SOME UNEXPECTED PHENOMENA IN THE FRANKE FILTRATION OF
THE SPACE OF AUTOMORPHIC FORMS OF THE GENERAL LINEAR
GROUP

NEVEN GRBAC AND HARALD GROBNER

ABSTRACT. In his famous paper [11], J. Franke has defined a certain finite filtration of the space
of automorphic forms of a general reductive group, which captures most of its internal representa-
tion theory. The purpose of this paper is to provide several concrete examples of yet unexpected
phenomena, which occur in the Franke filtration for the general linear group. More precisely, we
show that the degenerate Eisenstein series arising from the parabolic subgroups of the same rank
are not necessarily contributing to the same quotient of the filtration, and that, even more, the
Eisenstein series arising from the parabolic subgroups of higher relative rank may contribute to a
deeper quotient of the filtration. These are the first structural counterexamples to an expectation,
mentioned in [11].
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INTRODUCTION

In a nutshell. In this paper we undertake the study of the Franke filtration of the space of auto-
morphic forms on the general linear group GL,, defined over an algebraic number field. The main
goal is to discover and describe through examples certain phenomena, which were not anticipated in
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2 NEVEN GRBAC AND HARALD GROBNER

the earlier work on the Franke filtration. We do not attempt to give a complete explicit description
of the Franke filtration in the case of GL,, as it is combinatorially very demanding and does not
provide further insight in the phenomena considered here.

Context. In order to put our results in a larger framework, we shall use a more general setting in
the introduction: Let G be a connected reductive linear algebraic group defined over an algebraic
number field F'. Consider the space A of K-finite automorphic forms on G(A), where A is the
ring of adeles of F', and K, a fixed choice of a maximal compact subgroup of the archimedean
part G, of G(A), as defined in [6]. It carries a natural structure of a (goo, Koo; G(Ayf))-module,
where goo, denotes the real Lie algebra of G, and Ay is the ring of finite adeles of F'. The Franke
filtration provides a way to approach this module structure of the space of automorphic forms.

The first step in the study of the space of automorphic forms is its decomposition along the
cuspidal support, cf. [25], [30, Sect. II1.2.6], [12, Sect. 1]. Given an associate class { P} of parabolic
F-subgroups of G, represented by the parabolic subgroup P, and an associate class ¢(7) of cuspidal
automorphic representations of the Levi factors of the parabolic subgroups in { P}, represented by a
cuspidal automorphic representation 7 of the Levi factor L(A) of P, cf. [12, Sect. 1.2] [26, Sect. 1.3],
let A¢py () be the (goo, Koo; G(Af))-module of automorphic forms with cuspidal support in ¢(m).
See [30], [12], for a precise definition of this notion.

The Franke filtration was originally defined by Franke in [11, Sect. 6]. In this paper, we consider
the Franke filtration of the modules A;p; () With the given cuspidal support o(7) as in [17], [15],
[14], [16]. This is a slight modification of the original approach of Franke, which only considers the
associate class { P} of parabolic subgroups in which the cuspidal support lies, and does not fix the
associate class of cuspidal automorphic representations.

The Franke filtration of the (goo, Koo; G(Ay))-module Agpy ,(x) is a finite descending filtration
of the form

0 1 4
APyom) = APy 2 Aprem 2 2 Apyem 2 10
The main feature of this filtration is that the quotients of the filtration

i i+1
ALpy o)/ AP o)
where ¢ = 0,...,¢ and we set A@l} o(m) = {0}, are isomorphic to parabolically induced representa-

tions, or a direct sum or certain colimit of these. The isomorphisms are constructed using the main
values of certain Eisenstein series and their derivatives evaluated at the complex parameter such
that the cuspidal support is in the associate class ¢(7). The Eisenstein series are constructed from
the sections of representations parabolically induced from the constituents of the discrete spectrum
of the Levi factors of parabolic subgroups that contain an element of the associate class { P}. Thus,
the degenerate Eisenstein series constructed starting from residual representations of the Levi fac-
tors must be used, and not only those constructed from a cuspidal automorphic representation. For
full details of the construction see [11, Sect. 6].

The Franke filtration, with its rather explicit description of the successive quotients in terms
of parabolically induced representations, has several very important applications. First of all, the
fact that all the quotients of the filtration are spanned by the main values of Eisenstein series and
their derivatives, implies that all automorphic forms on G(A) are obtained as sums of Eisenstein
series and their derivatives. In the number field case, this was first proved by Franke in [11, Cor. 1,
p. 236] as a consequence of the construction of the filtration, although the function field case was
known from [30, App. II].
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Another important implication of the Franke filtration is the proof of the Borel-Harder conjecture
on the cohomology of arithmetic groups, or, equivalently, the de Rham cohomology of locally
symmetric spaces (see for instance [22, page 102] and [5, §6.9]). Borel’s regularization theorems
[4] show that the de Rham cohomology of a locally symmetric space, with coefficient in the local
system constructed from a finite-dimensional algebraic representation, is isomorphic to the relative
Lie algebra cohomology of the space of smooth functions of uniform moderate growth. The Borel-
Harder conjecture claims that it is also isomorphic to the relative Lie algebra cohomology of the
space of automorphic forms. The proof of the conjecture by Franke [11, Sect. 7.4] begins with the
construction of an Eisenstein spectral sequence which computes the relative Lie algebra cohomology
of the space of smooth functions of uniform moderate growth. The Franke filtration then implies
that every cohomology class can be represented by an automorphic form, thus implying the Borel—-
Harder conjecture.

In the case of the general linear group, the Franke filtration was applied further in [11, Sect. 7.6] to
obtain a rationality result for the summands in cohomology corresponding to spaces of automorphic
forms supported in any associate class { P} of parabolic subgroups. This extends the earlier result
of Clozel [8], which provides the rationality for the case of the cuspidal summand, i.e. the summand
supported in {G = GL,}. As observed by Harder [21] and Clozel [8], see also [10], this rationality
result for GL, may be viewed as the generalization from GLs to GL, of the Manin-Drinfel'd
theorem, cf. [28], [9]. In [18], this result was generalized for regular Eisenstein cohomology of G L,
over a division algebra D/F. See [18, Thm. 7.23].

The filtration is also used by Franke [11, Sect. 7.7] to obtain a trace formula for Hecke operators
on the de Rham cohomology with respect to a local system arising from a finite-dimensional rep-
resentation. The formula is similar to and derived from Arthur’s trace formula for L?-cohomology
[1]. The Goresky-MacPherson trace formula for Hecke operators on full cohomology was known
earlier [13], but it was of different form and contained certain truncated Hecke correspondences.

Another important application of the Franke filtration is that it provides a key to an explicit
description of automorphic cohomology, in particular, the summands in cohomology corresponding
to spaces of automorphic forms with a given cuspidal support. This idea is pursued in [17], which
provides a complete description of low-rank automorphic cohomology of a general connected reduc-
tive group in terms of the cohomology of the square-integrable automorphic representations of the
Levi subgroups. Given Arthur’s theory of global A-packets [2], [31], and Vogan-Zuckerman’s theory
of Aq(A)-modules [32], this result of [17] reduces a full understanding of the low-rank automorphic
cohomology of a general connected reductive group to an understanding of the cohomological cusp-
idal spectrum of GL,. As a direct application, the main result of [17] implies new improved bounds
on the degrees in cohomology in which the inclusion of the space of square-integrable forms into
the space of all automorphic forms gives rise to the injective map in cohomology. In the special
case of the trivial representation, i.e., the space of constant forms, the results of [17] improve the
bounds obtained by Borel [3, Thm. 7.5].

The idea to use the Franke filtration for explicit computations of automorphic cohomology was
first carried out in the case of the split symplectic group of rank two over a totally real field in [15]
and, most recently, in the case of the unitary groups of rank one over Q in [16].

In view of all these important applications of the Franke filtration, it is clear that explicit
description of the Franke filtration would be extremely useful.
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Main results: Phenomenon I. In Remark 2 on [11, page 242], Franke explains why the contri-
bution to the i-th quotient

ALy ot AP} oty
of the filtration could not be in general determined by all the Eisenstein series arising from parabolic
subgroups of the same rank. The problem occurs whenever the Eisenstein series have residues at
points in the closure of the positive Weyl chamber which are not square-integrable.

However, in contrast to this general observation, in loc. cit. Franke also suggests that for the
general linear group “[The definition of the filtration in terms of the parabolic rank] also seems to
work for GLy, because of the results of Meglin and Waldspurger”.

In this paper we reconsider this thought and we show that the whole combinatorics of the Franke
filtration for GL,, is substantially more complicated (and therefore, depending on the reader’s
taste, maybe also interesting): Partly inspired by the work of Hanzer—-Muié¢ [20] on the analytic
properties of degenerate Eisenstein series on GL,,, we study certain examples of cuspidal supports
for GL,, which show that the Franke filtration exhibits phenomena, which imply that the rank of
an Fisenstein series cannot determine the quotient of the filtration, to which they contribute.

More precisely, we consider cuspidal supports, which are not supports of a residual representation
of GL,,. We begin with a simple lowest possible rank example in which two Eisenstein series arising
from the parabolic subgroups of the same rank contribute to different quotients of the filtration.
This example for the group G L4 is studied in Theorem 5.1. More general higher rank examples of
the same phenomenon are provided in Theorem 5.2.

In contrast to these examples, we also show that in the case of the cuspidal support of a residual
representation of GL,, the considered phenomenon never occurs. It seems that this was the case
which Franke had in mind when making the comment in [11, Rmk. 2, p. 242]. We prove in Theorem
4.1 that the Franke filtration in this case may be arranged in such a way that the quotient of the
filtration to which an Eisenstein series contributes is determined by the rank of the parabolic
subgroup from which it arises.

Main results: Phenomenon II. Finally, we also give examples in which the Eisenstein series
arising from the parabolic subgroup of a higher relative rank contribute to a deeper quotient of the
filtration than those arising from the parabolic subgroup of lower relative rank. The lowest rank
example of this phenomenon occurs for the group GLg. We study this case in Theorem 6.1. The
higher rank examples of the same phenomenon are provided in Theorem 6.2.

All the theorems, except Theorem 4.1 dealing with the case of cuspidal support of a residual
representation, are stated for the cuspidal support in the Borel subgroup of GL,. This simplifies
the notation and exposition of the proofs, without losing any insight of the considered phenome-
non, although the same results hold in the following more general setting: One may replace the
Hecke characters y in those theorems with a cuspidal automorphic representation of some GLj,
keep the same exponents, and work in the ambient group G Lo,,,. The cuspidal support is then in
the associate class of the parabolic subgroup with 2m diagonal blocks of size k.

The paper is structured as follows. We begin with preliminaries in Section 1, in which we explain
the structure of the general linear group, its parabolic subgroups and the positive and obtuse Weyl
chamber. In Section 2 the Franke filtration is defined and the required partial order is made explicit
in the case of GL,. The proof of an important lemma is the subject of Section 3. The remaining
sections study examples of the Franke filtration for different types of the cuspidal support. The
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case of the cuspidal support of a residual representation is treated in Section 4. The examples in
which Eisesntein series arising from parabolic subgroups of the same rank contribute to different
quotients of the filtration are studied in Section 5. Finally, the examples in which the Eisenstein
series arising from parabolic subgroups of higher relative rank contribute to deeper quotients of the
filtration are studied in Section 6.

We would like to thank the anonymous referee for a careful reading of the manuscript, and in
particular, for providing the intuition behind the proof of Lemma 4.2.

1. PRELIMINARIES

Let F' be an algebraic number field. The set of archimedean places of F' is denoted by V4. For
a place v of F, let F, denote the completion of F' at the place v. For a non-archimedean place
v € Voo, let O, be the ring of integers in F,. The ring of adeles of F'is denoted by A, the subring
of finite adeles by Ay, and the group of ideles of F' by L.

Throughout the paper, we let G = GL,, be the general linear group over F'. That is, for any
F-algebra R, the group G(R) of R-points of G is the general linear group GL,(R) of invertible
elements in the algebra of all n x n matrices with entries in R.

We fix, once and for all, the Borel subgroup B of G such that B(R) consists of upper-triangular
matrices in G(R) for any F-algebra R. Let T be the maximal F-split torus in G such that T'(R)
consists of all diagonal matrices in G(R), and let U be the unipotent radical of B. Then we have
the Levi decomposition B = TU.

Let P be a standard parabolic F-subgroup of G with the Levi decomposition P = LN, where
L is the Levi factor and N the unipotent radical. In this paper all parabolic F-subgroups are
standard, unless otherwise specified. Then P(R) consists of block-upper-triangular matrices, and
L(R) of block-diagonal matrices in G(R), for any F-algebra R. The standard parabolic subgroups
in G are in one-to-one correspondence with ordered partitions of n into positive integers. Given

such a partition (ng,...,nx), where Zle n; = n, the corresponding standard parabolic subgroup
P = P, ny) s such that P(R) consists of all block-upper-triangular matrices with blocks of sizes
ni,...,nk along the diagonal. Hence, if P = LN is the Levi decomposition, we have

L(R) = {diag(ly, ..., lx) € G(R) : l; € GLy,(R)} = GLp, % -+ X GLn, .

Two parabolic subgroups are called associate if their Levi factors are F-conjugate. Conjugate

parabolic subgroups are clearly associate. If P corresponds to the ordered partition (ni,...,ng)
and P’ to the ordered partition (n,...,n;), then P is associate to P’ if and only if partition
(n},...,n;) is a permutation of partition (ni,...,nk).

Given a standard parabolic F-subgroup P of G, let X*(P) be the Z-module of F-rational char-
acters of P. Let ap = X*(P) ®z R, and let apc denote its complexification. If P = P, . n,)
corresponds to the ordered partition (ni,...,n;) of n, then the space apc is isomorphic to C*.
It may be identified with a space of complex characters of L(A) as follows. Given a k-tuple
(s1,...,5k) € apc, where s; € C, the corresponding character of L(A) is defined by the assignment

diag(ll, co ) e ]det lﬂsl e ‘ det lk‘sk

for any diag(l1,...,lx) € L(A), where | - | denotes the normalized absolute value on the group
of idéles I. Throughout the paper det stands for the determinant on the algebra of matrices of
appropriate size.
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Let Z be the center of G. The subspace of apc corresponding to characters trivial on the
center Z(A) is denoted by ﬁ]G%C. For P = Py, .. n,), & k-tuple (s1,...,s;) is in EJ.IG%C if and only if
n181 +na9ss + - - - +ngsp = 0. The real subspace dg is given as the intersection of ELIG%(C and ap. The

relative rank of a parabolic subgroup P is the dimension of the space dg}c. Thus, P = P, . ) 18
of relative rank k£ — 1.

The positive Weyl chamber defined by the parabolic subgroup P = P, . ., is the open cone
in ap consisting of all (sy,...,si) € ap such that

S1> -0 > s
The closure of the positive Weyl chamber is given by
§1 2 -+ 2 Sk.

We also need the notion of the obtuse Weyl chamber in the case of the Borel subgroup B. The
positive obtuse Weyl chamber in ap is the open cone dual to the positive Weyl chamber. It consists
of all (s1,...,sy) € ap such that

31+32—|—-~+sj>%(31—|—SQ+'~+sn), forj=1,...,n—1.

The negative obtuse Weyl chamber is given by the reversed inequalities, and the closed negative
obtuse Weyl chamber for G is given by

s1+ 83+ +s5; < %(81+52+"'+8n), forj=1,...,n—1.
Since the sum on the right-hand side of these inequalities is zero for (s1,...,s,) € ﬁg, the intersec-
tion of the closure of the negative obtuse Weyl chamber and dg is given by
S1 § 0
51 +82<0

s1+ 824+ 5,1 <0.

This last set of inequalities will play a role in the definition of the Franke filtration for G.
The restriction of characters gives rise to the inclusion of apc into ag c. We denote this inclusion
by ¢ for any parabolic subgroup P. If P = P, . ,,), then the inclusion takes (s1,...,sx) € apc to

L(Sl,...,sk) = (81,...,81,82,...,SQ,...,Sk,...,Sk) S 637c,
where s; occurs n; times.
Let W be the Weyl group of G with respect to T'. It is isomorphic to the symmetric group &,
on n letters. For a parabolic subgroup P = LN, let Wy, denote the Weyl group of the Levi factor
L. Tt P =Py, n,) the Weyl group W, is isomorphic to the product

WL 2 G, X oo X G

In each right coset in W \W, there is a unique element of minimal length, the so-called minimal
coset representative or the Kostant representative (cf. [24], [7]). We denote by W the set of such
minimal coset representatives.

Let G = Hvevoo G(F,). The real Lie algebra of G is denoted by goo. For a place v € V, of

F', we fix a maximal compact subgroup K, = G(O,) of G(F}). For a real (resp. complex) place v of
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F, we fix the group K, = O(n) (resp. K, = U(n)) of n x n orthogonal (resp. unitary) matrices as a
maximal compact subgroup of G(F,) = GL,(R) (resp. G(F,) = GL,(C)). Then we fix a maximal
compact subgroup K = [[, K, of G(A) as the product over all places of the fixed maximal compact
subgroups K,. This choice of K is in good position with respect to the fixed Borel subgroup B in
the sense of [30, Sect. 1.1.4]. We denote the archimedean part of the maximal compact subgroup
by Koo = [[,ev., Ko It is a maximal compact subgroup of G.

2. THE FRANKE FILTRATION FOR G = GL,,

We retain the notation of the previous section. Let A = A(G(F)\G(A),w) be the space of all
automorphic forms® on G(A), in the sense of [6], of central character w. The space of automorphic
forms carries a natural (goo, Koo; G(Af))-module structure. It exhibits a direct sum decomposition
along the cuspidal support.

Given a cuspidal automorphic representation? 7 of the Levi factor L(A) of a parabolic subgroup
P of G, such that 7 restricted to the center of G acts as the central character w, let Agpy ,(r) be
the (goo, Koo; G(Ay))-submodule of the space of automorphic forms A, supported in the associate
class ¢() represented by 7. We recall below the definition of Aypy () following [12, Sect. 1]. For
more details, we refer to loc. cit. or [30, Sect. II1.2.6]. In particular, AP} () is a direct summand
of A according to the results of [30, Sect. III.2.6]:

Let P = Py, . n,), Where (n1,...,ng) is an ordered partition of n, so that the Levi factor L of
P is isomorphic to the product

L=GLy, x---xGLy,.
Then, the cuspidal support m may always be chosen in the form
72 m|det | @ - ® m| det |*F,

where 7; is a unitary cuspidal automorphic representation of GL,,(A), with the central character
wj, such that the product w; ...wy = w, and sy = (s1,...,5) € Et]GD is in the closure of the positive
Weyl chamber in ap defined by P, i.e., s1 > --- > s;. Throughout the paper, the notation ®
stands for the outer tensor product of representations of different groups, which is by definition a
representation of the direct product of these groups on the tensor product of the spaces of their
representations.

Let 7" = 7 ® -+ ® m be the unitary cuspidal automorphic representation of L(A), which is
the unitary part of the cuspidal support 7 in the form as above. For s € ﬁ}G;,(c, let I(s,7") denote
the representation parabolically induced from 7" twisted by a character of L(A) corresponding to
s. Given an appropriate section fs of the induced representations I(s,7%) and g € G(A), one may
define the Eisenstein series E( fs, g) associated to 7*. It is defined as the analytic continuation from
the cone of (absolute and locally uniform) convergence of the series

E(fs,9) = Z fs(v9).

YEP(F)\G(F)

lwe always assume that the automorphic forms are normalized in such way that they are trivial on the identity
component of the archimedean part of the center Z of G. This assumption is not restrictive, as explained in [23, page
121].

2For convenience, we will not distinguish between a square-integrable automorphic representation, its smooth
limit-Fréchet-space completion or its (non-smooth) Hilbert space completion in the L2-spectrum. See [19] for a
detailed account of these questions.
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For the properties of such Eisenstein series, we refer to [30, Chap. IV] and [25, Sect. 7]. In particular,
the poles of E(fs,g) all lie along a locally finite family of singular hyperplanes in ﬁgc. Hence,
given s, € Elg from the cuspidal support , there is a polynomial @ in s such that Q(s)E(fs,g) is
holomorphic around s = s;. The space of automorphic forms A{ P}, (r) Supported in the associate
class ¢(m) is then defined as the span of all coefficients, which are functions on G(A), of the Taylor
expansion of Q(s)E(fs, g) around s = s;.

The Franke filtration is originally defined in [11, Sect. 6]. In this paper we consider a slight
modification which takes into account the cuspidal support as in [12, Sect. 1]. In other words, we
describe the Franke filtration of a direct summand Aypy () of A. More precisely, we now describe
the Franke filtration of the (goo, Koo; G(Ay))-module A;py o) with the cuspidal support in the
associate class ¢(7) of the cuspidal automorphic representation 7 of L(A) as above. Consider the
set Mypy o(x) Of triples (R, 11, z), where

e R is a parabolic subgroup of G which contains a parabolic subgroup associate to P,

e Il is a discrete spectrum unitary automorphic representation of the Levi factor Lr(A) of R,

e 2 is in the closure of the positive Weyl chamber in dg defined by R such that the repre-
sentation II of Lr(A) twisted by the character of Lr(A) corresponding to z has cuspidal
support in the associate class () represented by 7.

Let MiP},w(W) be the subset of Mpy ,(r) which contains all triples (R,1I,z) with R of relative
rank j. ' '
The set M%P}w(ﬂ) is turned into a groupoid with the triples (R,1I,z) € M?P}W(ﬂ) as objects,

and morphisms defined as follows. Given a pair of triples (R,IL, z) and (R/,IT',2’) in Mi P} o(n)?
the set of morphisms is defined as the set of all w € W# such that w(Lg) = Lg/, w(II) = I and
w(z) = 2. ,

The functor Mypy () from the groupoid M]{P},@(W) to the category of (goo, Koo; G(Af))-modules
is defined on the objects as

(2.1) Mipy () (B, 11, 2)) = I(2,11) @ S(a% c),

where

I(z,11) = Ind)) (T ® 2)

is the (goo, Koo; G(Af))-module parabolically induced from the discrete spectrum automorphic rep-
resentation II of Li(A) twisted by the character of Lr(A) corresponding to z € ag, and S (Et%(c) is
the symmetric algebra of ﬁ%(c, with the (goo, Koo; G(Af))-module structure defined as in [11, page
218]. For a morphism w, the functor M{py () (w) is defined as in [11, page 234].

Since the set Mpy () is finite, there is a finite set of possible z in the triples. Let S{py ,(x) be
the finite subset of ap which consists of all such z, viewed as elements of ag via the inclusion ¢ of

dr into ap. An integer-valued function Typy ,(r) on the finite set Sypy () is chosen in such a way
that

TPy () > TPy (E)
whenever ¢ and ¢’ in S{ P},p(n) are such that ¢t # t’ and ¢t — t’ lies in the closed negative obtuse Weyl
chamber in dg. In that case, we write

!/

1=t
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for the partial order so obtained on S{py ,(r). Explicitly in coordinates, if ¢ = (t1,...,t,) and
t'=(t},...,t)), then the condition ¢t = t’ is equivalent to the inequalities

t1 < t)
t +to < t) + 1t
(2.2)
tid -t St

of partial sums, provided t # t’. These inequalities are the condition (8) in [11, page 233] made
explicit for the case of G. The function Tp} () is not unique, but different choices give rise either
to filtrations with the same quotients, or possibly several consecutive quotients of a filtration may
be replaced with one filtration quotient isomorphic to their direct sum in the other filtration.

The Franke filtration of the (goo, Koo; G(Ay))-module A(py ,(r) is a finite descending filtration

(2.3) 2 Ay o) 2 Ay 2

where ¢ € Z, but only finitely many inclusions are proper. The quotients of the filtration are
isomorphic to

(2.4) o ALY o) N@ colim  M{py o) (R, L, 2)
AT D rngemy ()

T{P} () (L(z))

as (goo, Koo; G(Af))-modules. The colimit is taken over the full subcategory of M?{P}#}(W), consist-
ing of objects satisfying T(py o(x)(¢(2)) = i, defined as in [27]. The functor Mp) ,(x) is defined
by equation (2.1), so that the (goo, Koo; G(Af))-modules on the right-hand side are parabolically
induced representations.

The construction of the isomorphism between the quotients of the Franke filtration and the
induced representation on the right-hand side of (2.4) is based on the main values of the derivatives
of the degenerate Eisenstein series arising from the discrete spectrum automorphic representation
II at the value z of its complex parameter. Since the Eisenstein series in question may have a pole
at z, the map realizing the isomorphism is well-defined only as an element of the quotient. For
more details see [11, page 235].

3. AN IMPORTANT LEMMA

The description of the filtration in the examples below relies on the construction of the residual
spectrum for the general linear group by Moeeglin and Waldspurger in [29]. Recall that, according
to loc. cit., if n = km, then for a unitary cuspidal automorphic representation o of GL,,(A) the
induced representation

G(A k=1 k=3 k=1
IndP((m) () (a!det] T ®o|ldet| 2 ®@---®@o|det| 2 )

,,,,,,

has a unique irreducible constituent, denoted J(k,o), which is isomorphic to a summand in the
spectral decomposition of the discrete spectrum of G(A). For k = 1, we take J(1,0) = 0. For
m =1 and o a unitary Hecke character x of I, we have

J(n,x) = x o det,
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which is a character of G(A). Conversely, every unitary discrete spectrum automorphic represen-
tation of G(A) arises in this way.
A segment in the cuspidal support is the tensor product of the form

(3.1) oldet " @o|det "' @ @ o|det |*T @ o|det |,
where o is a unitary cuspidal automorphic representation of GL,,(A), real numbers a and b are

such that b — a is a non-negative integer, and the exponents of |det | are decreasing from b to a by
one, so that there are b — a + 1 factors in the tensor product. We write

Ao, [a,b])

for the segment above. The number of factors b — a + 1 is referred to as the length of the segment.
According to [29], whenever there is a segment as above (up to permutation of factors) in the
cuspidal support, there is a discrete spectrum representation of G'L(y_q41)m(A) isomorphic to

(3.2) J(b—a+1,0)|det|s"

with the cuspidal support in that segment. We apply this observation many times in the arguments
below.

We begin with a simple fact that given a cuspidal support , the triples in Mypy () are pa-
rameterized by partitions of 7 into disjoint segments (allowing segments of length one).

Lemma 3.1. Let # = my|det |*! ® - - - @ | det |** be a cuspidal automorphic representation of the
Levi factor L(A) of a standard parabolic subgroup P of G, where 7; are unitary cuspidal automorphic
representations of the general linear groups of appropriate size, and s1 > - -+ > s, are real numbers.
Then, the set Mpy o(x) @S in finite-to-one correspondence with the set of all partitions of the
cuspidal support m into segments. Given a partition into segments

A; = Aoy, [ai, bi]),

with i =1,...,1, of the cuspidal support 7, ordered in such a way that

@ +bi @it +bit
2 = 2 '
fori=1,...,1 =1, and where o; is a cuspidal automorphic representation of GLy,,(A), a cor-
responding triple (R,1L, z) in Mypy o(x) is given as follows. The standard parabolic subgroup R
corresponds to the ordered partition

(b1 —ar +1)ma,...,(by —a; + 1)my),
the discrete spectrum representation I of Lr(A) is given as the tensor product
n=Jjbi—ar+1,00)@ - J(b —a; + 1,09),

and the element z in the closure of the positive Weyl chamber in ﬁg defined by R is given as

L aj + by a; + b
~ — 2 gee ey 2 .

Other triples (R, 11, z) in Mpy o(x), corresponding to the same partition into segments, are obtained

by permuting the consecutive segments for which the values of ‘“T'H’i are equal.

Proof. The proof follows directly from the results of [29] mentioned above and the definition of the
Franke filtration, in particular, the set of triples Mpy ,(r), in Section 2. O
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The main lemma below is concerned with the comparison, with respect to the partial order
defining the filtration, of two triples in Mpy ,(x) of a special form. More precisely, we are interested
in the triples such that one of them can be obtained from the other by making the union of two
disjoint segments in the cuspidal support into a single larger segment.

Lemma 3.2. Let 7 = my|det |*! @ - - - ®@ 7| det |*F be a cuspidal automorphic representation of the
Levi factor L(A) of a standard parabolic subgroup P of G, where m; are unitary cuspidal automorphic
representations of the general linear groups of appropriate size, and s1 > --- > sy, are real numbers.
Suppose that © contains a segment of the form

A(U7 [x —a—b+ 175[5]) = U‘det‘z ®J|det |x—1 Q- ®0—‘det‘z—a—b+1,

of length a + b, where a and b are positive integers, x is a real number, and o is a unitary cusp-
idal automorphic representation of GLy,(A). Then, there exist triples (R, 11, 2) and (R',1',Z') in
M py () such that

e R and R' are standard parabolic subgroups of G containing P corresponding, respectively,
to the ordered partitions

(ma,...,my, (a+b)m,myy1,...,my)
and
(M, ey Mgy A, M1y« vy Moy, DM, My i1+ ., M)
of n, where (mq,...,my) is an ordered partition of n — (a + b)m.

o II and 11 are (unitary) discrete spectrum representations of the Levi factors
Lr = GLyy X+ X GLp,, X GL(gqp)ym X GLm,,, X -+ X GLp,,
and
Lr = GLyy X -+ X GLpy, X GLagn X GLpyy g X o+ X GLyp, X GLpy X GLyy X -+ X GLpy,
given, respectively, as the tensor products
I e--- M, J(a+b,0) @4 @ @11,
and
=L@ @I, J(a,0) @1 @ @I, @ J(b,o) @1 @ - @I

where 11; is a unitary discrete spectrum representation of GLy,,(A), fori=1,...,1.
e 2 and 2’ are in the closure of the positive Weyl chamber in ﬁg and El% defined by R and
R/, respectively, given as

< a+b—1 >
e LT e S SRRERE )
and
, a—1 b—1
2 =Rl s 2uy — T s Rutly ey Ry = 0= T 2yl -5 2L
2 2
where z1, ...,z are real numbers such that I1 and II' twisted by the character corresponding

to z and 2', respectively, are supported in the associate class ¢(m) represented by .
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The positions u, v and w of diagonal blocks arising from the given segment are determined by the
non-decreasing property of the sequences z and 2', i.e., by the condition

a
zuZJ:—T>zu+1,

and similarly for v and w. The triples (R,11,2) and (R',I',2") satisfy
Uz) = 1),
with respect to the partial order defining the filtration.

Proof. The existence of the triples of the form as in the lemma is clear. The two triples correspond,
in the sense of Lemma 3.1, to the same partition of the cuspidal support 7 into segments, except
that for (R, 1L, z) the given segment A(o, [x —a — b+ 1, z]) is taken in the partition as a whole, and
for (R/,Il', 2’) it is split into two segments A(o, [z —a + 1,2]) and A(o,[x —a—b+ 1,2 —a]). Tt
remains to show that «(z) > ¢(2/).

Since

the positions u, v and w satisfy
u<w <,

with possible equalities, and allowing degenerate cases u = 0 and v = [.
Writing ¢(z) = (1,- -+, Cn) and ¢(2') = (1, ..., ¢},) in coordinates, we have

G < fori=1,...,M,+am,
and
G>¢ fori=My+am+1,...,n,
where M; =mq +---+mj, j=1,...,1, and My = 0. In more details,

e for 1 <i < M, we have (; = (/, because they are both equal to the same z; with 1 < j < u;

o for M,+1 <i < M, we have ¢; = z; for some j with u+1 < j < w, and either (/ = z— agl
or ¢/ = zj with j > j/, so that ¢; < ¢/ = x — %5 by the definition of u in the first case, and
G = zj < zj» = (] by the non-increasing property of z and 2z’ in the second case;

o for My, +1 <i < My +am, we have ¢; = x — %=L and either ¢/ = 2 — %5t or ¢/ = z; with
u+1<j <w,so that ¢; < (] is obvious in the first case, and follows from the definition of
w in the second case;

o for My, +am +1 <1i < M, + (a+ b)m, we have (; = = — %b_l, and either (] = z; with
w+l<j<wvor( =x—a- b_Tl, so that ¢; > ¢/ by the definition of w in the first case,
and ¢; > (] is obvious in the second case;

o for My, + (a+b)m+1 <i < M,+ (a+b)m, we have (; = z; with w+1 < j < v, and either

G=zpwithj<j o =x—a- b;21, so that ¢; = z; > zj = (] by the non-increasing

property of z and 2’ in the first case, and {; = z; > v —a — b_Tl by the definition of v in the
second case;

o for My, + (a+b)m+1 <i <mn, we have (; = (/ as they are both equal to the same z; with
v+1<j5<1
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Therefore, the partial sums of +(z) and ¢(2') satisfy

G+ GSGt+G

for j =1,..., M, + am, because each summand satisfies (; < (! for i = 1,..., M,, + am. On the
other hand, since z and 2’ lie in ﬁg and dg/, respectively, we have

Gt =0+ 4+ =0

Hence, the remaining partial sums satisfy

Qo+ G =Gt +G) S (Gt + Q) =G+ G

for j = My +am +1,...,n, because (; > (] for i = M,, +am + 1,...,n. These inequalities of
partial sums imply ¢(z ) - L( / ) as required. O

4. THE FRANKE FILTRATION IN THE CASE OF THE CUSPIDAL SUPPORT OF A RESIDUAL
REPRESENTATION

In this section we consider the space of automorphic forms on G(A) with the cuspidal support
of a residual automorphic representation of G(A). The goal is to show that in that case the Franke
filtration can be arranged in such a way that the degenerate Eisenstein series contribute to the
same quotient of the filtration if and only if they are arising from the parabolic subgroups of the
same rank. This is in line with the Remark 2 in [11, page 242], and this fact is probably the point
meant by Franke in that remark.

Let n = km, and let o be a unitary cuspidal automorphic representation of GL,,(A). The
following theorem describes the Franke filtration of the (goo, Koo; G(A¢))-module of automorphic
forms on G(A), with the cuspidal support of the residual representation J(k, o), in the notation of
Section 3.

Theorem 4.1. Let P = P, ;) be the standard parabolic subgroup of G corresponding to the
ordered partition (m,...,m) of n, where n = km. Let
k—1 k—3 _
m=oldet| 2 ®o|det| 2 ®---®@o|det| 2

be a cuspidal automorphic representation of the Levi factor L(A) = Ly, .. m)(A), where o is a uni-
tary cuspidal automorphic representation of GLy(A). The Franke filtration of the (goo, Koo; G(Af))-
module Agpy o(r) of automorphic forms on G(A) with the cuspidal support in the associate class of
m can be deﬁned as the k-step filtration

Apy ) = Al 2 APyt 2 2 Alpy e 2 (0
where the quotients of the filtration are isomorphic to
D I(z,11) ® S(af c)

(RILz)EMp) () such that
the relative rank of R is k—i

1

Alp} o) ATPY o)

as (goos Koo; G(Ay))-modules, fori=1,... k, where we take .A{P} o) = = {0}, and the notation at
the right-hand side is as in Section 2.
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Proof. The cuspidal support as in the theorem, which is the cuspidal support of a residual repre-
sentation of G(A), is the segment

s ([ 455)

Hence, according to Lemma 3.1, the triples in Mypy ;) are in this case in one-to-one corre-
spondence with partitions of the segment A into disjoint subsegments, which are in one-to-one
correspondence with ordered partitions of k into positive integers. More precisely, Lemma 3.1
implies that the ordered partition (ki,...,k;) of k into positive integers corresponds to the triple
(R,IL,2) € M{P},Ap(w) such that

e R is the standard parabolic subgroup of GG corresponding to the ordered partition
(kym, kam, ... kym)

of n into positive integers;

e II is the residual automorphic representation of the Levi factor of R isomorphic to
J(k1,0) @ J(k2,0) ® - @ J(ki, 0);

e 2 =(21,...,2) is the element of the space ﬁg given by

k—K;,1—-K;

ZZ - 2 )
where K; = k1 +---+ kj, for j =1,...,[, and we set Ko = 0.

Observe that the relative rank of R equals [ — 1, where [ is, as above, the number of subsegments,
and that z is in the open positive Weyl chamber in ﬁ%, so that the correspondence of Lemma 3.1
really is one-to-one in this case.

The crucial new ingredient in the proof is Lemma 4.2 below, which shows that if two triples
(R,1L, z) and (R, 11", 2') in M{py ,(x) are such that R and R’ are of the same (relative) rank, then
t(z) and ¢(2) are incomparable in the partial order of the Franke filtration defined in Section 2.
Lemma 4.2 is proved below, and for the moment we take it for granted and finish the proof of the
theorem.

However, we first show that if (R,IL, z) and (R',1l', 2') in M{py ,(x) are such that R is of lower
relative rank than R’, then it is not possible that ¢(z’) > ¢(z). Suppose the contrary, i.e., R is of
lower relative rank than R’ and ¢(2’) > ¢(z) holds. But then, repeatedly dividing the subsegments
of (R,1I, z) into disjoint union of two subsegments in any way, and applying Lemma 3.2, we can
always end up with the triple (R”, 11", 2") in M{py () such that R" is of the same relative rank
as R, and 1(z) = «(2”). By the transitivity property of the partial order, it would follow that
t(2") > 1(2"), which is a contradiction with Lemma 4.2, because R’ and R” are of the same relative
rank.

Hence, we may define the function T(py () for the Franke filtration in terms of relative rank of
R. Given any triple (R, 1L, z) in M{py ,(x) of relative rank k — 4, where i = 1,...,k, we define

Tipyp(m(Uz) =i —1.
This is possible, because triples with R of the same relative rank are incomparable by Lemma 4.2,
and thus can be assigned the same value, while triples with R of different relative rank are ordered
according to their relative ranks, where lower relative rank should be assigned higher values as
proved above.
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The general form of the quotients of the Franke filtration, given in (2.4), with Typ} ,(x) as just
defined, now implies the theorem. Namely, the direct sum ranging over the relative rank of R in
(2.4) contains only one summand, because all R in the triples with the same value of T'(py () are
of the same relative rank. The colimit in (2.4) is, in fact, the direct sum, because the category
does not contain any non-trivial morphisms as all z are in the appropriate open positive Weyl
chamber. O

Lemma 4.2. In the notation of Theorem 4.1 and its proof, if the triples (R,I1, z) and (R',II',2’) in
Mpy o(x) are such that R and R’ are of the same relative rank, then 1(z) and 1(z') are incomparable.

Proof. The intuition behind this proof is that two broken lines inscribed in a convex curve, which
is a parabola in our case, with the same endpoints, do not intersect away from the vertices only if
one of their sets of vertices includes the other.

As explained in the proof of Theorem 4.1, the triples in Myp} /() are, according to Lemma 3.1,
in one-to-one correspondence with ordered partitions of k into positive integers. Let (R,II, z) and
(R/,1l', 2) correspond, respectively, to the ordered partitions

(kla"'akl) and (i??k;)

of k, where the lengths of the partitions are equal due to the fact that R and R’ are of the same
relative rank. Let

Kj=k +---+k; and K;:killeJrk‘;,
for j =1,...,1, so that K; = K] = k, and we set Ko = K, = 0. Then, as in the proof of Theorem

4.1, writing z = (z1,..., %) and 2’ = (21,..., 2]), we have
k— K1 — K; k- K ,—K!
2 = —121 Y and 2 = —221 L,

fori=1,...,1. Let
Nj=Kym=Fkm+---+kym and N]‘:Kgm:kim—i—---—i—k;m,

for j =0,1,...,1, so that N; = N/ =n, and Ng = Ny = 0.

Since the partitions corresponding to the two triples are different, but of the same length, there
exists an integer jop such that 0 < jo <[ and Nj, is different from all N; with j =1,...,1. Such jy
may not be unique, and we fix any of the possible choices. Then, for the fixed choice of jg, there
exist unique integers i(, and jj such that

!/

N ./ ./ 1 gt
NjOfNj(,J—i—zo, and 0 < i < J’6+1_Nj6*kj6+1m’

that is, NVj, is strictly between N, and N, .
0 0
Writing in coordinates ¢(z) = ((1, ..., () and ¢(2') = ({{, ..., (},), we have

G =2z, fori=N;_1+1,...,Njand j=1,...,1,

g‘{:z;-, forz':le-,l—kl,...,Nj{ and j=1,...,1.
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Consider the Nj,-th partial sums of these two sequences. For ¢(z), we obtain

G+ 4+

Jjo

= Niz1 + (Na — N1)zo + - + (Nj, — Njp—1)zj,
=m(kiz1 + kozo + -+ + k?jozjo)

[ (S e (52

k— K;
ijO 9 JO
n— N;
= NJO 2m 2
N
— - 0
()
(NG, +i0) - (n =3, ) i (v, + i)
a 2m 2m ’

where the sum k121 + kazo + -+ + kj,2j, in the second line equals exactly the sum of the first
K;, exponents in the cuspidal support, and at the end of the calculation we used the relation
Nj, = N’ + i(. On the other hand, for ¢(z’), the Nj,-th partial sum equals

Ci""'”""d\%:Ci"’_"'"i_C;V’_,-H’O
Jo

121+ (N3 — N{)25 - - (N/ N/ —1)2" + iz ] 141

= m( 1231 + k222 -4 k// ) + 7/02]/+1
/ /

B k+1 k—+1 E+1 , Ky - K
—m[(2—1)—|—(2—2>—|— +<2—Kj6>:|+lo' 2

, k—K, k- K, - Kl
_ . 0 4 i Jo

n — N/, an’ - N,
N b do_~dot

Jo 2m 0 2m

’ g\ A ’
(NJ‘a*ZO) (” Nja) 0N 1

2m 2m

)
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where again the sum k{z] + kbzh + -+ + k:;.(,)z;.(,) equals the sum of the first K J’.(,) exponents in the

cuspidal support.® As N;, = N]’., +i5 < N/,
0

i1 We have that the strict inequality
0

GGt 4N, >Q+ G+ +

of Nj,-th partial sums holds.

However, interchanging the roles of the two triples, the same argument as above shows that there
exist partial sums of ¢(z) and ¢(z") for which the opposite strict inequality holds. Therefore, ¢(z)
and ¢(2’) are indeed incomparable as claimed. O

5. THE FRANKE FILTRATION IN THE CASE OF DEGENERATE EISENSTEIN SERIES OF THE SAME
RANK CONTRIBUTING TO DIFFERENT QUOTIENTS OF THE FILTRATION

In this section we consider some examples of spaces of automorphic forms such that the degen-
erate Eisenstein series, arising from parabolic subgroups of the same rank, contribute to different
quotients of the Franke filtration. These are the first examples showing that the claim of Remark
2 of Franke [11, page 242] cannot be always achieved, i.e., the filtration cannot be defined based
only on the rank of the degenerate Eisenstein series.

5.1. The lowest rank example. We begin with the example of the lowest possible rank in which
the considered phenomenon occurs. We take n = 4, that is, the case of the general linear group G Ly
of rank three. Let A = A(GL4(F)\GL4(A),w) be the (goo, Koo; GL4(Af))-module of automorphic
forms on GL4(A) with the central character w.

Let 7 be a cuspidal automorphic representation of T'(A) =2 I x I xIx I given as the tensor product

T2x/|ex®x®x |,

where Y is a unitary Hecke character of the group of ideéles I such that xy* = w. In other words, 7
is the unitary cuspidal automorphic representation y ® y ® x ® x of T'(A) twisted by the character
of T'(A) corresponding to the element (1,0,0,—1) € dgL“. The Franke filtration of Agpy o(r) is
explicitly described in the following theorem.

Theorem 5.1. The Franke filtration of the (goo, Koo; GL4(Ay))-module Afpy o) of automorphic
forms on GL4(A) supported in the associate class @(m), represented by a cuspidal automorphic
representation

Ty |oxoxox|
of T(A), where x is a unitary Hecke character of 1, is the length four filtration

_ 0 1 2 3
ABYo(m) = ABY o) 2 ABY o) 2 AlBotm) 2 AlB)em 2 {01

3The first named author discovered that their little daughter Lana, when she was 11 months and 5 days old, typed
at this place in the text the following lines:

Z
/822340,332
2
2

Although nobody knows the meaning of these lines, it must be very deep and extremely important. We strongly
believe that the understanding of these lines would lead to the full understanding of the Langlands program.



18 NEVEN GRBAC AND HARALD GROBNER

where the quotients of the filtration are isomorphic to

3 ~ GL4(A) GL
A{B}M(W) = IndP(34>( A) ((xodet) @ x)® S (aP(341> C)

~ 1 1GL .
A%B},w(ﬂ)/A?B}M(W) =In dP(2,42(>()) <(X odet)|det|"/* @ (x o det)| det | 1/2) ® S5 (QJGD(?z) ‘C)
1 2 ~ GL4(A) 1/2 _1 GL
Ay g Ay oty 2T (o det) det 2@ x @ x| @5 (afle | o)

qOLa®) 1/2 GL
DD, (xll@xe@ (codet) det|2) @ 5 (aF o)

+
Ay s/ ALy o = (s (@ x@xexI M) @5 (a5%))

s (§oos Koo; GL4(Ay))-modules. The exponent + on the right-hand side of the last quotient refers to
the +1-eigenspace for the action of the non-trivial intertwining operator obtained using the functor
MRy o(x) from the unique non-trivial automorphism of the corresponding triple in Mgy o (x)-

Proof. The Franke filtration is defined in terms of triples in Mgy (r) and their morphisms, as
explained in Section 2. To construct those triples, we start with the cuspidal support. It gives the
triple
(B,x ®x®Xx ®Xx,(1,0,0,-1)).

According to [29], as explained in Section 3, the discrete spectrum representations of Levi factors
supported in ¢(7) are determined by the segments appearing in the cuspidal support. Besides
segments of length one, these are

Xl 1®x,

xex| [,

xll@xex| |

Using these segments, we may form five more triples in Mgy (). More precisely,
MBy ) =1 (B,x®@x®x®Xx,(1,0,0,-1)),
(P,1,1), (x odet) @ x ® x, (1/2,0,-1)) ,
(Pa,12), X © x ® (x odet), (1,0, -1/2)),
(P2,2), (x o det) ® (x o det), (1/2,-1/2)),
( Xodet) ® X, (0, 0))
(P(1,3)a X® (X o det)? (07 0)) } :
The only morphisms between these triples is the automorphism of the first triple given by the trans-
position of the inner two factors, and the isomorphisms between the last two triples interchanging
the two factors.
The last entries of the triples in ./\/l{ B},p(r), viewed as elements in a

S{B},gp(w) :{(17070>_ )?(1/2> 1/2707_ )7( > 7_1/2a_1/2)>
(1/2,1/2,-1/2,—-1/2),(0,0,0,0) }

The function Tpy ,(x) on the set Sipy ,(x) is chosen as in Table 5.1. The partial sums required
for making a good choice of T(p} ,(r) are given in the same table. The inequalities between partial

VG 4 give the set
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R I z 1(2) = (€1,62,(3,¢4) | G | Ci+C | G+C+C | Tiy,em(t(2)
B XX XX (1,0,0,-1) (1,0,0,-1) 1 1 1 0
P(27171) (xodet) ® x ® x (1/2,0,-1) (1/2,1/2,0,-1) 1/2 1 1 1
P(17172) X ® x ® (x o det) (1,0,—1/2) (1,0,—-1/2,-1/2) 1 1 1/2 1
P(Q,Q) (xodet) ® (xodet) | (1/2,-1/2) | (1/2,1/2,-1/2,-1/2) | 1/2 1 1/2 2
P(3,1) (x odet) ® x (0,0) (0,0,0,0) 0 0 0 3
P(1,3) X ® (x o det) (0,0) (0,0,0,0) 0 0 0 3

TABLE 5.1. The definition of Ty () (R, 11, 2) along with the partial sums for ¢(z)
required for comparison. The sum (7 + (2 + (3 + (4 is omitted, because it is always

zero due to condition s € ElgL“.

sums as in (2.2) impose conditions on values of Typy ,(r), and we choose for those values consecutive
integers from 0 to 3. The two triples with the value 1 of T{py ,(x) are in fact incomparable, and
could be given two different values. Our choice of T(py () puts them in the same quotient of the
filtration, but they form a direct sum, so that they could make two consecutive quotients in any
order.

Finally, having found the triples in Mg} ,(r) and their morphisms, and having defined the
function Ty{py (x), We are in position to describe the quotients of the Franke filtration in this ex-
ample. According to equation (2.4), the quotients of the filtration are certain colimits of induced
representations obtained from the triples in Mgy ,(x). For the quotients A% B}’w(w)/ A% B () and
A% B} () / A? B} p(r) the claim of the theorem easily follows, as there are no non-trivial isomor-
phisms between the triples in Mgy ,(r) with values 1 and 2 of the function T(py ,(x), S0 that
the colimit is just a direct sum. For the space A‘? Bl there are two triples in Mgy ,(x) with
value 3 of the function Typy ,(r), and there is a unique isomorphism between them, so that the
colimit is isomorphic to one of them. This gives the claim for A? Bo(n)" Finally, for the quotient

A({)B}M(ﬂ)/A‘l{B}M(ﬂ), there is a unique triple in Mg} () With value 0 of the function Tp} ,(x),
but it has a non-trivial automorphism. Hence, the colimit in this case is the +1-eigenspace of
the intertwining operator obtained from that non-trivial automorphism by applying the functor
M{By,»(x), as in the statement of the theorem. See also [27] or [14] for the calculation of these
colimits. g

The main point of the example of the Franke filtration in Theorem 5.1 is that there are two
different quotients of the filtration arising from degenerate Eisenstein series associated to discrete
spectrum automorphic representations of the Levi factors of parabolic subgroups of the same rank.
More precisely, the quotient A‘? Bl arises from the degenerate Eisenstein series, associated to
the representation (x o det) ® x of the Levi factor L3 1)(A) = GL3(A) x T of relative rank one, at
the value zero of its complex parameter. This Eisenstein series is holomorphic at the value zero.
On the other hand, the quotient A% B}’w(w)/ .A? B} () arises from the degenerate Eisenstein series,
associated to the representation (yodet)® (xodet) of the Levi factor L 2)(A) = GL2(A) x GLa(A)
also of relative rank one, at the value (1/2, —1/2) of its complex parameter. By direct calculation, or
invoking [20, Thm. 5-2], we see that this Eisenstein series has a simple pole at the value (1/2,—1/2),
but the residues are not square-integrable. That is the underlying reason for the need of another
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degenerate Eisenstein series, coming from a parabolic subgroup of the same rank, contributing to
a lower quotient of the filtration.

5.2. More general results. The cases considered here are a generalization of the previous example
to the case of n = 2m > 4, that is, the general linear group G = GLo,, of odd rank 2m — 1.
We consider the Franke filtration of the (goo, Koo; G(A))-module Agpy ,(r) of the automorphic
forms supported in the associate class ¢(7) of cuspidal automorphic representations of the torus
T(A) 21T x---x I, where I appears 2m times as a factor, represented by

T2y " ex| M e exlexeoxex| [TTe @ x| [T x|,

where x is a unitary Hecke character of I. In other words, 7 is the unitary character y ® - - - ® x of
T(A), twisted by the character of T'(A) corresponding to
(m—1,m—2,...,1,0,0,—1,...,—(m —2), —(m — 1)) € a%.

As above, we consider the automorphic forms of the fixed central character w, so that x should be
such that x?™ = w. The following theorem describes the part of the Franke filtration of A(B}o(r)
in which the considered phenomenon occurs. The rest of the filtration is not described explicitly,
because the description is combinatorially demanding and does not provide further insight in the
considered phenomenon.

Theorem 5.2. The Franke filtration of the (goo, Koo; G(Ay))-module Apy ,(x) of the automor-
phic forms on G(A) supported in the associate class o(m), represented by a cuspzdal automorphic
representation

x| " ex "o ex|loxeoxexl T e oxl TP e x| 7Y,
of T(A), where x is a unitary Hecke character of I, is of the form

_ 40
AByo(m) = AB} p(n) 2 'A{B} o(m) Z A{B} o(m) Z 2 {0},
where the last two quotients of the filtration are isomorphic to

’A{B} p(m) = IndP(2 —1,1)(4) (xodet) ®x)® 5 (aP(2 —1,1)» C)

~ A m—1
AG i Ay oty 25 (o det)] det| "3 @ (x o det) det |57 ) @ 5 (a5, ¢

as (oo, Koo; G(Af))-modules. The length £+ 1 of the filtration is not given explicitly, as it depends
on certain choices in the definition of the filtration.

Proof. As in the proof of Theorem 5.1, we first need to find the triples in Mypy (), and this boils
down to finding all segments in the cuspidal support
2y |"rex| "o el lexex®@x| T e @ x| [T @ x| T,

On the other hand, according to Lemma 3.1, this task is reduced to finding all partitions of the
sequence of exponents

(m—1m-2,...,1,0,0,—1,...,—(m —2),—(m — 1))
into subsequences of consecutive integers.

Since our aim is to describe only the two deepest quotients of the filtration, we will first find all
the triples (R, 11, 2) in M{py ,(r) With R a maximal proper parabolic subgroup, and then show that
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the remaining triples are either incomparable or contribute to shallower filtration steps than those
with a maximal parabolic subgroup R. Observe that there is no residual automorphic representation
of the full group G(A) supported in ¢(), so that there is no triple in Mg} () with R = G.

The discrete spectrum automorphic representation of the Levi factor of a maximal proper par-
abolic subgroup corresponds to a partition of the sequence of exponents of the cuspidal support
into two subsequences. Since 0 in the only integer appearing twice in the sequence of exponents, it
should appear once in both subsequences. Then the remaining exponents can be divided between
the two subsequences of consecutive integers in only two ways: either all of them belong to one
of the subsequences, or the positive exponents belong to one of the subsequences and the negative
exponents to the other. Hence, the triples (R,II, z), with R a maximal parabolic subgroup, are
given as follows

(Pam-1,1): (x o det) ® x, (0,0))
(Pa1,2m—1): X ® (x o det), (0,0))

m—1 m-1
(P(mm),(xodet)@(xodet),< 7 5 )>

and the only non-trivial morphisms between them are the isomorphisms between the first two
triples, given by the interchange of the two factors.
For these three triples the inclusion ¢(z) of z into a% is given as

t(0,0) = (0,...,0),

m—1 m-1\ (m-—1 m—1 m-—1 m—1
L 2 b 2 - 2 PR 2 ) 2 PR 2 b
where mTfl and —mTfl in the second line both appear m times.
Let (R,II, z) be any triple in Mgy ,(x) Write ¢(2) = (¢1,...,(n) € % in coordinates. Since z is

lying in the closure of the positive Weyl chamber in ﬁg, we have

G >G and Gt G =0,

Thus, ¢; > 0 and ¢, < 0, and the partial sums (7 + - - - + (; are first increasing starting with ¢; > 0
and then decreasing until reaching zero at the end. This implies that all the partial sums (1 +- - -+
are non-negative, and at least one of them is positive, unless ¢(z) = (0,...,0) which may happen
for the considered cuspidal support only if R = Fg,,_1,1) or R = P(j 9,—1). In other words, triples
with ¢(z) = (0,...,0) contribute to the deepest quotient of the filtration, and we may define

T{B}#,(Tr) (O, ey 0) =/,

for some sufficiently large positive integer ¢, and then necessarily require that Typy ,(r)(¢(2)) < ¢
for the third entry z of all (R,II,2) in Mypy () other than those two with R = Py,,_1,1) and
R = Py 2m-1)-

We now consider a triple (R',I',2') in Mypy () such that R’ is not a maximal parabolic
subgroup. Writing again ¢(z') = ({{,...,},) in coordinates, we have

¢ =-->¢, and ¢ +---+¢,=0.

Then this triple corresponds to a partition of the sequence of exponents of the cuspidal support
in more than two subsequences of consecutive integers. If the subsequence containing the largest
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exponent m — 1 ends with some integer [ > 0, then the first entry of ¢(2’) is given as in (3.2) by
, (m=1)+1_m-1
G =

> )
2 2
so that ¢(z’) is either incomparable to ¢ (51, =), or

—1 m—1
2 2

-1 -1
L(m2 ,—m2 > = 1(2))

On the other hand, the same conclusion is obtained if the sequence containing the least exponent
—(m — 1) starts with an integer —I, where [ > 0, because then the partial sum
—(m—-1)—1 m—1)+1_ m-1
Gt 4 Gy == = == 5 L. 2)+ >
Hence, the only remaining possibility is that the subsequence which contains m — 1 also contains
0, and the same for —(m — 1). But then, there are only two subsequences, and that cannot happen
since R’ is not maximal. In this way, we have proved that, for any triple (R',II', 2’) with R’ not

maximal, ¢(z’) is either incomparable to ¢ (mTfl, —mTfl), or

m—-—1 m-1 ,
L< 5 Ty >>L(z).

m—1 m-—1
T{B}w(w)(L( 5 T3 ))—5—1

and require Typ} ,(r)(t(2')) < £ — 1 for the third entry 2’ of all (R, I, 2) in M{py ,(x) such that
R’ is not maximal. The freedom of choice for Typy o) would allow Typy ,(r)(t(2')) = £ — 1 for

Hence, we may define

t(z') incomparable with ¢ (mT_l, —mT_l), but we choose that Typy ,(x) takes value £ — 1 only at

L (mTfl, —mTfl) Otherwise, the filtration quotient “4631},@(@/ Af B}o(m) would have more than just
one direct summand indicated in the statement of the theorem.

Finally, according to (2.4), the module .Af B},p(x) 18 isomorphic to the colimit of the two induced
representations given by triples in Mgy o) With R = Pg,,—11) and R = Py 2p,—1). Since there
is a unique non-trivial isomorphism between them, the colimit is isomorphic to one of these rep-
resentations, as claimed in the theorem. With our choice of T(py ,(r), there is only one triple in

. . . /—1 ¢ . .. .
M{ Bl () con'trlbutlng to the quotient .A{ Bl (r) / A {B}p(m)’ with no‘ non-trivial automo?phlsms.. It
is the triple with R = F(;;, 1), and the quotient is isomorphic to the induced representation coming

from that triple, as claimed. 0

The main point of Theorem 5.2 is that we again have two different quotients of the filtration
arising from the degenerate Eisenstein series associated to discrete spectrum automorphic repre-
sentations of the Levi factors of parabolic subgroups of the same rank. The degenerate Eisenstein
series contributing to AfE B} () is associated to the representation (y o det) ® x of the Levi fac-

tor L(Qm_l’l)(A) of the relative rank one parabolic subgroup P, 11). It is holomorphic at the
point of interest, which is (0,0). The quotient A?Eé () / Af BYo(n) is determined by the degenerate

Eisenstein series associated to the representation (yodet)® (yodet) of the Levi factor Ly, ,,)(A) of
another relative rank one parabolic subgroup P, ). According to [20, Thm. 5-2], this Eisenstein

series has a simple pole at the point (mTfl, —mTfl), but the residues are not square-integrable. As
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in the previous low rank example, this non-square-integrability of residues is the reason for these
two degenerate Eisenstein series, although associated to the parabolic subgroups of the same rank,
cannot contribute to the same quotient of the filtration.

6. THE FRANKE FILTRATION IN THE CASE OF DEGENERATE EISENSTEIN SERIES OF HIGHER
RELATIVE RANK CONTRIBUTING TO DEEPER QUOTIENTS OF THE FILTRATION

In this section, we consider cases in which ordering of contributions to the quotients of the Franke
filtration according to the relative rank of the degenerate Eisenstein series is reversed, compared to
the case of cuspidal support of a residual representation in Section 4. In other words, degenerate
Eisenstein series arising from parabolic subgroups of higher relative rank contribute to some deeper
quotients of the filtration. These examples show once more that the Franke filtration for the general
linear group cannot be defined based only on the rank of degenerate Eisenstein series, mentioned
in Remark 2 [11, page 242]. The filtration is much more involved already in the examples below.

6.1. The lowest rank example. The phenomenon considered in this section occurs in the case
of the general linear group GLg of rank five, i.e., n = 6. Let A = A(GLg(F)\GLg(A),w) be the
(o0, Koo; GL(Af))-module of automorphic forms on G'Lg(A) of central character w.

Let 7 be a cuspidal automorphic representation of the torus T'(A) = I xIx I x I x I x I isomorphic
to the tensor product

T2 x| PP ox [V oxI " ex| | e x| T2 o x| |2,

where y is a unitary Hecke character of I such that % =
automorphic representation y ® y ® x ® x ® x ® x of T'(A
corresponding to

w. Thus, 7 is the unitary cuspidal
), twisted by the character of T'(A)

(3/2,1/2,1/2,-1/2,-1/2,-3/2) € aGrs.

The following theorem explicitly describes the Franke filtration of the (goo, Koo; G(Af))-module
A(B},p(x) of automorphic forms supported in the associate class ¢(7) of .

Theorem 6.1. The Franke filtration of the (900, Koo; GLe(Ay))-module Afpy o(x) of automorphic
forms on GLg(A), supported in the associate class o(m), represented by a cuspidal automorphic
representation

13/2 2ox| M ex| T2 @ x| |72 @ x||73/2

m =X @ x|

of T(A), where x is a Hecke character of 1, is the length eight filtration

_ 0 1 2 7
ABYo(m) = ABy o) 2 ABrem 2 ABLem 2 - 2 ABYem 2 {0}
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where the quotients of the filtration are isomorphic to
7 ~ GLg(A) GLg
Al By () = Indp(4 (A) ((xodet) ® (xodet))®S <ap( . C)
dGLG(

~ 1 GL
ALy o(m)/AlBY o) = Indp (XHQ@(XOdet)@XH 2>®5<ap<1641><c>

~ GL G
A3y A 3y oty = T 0 (o det) [ det |2 @ (x o det)] det |3) @ 8 (635 o)

~ TndGLle®) i —3 GL
‘A{B},cp(ﬂ)/‘A{B} o) = IndP(362 () ((X odet)| det |2 ® (x o det) ® x| | 2) ®S (ap<362 b C)
G Le(®)

nd o0, ((Xodet |det |2 @ x| |2 ® (x o det)| det |~ 1) ® S5 (agé‘;l) c)
géﬁwm ((x o de)] det | @ (x o det)| det |2 @ x|| ) @ 5 (ke )
Dty (17 @ (xodet) @ (xoden)] det |2 ) @5 (a, )
Ay ) [ ALy ) = I ) (0 det) det | @ (x o det) @ (o det)| det | ) @ 5 (aFle | o)
Pmag® . ((xodenidett @ x|[Fex||Fex [ F)es (a o)
Pmag=® L (}Fex|Fex||F e (code)|det|F) @5 (afl )
@ (Indgii(Q)l) (X‘ \2 ® (x o det) @ (x o det) ® x| ‘_%> ®S < g{fnl) C))+
Ay [ 1nd1‘j(’;f2<’17)1)(m ((X o det)| det | ® (x o det) ® y| |72 @ x| \_%) ® S( a5t 1),<c)

GLs(A 1 1 _
@Ind s )(A) ((Xodet)|det|®xH2 ® x||72 ® (x odet)|det | 1>®S<ag£6112)(c)

P2,1,1,2)
GL _
P dP<161(2)2 “ (x\ 3@ x| |7 @ (xodet) ® (x o det)| det | 1) ® S (a,%'(fﬁm) C)
1 2 ~ GLg(A) 1 —1 _1 _3 .GL +
Ay o)/ Al BYen) = (I ndp @) <(X°det)|det|®xl Fexl| 2oyl ) ®S< P<26111,1>7<C>)

GLg(A G
Pmag=® o (AEexlEeeode x| o) es (6, | o

GLg(A 3 1 1 _1 .GL +
D (maZoh) ) (M el o xd 2@l @ (coden|det| ) @ (af, o))
GLg( 3 1 1 _1 _1 _3 +7+
Ay ot/ ALy iy = (G (ME ol o] Foxl | oxl el ) os (k)

as (goos Koo; GL6(Ay))-modules. The exponent + on the right-hand side of the quotient of the
filtration refers to the +1-eigenspace for the action of the non-trivial intertwining operator obtained
using the functor M(py ,(x) from the unique non-trivial automorphism of the corresponding triple in
M By o(x)- The exponent +,+ on the right-hand side of the last quotient refers to the intersection
of +1-eigenspaces for the action of the non-trivial intertwining operators obtained using the functor
MRy o(x) from the three non-trivial automorphisms of the corresponding triple in Mgy, o(x)-

Proof. The proof of this theorem is a direct application of the definition of the filtration, as in the
proof of Theorem 5.1. According to Lemma 3.1, the triples in Mg, () are in the correspondence
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P1,4,1)
Pra3)

Paany  Fai12&FPaaso Pa3.1) & Pa1,3) FP(1,2,3)—/
FPia1.1,1) 1,3,1,1) P2.2.9 Pi131)&Fi.1,1,3)
\ I/

(2,2,1,1) P2,1,1,2) P12,

P21,1,1,1) FP1,1,2,1,1) Pi1.1,1,1,2)

Pi22.1)

B

FIGURE 6.1. Partial order on triples (R, I, z) in Mg} () required for the Franke
filtration. In the figure a triple is represented by its parabolic subgroup R. The
notation R& R’ means that the triples (R,1II, z) and (R',II', 2’) satisty «(z) = ¢(2/),
and thus cannot be distinguished by the partial order. Arrows point from larger
triples towards smaller triples. Big curly bracket above B denotes that the triple
with B is smaller than all other triples.

25
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R I z 1(z) T (B}, o(m) (1(2))

B XOXDXDXDXDX (237353 | (533 -3-3-3) 0
Poaaiy | (xodet) ®Xx®x@x®x L3-3-3-3 | OLL3-3-5-3) 1
Paioiny | x®x®(xodet) ® x®x (3:3:0,—3.-3) (3:3,0.0,-3,-3) 1
Paiaae | X®XBX®X® (xodet) (3:3.3.-3.—1) (3.33.-3-1-1) 1
Pio11y | (xodet)® (xodet) ®x®x (1,0,—3,—-3) (1,1,0,0,—3,-32) 2
P11, (xodet) ® x ® x ® (x o det) (1,%,—%,—1) (1,1,%,—%,—1,—1) 2
P11,2,2) X ® x ® (x odet) ® (x o det) (%,%,0,—1) (%,%,0,0,—1,—1) 2
Paao1) | x® (xodet)® (xodet) ®x (3,0,0,-3) (2,0,0,0,0,—3) 3
P,1,1,0) (xodet) @ x®Xx ® X (333 —3) (33333 —3) 3
P, X ® (xodet) ®x® x (333 —3) (33333 —3) 3
P X®X® (xodet) ®x (33 -3 —3) (333 -3 3 ~3) 3
Pa1.s) X®X® X ® (xodet) (33.-3—3) (3.3-3 -3 -3,~3) 3
P2,2,2) (x odet) ® (x odet) ® (x o det) (1,0,-1) (1,1,0,0,—-1,-1) 3
IETRY) (x odet) ® (x odet) ® x (%,0,—%) (%,%,%,0,0,—2) 4
P(s,1,2) (x odet) ® x ® (x o det) (%,%,—1) (%,%,%,%,—1,—1) 4
P1,32) X ® (x odet) ® (x o det) (3.%,-1) (3,4,4,3,-1,-1) 4
P31y (x o det) ® (x odet) ® x (1,-%4,-4) (1,1,-4,-4,-4,-1) 4
Pa13) (x o det) ® x ® (x o det) (1,-%2,-1) (1,1,-%4,-4,-4,-1) 4
Pa,2,3) X ® (x o det) ® (x o det) (%,0,—%) (%,0,0,—%,—%,—é) 4
P41 X ® (x o det) ® x (5:0.—3) (5,0,0,0,0,—3) 6
P33 (x o det) ® (x o det) (3:-3) (33333 —3) 5
P, (x o det) ® (x o det) (0,0) (0,0,0,0,0,0) 7
P20 (x o det) ® (x o det) (0,0) (0,0,0,0,0,0) 7

TABLE 6.1. The triples (R,IL, z) in Mgy ,(r) and the definition of the choice of
TiBy,o(r) (t(2)) based on the partial order given in Fig. 6.1.

with partitions into segments of the sequence of exponents

appearing in the cuspidal support m. These are all listed in Table 6.1.
The groupoid Mgy ,(x) has non-trivial morphisms. More precisely, the pairs of triples with
parabolic subgroups

P(3,1,1,1) and P(1,3,1,1)
P(1,1,3,1) and P(1,1,1,3)
P(3,1,2) and P(1,3,2)
P(273,1) and P(2,1,3)
P(472) and P(2’4)



UNEXPECTED PHENOMENA IN THE FRANKE FILTRATION FOR GLy, 27

have unique isomorphisms between each other. The triples with parabolic subgroups

Poi1,)
Paji,2)

Pia2a1)

have a unique non-trivial automorphism, and the triple with the Borel subgroup B has three non-
trivial automorphisms, one of which is the composition of the other two.

The partial order -, required in the definition of the Franke filtration in Section 2, is given
in Figure 6.1. It is determined by the partial sums of the inclusions ¢(z) into dgLG of the third
component z of the triples in Mgy ,(r), see equation (2.2) and Table 6.1. The choice of the function
T(B},p(r) in Table 6.1 is made so that the condition of Section 2 is satisfied.

The description of the quotients of the Franke filtration given in the statement of the theorem
now follows from the description in (2.4) of Section 2. In some of the cases the colimit of (2.4) is
non-trivial, because there are non-trivial isomorphisms in Mgy (). These cases are mentioned

above. In the quotient AE B ()’ there are two triples with an isomorphism between each other, so
that the colimit is isomorphic to the image of My () on one of them. In the quotient A‘{1 B}o(m) /
A? B} ()’ there are two such pairs of triples, so we get contribution to the direct sum from one

member of each pair. In the quotient A‘? B}#(W)/ A‘{l Bl p(n)r We again have two pairs of triples with
isomorphisms, but also a triple with a non-trivial automorphism. The two pairs of triples contribute
as in the previous quotient, while the triple with a non-trivial automorphism contributes with the
+1-eigenspace of the corresponding automorphism on the parabolically induced representation. In
the quotient .A% Bl () /A% Bo(n)’ there are two triples with a non-trivial automorphism, so that

each of them contributes with the +1-eigenspace. Finally, in the quotient A? Blo(m) / .A% B} o(n)
there are three non-trivial automorphisms of the same triple. One of these automorphisms is a
composition of the other two. In that case, the direct computation of the colimit implies that the
contribution is given by the intersection of +1-eigenspaces of the corresponding automorphisms on
the parabolically induced representation. See [27] or [14] for details regarding computation of the
colimits. 0

6.2. More general results in the case of n even. Let n = 2m > 6, that is, we consider the
general linear group G = G La,, of odd rank 2m — 1. The results presented here are a generalization
of the previous example in the case of any even n > 6. It also generalizes the results of Theorem
5.2. The cuspidal support is still in the Borel subgroup, but there is a whole segment of exponents
appearing twice in the cuspidal support, and not only the exponent zero as in Theorem 5.2. How-
ever, some of the arguments are quite similar to the previous cases, and thus, we omit some details,
but emphasize the differences.

Let A¢py o(x) be the (oo, Koo; G(Af))-module of automorphic forms, with a fixed central charac-
ter w, supported in the associate class ¢(m), represented by a cuspidal automorphic representation
mof T(A) 21 x --- x I, where the group of ideles I appears 2m times as a factor, given as the
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tensor product
_atl _a—1 a+l
T[T ex||"T T @ ®XH : ®XH
a—1 L—l
®x|| 2 ®><H ey ex||TT

—(m—< _i
@xI 7% @xl [T @@ 7" 2>®xu<m ),
where x is a unitary Hecke character of I such that sz = w, and « is an integer such that
2 < a <m—1. Thus, 7 is the unitary character y ® --- ® x of T(A) twisted by the character of
T'(A) corresponding to

a+1 a—1 a+3 a+1
(m_ 9 , M — 9 P 9 ) 9 9
a—1 a—1 a—1 a-1
9 ) 9 Sy T 9 s 9 )
a+l a+3 <ma—1> (ma+1>>€dG
9 ’ 2 PRI 2 ) 92 B-

The case o = 1 is omitted because it gives Theorem 5.2. In the theorem below we additionally
suppose that
m+1

5
This is a simplifying technical assumption, under which we may explicitly describe a large part of
the Franke filtration of A(py ,(r), and the considered phenomenon may be easily observed. The
cases with a > m;‘ L are combinatorially more demanding.

For the statement of the theorem, we require more notation. In the setting as above, consider the
set of triples (R,1I, z) € M By, (r) such that R contains a diagonal block of size 2m — . According
to Lemma 3.1, such triples correspond to partitions of the cuspidal support 7 into segments which

contain the segment
1 1
S Gl G o R )

The segment A is the longest possible segment in the cuspidal support .
Having fixed the segment A, the partition of the cuspidal support into segments is reduced to
the partition into segments of the remaining segment

a—1 a—-1
A=A —
)
in the cuspidal support 7, which is the support of a residual representation of G L, (A) and we may

use the results of Section 4. Let

AZ:A(Xa [aiabi])a Z‘:17"'7;{77

a <

be the partition of the segment A’ into disjoint subsegments, ordered in such a way that the
mid-points of A; and A;4q satisfy
a; +bi _ aip1 +bip
2 2
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fori=1,...,k— 1. If o; denotes the length of the segment A;, then (a,...,a) form an ordered
partition of « into positive integers. Conversely, any ordered partition of « into positive integers
gives rise to a partition of A’ into disjoint segments.

Let iy denote the largest integer 1 < ¢ < k such that aith; g non-negative. Since % > 0, such

2
. . . . iy Tbi
14 always exists. We consider separately two cases depending on the value of i Tt

that the mid-point of the segment A is zero.

ai, +bi,
2

. Observe

In the case of > 0, the only segment in the partition with the mid-point zero is A. Hence,
the segments in the partition of the cuspidal support 7 in this case are ordered in a unique way as
Ala . ',Ai.»,_a A7Ai++1a e '>Ak:a
and the corresponding triple (R, I, z) € Mypy ,(x) is unique. As in Lemma 3.1, it is given as

e R= P(al,...,ai+,2m—o¢,ozi++1,...,o¢k)
o [I =yodet®yodet®---® xodet, where det is the determinant on the algebra of matrices
of the appropriate size,

a1+b; @iy tbiy () Gipritbiyt ak+bk>
5y, i, 0, 5 pony R,

is of relative rank k,

o 2=

@iy iy

In the case of 0, the segments in the partition with the mid-point zero are A and A; .
Hence, the segments in the partition of the cuspidal support 7 in this case can be ordered in two
ways

Al,...,AZ‘+_1,A,A1'+,AZ'++1,...,Ak, and Al,...,AiJr_l,A A,Ai++1,...,Ak.

)
The two corresponding triples in the correspondence of Lemma 3.1 are given as follows
e R =P

(O150s00 | —1,2M— 0,0 306 | 41500500

o II' = yodet @y odet ® - - -® x odet, where det is the determinant on the algebra of matrices
of the appropriate size,

is of relative rank k,

r _ (a1+b aiy—1+bi 1 ai, 41+bi, 41 ap4-by,
ez = 1217-.-, 9 ,0,0, D) gee ey 2 s
and
/o . .
* R = P((X17---7(Xi+—1,06i+,2m—a7ai++l7m7ak) is of relative rank £,

o II" = yodet ®yodet ® - - - ® x odet, where det is the determinant on the algebra of matrices
of the appropriate size,

n_ {a1+b aiy —1+bi, —1 0.0 @i 41+bi 41 ap+by
- PR 2 y Uy Uy 2 PR ) .

ez

For the purpose of stating the theorem below, for each partition of the segment A’, we choose
one of the triples (R,1II, z) € MB} (m) corresponding as above to that partition with the segment
A of length 2m — o added. The set of chosen triples is denoted

/
{Bhp(m)

In the notation as above, the choice must be made only if "+ =0, and in that case there are
two possible choices. The results do not depend on the choices made.

ai++b
2

Theorem 6.2. The Franke filtration of the (goo, Koo; G(Ay))-module A¢py () of the automorphic
forms on G(A), where 2m > 6, supported in the associate class p(m), represented by a cuspidal
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automorphic representation

_oatl _a—1 a+1
=X " x| M @ ®x|\ > ®x!|

a1 ol o _a-1
®><H2 ®><H2 @I @xl7
—(m—g m—ofl
@xl|"F exl |7 oo/ 2)®x||( )
of T(A), where x is a unitary Hecke character of T and 2 < a < m—“, s of the form
l—a+1
ABom) = AlB) o(m) 2 A8} o) 2 A5} o) 2 Aot 2 2 Alsem 2 (01

where the last o + 1 quotients of the ﬁltmtzon are tsomorphic to

Al gy oy = Ind G A)((Xodet)®(Xodet))®5(ﬁ§(2m_a’a)’c>

(2m— aa)(

A?B?_;z /AfEB?—:;Z—F)l = @ I(§7H)®S(ag7c), fOT’iI 1,...,0[—1
(R,II z)EM{B} such that
the relative rank of R is a—i+1
« ~ A m—a
A JAC s TS < ) o ((X o det)| det |*7* @ (x o det)| det |~ ) ® S ( i C)

as (goos Koo; G(Af))-modules, where ./\/lf{B} o(r) denotes the set of triples defined above. The length
£+ 1 of the filtration is not given explicitly, as it depends on certain choices in the definition of the
filtration.

Proof. As in the proof of Theorem 5.2, we consider the subsequences of the sequence of exponents

a+1 a—1 a+3 a+1
<m_27m_ 2 3y 2 ) 2 ’
a—1 a—1 a—1 o-1
2 ) 2 gy 2 s 2 )
a+l o+3 a—1 a+1 e
Ty Ty ,...,—<m— 5 >,—<m— 5 ))EaB.

appearing in the cuspidal support. These exponents are not always integers and we need subse-
quences which are segments in the sense introduced in Section 3.

Since there is no residual representation of G(A) supported in ¢(7), there is no triple (R, II, 2) in
MB}p(x) With R = G. For the triples (R,1I,2) in Myp) () With R a maximal proper parabolic
subgroup, we observe that the exponents %‘1, e —%‘1 are the only exponents appearing twice
in the sequence, so each of the two segments must contain them. The remaining exponents are
divided between the two segments in such a way that either all of them are in one segment, or
positive exponents are in one segment and negative in the other. This gives three triples

(P(Qm—a,a)a (X o det) ® (X o det)v (Oa 0))
(P(a,2m—a)a (X o det) ® (X 0 det)7 (Oa 0))

<P(m,m)7 (Xodet) (%) (Xodet), <m ; a)_m ; a>>

in Mgy o(x) With R maximal. The only non-trivial morphisms between them are the isomorphisms
between the first two triples, given by the interchange of the two factors.




UNEXPECTED PHENOMENA IN THE FRANKE FILTRATION FOR GLy, 31

The same argument as in the proof of Theorem 5.2 shows that Ty ,(r) may be chosen so that it
takes value £ at 1(z) = (0,...,0) for the third entry z = (0, 0) of the two triples with R = Py;,_q.a)
and R = P, 2m—a), and is less than £ at the third entry of all other triples. The claim for .Af B}
then follows as in the proof of Theorem 5.2.

We now show that ¢ (%, —%) is either incomparable to, or contributes to a deeper filtration
step than any other triple (R,II, z) in M By} o(x) With R not containing the diagonal block of size
2m—a. This is achieved by a similar argument as in the proof of Theorem 5.2. Let ¢(2) = (¢1,- .., ()
in coordinates. If the largest exponent m — O‘TH belongs to the segment which ends with some

> —O‘Tfl, then the residual representation supported in that segment is isomorphic to

sp()

LH+Z

(x o det)|det |5

Hence, the first entry ¢; of ¢(z) is at least equal to the exponent in that residual representation, so
that

Lol mee e e
- 2 2 2

m—a _ m—o

2 072
. On the other hand, considering the segment in which

This shows that «¢(z) cannot contribute to a deeper filtration step than L( ), unless

_OéT—l is in the same segment as m — O‘T“
— (m — %) belongs, and comparing the partial sum ¢(; + -+ + (,—1 = —(, implies the same

conclusion for O‘Tfl and — (m — O‘TH) Since we now study only triples with R not containing the

diagonal block of size 2m — «, it is not possible that m — ¢ and — (m — ‘%"1)

5 are in the same
segment. Hence, the triple (R, II, z) with R not containing the diagonal block of size 2m — «, which
may possibly contribute to a deeper filtration step than the triple with R = P, ,,,), must correspond
to the partition in two segments. But the partition in two segments gives back R = P, ,,,). Thus,
the triple with R = P, ,,,) contributes to the deepest filtration step among all triples with R not
containing the diagonal block of size 2m — a.

It remains to compare ¢ (%, —%) to the triples (R, 1L, z) in M B} () such that R contains
the diagonal block of size 2m — a. These were studied just above the statement of the theorem.
In the correspondence of Lemma 3.1, these triples correspond to partitions of the cuspidal support
7 into A and any partition of A’ into subsegments. Since A’ is the cuspidal support of a residual
representation of GL,(A), we may use the results and techniques of Section 4. The same argument
as in the proof of Theorem 4.1 and Lemma 4.2 shows that the values of the function T(p} ,(x) on
t(z) for triples (R,II,z) with R containing the diagonal block of size 2m — o may be chosen in
terms of the (relative) rank of R. More precisely, triples with R of lower relative rank contribute
to deeper filtration steps, and triples with R of the same rank may be arranged to contribute to
the same quotient of the filtration.

Thus, due to transitivity of the partial order, it is sufficient to compare ¢ (m; & —%) to ¢(z) of
the triple with R of highest relative rank among those containing the diagonal block of size 2m — a,

i.e., the triple with

hd R:P(l,‘..,1,2m—a,1,...,1)7
° H:X®“‘®X®Xodet® Q- X,
e z=(ogh oo (o) 0o~ et o1, e
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where the position of the diagonal block of size 2m — a and the factor x o det is determined by the
position of the coordinate 0 in z. The notation |z | stands for the greatest integer not greater than
T.

We now show that ¢(z) contributes to a deeper filtration step than ¢ (%, —%), ie.,
m—-—a m-a«
L(Z)>—L( 5 T3 )
Writing in coordinates
L(m—a m—a)_(m—a m—-a m-« m—a)
2 2 2 2 7 2 Y 2 7

where 5% and —™5% occur m times each, and

o(2) = <a;1’a;3,.“7a;1 B La;lJ 70,0’“.’0704;1 B La;lJ _1"“7_04;1)’
where the zero occurs n — « times in this sequence, not counting the zero possibly obtained form
the expression ‘XTfl - L%J, which is zero if « is odd.

Under the assumption a < mT'H of the theorem, we have for the first partial sum that

m—oa _ a-—1
> )
2 2
and for the second partial sum the strict inequality

2'm—a =m-a> a1 +a—3 =a—2
2 2 2
Further on, all non-negative entries of +(z), except possibly the first one, are strictly less than ™5<
Hence, the first m partial sums of ¢ (m2— = —%) are greater or equal than the first m partial sums

of 1(z), and the inequality is strict except for the first partial sums in the case a = mTH For the

remaining partial sum the same conclusion holds, using the fact that ((i,...,(,) € Elg(c satisfies
(1+ -+, =0. Thus, we proved that

(z) =1 m-—a _m-a
- 2 7 2
holds.

Our considerations imply that we may choose the function Typy () for triples (R,1I,z) with R
containing the diagonal block of size 2m — « as

Tipyem(e(2)) ==k +1,
where k is the relative rank of R, and choose the value

m — « m — «
T{B}w(w)(ﬂ( 7 T 5 ))Zﬁ—a

for the triple with R = P, ,). For all the remaining triples we may define Ty ,(x) to be less than
l— a.

It remains to prove the description of the quotients of the filtration. This follows from the
description of the Franke filtration in Section 2. The result for

l—a (—a+1
ABY o) A8} o)
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is clear, as the only triple which contributes to this filtration step is the one with R = P, ). The

contribution to

) l—a+i+1
AlBY () ABY ()

is given by the triples (R, 1L, z) in Mgy ,(r) With
TiBypm(Uz) =€ —a+i.

For our choice of Tpy ,(r), these are all triples with R of relative rank aw—i+1 and containing the
diagonal block of size 2m — «a. Such triples were studied just above the statement of the theorem.
Among such triples, the only morphisms are isomorphisms between pairs of triples corresponding
to the same partition of the cuspidal support 7 into disjoint segments. Hence, in the colimit, only

fori=1,...,a—1,

one member of each pair survives. Therefore, the direct sum is over the set /\/lf{ B} () defined
above, which contains exactly one triple corresponding to each partition of the cuspidal support 7
containing the segment A. O
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