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Introduction. In [4] Dipper and James investigated the representation theory of
Hecke algebras of type Bn, H(Bn). Using the results in [4] and exploiting the fact that the
Hecke algebra of type F4, denoted by H(W), contains two copies of H(B3) certain right
ideals of H(W) will be constructed in this paper. These right ideals will be proved to be
irreducible on the assumption that H(W) is semisimple.

H(W) will be defined as a vector space over a field K of arbitrary characteristic and
its definition will depend on q and Q where q, Q e K. From the right ideals constructed in
this paper we will get some 8-dimensional and some 9-dimensional matrix representations
of H(W). The characters of these representations agree with the characters given in Geek
[5]. In [5], Geek calculated the characters of the generic Hecke algebra of type F4 by
constructing matrix representations of degree at most 8. His representing matrices for the
generators involve denominators. The method used in this paper to construct representa-
tions is different from Geek's and the representing matrices obtained here do not involve
any denominators.

In the special case where char K = 0 and q = 1 = Q, the right ideals constructed in
this paper will give all the 8-dimensional and 9-dimensional ordinary irreducible
representations of the Weyl group of type F4, the character table of which is given in
[1, P- 413].

1. The Weyl group of type F4. The Weyl group of type F4, which we denote by W,
is generated by t2, t, su s2 where

2 2 2 2,2t — 1 _ ,2 _ _2 _ _2— 1 — f2 — S\ — S2,

= s,t2 for i = l,2, ts2 = s2t and (f2r)
3 = 1 = (sxs2f = (tt,)4.

In particular W has order 1152 and has two parabolic subgroups which are
isomorphic to the Weyl group of type fi3, namely W^ which is generated by {f.Si,^} and
W2 which is generated by {su t, t2}.

1.1. REMARK. It is easy to see that there exists an automorphism p of W where
= t, p(t) = su p(s2) = t2 and p(t2) = s2.

1.2. DEFINITION. Each element w of W is a product of the generators su s2, t, t2. The
length of w, €(w), is defined to be the minimal length of any expression for w in this form.
Hence if w e W, then w = v,v2.. .vf where each u, belongs to {s2,su t, t2} and € = €(w).
Such an expression for w is called a reduced expression.

1.3. DEFINITION. If H is a subgroup of a group G, we call Hg a right coset of H in G.
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If £{hg) = €(h) + <?(g) for all heH, we say that g is a distinguished right coset
representative of H in G. Distinguished and coset representatives are defined in a similar
way.

1.4. LEMMA. The set S given below is a complete set of distinguished right coset
representatives of W, in W.

S = {S* = t2tSitt2S2SitSiS2t2tSitt2, t2tS\ tt2S2S\tSxS2t2tS-[t, t2tS\ tt2S2S\ tS\S2t2tSu

2, t2tS\tS2S]tt2, t2tS\tS2S\t,

t, t2tS\tt2S2Su t2tS\tt2S2, t2tSxtS2Su t2tSitt2, t2tS^tS2, t2tSxt,

t2ts^s2,t2tsut2t,t2,l).

Proof. First note that u = tS\tS\S2S\tS\S2t2tS\tt2s2S\tS\S2t2tS\tt2 is the longest element
in W with €(u) = 24, hence the expression given above for u is a reduced expression. Note
also that u = rs1(s1j2siBiJ2 is the longest element in W,. The proof of the lemma now
follows easily once we notice that u = vs*.

1.5. REMARK. In [4, 2.2], a canonical way for listing the elements of W, is given.
Combining this result with Lemma 1.4, we get a canonical way for listing the elements of
W in reduced form.

1.6. REMARK. A complete set of distinguished left coset representatives of W, in W
can easily be deduced from symmetry. Moreover, using the automorphism p of W given in
Remark 1.1, we can easily find complete sets of distinguished right or left coset
representatives of W2 in W.

2. The Hecke algebra of type F4.

2.1. DEFINITION. Let K be a field and let q and Q be non-zero elements of K. The
Hecke algebra of type F4, H(W), over K with respect to q and Q is defined to be a vector
space over K with basis {Tw:w e W} with the following multiplication structure:

7j is the multiplicative identity of H;
TxTx = q + (q- 1)7, if x e {sus2};
TyTy = Q + (Q-l)Ty if ys{t,t2};
if w = V]V2.. • v ( i s a r e d u c e d e x p r e s s i o n f o r w e W w h e r e e a c h v, b e l o n g s t o

ta,«i,t,t2), t h e n Tw = 7 ; , T V 2 . . . TVf.
(Here and later we write r to denote rTx where r e K.)

2.2. REMARKS.

(i) Alternatively, the multiplication structure of H(W) can be defined using the
defining relations given for example in [5, p. 51].

(ii) If we set q = Q = 1 in Definition 2.1 we recover the group algebra of W.

2.3. REMARK. We can form the Hecke algebras //(W,) and H(W2) in the obvious
way. Then //(Wi) and H(W2) are subalgebras of H(W) and they are both isomorphic to
the Hecke algebra of type B3. The representation theory of Hecke algebras of type Bn is
given in [4].
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2.4. REMARK. There is an automorphism 0 of H(W), the action of which on the
generators is given by

= (q-l)-Txy xe{sus2},

y y ys{t,t2}.

ordinary irreducible representations of W
partitions
is
way
by

( y ) ( Q ) y , y { , 2 }

The ordinary irreducible representations of W, (and of VV2) are indexed by pairs of
rtitions (a)(/3) where a is a partition of a, /3 is a partition of b {a + b = 3). (In [4, 5.6] it
shown that the ordinary irreducible representations of H(B3) are indexed in the same

ay.) We therefore have that the ordinary irreducible representations of W, are indexed

), <M0)(3), *

where for / = 1, . . . , 10, <£, denotes the character of the irreducible representation which
corresponds to the given partition.

Let 4>j (1 < i < 10) be a representation of VV, with character <£,. We can then find a
representation i/», of W2 where <A,(si) = </>,(0> $i(0 = $/(si)> ,̂-('2) = 4>i(,s2)- Let i/>, be the
character of the representation i//,. Then i//,, 1 < / < 10, give all the ordinary irreducible
characters of W2. We will need the right ideals of //(VV,) with generators

T,)(q + TSilSl)(q
2 + 7i2J,,JlJ2)(l ^ Ttl ^ TS2 +

x4 = (1 + T,){q + 7JlKl)7j2Jl(e - 7J)(1 + TS2),

x5 = (1 + 7,)fo + TSlOl)Ts^(Q ~ T,)(q ~ TSl),

x6 = (1 + TO^G - r,)(G9 - 7;lBl)(i + TSI),

xi = {l + T,)T,^{Q - T,)(Qq - TSllS])(q - TJ,

x*=(Q- T,)(Qq - T,ltSl)(Qq2 - TS2SllSlS2)a + 7;, + TS7 + TSl5

and the right ideals of H(W2) with generators

y, = (1 + Ttl)(Q + TISll)(Q
2 + rijBlO2)(l + T, + Th + T,h + Tv

-^ TUI+^ T,2, - -^ T^),

= (l + Ts)Ttt2{q - T,XQq - TISJ(Q - T,),

= (q- TJiQq - TtSl,)(Q
2q - Tw,2)(l + T, + T,2 + T,,2 + Th

= (q~ TSl)(Qq - TISi,)(Q
2q - 7 ^ ( 1 + T,)T,2(Q - T,),

yio = (9 - TSi)(Qq - TlSll)(Q
2q - T,^{l - ^ T, - ^ T,2 + ± Ttt2 + ± Tv - ^ T,,2}j.

2.5. REMARK. The method of constructing the generators xt and _y, given above is
described in [4, 5.7] and these generators were constructed so that in the special case
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charK = 0 and q = 0 = 1, *,-//( W,) gives a representation for W, with character <£,
(/ = 3, 4, 5, 6, 7, 8) and yjH(W2) gives a representation of W2 with character <//,•
0 = 1,3,4,7,8,9,10).

2.6. REMARK. The ordinary character table of W, the Weyl group of type FA, is given
in [1, p. 413]. We will refer to this table for the labelling of the characters (that is the ith
character, #,, in our notation is the ith character in that table). Inducing up some of the
characters of W, and W2 we get the following table:

i

6
7
8
5
4
7
8
3
6

j

1
8
7

10
8
3
4
7
9

The unique common constituent
of <£, t w, and ty t w,

* 1 0

/tn
# 1 2

113

*21

122

^23
%24

XK

In the next section we will make use of these results to construct certain right ideals
of H(W) which will be proved to be irreducible on the assumption that H(W) is
semisimple. In the special case char/C = 0, q = Q = l, the representations of W
corresponding to these right ideals have characters %m for 10 ^ m ^ 13 and 21 < AM < 24
(that is, we will get all the 8-dimensional and all the 9-dimensional ordinary irreducible
representations of W).

3. Certain right ideals of H(W). In this section we denote H(W) by H. In what
follows we will need the following preliminary lemma the proof of which is standard.

3.1. L E M M A . Suppose e,f sH where e2 = ke (k e K,k* 0). Then UomH(eH,fH) =
fHe as vector spaces over K.

Proof. The proof is easy once we notice that any //-homomorphism from eH to fH is
given by left multiplication with fhe for some h e H.

3.2. COROLLARY. In addition to the hypothesis of Lemma 3.1, assume that H is
semisimple and that fHe is 1-dimensional as a vector space over K. Then we can conclude
that (fHe)H is a simple H-module.

Proof. In view of Lemma 3.1 we can deduce that HomH(eH,fH) is 1-dimensional as
a vector space over K. It now follows from the fact that H is assumed to be semisimple
that eH and fH have exactly one common composition factor. Now fHe ¥= 0 by
assumption, so we can find h* e H such that fh*e¥=Q. Since fHe is 1-dimensional we get
that (fh*e)H = (fHe)H. Denning a.eH^fHsuch that eh•->{fh*e)h (h e H), we get that
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Im a = (fh*e)H ^0 and that every composition factor of (fh*e)H is a composition factor
of///and of eH.

It follows that the unique common composition factor of eH and of / / / is isomorphic
to (fh*e)H. Hence (fHe)H = (fh*e)H is simple.

For the remainder of this section assume that H is semisimple.

Define P(Q,q), the Poincare polynomial for H(W), by ( 2 Tw)2 = P{Q,q){ 2 7^).
weW wsW

It follows from the assumption that H is semisimple that P(Q,q)^0. In particular
(1 + q){\ + Q) ¥> 0 since (1 + q)(\ + Q) divides P(Q, q).

We are now going to use Corollary 3.2 in order to construct a right ideal of H which
will turn out to be a simple //-module. Let / = x7 and e = ys. We consider ///e as a vector
space over K. First note that e2 = ke where

k = Q3(l + 9)(1 + G)(l + G + Q2)(q + Q)(q + Q2) * 0.

(If k = 0, we could then find a nilpotent ideal of //, namely 2 q~v(w)Tw, where v(w) is

defined to be the total number of s/s and J2's in the canonical expression for w given in
Remark 1.5. This would then contradict the fact that H is semisimple.)

In view of the fact that {f,fs2,fs2s^} is a /(-basis for///(Wi) (see [4, proof of 5.7]), we
get that jH is spanned by {fTw:w e 5} U {fs2 Tw: w e 5}U{/52iiriv:w e 5}, where S is the
set of distinguished right coset representatives of W, in W given in Lemma 1.4.

Suppose now that x e W2. It is easy to see that Txe = Ae for some A e K. As a
consequence of that, eliminating the elements of 5 which end in t2, t or s,, we get that///e
is spanned by {fTre:r e R} where

Consider for example fTre where r = r2«itt2s?SxtSxS2. Using the properties of multiplying
inside the Hecke algebra, we get (recall / = x7, e = y8):

fTre = (1 + T,)TSltl{Q ~ T,)(Qq - Ts,s)(q - TJTrH

= {q- 7J2)(1 + T,)TSlS2(Q - T,)(Qq - TSl,S))Try8 (see [4, 3.10])

= (q - 7J2)(1 + T,)Ts^(Qq - Ts,Bl)Tr(Q - T,)y8

((Q ~ T,) commutes with Tr and with (Qq - TSitSl))

= 0

since (Q - T,)y8 = 0. If we now assume that r = s2t2tSitt2s2Sits^s2 we get that fTre = 0 using
exactly the same argument as above and noting that (Q -1) commutes with TS2 as well.

In fact, using similar argument as in the examples above we can show that JTre = 0
for all r e R - {S2S1'2^1*2}-

Consider now fTre where r = s2S\t2tS\S2. We get,

V ls2 + 2 "WTW (aw s K).

Since (1 + Q){\ +q)¥=0 (we have assumed that H is semisimple), we can conclude
that /T W 2 K l J 2 e ¥= 0. We have thus shown that fHe is 1-dimensional as a vector over K.
If we now define Zu = x1TS2SlhtS]S2ys, we get that Z\\H is a simple //-module in view of
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Corollary 3.2. In passing we remark that

ZUH = ((1 + <?)(1 + T,)TSlS2(Q - T,)(Qq - Ts^)Ts^

As a vector space over K, Z\\H is 9-dimensional and has basis

u Z\\S2SxtSxt2, ZUS2S\tS\S2, ZUS2SxtSxS2t2}.

With respect to this basis of zxxH we get the following 9-dimensional matrix representa-
tion a of H. It follows from the discussion above that a is an irreducible representation
(provided that H is semisimple). The characters of this representation agree with the
characters given in Geek [5]. In [5], Geek calculated the characters of the generic Hecke
algebra of type F4 by constructing matrix representations of degree at most 8. (The
notation {{row 1}, {row 2 } , . . . , {row 9}} to present the matrices is used here.)

°-(7",,) = {{"I- 0, 0, 0, 0, 0, 0, 0, 0}, {0, 0, 1, 0, 0, 0, 0, 0, 0}, {0, q,q-l, 0, 0, 0, 0, 0, 0},
{0, 0, 0, 0, 0, 1, 0, 0, 0}, {0, 0, 0, 0, 0, 0, 1, 0, 0}, {0, 0, 0, q, 0, q - 1, 0, 0, 0},
{0, 0, 0, 0, q,0,q- 1, 0, 0}, {0, 0, 0, 0, 0, 0, 0, - 1 , 0}, {0, 0, 0, 0, 0, 0, 0, 0, -1}},

o"(7;2) = {{0, 1, 0, 0, 0, 0, 0, 0, 0}, {q, q-1,0, 0, 0, 0, 0, 0, 0}, {0, 0, - 1 , 0, 0, 0, 0, 0, 0},
{0, 0, 0, - 1 , 0, 0, 0, 0, 0}, {0, 0, 0, 0, - 1 , 0, 0, 0, 0}, {0, 0, 0, 0, 0, 0, 0, 1, 0}, {0, 0,
0, 0, 0, 0, 0, 0, 1}, {0, 0, 0, 0, 0, q,0,q- 1, 0}, {0, 0, 0, 0, 0, 0, q,0,q- 1}},

<r(Tt) = {{Q, 0, 0, 0, 0, 0, 0, 0, 0}, {0, Q, 0, 0, 0, 0, 0, 0, 0}, {0, 0, 0, 1, 0, 0, 0, 0, 0},
{0, 0,Q,Q- 1, 0, 0, 0, 0, 0}, {0, 0, 0, 0, Q, 0, 0, 0, 0}, {0, 0, 0, 0, 0, Q, 0, 0, 0},
{(q - l)q(q + Q), -l+q-q2, -1+q, -1+q, ~l + q, - 1 , -1,0,0},
{0, 0, 0, 0, 0, 0, 0, Q, 0}, fa(-l + q - q2), ( - 1 + q){-\ +q+ qQ),
l-q,l-q,l-q,0,0,-1,-1}},

v(Th) = {{Q, 0, 0, 0, 0, 0, 0, 0, 0}, {0, Q, 0, 0, 0, 0, 0, 0, 0}, {0, 0, Q, 0, 0, 0, 0, 0, 0}, {0, 0,
0, 0, 1, 0, 0, 0, 0}, {0, 0, 0, Q, Q - 1, 0, 0, 0, 0}, {0, 0, 0, 0, 0, 0, 1, 0, 0}, {0, 0, 0,
0, 0, Q, Q - 1, 0, 0}, {0, 0, 0, 0, 0, 0, 0, 0,1}, {0, 0, 0, 0, 0, 0, 0, Q, Q - 1}}.

3.3. REMARKS, (i) We can easily show by checking the set of defining relations for H
that the matrices cr(TSi), cr(TS2), a{Tt), cr(T,2) still define a representation of H even in the
case when no restrictions on q, Q are made. (Hence, if H is not semisimple, a is still a
representation of H through not necessarily an irreducible one.)

(ii) Using the automorphism 6 of H given in 2.3 we can get another 9-dimensional
matrix representation of H from the one given above.

(iii) In the special case q = Q = 1, char/C = 0, the character of the matrix representa-
tion cr corresponding to zuH is %\\- Th's is expected from the way /and e were chosen
(compare Remark 2.6 (the case i = 7, / = 8)).

3.4. The results (compare Remarks 2.5 and 2.6). With suitable choices of / and e,
and considering fHe, generators zm (see the table below) were constructed ( 1 0 ^ m ^
13,21 <m <24) such that, provided that H is semisimple, the right ideal zmH is a simple
//-module.

The proof that zmH is simple is very similar to the proof given above for the case
m = 11. Note that for the choices of / and e given below, e = ke for some k e K, k =£ 0,
and fHe was proved to be 1-dimensional as a vector space over K (compare Corollary 3.2
and the case m = 11).
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e

I
I
X3

f

x6,

I
yi

Basis of fHe as a vector space over K

XiTS2Stl2,StS2ys = Zn

yiTl2,s2Sxn2X& ~ Z\2

y4TIS2S)lhxg= Z23

y,TS25]ll2x3 = z24

In the special case charK = 0, Q = q = l, zmH gives a representation of W with
character £m (10 :£ m < 13, 21 < m < 24). (Compare Remark 2.6.)

From these right ideals matrix representations of H(W) can be constructed by fixing
a K-basis for zmH as in the example given above for m = 11. For example, for the case
m = 24, we get the following 8-dimensional matrix representation r of H(W):

<TSl) = {{-1, 0, 0, 0, 0, 0, 0, 0}, {0, - 1 , 0, 0, 0, 0, 0, 0}, {0, 0, 0, 1, 0, 0, 0, 0}, {0, 0, q,
q-1,0, 0, 0, 0}, {0, 0, 0, 0, - 1 , 0, 0, 0}, {0, 0, 0, 0, 0, - 1 , 0, 0}, {0, 0, 0, 0, 0,
0, 0, 1}, {0, 0, 0, 0, 0, 0, q, - 1 +<?}},

r(TS2) = {{-1, 0, 0, 0, 0, 0, 0, 0}, {0, - 1 , 0, 0, 0, 0, 0, 0}, {0, 0, - 1 , 0, 0, 0, 0, 0}, {0, 0, 0,
0, 1, 0, 0, 0}, {0, 0, 0, q, q - 1, 0, 0, 0}, {0, 0, 0, 0, 0, 0, 1, 0}, {0, 0, 0, 0, 0, q,
q-1,0}, {0, 0, 0, 0, 0, 0, 0, -1}},

r(T.) = {{Q, 0, 0, 0, 0, 0, 0, 0}, {0, 0, 1, 0, 0, 0, 0, 0}, {0, Q, - 1 + Q, 0, 0, 0, 0, 0}, {0, 0,
0, 0, 0, 1, 0, 0}, {0, 0, 0, 0, 0, 0, 1, 0}, {0, 0, 0, Q, 0, - 1 + Q, 0, 0}, {0, 0, 0, 0,
Q, 0, - 1 + Q, 0}, {q3 + qQ + q2Q - q2Q2, q\ q\ -q\ q, ~q\ q, -1}},

T(7",2) = {{0, 1, 0, 0, 0, 0, 0, 0}, {Q, - 1 + Q, 0, 0, 0, 0, 0, 0}, {0, 0, Q, 0, 0, 0, 0, 0},

{0, 0, 0, Q, 0, 0, 0, 0}, {0, 0, 0, 0, Q, 0, 0, 0}, {q, q, q, - 1 , 0, - 1 , 0, 0},
{-q, -q, -q, 0, - 1 , 0, - 1 , 0}, {q, q, 0, -q, 1, 0, 0, -1}}.

3.5. REMARKS, (i) Again we can easily show by checking the set of defining relations
for H that r is still a representation of H even when no restrictions on q or Q are being
made.

(ii) Note that the representing matrices of x for the generators involve no
denominators. (Compare [5, p. 66] where the representing matrices of the corresponding
representation involve denominators.)

(iii) Comparing the expressions for Z22 and Z24 w e s ec that 222 c a n De obtained from
224 by interchanging TS] with T,, TS2 with T,2, and also interchanging the roles of Q and q.
Thus a matrix representation for Z22H can be obtained directly from r in the obvious way.
(Compare Remark 1.1 and [5, p. 67].) In the same way we can obtain z23 from z2i and Z\2
from zu-

Finally we consider the case / = 6, / = 9 in the table in Remark 2.6. Now *6//(W,) is
3-dimensional and yi)H(W2) is 2-dimensional as vector spaces over K, so it is not
necessarily true that either of x\ = kx6 or y\ = kyg holds. However, if H is semisimple,
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y>i)H = EH for some idempotent e. Thus, considering x6He as a vector space over K, we
expect to be able to construct a 16-dimensional representation of H which, upon
specializing q, Q to 1 has character Xis-
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