmetric space. For any f € H;) and

A€ f{(@p) and ? = (0,0, let us denote Pg?(f,)\,X) the Fredholm power
series associated to the finite slope character distribution:

h (=1)%6 Meas(K?)"1.IL (b, \)

for KP the maximal open compact subgroup of G(A?) such that f is KP?
bi-invariant. If moreover A is an arithmetic weight, we set:

PE(f A X) 1= det(1 = X.f H*(Sa(KP, ), Vi, (1)) 7"
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Lemma 4.7.2. Assume A is a reqular arithmetic weight. Then, the power
series

e Pl o(f: 0 X)
Pao NN X) = m
G,0 [ RAS)

is a meromorphic function of X on C, (i.e. the ratio of two Fredholm series
in X ) with coefficients in Op, and its set of zeroes and poles lies in

{reC,, st |z, > N\ 1)}

Proof. This follows from the definition of the Freedholm power series and
Corollary 4.6.5.m

Let Ax := Zp[[T(Zyp)/Zp]] C O(X) and Axg, = Ax ® Q,. We have the
following theorem.

Theorem 4.7.3. Let f € H,(K?) and X = Xk» then the following proper-
ties hold.

(i) The functions of A defined by Ig(f, A), I&M’w(f, A) and [g,o(fv A)
belongs to Axq,. In particular, they are analytic on X.

(ii) If Goo has no discrete series, then Ig’o(f, A) =0.

(ii)" If Moo has no discrete series or if dim(Xgrnnr) < dim(Xgr) then
Ié,M,w(f? )‘) =0.

(iii) Assume f = fP @ uy with t € T~ then we have Pgo(f, A X) €
Ax{{X}}. In other words, it defines an analytic func}fion on X X

1

g *

Proof. Again from the definitions, it suffices to prove (i) for Ig( fyA) since
the other cases will follow from an induction argument on the rank of G.
Let U C X be a an open affinoid subdomain and let n > ng. Then we have

RF.(KP.I,Dum) @y L= RF.(KP'IaDA7n(L))

for any A € U(L). Therefore Fy := Meas(KP)tr(f, RI*(K?.I,Dy,)) is
function inside O(L) satisfying Fy(\) = Ig(f, A) for any A € U(Q,). Let
O°(4) the ring of analytic functions on 4 which are bounded by 1. If f
is Meas(KP)~!.Z,valued, Fy € O°(4) since f preserves the O°(4l)-lattice
RT*(KP.I,(Dy,)°%). Here (Dy,)° is the OY(U)-dual of the lattice of func-
tions f of Ay, bounded by 1 on i x I. Since this can be done for any such
81 C X, we deduce that I}(f,A) € lim O°(4) = Ax. Therefore (i) follows.
U

For the proof of (ii), we see from the point (i) that it suffices to prove the
vanishing for algebraic dominant weight since those are Zariski dense in X.
Let A be such a weight and let (Ay,),, be a highly regular sequence converging



EIGENVARIETIES FOR REDUCTIVE GROUPS 71

p-adically to A. For each n, Ig o(f, An) = 0 since G has no discrete series
and A, is dominant regular. By Corollary 4.6.8, this implies that

I50(f,A) = lim Ig,(f, An) = 0

which concludes the proof of (ii). The first part of assertion (ii)’ follows
from the assertion (ii) for the group M. The second assertion follows from
the fact that for any algebraic dominant A € Xg»(L) such that w* X+ 2pp
is non trivial on Z3;(Q) N KP.I we have

I o Mo W*A+2pp) =0 (mod Meas(KP) Ny (wtw ™, w « X+ 2pp)).

Since those \'s are Zariski dense by our hypothesis on the dimensions of the
weight spaces for G and M, this implies using a highly regular sequence that
I]Tw,o( X;?w,w * A+ 2pp) = 0. Using again the Zariski density of those \’s,
one can conclude since this is an analytic function of A by (i).

We now prove the point (iii) for which we may assume that G has discrete
series by the point (ii). Let 4 C X as above in the proof of (i). We may
and furthermore assume that it contains algebraic weights. This implies that
algebraic weights are dense in 4. We will also assume O(4) is factorial which
is the case for instance if 4l is a closed disc. Since X can be covered by a union

of such discs, we may assume that. We need to prove that Pé oL A X) €

O {{X}}. From the construction and the description above in the proof
of (i), this series is the ratio of two series in O°(U){{X}}. Since O(Y)
is factorial, by Theorem 1.3.11 of [CM], we have a prime factorization of

Pl o(f, A, X) as:
PLo(f A X) =] P(X)
i€l
with m; € Z\{0} and {P;(X)}; a set of distinct prime Fredholm series in

O {{X}}. We can therefore write PCT; (LA X) = ggi"))g with N (A, X)

and D(\, X) relatively prime Fredholm series.

Before continuing the proof, we refer the reader to §5.1.4 for the definition
and basic properties of the hypersurface Z(F) C 4 x Aiig defined for any
Fredholm series F'(\, X) € O(M){{X }}.

Assume now that D(\, X) # 1. Since (N,D) =1,Y := Z(D) — Z(D)nN
Z(N) is a non empty open rigid subvariety of the hypersurface Z (D). Since
the projection of 7 : Z(D) — i is flat, for any affinoid subdomain 20 C Y,
m(20) is an open affinoid subdomain of { and it therefore contains a Zariski
dense set of algebraic weights.

Let us fix such a 20 and let w = (A, z) € 2W(Q,) such that A € Q) is
an algebraic character. Since z # 0, we can easily choose an element w =
(X, 2"), p-adically close to w inside 20(Q,) so that A’ is regular dominant and

|2'|, < N(N,t). Since (XN, z’) is a pole of P&O(f, A, X), it therefore follows
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from Lemma 4.7.2, that 2’ is a pole of the rational fraction P(C;lo(f, N, X).
But since )\ is regular dominant,

PE(f, N, X) = det(1 — X f|H D (Sa(KP.1, VY, (L))

and is therefore a polynomial and has no pole. This contradiction implies
D(\, X) =1 and therefore P(T;,o(f’ A\ X) € O'(W){{X}} as claimed.m

Corollary 4.7.4. For any finite slope representation o, w € W%s and
A € X(Q,), we have
(=DM m 110 (0,A) = 0

and mTGMw(J, A) is always 0 unless M € L. In particular, for each X €

%(@p), the map f — (—1)dmI}; v fsA) is an effective finite slope character
distribution.

Proof. Since Ing(f, A) = I]TWO( o), it is sufficient to prove the result
for G = M. This is a consequence of Lemma 4.1.12 together with the parts
(iii) and (ii) of Theorem 4.7.3.m

4.7.5. A twisted version. Let ¢ be a finite order automorphism of G preserv-
ing the pair (B/p,T)p) for I’ the finite extension of Q) that splits G and
the center of G. Especially it preserves the Iwahori subgroups I, and the
subgroup T'(Zy). It therefore acts on X by \‘(t) := A(t*"") and this action
preserve the cone of dominant weights. We denote by X* C X the subva-
riety of weights A fixed by ¢. Since ¢ preserves I, it acts on f € A(I, L)
by (t.f)(g) := f(g* ). Moreover if A € X*(L), this action leaves A, stable.
The Frechet spaces Dy inherits an action of ¢« compatible with the action of
¢ on the groups I in the sense of §4.2.11. For any f € H,, we can there-
fore study the traces of ¢ x f (a notation for + composed with f) on the
Frechet spaces or Frechet complexes we have defined. Especially, we can
define the distributions I (¢ x f, ), I&O(L x f,\) and of IE7M(L x f,\) as
well as a twisted multiplicity m*(o x ¢, A) with * = } or ¢l. We can also
define the corresponding power series P& (¢ x f, A, X), Pé,O(L x f, A, X) and of
Pé (e x £, A, X). The following definition will be relevant in the Theorem
below which is the twisted version of Theorem 4.7.3.

Definition 4.7.6. We say that ¢ is of Cartan type if there exists goo € Goo
such that Int(ge) ot is a Cartan involution of Go. For instance, if G has
discrete series, one can show that v = id is of Cartan type.

Let Ay 1= Zp[[T*/Zy]] C O(X') and Ax. g, = Ax ® Qp. In the twisted
situation, a variant of Theorem 4.7.3 is the following.
Theorem 4.7.7. For any f € H;,, the following properties hold.

(i) The functions of X defined by ITc(fo, A, I&M(fo, A) and Ig,O(LX
[y A) belongs to Ax. q,. In particular, they are analytic on X*.
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(ii) If ¢ is not of Cartan type, then ITG’O(L x f,A) =0 for all X € X4(Q,).
(iii) Assume f = fP @u; witht € T~ then we have PCT:,O(L x fLAX) €
Ax{{X}}. Especially, it defines an analytic function on X* x Aiig.
Proof. Tt is similar to the proof of Theorem 4.7.3. A detailed construction
and proof will appear in Zhengyu Xiang’s thesis. In particular, he needs
to write the decomposition of the twisted finite slope character distribution
attached to rational parabolic subgroups which are stable by the involution
t. It can be done exactly in the same way. On has to replace the trace
formula of Franke by the associated twisted trace formula which can be in
turn obtained from Franke’s spectral sequence expressing the cohomology
of VY(C) as a limit of the spectral sequence constructed out of the cuspidal
cohomology of the standard Levi subgroups when A is regular.s

4.7.8. The next two sections will be devoted to some applications of the
important analyticity property of the distributions [, g 2(f, A) we have defined
in the previous paragraphs. The first application is the construction of
Figenvarieties a la Coleman-Mazur. The second is the proof of a formula
for these distribution in geometric terms a la Arthur-Selberg.

5. CONSTRUCTION OF EIGENVARIETIES

5.1. Spectral Varieties.

5.1.1. Analytic families of finite slope character distributions. Let X be a
rigid analaytic space defined over an extension of Q,. A Q,-linear map

J=Jx: H;, — Ax’@p C O(%)

is called a X-family of character distribution if for all A € X(Q,), the com-
posite Jy of this map with the evaluation map at A is an effective finite slope
character distribution. For any irreducible finite slope representation o, we
write mj(o,\) € Z>o for the multiplicity of J, in J). Let KP? be an open
compact subgroup of G (A?), the goal of this section is to attach to the pair
(Jx, KP) an Eigenvariety over X parametrizing the spherical Hecke eigensys-
tems of the irreducible finite slope representations o for which m (o, \) > 0
and 0" # 0. We will then apply our construction to the analytic families
of finite slope distributions we have studied in the previous chapter. Let
S be the smallest finite set of primes such that KP is hyperspecial away
from S. In our main application, X will be the weight space Xx» (which is
actually only depending upon ) introduced in the previous chapter and J
will be I g,o- One can also construct Eisenstein components attached to the

)

e . 1
distributions IG7 Maw S
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5.1.2. Remark. Before starting up the task that we propose to perform in
this chapter, we would like to mention that our construction extends a con-
struction of K. Buzzard in [Bu07] who did such a construction with the
weaker hypothesis that for each affinoid 4 C X, there is a U-family of or-
thonormalizable O(4)-Banach spaces equipped with an action of the Hecke
algebra and such that certain Hecke operators at p are completely continuous
on them.

5.1.3. Let f € Hj. Then for each A € X(Q,), let us write Ps(f, ), X)
the Fredholm power series (in X) attached to f and Jy. Then we can
write Py(f,A\,X) =1 — Jx(f)X + .... Thus we see that the first term
of the X-expansion for P;(f, A, X) is an analytic function of A\. A similar
statement is also true for all the coefficients of P;(f, A, X) since the coef-
ficient of X™ can be expressed as a homogenous polynomial of degree n in
INF)s I(fP), -  IA(f™). Therefore there exists Py(f,X) € Axq,{{T}}
such that Py(f, X)(\) = P;(f,\, X) for all X € X(Q,).

5.1.4. Fredholm hypersurfaces. We recall some of the definitions due to Cole-
man and Mazur of Fredholm hypersurfaces. We refer the reader to [CM] and
[Bu07] for the notions and properties recalled here. One says that an element
P e Ag{{X}} is a Fredholm series if P(0) = 1. For such a P, we denote
by Z(P) the rigid subvariety of X X Aiig cut out by P. It is called a Fred-
holm hypersurface and its projection onto X is flat. Z(P)(Q,) is equipped
with the natural topology such that the inclusion Z(P)(Q,) C Q, x X(Q,)
is continuous. An admissible affinoid subdomain of Z(P) can be obtained
as follows. Let & C X be an affinoid subdomain and assume we have a
fatorization Ply = @ - R with Q,R € O(){{X}} with @ a polynomial
of degre d relatively prime to R such that Q(0) = 1. Then Wgy =
Sp(OW)[X]/(XQ(X1))(Q,) imbeds naturally in Z(P)(Q,) where for any
Tate algebra A, we denote by Sp(A) the corresponding rigid affinoid variety
as in [BGR]. Moreover 20g ¢ is open if and only if 4 is. Any such sub-
set will be called admissible. It is not difficult to check that it defines a
Grothendieck topology on the ring space Z(P) by taking finite covering by
admissible open subsets. This gives Z(P) the structure of a rigid analytic
variety. Of course, this ringed space is not necessarily reduced. Its reduction
Z(P)yeq is a union of irreducible components that are themselves of the form
Z(P) for irreducible Fredholm series P.

5.1.5. Spectral varieties attached to J. For any f = fP @ uy € H,(KP) with
t € T~—, we denote by 3;(f) :== Z(Ps(f)) C X x A}nig the Fredholm hyper-
surface cut out by the Fredholm series P;(f, A, X).

Proposition 5.1.6. Let z = (), a) € X(Q,) X @; Then z € 35(f)(Q,)
if and only if o' appears as an eigenvalue of Vi, (KP) with a non trivial
multiplicity.
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Proof. This is obvious from the definition. =

5.2. First Construction of the Eigenvarieties.

5.2.1. We fix KP C G(A?). Let S be the smallest finite set of primes

away from which KP is hypersepcial. Let ng,p be the p-adic completion
of Rgp[u; !, t € T~]. For any subfield L C Q,, we define

Rs,p(L) = Homet.atg. (R ps L)-
By construction, the characters of Rg), contained in g ,(L) are those of
finite slope. The canonical p-adic topology of Rg (L) is the topology in-
duced by the metric [0 — 6| = Supserg [0(f) —6'(f)]p. In particular, for all
f € Rg,p, the map from Rg,(L) into L defined by 0 — 6(f) is continuous.
We consider ) = s, := X x Rg,. A point y of P(Q,) is a pair (Ay, 0,)
where A, is a weight and 6, is a homomorphism Rg, — Q, of finite slope.

5.2.2. Construction of €x»r j. Let Rg be the p-adic completion of the Z,-
valued smooth function on G(AS v }) which are bi-invariant by K. Koot A
Hecke operator f € H’ will be sa1d KP-admissible if it is of the form f =

e ® f' @u with f' € ffs and t € T~~. For any such f, one define a map
of ringed spaces Ry from g, into X x A”g by y = (Ay, 0y) — (A, 0,(F)™Y)
on the set of L-points and on the ring of functions R} : O(X){{X}} —
O(X)&Rg,, defined by

Zan-Xn — Zan : (f)_n
n=0 n=0
We define €x» ; as the following infinite fiber product over g ,:

¢xrg = [ Ry (3s(1))
f

where the fiber product is indexed on the set of KP-admissible Hecke oper-
ators f. For each admissible f, we will denote by ry the restriction of Ry to
the Eigenvariety.

From the definition, kv ; is clearly a ringed space whose underlying topo-
logical space is the set of @p—points QprJ(@p) with the topology induced
by the canonical p-adic topology of Rg, x Z{(@p). Of course, we have:

@KTJ'QP r]}z 3GJ Qp»

By definition of the canonical topology of Rg (@p), the maps r; are there-
fore continuous. We also need to define a G-topology of €x» ;. We say that
an open subset of €x» ; is an admissible open subset if it is union or inter-
sections of open subset of the form (rs, x---xry,)~1(20) where f1,... f. are
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KP-admissible operators and 20 is an open admissible affinoid subdomain
(for the strong G-topology) of 3;(f1) X --- x 3;(f-). Similarly, we defined
the admissible coverings as the inverse images by the projection r’s of the
admissible coverings of the corresponding spectral varieties. Naturally €x» s
is also a ringed space for its G-topology. Notice also that by construction,
for any KP-admissible f, we have a map of ringed spaces r¢ : €xv ; — 35(f)
fitting in a canonical diagram:

Ckr, g
A
x 3a,s(f)

In the next subsections, we will prove the desired expected properties of
the Eigenvarities we have defined from those of the spectral varieties. We
first give a description of the points of the Eigenvariety €x» ;. Let us denote
by m (A, 6, KP) the multiplicity of 6 in V;, (K?). Then we have the following

Proposition 5.2.3. Let KP be an open compact subgroup of G(AI}) and
let y = (Ay,0y) € (X X Rg,)(Qy). Then my(Ny, 0y, KP) > 0 if and only if
y € €xp 7(Qy). Moreover if y = (Ny,0y) € €xv 5(Q,), then there exists a
KP-admissible f such that

rit(ri(y) = {y}-

Proof. The argument of this lemma is essentially due to Coleman and Mazur.
For any f € H,(K?) and 8 € Q,, let us denote by m;()y, f, 3, K?) the
multiplicity of the eigenvalue 3 for f acting on Vj, (KP). Then we have

my(Ay, [0, (), KP) = Y my(X,,0,KP)
9(f)=99y(f)
Assume now that m (A, 6y, K?) > 0. Then for any KP-admissible f, we
deduce from the formula above that mj(\y, f,0y(f), K?) > 0 and therefore
ri(y) = (A, 0,(f)~1) € 35(f)(Q,) by Proposition 5.1.6. Since this is true
for all KP-admissible f, we deduce that y € Ex» ;(Q,).

Let now L be the finite extension of Q, such that y € €x» j(L). Let
t € T~ and h = v,(0,(us)). Let us consider the action of Rg, on the
L-Banach space Vy, (K?) and let V' := Vj, (KP)<h its < h-slope part of
VJ/\y (KP) for the action of the operator 1x» ® u;. Let A be the image of
Rs, inside Endp (V) and consider fi, fa,... fr be a subset of Rg, whose
images in A form a system of generators of A over L. Let R € Zj, of positive
p-adic valuation such that two distinct eigenvalues o and o’ of the operators
1gr @ u, f1,... fr acting on V must satisfy v,(a — /) < vp(R). Then
we consider the operators hi,...h, defined by h; = fi and the induction
formula hjy1 = fiy1-(1+R.h;) and we take f = (1g»r®@u;)(1+R.hgq). Let now
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¢ be a character of Rg, occurring in the representation V), (K?) and such
that 0(f) = 6,(f). In particular, this implies that v,(0(u;)) = vp(0y(us))
and therefore § occurs in V. Moreover this implies that v, (0(u¢) — 6, (us)) >
vp(R) and therefore 6(u,) = 6,(us) by our assumption on R. We deduce
that 6(hy) = 6,(hqy). Repeating the previous argument we deduce that
6(fq) = 6,(f;) and then by a descending induction that 0(f;) = 0,(f;) for
i =4¢q,q—1,...,1 and therefore § = 0, since ¢ and 0, agree on a system of
generators of the Hecke algebra acting on V.

For this f, we therefore have m(\y, f,0,(f), KP) = mj(\y, 6y, KP) and
since 7(y) € 37(f)(Q,) this implies that m (A, 6, K*) > 0 by Proposition
5.1.6 and we have r;l(rf(y)) NExr s(Qy) ={y}. =

5.3. Second Construction. We now give a construction of a rigid analytic
variety whose set of points is in bijection with € g» (@p). We first construct
the local pieces and we show how we can glue them together to construct a
rigid analytic space over X.

5.3.1. Construction of local pieces. We fix t € T~ and write fy for the KP-
admissible Hecke operator fy := 1x» ®u;. Let U C X be an affinoid subset of
X and let 2 ¢ be the admissible affinoid subset of 3;(fo) over U attached
to an admissible factorization P;(f, X)|y = Q(X)S(X) € O(W){{X}}. For
any A € 4(Q,), let us write Q(X) for the evaluation of Q(X) at A. Then
recall that there is a unique H,(KP)-stable decomposition (see §4.1.13)

Vi (K?) = Nj, (Qx) © F, (Qx)

such that Ny, (Q») is finite dimensional of dimension deg(Q), @x(X) is the
characteristic polynomial of f acting on Ny, (Qx) and Q3(f) is invertible on
Fr(Qx). Let Rg s(X) € XOM){{X}} be the entire power series attached
to @ and S by Theorem 2.3.8. Then for any A € 4(Q,), Rg,s(fo)(A) acts
on Vj, (KP) as the projector on Ny, (@) with respect to the above decom-
position. In particular, for any f € H,(K?) the trace Jg, +(f) of f acting
on Ny, (Q) is equal to J(f.Rg(fo)(A\)) (see §4.1.13). This implies that the
map Ty : f— J(f.Rg(fo)) € O(L) is a pseudo-representation of H,(K?)
of dimension the degree of @ (see for instance [Ta91]| for the definitions and
basic properties of pseudo-representations). Then we put Ry := Rg,®O(l)
and hjg = Ry/Ker(Tg ) N Ry with

Ker(Tgy) == {f € Hp(K?) @ OW)|Tou(ff) =0, Vf € H,(KP)}

By the basic properties of pseudo-representations, we see that hjqg ¢ is a
finite algebra over O(U) and is therefore an affinoid algebra. Let us as-
sume that 4 is reduced. By the theory of pseudo-representations, a the-
orem of Taylor [Ta91] implies that hjg g is the image of Ry by a semi-
simple representation pjg ¢ of H,(K?) of dimension deg(Q) defined over
a finite extension of the total ring of fractions of O(Y). Moreover for all
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f e Hy(KP), Chyou(f,X) :=det(l — Xpsgu(f)) has coefficients in O(Y)
since tr(psou(f)) = Tou(f) € OW) for all f € H,(KP).

We then write Y g ¢ := Sp(hj.u) for the corresponding affinoid variety.
There is a canonical map Y g ¢ — 4 which fits in a canonical diagram

Yi0u C Dsp =X X Rsp
by C X

Moreover the map Ry, induces a canonical surjective map

T Yiou— Wou C 35(fo)

above 4 which is finite since both the source and the target are finite over

18

In this construction, il is not necessarily supposed to be open. In the
particular case i is reduced to a point 4 = {A}, then Y; ¢ rn} = Sp(hyg \})
and this is the set of finite slope characters 6 of R, such that Q,(0(u)~!) =
0 and m (A, 0, KP) > 0. Moreover hjg (4} is the unique quotient of Rg)
having these characters.

Lemma 5.3.2. Let Y C U be an affinoid subdomain (not necessarily open)
then the kernel of the canonical surjective map hjq g ®@ow OW') — hyq s
is contained in the nilradical of hjqu ®oy OW'). In particular,

Yiou(@,) =, (Wou(@,) = {(A\0) € (€150 x28)(@,)Qx(0(fo) ") = 0}

Proof. We may clearly assume that {0 is reduced as this case will imply
trivially the general case. Let f be in the kernel of this map. Then the
coefficients of the characteristic polynomial Ch ;g «(f, X) must belong to
the kernel of b := ker(O(U) — O(W)). By Cayley-Hamilton’s theorem
Chygu(f,psou(f)) =0 and therefore f4e9(Q) can be expressed as a poly-
nomial in f with coefficients in b. This implies that f is nilpotent in
hiqgu ®ouy OW)/b = hjgu oy OW) which proves the first part of
the proposition. The second part follows from the case ${' = {\} for any
A € 4(Q,) and the description of Y ¢ 113 which was done before.m

5.3.3. Gluing of the local pieces. We need to show that the pieces Y ¢’s
glue together when the 20¢ ¢ do in the spectral variety 3;(fo).

Lemma 5.3.4. Let /' C U be an inclusion of open affinoid subdomains
of X then the canonical surjective map hjg u @) OW) — hygw is an
isomorphism.

Proof. Since Y’ C $lis an inclusion of open affinoid subdomains of X, the map
o) — O(ﬂ/) is flat. Let Ry := Rg, ® O(U), then hJ,Q,LL = Ru/ke’l”(Tle).
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Now since O(U) — O(L') is flat, we have ker(Tg ) = ker(Tg ) @0 OW').
Therefore
hjow = Ry [ker(Tg )
= (Ru®o(y OW))/(ker(Tg,u) ®ow) OW))
= (Ru/ker(Tgu) @owy OU)
= hyq.u®oy OW).

u
Proposition 5.3.5. Assume that we have a factorization Q = Q'Q" with

(Q, Q") =1in OU)[X]. Then the canonical inclusion map Wy ¢ — Wq u
induces the following canonical isomorphism

Y u = Y504 Xwoq W u —YiQu
r
x \L fo i
We u Wq,u

Proof. Since (Q',Q") =1, we have N, (Q) = Nj, (Q") &Ny, (Q") for all X €
#(Q,). Moreover if we write 1 = Q'(X)R'(X) + Q"(X)R"(X) in O(U)[X],
the evaluation at X of ef, := Q" (fo)R"(fo) (vesp. e := Q'(fo)R'(fo)) acting
on Ny, (Q) is the projector onto Ny, (Q') (resp. onto Ny, (Q") ). We deduce
that

(33) ker(Tg ) = ker(Tg ) Nker(Tor «)

Indeed notice first that the splitting above shows that Tq ¢ = Ty ¢ + Tr g
and therefore the intersection is included inside the left hand side of the
equality (33). Now if g € ker(Tg ), then Toy y(g9f) = T u(gfep) = 0 for all
f € Ry which implies that ker(Tgy) C ker(Tgr y). Similarly ker(Tg g ) C
ker(Tgr ) which finishes the proof of (33). On the other hand, Ry =
ker(Tqr ) +ker(Tgr y) since any f € Ry can be written as fej+ fe. By the
chinese remainder theorem, this implies we have a canonical isomorphism:

hyQuu = hyq X hyqr s

compatible with the canonical maps from Rg ), in the algebras h ;g s, hjq u
and hjgn g respectively. This implies easily the claim of the proposition. m

5.3.6. From the previous proposition and lemma, we can deduce as it was
done by other authors (for example see section 5 of [Bu07]) from Propositions
9.3.2/1 and 9.3.3/1 of [BGR] that the Y ¢ glue together into a reduced
rigid analytic variety Qf’l r With a finite map r¢, over 3;(fo) such that for
each pair (Q, ), we have

€ ke %3, Wo.u=Yiou
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The cocycle conditions defining the descent data are satisfied since they
are satisfied for the spectral variety 3;(fo). Moreover by Lemma 5.3.2,
&) v (Q,) = €;k»(Q,). This implies that €;x» is a rigid analytic space
whose corresponding reduced closed subspace is GZL xr- We will therefore
denote the later by (‘E’ffl(p. We may summarize our results by the following
theorem:

Theorem 5.3.7. Let J and KP? as before. Then €;xr C Ds,p 15 a rigid
analytic equidimensional space over Q, satisfying the following properties.

(i) For any y = (N\y,0y) € Dsp(Q,), then y € €, xr(Q,) if and only if
my(A, 0, KP) > 0.
(ii) For any KP-admissible Hecke operator f, the projection map

ry: €rre — 35(f)

s a finite surjective morphism.
(iii) €jxr is equi-dimensional of dimension dim X.

Proof. The point (i) is Proposition 5.2.3. The point (iii) follows from the
fact that € xr = Ug uSp(hs.u) where (Q,4) runs over the open affinoid
subdomain of 4 and ) over the polynomial of O(4)[X] inducing a prime
factorization of Pj(fy, X) € O(L){{X}} and the fact that hjg g is a finite
torsion free O(U)-algebra. We are left with the point (ii). The surjectivity
follows from the fact that for any KP-admissible f, we have

mJ(/\y7f=9y(f)7Kp) = Z mJ()‘ZNg?Kp)
9(f):09y(f>
and the caracterization of the points of €;x» and 3;(f) given by Proposi-

tions 5.1.6 and 5.2.3. Now let (Q, ) as before and let Q}(X) = Chyoulf,X).
Then the map r} is induced by the O(U)-algebra homomorphism

OW)[X]/(QF(X)) = hygu
induced by X — f. Since h g g is finite over O() and the image of Y ¢
by ry is clearly Sp(O(t)[X]/(Q}(X))), we deduce that ry is finite on Qf’fj‘l{p.
Since it factorizes through € g», it is also finite on the latter. This finishes
the proof of our theorem.m

Corollary 5.3.8. Every irreducible component of € ; g» projects surjectively
onto a Zariski dense subset of X.

Proof. Let U be an irreducible component of €;g» and let y € Q](@p)
lying on only one irreducible component of €xp». By Proposition 5.2.3, we
can choose a KP-admissible f such that r;l(rf(y)) is reduced to {y}. Let
20 be an irreducible component of 3;(f) containing 7¢(y). Because rf is
finite and surjective, there is one irreducible component G’ of r;l(ﬁﬁ) such

that 7¢(U') = 20. In particular, T'(Q,) N r;l(rf(y)) # () and therefore
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y ey (@p). Since U is the irreducible component of € x» containing y, we
must have 2’ = 2. Note that we also have 7 () = 20 which implies there
is also only one irreducible component of 3;(f) containing r(y). Since the
statement of our corollary is true for the projection 3;(f) — X, we deduce
that the projection of U onto X has a Zariski dense image.m

5.3.9. Families of irreducible finite slope representations of Hy(KP). Anirre-
ducible component of €x» ; can be seen as a family of finite slope characters
of Rgp. We now want to generalize this to representations of H,(K?) having
positive multiplicity with respect to J. We have the following proposition.

Proposition 5.3.10. Let \g € %(@p) and oy be an irreducible finite slope
representation such that mj(Xo,00) > 0. Let yo = (Xo,0s,) be the corre-
sponding point of the Eigenvariety € jiv». Then there exist

(i) a finite flat covering B over an affinoid open subdomain 2 of € ; kr
containing yo which is finite and generically flat over its projection
U C X in to weight space.

(i) a point zo € BV(Q,) above yo,

(iii) For all z € B(Q,), a (non empty) finite set I, of irreducible finite
slope representations o of H,(KP) such that 8, = 0, is the character
of Rs, attached to the projection of x into W(Q,) C €5 x»(Q,),

(iv) a non trivial linear map Iy : Hy(KP) — O()

such that if for any x € %(@p), we write I, for the composite of Iy with the
evaluation map at x from O(Y) into Q, and A, for the image of x in X(Q,)
then

(a) For all x € V(Qy,), Lo = Y ey, Mal0)Jo with mg(o) > 0 only if
mj(Ag,0) >0,

(b) There exists a Zariski dense subset B(Q,)9""* € B(Q,) such that
I1, is a singleton {0z} and my(c) = mj(Ay,04) is constant for all
= m(@p)genem’c'

(C) oo € Hx()'

(d) Let Oqy be the canonical character of Rs, corresponding to 20, then
Ig(ff') = O(f)Igu(f') for all f € Rgyp and f' € Hy(KP).

Proof. Let yo = (Ao, 0p) with 6y = 05,. Then yo € € x» (@p). Let 20 be an
affinoid neighborhood of yg inside Q‘Erfj‘l@. We may assume that Y =Y «
for some admissible pair (Q,4) with £ an open affinoid neighborhood of
Ao inside X. Then we consider the character T ¢ ¢ representation pj g .
Because the image of H,(K?) ® O(U) by pjou is finite over O(YU), after
extending the scalar to a finite extension of O(Y) or which is the same after
taking a finite cover Y’ of Y, it decomposes as a sum of isotypical com-
ponents Ty = 11 + -+ + 1), where the T;’s are characters of isotypical

representations of H,(KP) defined on the fraction ring of O(Y”). Since there
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are isotypical, the action of Rg, on the semi-simple representation of each T;
is given by characters taking values in the ring of analytic functions of some
irreducible components of ¥ . Moreover there exists a point 2o of Y'(Q,)
above yo = (Ao, bp) € Y(@p) such that the specialization of T} g ¢ at z con-
tains Jy, as a summand. A fortiori it exists ¢y such that the specialization at
xo at T;, contains J,, as a summand. Let ‘U be the irreducible component of
Y’ containing ¢ such that the character Tj, is defined over the fraction field
of O(U) and let 20 be the image of U via the finite projection Y’ — Y. Let
us call Iy the composite of Tj, with the projection O(Y') — O(U). Then
we must have Ig(ff") = Oau(f)Ig(f’'). From the definitions and construc-
tion, it is clear that (a), (c) and (d) are satisfied. The point (c) is a direct
consequence of the following easy fact: If a character Iy from an algebra
A into an affinoid algebra O(%U) is generically irreducible, then the set of
Y € m(@p) such that the specialization at y of Iy is reducible is a proper
closed affinoid subspace of U. u

5.4. Application to finite slope automorphic character distribu-
tions. We can apply the formal result of the previous section to the families
of finite slope character distributions we have constructed in the previous
chapter. Let L, C L be the subset of standard Levi subgroups of G' having

discrete series. For each J = (—1)% Ig M When M € LE and w € W

we obtain an Eigenvariety €g» prq. If G(]R) has discrete series, we denote
€kr o the previous Eigenvariety when M = G. We also write

@Kp = U U GKRM,w

MELE wewM

Cro M = U Crr Mw CKr Eis = U Crr M
weWwM MeLE
M#£G
From the previous section and the construction and properties of the au-
tomorphic p-adic finite slope distributions of the previous chapter, these
Eigenvarieties are equidimensional. It is also useful to notice the following
proposition:

Proposition 5.4.1. Let M, M’ € Lf, with M # M', then the intersec-
tion of the subvarieties €xp pr and Exp ppr is of dimension smaller than the
dimension of Xgv.

Proof. By an easy reduction step, we can reduce to the case M’ = G and
M any proper Levi of G in L§,. Assume the statement of this proposition is
wrong. That means that we have an irreducible component in the intersec-
tion of dimension dimX. By the corollary above, we can find a non critical
point y such that A, is very regular point (as regular as we want in fact) in
this intersection. It would be classical and associated to cuspidal representa-
tion and an Eisenstein series at the same time. This cuspidal representation
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would be CAP in the sense of Piatetski-Shapiro. By a result of M. Harris
[Ha84], this is not possible if A, is chosen sufficiently regular.m

5.4.2. Non critical and classical points. A point y = (A, 0,) € E€x»(Q,) is
called classical if A\, is arithmetic and if 6, is attached to an automorphic
classical finite slope representation of weight )\Zlg . A point y = (A, 0,) is
said non critical if A, is an arithmetic weight and if 6, is non critical with
respect to )\Zlg . Finally y is said regular if A\, is arithmetic regular. By
the discussion of the previous chapter (in particular Corollary 4.6.5), we
know that any non critical regular point of the Eigenvariety is classical. In
particular, these points in any open affinoid subdomain of the Eigenvariety
are Zariski dense.

5.4.3. Families of finite slope automorphic representations. Let m be an au-
tomorphic representation of G(A) occurring in the cohomology with the
system of coefficient Wy (C). Tt is defined over a Q, after we have fixed

embeddings of Q in C and @p. We assume that Wﬁm'Kp is non zero for some

m > 0 and some open compact subgroup K?. We further fix a @p—valued
finite order character e of T'(Z/p™7Z) and 6y a finite slope character of Rg),

occurring in 77?”'[@ ® Q,(e7!). This determine what we have called a p-
stabilization of m and we suppose that it is of finite slope. Let o be the
irreducible constituent of the restriction of WJ{;”'Kp ®Q,(e71) to H,(KP) such
that Jo,(fg) = 00(f)Js,(g) for any f € Rg), and any g € H,(K?). Then og
is a finite slope automorphic representation. Then the following theorem is
perhaps the most striking result of this paper. Since non critical points are
Zariski dense in any open affinoid subdomain of Ex» so are classical points.

Theorem 5.4.4. Assume that mg(ao, Xo) # 0. Then, there exists

(1) an affinoid open neighborhood $4 C X of A,

(2) a finite cover U of U with structural morphism w,

(3) a homomorphism Oy : Rg, — O(),

(4) a character distribution Iy : Hy(KP) — O(D),

(5) a point yo € B(Q,) above Ao,

(6) A Zariski dense subset 3 C U(Q),) such that \, = w(y) is an arith-
metic weight Yy € X3,

(7) For each y € X, a finite set I1,, of irreducible finite slope cohomolog-
ical cuspidal representations of weight Ay = w(y).

satisfying the following:

(i) The specialization of Osg at yo is equal to Oy,
(ii) The character distribution I,, is an irreducible component of the
specialization Iy, of Iz at yo.
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iii) For any y € X, the specialization 8, of Oy at y is a character occur-
Yy
ring in the representation of R, in 75" for all w € IL,,.
iv) For each y € X the specialization I, of Iy at y satisfies:
Yy y )

I(f) =Y m o, A)tr(my(f))

o€lly
where m% (o, Ay) is the Euler-Poincaré characteristic of o defined as:

m (o, \y) = > _(—1)'dimcHomyy, (0, lim Hi(Sg(Kp.Im),VVZlg(ey, Q)))

4 KP A
. __alg
with Ay = Ay 7€y.

Moreover 11, contains only one representation fory in a Zariski dense subset
of X.

Proof. We just apply Proposition 5.3.10 to J = (—1)dGI£,O. Then we con-

sider ¥ as the subset of points y = (A, 0) of B(Q,) such that X is arithmetic
regular and @ is of non critical slope with respect to A. This set is easily seen
to be Zariski dense in U(Q,,) since the projection of U onto X contains the
arithmetic point A\g. Moreover these points are classical and correspond to
cuspidal representations by Corollary 4.6.5. More precisely for y € ¥, and
o € 11, we have mTG’O(a, \y) = m(a,)\,). This conclude the proof of this
Theorem.m

5.5. Examples.

5.5.1. About the hypothesis. We explain now that the hypothesis of the
previous theorem are satisfied for a very large class of automorphic rep-
resentations. We assume G(R) has discrete series. For 7y an irreducible
representation of Gy and A a dominant algebraic weight, let us define the
Euler-Poincaré multiplicity of 7y with respect to A by:

mpp(np,\) =Y _(=1)'dimcHomg, (rs, H'(Sa, VX (C)))
i
when the weight is regular let us also define
m(mp, A) = (1) Y m(ry ® moo)
Too €11
By the results recalled in the first chapter, we then have
m(ﬂ'f, )\) = mEP(TI'f, )\)
If o is a p-stabilization of 7;, we therefore have
m(o,\) = m(7my, A) x dim Homs, (o, (77|,)*)

where (7¢]3,)* stands for the semi-simplification of the restriction of 7 to
H,. So if this p-stabilization is non critical with respect to A then mf(a, \) is
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non zero if and only if m(7¢, A) # 0 which is the case for example when 7 is
attached to a cuspidal representation of weight A. This applies in particular
for all cuspidal forms of regular weight for symplectic or unitary groups over
totally real fields. In those cases, the previous theorem applies and there
exist families passing through o.

However if m(ms, \) # 0 but o is critical, it is not clear in general that
mf(o,\) # 0. In what follows, we look at some examples of this situation.

5.5.2. An example in the GL(2)-case. Let G = GL(2),q. Assume 7y = triv
is the trivial one dimensional representation and Ag = 1 is the trivial weight.
There is only one p-stabilization o since 7 is one dimensional and this is the
trivial representation itself. The U, operator attached to the double class of
diag (1,p~!') has eigenvalue p and the eigenvalue of T} for £ # pis 1+/£. It is
easy to check that 7; shows up only in degree 0 since the Eisenstein series Fo

is not holomorphic. Therefore in that case m (o, \) = 1. However mzr)(a, A)
must vanish since otherwise one would have a p-adic family of slope 1 passing
through the p-adic form E»(q) — F2(¢P) and we know that this is impossible
by a theorem of Coleman-Gouvea-Jochnowitz (see also [SU02]). We could

in fact show that mg (0,A) = 0 in that case using the multiplicity formula of

Corollary 4.5.5. Notice that m}h s(0,A) = 0 since o is not ordinary.

5.5.3. An example in the GSp(4)-case. In this example, we will use the
standard notations without defining all of them in detail. In particular,
we refer the reader to [TU99] or [SU06a] for the definitions on the group
G = GSp(4) and its corresponding automorphic forms. Let (B,T) be the
Borel pair with T" the diagonal torus and B the Borel subgroup stabilizing
the standard flag of the symplectic space attached to G. Let s; and so
the symmetries of X*(7") attached respectively to the small and long simple
roots attached to the pair (B,T). An algebraic weight A is a triple (a, b; c)
with a,b,c € Z and a+b = ¢ (mod 2) it maps T' to the multiplicative group
by the rule diag (tl,tg,tflu, t;lu) — 1ty (c=a=b)/2 " A weight is dominant
if @ > b > 0. The simple short and long roots are respectively (1, —1;0) and
(0,2;0) and the corresponding simple reflexion s; and so act on X*(7T') by
si(a,b;c) = (b,a;c) and sy(a,b;c) = (a,—b;c). Since p = (2,1;0), we have
s1 % (a,b;¢) = (b—1,a+ 1;¢) and s2 * (a,b;¢) = (a, —b — 2;¢).

We denote respectively by Mg = GLa x Gy, and Mg = GLy x Gy, the
standard Levi of the Siegel and Klingen parabolic subgroup of G. The
corresponding isomorphisms are given in the Siegel case by

(g,v) + diag (g, 'v)
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and in the Klingen case by

z 0 0 0

ab 0 a 0 b
(<c d) T) 0 0 (ad—bc)x~!

0 ¢ 0 d

One can easily check that W%g = {id, s2} and Wéff = {id, s1}.

Let 7 be a unitary cuspidal representation of PG'L(2),q whose correspond-
ing classical Hecke newform f is of weight 2k — 2 with k an integer greater
than 2. We make the following assumption:

L(f,k—1) = L(m,1/2) = 0

Under this hypothesis, there exists a unique cuspidal non-tempered repre-
sentation SK(m) on GSp(4),q such that its degree 4 L-function is given
by
L(SK(m),s) = L(m,s){(s —1/2)((s + 1/2)

and such that each local component of SK(7) at a finite place is the non
tempered Langlands quotient of the unitary parabolic induction from the
Siegel parabolic Indf/fs(ﬂf @1V x || - |72, (ie. TR - (112 5 || - ||71/2
with notations of Sally-Tadic [ST)).

The corresponding p-adic Galois representation is up to twist given by

psi(x) = pr D Qp(l — k) & Qp(2 — k)

where we have denoted by py the p-adic Galois representation attached to f
having determinant the cyclotomic character to the (3 — 2k)-th power. This
automorphic representation is called a Saito-Kurokawa lifting of f. When
k> 2, SK(r)®|v[>~* is cohomological of weight A\, = (k — 3,k — 3;2k — 6).
Here we have denote by |v| the adelic norm of the multiplier of G.

Let € = ¢(m,1/2) = £1. This sign determines the nature of the archimedean
component of SK (7). When € = 1 then SK(7) and its dual are non tem-
pered and cohomological in degree 2 and 4. Therefore SK () shows up in
the cuspidal cohomology in degree 2 and 4 with multiplicity one. If e = —1
then SK (7)o and its conjugate are the holomorphic and antiholomorphic
discrete series. Therefore SK(ny) appears in the cuspidal cohomology of
degree 3 with multiplicity two. As remarked by Harder, in both cases there
are also Eisenstein classes attached to SK(m¢) providing a multiplicity one
subspace in the Eisenstein cohomology in degree 2 and 3 isomorphic to
SK(m)g. All together, we deduce that mpp(SK(m)s) = —2 if e = —1 and
mep(SK(m)f) = 2 if e = +1. In other words mep(SK(7)s) = 2¢(m,1/2).
For an account of these facts recalled here and their credits the reader can
consult [H93, Sc03, SU06a, Wal, Wa2].

Let us assume that 7 is unramified at p and that we can fix a root « of the
Hecke polynomial of f at p such that 0 < v = vp(a) < k —2 (the case v =0
can be done but it requires a bit more work and the corresponding result is
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already known by the work [SU06a]). An element ¢t = diag (t1,t2,t] v, 15 'v)
belongs to T~ if 2v,(t1) > 2v,(t2) > vp(v). The slope of a p-stabilization is
therefore determined by the eigenvalues of the two Hecke operators Uy, =
Idiag (1,1,p,p)" I and Uy, = Idiag (1,p,p? p)~'1. In [SUO6a], it is ex-
plained that there exists a p-stabilization o, of SK (7)®|v|>~* such that the
eigenvalue of Uy, is o and the one of Us ), is ap®~2. After renormalization,
the eigenvalues are therefore respectively o and ap.

This implies that the slope of this p-stabilization is given by u,, = (v +
1,v — 1;0) with v = vy(ap). We want to compare fi,, to w * A\, — A for
w = 81, 2. We have syx X\, — A\ = (—1,1;0) and sox A\ — A\, = (0, —2k+4;0).
Therefore p,, + s1 % A\p — A\x = (v,v;0) belongs to the boundary of the
obtuse cone and therefore p, is critical. Notice also that p, 4+ so % A\ — A =
(1+wv,v—2k+ 3;0) does not belong to the obtuse cone by our assumption
on v. From these remarks we can deduce that

(34) m(0a, \p) = ml (00, Ap) —mi (051, 51 % Ay)

We will show the following

Proposition 5.5.4. With the above hypothesis and notations, we have:
mf(oa: k) = 2(e(m, 1/2) = 1)

In particular it is non zero if and only if e = —1.

Proof. First we notice that m® (o, \) = mgp(SK(7);). To show the Propo-
sition, we now need to make use of the formula (34). To relate m'(cq, \x)
to mg(aa, M) and also to compute mt (o5, 51 % \y,), we now have to study
the Eisenstein multiplicities.

If mE7MK7w(aa, Ar) # 0 then there exist o, for w = id or s; a finite slope
representation of GL(2),q and a Dirichlet character x,, such that if w = id
then o, is of weight (k —3;6 — 2k) with 6, (Up) = o and x(p)bs,, (p.id) =
0,(Usp) = pa or if w = s1 then oy, is of weight (k—2,6—2k) with 6, (U,) =
ap and Xiq(p)0s, (p.id) = 05(Uzp) = pa. Since we know that o is a Weil
number of weight 2k—3, we see that these situations cannot occur. Therefore
mg,MK,id(JOH)‘k) = mTG,MK,a(UC“)‘k) = 0. Similarly, we could show that

mg MKw(Uzl’)‘k,sl x A\) = 0 for w € {id,s1}. We also have the same

vanishing results if we replace Mg by T by similar but simpler arguments.
We therefore deduce that

mi(0a, \) = mg(aa, i) — mTG,MS,id(Um k) + mTG,MS,sz(Uav S9 % \k)

If mTG,MS,id(Um k) # 0, we have a = 0,,(U1,p) = x(p) for some Dirichlet
character x. This is impossible since « is a Weil number of weight 2k — 3.
If mTG’ Mag.s,(Tas Ak) # 0, there exists a finite slope (cuspidal) representation
oo of GL(2) of weight 2k — 2 and Dirichlet characters x2 and x5 such that
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a=0,,(U1p) = 0s,Up)xz2(p) and p.a = b,,(Uzp) = 05, (Up)x4(p). This is

impossible, we therefore have
ml (00, M) = m (00, k).

We now need to compute and mgyMS,w(UZ}”\’“, s1#Ag) for w = {id, so}. Write
ol = o5 and N, = s1% N = (k— 4,k — 2;6 — 2k). We have 8,, (U1,) = o
and 0,1 (Uzp) = p 105, (Uzp) = a. If mg M Zd(ai}’)‘k, s1x ;) # 0 then a =
0or (U1p) = x(p) for some Dirichlet character x which is again impossible
since « is a Weil number. Now from the formula defining the distribution
Ic Mg,s, We see that mTG,MS”S2 (031’)"“, S1%A\) = mTGL(2)7O(7ra, (0;2k—4)) = =2
where 7 is the p-stabilization of 7 such that 6., (U,) = «. Therefore we
deduce that
ml (04, X)) = mi (%, M) =2
Combining all the previous considerations, we therefore get:
(0, M) = 26 — 24+ mj (0h, Ay

Since mg(ag,)\;ﬁ) < 0, this in particular implies that mg(aa,)\k) < 0 if
e = —1. In fact, one can show that mg(ag, A,.) = 0 otherwise one would get
a 3-dimensional family of generically big Galois representations specializing
to psx(x) and that would have a stable line by inertia and corresponding to
the line Q,(2 — k) when specialized at the point corresponding to pg (r)-
Then by arguments similar to those of [SU06a, SU06b], one would get in-
finitely many elements in the Selmer groups corresponding to the Galois
representations Q,(—1) or ps(k — 2). But the former can’t exist by Class
Field Theory and the latter is known to be impossible by a theorem of Kato
[K]. This finishes the proof of our proposition. It shows that, the use of
non-tempered cuspidal representation does not lead to results like the one
of [SUO6a] when the sign of the functional equation is +1. This is why it is
better to use Eisenstein series as it is explained in [SU06b]. This result also
implies that the main theorem of [SU06a] is also true in the non ordinary
case. We leave the verification of details of this fact to the conscientious
reader. m

5.6. The twisted Eigenvarieties for GL,. In this section, we assume
(for simplicity)?? that G = G L, /F over a totally real number field or a CM
fields . We denote by F'T its maximal totally real subfield and by ¢ the
complex conjugation automorphism of F'.

Let T and B be respectively the diagonal torus of G and the group of
upper triangular matrices in G. Let J be the anti-diagonal matrix defined
by

J = (Oin—ji<ij<n

220ne could extend this to a more general situation.
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We consider the involution ¢ defined by 1(g) = ¢g* := Jig~1J =1 if F is totally
real and by t(g) = ¢* := Jtg~¢J 1 if F is CM. This is clearly an involution
of Cartan type.

It is easy to check that T" and B are stable under the action of ¢. A weight
A € X(Q,) is such that

Mdiag (t1,...,tn)) = x1(t1) - - - Xn(tn)
with x; = xn—j if F'is totally real and x; = xn—jocif F'is CM and where the
xi’s are characters of (Op®Zy)*. Sodim X" = ([n/2]—1).[FT : Q[+1+0p+ .
This is the subvariety of essentially self-dual weights.
For any f € C;°(G(Af),Qp), we set f* defined by:

f(g) = f(g")
and for any character 6 of Rg ), we denote by ¢ the character defined by

0'(f) = 0(F").
Then it is possible to construct rigid analytic spaces €, o by applying the
construction we have made in the beginning of this section for the finite
slope character distributions Ig Ln,O( f %, f,\) and we have the following
theorem.

Theorem 5.6.1. Let KP be an open compact subgroup of GLn(AZ;Q@F). The

ringed spaces €y, are rigid analytic varieties and the following properties
hold.

(i) For any y = (N\y,0,) € €4, (Q,), then 6, = 6, and X\, = X,. In
particular €4, sits over X*.

(i) Let y = (Ay,0y) € (X x D5)(Q,). Then y € €y, o(Qy) if and only if
mi(\, 0 x v, KP) # 0.

(iii) For any KP-admissible Hecke operator f, the projection map G%pyo(@p) —
3c(f) is a finite surjective morphism.

(iv) The restriction of the map &%, — X' to any irreducible component
is generically flat. In particular, €%, is equidimensional and have
the same dimension as dim X*.

5.7. Some more Eigenvarieties. We would like to end this section by dis-
cussing some conjectures on p-adic families. What we have constructed here
is the Zariski closure of all the points y = (6, \) for which mf(6, A, K?) does
not vanish and we have proved that they form a nice rigid analytic variety
€ » which is generically flat over weight space X. But what about the other
cohomological systems of Hecke eigenvalues for which the Euler-Poincaré
multiplicity vanishes? Can we still construct an Eigenvariety containing all
the points (0, ) such that H*(Sg(KPI,),D)\)[0] # 0 ? What is the di-
mension of the irreducible components passing through such a point when
mi(6,\, KP) = 0. We would like to give some speculative answers to these
questions.
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5.7.1. The full Eigenvariety. A point y = (6, ) € Ds,(Q,) is said cohomo-
logical of level K? if H*(Sq(KPI,,),Dy)[0] # 0.

We want to give a construction of a variety that contains all the cohomo-
logical points. This construction is mainly due to Ash-Stevens®® but our
construction is a variant. I will only sketch it. We fix f = u; with ¢t € T~
We consider the action of f on the Banach spaces RT'(K?.1,,, Dy)’s. For
each degree ¢, let R{(f, A\, X) € O°(L){{X}} the Fredholm determinant of
f acting on RT'Y(KP.1,;,, Dy,) and let Ry(f, A, X) := [], R{(\, X) (we don’t
take alternating product here). Since we can make this construction for any
i, we can easily see that there exists Ry(f, A\, X) € Ax{{X}} that special-
izes to Ry(f, A\, X) by the canonical map Ax — O(&). We then denote 3'(f)
the spectral variety?* associated to Rx(f, \, X). We now choose 20 C 3(f)
an admissible affinoid subdomain of 3(f). We denote by 4 its image by
the projection onto weight space X. Let egy the idempotent attached to 27
by the associated factorization of the Fredholm series of f. Consider the
complex egy. RI'(KPI,,, Dy). Each term is of finite rank over O(4) and we
consider the action of Rg), on it modulo homotopy. Let Bgy be the O(Y)
algebra generated by the image of Rg, in Endps(egy. RI'(K?1,,, Dy) which
is of finite type over O(U). Then put E(20) := Sp(Bgy). It is a finite affi-
noid domain over 4. We define the Eigenvariety Ex» by gluing the E(20). A
detail of the gluing of similar pieces has been written up by Zhengyu Xiang
[Xi10]

5.7.2. Conjectures. It would not be difficult to check that the Eigenvariety
€xr we have constructed in this paper is the union of the components of
Egr of dimension d. We would like to formulate two conjectures on the
dimension of the other components.

Conjecture 5.7.3. Let x = (), 0) be a point of the Eigenvariety contained
in only one irreducible component C of Ex». Then the projection of C onto
X is codimension d in weight space if and only if there exist two non negative
integers p,q and a positive integer m(0, A, KP) such that

(a) The 0-generalized eigenspace of H"(Sq(KPIy,),DA(L)) is non zero
—
,

only if p < r < q and its dimension is m(0, \, KP) x
(b) d=q—p
We now give a few examples to support this conjecture.

Example 1: G = SL(2,F) with F a totally real field of degree d over Q.
In that case, weight space is dimension d. Consider x = (0, k) with 6 the
system of Hecke eigenvalue associated to an Eisenstein series of weight k. It

P
L

23They proved basically that the Eigenvariety is locally (for its canonical p-adic topol-
ogy) rigid analytic which is actually all we need for the conjectures that we state here.

241t is not hard to see that 3(f) € 3'(f) but the latter might be much bigger as it
depends of the resolution we have chosen unlike 3(f).



EIGENVARIETIES FOR REDUCTIVE GROUPS 91

is determined by a Hecke character 1 of the idele class group of F. If the p-
stabilization is chosen ordinary, then it is known that there is a p-adic family
of Eisenstein series of dimension 1 + § where ¢ is the defect of the Leopold
conjecture for F' and p. The study of the Eisenstein cohomology, see [H87],
shows that the Eisenstein classes occur in degree g only if d < ¢ < 2d — 1

with multiplicity (Zicll) since the rank of the group of units is d — 1. We see

that in that case, our conjecture is satisfied if and only if Leopold conjecture
is true for (F,p).

Example 2: G = D* with D a quaternion algebra over a number field
having exactly one complex place and which is ramified at all the real places.
In that situation, the cuspidal cohomology is non trivial only in degree 1 and
2 so in this situation ¢ = 2 and p = 1 and it is expected by the conjecture
that the projection onto weight space of the irreducible components are
codimension 1. In fact, in the ordinary case this is a theorem of Hida [Hi94].

Example 3: G = GL(n,Q). We write n = 2m or n = 2m + 1 according to
the parity of n. In this situation, the cuspidal cohomology H},,(Sc(K), VY)
with regular \ vanishes except in degree ¢ with m? < i < m? + m — 1 if
n even and m(m + 1) < i < m(m + 1) + m if m odd. Notice also that
the cohomology vanishes if A is not essentially selfdual (See [C190] for these
assertions). The prediction of our conjectures then says that the dimension
of the Eigenvariety should be 2m — (m — 1) = m + 1 in the even case
and 2m +1 —m = m + 1 in the odd case (compare to a conjecture of
Hida in [Hi98]). One can remark that m+ 1 is actually the dimension of the
subvariety of essentially self-dual weights denoted X" in the previous section.
For n = 3, the arguments of Hida in [Hi94] implies that our conjecture is
true in the GL(3)-case.

The following proposition that has been proved independently by G. Stevens
and by the author gives some more evidence for the conjecture above. Its
proof will be published in an other paper in which we hope to give more
evidences of the Conjecture 5.7.3.

Proposition 5.7.4. Let x = (\,0) be a point of the Eigenvariety Exv.
Assume that H" (Sq(KPIy,), DA(L))[0] # 0 for exactly q consecutive degrees
r. Then there is a component of the Eigenvariety containing x of dimension
at least dim X — d.

This especially means that our conjecture states the opposite inequalities.
It should be therefore seen as a non abelian generalization of Leopoldt con-
jecture. We end this section by a giving a refined conjecture when there are
several irreducible components (of possibly different dimensions).

Conjecture 5.7.5. Let © = (\,0) be a point of the Eigenvariety Ex» and
let C1,...,C5 the irreducible components containing x.

For eachi=1,...,s, there exists p;, q;, m; such that:
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(a) 0-generalized eigenspace of H" (S (KPIy,), DA(L)) has ranky ;_; m;x

qi—Di
r—p; )°

(b) The component C; has dimension dim X — d; with d; = q; — p;.

6. A p-ADIC TRACE FORMULA

6.1. Spectral side of the p-adic trace formula. Let A € X(Q,).
section §4, we know that we can write the p-adic finite slope character dis-
tribution f — Ig(f, A) defined over H;, as a sum :

(35) IJr (f,\) ZmG (X, 0).15(f)

where o runs in the set of irreducible finite slope representations of H,. This
sum is infinite but we know it is p-adically convergent.

The aim of this section is to apply the p-adic analyticity with respect to the
weight of the map A — I, g( f,A) to establish a formula for (35) in geometric
terms similar to Arthur-Selber type trace formulas. Inspired by Franke’s
trace formula for the Lefschetz numbers, we introduce an overconvergent
version of it and show that it equals the corresponding p-adic automorphic
distribution I, g( fyA). It is possible to obtain a similar result for the distri-

bution Ig o but we have decided to do this in a future paper to keep this
article under a reasonable length.

6.2. Franke’s trace formula for Lefschetz numbers. The purpose of
this paragraph is to recall Franke’s formula. We start by recalling the main
terms involved in it.

6.2.1. Tamagawa numbers. Let H g be a connected reductive group. As-
sume H(R) contains a compact Cartan subgroup and let H(R) the com-
pact modulo center inner form of H(R). We denote by Ay the maximal
split-torus of the center of H and Ky (R) one of its maximal compact sub-
group. Let dh be a Haar measure on H. Then the Tamagawa number
X(H) = x(H, dh) associated to H is defined by

ay VOUH(QN\H(A)/An(R)®) ~ wh®)
vol(H(R)/An(R)°) WK (R)

where dh denotes an Haar measure on H(Ay) and where the Haar measures
used for H(R) and H(R) correspond by the (inner) isomorphism between
H)c and Hc. The cardinality of the Weyl group of H(R) and Ky (R) are

o (Rﬂi) is then equal

X(H, dh) = (~1)

respectively denoted by wg(r) and wg, (r). The factor
H

to the number of representations in a discrete series L—packet of H(R).
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6.2.2. Semi-simple elements. We write G(Q)*® for the set of semi-simple
elements of G(Q). For all v € G(Q)**, we write G, for the centralizor of
v in G, GY for its connected component and we put i(y) = [G, : GY].
To define the integral orbitals intervening in the trace formula, we use the
fixed Haar measure on GG we have taken at the beginning of this paper. Let
h e C(G(Ay),Q), then we define the orbital integral:

O (h,dm.) := h(gyg')dg

/G(Af)/Gw(Af)

where dm is the quotient of the Haar measure dg by the Haar measure dg,
on G. If v € G(Q)*, following Franke, we define €(y) € {-1,0,1} by

putting €(y) = 0 is G4(R) does not contain a Cartan subgroup which is

compact modulo AOG7 (R). Otherwise we put, e(y) = (—1)%m Ac®)/Ac, (®)

Theorem 6.2.3 (Franke). Let f be any Hecke operators and A be an alge-
braic dominant weight, then we have:

tr(f; H*(S6, Vi (C)) =

G0, dg, .,
EICENY E(W)WOw(f,dgw)tr(%VA(C))
YEG(Q)ss [/~

Proof. This is formula (24) of [Fr98] built on the formula of Theorem 1.4.2
and Arthur’s trace formula on Lo-Lefschetz numbers.m

6.3. A formula for I é( f,A). Before establishing our p-adic trace formula,
we introduce a certain p-adic function on A™~

Lemma 6.3.1. For any g € A™~ as above, the map A — ‘bg(g, A) =
tr(g, Da(L)) is analytic on X7(Q)).

Proof. For any affinoid subdomain 4 C X7 and A € Y(L), we have

(36) Dyn @3 L = Dy (L)

for any n > ng. Now Dy, is O(U)-orthonormalizable and therefore ¢y :=
tr(7y, Dy,) € O(Y) is analytic on U and by (36) satisfies ¢py(\) = tr(g; Dayn) =
®l,(g,\) for all X e U(Q,). =

The following lemma is analogue to Corollary 4.6.8.

Lemma 6.3.2. Let A be an algebraic dominant weight and (\y,), be a very
reqular sequence converging to A. Then for any g € A™7, we have:

lim A (&(t0))tr(g, VX, (L)) = @f(9, 1)
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Proof. Let g € A™7. Then it follows form Theorem 3.3.10 and Proposition
3.3.12 that we have the congruence:

tr(g; DA(L)) = A(&(tg))tr(g; Va' (L)) = A(&(ty))tr(g; VX(L))  mod N(A,tg)
We deduce now the result from (32) and the analyticity of the map A —
L (v, A\)m

G 7>

We are now ready to state and prove a formula for the distribution I, g It
is given by the following theorem. We consider a Haar measure dg of G(Ay)
such that the p-component gives the measure 1 to the Iwahori subgroup I.
Then we have the following:

Theorem 6.3.3. Let f = fP® f, € H;, and )\ € %(@p), then we have:
GY,d

ITg(f, /\) — (_1)dG Z X( : ¥ g’Y)
sea@ee 160

where the sum is taken over the conjugacy classes of R-elliptic semi-simple
elements of G(Q) and with

IL(f.N) =

Oy (f7,dgy) 15 (£, )

/ fp(q:'yx_l)@g(m’yx_l, \)dz
G(Qp)/G~(Qp)

Proof. It is sufficient to prove the formula for f = f? ® us. It is clear that
both right and left hand side of the formula are analytic functions of A\. To
prove the equality, it is therefore sufficient to prove it for A algebraic and
dominant. For such a A, consider a highly regular sequence (\,,), converging
p-adically to A. We multiply both sides of the trace formula of Theorem
6.2.3 for each \, by £(t)™ and consider the term corresponding to some
semi-simple element :

Y X(Gg,dgv)
ic(7)

E(6 0, (7, dgs) /G o B VS (D) =

G°.d
MOV(]@, dg) / fp(:c’yxfl)ﬁ(t))‘”tr(xflfyx, V}\/n (L))dx
ic(7) G(Qp)/G (@)

Then pass to the limit when n goes to infinity. Then we get from Lemma
6.3.2:

x(GY,dg,) _ _
MOW(fp,dgV)/ fp(zye 1)@};@ I’YZE,)\)d:E
ic(7) G(Qp)/G(Qp)

Therefore the limit of the right hand side of the trace formula of Franke for
A\, multiplied by £(t)* has limit the right hand side of the formula stated

in the theorem. The fact that the limit of the left hand side is [ g( fyA) was
known by Corollary 4.6.8.m

Oy(f,dgy)tr(v, V) =

X(Gg’ dg’)/)
ic(7)
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