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for Ariki-Koike algebras at roots of unity
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Abstract
Following the ideas of M.Geck and R.Rouquier in [19], we show
that there exists a “canonical basic set” of Specht modules in bijection
with the set of simple modules of Ariki-Koike algebras at roots of unity.
Moreover, we determine the parametrization of this set and we give the
consequences of these results on the representation theory of Ariki-Koike
algebras.

1. Introduction

Let H be an Iwahori-Hecke algebra of a finite Weyl group W (or of an
extended Weyl group) defined over A := Z[v,v~!] where v is an indeterminate.
For any ring homomorphism 6 : A — k into a field k, we have the corresponding
specialized algebra Hy := k® 4 H. Assume that K is the field of fractions of A.
Then, the algebra H is split semi-simple and isomorphic to the group algebra

One of the major problems is the determination of the simple Hy-modules
when Hj, is not semi-simple. This problem may be attacked by using the
corresponding decomposition matrix, which relates the simple Hy-modules to
the simple Hg-modules, by a process of modular reduction.

In [19], using an ordering of simple Hg-modules by Lusztig a-function,
Geck and Rouquier showed that there exists a canonical set B C Irr(Hg) in
bijection with Irr(Hy) (see also [15] and [16]). As a consequence, this set gives
a natural way for labeling the simple Hji-modules. The Lusztig a-function has
several interpretations: one in terms of Kazhdan-Lusztig basis of H and one in
terms of Schur elements (the coincidence is shown in [25]).

In this paper, we consider the case of Ariki-Koike algebras. Let d € Ny
and H,, := H,(v;ug,...,uq—1) be the Ariki-Koike algebra of type G(d,1,n)
where v, ug, u1,...,uq_1 are d + 1 parameters. This algebra appeared inde-
pendently in [5] and in [8] and can be seen as an analogue of the Iwahori-Hecke
algebra for the complex reflection group (Z/dZ) 1 &,,.
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As the Iwahori-Hecke algebras of type A,_1 and B, are special cases of
Ariki-Koike algebras, it is a natural question to ask whether the set B is well-
defined for the Ariki-Koike algebras. We don’t have Kazhdan-Lusztig type
basis for Ariki-Koike algebras but we do have Schur elements. Hence, we can
also define an a-function for this type of algebras.

When the parameters are generic, the representation theory of H,, over
a field has been studied in [5]. It was shown that this algebra is semi-simple
and that the simple modules S2 are parametrized by the d-tuples of partitions
A= (AO . A@=D) of rank n.

Now, we consider the following choice of parameters:

U = T, Ui:ﬂ:ja j:()v"'vd*la
where 7, = exp(m%) € C and where 0 < vg < --- <wy_1 < e.

In this case, H,, is not semi-simple in general (it may be semi-simple if n
is small). We can also attach to each d-partition \ an H,,-module S2 but it is
reducible in general. In [20], Graham and Lehrer constructed a bilinear form
on each S2 and proved that the simple modules of H,, are given by the non
zero DA := S2/rad(S2). Then, Ariki and Mathas (see [2] and [6]) described
the non zero D2 and showed that they are indexed by some “Kleshchev” mul-
tipartitions. Unfortunately, we only know a recursive description of this kind
of multipartitions.

The aim of this paper is to prove that there exists a set B labeled by simple
modules of a semi-simple Ariki-Koike algebra which satisfy the same property
as the canonical set of [19] for Iwahori-Hecke algebras. Moreover, we prove that
the parametrization of this set coincides with the parameterization of the set
of simple H,,-modules found by Foda, Leclerc, Okado, Thibon and Welsh (see
[14]). The proof requires results of Ariki and Foda et al. about Ariki-Koike
algebras, some properties of a-function and some combinatorial objects such as
symbols.

These results have several consequences. First, it extends some results
proved in [15] where the set B was determined for Hecke algebras of type A,,_1
and in [22] where B was determined for Hecke algebras of type D,, and B,, with
the following diagram:

1 u U u

In particular, it yields the determination of the set B for Hecke algebras of
type B, and, hence, completes the classification of the canonical basic set for
Hecke algebras of finite Weyl groups with one parameter.

Moreover, using the results of Ariki and the ideas developed by Lascoux,
Leclerc and Thibon in [24] for Hecke algebras of type A, _1, we obtain a “tri-
angular” algorithm for computing the decomposition matrix for Ariki-Koike
algebras when the parameters are roots of unity.

The paper is divided in six parts. First, we briefly summarize the results of
Ariki and Foda et al. about simple modules for Ariki-Koike algebras and links
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with quantum groups. Then, in the second part, following [7], we introduce
Schur elements and a-function associated to the simple modules of a semi-
simple Ariki-Koike algebra. In the third part, we prove some combinatorial
properties about the multipartitions of Foda et al. and the a-function. The
fourth part contains the main theorem of the paper: we give an interpretation
of the multipartitions of Foda et al. in terms of the a-function. Finally, in the
fifth part, we study a particular case of Ariki-Koike algebras : the case of Hecke
algebras of type B,, with equal parameters.

2. Preliminaries

Let R be a commutative associative ring with unit and let v, ug, ..., uq—1
be d+1 invertible elements in R. Let n € N. We define the Ariki-Koike algebra
Hrn = Hrn(v;ug,...,uq—1) over R to be the unital associative R-algebra
generated by Tgy, T1,...,T,_1 subject to the relations:

(T; —v)(Ti;+1)=0 for 1 <i<n—1,
(To — uo)(To — uy) -+~ (To — ua—1) = 0,

TTiqT; = T, 1 TiTi for 1 <i<n-—2,
TiTj = T]TZ for "L —]| > 1,

ToT\ ToTy = Ty ToT1 Tp.

These relations are obtained by deforming the relations of the wreath product
(Z/dZ)16,,. The last three ones are known as type B braid relations.

It is known that the simple modules of (Z/dZ)! &,, are indexed by the
d-tuples of partitions. We will see that the same is true for the semi-simple
Ariki-Koike algebras defined over a field. In this paper, we say that A is a
d-partition of rank n if:

e A=A AE@D) where, for i =0,...,d—1, A\@ = (A .. AD)
is a partition of rank |A\(?)| such that A(li) > > )\7("? > 0,

d—1
e S AB|=n,
k=0

We denote by II¢ the set of d-partitions of rank n.

For each d-partition \ of rank n, we can associate a Hg_,-module S2 which
is free over R. This is called a Specht module™.

Assume that R is a field. Then, for each d-partition of rank n, there is
a natural bilinear form which is defined over each S2. We denote by rad the
radical associated to this bilinear form. The non zero DA := $2/rad(S2) form
a complete set of non-isomorphic simple Hp ,-modules (see for example [4,
chapter 13]). In particular, if Hg,, is semi-simple, we have rad(S2) = 0 for all
) € 1% and the set of simple modules are given by the S2.

*1Here, we use the definition of the classical Specht modules. Note that the results in
[11] are given in terms of dual Specht modules. The passage from classical Specht modules

to their duals is provided by the map (MA@ X1 Ald=1)y ()\(d_l)/,)\(d_g)/, ey A(Oy)
where, for i =0,...,d—1, A denotes the conjugate partition.
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Now, we explain in more details the representation theory of Ariki-Koike
algebras. We summarize the results of Ariki and Foda et al. following [6] and
[14].

2.1. Simple modules of Ariki-Koike algebras and decomposition
numbers

Here, we assume that R is a field and we consider the Ariki-Koike algebra
HR,n defined over R with parameters v, ug,...,uq—1. First, we have a criterion
of semi-simplicity:

Theorem 2.1 (Ariki [1]). Hg, is split semi-simple if and only if we
have:
o for alli# j and for all d € Z such that |d| < n, we have:

vlu; # g,

o [J+v+--+v7h #£0.

i=1

In this case, as noted at the beginning of this section, Ariki proved that
the simple modules are labeled by the d-partitions A of rank n.

Using the results of Dipper and Mathas ([13]), the case where Hp ,, is not
semi-simple can be reduced to the case where all the u; are powers of v.

Here, we assume that R is a field of characteristic 0 and that v is a primitive
etM-root of unity with e > 2:

uj =mny for j=0,...,d—1,

U:ney

where 7, = exp(Z“r) and where 0 < vy < --- < wg_1 < e. The problem is
to find the non zero D2. To solve it, it is convenient to use the language of
decomposition matrices.

We define Ro(Hp,n) to be the Grothendieck group of finitely generated
H g.n-modules, which is generated by the simple modules of Hp ,,. For a finitely
generated H g ,-module M, we denote by [M] its equivalence class in Ro(Hg,n)-

Now, let R1(Hg,») be the Grothendieck group of finitely generated projec-
tive Hp n-modules. This is generated by the indecomposable projective Hp ;-
modules. For a finitely generated projective Hg ,-module P, we denote by [P],
its equivalent class in R1(Hg ). We have an injective homomorphism

c: Ri(HRr.n) — Ro(HR.n)

given by c¢([P],) = [P] where P is a finitely generated projective Hg ,-module.

Following [6], we denote by JF,, the free abelian group with C-basis the set
{[S2] | A € I%}. F, can be seen as the Grothendieck group of a semi-simple
Ariki-Koike algebra.
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Let @2 = {y € TI¢| DX #£ 0}. Ro(Hg,n) is generated by the set {[DX]| p €
@2} Hence, for all A € IT7, there exist numbers dy , with p € ®{ such that :

(5% =) daulDY].

HEDL

The matrix (da,g)gengﬂe@g{ is called the decomposition matrix of Hp .
Hence, we have a homomorphism:

d . fn — RO(HR,n),

defined by d([S2]) = [S?] = Z dx,u[DE]. d is called the decomposition map.
peed
Note that if Hg, is semi-simple, the decomposition matrix is just the identity.
Now, by Brauer reciprocity, we can see that the indecomposable projective
Hr,n-modules are labeled by <I>;il and that there exists an injective homomor-
phism:

e R1(HR’n) — .'Fn,

such that for p € ®2, if P is the indecomposable projective H g n-module

no

which is the projective cover of D, we have:

e([PE],) = Z d&ﬂﬂséﬂ-

Aelnd

By [20, Theorem 3.7], we obtain the following commutative diagram:

e i (Hpn) c
/ \

7, d

RO(HR,n)

Now, we turn to the problem of determining which D2 are non zero. Ariki
and Mathas solve it by using deep results about quantum groups.

2.2. Links with quantum groups and Kleshchev d-partitions
We keep the notations of the first paragraph of this section. First, we
introduce some notations and we define Kleshchev d-partitions following [6].
Let A = (A©, ..., X(d=1D) be a d-partition of rank n. The diagram of )\ is
the following set:

[A]:{(a,b,c)mgcgdfl, 1§b§A§f>}.

The elements of this diagram are called the nodes of A. Let v = (a, b, c)
be a node of A. The residue of v associated to the set {e;vp,...,v4—1} is the
element of Z/eZ defined by:

res(y) = (b — a + v.)(mod e).
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If v is a node with residue 7, we say that v is an i-node. Let A and pu be
two d-partitions of rank n and n 4 1 such that [A] C [u]. There exists a node
7 such that [u] = [A] U {y}. Then, we denote [u]/[A] = 7. If res(y) = i, we say
that + is an addable i-node for A and a removable i-node for .

Now, we consider the following order on the set of removable and addable
nodes of a d-partition: we say that v = (a, b, ¢) is below 7' = (a’, V', ') if ¢ < ¢/
orifec=¢ and a < d'.

This order will be called the AM-order and the notion of normal nodes
and good nodes below are linked with this order (in the next paragraph, we
will give another order on the set of nodes which is distinct from this one).

Let A be a d-partition and let v be an i-node, we say that v is a normal
i-node of \ if, whenever 7 is an i-node of A\ below +, there are more removable
i-nodes between 7 and v than addable i-nodes between n and ~. If v is the
highest normal i-node of A\, we say that v is a good i-node.

We can now define the notion of Kleshchev d-partitions associated to the

set {e;vg,...,04-1}:

Definition 2.1. The Kleshchev d-partitions are defined recursively as
follows.
e The empty partition @ := (0,0, ...,0) is Kleshchev.
e If ) is Kleshchev, there exist i € {0,...,e — 1} and a good i-node =
such that if we remove ~ from A, the resulting d-partition is Kleshchev.
We denote by A({)5§1’07-~7Ul—1} the set of Kleshchev d-partitions associated to
the set {e;vo,...,v4—1}. If there is no ambiguity concerning {e;vo,...,v4—1},
we denote it by A°.

Now, let b be a free Z-module with basis {h;,0 | 0 < i < e} and let
{A;,6 ] 0 <i < e} be the dual basis with respect to the pairing:

(,):h"xh—12Z

such that (A;, h;) = 0;;, (6,0) = 1 and (A;,0) = (6,h;) =0 for 0 < 4,5 < e.
For 0 <i < e, we define the simple roots of h* by:

(2o Ay— A 46 ifi=0,
& = 20N — A1 7A2'+1 if ¢ >0,

where A, := Ag. The A; are called the fundamental weights.

Now, let ¢ be an indeterminate and let U, be the quantum group of type
Agl_)l. This is a unital associative algebra over C(gq) which is generated by
elements {e;, f; | ¢ € {0,...,e—1}} and {k | h € b} (see for example [28,
chapter 6] for the relations).

For j € N and [ € N, we define:

. ¢ —q
g : q—q 1’
o [ilg = [tql2g - [1e,
. { ! } U
J Gl — 31y
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We now introduce the Ariki’s theorem. For details, we refer to [4]. Let
A =Z[g,q7']. We consider the Kostant-Lusztig A-form of ¢, which is denoted
0

3

by U,4: this is a A-subalgebra of U, generated by the divided powers e
€ S
UPER
(see [26, §3.1]). Now, if S is a ring and v an invertible element in S, we can
form the specialized algebra Us ,, := S ® 4U by specializing the indeterminate
gtouesS.

Let A and p be two d-partitions of rank n and n + 1 such that there exists

an i-node ~ such that [u] = [A] U {y}. We define:

forOSi,j<eandlENandbykhi,ka,k;il,k’;l for0<i<e

N{* (A, p) =t{addable i —mnodes of A above 7}
— #{removable i —nodes of ;i above v},
N2(), 1) =f{addable i — nodes of A below 7}
— #{removable 7 — nodes of i below 7},
N;(\) =t{addable i — nodes of A}
— #{removable i — nodes of A},
Ny (A) =#{0 — nodes of \}.

For n € N, let F,, be the associated space which is defined in the previous
paragraph. Let F := @, cyFn- F is called the Fock space. For each d-
partition )\, we identify the Specht module S2 with A so that a basis of F,, is
given by the set I1¢. F becomes a U,- module with the following action:

—N2 b
eA= > g NN A= Y Ry,
res([A]/[p])=i res([u]/[A])=i

kA =gV AN A =g

where ¢ = 0,...,e — 1. This action was discovered by Hayashi in [21].

Let M be the U,-submodule of F generated by the empty d-partition. It
is isomorphic to an integrable highest weight module (see [9]). Now, this result
allows us to apply the canonical basis theory and the crystal graph theory to
M.

In particular, the crystal graph gives a way for labeling the Kashiwara-
Lusztig’s canonical basis of M (see [4] for more details). Based on Misra and
Miwa’s result, Ariki and Mathas observed that this graph is given by:

e vertices: the Kleshchev d-partitions,
e edges: A\ % p if and only if [u]/[)] is a good i-node.
Thus, the canonical basis B of M is labeled by the Kleshchev d-partitions:

B = {G(A) | A € AO --,Ud—l}}.

{e;vo,..
This set is a basis of the Uy -module M 4 generated by the empty d-
partition and for any specialization of ¢ into an invertible element v of a field
R, we obtain a basis of the specialized module Mg ,, by specializing the set 8.
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Now, we have the following theorem of Ariki which shows that the problem
of computing the decomposition numbers of Hg ,, can be translated to that of
computing the canonical basis of M. This theorem was first conjectured by
Lascoux, Leclerc and Thibon ([24]) in the case of Hecke algebras of type A,,_1.

Theorem 2.2 (Ariki [2]).  We have ®¢ = A?

{e;v0,..,va-1}"

sume that R is a field of characteristic 0. Then, for each A\ € ®%, there exist

polynomials d, \(q) € Z[g] and a unique element G(A) of the canonical basis

such that:

Moreover, as-

GQ) =Y durlgp  and  G(A) = (mod q).
RET]
Finally, for all p € 1% and A € ®¢, we have dy x(1) = dy -

Then, if R is a field of characteristic 0 and if we identify the d-partitions
) with the modules S2, we see that the canonical basis elements specialized at
g = 1 corresponds to the indecomposable projective H g ,-modules.

As noted in the introduction, the problem of this parametrization of the
simple Hpg -modules is that we only know a recursive description of the
Kleshchev d-partitions. We now deal with another parametrization of this set
found by Foda et al. which uses almost the same objects as Ariki and Mathas.

2.3. Parametrization of the simple modules by Foda et al.

The principal idea of Foda et al. ([14]) is to use another structure of
Ug-module over F by choosing another order on the set of the nodes of the
d-partitions.

Here, we say that v = (a, b, ¢) is above 7/ = (a/, ¥, ) if:

b—a+v.<b —a +vyorifb—a+v.=b —a +vs and c>c.

This order will be called the FLOTW order. .
This order allows us to define functions N (A, u) and N, (A, p) given by

the same way as N(A, p) et NP(A, p) for the AM order.
Now, we have the following result:

Theorem 2.3 (Jimbo, Misra, Miwa, Okado [23]). F is a U;-module
with action:

e\ = E: g Vi), il = E: qﬁﬁ&wﬂv
res([Al/[p]) =4 res([p]/[A])=1

kn A=0N AN kA =g V)
where 0 <1 <n — 1. This action will be called the JMMO action.

We denote by M the U,-module generated by the empty d-partition with
the above action. This is a highest weight module and the d-partitions of the
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crystal graph are obtained recursively by adding good nodes to d-partitions of
the crystal graph.

Foda et al. showed that the analogue of the notion of Kleshchev d-
partitions for this action is as follows:

Definition 2.2. We say that A = (A(®) ... A(¢=D) is a FLOTW d-
partition associated to the set {e;vp,...,v4—1} if and only if:
l.forall0<j<d—2andi=1,2,..., we have:

)\(_j) > )\(j'i‘l)

14V 41057

)\Ed—l) > \©

i+e+vo—vq_1’

2. for all £ > 0, among the residues appearing at the right ends of the

length &k rows of A, at least one element of {0,1,...,e — 1} does not occur.
We denote by A}e,vo wa_y} the set of FLOTW d-partitions associated to the
set {e;vg,...,v4—1}. If there is no ambiguity concerning {e;vg,...,v4_1}, we

denote it by Al.

Hence, the crystal graph of M is given by:
e vertices: the FLOTW d-partitions,
e edges: A\ 5 p if and only if [u]/[)] is good i-node with respect to the
FLOTW order. B
So, the canonical basis elements are labeled by the FLOTW d-partitions
and if we specialize these elements to ¢ = 1, we obtain the same elements
as in Theorem 2.2. Hence, there is a bijection between the set of Kleshchev
d-partitions and the set of FLOTW d-partitions.

3. Schur elements and a-functions

The aim of this section is to introduce Schur elements and a-functions
associated to simple modules of Ariki-Koike algebras. It is convenient to express
them in terms of symbols. Most of the results explained here are given in [7].
First, we give some notations and some definitions:

3.1. Symbols
Let n € N and d € Nyg. The notion of symbols are usually associated to

d-partitions. Here, we generalize it to d-compositions. This generalization is
useful in our argument in the next section. A d-composition A of rank n is a
d-tuple (A(®), ... A4~} where:

eforalli=0,...,d—1, we have \() = (A(li), . .,)\g()i)) for h) € N and
M) €Ny (j=1,...,h®), A is called the height of A,

d—1p®
D) BT

i=0 j=1
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Let A= (A0, e A=) be a d-composition and let A" be the heights of
the compositions A(¥). Then the height of ) is the following positive integer:

hy = max{h(® ... pld=1)}

Let k be a positive integer. The ordinary symbol associated to A and k is
the following set:
B:= (B, ... BV

where B®) for i =0,...,d— 1, is given by:
BY .= (BY,...,BY)., ),

in which:

BY =AY itk (1<j<hytk),
and )\;i) := 0 if j > h(). Note that the entries of each B (i =0,...,d —1)
are given in descending order, contrary to the usual convention.

We denote by hp := hy + k the height of the symbol B. Now, we fix a
sequence of rational positive numbers:

m=(m®,. .. mld=Y),

!

Let k be a positive integer. We define a set B[m]’ associated to m and k by

)

adding on each part B](-i of the ordinary symbol the number m(?). So, we have:

B[m] = (B, ... B'd=Y)
where B'®) | for i =0,...,d — 1, is given by:
B =B, B,
in which:

B =AY —j by +k+m® (1<) <hy+k).

Note that this set is defined in [7] when the numbers m(® are integers using
the notion of m-translated symbols.

1
Example 3.1. Letd=3andm = (1, > 2) . We consider the following
3-partition:

A=1((4,2),(0),(5,2,1)).
Let kK = 0. The ordinary symbol associated to A is given by:

BO® = 6 3 0
B=<{ BMO = 2 1 0
B® = 7 3 1
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The set B[m]’ associated to A is given by:

BO = 7 4 1
Bim]'=¢ B'® = 5/2 3/2 1/2
B® = 9 5 3

3.2. Schur elements

Let Hp,, be a semi-simple Ariki-Koike algebra over a field R with pa-
rameters {v;uog,...,uq—1}. Hpn is a symmetric algebra and thus, it has a
symmetrizing normalized trace 7 (see [7] and [18, chapter 7] for the representa-
tion theory of symmetric algebras). The Schur elements are defined to be the
non zero elements sy (v, ug, . .., uqg—1) € R such that:

TZZ ! XA

e sx(v,ug, ..., ug—1)" "

where, for A € 1%, x, is the irreducible character associated to the simple
Hp,n-module S2.
Now, we give the expressions of these Schur elements. They were conjec-
tured in [27], calculated in [17] and the following expression is given in [7].
First, let’s fix some notations: let B = (B, ... B(@=1) be an ordinary
symbol of height h associated to a d-partition A = (A(9), ..., X(=1) of rank n.
Following [7], we denote:

0B(v,ug, ..., Ug—1) = H (v u; — v7uy),

0<i<j<d

(a,8)eB(1) x B(F)
a>p if i=j

OB (v, ug, ..., ug—1) = H (vkui—uj),

0<4,j<d
aeB(i)
1<k<a

o (£)(3) e
S 1)+(d<h;>+1)+...+(;),

Bl= ) a

0<i<d
aeB(i)

ve(v,ug, ..., ug—1) = H (wi —uj)"0B (v, ug, ..., ug_1).
0<i<j<d

Now, we have the following proposition:

Proposition 3.1 (Geck, lancu, Malle, see [7]).  Let S* be the simple
Hr,n-module associated to the d-partition A and let B be an ordinary symbol
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associated to \, then the Schur element of S2 is given by:

sa(v,ug, - ug—1)

—n

— ('U— 1) H U (_1)UB,I)TB—|B‘+nVB(’U7U'07"'7ud—1)
= i )
0<i<d dp(v,ug, ..., u4—1)

3.3. a-function for Ariki-Koike algebras

In this paragraph, we deal with the a-value of the simple modules in the
case of Ariki-Koike algebras. Let d and e be two positive integers and define
complex numbers by:

2 2im
Ma = exp { —- and e =exp | —— |.

We fix a sequence of rational numbers m = (m(®, ... m(?=1) such that
we have dm’) € N for all j =0,...,d — 1. Let y be an indeterminate and let
L := Q[na](y). We consider the Ariki-Koike algebra H, ,, defined over the field
L with the following choice of parameters:

Uj :ydm(j)né for 7=0,...,d—1,

v =1y
By Theorem 2.1, Hy, , is a split semi-simple Ariki-Koike algebra. Thus, the
simple modules are labeled by the d-partitions of rank n.

We can now define the a-value of the simple Hy, ,-modules. Let A be a
d-partition of rank n and let S* be the simple module associated to this d-
partition. Let sy be the Schur element of S2. This is a Laurent polynomial in
y. Let valy(sy) be the valuation of sy in y that is to say:

val,(sy) := —min{l € Z | y'sy € Z[n4][y]}-

Then, the a-value of S2 is defined by:

a(S2) = —Lﬂy(si).
d
For all A € TI¢, a(S?) is a rational number which depends on (m(?), ... m(@=1),

To simplify, we will denote a()) := a(S2).

Proposition 3.2.  Let A be a d-partition of rank n and let SX be the
simple H, n-module.

Let k be a positive integer and B[m]' be the set associated to m and k as
in paragraph 3.1. Then, if h is the height of B[m]', we have:

a(A) = f(n,h,m) + Z min {a,b} — Z min {k, m(j)},

0<i<j<d 0<i,j<d
(a,b)eB/(i)XB/(j) acB/(1)
a>b if i=j 1<k<a
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where:
d—1
f(n,hy,m)= anU) -1+ |Bl—-n—nh Z min {m®,m}
3=0 0<i<j<d
+ Z min {k, m}.
0<i,j<d
aEB(i)
1<k<m(?)
Proof. We use Proposition 3.1:
d—1
a(A) = an(J) —m+|Bl—-n—-h Z min {m®,m}
j=0 0<i<j<d
+ Z min {a +m®, 3 +m} — Z min {k +m®, m}.
0<i<j<d 0<i,j<d
(o,8)eB() x B(J) aeB(?)
a>p if i=j 1<k<a

We have:

Z min {k +m® mW} = Z min {k, m?}

0<i,j<d 0<i,j<d
aeB(i) aeB(i)
1<k<a 1<k<a+m(®)
- g min {k, m)}.
0<i,j<d
aecB()
1<k<m(?)

Using the set B{m]" of paragraph 3.1, we conclude that:

a(A) = f(n,h,m) + Z min {a, b} — Z min {k, m)}.

0<i<j<d 0<ij<d
(a,b)eB’(1) x B’(7) acB’/(1)
a>b if i=j 1<k<a

O

Remark 3.1. The formula of the a-function does not depend on the
choice of the ordinary symbol.

The next section gives an interpretation of the parametrization of the sim-
ple modules by Foda et al. in terms of this a-function when the Ariki-Koike
algebra is not semi-simple.

4. Foda et al. d-partitions and a-functions

First, we introduce some definitions:
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4.1. Notations and hypothesis
Here, we keep the notations of the previous section. As in the second
section, we assume that we have nonnegative integers:

0<v<vp <---<wgg <e.

Then, for j =0,...,d — 1, we define rational numbers:
m) = vj — %2 + se,

where s is a positive integer such that m() >0 for j =0,...,d — 1. We have
dmU) e Nforall j=0,...,d— 1.

Let Hp, » be the Ariki-Koike algebra over L = Q[ng4](y) with the following
parameters:

u; zydm(j)ng for 7=0,...,d—1,
v =y

If we specialize the parameter y into ng. := exp(%), we obtain an Ariki-
Koike algebra Hg , over R = Q(n4.) with the following parameters:

dm@) j

u; =0, My =ng for j=0,...,d-1,
V= 1.

This algebra is split but not semi-simple and we will discuss about its repre-
sentation theory.

Here, we keep the notations used at the previous section and we add the
following ones. First, we extend the combinatorial definitions of diagrams and
residues introduced in paragraph 2.2 to the d-compositions of rank n in an
obvious way.

Let A be a d-composition of rank n. The nodes at the right ends of the
parts of A will be called the nodes of the border of A.

Example 4.1.  Assume that d = 2, vg = 0, v; = 2 and that e = 4. Let
A = (4.2.3,3.5), then the diagram of A is the following one:

v (BREE 2oy
= 230|’1230|1|

The nodes in bold-faced type are the nodes of the border of A.
We will also use the following notations: Let A and p be d-compositions

of rank n and n+ 1 and let k € {0,...,e — 1} be a residue.
()

o We write A(»_ﬁ),u if [p]/[A] is a k-node on the part ;.
Py

o We write A+ wif [p]/[A] is a k-node.
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The next paragraph gives combinatorial properties concerning FLOTW
d-partitions.

4.2. Combinatorial properties
First, we give some lemmas:

Lemma 4.1. Let A be a FLOTW d-partition associated to {e;vy,

ooy Ug—1}. Let & be a removable node on a part )\;il), let )\g?) be a part of
A and assume that:

A;? —Jo+ v, = )\;il) —Jj14 v, —1 (mod e).
Then, we have:
A > 20 202 gy i) 11 > A0 gy (),
Proof. Using the hypothesis, there exists some t € Z such that:
A2 o iy = A by, — 1 te
a) We assume that:
A2 gy im0 11> A0 gm0,
We want to show:
(i2) (i1)
)‘j22 = >\j11 :
Assume to the contrary that:

(i2) (11)
A2 </\j11 )

J2
We have:
‘ . e ) ) e
Nyl et — gt 12 Y e g,
then:
e e
—l4te—ipg— + 1> —i;—.
+ 2y +1= L
So, we have:
. . e
te > (ig — Zl)a

We now distinguish two cases.
If il Z i21
Then, we have t > 0 because i3 — 47 > 1 — d, thus:

AP g oy = A0 gy 1,

SO:

J1— Jo = Vs, — V4,.
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Now, we use the characterization of the FLOTW d-partitions:

(i2) 5 (1)
Ajy = Aga-

= TJotviy —viy "
We obtain:

(i2) (i1)

)\j22 z >\j11 ’
a contradiction.
If i1 < i9:
Then, we have t > 0, thus:
)“5222) _j2 + Uiy Z )‘5211) _jl + Uiy — 1 + €,
So:
J1—J2 2 vy, — v, te.

We use the characterization of the FLOTW d-partitions:

(i2) (i1)
>\j22 2 Aj,-

= "Jotvi —viyte’
We obtain:
(i2) (i1)
)\j‘z z >\j1

)

a contradiction again.
b) We assume that:

A2y 4 ml 41 < A gy 4m,
We want to show:
A <0
Assume to the contrary that:
A2 200
As above, we have:

te < (ig — ’L'l)

ISHS

Again, there are two cases to consider.
If 71 > is:
Then, we have t < 0, and so:

)‘522) 7].2 + Viy S Agzll) 7].1 + Uiy — 1- €,
thus:
Ja— (1 +1) >0, —vy +e.
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We use the characterization of the FLOTW d-partitions:

(1) (2)
)‘J1+1 = )‘J1+1+e+m2 —viq?

SO:
(i1) (1 ).
)\311-1-1 2 )\ ’

Now, £ is a removable node of A\. Thus, we obtain:

(h) (i1)
A > A

a contradiction.
If ’L'l < ig!
Then, we have t < 0 because i1 — i > 1 — d, thus:

)\( i2) J2+’l}22 <)\( i) j1+vi1 —1,
so:
Joa— (J1+1) > v, — vy,
We use the characterization of the FLOTW d-partitions:

(i1) (i2)
)\j1+1 > )\j1+1+vz‘2 —Vy )
SO:

(i1 (Z )
)\]1+1 = /\ ’

Now, £ is a removable node of A, so:

(i1)
)\] >\]11+1

Again, this is a contradiction. O

Lemma 4.2. Let A be a FLOTW d-partition associated to {e;vy,
., U4—1}. We define:

lmag = max{)\go), )\gl), NN )\gl_l)}
Then, there exists a removable k-node &1, for some k, on a part Al

which satisfies the following property: if & is a k — 1-node on the border of a
part /\(l2 then:

= lmam

(i1) (i2)
A > AL
Proof. Let A, .. AU) be the partitions of A such that A(lll) =...=

A(llr) = Imax are the parts of maximal length. Let kq,..., k. be the residues of
the removable nodes &1, . .., &, on the parts of length lax.
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We want to show that there exists 1 < ¢ < r such that there is no node
with residue k; — 1 on the border of a part with length [,,x.

Assume that, for each 1 < i < r, there exists a node on the border of a
part of length lax with residue k; — 1. Then, there exists a partition A(=1), for
some 1 < s7 < r, with a k&1 — 1-node on the border of a part of length I;,.x:

ki—1

)\(lsl ) —

lmax

We have s; # 1, otherwise the nodes on the border of the parts with length
Imax on A1) would describe the set {0,...,e — 1}. This violates the second
condition to be a FLOTW d-partition.

We use the same idea for the residue k;,, there exists Als2) - for some
1 < s9 <7, as below:

)\(152) —

lmax

We have so # s1 (for the same reasons as above) and sy # 1, otherwise the
nodes on the border of the parts with length ;. on As2) and on A1) would
describe all the set {0,...,e — 1}. Continuing in this way, we finally obtain
that there exists 1 < s,. < r such that:

57‘ ¢ {1) 81752) . 'as’r‘—l}'

This is impossible since s, € {1,...,r} and for all i # j, we have s; # s;.
So, there exists 0 < ¢ < r such that there is no k; — 1-node on the border
of the parts with maximal length. d

Lemma 4.3. Let A\ be a FLOTW d-partition associated to {e;vy,
.oy Ug—1}. Let k and & be as in the previous lemma.
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Let &1, &, ..., &5 be the removable k-nodes of A. We assume that they are

on parts )\(“) > /\gl2 S>> )\(Z
Let ’yl, Yoy e ,'yr be the k — 1-nodes on the border of A\. We assume that
they are on parts A, ll) > )\(12) >...> )\(l )

We remove the nodes &, such that )\ oS Ap ll) from A. Let \' be the

resulting d-partition. Then, X is a FLOTWd partztzon associated to {e; vy, . . .,
vg_1} and the rank of \' is strictly smaller than the rank of \.

Proof. The rank of ) is strictly smaller than the rank of A by the previous
lemma. We verify the two conditions of the FLOTW d-partitions for ).
First Condition:

First, we have to verify that if )\(z) )\1(0111), )\(L) Agi}ll _y, and if we remove

a node from )\( " then, we also remove a node from )\gfvlll _y,- Observe that:
Yﬁ)ﬂ_m = (J +vig1 —vi) + vip1 = A§»“ —J+ v

Thus, the residue on the border of /\jfvlll v; 18 k. Moreover, the associated

node is a removable one, otherwise we would have:

(i+1) @
AjJr’U +1—vi+1 > )\J+1’

contradicting to our assumption that A is a FLOTW d-partition.

Since )\g- = AETJL v, and /\§z++v1+1 L > A% the k-node on the border of

)\gfvlill _p, must be removed. So, the first condition of the FLOTW d-partitions

holds for ).
Second Condition :

The only problem may arrive when there exists ¢ € {1,..., s} such that:
e if we delete the nodes &7, &a,...,&—1, the resulting d-partition A \
{&1,...,&—1} satisfies the second condition.

o M\ {&1,..., &} doesn’t satisfy the second condition.
This implies that the set of residues of the nodes on the border of the parts of
A with length /\g-it) — 1 is equal to the following set:

{0, e —1}\ {k —1}.

Note that the second condition is satisfied for all the other lengths than )\g-it)
For example, this problem occurs when \ is as follows:

k—1 k ko kr
k—2 ko —1 kr—1
- > -— > -—

(it) (t) (i)
Ajt’ -1 /\jt’ -1 Ajtt -1
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We want to show that among the residues on the border of the parts of A with

length )\;it) — 1, k does not occur.

There exists at least one k-node on the border of a part of A with length

(ie)

Al _

a k — 1-node on the border of a part of A\ with length )\%t) — 1 contradicting to
our assumption.

— 1. Such a k-node must be a removable one. If otherwise, we would have

We have )\g?) -1> )\1(0111) because there is no k — 1-node on parts with

length /\g-it) — 1. So, all the k-nodes on the border of parts with length /\g-il) -1
must be removed. Thus, we do remove all of them.
Then, the set of residues of the nodes on the border of parts of \" with

length )\git) — 1 is equal to:

{0,... e — 13\ {k}).

Keeping the above example, ) is given by:

k—1 ko k-
k1 —2 ko —1 kr —1
k+1
kz k‘3
. B B
(i) (it) (i)
Ajt -1 )\jt -1 >\jt -1

Now, we can delete the remaining removable k-nodes of length Aéf‘) without
violating the second condition. Repeating the same argument for those &, with
)\g-i“) > )\I(,lll), we conclude that the second condition holds.

Thus, ) is a FLOTW d-partition. O

Thanks to this lemma, we can now associate to each FLOTW d-partition
a residue sequence which have “good” properties according to the a-function.

Let A be a FLOTW d-partition associated to {e;vo,...,v4-1}. By using
Lemma 4.2, there exists a removable node &; with residue k£ on a part )\5-111) with
maximal length, such that there doesn’t exist a k — 1-node on the border of a
part with the same length as the length of the part of £;.

Let 71, 72,...,7- be the k — 1-nodes on the border of A\, on parts AI(,ZII)

> )\gj) > > /\I(f:). Then, Lemma 4.1 implies that:

)\;il) —ji+mt) —1 >)\;lk"‘) — pre +m®) k=1,...,r.

As in Lemma 4.3, let &1, &2, . .., §u be the removable k-nodes on the border
of A on parts /\5-111) > )\5-222) > > )\;:‘) such that:

(iu) 1
A > A,
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By Lemma 4.1, we have:
A§ft)fjt+m(it)fl>)\l(f:)fkarm(l"‘) t=1,...,u k=1,...,r.

We remove the nodes &, &,...,&, from A. Let ) be the resulting d-
partition. )\ is a FLOTW d-partition by Lemma 4.3.
Now the a — sequence of residues of )\ is defined recursively as follows:

Definition 4.1. @ — sequence()\) = a — sequence()\), k, ..., k.
———
u

Note that if we have a — sequence()') = a — sequence(\’),k’,... k" for
—_————

some k' € {0,1,...,e—1} and v’ € N, then we have k # k’. Indeed, let &]

)

be a removable k’-node on a part \’ ((Lbll with maximal length, such that there

doesn’t exist a k' — 1-node on the border of a part of length X Ef’;). Assume
that &k = k. We can’t have )\'((llll) = A;il), otherwise £ = & for some ¢t €
{1,2,...,u}, a contradiction. Thus, we have )\/((11711) < )\xl) and as & # & for
all t € {1,2,...,u}, there exists a k' — 1-node on the border of a part of length
N ((zbll) in ), a contradiction again.

Example 4.2. We assume that d = 2, vg =0, v1 = 1 and e = 4. The
FLOTW 2-partitions are the 2-partitions (A(®, \(1)) which satisfy:
e for all © € Nyq:
0 1
1 0
)‘g : 2 )‘E-i-)?);
e for all £ > 0, among the residues appearing at the right ends of the
length k rows of ), at least one element of {0,1,2,3} does not occur.
We consider the 2-partition A = (2.2,2.2.1) with the following diagram:

‘wo)—l
—

Ais a FLOTW 2-partition.
We search the a — sequence of A\: we have to find k € {0,1,2,3}, u € Nyg
and a 2-partition )\ such that:

a — sequence()) = a — sequence(N), k, ..., k.
——
The parts with maximal length are the parts with length 2 and the residues of
the removable nodes on these parts are 1 and 0.
For k = 1, we have a part of length 2 with a node on the border which
have k — 1 =0 (mod e) as a residue.
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So, we have to take k = 0 and we can remove this node as 3-node(s) on
the border have maximal length 1. There is no other removable 0-node in A,
s0:

a — sequence(A) = a — sequence(2.1,2.2.1), 0.

We can verify that the 2-partition (2.1,2.2.1) is a FLOTW 2-partition.
Now, the removable nodes on the part with maximal length have 1 as a
residue and there is no 0-node, so:

a — sequence(A) = a — sequence(1.1,2.1.1), 1, 1, 0.
Repeating the same procedure, we obtain:
a — sequence(A) = 1,0,0,3,3,2,1,1,0.

Let A be a d-composition of rank n and let k be a residue. Following the
notations of paragraphe 4.1, let u be a d-composition of rank n + 1 such that:
k
AGmk

Then, we write:

k-opt
A=,
¢ p)ﬁ
if we have:

AE?/) _j/ + m(p/) S )\gp) _j _’_m(p)7

/

for all d-composition g’ of rank n + 1 such that A( »ﬁ )u .
— i)

Remark 4.1. Let k€ {0,1,...,e —1}. Assume that )\ is a d-partition
and that p and H/ are d-compositions such that:

k-opt k-opt
A »—? I and A |—l>) !
(4p) (G0~

This implies that there exists ¢ € Z such that:
M)~ vy = AP — j 4o, 4 te = k (mod ¢).
Moreover, we have:
)\5-’?/) — i 4+ m) = )\g_p) —j+m®,

We obtain:
e

a.

Hence, we have p = p’ and since ) is a d-partition, we have (j, p) = (5/,p’) and
li

B =R

te = (¢ — p)
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Proposition 4.1.  Let A be a FLOTW d-partition of rank n and let:
a — sequence(A) = $1, 82, ..., Sn.

Then, there ezists a sequence of FLOTW d-partitions A[0] = 0, A[1],...,A[n] =
A such that for alll € {0,...,n — 1}, we have:

AP+ 1)

T ()

Proof. Let A be a FLOTW d-partition. Assume that:

a — sequence()) = a — sequence(N) i, . .. , s,
———

as

where )" is the FLOTW d-partition as in Definition 4.1. Define A[n —a] := ).
Then, there exist d-compositions A[i], i =n —as + 1,...,n such that

An — as]isﬂpté[n —as + 1]i5;3>pt e iﬁgpté[n — 1]1'5(—0»“3[@.

(we omit the indices of the nodes here to simplify the notations.)

We claim that A[n] = A. Indeed, by the discussion above Definition 4.1,
the nodes of A[n]/A[n — as] are precisely the nodes of A/)\". Note also that in
the above graph, the nodes are succesively added on the greatest part where
we have an addable is-node. Moreover, as A is a d-partition, it follows that for
alli € {n —as,n—as+1,...,n}, Al{] is a d-partition.

Continuing in this way, there exist d-partitions A[l] (I = 1,...,n) such
that:

(1) QPN P N a2 Nag + ag] S P A ).

By Lemma 4.3 and by definition of the a — sequence, A[a1], Ala; +a3], ...,
Aln] are FLOTW d-partitions. Now, assume that there exists a d-partition
u which appears in (1) and which is not a FLOTW d-partition. Then, there
exists 7 € {1,...,s} such that:

ir-0pt i-Opt ir-0pt i-Opt
]r—»r—> L }—»r—>)\[

(2) A[a1+...+ar_1 a1+...+ar]

We denote v := Ala; + -+ - + a,—1]. Then, we have two cases to consider.
o If u violates the first condition to be a FLOTW d-partition, then there

exist j € Nyg and ¢ € {0,1,...,d — 2} such that sz‘) < ME-TUtll_vi (the case

(d-1) (0)

o < Y etvy—v,_, 18 similar to this one). It implies that we have added an
i,-node on Vj(f:)lll_v and that VJ@ = V](Z:Llll_v We obtain:

v —jm® > 0D

Jtvipi—v; (J +vig1 —vi) + m{+y.

()
v J y
by decreasing order with respect to Vj(.f ) 3" +m). Thus, AMa; +--- +a,] is
not a FLOTW d-partition. This is a contradiction.

It implies that we can’t add any é,-node on ;" in (2) because we add k-nodes
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e Assume that p is the first place where the second condition to be a
FLOTW d-partition is violated. Thus, there exist a1 + -+ + a,—1 < j <
ap + -+ +a, such that g = pj] and plj — 1] is a FLOTW d-partition. In (2),

we have added an 4,-node on a part u( R
@ 41 of f is equal to {0,...,e—1}. If there

is a i, — 1-node on the border of a part of length greater than yj(-i) which will be
occupied before reaching Aja; +- - - +a,], Lemma 4.1 implies that this node had

and the set of residues appearing at

the right ends of parts of length v;

to be occupied before the i,-node on the part I/](»i) is added. Thus, the set of
residues appearing at the right ends of parts of length Z/J(»i) +1in Aay +---+a,]
is equal to {0,...,e—1}. Thisis a contradiction as Ala1 +- - - +a,] is a FLOTW
d-partition.

O

Now, we associate a graph with a FLOTW d-partition as follows:
Definition 4.2. Let A be a FLOTW d-partition of rank n, let

S1, 82, -.,Sn be its a — sequence of residues. Then by Remark 4.1 and Propo-
sition 4.1, there exist unique d-partitions A[l] (! =1,...,n) such that:

®s1}3pt )\[1] So- opt )\ 2] | Sn- opt )\[n] _ )\
T(1p1) T (J2.p2) (J7L7pn)

where () is the empty d-partition. We call this the a-graph of \.

Example 4.3. Assume that d = 2, v9 = 0, v;1 = 1 and e = 4. Let
A=(2.2,2.2.1).

a — sequence(A) = 1,0,0,3,3,2,1,1,0.

Then, the a-graph associated to A is the following one:

1-opt 0-opt 0-opt 3-opt 3-opt 2-opt
1 1,1 1,1.1 1.1,1.1 1.1,1.1.1
(V),@)(ﬁ)((b, )<1o>( )<2 1>( )(2,0)( )(3,1>( 111) (L

& 120y #es 2l Bel 22 32,220
1,1 ,0

s )

Now, we deal with a fundamental property concerning the a-graph o f a
FLOTW d-partition. First, we have to show some properties about a-functions.

Definition 4.3.  Let p and v be d-compositions of rank n. Let B,, and

B, be two ordinary symbols of p et v with the same height. Let B, [m]’, B, [m]’
be as in paragraph 3.1. Then we write:

p=v
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if:

Z min {a, b} — Z min {k, m)}

0<i<j<d 0<i,j<d
(a,pyeB)) x B9 acB)P
a>b if i=j 1<k<a
< E min {a, b} — E min {k, m}.
0<i<j<d 0<i,j<d
(a,b)e BV x B!D) aeBl®
a>b if i=j 1<k<a

In particular, if g and v are some d-partitions, we have:
p=v = a(p) <a(y).

The following results give the consequences of the properties showed in
this section in terms of a-function:

Lemma 4.4.  Let A be a d-composition of rank n, let B := (B(l)7 e
BU=1Y be an ordinary symbol of A, let By and By be two elements of B[m]', we
assume that:

B1 < fBo.

Let l € Nsg. We add | nodes to A on the part associated to 1. Let p be the
resulting d-composition of rank n+1. We addl nodes to A on the part associated
to Ba2. Let v be the resulting d-composition of rank n +1. Let B, and B, be

the two ordinary symbols of u and v with the same height as B and let B, [m]',
B,[m]’ be as in the paragraph 3.1. Then, we have:

v <[
In particular, if p and v are some d-partitions, then:

a(p) > a(v).

Proof. We assume that (3; is on B("1) and that (5 is on B(*2). Then, we
have:

Z min {a, b} — Z min {t, m)}

0<i<j<d 0<i,j<d

/(1) 7(3) /(3)
(mb)eBﬁ ><Bﬁ aEBﬁ
a>b if i=j 1<t<a

_ Z min {a, b} — Z min {#,m"}

0<i<j<d 0<ig<d
(a,b)eB’(1) x B/ (3) aen’(i)
a>b if i=j 1<t<a
= Z (min {a, B1 + I} — min {a, B1}) — E min {t,m)}.
acB(1) 0<j<d—1
0<i<d—1 B1<t<pB1+l

a#By if i=iq
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and we have an analogous formula for v.
Now, for a € BY), j =0,...,d— 1, we have:

0 if a < 01,
min{a,B; + 1} —min{a,/1} =< a—01 if /1 <a< i+,
l ifa> g1 +1

As (81 < B2, we have:

E (min {a, 81 + 1} — min{a, 51 })
aeB(?)
0<i<d—1
a#By if i=ip

> Z;_) (min {a, B2 + {} — min {a, 52}).

0<i<d—1
a#By if i=ig

Moreover, min {¢, ")} < min {t + By — B, m)} implies that:

Z min {t,m¥} < Z min {¢, m9)}.

0<j<d—1 0<j<d—1
B1<t<p1+! Bo<t<pBo+l
O
Proposition 4.2.  Let A[n] be a FLOTW d-partition of rank n and
S1,82,...,58, be its a — sequence of residues. We consider the a-graph of Aln:
(0,0) 7 ALY Af2] - " ],
(91,p1) (j2:p2) (Jin>Pn)

where all the d-partitions appearing in this graph are FLOTW d-partitions.
Then, if we have another graph of d-compositions:

@0,0) = pl1] B opR]-- Bopn),
(J1.p1) = "(dg.ph) (Jrp5) —

we have A[n] < p[n] if A[n] # pn].

Proof. We will argue by induction on n —r € N. Assume that A[r — 1] =
p[r —1]. We want to show that if we have the following graphs:

(1) A[T - 1] sTijpt A[T] Sr+'£)0pt sn:}pt A[n]
(j?‘7p7‘) (jr-%—l,pr-%—l) (j'rupn)
(2) plr—1] & opl] B ]

) BTy ) K
(GLpr) = i Pegy)  (Ghph) T

then A[n] < pln] if A[n] # un].

Assume that n —r =0:

Assume that A[n] # u[n]. To simplify the notations, we write A := A[n — 1] =
pln —1]. We have:

AT A [n] and A & uln]
(jn7pn) (]'ln,’p"n,) -
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As ) is a d-partition, by Remark 4.1, we have
AP m® S AP @)

Let By be an ordinary symbol associated to A. Then, A[n] and pu[n] are obtained
from A\ by adding a node on parts associated to two elements (3, and (5 of
B, [m]’. We have:

B1 > [Bo.

We are in the setting of Lemma 4.4, hence:

Aln] < pln].

Assume that n —r > 0:
Let ¢ be such that » — 1 < ¢ < n. If the residues of the right ends of the parts
(Jropr) and (4.,p)) of u[t] are the same, we say that ¢ is admissible. Let ¢t < ¢/
be the two first consecutive admissible indices. Suppose that the lengths of the
part (j,pr) (resp. (j5.,p..)) increases by N (resp. N') between u[t] and u[t']. If
the first node added to pu[t] is on the (j,,p,)-part, we do nothing. Otherwise,
we add N nodes to the (j., p’.)-part and N’ nodes to the (4, p,)-part instead
of adding N nodes to the (4, p.)-part and N’ nodes to the (j., pl.)-part.

Next we consider the consecutive admissible indices t' < t” and repeat the
same procedure until we reach the final consecutive admissible indices. Then
we get a new graph as follows:

3) Alr =172  2 vl
(rspr) Glpie) (]n py)

In v[n] and p[n], only two parts ((j,, p,)-part and (j., pl.)-part) may differ.
o If (., p,) = (4., pl.), we conclude by induction.
o If (jr,pr) # (4i,p..), to simplify, we write A := A[n], u := p[n] a
v := y[n]. Assume that v # p, then we are in the setting of Lemma_4 4: 1
7= (9,...,7=) be the d-composition defined by:

y P = ) if (7,p) # (47, 01);
7j(‘gn) _ Vj(fr).
Then, p is obtained from v by adding nodes on %(p 2 where as v is obtained

(pr

from v by adding the same number of nodes on er . Now, we know that:

This implies:

(pr) (p1)

i) = g+ mer) > Vi = et m®).

This follows from the fact that the residue associated to (j.,p.) and (j,,p..) in
A are the same.
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Thus, v and p are obtained from v by adding the same number of nodes on
parts associated to two elements 1 and 5 of B, [m]" where B, is an ordinary
symbol associated to . The above discussion shows that:

B> Ba.
So, by Lemma 4.4, we have:
V<[
By induction hypothesis, we have :
A<y or A=v
We conclude that:
A=<p

The following proposition is now clear.

Proposition 4.3.  Let A\[n] be a FLOTW d-partition of rank n and let

S1,82, ..., 8, be its a — sequence of residues. We consider the a-graph of A[n]:
(@70) 513pt Al 52'—_0)pt A[2] o Sn"_o)pt A[n}
(J1.p1) (j2:p2) (Jnspn)

then, if we have another graph with d-partitions:

0,0) = pl1] & opf2) #pln)
(41.91) (45:p5) (41,:P7)

we have a(A[n]) < a(u[n]) if Aln] # pln].

In the following paragraph, we see consequences of this result: we give an
interpretation of the parametrization of the simple modules by Foda et al. for
Ariki-Koike algebras in terms of a-functions.

4.3. Principal result
First, recall the FLOTW order given in the paragraph 2.3, we have the
following proposition.

Proposition 4.4.  Let A be a FLOTW d-partition and let v = (a,b,c),
v = (d,V,c) be two nodes of \ with the same residue. Then:

b—a+m >v —a +m)
<= v is below v with respect to the FLOTW order.
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Proof. As v and 7/ have the same residue, there exists ¢t € Z such that:
b—a+v.=b —a + v+ te.

Then, we have:
b—a+m® >y —d +ml) = (c—c’)g < te.
Then t > 0 and if t = 0, we have ¢’ > ¢. So, 7y is below ~'. O

Now, we consider the quantum group U, of type Agl_)l as in the paragraph
2.2. Let M be the U,-module generated by the empty d-partition with respect
to the JMMO action (see paragraph 2.3).

First, we have the following result which gives the action of the divided
powers on the multipartitions with respect to the JMMO action. The demon-
stration is analogous to the case of the AM action (see for example [28, Lemma
6.15] for d = 1), we give the proof for the convenience of the reader.

Proposition 4.5.  Let A be a d-partition, i € {0,...,e—1} and j a
positive integer. Then:

. b
A=V Ay,

where the sum is taken over all the p which satisfy:

A,
H—/—
J
and where:
—b addable 1 — nodes removable © — nodes
Ny p) = Z (ﬁ { of u below ~ } —f { of \ below ~y })
vE[K]/[A] -

Proof. The proof is by induction on j € N5q:
e If j = 1, this is the definition of the JMMO action (see paragraph 2.3).
o If j > 1, let u be a d-partition such that:
A S
(ri,p1)  (r5.p5) —
—_—
J
We assume that the nodes v; associated to (r;,p;), I = 1,...,7, are such that
foralll=1,...,7—1, v is below y;41. Let K, 8= 1,...,7, be the d-partitions
such that [p |/[p, ] ="s.

. ~7b
By induction, the coefficient of B, in fi(j_l)A is ¢ Qope) Hence, the coefficient
. ] —~7b —~7b
of pin fif TN is Y7 g )N ),

s=1
Now, we define the following numbers:
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—b addable 7 — nodes removable 7 — nodes
Ni(Q p,7s) = (ﬁ{ of p below 4 } B ﬁ{ of A\ below ~; }) ’

where s =1,...,7.
We have:

s—1 7

—b

N,QAp)=> Ni( (A g ve) E Au,%
t=1

J

s—1
=Y N/ Qo)+ Y (NI ) + 1)
t=1 t=s+1

—b —=b .
=N;(Ap) = Ny p,vs) +7 — s

And:
NZ(HS’H) = Ni(Avﬂsyvs) —s+ 1.

J
. —b .
Hence, the coefficient of y in fifi(J_l)A is ¢™Vi(2m) Z g2,

Now, we have fifi(j_l))\ = [j]qfi(j). Thus, the coefficient of y in fi(j)A is

qN s (Qop) 0
Now, we have the following result:

Proposition 4.6. Let A be a FLOTW d-partition and let a—sequence(\)
=01,y 01,082,002, ..., 0, ... ,0s De its a —sequence of residues where for all
H/—/ N—— H/—/

ay az as
j=1,...,5 =1, we have i # i11. Then, we have:

f(a )]czaS 1) | fi(lal)Q =)+ Z Cﬁﬂ(q)ﬁ’

a(w>a(d)
where ¢ ,(q) € Z[g, 7).

Proof. By Proposition 4.3, we have:

f(a )fl(saal o fz’(;ll)Q = CA,A(q)A + Z Cé’ﬂ(q)ﬂ’
p)>a(A)

a(p)>a(A
where ¢y .(q) € Z[g,q™"]. So, we have to show that:

CA’A(‘I) =1.

Assume that the last part of the a-graph of )\ is given by:

is is
[ W
(r1,p1) (ragsPas)

| ——

Qs
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Let p be a d-partition obtained by removing a; is,-nodes from A and assume that
u # v. Then, by construction of the a — sequence of residues and Proposition
4.4, the nodes 7, associated to (ri,p), L =1,...,as, are the lowest is-nodes of
A (with respect to the FLOTW order). If u # v then at least one of the lowest
is-node is a node of p. When this node is_added7 the i4-node can be added to
two parts, one to obtain u[t], the other to obtain v[t] for some t. As we choose
the higher node, this contradicts to the optimality of v[t]. Hence, we have to
show that:

No(v,A) =0

There is no addable node of A below the +; and there is no removable node of
v below the ;. Hence this is clear. O

Remark 4.2. This proposition shows that A is a FLOTW d-partition if

and only if there exists a sequence of residues i1, ...,%1,%2,...,92, ..., 05, ...,
H/—/ H/—/ N——

a as

such that A is the mlnlmal d-partition with respect to a- functlon which appears
in the expression fl( f“ab1 . f(a1

This result is similar to a conjecture of Dipper, James and Murphy ([12]):
in this paper, it was conjectured that A is a Kleshchev d-partition if and only if

there exists a sequence of residues i1,...,41,%2,...,%2,...,%s,...,1s such that:
%/—’ —— W
ay asz as
f(a )fzaq 1) | f(al) AA"’ Z Mpts
HEA

where ny # 0. The partial order > is called the dominance order and it is
defined as follows.

Now, the next proposition follows from the same argument as [24, Lemma
6.6], the proof gives an explicit algorithm for computing the canonical basis,
which is an analogue of the LLT algorithm (the details of the algorithm will be
published elsewhere).

Proposition 4.7.  Following the notations of paragraph 2.2 , the canon-
ical basis elements of M are of the following form:

A Y b,

a(p)>a(d)

where by ,.(q) € qZ[q] and X is a FLOTW d-partition.
Reciprocally, for any FLOTW d-partition A, there exists a canonical basis
element of the above form.
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Proof.  Let p € A%e;vo,...,vd_l} be a FLOTW d-partition and assume that:
a — sequence(A) = i1, ...,01,02, ..y 89, ... bgy...,is.
—— — ——
al as Qs

Then, we define:
AQ) = F0 0T A,

1s—1

By the previous proposition, we have:

AQQ) =2+ (@),

where ¢y ,(q) € Z[g, ¢ ).

The 74(3) are linearly independant and so, the following set is a basis of
the U 4-module M 4 generated by the empty d-partition with respect to the
JMMO action:

{A(p) | pe A
Note that the vertices of the crystal graph of M are given by the FLOTW

l-partitions. Let {B, | p € A'} be the canonical basis of M. There exist
Laurent polynomials m,, ,(q) such that, for all p € A', we have:

B, = Z mg,z(Q)A(Z)~

veA!

Now, we consider the bar involution on U4, this is the Z-linear automorphism
defined by:

7=q"', Fkn=ko E=e fi=fi

It can be extended to M 4 by setting, for all u € Uy:

uf) := uf.

The A(p) are clearly invariant under the bar involution and so are the B,
(this is by the definition of the canonical basis, see [4]). Therefore, we have:

My, (q) = mg,z(qil)a

for all p and v in Al
Let a be one of the minimal d-partitions with respect to the a-function
such that m, (q) # 0. Then, the coefficient of « in B,, is:

bu.alq) = Z My, (q)cy,a(q)-

veEA!

We have:
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a(a).
a(a) and if a(v) = a(a) and ¢, 4(q) # 0 then

= Q.

| 24
Hence, we have:

bua(q) = mya(q) # 0.

Now, as the FLOTW d-partitions are labeling the vertices of the crystal graph
of M4 , we have:
B, = p (mod q).

Therefore, if u # a, we have:

bu.a(q) € qZq).

Moreover, we have:

mga(‘]) = mg,g(q_1)~

Therefore, we have u = a and b, ,(q) = 1. To summarize, we obtain:

By = Alp) + Z mg,z(Q)A(Z)~
a(v)>a(p)

The theorem follows now from Proposition 4.6. O

Using the correspondence between the canonical basis elements and the
indecomposable projective modules, we can reformulate this result as follows.

Theorem 4.1.  Let Hg,, := Hrn(v;uog,...,uq—1) be the Ariki-Koike
algebra of type G(d, 1,n) over R := Q(ng4e) and assume that the parameters are
given by:

V=1, u,=mng j=0,...,d—1,
where 1, = exp(%) and 0 <wvg < -+ <wg_q < e.

Let {P]% | p € A} be the set of indecomposable projective HRr,n-modules.
Then, there exists a bijection between the set of Kleshchev d-partitions and the
set of FLOTW d-partitions:

jiAY — AL
such that, for all p € A°:
e([Pglp) = [SWT+ > douls9
vend

a(y)>a(j(p))

In particular, this theorem shows that the decomposition matrix of Hg
has a lower triangular shape with 1 along the diagonal.
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Remark 4.3. Keeping the notations of the above theorem, we can at-
tach to each simple Hg ,-module M an a-value in the following way:

IftM= D% for p € A° then ay; = agiw = a(j(p)).
Then, we have:

apnr = min{av | dVJ\/[ 7é O}

We remark that this property was shown in [16] for Hecke algebras where the
a-function was defined in terms of Kazhdan-Lusztig basis.
We have also the following property: for all v € Al:

.1

[S4 =D W+ N dy DY
neA0
a(i(p)<a(v)

In the following section, we see consequences of the above theorem on the
representation theory of Hecke algebras of type B,,.

5. Determination of the canonical basic set for Hecke algebras of
type B,

Let W be a finite Weyl group, S be the set of simple reflections and let H be
the associated Hecke algebra defined over Z[y, y '] where y is an indeterminate.
Let v = y%. Then, H is defined by:

e generators: {1}, | w € W},
e relations: for s € S and w € W:

T — Tow if I(sw) > I(w),
T V0T + (v — DTy if I(sw) < L(w).

where [ is the usual lenght function.

Let K = Q(y) and 6 : Z[y,y~ '] — k be a specialization such that k is the field
of fractions of 6(Z[y,y~1]). We assume that the characteristic of k is either 0
or a good prime for W. Let Hx = K ®Z[y,y*1] H and H, .=k ®Z[y,y*1] H.
Then, following [18, Theorem 7.4.3], we have a well-defined decomposition map
dg between the Grothendieck groups of Hg-modules and Hj-modules. For
V € Irr(Hg), we have :

do([V]) = Z dv,m[M],

Melrr(Hy)

where the numbers dy,ys € N are the decomposition numbers (see [18, Chapter
7] for details).

In [19], Geck and Rouquier have defined a “canonical basic set” B C
Irr(H ) which leads to a natural parametrization of the set Irr(Hy).
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Theorem 5.1 (Geck-Rouquier [19]).  We consider the following subset
of Irr(H):

B:={V elir(Hk) | dv, # 0 and a(V) = a(M) for some M € Irr(Hy)}.

Then, there exists a unique bijection B « Irr(Hy), V « V., such that the
following two conditions hold:

(i) For all V € B, we have dy,37 =1 and a(V') = a(V).

(i) If V € Irr(Hg ) and M € Irr(Hy) are such that dy,a # 0, then we have
a(M) < a(V), with equality only for V€ B and M =V.
The set B is called the canonical basic set.

From now to the end of the paper, we assume that k is a field of charac-
teristic 0. Then, B has been already determined for all specializations for type
Ay, _1 in [15], for type D,, and e odd in [16] and for type D,, and e even in [22].

The aim of this section is to find B in the case of Hecke algebras of type
B,,. Let W be a Weyl group of type B,, with the following diagram:

v v v v

Let H be the correponding Hecke algebra over Z[y,y~!]. First, it is known
that Hy is semi-simple unless #(u) is a root of unity. In this case, we have
B = Irr(Hg). For p € Nyg we put n, := exp(%), then we can assume that
0(v) = n. and that k := Q(n2e).

The semi-simple algebra Hy is an Ariki-Koike algebra with parameters
up = v and u; = —1 over K. Then, the simple Hg-modules are given by
the Specht modules S2 which are labeled by the 2-partitions )\ of rank n. Let
A= (MO AW be a 2-partition and let h(9) (resp. h(M)) be the height of A(©)
(resp. A1), Let 7 be a positive integer such that r > max{h(®) A1}, Then,
the a-value of the Specht module labeled by A := (A9, X)) is given by

1 T
a(XO D) 1= —Zr(r = 1)(2r +5) + > = DO + A + 1)

i=1

+ Z min{)\go) +14+7r—1, )\5-1) +7r—j},
ij=1

where we put A§O) := 0 (resp. )\gl) = 0) if hO < j <7 (resp. AV < j < 7).
This formula is obtained by rewriting that in Proposition 3.2 with the above
choice of parameters. Now, we have two cases to consider.

a) Assume that e is odd. In this case, we can apply results of Dipper and
James: they have shown that the simple Hi-modules are given by the modules
D2 where A\ = (A, A() is such that A(?) and A(V) are e-regular. A partition
v=(v,...,v.) where v, > 0 is e-regular if for all i = 1,...,r, we can not have
Vi = Vi1 =+ = Viye—1. For A a e-regular 2-partition and p a 2-partition, we
denote by d,, » the corresponding decomposition number. B
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Moreover, Dipper and James have shown that the decomposition numbers
of H are determined by the decomposition numbers of a Hecke algebra of type
A,_1 in the following way (see [10] and [13] for a more general case).

Let 0 <1 < n and let H(S;) be the generic Hecke algebra of type A4;_1,
then 6 determines a decomposition map between the Grothendieck groups of
Hk(6;) and Hp(6;). The simple modules of Hi(&;) are given by Specht
modules parametrized by partitions of rank I. The simple modules of Hy(&;)
are given by the D* labeled by the partitions A of rank [ which are e-regular.
Let dy/ » be the decomposition numbers of H(&;) where A runs over the set of
e-regular partitions of rank [ and )\ over the set of partitions of rank I.

Let A = (A,..., ) and g = (p1,..., ) be two partitions of rank I.
Recall that we write A > p if | for all : = 1,..., 7, we have:

7 7
PIRYE=D P
j=1 j=1

Then, if A = (A©, X)) is a e-regular 2-partition of rank n and = (9, 1)
a 2-partition of rank n, we have, following [10, Theorem 5.8]:

d {dmw,xmduu),xm if [p @] =A@} and [pM] =AM,
A =

0 otherwise.

Assume that [p(©] = [A©] and || = A | and that d0 A # 0, dy0) o) #

0, then following [28, Theorem 3.43] (result of Dipper and James), we have:
L0 9O and M 92O,

Then, as in [16, Proposition 6.8], it is easy to see that:

aN®, D) < oW, 50 < au®, 5 0).

For all e-regular 2-partition A, we have dy» = 1. Hence, it proves the
following proposition:

Proposition 5.1.  Keeping the above notations, assume that W is a
Weyl group of type B,, and that e is odd, then the canonical basic set in bijection
with Trr(Hy) is the following one:

B={S* | A=\ XDy e12, X\ and \Y are e-regular}.
b) Assume that e is even. Then, by using the notations of paragraph 4.1,

e
we put vg = 1 and v, = 7" Then, we have:

m©® =1 and mM = 0.

Then, the Ariki-Koike algebra Hg , over K = Q(y) have the following param-
eters:

2
U =Y,
Ulif].,

v=y".
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This is nothing but the one parameter Hecke algebra Hy of type B,. If we
specialize y to 72, we obtain the Hecke algebra Hy.
Thus, we are in the setting of Theorem 4.1. Thus, we obtain:

Proposition 5.2.  Keeping the above notations, assume that W is a
Weyl group of type B, and that e is even, then the canonical basic set in
bijection with Irr(Hy) is the following one:

— [gX — ()0 D) 1
B_{S | A_(A 7)\ )EA{E;l,%}}'
We have (A, A1) € A%e;l,%} if and only if:
1. we have:
(0) )
Az )‘i71+§7
(1) (0)
A2 )‘i+1+§'
2. For all k > 0, among the residues appearing at the right ends of the
length k rows of A, at least one element of {0,1,...,e — 1} does not occur.

Thus, we obtain the parametrization of the canonical basic set for type
B,, in characteristic 0 for all specializations. Note that the canonical basic
set for the exceptional types can be easily deduced from the explicit tables of
decomposition numbers obtained by Geck, Lux and Miiller. Hence, the above
results complete the classification of the canonical basic set for all types and
all specializations in characteristic 0.
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