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Let G be a p-adic reductive group. We determine the extensions between admissible smooth mod p
representations of G parabolically induced from supersingular representations of Levi subgroups of G,
in terms of extensions between representations of Levi subgroups of G and parabolic induction. This
proves for the most part a conjecture formulated by the author in a previous article and gives some strong
evidence for the remaining part. In order to do so, we use the derived functors of the left and right adjoints
of the parabolic induction functor, both related to Emerton’s §-functor of derived ordinary parts. We
compute the latter on parabolically induced representations of G by pushing to their limits the methods
initiated and expanded by the author in previous articles.
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1. Introduction

The study of representations of a p-adic reductive group G over a field of characteristic p has a strong
motivation in the search for a possible mod p Langlands correspondence for G. Recently, Abe, Henniart,
Herzig and Vignéras [Abe et al. 2017a] gave a complete classification of the irreducible admissible
smooth representations of G over an algebraically closed field of characteristic p in terms of supersingular
representations of the Levi subgroups of G and parabolic induction, generalising the results of Barthel
and Livné [1994] for GL,, Herzig [2011] for GL, and Abe [2013] for a split G.

Two major difficulties come into play when trying to extend the mod p Langlands correspondence
beyond GL,(Q),). First, the supersingular representations of G remain completely unknown, except for
some reductive groups of relative semisimple rank 1 over Q, [Abdellatif 2014; Cheng 2013; Koziot 2016]
using the classification of Breuil [2003] for GL,(Q),). Second, it is expected that such a correspondence
would involve representations of G with many irreducible constituents; see, e.g., [Breuil and Herzig 2015].
This phenomenon already appears for GL,(Q),) when the Galois representation is an extension between
two characters, in which case the corresponding representation of GL,(Q),) is an extension between two
principal series [Colmez 2010]. This raises the question of the extensions between representations of G.

In this article, we intend to compute the extensions between admissible smooth mod p representations
of G parabolically induced from supersingular representations of Levi subgroups of G, in terms of
extensions between representations of Levi subgroups of G and parabolic induction.

In order to do so, we use the derived functors of the left and right adjoints of the parabolic induction
functor, namely the Jacquet functor and the ordinary parts functor [Emerton 2010a], both related to
Emerton’s §-functor of derived ordinary parts [Emerton 2010b]. We compute the latter on parabolically
induced representations of G by pushing to their limits the methods initiated in [Hauseux 2016a] and
expanded in [Hauseux 2016b].

These computations have also been used to study the deformations of parabolically induced admissible
smooth mod p representations of G in a joint work with T. Schmidt and C. Sorensen [Hauseux et al.
2016].

Presentation of the main results. We let F//Q, and k/[F, be finite extensions. We fix a connected
reductive algebraic F-group G, a minimal parabolic subgroup B C G and a maximal split torus S C B.
We write the corresponding groups of F-points G, B, S, etc. We let A denote the set of simple roots of
S in B. To each o € A there corresponds a simple reflection s, and a root subgroup U, C B. We put
Al:={a e A|dimp U, = 1}.

Let P = LN be a standard parabolic subgroup. We write Ay € A for the corresponding subset and
we put Ai ={aeAl|{a,BY)=0VB8 € AL} and Ai’l = Ai NA'. Fora e Ai’l, conjugation by
(any representative of) s, stabilises L and « extends to an algebraic character of L; see the proof of
Lemma 5.1.4.

We let P~ denote the opposite parabolic subgroup. Recall the parabolic induction functor Indg, from
the category of admissible smooth representations of L over k to the category of admissible smooth
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representations of G over k, which is k-linear, fully faithful and exact [Emerton 2010a]. In particular, it
induces a k-linear injection Ext} < ExtL.

Let o be an admissible smooth representation of L over k. For o € Ai’l, we consider the admissible
smooth representation 0 ® (w~! oa) of L over k where ¢ is the s,-conjugate of o and w: F* — Fy Ck™
is the mod p cyclotomic character. We say that o is supersingular if it is absolutely irreducible and
F, ®x o is supersingular [Abe et al. 2017a].

In cases (iii) and (iv) of the following conjecture, “otherwise”” means that the conditions of case (ii) are
not all satisfied.

Conjecture 1.1 [Hauseux 2016b, Conjecture 3.17]. Assume G split with connected centre and simply
connected derived subgroup. Let P = LN, P' = L' N’ be standard parabolic subgroups and o, o' be
supersingular representations of L, L' over k, respectively. Assume Ind%_ o and Indg/_ o' irreducible or

p#2
(i) If P" £ P and P & P’, then Extg;(Ind3,_ o’, Ind§_ o) =0.
() IfF=Q,, PP=Pando’' =0°Q® (a)*l oa) 2 o for some a € AT, then
dim; Extg; (Ind$- o', Ind§_ o) = 1.

(iii) Otherwise if P’ C P, then the functor Indg, induces a k-linear isomorphism
ExtlL (Indme,_ o', a) =~ ExtIG (Indg,, o/, Indg, a).

(iv) Otherwise if P C P’, then the functor IndS,_ induces a k-linear isomorphism
Ext]L,(o*’, Indgnp_ a) =~ Ext}; (Indg,, o', Ind(;, a).

We prove cases (ii), (iii), and (iv) of this conjecture and give some strong evidence for case (i). We
actually work without any assumption on G and our results hold true for broader classes of representations;
see Section 5.2 for more precise statements. We also prove similar results for unitary continuous p-adic
representations; see Section 5.3.

We treat the cases F' = Q) and F # Q,, separately. They are in fact the degree 1 case of a more general
(but conditional to a conjecture of Emerton) result on the k-linear morphism Ext; — Ext/, induced by
Indg, in all degrees n < [F : Q,]; see Remark 5.2.6.

Theorem 1.2 (Theorem 5.2.2). Assume F = Q,. Let P = LN, P’ = L'N’ be standard parabolic
subgroups and o, o' be supersingular representations of L, L’ over k, respectively.

Q) IfP =Pando’ Z£0*°Q (w ' o) forall a € Ai’l, then the functor Indg_ induces a k-linear
isomorphism
Exti (a’, o) =~ Exté (Indg_ o, IndIG)_ 0).

(i) If P’ ;Ct P, then the functor Indg, induces a k-linear isomorphism

Ext; (Ind} . p- o', 0) => Ext;(Ind$, o’, Ind%_ o).
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(i) If P ; P’, then the functor IndS,_ induces a k-linear isomorphism
ExtlL, (o’, Indgmp, o) =~ Exté; (Indg,_ o, Indg_ o).

If P’ = P, we do not know the exact dimension of the cokernel of the k-linear injection ExtlL (0/,0) —
Exth (Ind%_ o, Indg_ o) induced by Indg_ in general, but we prove that it is at most card{o € Ai’l |
o' Z0*® (w ' oa)}; see Remark 5.2.3 for more details. Further, we compute it when G is split with
connected centre; see Theorem 1.4 below. Note that in cases (ii) and (iii), the source of the isomorphism
can be nonzero [Hu 2017].

Theorem 1.3 (Theorem 5.2.4). Assume F # Q. Let P = LN be a standard parabolic subgroup. The
functor Indg_ induces a k-linear isomorphism

Ext} (0/,0) = Exth (Indg_ o, Indg_ a)
for all admissible smooth representations o, o’ of L over k.

In particular, Theorem 1.2(ii) and (iii) hold true for any admissible smooth representations o, o’ of
L, L' respectively over k when F # Q,; see Corollary 5.2.5.

We complete Theorem 1.2(i) when G is split with connected centre (see also Remark 5.2.8 for a more
general, but conditional to a conjecture of Emerton, result on the k-linear morphism Ext[LF VN Ext[GF:@”]
induced by Indg,).

Theorem 1.4 (Theorem 5.2.7). Assume F = Q, and G split with connected centre. Let P = LN be a
standard parabolic subgroup and o, o’ be supersingular representations of L over k.

() If o' =0 @ (v~ o) Z o for some a € AT, then ExtlL(U’, o) =0and
dim, Extg (Ind$_ o', Ind$_ o) = 1.

(i) If either o' = o and p #2,0r 0’ £ 0% ® (w~ ' o) for any a € A+, then the functor Indg, induces
a k-linear isomorphism

Ext} (0’, o) = Exth (Indg_ o, Indg_ 0).
(ii1) If p = 2, then the functor Indg, induces a k-linear injection
Ext; (¢/,0) = Ext;(Ind%_ o', Ind$_ o)
whose cokernel is of dimension card{o € Ai |0’ = o).

Finally, we treat the case where there is no inclusion between the two parabolic subgroups, assuming a
special case of Conjecture 1.7 below; see also Remark 3.3.6.

Proposition 1.5 (Proposition 5.2.1). Let P = LN, P' = L' N’ be standard parabolic subgroups and o, ¢’
be supersingular representations of L, L” over k, respectively. Assume Conjecture 1.7 is true for A =k,
n=1land'w’ =1.If P" ¢ P and P & P’, then

Ext}; (Indg,, o', Indg, 0) =0.



Parabolic induction and extensions 783

As a consequence, Conjecture 1.1 is true under the same assumption when G is split with connected
centre (without assuming the derived subgroup of G simply connected).

Corollary 1.6 (Corollary 5.2.9). Assume G split with connected centre. If Conjecture 1.7 is true for
A=k n=1and'w’ =1, then Conjecture 1.1 is true.

Strategy of proof and methods used. Let E/Q, be a finite extension with ring of integers O and residue
field k. We work more generally with smooth representations over an Artinian local O-algebra A with
residue field k.

The main tools to compute extensions between parabolically induced representations are two exact
sequences related to Emerton’s §-functor of derived ordinary parts (see below (1) which is due to Emerton
and (2) which is a new feature of this article).

Using these, most of the previous results reduce to computing the derived ordinary parts of parabolically
induced representations. We formulate a conjecture on these computations (see Conjecture 1.7 below).
We prove it in low degree (see Theorem 1.8 below) and give some strong evidence for it in general.

We proceed in two steps: first we construct filtrations of parabolically induced representations related
to the Bruhat decomposition; second we partially compute the derived ordinary parts of the associated
graded representations using some dévissages.

Derived ordinary parts and extensions. Let P C G be a parabolic subgroup and L € P be a Levi factor.
We let P~ C G denote the parabolic subgroup opposed to P with respect to L. Emerton [2010a; 2010b]
constructed a cohomological é-functor H*Ordp from the category of admissible smooth representations
of G over A to the category of admissible smooth representations of L over A, which is the right adjoint
functor Ordp of Indg, in degree 0. From this, he derived a natural exact sequence of A-modules

0— ExtlL (0,0rdp ) — Extlc (Indg, o, yr) — Homy, (o, HIOrdp Jr) (D)

for all admissible smooth representations o and 7 of L and G respectively over A.

In Section 4.2, we construct a second exact sequence in which parabolic induction is on the right. The
construction is somewhat dual to that of (1) but not exactly (see Remark 4.2.1(ii)). We let d denote the
integer dimg IV and § denote the algebraic character of the adjoint representation of L on detg(Lie N).
The key fact is that the A-linear functors

H, (N, —) := HF®M=*0rd, @ (w0 ).

form a homological §-functor from the category of admissible smooth representations of G over A to the
category of admissible smooth representations of L over A, which is isomorphic to the left adjoint functor
(—)y of Indg in degree O (hence the notation). From this and using a result of Oort [1964] to compute
extensions using pro-categories (see Section 4.1), we derive a natural exact sequence of A-modules

0 — Ext; (v, 0) — Extg (7, Ind$ o) — Hom,, (H; (N, 7), 0) 2)

for all admissible smooth representations w and o of G and L respectively over A.
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Computation of derived ordinary parts. We let W be the Weyl group of (G, S). For I C A, we write
P; = L;N; for the corresponding standard parabolic subgroup, B; € L; for the minimal parabolic
subgroup BN L; and W; C W for the subgroup generated by (sy)ger-

Let I, J € A, o be a locally admissible smooth representation of L; over A and n € N. We intend to
compute the smooth representation of L; over A

G
H"Ordp, (Ind}_ o).
In Section 2.2, we use the generalised Bruhat decomposition

G= || PP,
Iyd elw/
where W7 is the system of representatives of minimal length of the double cosets W;\W/W; (see
Section 2.1) to define a natural filtration Fil}gj (Indgl, o) of IndIGDI, o by A[P;]-submodules indexed by
'w/ (with the Bruhat order). We also adapt the notion of graded representation associated with such a
filtration (in particular, the grading has values in /W”) and we prove that for all ‘w’ € W/, there is a
natural A[Pjy]-linear isomorphism
I,J ~ . JPTw'P
Grp) (Indgl_ o) = c-ind Pj, v
We prove that Fil'PJ (Indgfa) induces a filtration of H*Ordp, (Indgl_ o) by A[L;]-submodules indexed by
W/ (see Proposition 3.3.1).
Finally, we attach to each ‘w’ € /W’ an integer d1,s and an algebraic character 8,s of L,n Iyd=1(I)

(see Notation 2.3.3 and Remark 2.3.4), and we formulate the following conjecture.

Conjecture 1.7 (Conjecture 3.3.4). Let o be a locally admissible smooth representation of Ly over A,
tw? e "W’ and n € N. There is a natural A[L;]-linear isomorphism
n PP N L
H"Ordp, (C‘mdp,— a) =Ind

LiOPa1, I -1y

((an[F:@)p]d%J OI’dL,mP[ 0)1w1® (afl o81w1)).

nlwt (1)

We give some strong evidence for this conjecture (see Theorem 3.3.3): we prove that these two
representations have natural filtrations by A[B;]-submodules indexed by /"'~ )W, (the system of
representatives of minimal length of the right cosets W 1,7-1;)\Wy) such that the associated graded
representations are naturally isomorphic; see the subsection below.

We prove this conjecture in several cases (see Proposition 3.3.5): whenever the right-hand side is either
zero or a trivially induced representation, in which cases the aforementioned filtrations of both sides are
trivial; when n = 0, in which case we deduce the result from the computation of Ordp, (Indgf o) in [Abe
et al. 2017b]. This allows us to compute H*Ordp, (Indgf o) in low degree when there is an inclusion
between I and J; see Proposition 3.3.7. In particular, we obtain the following result in the case I = J.

Theorem 1.8 (Corollary 3.3.8). Let P = LN be a standard parabolic subgroup and o be a locally
admissible smooth representation of L over A.

(i) Foralln € N such that 0 <n < [F : Q,], we have H"Ordp (Ind%_ o) =0.
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@) If OrdLnS ps;l 0 = Oforalla € A"\ (ApU AJ‘) then there is a natural A[L]-linear isomorphism
HF@10rdp (Ind§- 0) = P 0" ® (0 ' 0a).
aEAJ‘ !

Note that for all € A\ Ap, LNsy Ps, I'is the standard parabolic subgroup of L corresponding to
Ap Nsy(Ar) and it is proper if and only if o & Ai. In particular, the condition in (ii) is satisfied when o
is supersingular.

In Section 4.3, we adapt the previous results in order to partially compute H,, (N, Indgl o). We obtain
an analogue of Theorem 1.8; see Corollary 4.3.4.

Filtrations and dévissages. Let 'w’ € "W”. We explain the partial computation of the smooth representa-
tion of L; over A L
. Piw! P
H"Ordp, (c—md LY e).

P
In Section 2.2, we use again the Bruhat decompos1t10n to construct a natural filtration F11' (c ind ;- Bt ’o)

by A[B]-submodules indexed by Nw!=1(1) W;, and we prove that for all wy € / Nhw? 1(’ YW, there isa
natural A[B]-linear isomorphism

P, Tw’ p; P, w'w; B

Gryp’ (c ind a) = c-indp

We prove that Fil}; (c-ind P’_ Py o) induces a filtration of H"Ordp, (c-ind P’_ WPy o) by A[B;]-submodules

Jnhy

indexed by ~ "D W; (see Proposition 3.3.2). Likewise, we construct a natural filtration

Fil; (Ind}’

LyNPj1,7~ 1<,)‘7)

by A[By]- submodules indexed by /""" (O'W; for any smooth representation & of L jr,s-1;, over A.
Let wy €/ N’
module H"(Ny o, 71,,) endowed with the Hecke action of BJr (see Section 3.1), where Ny o C Ny is a

-1 Iyt PrlwB
W; and set ‘w := wy and m, = c- 1ndP_ o. We want to compute the A-

compact open subgroup and BJJr C By is the open submonoid stabilising Ny by conjugation (we use
similar notation for subgroups of N; and B; by taking intersections with Ny o and B;r respectively).

In Section 2.3, we define closed subgroups N; r, € N; and By ,,, € B, such that there is a semidirect
product By ,, X Ny 1, and we give an explicit description of the actions of Ny 1, and By ,,, on 71, for all
wy € 7" (Dw; | Then, we compute the A-module H* (N 1,, ¢, 71,,) with the Hecke action of By .,
(see Proposition 3.2.6).

The idea is to use a semidirect product N; 1, = N7, 'x N’ ~(also defined in Section 2.3) where
N, ! » S Ny, 1s a closed subgroup stable under con]ugatlon by B 7w, such that mz,, is N acyclic

and there is an A[BJr ,I-linear surjection with a locally nilpotent kernel from n,N 71w, onto

wy Tw’
GrB (IndLJﬂPml,J 1(,)( \Lmle(”) )

Then, taking the N }/ ., 0—cohomology changes o) into H"Ordg,np

1nfw’ (1) 1ntwd (J)
inflation map is an A[Bj’wj]-linear isomorphism between the source and H" (N 1, ¢, 71,,).

o in the target and the

Finally, by a technical result on dévissages (see Proposition 3.1.2) and a finiteness property of the
A-modules H*(N; 1, ¢, 1,), we can compute the A-module H" (N} o, 71,,) with the Hecke action of
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B+

J,wy
and é1,s) in the formulas.

from H" (N 1, 0, 71,). It is this dévissage that introduces the degree shift and the twist (i.e., dr,s

Notation and terminology. Let F/Q), be a finite extension. A linear algebraic F-group will be denoted
by a boldface letter like H and the group of its F-points H (F) will be denoted by the corresponding
ordinary letter H. We will also write H%" for its derived subgroup and H® for its identity component.
The group of algebraic characters of H will be denoted by X*(H), the group of algebraic cocharacters of
H will be denoted by X, (H), and we will write { —, — ) : X*(H) x X,(H) — Z for the natural pairing.
We now turn to reductive groups. The main reference for these is [Borel and Tits 1965].

Let G be a connected reductive algebraic F-group. We write Z for the centre of G. Let S C G be a
maximal split torus. We write Z (resp. N) for the centraliser (resp. normaliser) of S in G and W for
the Weyl group N'/Z = N /Z. We write ® C X*(S) for the set of roots of S in G and 5 C ® for the
subset of reduced roots. To each o € ® correspond a coroot a” € X, (S), a reflection s, € W and a root
subgroup U, C G (which is denoted by U(y) in [loc. cit.]). For o, B € &, we write o L 8 if and only if
(a, BY) =0. For I C A, we put

It ={aecAlaLBVBeI).

Let B € G be a minimal parabolic subgroup containing S. We write U for the unipotent radical of B (so
that B = ZU), ®* C @ for the subset of roots of S in U and A C & for the subset of simple roots. We
set CID(T = ®yNd*. A simple reflection is a reflection s, € W with « € A. A reduced decomposition of
w € W is any decomposition into simple reflections w = sy ... s, with n € N minimal, which is called
the length of w and denoted by £(w). We write wq for the element of maximal length in W.

We say that P = LN is a standard parabolic subgroup if P C G is a parabolic subgroup containing B
with unipotent radical N and L C P is the Levi factor containing S (we say that L is a standard Levi
subgroup). In this case, we write P~ for the parabolic subgroup of G opposed to P with respect to L
(i.e., PN P~ = L) and N~ for the unipotent radical of P~. We write Z for the centre of L, By C L
for the minimal parabolic subgroup BN L, Uy, C By, for the unipotent radical U N L (so that By, = ZUy,
and U =Ug x N) and Ap C A for the subset of simple roots of S in Uy.

Each parabolic subgroup of G is conjugate to exactly one standard parabolic subgroup and the map
P = LN — Ay yields a bijection between standard parabolic subgroups of G and subsets of A. For
I € A, we write P; = L;Nj for the corresponding standard parabolic subgroup (i.e., Ay, = I), Zj,
By, U; instead of Zy,, Br,, Uy, respectively, W; € W for the subgroup generated by (sy)qes (SO that
P; = BW;B), w; o for the element of maximal length in W;, ®; € ® for the subset of roots of S in L,
and CI>;r C & for the subset of roots of S in U;.

Let E/Q), be a finite extension with ring of integers O and residue field k. We let A be an Artinian
local O-algebra with residue field k. We write ¢ : F* — Z7 C O™ for the p-adic cyclotomic character
(defined by

e(x) = Nrmp/q,(x)| Nrmp/q, (x)[

forallx € F*)and w: F* — A* for its image in A*.
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We use the terminology and notation of [Emerton 2010a, §2] for representations of a p-adic Lie group
H over A. An H-representation is a smooth representation of H over A and a morphism between H -
representations is A-linear. We write Mod};'(A) for the category of H -representations and H -equivariant
morphisms, and Mod‘}‘ljm(A) (resp. Modljj‘dm(A), Modf,fln(A)Z” ~Lfin) for the full subcategory of admissible
(resp. locally admissible, locally Z g-finite) H-representations (here Zy denotes the centre of H).

Assume H C G is closed and 7 is an H-representation. For g € G, we write ¢ for the g~' Hg-
representation with the same underlying A-module as 77 on which g~ 'hg acts as h forallh e H. If g € H,
then g~! Hg = H and the action of g on 7 induces a natural H-equivariant isomorphism 7 = 7%,

Assume furthermore Z C H. For w € W, we write 7% for the n ™' H n-representation " where n € N/
is any representative of w (neither n~' Hn nor 7" depend on the choice of n up to isomorphism). For
a € A, we simply write 7% instead of 7%.

For a topological space X and an A-module V, we write C*™(X, V) for the A-module of locally
constant functions f : X — V and C{™(X, V) for the A-submodule consisting of those functions with
compact support (the support of f is the open and closed subset supp f := f~1(V\{0}) C X).

2. Generalised Bruhat filtrations

The aim of this section is to define filtrations of parabolically induced representations and describe the
associated graded representations. In Section 2.1, we review some properties of the representatives
of minimal length of certain double cosets in W and some variants of the Bruhat decomposition. In
Section 2.2, we define the notion of filtration indexed by a poset and we construct filtrations of induced
representations indexed by subsets of W with the Bruhat order using the previous decompositions. In
Section 2.3, we define several subgroups of U that we use to describe the graded representations associated
with the previous filtrations as spaces of locally constant functions with compact support.

2.1. Double cosets. We recall some facts about certain right cosets in W; see [Borel and Tits 1972,
Proposition 3.9]. For any I € A, we define a system of representatives of the right cosets W;\W by
setting

Iy .= {w ew ‘ w is of minimal length in Wlw} .

For all w € W, there exists a unique decomposition w = w;'w with w; € Wy and ‘w € 'W. This
decomposition is characterised by the equality

O Nw(dh) =dF Nw,(d)).

In particular, we have ‘w =1 (®}) € ®*. Furthermore, we have ¢(w) = £(w;) + £('w).

We now recall some properties of certain double cosets in W; see, for example, [Digne and Michel 1991,
Lemma 5.4]. For any I, J € A, we define a system of representatives of the double cosets W;\W/W; by
setting

'w’ .=twndw) .
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For all ‘w € /W, there exists a unique decomposition by = Tw’w; with ‘'w’ € "W’ and w; € Wy. In fact

wy € /"' W, This decomposition is characterised by the equality

ornw (@t =0T nw;(@h). 3)

In particular, we have ‘w”’ (CIJJ}) C ®*. Furthermore, we have £(‘w) = £(‘w”) +£(w;). Conversely, for all
hy! € WY and wy € Wy, we have ‘w’w; € 'W if and only if wy € /"’ D' W,. Note that the projections
W — W and 'W — W’ respect the Bruhat order;' see [Bjorner and Brenti 2005, Proposition 2.5.1].

Lemma 2.1.1. We have the following equalities in G.
i) LN/ U w' = =Unn,00

(i) Ly N'w! Ly'w! =" = Ly,

(i) L; N w/ Nyw/ =t =L NNy gy

(iv) Lyn'w’ Pylw! = = LN Prns gy

Proof. First, we prove the following equalities in ®:

o, Nl =1nw! ), )
@ N fw’ (qDJJr) = qD;_ﬂ’w/(J)' ®)

We prove the nontrivial inclusion of (4). Assume ®; N ‘w’(J) # @ and let @ € ®; N 'w’ (J). Since
/() C ®F, o € CID;r so that there exists (rg)ges € N/ such that o = Zﬁel rgB. Then hw’! @) =
> per rgfw! =1(B) € A. Since 'w’/~1(B) € ®* forall B € I, r5 =0 for all B € I\{a} and r, = 1. Thus
o« € 1. We prove the nontrivial inclusion of (5). Assume ®; N 'w’ (®7) # @ and let @ € ;N 'w’ ().
There exists (rg)ges € N such that o = Zﬁej rﬂle(,B). Since ‘w’ (B) € ®* forall B e J, 'w’ (B) € (ID;r
so that ‘w”’ (B) € I by (4) for all B € J such that rg > 0. Thus @ € &

INw’ (1)
Now, by considering the Lie algebras, (5) yields (i), (5) and its opposite yield (ii), the equality
®; N w! (@N\D)) = d\D, s, (Which follows from (5) and the fact that ®; N ety = of
since ‘w’ e W) yields (iii), and we deduce (iv) from (ii) and (iii). O

Finally, we give certain decompositions in double cosets (for the notion of “lower set”, see foonote 2
on p. 789).
Lemma 2.1.2. (i) We have G = | |n,sciys P; hw' P; and for any lower set ! le C 'WY, the subset
PfIWIJ P; € G is open.
(ii) We have Pl_lePJ = I_leejn/wJ—l(”WJ P,_IwaJB and for any lower set Wf, C mI“’Fl(”WJ, the
subset Py 'w’ W) B € Py 'w’ Py is open.
(iii) We have Ly = I—lw,em’w/’V”WJ L;NP

JNlw! =1(I)
W) Bj C Ly is open.

wy By and for any lower set W} C Jnfw? =N Wy, the

subset Ly N Pmlwf—l(l)
IThe Bruhat order on W is defined by w < w’ if and only if there exist a reduced decomposition w’ = sj ... S¢(w) and

integers 1 < iy < -+ <ipuy) < £(w’) such that w =iy Sigy)-
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Proof. We have G =|_|1,,c1yy P "w B and for any ‘w € ‘W, the closure of P, 'wB in G is | |11, P; 'w'B.
(This can be deduced from the Bruhat decomposition, see, e.g., [Hauseux 2016a, §2.3].) Furthermore, for
any ‘w’ € 'W’, we have

Prw' Py = | ) PrwoBwo'w/wsoBwsB= ] PrwoBwo'w'wsow,B= | P;'w'w,B.
wyeW; wyeW; wyeW;
(The first and third equalities follow from the inclusion woBwo = B~ € P;” and the decomposition
P; = BW; B, and the second equality follows from [Borel and Tits 1972, Lemme 3.4(iv); Bjorner and
Brenti 2005, Proposition 2.5.4].) From this we deduce (ii), and also (i) using the fact that the projection
'w — TW/ is order-preserving. Finally, (iii) is (i) for the double cosets L; N | ( 1)\L 7/ By instead
of P\G/P;. O
Remark 2.1.3 (case w; = 1). Note that P; 'w’ B is P 7nhyl -1 (py-invariant by right translation. In general,
the stabiliser of P;"'w B in G for the action by right translation is the (nonstandard) parabolic subgroup

B'w='W,;wB. Likewise, L; N P

-1 (I)BJ is Ly N Pynn,s-1(p-invariant by right translation.

2.2. Definition of filtrations.
Filtration indexed by a poset. Let H be a p-adic Lie group, 7 be an H-representation and (W,<)bea

poset. A filtration of = indexed by Wisa morphism of complete lattices Fil}; 7 from the complete lattice
of lower sets? of W to the complete lattice of H -subrepresentations of 7, i.e., an H-subrepresentation
Filfqvl 7 C 7 for each lower set W’ - W such that for any family (VT/})ieI of lower sets of W, we have the
following equalities in 7:
Fil)er " x = MRl 7, Fily =" 7w =Y Fil) 7.
i€l iel

When W is finite, these two equalities are equivalent (by induction) to the following conditions: Fil}; 7 is
inclusion-preserving with Fil% 7 =0 and Fil};v m =7 (i.e., the empty family case), and for any lower
sets Wy, Wa € W the short sequence of H-representations

0 — Fily ™" 7 — Fil)' # @ Fil)y © — Fil,,""" 7 — 0,

defined by v — (v, —v) and (vy, v2) — v; + vy, is exact.

Each w € W defines a principal lower set {w’ € W | %’ < w} and we write Filg 7 for the corresponding
H -subrepresentation of 7. Note that for any lower set W’ € W, we have the following equality in 7:

Filjj 7= Y Fil§ .
weW
Thus, we can recover the whole filtration from the H-subrepresentations of m corresponding to the
elements of W; hence the terminology. We define the graded representation Gry; m associated with the
filtration Fily; m by setting
Grjym:=Filjx/ Y Fil’ 7 for each i € W.

w'<w

2 A lower set of W is a subset W’ such that i < %’ = i € W’ forany w € W and &’ € W'.
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Let £ : W — Z be a monotonic map (i.e., = {(0) < (W) for any w, w’ € W). For eachn € Z,

Fil%"n = Z Fil% 7

{(W)<n

we set

We obtain a filtration of 7 indexed by Z (in the usual sense).
Lemma 2.2.1. Assume {: W — Z is strictly monotonic (i.e., W < W' = £(0) < £(W') for any b, W' € w).
For all n € Z, there is a natural H -equivariant isomorphism
Gr@" T = @ Grl 7.
£(W)=n

Proof. Let n € Z. By definition of Fill;’" 7 and Gri’,” 7, there are natural H-equivariant surjections

@D Fil x — Fily" 7 - Grly" . ©6)

i(w)<n

The kernel of (6) contains Py <, Fil% 77 N F11(Z "1, and Fil% 77 N Filz’"fl 7 =Fil% 7 for all i € w
such that E(w) < n. Now, for any wg € W such that E(wo) = n, we have the following equality in 7:

Fily'mn Y Filjm= Y Filjnx

((w)gn W <o
wF#W(

which results from the following equality in W:

(' eW |0 <wojn | J {@ew|d <i}= ] {0’ eW|d

Sl

which in turn follows from the fact that wy £ w for all w € W\{ﬁ)o} such that £() < n by strict
monotonicity of £. We deduce that the kernel of (6) is ; i@)<n Fllw TN Fllz =1 7 and that Filg N
FllZ =y
as in the statement. [l

0 < F11 "7 forall € W such that E(w) =n. We conclude that (6) induces an isomorphism

Filtrations of induced representations. Let I, J C A and o be an L;-representation. Recall that for any
locally closed subset X C G and for any open subset Y C X, both P; -invariant by left translation, there
is a natural short exact sequence of A-modules

) . . X\Y
0— c—1nd§,l, o — c—1nd§l, o — c-ind PE o — 0.

(See [Bernstein and Zelevinskii 1976, Proposition 1.8]; see also the proof of [Hauseux 2016a, Propo-
sition 2.1.3].) Note that there is a natural A-linear isomorphism c- 1nd _o = IndG, o since P;\G is
compact.

For each lower set /W] € TW/, we define a P;-subrepresentation of Ind _ o by setting

l 1
Iwd G _ P, wi Py
Fil P, (Ind PP a) =c- 1nd o
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Using Lemma 2.1.2(i), we obtain a filtration of Ind _ o indexed by W’ such that for all fw’ e TW/,
there is a natural P;-equivariant isomorphism

I J
Gr}Y P, (IndG_ o) Zc- 1ndP’ P

(M

J-1 P w’ P
Let ‘w’ e 'W’ . For each lower set W} c/ Nfw’=4(1) W;, we define a B-subrepresentation of c- 1nd i w’ Py o

by setting

P, w’ Py waW}BU

Fil J(c ind " cr) = c—indg,

prtwl o indexed by / Nw! =t )W, such that for all

I,,J—1
wy € /"W (DWW, there is a natural B-equivariant 1sornorphlsrn

Using Lemma 2.1.2(ii), we obtain a filtration of c- 1nd

Gry’ (c- 1ndP’ w’ Py o) =c- 1ndP’ wiwiB (8)

Likewise, for any L /-1 -representation o and using Lemma 2.1.2(iii), we define for each lower

set W, < /0w (Dw; a B;-subrepresentation of Ind"’ & by setting

LJnPJﬂIwJ l(1)
LiNP~ W' B
Fil,/ (Ind"’ &) :=c-ind, 0T
L_/ﬂP]ml J-101) LjﬂPjnI -1
~ . I,J—1 I,J—1
and we obtain a filtration of Ind L’ Ap- o indexed by I (D W, such that for all wy € /0" (D W,
J Iy —1
JNntw I)
there is a natural Bj-equivariant isomorphism
LJﬁPi _ lUJBJ
L ~\ ~v . 1,J -1 ~
Gry (IndL’mD &)= c-ind, mP’_ﬁ v . 9)
T sl =1y U gl =1y
Remark 2.2.2 (case w; = 1). Note that
. P! Pilw B
Gr};(c—lnd P Gy e nd !
Pr
. . . Prlwlp . .
is a Pjnn,s-1(7)-subrepresentation of c-ind o and likewise
1
LiNP, ;. By
Grl, (Ind™ 6)=c-ind, "0 G
B — —
) LiOP, i, LiOPL i,
isan Ly N Pjnn,7-1(py-subrepresentation of IndL Ap- o (see Remark 2.1.3).

Jnlw/ =)

2.3. Computation of the associated graded representations. For each w € W, we define a closed sub-
group of U stable under conjugation by Z by setting

U, =Unw 'Uw

and we let B,, C B be the closed subgroup ZU,,. For any order on &+ Nw! (dD(J)r ), the product induces
an isomorphism of F-varieties

[T t=u. (10)

aedtNuw=1(®])
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Let I € A and ‘w € 'W. We define closed subgroups of U, stable under conjugation by Z by setting
U, =Unw N w, h =Unw U, w,
and we let B]! C B, be the closed subgroup ZU;’ . We have semidirect products U, = U;, x U; and
Blw =B/ xU, .

Let o be an L;-representation. The product induces an isomorphism of F-varieties
P, x{w}x U] = P 'wB,
hence an A-linear isomorphism
cind " o = MU, 0™) (11)

via which U; ~acts on C;™(U; , o) by right translation and the action of ” € B’ ‘on f € C;™ (U, o)
is given by
(b// . f)(u/) — b// . f(b//—lu/b//)

forallu’ e U; .

Let J € A. We write ‘w = 'w’w; with ‘w’ € 'W”/ and w; € W;. We define closed subgroups of N;
and U, stable under conjugation by Z by setting

Nyiy:=N;NUy=N;Nw 0w, Uy, =000, =U;0"w'0w=U Nnw,'Uyuy,

the last equality resulting from (3), and we let By ,,, € B; be the closed subgroup ZUj,,,,. We have
semidirect products Ur, = Uy ,,, X N; 1, and Br, = Bj ,, X N; 1,,. We define closed subgroups of N, 1,
and Uy ,,, stable under conjugation by Z by setting

=N, NU;, =N;N"w 'N/w,

/
J,w
" '—NﬂUN—N nl 71U1
Jw J Ly — 4YJ w 1w,

Uj,, =UnU, =Un"w"'N'w,

Uj,, =U,nU =U;n"w"'U/'w,

and we let B} | C By be the closed subgroup ZU7 , . We have semidirect products Ny n, =N ;’ 1y XN ; Iy
Uyw =0y, xU,, andB;,, =B}, xU,, . Notthat U, and Uj actually depend on T
(not only on wy).

Likewise, for any L ;1,71 -representation 6 and using Lemma 2.1.1 with / and J swapped and Iyt

inverted, the product induces an isomorphism of F-varieties

- / - _
LJ N P]ﬂle_l(l) X {wJ} X U],w] — LJ n P]nle—l(l)wJva
hence an A-linear isomorphism
L/ﬂP71 J—1 LUJBJ
3 Jniw ) ~ ~ ~Sm / ~ Wy
cmdLmP_ o =C; (Uj’wj,a ) (12)

Jntwd =11y
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via which U/, ., Acts on cm™U;
Csm(UJ w,» 0"7) 1s given by

&™’) by right translation and the action of b” € B/

Jw, O0 f €

Jowy?

(b// . f)(u’) — b// . f(b//—lu/b//)

forallu’ e U } wy- 10 particular with 6 = ale, we have defined a natural smooth A-linear action of By ,,,
1
on C“m(UJ wy? o).
S ! /
We have a semidirect product U, =Uj X N’ T

defined by f > (' (W' +— f(u n/ ))) is an A-linear isomorphism

so that (11) composed with the A-linear morphism

. Pl Js
cind, " 0 Z €N} 1, € (U] 0 0)) (13)
via which N7, “acts on Cbm(N G G U s o)) by right translation, the action of b € By, on
feCm™(N, ., ,Cém(UJ w, , o)) is given by

(b-f)n)y=b-f(b~'n'b)

foralln’ e N } 1, and the action of N }/ ,oonCS™(N' . C™(U/ Iw)) is given by the following result.

Jw? T @

Lemma 2.3.1. Let f € C™(N',, ,C™(U,

g Ce w)) andn” € N;/,w. Via (13), the action of n” on f is

ij

given by

(" Y@YWy =n" f @ 0" n'n") W)
foralln' e N}’,w andu' €U}, .
Proof. Letn’ € N}’,w andu’ € U}, . We have

Iwu/n/n//z(Iwn//lwfl)lwu/(u/ 17— lu/n/n//)

Thus, it is enough to check that u'~'n"'u'n'n" € N} 1,e Since uw' € Uy and n’,n” € N;, we have
W 'n"~Yun'n" € N;y. Since n” € 'w='U;'w and n’, u’ € 'w='N;'w, we have u’~'(n"~'(u'n)n")

Ly~ N, w. Hence the result. O

Remark 2.3.2 (case w; = 1). We can also give the action of L ;n1,7-1(;) (Which normalises U, s N } Iyl
Ip LiNP, sy By

N}/,wa’ and thus U} ,, N; n,7) on c—mde, W'B o and c- 1ndL ﬂP’f " & (see Remark 2.2.2) via (13)

Jnlwd — 1(1)

and (12) respectively, by replacing By, = B}, X U}, by Ly N Psanys-1(5y = L janys-1y X UJ .
We end this subsection with some more notation.

Notation 2.3.3. For each w € W, we let d, be the integer dimg (U /U,) and §,, € X*(S) be the algebraic
character of the adjoint representation of S on dety((Lie U)/(LieUy)). Note that d,, > ¢(w) and &,
extends to an algebraic character of Z. For o € A, we have d,, = dimr U, and §,, = ds,oc. We define a
subset of A by setting

Al:=aeA|dimp U, =1}.

ForlgA,weputI] =INAL
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Remark 2.3.4. For ‘w’ € "W/, we have U; € Uy, and Ljnnys-1(;) normalises Ny n,s. Thus, the
inclusion N; < U induces an isomorphism of F-varieties

Ny /Ny, = U/Uny

and there is an adjoint action of L;nn,s-1;) on (Lie Ny)/(Lie Nj n,s). Therefore, we have dn,s =
dimg(N; /Ny n,7) and 1,7 extends to an algebraic character of Ljnr,/-1y-

3. Derived ordinary parts

The aim of this section is to compute the derived ordinary parts of a parabolically induced representation.
In Section 3.1, we show how to compute the cohomology of certain groups with a Hecke action from
the cohomology of certain subgroups with the induced Hecke action, provided the latter satisfy some
finiteness condition. In Section 3.2, we make a computation of cohomology and Hecke action on a
compactly induced representation. In Section 3.3, we use the previous results to partially compute the
derived ordinary parts of the graded representations associated with the Bruhat filtrations, we formulate a
conjecture on the complete result and we prove it in many cases in low degree.

3.1. Cohomology, Hecke action and dévissage. Let L be alinear algebraic F-group and Nbea unipotent
algebraic F-group endowed with an action of L that we identify with the conjugation in LxN.Weletd
denote the integer dimp N and § € X*(L) denote the algebraic character of the adjoint representation of
L on detr (Lie N).

Let Lt C L be an open submonoid and No C N be a standard? compact open subgroup stable under
conjugation by Lt. Ifrisan Lt x ﬁo-representation,“ then the A-modules of ﬁo—cohomology H'(ﬁo, )
computed using locally constant cochains (or equivalently an Ny-injective resolution of 77; see [Emerton
2010b, Proposition 2.2.6]) are naturally endowed with the Hecke action of Lt (denoted ! ), defined for
every [ € L™ as the composite

H‘(ﬁo, T) —> H’(l~]’\7()l~*l, T) —> H’(ﬁg, )

where the first morphism is induced by the action of / on 7 and the second morphism is the corestriction
from fﬁof “lto ﬁo (this defines a natural smooth A-linear action of L+ in degree 0 [Emerton 2010a,
Lemma 3.1.4] that extends in higher degrees by universality of H'(ﬁo, —)). We obtain a universal
s-functor

H*(No, —) : Mod®®) & (A) — Mod¥! (A),

since an injective Lt x ﬁo—representation is No—acyclic [Emerton 2010b, Proposition 2.1.11; Hauseux
2016a, Lemme 3.1.1].

3The exponential map exp : Lle N — Nisan 1§0m0rph1§m of F-varieties [Demazure and Gabriel 1970, Chapitre 1V, §2
Proposition 4.1] and we say that NO is standard if Lie NO = expf1 (NO) CLieNisaz p-Lie subalgebra. The identity of N
admits a basis of neighbourhoods consisting of standard compact open subgroups [Emerton 2010b, Lemma 3.5.2]

4Given a p-adic Lie group H and an open submonoid H+ C H, a representation of Ht over A is smooth if its restriction to
an open subgroup of H contained in H1 is smooth.
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Let Z C L be a central split torus and Z+ 7 bethe open submonoid ZNL*. Since Z is split, its
adjoint representation on Lie N is a direct sum of weights. We assume that there exists A € X «(Z) such
that (fi, ) > O for any weight i of Z in Lie N. We fix an element  := = r(p)) € Z with j € N large
enough so that Z is strictly contracting No, ie., (' Noz )ien is a basis of nerghbourhoods of the identity
in No, see [Emerton 2010b, Lemma 3.1.3] using the fact that ord, (1(2)) = (i, )] for any weight i of
Z in Lie N). In particular Z € Z*.

IfrisaZ *-representation, we say that 7 is locally Z-finite if for every v € 7, the A-submodule A[Z]-v
is of finite type, and we say that the action of Z on 7 is locally nilpotent if for every v € m, there exists
i € N'such that z' - v = 0.

Lemma 3.1.1. Let 7w be a locally z-finite Lt ﬁo-represenmtion andn € N.

G Ifn=[F :Q p]c?, then the action of 7 on the kernel of the natural Z+-equivariant surjection
T o S) — H" (ﬁo, 1) is locally nilpotent.

(i) Ifn <[F: @p]J, then the Hecke action of 7 on H" (IVO, 1) is locally nilpotent.
Proof. We prove (i). The natural Z*—equivariant surjection in the statement is the composite
7@ @ ' 0d) = 1y ® (@ ' 0§) ZHIFWM (N, 1)

where the first morphism is the natural projection onto the No-coinvariants of 7 and the second morphism
is the natural isomorphism [Hauseux 2016b, (2.2)] which is due to Emerton (in loc. cit. @ € X*(Resr/q, i)
is the algebraic character of the adjoint representation of Res F/Q, L on det@ (Lie(Res F/Q, N)) so that
a= Nrmpg/q, 0d as @X valued characters of L hence & 1|oz| '=w o6 as @X valued characters of
L) For every v e m, there exists i € N such that Z Noz_’ fixes A[z] v (since 7T i locally Z-finite and 7 is
strictly contracting No), so that for all 7 € No we have

Foov—v) =Gz -G v -EF v =

Thus the action of Z on the kernel of the above surjection is locally nilpotent.

We prove (ii). Let (ft;)refo.m—17 be an enumeration of the weights of Z in Lie N such that the
sequence ({fi,, i))re[[o,m,l]] is increasing. If fi; + t; = 1, with i, j,r € [0, m — 1], then r > max{i, j}
(since (fiy, &) > max{(fi;, A), (ij, 2. Thus for all r € [0, m]], the direct sum of the weight spaces
corresponding to fi,, ..., ily—1 is an ideal of Lie N stable under the adjoint action of Z and we let
N® C N be the corresponding closed normal subgroup stable under conjugation by Z, d. denote
the integer dimp N, §, € X*(L) denote the algebraic character of the adjoint representation of L on
detr(Lie N®) and N € N be the standard compact open subgroup N N N stable under conjugation
by Z*.

Letr € [0, m]. We assume thatn < [F : Q p]d and we prove that the Hecke action of z on H* (N,
is locally nilpotent by induction on r. The result is trivial for r = m. We assume r < m and the result true

) 7.[)

for r + 1. We have a short exact sequence of topological groups

1 — ﬁér—t—l) N ﬁér) N ﬁér)/ﬁér-i-l) 1.
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The Lyndon—-Hochschild—Serre spectral sequence corresponding to this dévissage is naturally a spectral
sequence of Z+-representations (see [Hauseux 2016b, (2.3)])

H (NS NSV, B (N, 7)) = HIH (NS, 7). (14)

Leti, j eNbesuchthati+ j=n.If j <[F: @p]ci,H, the Hecke action of Z on H/ (ﬁérﬂ), ) is locally
nilpotent by the induction hypothesis; thus the Hecke action of Z on H’ (ﬁér) / ﬁérH), H/ (ﬁé’H), T))
is also locally nilpotent (since the image of a locally constant cochain is finite by compactness). If
j=1F: @p]d~,+1, then i < [F : @p](c?r — c?,+1) and we deduce from (i) with NC+D and j in-
stead of N and n respectively that H/ (ﬁérH), ) is locally z-finite; thus the Hecke action of Z on
H (N /NS 1A (NSTY, 7)) is Tocally nilpotent by the sublemma below with /i = i, and N /N¢+D,
H/ (ﬁér+l), ), i instead of N, 7, n respectively. If j > [F : Q,]d,+1, then H/ (ﬁérﬂ), ) =0Dby [Emerton
2010b, Lemma 3.5.4]; thus H' (ﬁér)/ﬁérJr]), H/ (ﬁérJrl), 7)) = 0. Using (14), we conclude that the action
of Z on H” (ﬁér), ) is locally nilpotent. U

Sublemma. Let 7w be a locally Z-finite Zt x ﬁo-representation, e X* (Z) and n € N. Assume that the
adjoint action of Z on Lie N factors through 1. If n < [F : @p]ci, then the Hecke action of 7 on H* (Ny, 1)
is locally nilpotent.

Proof. Let S C Res F/Q, Z be the maximal split subtorus, S C Z be the closed subgroup S (Qp) and
St C S be the open submonoid S N Z*. Every algebraic (co)character of Z induces by restriction of
scalars a (co)character of S (since the image of a split torus by a morphlsm of algebralc groups is a spht
torus [Borel and Tits 1965, §1.4]). In partlcular the restriction of A : F* — Z to @X takes values in S
and the restriction of [ : 7Z — F* to § takes values in Q.

We deduce on the one hand that Z € S, and on the other hand that the adjoint action of S on
Lie(Resr/q, N ) factors through an algebralc character so that any closed subgroup of Resr/q, N is stable
under conjugation by S. Since Res F/Q, N is unipotent, there exists a composition series

ResF/@p N=NONDx...> N([F:@I,]d) 1

whose successive quotients are isomorphic to the additive group over @, and for all r € [0, [F : Q p]cZ]],
we let N©) C N be the closed subgroup N (Q,,) and N’ € N be the standard compact open subgroup
N N Ny stable under conjugation by S+,

Letr € [0, [F : GZD,,]J]]. We assume that n < [F : @,,]J —r and we prove by induction on r that
the Hecke action of 7 on H"(N "
assume 7 < [F : @, ]d and the result true for  + 1. Since dimg, (N /NT+D) = 1, we have a short exact
sequence of ST-representations (see [Hauseux 2016b, (2.4)])

, ) is locally nilpotent. The result is trivial for r = [F : @,]d. We

0— H (NS /N 11 (N, 1)) = (RS 7) — B (RO, ) 5 o0 qs)

The Hecke action of Z on H"~! (ﬁé’+l), 1) is locally nilpotent by the induction hypothesis; thus the Hecke
action of Z on H (]V(r)/ﬁ(rﬂ) H”*l(ﬁ(rﬂ) 7)) is also locally nilpotent. If n < [F : @,]d — (r + 1),
then the Hecke action of z on H"(N, (r+1) , ) is locally nilpotent by induction; thus the Hecke action
of Z on H”(NérH) )N(”/N('H) is also locally nilpotent. If n = [F : @p]d (r + 1), then we have a
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natural S+—equlvar1ant surjection 7 @ " | M|_" — H"(N, NUFD , ) [op. cit., (2.2)] and we deduce that
H”(N(rH) 7) is locally Z-finite. In this case, we put N/ := N(r)/N(rH) For every v € H”(N(rH) ),
there exists i € N such that Z N()/ 77! fixes A[Z]- v, so that for all j € N we have

v = 2 : ﬁ’/-(2’+f-v)
ﬁ//eﬁ”/zwrjﬁ“zf(ﬂrj)
(Z N//~—t . ZH_]N(;/Z_(H_J)) 2 : fl// . (ZH-] . U)
A" eNy /Zi Nz
= (N :Z/Niz™7) § i’ (Z1 ).
A" eNy /zi Nz

it

Now N ! is an infinite pro-p group, Z is strictly contracting N and A is Artinian. Thus (N oz N "77T) s

)N(V)/N(V n -,

zero in A for j € N large enough. Therefore, the Hecke action of Z on H" (NérH) is locally

nilpotent. Using (15), we conclude that the Hecke action of Z on H" (Nér), 1) is locally nilpotent. U

Let N' € N be a closed subgroup such that Lie N’ C Lie N is a direct sum of weight spaces of Z
We stress that N’ need not be normal. Since Z is central in L, Lie N is stable under the adjoint action
of L; thus N’ is stable under conjugation by L. We let d’ denote the integer dimp N’ and §' € X*(L)
denote the algebraic character of the adjoint representation of L on det (Lie N’ ). We let N(’) C N’ be the
standard compact open subgroup N'N Ny stable under conjugation by Lt

Proposition 3.1.2. Let & be an Lt No—representation. Forall n € N, there is a natural Z+—equivariant
morphism
HPOIED (NG 1) @ (7' 0 (5 —5§)) — H' (No, 7).

Furthermore, the Hecke action of 7 on its kernel and cokernel is locally nilpotent if the Z*-representations
H* (N}, ) are locally Z-finite.

Proof. Let (ﬁr)re[[o,m—m’—l 1 be an enumeration of the weights of Z in (Lie N )/(Lie N’ ) such that the
sequence ((flrs A))refo.m—m'—17 18 increasing and (fi;)refm—m’'.m—17 be an enumeration of the weights of
Z in Lie N’ such that the sequence ({fi,, >)re[[m—m’,m—1]] is increasing. If fi; + ji; = fi, with i, j,r €
[0, m — 11|, then r > min{i, j} (since (fi,, ) > max{(fi;, A), (fi;, A)}). Thus for all r € [0, m —m'], the
direct sum of the weight spaces corresponding to fi,, ..., ii,,—1 is a Lie subalgebra of Lie N stable under
the adjoint action of Z and we use the notations N ), Jr, 5, and Nér) as in the proof of Lemma 3.1.1(ii).
Moreover for all r € [0, m —m’ — 1]}, Lie N+ is an ideal of Lie N so that N"D is a normal
subgroup of N©.
Let r € [0, m —m']]. We prove by induction on r that for all n € N, there is a natural Z+—equivariant
morphism
H' PO 1) @ (07" o (5, —8)) — H'(N, 7). (16)

The result is trivial for r = m — m’. We assume r < m — m’ and the result true for r + 1. Let n € N.
Since dimpg (N(’)/N(’+l)) = 07, — c?,H, we deduce from [Emerton 2010b, Lemma 3.5.4] that (14) yields
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a natural L *-equivariant morphism
H[F:@p](gr_(jr+l)(ﬁér)/ﬁér—‘rl), H”_[F:@[)](Jr_jr+l)(ﬁér—"_l)’ n)) — H" (ﬁé’), ) (17)

whose kernel and cokernel are built out of subquotients of H (ﬁér) / ﬁérH), H/ (ﬁéﬂr]), JT)) withi, j € N
such that i < [F : @p](cZ, — ‘Zr—H)- Furthermore, Lemma 3.1.1(1) with N , 7, nand § replaced by
NOyNCD | qrF@ld—drs) (NHD 7y [F - @,1(d, — dyy1) and §, — 3,41 respectively yields a
natural Z+—equivariant surjection

HFQAE ) (I 1) @ (@' o (B — §,41)
. H[F:@,,]<J,—Jr+1>(ﬁéw/ﬁém), Hn—[F:@,,](J,—JM>(ﬁ(§r+1>, ﬂ)). (18)

Finally, by the induction hypothesis with n — [F : Q p](c?, —d, 1) instead of n, there is a natural Lt-
equivariant morphism

H PO =D (N 1) @ (7' 0 (5, = §')) - BTG ({1 @ (07 o (B, —541). (19)

The composition of (17), (18) and (19) yields the natural Z*—equivariant morphism (16).

Now, we assume that the Z*—representations H'(ﬁ(’), ) are locally z-finite and we prove by induction
on r that for all n € N, the Hecke action of z on the kernel and cokernel of (16) is locally nilpotent, or
equivalently that the localisation of (16) with respect to Z" is an isomorphism. The result is trivial for
r=m—m’'. We assume r < m —m’ and the result true for r + 1. Let n € N. By composition, it is enough
to prove that the Hecke action of z on the kernels and cokernels of (17), (18) and (19) is locally nilpotent.
By the induction hypothesis with j instead of n, the Hecke action of 7 on the kernel and cokernel of the
natural LT -equivariant morphism

H/ A= (7 1) @ (07 o (Bry —§)) — H (NS, )

is locally nilpotent for all j € N. With j =n—[F : Q ,,](c?r — JH 1), we deduce that the Hecke action of Z
on the kernel and cokernel of (19) is locally nilpotent. Furthermore, we deduce that H/ (]V (r+1) ,TT) 18
locally z-finite for all j € N and we use Lemma 3.1.1 with N AL /N N+ H (Ny N+ , ) and i instead of
N 7 and n respectively: we deduce from (i) withi = [F : Q p](d ,+1) that the Hecke action of Z on
the kernel of (18) is locally nilpotent, and we deduce from (ii) that the Hecke action of z on the kernel
and cokernel of (17) is locally nilpotent (since the Hecke action of 7 on H' (]Vo(r) / ﬁérﬂ), H/ (ﬁo(rﬂ), 7))
is locally nilpotent for all i, j € N such thati < [F : @,,](ci, — ci,H)). O

We end this subsection by reviewing and generalising the construction of Emerton’s §-functor of
derived ordmary parts [Emerton 2010b, §3 3]. Let Z7 i denote the centre of L. Assume that Z
a torus, that Z7 7 1s generated by Z~ = Z7 7N Lt asa group, and that L is generated by Lt and Z~
as a monoid. Then, the product 1nduces a group isomorphism L+ X7+ Z7 7 = L [Emerton 2006,
Proposition 3.3.6]. Thus, for any L+—representat10n 7, the A-module Hom A[Z*](A[Z il n)ZL_l fin
naturally an L- -representation [Emerton 2010a, Lemma 3.1.7]. Therefore, we obtaln an A-linear left-exact

functor Mod2" +(A) — Modsm(A)ZL —Lfin which commutes with inductive limits [op. cit., Lemma 3.2.2].



Parabolic induction and extensions 799

-1

Remark 3.1.3. Let Z € Zz 7. Assume moreover that Z7 7 is generated by Z; ZF and 77! as a monoid. Then,

for any locally finite Z +—representatlon 7, there is a natural Z~ equlvarlant isomorphism
HomA[gj](A[Zz], )i g gzt N®az 7

[Emerton 2010b, Lemma 3.2.1]. Thus, the functor Hom A[Z+](A[Z i —)ZL ~Min restricted to the category

Modml (A)Z~ —Min g isomorphic to the localisation with respect to ZV. In particular, it is exact.

Definition 3.1.4. For a connected linear algebraic F-group P with unipotent radical N such that P =

L x N, we define A-linear functors Modsm(A) — Modsm (A)ZL ~Lfin which commute with inductive limits

by setting N
HOrdj = Hom, 7+ (41Z71, H* (o, —y)EH,

If B C P is a connected closed subgroup containing N and Z7 i, then EL = BNLis generated by

BJr = By 7N L* and Z7 7 as a monoid, so that H*Ord  naturally extend to A-linear functors Mod’s" (A) —

Mod“‘[1 (A)ZL ~Lfin which commute with inductive limits.

3.2. Computations on the associated graded representations. Let J C A. We fix a totally decomposed’
standard compact open subgroup N; o € N; and we define an open submonoid of L; by setting

= {l c LJ |1N‘]’0171 E NJ,O} .

We let Z;r C Z; be the open submonoid Z; N L;r. Note that Z; is generated by Z;r as a group and L;
is generated by L;’ and Z; as a monoid [Emerton 2006, Proposition 3.3.2]. Moreover, any A € X, (S)
corresponding to P; has its image contained in the maximal split subtorus S; of Z7 and satisfies (a, A) >0

for all o € d>+\CI>+; thus the assumption of Section 3.1 with N = Nj; and 7= S; is satisfied. We fix

zZ€ Z;r strictly contracting N; o (equivalently Z; is generated by Z;r and 77!

as a monoid).
Let I € A and ‘'w € 'W. We write 'w = ‘w’/w; with ‘w’/ € "W’ and w; € W;. Let o be an
L -representation. We set®

P wB
TThy —cmd !

We use the notation of Section 2.3. The subgroup N; r, € Ny is stable under conjugation by By ,,, and we
have a semidirect product Ny r,, = J/ . XN } 1,,- The subgroup N } 1, 18 stable under conjugation by By, ,
and we endow N ;/ Iy (which may not be stable under conjugation by By ,,,) With the quotient action of By ,,,
via the isomorphism N}”,w = N,yzw/N}’,w. Welet Ny 1,0 S Ny, (resp. N N} . N}’ - N”, )
be the totally decomposed standard compact open subgroup N; 1, NN o (resp. N 7w Nyo, }/ 1y N ‘]’())
and B;iwj C By, be the open submonoid By, N LJ+. Since N 1, ¢ is totally decomposed, we have a

short exact sequence of topological groups
1= N, o= Nymo—> N o= 1. (20)

5Given a closed subgroup U C U stable under conjugation by S, , We say that a compact open subgroup Uo cUis totally
decomposed if the product induces a homeomorphism ]_[ cof Ug N UO) — UO for any order on dD (e.g., UO = U N K where
K C G is a maximal compact subgroup which is special w1th respect to Z [Henniart and Vignéras 2015 §6.6, Remark 2]).
5The naturality of a morphism involving 7r;,, will mean its functoriality with respect to o
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+

is stable under the quotient action of B
sWy

: " "
In particular, N 7.0 on N T

Lemma 3.2.1. For all n € N, the inflation map is a natural Bj'wj—equivariant isomorphism

N/
H' (N, 070 ") 2> H' (N 1y.05 Ty

J,Iw,O’ Iw

Proof. The Lyndon—-Hochschild—Serre spectral sequence corresponding to (20) is naturally a spectral
sequence of Bj,w] -representations [Hauseux 2016b, (2.3)]

H'( .00 H/ (N}, 1y 00 ) = H™ (N 1y 0, T1p)- 1)

The inflation maps are the edge maps of (21) for j = O; thus they are B;fw] -equivariant and in order to

prove that they are bijective, it is enough to show that (21) degenerates, i.e., that H/ (N } 1 s TTr,) = 0 for

w,0’
all integers j > 0.
Since the left cosets N, /N, , form an open partition of N

p o .
N} 1, p-equivariant isomorphism

= P Csm(n/N}’,w’o,sz(U}’wJ,alw))

n'eN’ , /N’
€ J,lw/ ].lw,O

/

[ 1y WE deduce from (13) a natural

where N } 1, o acts by right translation on the terms of the direct sum. The latter are N ; 1, o-acyclic
by Shapiro’s lemma (since they are induced discrete A[N }’,w’o]—modules) and the N } ,wyo—cohomology
commutes with direct sums (since the image of a locally constant cochain is finite by compactness); thus
m, is N, -acyclic. O

/
Jwy?
defined the action of By, = B/, x U’ in Section 2.3 and we define the action of n” € N”, on

. "Wy Jowy Jowy J,w
fec™u,  ,o™) by setting

Jwy?

There is a natural smooth A-linear action of B’} w, X (U }’w] x N }’ n,) on (U 0’“’): we already

" W) :=n"- f@")

forall u’ U},w,-

Lemma 3.2.2. Foralln € N, there is a natural Bfwj-equivariant morphism

Hn(N// HNJ,’w,O) N Hn(N// Csm(U},wj’ O_Iw))

J,w,0° "ty J,lw,0’
such that the Hecke action of 7 on its kernel and cokernel is locally nilpotent.

Proof. We will implicitly make use of the isomorphism (13). For eachn” € N, /N, ., evaluation at

n’ induces a natural A-linear surjection

’

. NJ,Iw.O CSm U/ Iw
eVy 1T, — C. ( Y )
We define a natural A-linear surjection

N’ ;
— . 71 w,0 sm (77! w
Ev:= E eV 1Ty, — C (UJ,w,’G )

neN’ , /N’
J<1w/ J,[w,O
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1

N,
We prove that Ev is B;rw] -equivariant: for any f € 7w, “and b e BT

Jowys We have
H
Evb- = Y. > (ngb - /)(n)
WeN, , IN) o moEN' [N b
= > > b- f(b~'n'n}b)
nGN/ Iw/ Jluy nOENJI O/bN;,Iw,Obil

= > b- f(b~'n'b)

’ ’ ’ —1
n eNJ‘,w/bNJ‘,uuob

=0b-Ev(f)
where the last equality results from the change of variable n’ bn'b~'. We prove that Ev is also
N7, o-equivariant: for any f € n,w"lw’o, n"eNj, ,andu’€Uj, . wehave
Evin"- )= > @’ HH@)
WeN) N
= Z n’ - f " ey ()
weN' N

=n"-Bv(f)W),

where the last equality results from the fact that when n’ runs among N, ; /N,

w0 W€ have

u/ 1 7"—1 /n/n// (Lt/ 1 7n—1 / //)(n// 1 / //)

with on the one hand n”~'»’n” running among N 5 1w/ N’y 1, @nd on the other hand u"~ n"=Yu'n" e N’

Jw
being constant. We deduce that Ev induces natural BJr ,-equivariant morphisms in N

0.0 -cohomology.

We prove that the Hecke action of z on the kernel of Ev is locally nilpotent: for any f € 7T,N /w0 there

exists i € N such that supp(f) € z 7' N’ I, Oz (since z is strictly contracting N’ J 1y o Which is open in

7w ), thus for any n’ € NJ ,w/NJ’,w’O, we have
. H .
G- H) = > (noz" - ()

EN} Tw,0 /Z ]lw() -

= > 2 f (@) nge))
EN}’vo/Z leo !

_{z-Ev(f) if n’ EN/ 0.0°
0 ifn' ¢ N] ho. 0"

Using the long exact sequence of N }’ 1, o-cohomology, we deduce that the Hecke action of z on the
kernels and cokernels of the morphisms induced by Ev in N }/ 1y o-cohomology is locally nilpotent. [
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4

The subgroup B’ V) 1, and the conjugation action coincides with the action

Ty S Bj ., normahses

induced by the quotient action of By ,,, on - We define an open submonoid B”Jr B/J’, w, DY setting
"+ . " // 7n—1
BJ,U)] T {b €B ij |b J’wOb C]\',JIwO}

Lemma 3.2.3. We have BIwJ - B/J/TU x U’

Jowy*

Proof. We have a semidirect product By, = B}, x U} . Letb € B;fw]. We write b = b"u’ with

b" e By, andu’ €U} . We prove that b” € B/J/,erw‘ Let n” € N7, . Proceeding as in the proof

of Lemma 2.3.1, we see that u'n"u’"'n""! € N} n, SO that u'n"u'~ 1 n/n” with n’ € N} 1,- Thus

bn"b~! = (b"'n'b""N(b"'n"b""') € N; 1,9, and since Nj 1, is totally decomposed, we deduce that
"1 //—1 /"

b"n"b NJ h 0" O

Lemma 3.2.4. Foralln € N, there is a natural B/J/TW x Uj w, “€quivariant isomorphism

I I
Hn( J,w,0 Csm(U;,wJ’ o w)) Csm(UJ wy? Hn(NJ 00 @ w))
Proof. Let & be a B}, o representatlon The A-modules H*(N’ o CNUY ,6)) and
C“m( Ty H'(N i a)) are naturally B/t Ty X uj w, “Tepresentations. The 1dent1ty of C;™(U), wy> )

induces a natural U } »,~€quivariant isomorphism
SsWy
~\N" ~N"
. sm / 1 sm 1
L.Cc (IIJ,U)J’O-) J w0 X5 C (ijj, J, w,O).

We prove that ¢ is also B}, ,-equivariant: for any f € C;"(U) ,, ,G) J’wo b e B"Jr and u’ € U’
we have

Jowy?

(" ') = 3 (" f) ()
WEN] 1o/ N 1 0P
— Z n//b// . L(f) (b//—lu/b//)
n'eNy, JBINT L b

L(f)(b”_l u/b//)
=" «(HHW).

We will prove that deriving ¢ yields the desired isomorphisms with 6 = o'

The functor C{™ (U Towye —) is A-linear and exact and the §-functor H*(N }’ Iy 07 —) is universal; thus,
denoting by R* the right derived functors on the category Mod®", a2+ oo (A), we have morphisms of
By wr w0
functors

R.(C(S:m(U},w]’ (_)N;"Iw’o)) Csm(UJ wy? H.(NJ w0’ _))’
R (CE (U yo =) 000) = HE (N 1, 0 C™ (U] =)

In order to show that the second one is also an 1somorphlsm it is enough to prove that C3™ (U, Ty ™)

takes injective objects of Mod® B,,+ wyr . (A)to J Iy acychc objects. If & is an A-module, then we
Jowy J, Iu, 0
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” o .
have a natural N 7.1 0-Cquivariant isomorphism

Csm(UJ wy> Csm( w,0° )) Csm( J,w,0° Cbm(UJ wy> ))’

) Csm(U} vy Csm(N” 6)) is N” —acychc Now if & is an injective object of Mod;“,h v, (A
Jowy J, u) 0

it is also an injective object of Mod;, N}/ (A) [Emerton 2010b, Proposition 2.1.11; Hauseux 2016a,

Lemme 3.1.1]; thus the natural N J/ - equlvarlant injection 6 — C“n(N o> 0) defined by v

(n” +— n” -v) admits an N }’ Iy O—equivarlant retraction, so that & is a direct factor of C™(N }’ 1y 00 0> and
therefore 6 is N/,  -acyclic. O
J,w,0

We now assume that o is locally admissible.

Lemma 3.2.5. Foralln € N, there is a natural B”Jr x Uj w, ~€quivariant morphism
LiNP, wy B Iy
I . J I,,J—1 7 BJ w
sm / n 4 w Jntw ) n
CM (U], H' (N 1y 00 ")) = c—1ndLmPJ_ﬁl o (H"Ordr,np, 0, ©)
w

such that the action of z on its kernel and cokernel is locally nilpotent.

Proof. We have natural B/J/J;;J -equivariant isomorphisms

I

H( Jw,0 @ ) H’(wN”,wOw ]’G)w (22)

Since IwN}’ Iy =l =U;nTw’ Ny'w’ 1 is the unipotent radical of L; N Py, (see Lemma 2.1.1(iii)),
we define an open submonoid of L;qn,s () by setting

+ 1;-1 L1
Llﬁlw’(]) {lelele(1)|lU)Nllw0w 7 C wNJ,wow }
We have IwB’J’fy hw=t=twBj] , wtnLy 5oy We let zZ, s € Zmsz(J) be the open submonoid
Zianiy N Lt 1At (J)" Since o is locally admissible, H* (IwN” 0] I o) is locally Z7 Il ,(J) -finite
[Emerton 2010b, Theorem 3.4. 7(1)] and thus locally ‘wz u)_1 ﬁmte Note that ‘wz'w=! € Z7 It (1)
is strictly contracting ‘wN’/, ' fw=!. Therefore, localising with respect to (‘wz'w="H) gives rise to
Lfm Iy J)-equivariant morphisms

" -1 0
( wN 7.1w.0 Ly ,0) — H Ordmem,wJU) o

such that the action of ‘wz’w=! on their kernels and cokernel is locally nilpotent (see Remark 3.1.3).
Using (22), we deduce B’J”“;)J -equivariant morphisms

I

H' (N 1, 000 ") = (HOrdp, np

) w
1ntwd (J) o

such that the action of z on their kernels and cokernels is locally nilpotent. Applying the functor

sm . 1"+ / . . .
;g wys —)» Weobtain B X U -equivariant morphisms

. b L Iw
Cgm(UJ wy? H (NJ Iy, 009 )) - sz(U},wj’ (H OrdlePm’wJu) U) )
such that the action of z on their kernel and cokernel is still locally nilpotent (because the functions in
their sources and targets have finite images). We conclude using the inverse of the B; ,,,-equivariant
isomorphism (12) with & = (H*Ordy,np o)’ O

intw’ (J)
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We combine the previous results into the following one.

Proposition 3.2.6. Let o be a locally admissible L -representation and 'w € "W. We write 'w = 'w’ w;

with 'w’ € "W’ and wy € W;. For all n € N, there is a natural B;“wj-equivariant morphism

n Py wB LJnP;m’ /_l(l)wJBJ n !
. . w
H" (N 1.0, c-1ndP1, o) — c-ind (H Ordr,np, 10, o)
such that the action of z on its kernel and cokernel is locally nilpotent. Furthermore, this morphism is

even L}’ NP

m,w,-l(l)-equivariant when wy = 1 (see Remark 2.2.2).

Proof. Combining Lemmas 3.2.1, 3.2.2, 3.2.4, 3.2.5, and using Lemma 3.2.3, we obtain the desired
morphism. If w; = 1, then the previous lemmas and their proofs are true verbatim with L; N P,
and L, ;-

w! (1)

L}’ N Pm,w,q(l)—equivariant. [l

Nlw! = (1)
instead of Bjy,, and B’]’,w] respectively (see Remark 2.3.2); thus the morphism is

3.3. Computations on parabolically induced representations. Let I, J C A, o be a locally admissible
L-representation and n € N. For any lower set le C W/, the natural Pj-equivariant injection

Lw . . .
Fil P]‘ (Indgl, o) — Indgl, o induces an L;-equivariant morphism

n . 1W1J G n G
H"Ordp, (Fil p, (Indy o)) — H"Ordp, (Ind b 0): (23)
and by taking its image we define an L;-subrepresentation
Fil 1 (H"Ordp, (Ind% o)) € H'Ordp, (IndS
ilp, ( rdp, (In Pl,o*))_ rd p, (In P],a).

Proposition 3.3.1. The L,-subrepresentations Fil}, (H”Ordp, (Indg_ 0)) form a natural filtration of
H"Ordp, (IndIGJI, o) indexed by "W’ . Furthermore, for all 'w’ € 'W there is a natural L;-equivariant

isomorphism
w’ (pyn G ~ 11 . Prlwlp,
Grp, (H Ordp, (Inde o)) =H"Ordp, (c—mdpl, 0).

Proof. First, we prove for any lower sets ‘W €W/ C W/, the short exact sequence of P;-representations

IwJt Iw/ Iw/ IwJ/
0 Fil,* (IndS_ ) — Fil,,' (IndS_ o) — Fil ;' (Ind$_o)/Fil,* (IndS_0) >0 (24)

induces a short exact sequence of L;-representations

n : Isz G n : IWIJ G
0 — H"Ordp, (Fil 5, * (Ind},_ o)) — H"Ordp, (Fil ;' (Ind},_ o))
J

IwJ I
— H"Ordp, (Fil . (Ind$_ o)/ Fil (Ind$_ o)) > 0. (25)

1

In particular, (23) is injective and (7) induces the isomorphism in the statement.
Let Njo € Ny, L;r CLy, Z;“ CZjandz € Z}L be as in Section 3.2. Proceeding as in the proof of
[Hauseux 2016a, Proposition 2.2.3], we see that the first nontrivial morphism of (24) induces an injection
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in N o-cohomology. Using the long exact sequence of N o-cohomology, we deduce that (24) induces a
short exact sequence of L+—representations

0— H" (N, F11 i (Indj_ o)) — H"(Ny,, F11 i (Indj_ o))
—>H”(NJ0,F11 '(IndG_ o)/ Fil, 2(Ind G-0)) = 0. (26)

Since o is locally admissible, Ind _ o is locally admissible [Emerton 2010a, Proposition 4.1.7]; thus
H*(Nj0, Ind¢ e o) is locally Z; * ﬁnlte [Emerton 2010b, Theorem 3.4.7(1)]. We deduce that each term of
(26) is locally ZJr finite (as a subquotient). We conclude that localising (26) with respect to z" yields
(25) (see Remark 3.1.3).

We now prove that Fil}, (H"Ordp, (IndG, o)) is afiltration of H"Ordp, (IndG, o) indexed by 'w/ . Since
w7 is finite and Fil'PJ (H"Ordp, (IndG, o)) is inclusion-preserving with Fllé (H"Ordp, (Indgl, 0))=0
and Fil;}jﬂ (H"Ordp, (Indg, o)) = H”Ord P, (Ind PP o) by construction, it remains to prove that for any
lower sets le A WJ C "W/, the natural short exact sequence of P;-representations

WmW2 Wuw2

0 — Fil, (Indj_ o) — F11 i (Indj_ o) @ F11 e (Indj_ o) — Fil, (Indj_ o) — 0

induces a short exact sequence of L;-representations

0 Fil,y " " (H'Ordyp, (IndS. ) — Fil ' (H'Ordp, (IndS_ o)) @Fil,,* (HOrdp, (Ind?._ o)

IWJUW (

— Fil, H"Ordp, (Ind§;- )) — 0.

This follows from the same arguments as above. U

Let ‘'w’ e TW/. For any lower set W, C Jntw’=la )W, , the natural B equlvarlant (resp Pranyi-1(1)-
w;
equivariant when W, = {1}; see Remark 2.2.2) injection Fil 3’ (c- 1nd a) > c- 1nd Prtwl Py o induces
Pr
a Bj-equivariant (resp. Ly N Pjnu,s-1(y-equivariant when Wj = {1}) morphism

PIij PIWPJO_)
b

H"Ordp, (Fll i (c- ind " o)) — H"Ordp, (c-ind 27)

and by taking its image we define a B J—subrepresentation (resp. Ly N Pjnn,s-1()-subrepresentation when
Wy ={1})

P,wPJ

Fil ’(H"OrdpJ (c- ind," o)) CH"Ordp, (c- 1ndP’ wl by o).

Proceeding as in the proof of Proposition 3.3.1 and using (8), we prove that (27) is injective and the
following result.

Proposition 3.3. 2 The Bj-subrepresentations Fil, (H"Ordpj (c- 1ndP’ w'Py ) form a natural filtration

J _
of H"Ordp, (c- 1nd Pt ! o) indexed by /" fw’ =) W;. Furthermore, for all wy € Jnfw? 1(I)WJ there is a

natural By eqmvarlant isomorphism
Gry’ (H"Ordp, (c- 1ndP’ w' Py o)) ZH"Ordp, (c- mdP’ whws B o)

which is even Ly 0 Pynn,i-1(py-equivariant when wy = 1 (see Remark 2.2.2).
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We now state the main result of this section using Notation 2.3.3 and Remark 2.3.4.

Theorem 3.3.3. Let o be a locally admissible Lj-representation, 'w’ € "W’ and n € N. For all

1,.,J—1 . . . . .
wy € /"W DWW, there is a natural B w,-equivariant isomorphism

Gry’ (H"Ordp, (c—indg w'p o))

~ W Ly n—[F:Q,ldr,
=Gry (Ind}? (B Ordy o,

Jnlwd =11y

0)"'® @ 0bu)))

ﬂle(l)

which is even Ly N Pjn,i-1()-equivariant when wy =1 (see Remark 2.2.2).
Proof. We use the notation of Section 2.3. We let w; € Jﬂle_l(])W] and we put hy = Tw'w;. We let

Njo € Ny, L;r c Ly, Z;r € Zj,z€ Z;r and 7, be as in Section 3.2. In the course of the I,)r?Of of
Pf w’ Py

Proposition 3.3.2, we see that H" (N o, 71,) is locally er -finite (as we saw it for H* (V; o, c-ind P; )

in the course of the proof of Proposition 3.3.1).

Since o is locally admissible, the L jqr,s (g)-representations H*Ordy,np, s, O are locally admissible
by [Emerton 2010b, Theorem 3.4.7(2)]; thus locally Z;~1,s sy -finite by [Emerton 2010a, Lemma 2.3.4].
Therefore, the Bj-representations

L;NP~ o wy By 1J
c-ind, 70 (H.OrdLlﬂPmeUJ) 0) !
are locally Z;-finite; thus locally z-finite. We deduce from Proposition 3.2.6 that the B;f w, “Tepresentations
H*(N 10, 71,) are locally z-finite and that there is a natural B;fwj -equivariant (resp. L;r NP, "
equivariant when w; = 1) morphism
H QM (N 1o, 700,) @ (07 0 81,0)™
LJQP71 j—1 wJBj
N (C—il’ld JNiwe 1)

L;NP~
/ Jnlwd ~Y

(BP0 Ordy p, 0 0) ") @ @ 0B,) ™ (28)
such that the action of z on its kernel and cokernel is locally nilpotent.

Using Proposition 3.1.2 with L= B; ., (resp. L= L; N Pyan,r-1¢y when wy = 1), N = Ny,
N =N 7.1y (so that d—d =di,s and§—§' = w;l (81,,7) since conjugation by wy induces an isomorphism
of F-varieties Ny/Nyn, = Nj/N;n,/), z =z and m = m1,, we deduce a natural B;fwj -equivariant
(resp. L;r N PjAn,s-1(py-€quivariant when w; = 1) morphism

H @Mt (N 1, 0, 700,) ® (@ 081,0)™ — H'(Ny,0, 71, @9

and the Hecke action of z on its kernel and cokernel is locally nilpotent.
Using Proposition 3.3.2, (9) with & = (H" 17 @4 Ordy,p, )™’ @ (™" 081,) and the natural
Bj-equivariant (resp. Ly N Pjq1,,7-1(7)-equivariant when w; = 1) isomorphism

LJQP7 1 U)JBJ

i Inhwd 1) n—[F:Q,ld ! 1 w
<c—1ndL o w (H [F:Qpldr,s OrdL,mpm,w,m cr) Q (W™ 0, )™
4 Jnlw! ~Y
L;NP~ _ wy By I,J
~l Jnhwd ~L n—[F:Q,ldr, ; w —1
= c—1ndLmP_ ((H w Ordmem,ij a) ® (w oézwj)),

Jnlw! ~L
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the localisation of (28) with respect to zV and the inverse of the localisation of (29) with respect to zN
yield the desired isomorphism (see Remark 3.1.3). O

. . ~ —[F@ ]d ij 1 .
In particular with wy; =1 and 0 := (H” Seplany, OrdL,mpm,w,u) cr) & (w™ " 0d,s), there is a natural
Lj N Pynn,s-1¢py-€quivariant injection
~ . Priwlp
Gr}gj (IndL" &) < H"Ordp, (c-ind, " " o),

LJnP]ﬁlw/_l(I) P

hence a natural Lj-equivariant morphism

PfIwJPJ O')

ALLI ) ®AL;0P, 1511 Orp, (Ind}” - &) — H'Ordp, (c-ind},

LJum’u,Jfl )
In the proof of [Emerton 2010a, Theorem 4.4.6], it is shown that such a morphism factors uniquely

through the natural L;-equivariant surjection

1 Ly ~ Ly ~
ALLJI®AILNP, 1,01, CTB, (IndLmP, . 5) —»IndLmP, G
Jnlwd =11 Jnlwd =11

Thus, the previous injection naturally extends to an L;-equivariant morphism
n—[F:Q,)dp, s w! n P! Py
((H P Ordy o,y 0) " @@ 081,0) ) — H'Ordy, (c-ind ;™ ). (30)

Conjecture 3.3.4. The natural morphism (30) is an isomorphism.
We prove Conjecture 3.3.4 in some special cases.

Proposition 3.3.5. (i) IfH* 7@y Ordy p

1w’ (1) o

=0, then
n . Prlw’ Py
H"Ordp, (C'mde cr) =0.

(i) If 'w’(J) C I, then (30) is a natural Lj-equivariant isomorphism

Py lw! Py a)

—[F:Q,ld ! -1 ~ .
(Hn [F:Qp] szOrdL,mpm,me a) ® (0™ 081,s) = H"Ordp, (C'mdp,—

(iii) Ifn =0 and 'w’ =1, then (30) is a natural Lj-equivariant isomorphism

L ~ . PTP
Indijp; (OrdL,mpj cr) —= Ordp, (c—mdpj, ! a),

Proof. We first use Theorem 3.3.3.

If A"~ 1@ 0,0 Ordy, q p

1ntwd (1)
If 'w’ (J) € 1, we deduce from [Emerton 2010b, Proposition 3.6.1] that Gry (H"Ord p, (c-ind
is concentrated in degree 1; thus (30) is an isomorphism, hence (ii).

—1.J
o =0, we deduce that Gry (H"Ordp, (c—indi’_ v by 0))=0, hence (i).
: Priwlp,
7 )

We now prove (iii). Since all the functors involved commute with inductive limits, we reduce to the case
where o is admissible. By [Abe et al. 2017b, Corollaries 4.13 and 5.9], there is a natural L;-equivariant
isomorphism

L ~
Ind;’ _,_(Ordz,np, o) = Ordp, (Indj_ o). 31)
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Using (i), we deduce from Proposition 3.3.1 with n = 0 that Gr},l (Ordp, (Indgl_ 0)) is concentrated in
degree 1, hence a natural L;-equivariant isomorphism

Ordp, (c—indg: " 6) = Ordp, (Ind3_ o). (32)

The composition of (30) with n =0 and ‘w’ = 1, (32) and the inverse of (31) yields an L;-equivariant en-

Ly e .. 1 Ly
L pr OrdLinp, 0) which is injective in restriction to Fil, (Ind opr (Ordz,np, 0)).

From [Emerton 2010a, Lemma 4.3.1 and Proposition 4.3.4] and the left-exactness of Ordz,np,, We

domorphism ¢ of Ind

deduce that Ordy,np, ¢ is an injective Lny-equivariant endomorphism of Ordz,np, o. Since the latter is
admissible by [op. cit., Theorem 3.3.3], it is Artinian (see Section 4.1 below), and thus co-Hopfian so that
Ordy,np, ¢ is an isomorphism. We deduce that ¢ is an isomorphism using [op. cit., Proposition 4.3.4 and
Theorem 4.4.6]. We conclude that (30) with n =0 and ‘w’ =1 is an isomorphism as in the statement. [

Remark 3.3.6. Let R*Ordy,p, denote the derived functors of Ordz,np, on ModlL'a;dm(A). By universality
of derived functors, the isomorphism in (iii) extends uniquely to a morphism of §-functors

Ind;’_, oR°Ordy,np, — H'Ordp, o c-ind;’ " (33)
(the left-hand side is the derived functor of Indg e © Ordz,np, by exactness of Indg Ap and the

right-hand side is a §-functor by the same arguments as in the proof of Proposition 3.3.1). Now, assume
that [Emerton 2010b, Conjecture 3.7.2] is true for Ly N Py, i.e., R*Ordy,np, = H*Ordy,np,. Then
Conjecture 3.3.4 for ‘w’ = 1 is equivalent to (33) being an isomorphism. We could prove this if we knew
that the isomorphism of Theorem 3.3.3 with ‘w’ = 1 were B;-equivariant for all w; € /™ W;.

Finally, we compute the derived ordinary parts of a parabolically induced representation in low degree
when there is an inclusion between / and J.

Proposition 3.3.7. (i) If 1 € J and 0 <n < [F : Q,], then H"Ordp, (Indgl, o) =0.
(i) If J € T andn < [F : Q,], then there is a natural L;-equivariant isomorphism
H"Ord,np, o => H'Ordp, (Indj_ o).

(i) If J € I and Ordp,np,,,, 0 =0 forall o € Al \ (U J1), then there is a natural short exact
sequence of Lj-representations

0 — HF®10rd;  np, 0 — HF @ 10rdp, (Indgl, o)—> @ Ords,np,0)* @@ " oa) > 0.
aeJLIN\T

Proof. We use Proposition 3.3.1 and Lemma 2.2.1 with £ : /W’ — N to obtain a filtration
Fﬂf;; (H"Ordp, (Indgl_ o))
indexed by N such that for all i € N, there is a natural L;-equivariant isomorphism

. -1, J
Gryl (H'Ordp, (IndS_0)) = P H"Ordp, (c-ind, " " o). (34)

(w!)=i



Parabolic induction and extensions 809

Assume n < [F : Q,]. If 'w’ # 1 (i.e., di,,s > 0), then H"Ordp, (c- ind, Priw’py o)=0 by Proposition
3.3.5(1) since n — [F : Q,1d1,s < 0; thus we deduce from (34) that Gri,'(H”Ordpj (Ind _ o)) is concen-

trated in degree 0, so that assuming Conjecture 3.3.4 for ‘w’ = 1, we obtain a natural Lj-equivariant
isomorphism
Indffmp (H"Ordpnp, o) <> H'Ordp, (Ind. o). (35)

Now, Conjecture 3.3.4 is true for ‘w”’ =1 in the following cases: n > 0 and I € J by Proposition 3.3.5(i)
since H"Ordy,np, = H"Ordz, = 0 [Emerton 2010b, Proposition 3.6.1], in which case the source of (35)
is zero, hence (i); J € I by Proposition 3.3.5(ii), in which case the source of (35) is H'Ordz,np, o
hence (ii).

Likewise, if ‘w” # 1 and 'w’ #£ s, foralla € A"\ (U J) (i.e., dn,s > 1), then

—1,.J
P 10rdp, (c-ind)” "™ o) = 0
by Proposition 3.3.5(1) since [F : Q,] — [F : Q,]d1,s < 0; thus we deduce from (34) that
Grlp" (H@10rdp, (Ind_ o))

is concentrated in degrees 0 and 1, so that assuming Conjecture 3.3.4 forn =[F : Q,] and Iy’ =1 or

hy' = s, forall a € A\ (1 U J), we obtain a short exact sequence of L;-representations

0—Ind’ . (H"®10rd;,np, o) — HF @ Ordp, (Ind_ o)

— @ Indgmpj_m " ((OrdLumsa(/) g)o‘ Q@ o oz)) — 0. (36)

aceA\(IUJ)
Assume J C I and Ordy,np,,,,, 0 =0 forall a € A\ (1 UJ%). Then Conjecture 3.3.4 is indeed true
for n =[F : Q,] in the following cases: Iw’ =1 by Proposition 3.3.5(ii), and the first nontrivial term of
(36) is HF*@10rd, , np, 03 Tw’ = s, with @ € A\ (1 U J1) by Proposition 3.3.5(i) and the hypothesis on
o, and the corresponding summand of the last nontrivial term of (36) is zero; hw’ = 54 with o € J+1 \V/

by Proposition 3.3.5(ii) since s,(J) = J C I, and the corresponding summand of the last nontrivial term
of (36) is (Ordz,np, 0)* ® (0~ ! o). Hence (iii). O

We reformulate Proposition 3.3.7 in the case / = J, using the fact that in this case H"Ordy,np, = 0 if
n > 0 [Emerton 2010b, Proposition 3.6.1]. Note that if P = LN is a standard parabolic subgroup, then
for all @ € A\ Ay, the standard parabolic subgroup of L corresponding to Ay Ns,(Ay) is LN sy Ps; !
and it is proper if and only if o & Ai.

Corollary 3.3.8. Let P = LN be a standard parabolic subgroup and o be a locally admissible L-
representation.

(i) Foralln € Nsuchthat0 <n < [F : Q], we have H”Ordp(Indg, o) =

(i) IfOrd; ; p-10 =0foralla € A\ (AL U Ai), then there is a natural L-equivariant isomorphism

H7®)0rdp (Ind§- o) = EB o’ ®(w o).

1,1
aEAT
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4. Derived Jacquet functors

The aim of this section is to study the derived functors of the Jacquet functor. In Section 4.1, we review
some results on pro-categories. In Section 4.2, we relate the left derived functors of the Jacquet functor in
a pro-category with the derived ordinary parts functors and we construct a new exact sequence to compute
extensions by a parabolically induced representation. In Section 4.3, we adapt the results of Section 3.3
in order to partially compute the derived Jacquet functors on a parabolically induced representation.

4.1. Pro-categories. Let H be a p-adic Lie group. Let € be the category whose objects are the A[H ]-
modules such that for some (equivalently any) compact open subgroup Hy C H, the A[Hp]-action extends
to a structure of A[l Hy]-module of finite type, and whose morphisms are the A[ H ]-linear maps. Since
the completed group rings are Noetherian [Emerton 2010a, Theorem 2.1.2], the category € is A-abelian
and Noetherian, i.e., it is essentially small’ and its objects are Noetherian. Let ¢ be the category of
contravariant functors € — Set and Ind-€ be the full subcategory of €* whose objects are the functors
isomorphic to a small inductive limit in €" of objects of € (using the Yoneda embedding € — €").
By [Kashiwara and Schapira 2006, Theorem 8.6.5], the category Ind-€ is a Grothendieck category® (in
particular it has enough injectives; see [Kashiwara and Schapira 2006, Theorem 9.6.2]) and the natural
A-linear functor € — Ind-€ is fully faithful and exact.
Now, Pontryagin duality induces an equivalence of categories [Emerton 2010a, (2.2.12)]

Mod¥™(A) = ¢°P,
Thus, the category Modj‘gm(A) is Artinian, the pro-category
Pro-Mod™(A) := (Ind-¢)°P
has enough projectives, and the natural A-linear functor
Mod¥™(A) — Pro-Modi™(A) (37)

is fully faithful and exact. We let Exty; and Extp,  ,; denote the bifunctors of Yoneda extensions in the
categories Mod‘};im(A) and Pro—Modj‘JIjm(A) respectively. By [Oort 1964, Theorem 3.5], (37) induces
A-linear isomorphisms

Exty (7', ) => Extp,, y (7', 7) (38)

for all objects 7, 7" of Modﬁm(A).

4.2. A second exact sequence. Let P C G be a parabolic subgroup and L C P be a Levi factor. We let
P~ C G denote the parabolic subgroup opposed to P with respect to L. There is a natural exact sequence
of A-modules [Emerton 2010b, (3.7.6)]

0— ExtlL (0,0rdp 1) —> Extlc (Indg, o, 7) — Homy (o, H'Ordp 7) (39)

A category is essentially small if it is equivalent to a small category, i.e., if the isomorphism classes of its objects form a set.
8 A Grothendieck category is an abelian category that admits a generator and small direct sums, and in which inductive limits
are exact.
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for all objects o and 7 of Mod%dm(A) and Modﬁgm(A) respectively. We construct a second exact sequence,
in which parabolic induction is on the right.

By [Emerton 2010a, Proposition 4.1.5 and Proposition 4.1.7], parabolic induction induces an A-linear
exact functor
Ind% : Mod¥¥™(A) — Mod¥™(A).

By [Emerton 2010b, Corollary 3.6.7], taking N-coinvariants induces an A-linear right-exact functor (the
so-called Jacquet functor)
(—)y : Mod¥™(A) — Modi™(A).

By Frobenius reciprocity and the universal property of coinvariants, there is a natural A-linear isomorphism
Homg (77, Ind$ o) = Homy (ny, o). (40)

for all objects 7 and o of Modfgm(A) and Modidm(A) respectively.

We deduce from [Kashiwara and Schapira 2006, Proposition 6.1.9] that these functors and the adjunction
relation extend to the corresponding pro-categories. By [op. cit., Corollary 8.6.8], Indg is still exact so
that (—)u still preserves projectives. Thus, denoting by L,(N, —) the left derived functors of (—)y in
Pro—ModaGdm (A), there is a Grothendieck spectral sequence of A-modules

Exth,,; (Lj(N, ), 0) = Exty! (7, Ind$ o)
whose low degree terms form a natural exact sequence of A-modules
0 — Exth,; (Ty, o) = Extp (7, Ind§ o) — Hompyo 1 (L1(N, ), o)
— Ext}, (TN, 0) = Exth, (7, IndG o)  (41)
for all objects = and o of Pro—Modegm(A) and Pro—ModaLdm(A) respectively.

We let d denote the integer dimp N and § € X*(L) denote the algebraic character of the adjoint
representation of L on dety(Lie V). We define A-linear functors by setting

H. (N, —) := HF®M=*0rdp @ (w0 9).

We deduce from [Emerton 2010b, Corollary 3.4.8 and Proposition 3.6.1] that we obtain a homological
d-functor
H. (N, —) : Mod¥™(A) — Modi™(A)

and proceeding as in the proof of [Kashiwara and Schapira 2006, Corollary 8.6.8], we see that it extends
to a homological §-functor between the corresponding pro-categories.
By [Emerton 2010b, Proposition 3.6.2], there is an isomorphism of functors (hence the notation)

Ho (N, =) = (—)n
which, by universality of derived functors, extends uniquely to a morphism of §-functors

H (N, =)= L. (N, -) (42)
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which is bijective in degree 0, and thus surjective in degree 1 (by a dimension-shifting argument). Using
(38), we deduce from (41) a natural exact sequence of A-modules

0 — Ext} (wy, o) — ExtL (7, Ind§ ) — Homy (H{(N, ), o) (43)
for all objects 7 and o of Modagm(A) and Modidm(A) respectively.

Remark 4.2.1. (i) Nothing is known (to the author at least) regarding the nature of the morphism (42)
in degree greater than 1.

(i1) Let H be a p-adic Lie group. Taking inductive limits induces an A-linear exact functor
lim : Ind-Modi{™ (A) — Mod}24™(A)

which is essentially surjective, but not faithful nor full in general. Thus the situation here (i.e.,
deriving in Pro-Modj‘gm(A)) is not exactly dual to that of [Emerton 2010b, §3.7] (i.e., deriving in
Mod 9m(A)).

4.3. Adaptation of the computations. Let [, J C A, o be an L;-representation and n € N. We let

1,.J—1 . .
Ly = wrowo (resp. Jw (I)w\]y() = WKy -1(1),0Ws,0) denote the image of wy (resp. wy o) in Iy
1
(resp. /¥

hwoLp'wy Vand P; = 'wo Py hwg ! hence a natural G-equivariant isomorphism

J_](])W]) and we define an auxiliary subset of A by setting I’ := ’wal (I). We have L; =

Indgl o= Indg; oo (44)
defined by f — (g~ f('wog)).

/ _ 1,J—1 . .
Lemma 4.3.1. The map ‘"W’ — "W/ defined by 'w’ Iwo Uy I Dw; o is an order-reversing
bijection.

Proof. First, note that W; = woWjrwy, so that left translation by wg induces a bijection
WN\W/W; = W \W/W;.
In particular, card /W’ = card / 'W/. Thus, it is enough to prove that the order-reversing composite
W —w=w
where the first arrow is defined by ‘w”’ > wy ofw?’’/ Nw!=H Dy, o (it is injective since /W is a system of
representatives of the double cosets W;\W/W;, and order-preserving since the projection W —» ‘W is
order-preserving) and the second arrow is the left multiplication by wy (it is an order-reversing bijection;
see [Bjorner and Brenti 2005, Proposition 2.3.4(i)]), takes values in / ‘w.
Now, let ‘w’ € 'W’. For all ‘'w € 'W and w;: € Wy (using [op. cit., Proposition 2.3.2(ii)]),
Z(U)]/IU)(;IIU)) = Z(wo(wowpwo) wl,olw)
= £(wo) — ((€(wr,0) — L(wowpwo)) +£("w))

= L(wy) + L(wowy o'w).
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. I, J—1 _ I, J—1 / . .
Since fw’ /M Dy o € W, we deduce that ‘wy Uy JI0w™= Dy, o e 'W. Likewise, for all w’ € W,
we have wow’wy o € W”. Since

ro—1r JJinhw/=tu I.J
w, w ()w],():wowl,o W™ W yniyl-1(1),0WJ,0

I.J
= WoWr,0Wrnhy/(J),0 W WJ,0

INfw! (g J
IU)QU)I’O w"wy.o

1,,J _ I,J—1
and wﬁ% WDyt e WY we deduce that g Ty J I0w™ =y ; o € WY We conclude that

_ L, J—1 ’
Iwo 10,,,J J0"w (l)wj’0 c'w. 0

We see from Lemma 4.3.1 that the left translate by ‘wg of the decomposition G = Lnyserws Prr Tw’ p;
is the decomposition G = |_|1,,s cryys P;'w’ P; with the opposite closure relations. Proceeding as in
Section 2.2, we can construct a natural filtration Fil}, (Indg[ o) by Pj-subrepresentations indexed by /W
with the opposite Bruhat order, and there is a natural P;-equivariant isomorphism

I,J L,J
w G ~ . aPr'w’ Py
Grp, (Indp, o) =c-indp, o

for all ‘w’ € 'W’. Furthermore, (44) identifies this filtration with Fil};f (Indg_ alw‘)), using Lemma 4.3.1
to identifiy the indexing posets, and induces a natural P;-equivariant isomorlphism

’
IwJPJ I

o™ (45)

P,

c—indg WP o~ e ind Pj‘,

for all ‘'w’ e W’ with fw’ = Iwallemle_l(”wj,o. Therefore, by Proposition 3.3.1, Fil}yj (Indgl o)
induces a filtration Fil}, (H, (Ny, Indgl o)) by L;-subrepresentations indexed by W” with the opposite

Bruhat order and there is a natural L;-equivariant isomorphism
I,J . L, J
Grp” (Hy(Ny, Ind§, 0)) = H, (Ny, c-ind) " 0)
for all ‘w’ e TW”.
Let ‘w’ € TW/ and set Iiuljjo Iwa”w”m’wjfl“)w]’o. We let 6 be an L jn,s-1(p)-Tepresentation.
Note that J N fw! =1(1) = 1" Dy o(J N Iw? ~1(1')). We have

Jnlw! =1 Jnfw! =ty —1
Ljnnyi-1y = ( )w],OL\]mIQDJ—l(I/) ( )wj‘o
and
_Jnfw/ 1) - Jnhw! =1y —1
LJ N Pjﬂ’wj_l(l) = U)J’OLJ N ijliuj—l(l/) wJ,O’
hence a natural L;-equivariant isomorphism
L o~ ~ L - intw/ =1
Ind,’p o= IndL’ - o w10 (46)
JOF ;01,0 =11 JN lwd —1 11

defined by f +— (I — f(mle_](’)wj,ol)). Proceeding as in the proof of Lemma 4.3.1, we obtain the
following result.
Lemma 4.3.2. The map I Dy, 0w’ =) W; defined by wy +— Jmle_l(l)w;})w/ is an order-

reversing bijection.
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We deduce from Lemma 4.3.2 that the left translate by ‘wy (resp. ’ N!0y, 7.0) of the decomposition

-1,
P 'w’ Py = L] PI, w wJB (resp. Ly = L] LynP, ., ,(I)w’]B])
w/JGJﬁl/mj’l(l’)Wj wfjeml’wffl(mwj
is the decomposition
P'w/ Py = L Pi'w/w;B  (resp. Ly = L] Ly N Pjrn,i-1ywy By)

wjemlmfflu)wj wjemlwfflu)wj
with the opposite closure relations. Proceeding as in Section 2.2, we can construct a natural filtration
Fil}y (c-ind} ™" &) (resp. Fily , (nd7”

Jﬁ’w

o)) by B- (resp. B;-)subrepresentations indexed by

Nyl — l(,)
S Wj with the opposite Bruhat order and there is a natural B- (resp. B;-)equivariant isomorphism

L./nP]nI"_,Jfl(I)w./BJ
o

wy P1 w Pj P1 w w]B wy Ly ~
Gry’ (c ind ) = c-ind o (resp. Grg (IndL]mD LiOP i1, )

Jnlwl =11

&) = c-ind
for all w; € /"'~ ()W, . Further, (45) (resp. (46)) identifies this filtration with

, . Pw P . L ~anfw! =1
Fily (c—mdP’,' o ™) (resp. Fily, (IndL’mP, o wr0Y),
r Jnlwd =111

using Lemma 4.3.2 to identifiy the indexing posets, and induces a natural B- (resp. B;-)equivariant

isomorphism
—1 0.
Pl B ~ . w'w,B I
c-ind ! wiwsB =c-1ndP” g wo
!
- ’
(resp. c-ind PPyt s A Br s o 1ndLuml/‘J_]”/)wJBj 5101‘”171(1)’””0)
L/ﬂPm[wJ L L]ﬂP7 Allpd = L
1,J—1 P P
forall wy e/Mw' ™ Dy, withw/, =77 Dy~ L. Therefore, by Proposition 3.3.2, Fil; (c ind, " o)

induces a filtration Fily (H,, (N, c—mdg w' Py 0)) by B;-subrepresentations indexed by / Nhw’=1a )WJ with
the opposite Bruhat order and there is a natural B;-equivariant isomorphism

L.,J
Gr! (Ha(Ny, c-indfl ™™ &) Z H, (Ny, c-ind """/ 8 o)
for all wy € /N’ Dy,
1 J

e "W’ and n € N. For all
I,.,J—1 . . . .
wy € /"W T DWW, there is a natural B, jani =10y, w, “€quivariant isomorphism
’ J,0

Theorem 4.3.3. Let o be a locally admissible L -representation,

Gry’ (H, (Ny, c-ind "7 o)

)
1.J
=Gry (Indli;mpjnl I=1(py (an[F:@p]dle (LI O Ninw (1), U) " ®Wo 5’w1)))

. . 1,J—1
which is even Lj N Pmm’wffkl)w—llwffl(/) Jw (I)U)‘L().

-equivariant when wy =
r,J—1 . .
Proof. We set 'w” : wO Tyl INwTTH Dy, 7,0 and we define an L jn,7-1(7)-representation by setting

1,7 solw! =1y, —1

~ : dj—dp — U
0= ((H[F Ol =) nordL,/mPpm/wJ(n o wo) Y e (wo (87— 51&;1))) o,
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where d; denotes the integer dimp Ny and 6; € X*(Ljy) denotes the algebraic character of the adjoint rep-
resentation of L, on detr(Lie Ny). We prove that there is a natural L jn,7-1(7y-€quivariant isomorphism

1,J
& =Hu(raya,, (L1NNiani).0) " ® (@odn,). (47)

We have L;q1n,75) = IU)OLI/ml/wJ(J)IwO_I and L; N Pn,i gy = hwoLp N P /m,;‘)/(])’wal, hence natural
L a1,y -equivariant isomorphisms

I
H° OI’dLl,mp O‘le = (H'OrdLlnp O') wo.

ol'wt (1) infwt (1)

Using Lemma 2.1.1(iii), we have (with notations analogous to d; and &)

. 71
H'Ordz,np, 1,0, = HiF,1d 00,0, ~dn—e (L1 O Niani (), =) ® (@ 0 (8117 — 1))
Thus in order to prove (47), it remains to check that

dy = irns gy —di) +digr +diys, 85 ="0"""G1mrsy —81) + s + 77" Dy 0(81y,0).

We do these computations on the corresponding Lie algebras: d; and 8; correspond to ®T\d7,
(dranysry — dp) and 'w? =1 (8;qn,0¢5y — 8;) correspond to (PT\®T) N w’ ~1(®T), di,s and 81,5 cor-
respond to (®T\®F) N 'w’/~1(—d™), and d;,; and mle_l(”wj,o(&/w,) correspond to (®T\dT) N
hy? =1 @\ @) (noting that wo(—dT) = (=&))L (®T\®]) and (®T\dT) N w/ ~1(—d)) = 2).
Thus, the two equalities above follow from the partition

q>+\q)+ — (((D+\CI)+) N 1 J— 1((1);_)) L ((q>+\(bj-) N le—l (—CI)+)) L ((CI)+\CI)+) ) 1 J— 1((1)+\CI)?_)) ,

which is obtained from the partition ® = CID;L u(—ot)u (d>+\<I>;r) by applying ‘w’ ! and taking the
intersection with dT\®7F.

Let w; € /"' 7' W, and set w) =0 Nfw’= I(I)w] oWs. By construction, (45) induces a natural
Bj-equivariant isomorphism

Gry’ (Ha(Ny, c—indglepf o)) = Grlg’ (HFQoldr=nOpd ) (c—indg’zlepj alwo) ® (wody)).
l/

By Theorem 3.3.3, there is a natural B, , -equivariant isomorphism

, -1’7 1,J-1
w’ [F:Q,]d;—n . Pl, w’ Py 1 Ly ~Jntw (I)w.
Grg (H P 0rd p, (c—mdPI_/ ) ® (a)O(S])) (IndLmP . & Jo)
n ah
which iseven L; NP1, -1 ( 1,)—equivariant when w/J = 1. By construction, (46) and (47) induce a natural
Bj-equivariant isomorphism
_unlw/ =1
Gr (IndL’ o w“))

L;NP~
S Al =1y

~ Iy,J
Grz, (IndLjﬂPIQijfl([) (Hn—[F;@p]d[w] (LI N Nlﬂle(./)’ O') w ® (C() (e} 61w1))).

Composing these three isomorphisms yields the result. ([
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Theorem 4.3.3 with w; =7/ Nw! =Ny, 7.0 yields a natural L;-equivariant morphism analogous to (30),
L L,J . Plwlp
IndLjﬁszwal(,) (an[F:(Ll)p]d,w, (L1 O NiAnI (1), o) " ®(wo 8n,0)) = H, (N], c-ind ! v 0), (48)
and Conjecture 3.3.4 is equivalent to (48) being an isomorphism. We also have analogues of Propositions
3.3.5 and 3.3.7. In the case I = J, we obtain the following analogue of Corollary 3.3.8.

Corollary 4.3.4. Let P = LN be a standard parabolic subgroup and o be a locally admissible L-
representation.

(i) Foralln € N suchthat0 <n < [F :Q,], we have H, (N, Indg ) =0.
(i1) UOLﬂsaNsJI =0foralla e A"\ (A}‘ U Ai"l), then there is a natural L-equivariant isomorphism
Hir:0,) (N, Ind§ o) = @ 0% (woa).
aEAiJ

Remark 4.3.5. The results hold true with P~, N~ and o~ instead of P, N and w respectively.

5. Application to extensions

The aim of this section is to compute the extensions between parabolically induced representations of
G. In Section 5.1, we review some cuspidality and genericity properties and we prove some preliminary
results on extensions which will be used in the case where G is split and Z is connected. Then, the main
results are proved in Section 5.2. Finally, some of these results are lifted to characteristic O in Section 5.3.

5.1. Preliminaries. We fix a standard parabolic subgroup P = LN. We first define some cuspidality
properties and discuss the relations between them.

Definition 5.1.1. We say that an admissible smooth representation o of L over k is:

e supersingular if Fp ®y o 1is supersingular (in the sense of [Abe et al. 2017a]),

* supercuspidal if it is irreducible and not a subquotient of Indg T for any proper parabolic subgroup
0 C L with Levi quotient L ¢ and any irreducible admissible smooth representation t of Ly over k,

o right (resp. left) cuspidal if Ordg o = 0 (resp. on, = 0) for any proper parabolic subgroup Q C L
with unipotent radical Ng.

Remark 5.1.2. In [Abe et al. 2017b, Definition 6.3], left and right cuspidality are defined for smooth
representations using the left and right adjoint functors of Indg, namely Lé and RLQ. Since Lb = (—)ng
and the restriction of RLQ to admissible representations is Ord - [op. cit., Corollary 4.13]), these definitions
coincide for admissible representations.

Lemma 5.1.3. Let o be an irreducible admissible smooth representation of L over k. The following
conditions are equivalent.

(1) o is supercuspidal.

(i1) o is left and right cuspidal.
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(>iii) Fp ®y o is a (finite) direct sum of supersingular representations.
In particular, o is supersingular if and only if it is absolutely irreducible and supercuspidal.

Proof. Over Fp, the equivalence between (i) and (ii) is [op. cit., Corollary 6.9], and the equivalence
between “supercuspidal” and “supersingular” is [Abe et al. 2017a, Theorem 5]. By [Emerton 2010b,
Lemma 4.1.2], Fp ®y o is a finite direct sum of irreducible admissible smooth representations of L over
Fp. Since Indé, (—)n, and Ordg commute with Fp ®x —, we deduce the equivalences over k. O

We now study some genericity property for smooth representations of L over k with central character.
We assume that Ai’l #“ O,

Lemma 5.1.4. Let o be a smooth representation of L over k with central character ¢ : Z; — k™ and
ae ATl IftoaY =w ! theno® ® (0 o) Zo.

Proof. For convenience, we recall the construction of the representation o ® (w o). Let G, € G be
the standard Levi subgroup corresponding to «. We fix a representative n, € N of s,. For every 8 € AL
and for all integers i, j > 0, ia + jB & ® (since o L B), thus U, and Ug commute for every f € A
[Borel and Tits 1965, Proposition 2.5], or more directly using the Baker—Campbell-Hausdorff formula.
We deduce that G, and L normalise each other (since G, and L are generated by Z and respectively
Uiy and (Ug)ge+a,)- In particular, n, normalises L (since n, € G4) and the ny-conjugate o does not
depend on the choice of ny in ny, Z up to isomorphism (since Z C L). Furthermore, L normalises U, and
o extends (uniquely) to an algebraic character of L (since a € Al).

We let I, C L be the kernel of & : L — F*. Note that L = S1,. We may and will assume that n,, lies
in the subgroup of G, generated by Uy, [Abe et al. 2017a, §11.4] so that n, commutes with /,. Thus,
the action of I, on 0% ® (w ™' o) and o is the same.

Now, assume ¢ oa” = w~!. For any A € X,(S) we have A — s4(A) = (o, A)a", so that

A—se(W) €X(SNZL) and Co(h—sq(W) = (Co0a”)" =@M = (v loa)oa.

We deduce that for any s € S, s(no,snojl)_1 e SNZy and g‘(s(no,snu_{l)_l) = (o~ ' o)(s). Thus, the
action of S on 0% ® (w~! o) and o is the same. U

The following result yields a converse to Lemma 5.1.4 when G is split and Z is connected [Breuil and
Herzig 2015, Proposition 2.1.1].

Lemma 5.1.5. Let o be a smooth representation of L over k with central character ¢ : Z; — k> and
o€ Ai’l. Assume that there exists . € X,.(Zr) such that (o, A) =1 and (B, 1) =0 forall B € Ai’l\{a}.

IfoaY #w™ !, then sy () (@ oa) # ¢ and 5o () (0 o) # sp(0) (@ o B) for all B € Ap-'\{a).

Proof. We have (sq(¢)(@ ' oa)) oh = (L oA) (¢ oa¥)w) ! and (sg(¢) (@ 1o B)) ok = (£ o) for all
B € Ap"\{a}. Thus, if s4(£) (@ o) = or s4(0) (@ o) =55(¢) (™! o B) for some B € A7\ {a},
then precomposing each side of the equality with A yields the equality (¢ o™ )w = 1. U
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We now give some preliminary results on extensions. Let H be a p-adic Lie group. For locally
admissible smooth representations 77, 7’ of L over A, we let Exty, (7, ) denote the A-modules of
extensions computed in Modl,j‘dm(A) a la Yoneda or using an injective resolution of . If 7, 7’ are
admissible, then in degree 1 it is equivalent to compute Ext}, (7', ) in Mod‘};im(A) a la Yoneda, but this
is not known in higher degree [Emerton 2010b, Remark 3.7.8], except when H = GL,(Q),) [PaSkiinas
2013, Corollary 5.17]. Let Z C H be a central closed subgroup and ¢ : Z — A* be a smooth character.
We write Modljj‘jl{m (A) for the full subcategory of Modl'adm(A) whose objects are the representations
on which Z acts via ¢. If Z acts on 7, 7/ via ¢, then we let Ext; g(n ) denote the A-modules of
extensions computed in Mod}; ddm(A) a la Yoneda, or equivalently using an injective resolution of .

We now assume that G is split and we write T for the maximal split torus § = Z. Using Notation 2.3.3,
we have d,, = £(w) for all w € W, so that in particular A' = A. Let L’ C G be a standard Levi subgroup
such that Ay, 1 Ay . Note that LL' is the standard Levi subgroup corresponding to Ay LAy . Let o be a
locally admissible smooth representation of L over k with central character ¢ : Z; — k. The following
construction was communicated to me by N. Abe.

First, we assume that G is simply connected and we let Z C Z be aclosed subgroup. Recall that this
is equivalent to the existence of fundamental weights (i )eea [Breuil and Herzig 2015, Proposition 2.1.1].
We set x :=¢ oZ%AL/(aV oe). Thus y coa¥ =1foralla € Ay and yoa¥ = o forall @ € Ay,

~1 extends uniquely to a locally admissible smooth

so that x extends uniquely to L and op := 0 ® x
representation of LL’ over k [Abe 2013, Lemma 3.2]. We let x': T — k* be a smooth character such
that X|/ZL’ = X|z,,» S0 that x" extends uniquely to L, and we set o’ := 0y ® x'. There is a commutative

diagram of k-vector spaces

Exty , (X' X) — Bxty (Indg; X', Ind’é;,/ X)

| |

. o LL LL
Exty o (X' x) — ExtLL,Yxlf(IndLBL_/ X', Indj L X) (49)

| |

Ext'L’qZ( ) E— ExtLL, (Indul;, o’ IndLé, o)

where the horizontal arrows are induced by the functors IndL_ and Indég_ the upper vertical arrows
are induced by extending representations to L and LL’, and tlhe lower vertical arrows are induced by
tensoring representations with o. Furthermore, the lower horizontal arrow of (49) composed with the
k-linear morphism induced by the functor Indg, -

Exty 1, (IndLg— o' IndLé— O) - Eth,q; (Ind$_ o, Indg, o), (50)

is the k-linear morphism induced by the functor Ind$_:

Ext'L,qZ(G/, o) — Extb,iwz(lndcf o', Ind§- o). 1)
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Lemma 5.1.6. (i) In degree 1, there is a k-linear injection from the cokernel of the upper horizontal
arrow of (49) into the cokernel of (51).

(i) Assume Z connected. In all degrees, there is a k-linear injection from the kernel of the upper
horizontal arrow of (49) into the kernel of (51).

Proof. We prove (i). The map in question is induced by the composite right-hand side vertical arrow of
(49) composed with (50). Let £ be an extension of Indng/_/ x' by Indng/_/ x with central character xz,, (so
that £ extends to LL"). Then Indg_ 1 (00®&) is an exténsion of IndLG_ o’ by Indg_ o on which Z acts
via ¢. There are L-equivariant isomorphisms

Ordp (Ind$_,, (o ®&)) = Ordyp,, (09 ® E) = 09 ®Ordp,, E.

The first one results from [Emerton 2010a, Proposition 4.3.4] and the second one from the fact that Uy,
acts trivially on o (note that Ordp,, £ extends to L). If the class of £ is not in the image of the upper
horizontal arrow of (49), then there is a T-equivariant isomorphism Ordp,, £ = x, hence an L-equivariant
isomorphism Ordp(Indg_ (00 ® E)) = o; thus the class of Indg_ (00 ® &) is not in the image of (51).
We prove (ii). The map in question is induced by the left-hand side composite vertical arrow of
(49). Thus, it is enough to prove that the latter is injective. We assume Z connected. Recall that this is
equivalent to the existence of fundamental coweights (Ay)qea [Breuil and Herzig 2015, Proposition 2.1.1].
We let T’ C T be the closed subgroup generated by the images of (Ag)aea > S0 that T "C Z1 and the
product induces an isomorphism T’ x Zy => T. There is a commutative diagram of k-vector spaces

EXty y, (X' x) ——> Bxtp(X(p» Xir)

| |

Exty ., (¢ x) —— Extp (X7 xi77)

| [

Eth’C‘Z(OJ, o) — Ext}, (Ol/T/, O"T/)

where the horizontal arrows are induced by restricting representations to 7" (the upper one is bijective
with inverse induced by tensoring representations with x|z, ,, and the middle and lower ones are well-
defined since a locally admissible smooth representation of L over k is locally Z; -finite [Emerton 2010a,
Lemma 2.3.4], the left-hand side vertical arrows are the same as in (49) and the lower right-hand side
vertical arrow is induced by tensoring representations with g7 (it is injective since 7" acts on oy via

cxh. -

Now, we do not assume G simply connected. Instead we take a z-extension of G, i.e., an exact
sequence of linear algebraic F-groups

1—>Z—>é—>G—>1
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such that G is reductive with simply connected derived subgroup and Z is a central torus [Colliot-Thélene
2008, §3.1]. The projection G — G identifies the corresponding root systems. We let P C G be the
standard parabolic subgroups corresponding to P and L C P be the standard Levi subgroup corresponding
to L. Note that L is a z-extensions of L. We let ¢’ be a locally admissible smooth representation of L
over k with central character ¢. By inflation, we obtain locally admissible smooth representations ¢ and
&' of L over k. There is a commutative diagram of k-vector spaces

Ext} (o', 0) — Exty, (Indg, o/, Indg, o)

lz lz (52)

. = = . G ~ G ~
EXtZ,;‘Z(G ,0) — EXté,qz (Ind%_ &', Ind%_ &)
where the horizontal arrows are induced by the functors Ind$_ and Indlc,;_ and the vertical arrows are
induced by inflating representations to L and G (they are well defined and bijective since 7 is trivial).

Proposition 5.1.7. Assume F = Q, and G split. Let o be a locally admissible smooth representation of
L over k with central character ¢ : Z; — k*.

(i) Assume Ai # D andleta € Ai. Ift oaV # w™!, then the k-linear injection
Ext; (0% ® (0~ ' oa), o) = Extg; (Ind$- 0 ® (0™ ' o), Ind$_ o)

induced by the functor Indg_ is not surjective.

(i1) If p = 2, then the functor Indg, induces a k-linear injection
ExtlL (0,0) — Ext}; (Indg, o, Indg, o)
whose cokernel is of dimension at least card{o € Ai [CoaY =1}

Remark 5.1.8. We expect the results to hold true for a nonsplit reductive group with Afl instead of Ai.

Proof. By taking a z-extension of G and using (52), we can and do assume that G% is simply connected
and prove analogous results for the morphism (51).

Assume Ai #Jandleta € Ai. We use Lemma 5.1.6(i) with L’ defined by Ay = {a}, x =¢oa" ouqy,
and x' = sq(x)(@ ' o), so that o’ = 0% ® (v~ ! o) (since oy = op by Lemma 5.1.4 with 1 instead
of w). If o # w™!, then the upper horizontal arrow of (49) in degree 1 is not surjective by the mod
p analogue of [Hauseux 2017, Lemme 3.1.4] (since x oa” = ¢ oa” = 1); thus (51) in degree 1 is not
surjective, hence (i).

We use Lemma 5.1.6(i) with L defined by Ay ={e € A7 |toa¥ =1}, x =¢o ZaeAL, (@Y o lg),
and x' = x, so that o’ = 0. If p =2, then the cokernel of the upper horizontal arrow of (49) in degree 1
is of dimension at least card Ay, [Hauseux 2017, Théoréeme 3.2.4(ii) and Remarque 3.2.5(ii)] (since
xoa'Y =CoaY =1sothat s,(x) = x by Lemma 5.1.4 for all « € Ay/), noting that all the extensions
constructed there have a central character [op. cit., Lemme 3.1.5]; thus the cokernel of (51) in degree 1 is
of dimension at least card Ay, hence (ii). U
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Proposition 5.1.9. Assume F = Q,, G split and Z connected. Let o be a locally admissible smooth
representation of L over k with central character ¢ : Zp — k*. If p # 2, then the functor Indg_ induces a
k-linear morphism

Ext% (0,0) —> EXtZG (Indg_ o, Indg_ 0)

whose kernel is of dimension at least card{« € Ai‘ |CoaY =w !}

Proof. By taking a z-extension of G (noting that the centre of G is also connected because Z is connected)
and using (52), we can and do assume that G%" is simply connected and prove an analogous result for
the morphism (51).

We use Lemma 5.1.6(ii) with L’ defined by Ay = {o € Ai |oaY =w '} and x' = x, sothato’ = 0.
If p # 2, then we see in the proof of [Hauseux 2017, Théoreme 3.2.4(i)] that the kernel of the upper
horizontal arrow of (49) in degree 2 is of dimension at least card Ay (since x oa” = o’ = ! for all
o € Ayp); thus the kernel of (49) in degree 2 is also of dimension at least card Ay, hence the result. [

5.2. Extensions between parabolically induced representations. We begin with a result when there is
no inclusion between the two parabolic subgroups, assuming a special case of Conjecture 3.3.4 (see also
Remark 3.3.6).

Proposition 5.2.1. Let P = LN, P’ = L' N’ be standard parabolic subgroups and o, o' be admissible
smooth representations of L, L' respectively over k. Assume Conjecture 3.3.4 is true for A=k, n =1 and
tw/ =1.IfP" ¢ P, P & P, and o, o’ are right, left cuspidal respectively, then

Extlc (Indg,,a IndG o) 0.

Proof. We put I := Ap and J := Ap/. Using (31), (39) with 7 = Indgl, o and P;, L;, ¢’ instead of P,
L, o respectively yields an exact sequence of k-vector spaces

L
0— Ext; (o, Ind’ (Ordy,np, o)) — Extg (Indgj_ o, Indg[_ o) — Homy, (o/, H'Ordp, (Indgl_ 0)).
(53)
Assume I £ J and o right cuspidal. Then Ordy,np, 0 = 0 (since L; N P; is a proper parabolic
subgroup of L) and there is a natural L;-equivariant isomorphism

IndgmD (HlordL,mP, 0) = HlordPJ (Indg; G)' (54

Indeed, by assumption (30) is a natural L;-equivariant isomorphism
Indéjmp (H'Ordy,np, 0) = H'Ordp, (c- 1ndP’ & o)

and by Propos1t10n 3.3.5(i) with n = 1, we have H'Ordp, (c- 1ndP’ w' Py o) =0 for all ‘w’ € 'W” such

that ‘w’ # 1 (since either di,; = 1 and Ol”dL,mpmle(j) o=0,ordys >1and 1 —[F :Q,lds <0).
Thus, we deduce (54) from Proposition 3.3.1.
Assume J Z I and o' left cuspidal. Then O'L e = =0 (since L; N P; is a proper parabolic subgroup

of Ly) and using (40) with 7 = ¢’ and L],LJﬂPI s Ljni, LyNN, ,H! Ordz,np, o instead of G, P, L,
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N, o respectively, we obtain

Homy, (o/, Ind%

LNP (H'Ordz,p, 0)) =0.

We conclude using (53). [l

Now, we prove unconditional results whenever there is an inclusion between the two parabolic subgroups.
We treat the cases F = Q), and F' # Q,, separately.

Theorem 5.2.2. Assume F = Q. Let P = LN, P’ = L'N' be standard parabolic subgroups and o, o’

be admissible smooth representations of L, L' respectively over k.

() If P’ = P, 0, ¢’ are supercuspidal and o' % 6® ® (w ' o) forall a € Ai'l, then the functor Ind$_
induces a k-linear isomorphism

Ext} (o', o) = Ext}; (Indg, o', Ind$. o).
(i) If P’ ; P and o is right cuspidal, then the functor Indg, induces a k-linear isomorphism
Ext; (Indf - 0/, o) = Extg(Ind$. o', Ind§_ o).
@iii) If P ; P’ and o' is left cuspidal, then the functor IndS,_ induces a k-linear isomorphism
Extl (o', Indk, o o) = Ext;(Ind%.- o’, Ind$_ o).

Remark 5.2.3. Assume P’ = P and o, ¢’ irreducible. In general, we do not know the dimension of
the cokernel of the k-linear injection ExtlL (0/,0) — Exth (IndG, o/, Indg, o) induced by Indg,, but we
prove that it is at most card{e € A} | 0/ = 0% ® (w~! o)} whenever o is right cuspidal or o is left
cuspidal (see the proof). If o, o’ are supersingular, then letting ¢ : Z; — k* denote the central character
of o [Emerton 2010b, Lemma 4.1.7], we expect this dimension to be equal to

card {o € N o' = 0" ®(w ' oa) and ¢ oa” ;éa)*l}

except when p = 2 and in some exceptional cases [Hauseux 2017, Remarque 3.2.5] when G is split
and P = B. We prove this when G is split and Z is connected (see Theorem 5.2.7 below), in which
case the cardinal above is equal to 1 if 6/ = 0% ® (w™ ' o) Z o for some « € Ai*l and O otherwise by
Lemma 5.1.5. When G is split but Z is not connected, one could prove that the cardinal above is a lower
bound using Proposition 5.1.7(i) and some generalisation of [Hauseux 2017, §2.2] for P # B.

Proof. We prove slightly more general results.

Assume P’ C P and o satisfies the condition in Corollary 3.3.8(ii), e.g., o is right cuspidal. Using
[Emerton 2010a, Proposition 4.3.4] and Corollary 3.3.8(ii), (39) with m = Indg, o and Ind%m p— 0 instead
of o yields an exact sequence of k-vector spaces

0— ExtlL (IndémP,_ o, o) — ExtIG (Indg,, o/, Indg, o) — @ Hom;, (Indimp,_ o, 0® (v oa)).
aeAf! (55)
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If P/ = P and o, o’ are irreducible, then 0% ® (a)_1 o) is also irreducible for all o € A+1 and thus the
last term of (55) has dimension equal to card{o € A7"' | 6/ = 6* ® (w™' o)}, hence (i). If P’ S P and
o is right cuspidal, then L N P’ is a proper parabolic subgroup of L and

Ord;np (0% ® (0™ ' oa)) = (Ordnp 0)* ® (0 o) =0

for all o € Ai’l; thus the last term of (55) is zero by [Emerton 2010a, Theorem 4.4.6], hence (ii).

Assume P C P’ and o’ satisfies the condition in Corollary 4.3.4(ii) for P'~ = L'N'~, e.g., ¢’ is
left cuspidal. Using [Vignéras 2016, Theorem 5.3, 3] and Corollary 4.3.4(ii) for P'~ = L'N'~ (see
Remark 4.3.5), (43) with 7 = Indg,, o'and P~,L', N, Indéimp_ o instead of P, L, N, o respectively
yields an exact sequence of k-vector spaces
0 — Ext}, (o, Indfimp, o) —> Ext) (Indg/_ o', Ind$_ o) —> @ Homy (6" ® (0 'ow), Indgmp, o).

aeal! (56)
If P’ = P and o, o’ are irreducible, then 0’ ® (w~! o) is also irreducible for all @ € A+, and thus the
last term of (56) has dimension equal to card{« € Ai,’l lo' Z0%® (w ' ow)}, hence (i). If P ; P’ and
o’ is left cuspidal, then L' N P~ is a proper parabolic subgroup of L’ and
0 ® @ o) nn- = (0, ) ® (@ o) =0
for all o € Ai’l; thus the last term of (56) is zero using (40) with 7 =06’ * ® (0w 'oa)and L', L'\ P,
L'NL, L' N~ instead of G, P, L, N respectively, hence (iii). O
Theorem 5.2.4. Assume F # Q. Let P = LN be a standard parabolic subgroup. The functor Indg,
induces an A-linear isomorphism
Ext; (¢/, 0) => Extg; (Ind$- o/, Ind§. o)

for all locally admissible smooth representations o, ' of L over A.

Proof. Let o, 0’ be locally admissible smooth representations of L over A. Using [Emerton 2010a,
Proposition 4.3.4] and Corollary 3.3.8(i), (39) with w = Indg_ o and o’ instead of o yields the isomorphism
in the statement. U

Corollary 5.2.5. Assume F # Q. Let P = LN, P’ = L'N’ be standard parabolic subgroups and o, o’
be admissible smooth representations of L, L' respectively over k.

(1) If P’ C P, then the functor Indg_ induces a k-linear isomorphism

ExtlL (Indfmp,, o, a) o~ Exté; (Indg/_ o, Indg_ 0).
(ii) If P C P/, then the functor Indg,, induces a k-linear isomorphism

ExtlL, (a’, Indgm,_ o) o~ Extlc (Indg,, o, Indg, O').

Remark 5.2.6. Theorem 5.2.2(i) and Theorem 5.2.4 are encompassed in a more general (but conditional
to a conjecture of Emerton) result. Let P = LN be a standard parabolic subgroup, o, o’ be locally
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admissible smooth representations of L over A and n € N. The functor Indg_ induces an A-linear
morphism
Ext] (¢, o) — Ext}, (Indg, o', IndG_ o) (57)

and there is a spectral sequence of A-modules [Emerton 2010b, (3.7.4)]
Ext} (', R/Ordp (Ind$._ o)) = Ext;” (Ind$_ o', Ind$- o) (58)

where R*Ordp denotes the right derived functors of Ordp : Modl(';adm(A) — Mod]L'a1dm (A). Now assume
that [op. cit., Conjecture 3.7.2] is true, i.e., R°Ordp = H*Ordp. Using Corollary 3.3.8, one can deduce
from (58) that:

e if n < [F :Q,], then (57) is an isomorphism;

e if n =[F : Q,], then (57) is injective and if furthermore o, o are supercuspidal, then the dimension
of its cokernel is at most card{a € Ai’l lo' Z0*Q@(w "o a)}.

One can also generalise Proposition 5.2.1 and Theorem 5.2.2 (ii) and (iii) in all degrees n < [F : Q,].
Finally, we complete Theorem 5.2.2(i) when G is split and Z is connected.

Theorem 5.2.7. Assume F = Q,, G split and Z connected. Let P = LN be a standard parabolic

subgroup and o, o’ be supersingular representations of L over k.
() Ifo' Z 0 @ (w~ ' o) Z o for some a € AT, then ExtlL(a’, o) =0and
dimy Extg (Ind$_ o', Ind$_ o) = 1.

(i) If either o' = o and p #2,0r ¢’ £ 0% ® (w~' o) for any a € A+, then the functor Indg, induces
a k-linear isomorphism

Ext} (o', o) = Ext}; (Indg, o/, Ind$_ o).
(iii) If p = 2, then the functor Indg, induces a k-linear injection
Ext} (o', o) < Ext} (Indg, o', Ind$_ o)
whose cokernel is of dimension card{a € Ai o' ZEo0¢ }

Proof. Since o is absolutely irreducible, it has a central character ¢ : Z; — k* [Emerton 2010b,
Lemma 4.1.7].

We first assume that ' = 0% ® (0~ ' o) Z o for some o € A. We have { oa” # ™! by Lemma 5.1.4,
so that o and o’ have distinct central characters by Lemma 5.1.5; thus ExtlL (o', o) =0 [Pagkiinas 2010,
Proposition 8.1]. Furthermore, 6’ Z 0# ® (w™' o B) for any B € Ai \ {a} (since the central characters
are distinct by Lemma 5.1.5). Using (55) with P’ = P and L' = L, we deduce that

dimy Extg; (Ind$- o', Ind§_ o) < 1.

Since the left-hand side is nonzero by Proposition 5.1.7(i), this proves (i).
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We now prove (ii). If 6’ Z0%® (w ' oa) for any o € A+, then the result follows from Theorem 5.2.2(i).
Assume that 0’ = ¢ and p # 2. The terms of low degree of (58) form an exact sequence of k-vector
spaces

0— ExtlL (0,0) —> Exté (Indg_ o, Indg_ a) — Homp, (o, RIOrdp (Indg_ O’))
— Exti (a, o) — Exté (Indg_ o, Indg_ 0). (59)

Since there is an injection of functors R!Ordp < H'Ordp [Emerton 2010b, Remark 3.7.3], we deduce
from Corollary 3.3.8(ii) and Lemma 5.1.5 that

dim; Hom,, (0, RIOrdp (Indg_ 0)) < card{ot € Ai | toa’ = a)*l}.

Thus, we deduce from Proposition 5.1.9 that the third arrow of (59) is zero, hence the result.

Finally, we assume p =2 and we prove (iii). By Proposition 5.1.7(ii) we have a lower bound and using
(55) with P’ = P and L’ = L we obtain an upper bound. Using Lemmas 5.1.4 and 5.1.5 together with
the fact that w = 1, we see that both are equal to card{« € Ai | o’ =09}, O

Remark 5.2.8. Theorem 5.2.7(i) can also be generalised in the context of Remark 5.2.6. Let P = LN
be a standard parabolic subgroup and o, o’ be supersingular representations of L over k such that
o' = 0% ® (w ' oa) Z o for some o € Ai. Assume G split, Z connected and [Emerton 2010b,
Conjecture 3.7.2] is true. Using Corollary 3.3.8 and Lemma 5.1.5, one can deduce from (58) that
E [F:Qp], , _
Xt (6',0) =0 and
dimy Exts " (Ind§_ o’, Ind§_ o) = 1.

Corollary 5.2.9. Assume G split and Z connected. If Conjecture 3.3.4 is true for A =k, n = 1 and
hy' =1, then [Hauseux 2016b, Conjecture 3.17] is true.

Proof. Even though [Hauseux 2016b, Conjecture 3.17] is formulated under the hypotheses G split, Z
connected and G%" simply connected, we do not need the last one to prove it: (i) is Proposition 5.2.1,
which is conditional to Conjecture 3.3.4 for A =k, n = 1 and ‘w’ = 1; (ii) is Theorem 5.2.7(i); (iii)
and (iv) are Corollary 5.2.5(i) and (ii) respectively when F' # Q,,, Theorem 5.2.2(ii) and (iii) respectively
when F =@, and P’ # P, Theorem 5.2.7(ii) when F = @Q,, P’ = P and p # 2, and Theorem 5.2.7(iii)
when F =Q,, P’ = P and p =2 (noting that if p =2, then @ =1 and Indg_ o is irreducible if and only
if 0% Z o for all « € At; see [Abe 2013, Lemma 5.8] and Lemma 5.1.5). O

5.3. Results for unitary continuous p-adic representations. Let H be a p-adic Lie group. A continuous
representation of H over E is an E-Banach space I1 endowed with an E-linear action of H such that
the map H x I1 — II is continuous. It is admissible if the continuous dual IT* := Hom$"(I1, E) is of
finite type over the Iwasawa algebra E @ O[ Hp]l for some (equivalently any) compact open subgroup
Hy € H [Schneider and Teitelbaum 2002]. It is unitary if there exists an H-stable bounded open O-lattice
° C 1. We write Ban‘}‘jm’u(E ) for the category of admissible unitary continuous representations of H
over E and H-equivariant E-linear continuous morphisms. It is an E-abelian category.

We fix a uniformiser @ of O. Following [Emerton 2010a, §2.4], we let Modg_adm((’))ﬂ be the category
of @ -torsion-free z-adically complete and separated O-modules IT° such that T1°/z T1° is admissible as



826 Julien Hauseux

a smooth representation of H over k and H-equivariant O-linear morphisms. It is an O-abelian category
and the localised category E Q¢ Modg_"‘dm((’))ﬂ is equivalent to Banj‘gm’”(E ).

The E-vector spaces Ext}i(l'l’, IT) of Yoneda extensions between admissible unitary continuous
representations I1, IT" of H over E are computed in Ban‘}jm’u(E ). For all n > 1, the O/@w"O-modules
Ext}, (7', ) of Yoneda extensions between admissible smooth representations 7, 7’ of H over O/@"O
are computed in Mod‘}gm((’) /" O). The following result is a slight generalisation of [Hauseux 2016a,

Proposition B.2].

Proposition 5.3.1. Let H be a p-adic Lie group, 1, I1' be admissible unitary continuous representa-
tions of H and 7, v’ be the reductions mod w of H-stable bounded open O-lattices T1°, TT'° of T1, TI'
respectively. Assume that dim; Hompy (7', w) < 00. There is an E-linear isomorphism

Exty, (IT', ) = E ®o lim(Ext}, (/" 1%, 1°/ " 11%)).

n>1
Furthermore, dimg Ext}, (T, TT) < dimy Ext, (7', 7).

Proof. In the proof of [Hauseux 2016a, Proposition B.2], the hypothesis that 7z’ is of finite length is only
used to prove that Homy (IT'° /" T1'°, T1° /o> " T1°) is of finite type over O/ " O for all n > 1. But this
can be proved by induction using that dim; Hompy (7, ) < 00. ]

Let P = LN be a parabolic subgroup. We recall that the continuous parabolic induction functor is
defined for any continuous representation X of L over E by

IndS_ = :={f:G — X continuous | f(pg)=p- f(g) Vp € P~,Vg e G}.

We obtain an E-linear exact functor Ind$_ : Banidm’u(E) — Bangjm’u(E ) [Emerton 2010a, §4.1]. Fur-
thermore, there is a natural G-equivariant E-linear continuous isomorphism [op. cit., Lemma 4.1.3]
Ind§_ ¥ = E ®0 lim(Ind§_(Z°/w"£%).
n>1
We extend the definition of the ordinary parts functor to any admissible unitary continuous representation
IT of G over E by setting
Ordp I := E ®0 lim(Ord p (11° /" 11°))
n>1

for some (equivalently any) G-stable bounded open O-lattice T1® C TT. We obtain an E-linear left-exact
functor Ordp : Banagm’“(E ) — Banidm’”(E ) which is a left quasi-inverse and the right adjoint of Ind$_

[Emerton 2010a, Theorem 3.4.8, Corollary 4.3.5 and Theorem 4.4.6].

Definition 5.3.2. We say that an admissible unitary continuous representation X of L over E is right
cuspidal if Ordg ¥ = 0 for any proper parabolic subgroup Q C L.

Remark 5.3.3. We also extend the Jacquet functor to continuous representations of G over E by taking the
Hausdorff completion of the N-coinvariants. We obtain the left adjoint of Indg by Frobenius reciprocity
and the universal property of coinvariants. However, we do not know whether it preserves admissibility.
For unitary representations, it does not behave well with respect to reduction mod " (n > 1). Nevertheless,
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we say that an admissible unitary continuous representation X of L over E is left cuspidal if Xy, = 0 for
any proper parabolic subgroup @ C L with unipotent radical Ng.

We now turn to extensions computations. Our main tool is the following result, which gives a weak
p-adic analogue of the exact sequence (39).

Proposition 5.3.4. Let P = LN be a standard parabolic subgroup, ., ¥ be admissible unitary contin-
uous representations of L respectively over E and o, ¢’ be the reductions mod @ of L-stable bounded
open O-lattices £°, £'° of &, X/ respectively. Assume that dimy Homy (¢6/, o) < 0o. There is a natural
exact sequence of E-vector spaces

0— Ext; (¥, ©) — Ext;(Ind§- ¥, Ind$. ©) — Hom, (X', E ®plim(H'Ordp (Ind$ - (2°/z" £)))).

n>1

Proof. For all n > 1, (39) with A = O/w"O, 7 = Ind$_(2%/w"£°) and using [Emerton 2010a,
Proposition 4.3.4] 0 = £'%/w" %0 yields an exact sequence of O /w"O-modules

0— Ext; (2°/2"2"%, 2%/ 2% — Extg; (Ind5_ (/@ £"%), IndS_(2°/o" £))
— Hom,, (£'°/" 2%, H'Ordp (Ind$_(2°/2"£%)).  (60)

The composite H'Ordp o Ind_ : Modi™(O /@ ©) — Mod¥™(O /@ O) is left-exact for all n > 1 by
[Emerton 2010a, Proposition 4.3.4; Emerton 2010b, Corollary 3.4.8]. Thus

lim (H'Ordp (Ind$_ (2°/z" £%)))

n>1
is a w-adically admissible representation of L over O by [Emerton 2010a, Corollary 3.4.5]. Further-
more, it is @ -torsion-free and the projective limit topology coincide with the @ -adic topology [op. cit.,
Proposition 3.4.3(1) and (3)]. Thus

E ®0 lim(H'Ordp (Ind§_ (£°/z" £7)))
n>1

is an admissible unitary continuous representation of L over E. Taking the projective limit over n > 1 of
(60) and inverting @ and using Proposition 5.3.1 yields the desired exact sequence. O

Remark 5.3.5. In order to obtain an analogue of (39) for any admissible unitary continuous representations
%, ITof L, G respectively over E, one has to prove that the @ -torsion of lim 1(HIOrdp(l'I0 /" T1°))
is of bounded exponent (i.e., annihilated by a power of @) for some (equivalentfy any) G-stable bounded
open O-lattice IT° C T1.

We now use Proposition 5.3.4 to compute extensions between parabolically induced representations.

Theorem 5.3.6. Assume F = Q). Let P = LN, P’ = L'N’ be standard parabolic subgroups, %, X'
be admissible unitary continuous representations of L, L' over E and o, 6’ be the reductions mod w of
L, L'-stable bounded open O-lattices of ¥, ¥'. Assume that dimy Homg (Ind%,_ o, Indg, o) < oo and
Y is right cuspidal.
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() If P' = P, X, ¥’ are topologically irreducible and ¥’ 2 2% ® (¢ "' o) forall a € Ai !, then the
functor Ind$ p- induces an E-linear isomorphism

Ext; (¥, 3) <> Ext;(IndG- X', Ind§_ ).
(i) If P’ ; P, then the functor Indg, induces an E-linear isomorphism
1 L / ~ G / G
Ext; (Ind} - T, ) = Extg(Ind$,- ¥, Ind$_ 2).

Remark 5.3.7. Assume P’ = P and X, X’ topologically irreducible. We do not know the dimension of
the cokernel of the E-linear injection ExtlL(E’ , ) > Exth (Ind§_ %', Indg, 3) induced by Indg,, but
we prove that it is at most card{o € Ai*l |2 = 2*® (e ow)) (see the proof). If X, X’ are absolutely
topologically irreducible and supercuspidal, then letting ¢ : Z; — O™ C E™ be the central character of
Y [Dospinescu and Schraen 2013, Theorem 1.1(2)], we expect this dimension to be equal to

card {o € A |2=52® (e o) and L 0" #e '},

Proof. Let 30C ¥ be an L-stable bounded open O-lattice. For all n > 1, we deduce from Propositions 3.3.1
and 3.3.5(i) that there is a natural L-equivariant O/ " O-linear isomorphism

H'Ordp (Ind§ (2%/z"2%) = @) H'Ordp(c-ind,_*"(2°/"20)). (61)
aeAN\AL
Furthermore, if « € Ai’l, then there is a natural L-equivariant O/z " O-linear isomorphism
H'Ordp (c-ind}, 7 (2°/w"£%) = (20" £ ® (0! o)
hence a natural L-equivariant E-linear continuous isomorphism
E ®o hm(H Ordp (c- 1ndP Sa P (Eo/w”EO))) 23¥Q® (e o),

n>1

P~ s, P

whereas if o & A+, there is natural filtration of H' Ord p (c- ind ), (z0 Ja" 1)) by B; -subrepresentations

such that each term of the associated graded representation is isomorphic as an O/@" O-modules to
C™(UL. Ord, o p 1 (B0 /" £7))
for some closed subgroup U; € Uy, and since Ord Los, Ps;! = = 0 we deduce that

E ®o lim(H'Ordp (c-ind}, " (£%/z"£%))) =

n>1

Thus, taking the projective limit of (61) over n > 1 and inverting o yields a natural L-equivariant E-linear
continuous isomorphism

E ®¢ lim (H'Ordp (Ind§ (2°/w"2)) = P =@ (' o). (62)

nxl oteAi*l
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Now Proposition 5.3.4 with Indfm p— X' instead of X' yields, using (62), an exact sequence of E-vector
spaces

0 — Ext} (Ind} - ¥', £) — Extg (Ind%- ', Ind§_ %)
— P Hom,(Ind}., = E2*® (e ow)). (63)

1,1
aEAT

If P'= P and X, ¥’ are topologically irreducible, then % ® (¢! o) is also topologically irreducible for
all ¢ € Ai’l, and thus the last term of (63) has dimension equal to card{« € Ai’l 1222 o),
hence (i). If P’ g P, then L N P’ is a proper parabolic subgroup of L so that

Ordnp (3¢ ®@ (67 0@)) = (Ordnp £)* @ (67 o) =0
for all « € A7!; thus the last term of (63) is zero, hence (ii). O

Remark 5.3.8. Theorem 5.2.2(iii) cannot be directly lifted to characteristic 0 because we do not have a
weak p-adic analogue of the exact sequence (43) (since it uses the Jacquet functor, see Remark 5.3.3).
However, assuming Conjecture 3.3.4 true for A=0/ww"O (r > 1),n=1,1 S J and 'w’/ =5, (@ € A"\ J),
one can recover this case: with notation and assumptions as in Theorem 5.3.6, if P ; P’ and X' is left
cuspidal, then the functor Indg,, induces an E-linear isomorphism

Exty, (X', Ind},p- ) = Extg;(IndS,- ¥/, IndS. %).

Theorem 5.3.9. Assume F # Q. Let P = LN be a standard parabolic subgroup, %, X' be admissible
unitary continuous representations of L over E and o, o’ be the reductions mod w of L-stable bounded
open O-lattices of £, ¥ respectively. Assume that dimy Homy (6/, o) < oo. Then, the functor Ind%_
induces an E-linear isomorphism

Ext; (X', £) = Extg(IndS- £/, Ind$_ 2).

Proof. Let £° C ¥ be an L-stable bounded open O-lattice. Then H' Ordp (Indg_ (x°/ w”EO)) =0 for
all n > 1, by Corollary 3.3.8(i). Thus, the result follows from Proposition 5.3.4. (I

We end with a remark on the case where there is no inclusion between the two parabolic subgroups.

Remark 5.3.10. Let P = LN, P’ = L’'N’ be standard parabolic subgroups, X, ' be admissible unitary
continuous representations of L, L’ respectively over E and o, o’ be the reductions mod @ of L, L'-
stable bounded open O-lattices of 3, ¥’ respectively. Assume Conjecture 3.3.4 is true for A = O/w " O
(r>1),n=1and ‘w’/ = 1. Assume further dim; Homg (IndG,, o/, Indg, o) < oo and the @ -torsion of
l(iLn’pl(HlOrdmp(Eo/w”Eo)) is of bounded exponent (see Remark 5.3.5). Then, one can prove the

following p-adic analogue of Proposition 5.2.1: if P’ € P, P € P’, and X, ¥’ are right,left cuspidal
respectively, then

Extg; (Ind$,- ¥, Ind$_ %) =0.
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