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ABSTRACT. Let G be the Lie group SOc(4, 1), with maximal com-
pact subgroup K = S(O(4) x O(1))e = SO(4). Let g = s0(5,C) be the
complexification of the Lie algebra go = s0(4,1) of G, and let U(g) be the
universal enveloping algebra of g. Let g = £ @ p be the Cartan decomposi-
tion of g, and C(p) the Clifford algebra of p with respect to the trace form
B(X,Y) = tr(XY) on p. In this paper we give explicit generators of the
algebra (U(g) ® C(p))~.

1. INTRODUCTION

Let G be a connected real reductive Lie group with Cartan involution
O, such that K = G® is a maximal compact subgroup of G. Let g be the
complexification of the Lie algebra go of G, and let U(g) be the universal
enveloping algebra of g. Let go = & @ po and g = € ® p be the Cartan de-
compositions of gg and g corresponding to ©. Let B be a fixed nondegenerate
invariant symmetric bilinear form on gg, such that B is negative definite on
£y and positive definite on pg, and such that £y is orthogonal to pg. We use
the same letter B for the extension of B to g. In general, one can define B
as a suitable extension of the Killing form, while for matrix examples one can
take the trace form. Let C(p) be the Clifford algebra of p with respect to B.

If X is an irreducible (g, K)-module, then X is completely determined by
the action of the centralizer of ¢ in U(g) on any K—isotypic component of X.
This was proved by Harish-Chandra in [2]. The problem with this approach
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to determination of all X is that the structure of the algebra U(g)¥ is very
complicated to describe.

There is a version of this theorem proved in [6] where one considers mod-
ules X ® S, where X is a (g, K)-module, and S is the spin module for C(p).
Let K be the spin double cover of K. Then X ® S is a (U(g) ® C(p), K)-
module and it is proved in [6] that an irreducible (U(g) ® C(p), K)-module
is determined by the action of the algebra (U(g) ® C(p))® on any nontrivial
K-isotypic component of X ® S.

The algebra (U(g)®@C(p))¥ is completely determined for the group SU (2,
1) in [8]. Except for the obvious generators from the center Z (&) of U(¢) and
C(p)¥, there are two more generators: the Dirac operator, and its £-version
called ¢-Dirac. In this paper we prove that a similar result holds for the group
S0O,(4,1). In this case € is equivalent to the product of two copies of sl(2, C)
and we prove that the centralizer of ¢ in U(g) ® C(p) is generated by two
copies of the Casimir operator of s[(2,C), by one generator from C(p)¥, by
the Dirac operator and by the ¢-Dirac.

Among the side results we get that the algebra (U(g) ® C(p))¥ is a free
U(g)®-module of rank 16. This is a special case of the recent result of Kralje—
vi¢ [5, Corollary 1] which asserts that for any finite-dimensional complex K—
module V' the space (U(g) ® V)X is a free U(g)%—module of rank dimV.

The algebra (U(g) ® C(p))¥ is also important for the Dirac induction
developed in [6] and further studied in [9]. For the reader’s convenience, let
us recall the basic definitions and results important in the setting of the Dirac
operator.

The Dirac operator corresponding to a real reductive Lie group was de-
fined by Parthasarathy [7], where it was used to construct the discrete series
representations. The final form of the construction was given by Atiyah and
Schmid [1]. The algebraic version of the Dirac operator and the notion of Dirac
cohomology were defined by Vogan in [10] and further studied by Huang and
Pandzié¢ [3,4]. Let b; be a basis of p and let d; be the dual basis with respect
to B. Then

D=> b@d; €U(g) @C(p).
The sum does not depend of the choice of basis b;. If X is a (g, K)-module,
and S a spin module for C(p), then the Dirac cohomology of X is

Hp(X) =KerD/ImD NKerD.

It is a K-module. In [6] the opposite construction was described, i.e. a con-
struction of a (g, K)-module X whose Dirac cohomology contains a given
irreducible K-module. It was proved in [6,9] that some discrete series rep-
resentation can be constructed in that way. The final goal is to prove that
the same construction works for all discrete series representation, and also for
some other modules which may be difficult to construct otherwise.
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2. THE ALGEBRA (S(g) ® A(p))¥
We use the same strategy as in [8]: we study the algebra

(S(g) @ Ap)*

since the algebras S(g) ® A(p) and U(g) ® C(p) are isomorphic as K—modules,
and the algebra S(g) ® A(p) is easier to study.

Let G be the Lie group
50(4,1) ={g € GL(5,R) | g"vg =},

where

2
I
co oo
coo O
co~oo
o~ oo o
coc oo

The (real) Lie algebra of G is
go =s0(4,1) ={x € gl(5,R) | 2" = —yxy, trX =0}.
We use the following basis for the complexification g of go:

Hy = iejg —ieaq,
Hy = iegy — ieys,

1 _ ‘ ‘ .
E = 5(613 — €94 — l€23 — le14 — €31 + €42 + le3a + i€a1),

By = 5(613 + e2q — deg3 +ie1a — e31 — eqs + leza — teqr),
= 7(613 — €94 + Geg3 + le14 — €31 + ean — iezn — iear),
= 7(613 + e + lea3 — ie1s — €31 — ez — desa + teqr),

E3 = e15 — iegs + e51 — iesz,
Ey = e35 — ie45 + €53 — ies4,
F3 = e15 + iegs + es51 + ieso,

Fy = e35 + ieqs + es53 + iesq.

where e;; denotes the matrix with the ij entry equal to 1 and all other entries
equal to 0. The commutation relations are given by the following table:
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| [H]E] B B B By Ea| Fy| Fi]
Hy 0| F; E2 —F —Fy | B3 0| —F3 0
Hs Ey | —E2 -k Fy 0 Ey 0| —Fy
Ey 0| H+ H> 0 0 0| —FEy FE3
E, 0| H —Hy | 0] B | —F, 0
Fi 0| Fy | —F3s 0 0
28 B, 0] 0| —F
Es 2F1 | 2H, 2F,
Ey 2F, 2H,
Fs —2F

Let g = ¢ ® p be the Cartan decomposition of g corresponding to the
Cartan involution §(X) = —X7. Then

¢ = span{Hy, Ha, F1, Es, F1, F2} = 50(4,C), and p = span{F3, E4, F5, F4}.
We have t = ¢, @ t5, where
¢, = span{H; + Ha, Fy, F1} ~ 51(2,C),
to = span{H; — Ha, Fs, F5} ~s1(2,C)

with Hy + Hs, Eq and Fy (resp. Hy — Hs, E and F3) corresponding to the
standard basis of sl(2,C). Algebras ¢; and £2 mutually commute. We set

ay = (Hy + Hy)? +4E, Fy € S(¥,) C S(g)
as = (H1 - H2)2 +4F5F5 € S(Eg) C S(g)
Note that a; (respectively ag) symmetrizes to a multiple of the Casimir ele-

ment of U(t;) (respectively U(£2)), and that they are both K—invariant.
From [8, Lemma 2.1] it follows that

(2.1) S(e)" = Claq] and S(€2)*2 = Clag).
and also
(2.2) S(e) =St @He, and  S(k) = S(k2)"2 @ He,,
with the spaces of harmonics He¢, and Hg, decomposing as
He, = P Vinwy and  He, = P Vin-n)-
neZy neZy

Here V, ) denotes the so(4,C)-module with the highest weight vector EY,
on which H; and Hj both act by n. Similarly, V|, _,) denotes the so(4,C)-
module with the highest weight vector E5, on which H; acts by n and Hs by
—n.

Similarly as in the proof of [8, Lemma 2.3.], we have

S™(p) = Vino) @ (EsFs + Eq4F,)S™*(p),
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where V(, o) is the 50(4,C)-module with the highest weight vector E}. Let
us denote

b= EsFy + E,F).

One can easily check that b is K—invariant. Now we have
(2.3) S(p) = S(p)" ©@ Hy = Cb] @ Hy,

where

Hy = @ Vin,0)-

neEZy
From (2.1), (2.2) and (2.3) it follows that

S(g) ® \(p) = Clay, az, b] @ He, © He, @ Hp @ A(p)-
The ¢-submodules of A(p) are:

O ~J 4 Y
A (P) = A (p) = Vo0
1 ~ A3 ~
N ()= AN(p) = Vo)
span{FE3 AN Ey, E3 N F5 + E4 N Fy, F3 N Fy} = V(l,l)
span{E3 VAN F‘47 E3 AN F3 — E4 A F4, E4 A F3} = VY(L,I).

It follows that A(p) decomposes under ¢ as

0
~ =

Ap) =Vio,0)

1
~ =
& Vo

2 2

A
O Vi) © V-1

3
~ =
& Vao

4
~ =
@ V(0,0)5

where each of the numbers over braces denotes the degree in which the cor-
responding £-module is appearing.

If V is a t;7—module and W is a €;—module, then we denote by VX W the
external tensor product of V and W. As a vector space, VX W is equal to
the direct sum of V' and W, and the action of £ = €, @ €;—module is defined
so that €, acts on V and € acts on W. Then we have

Vinym) = Varm B Vi as E-modules,
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where V), denotes the s1(2, C)-module with highest weight k. Tt follows that

He, @ He, = @ ‘/(7%") ® @ Vv(m,—m)

neZy mEZy

12

P vy | @ P VR Vam

neZy mMEZy

P (Van ® Vo) B (Vo @ Vo)

n,me”Zy

P Ve BVap

n,meZy

= @ ‘/(n+m,n—m) .

n,meZy

We have seen that H, = @kez+ Vik,0y- On the other hand,
(2.4)
‘/(n+m,n—m) & Vv(k,O) = (‘/271 X Vva) & (Vk X Vk)

= (Van ® Vi) B (Varm @ Vi)
= (Vanth ® Vansh2 @ -+ @ Vign_g|)
X (Vamrk @ Vamsr—2 @+ Vigm_p))
= (Vonsk ® Varmik) & (Vanik B Vomar—2) @+ @ (Vizn—r) ® Vigm—s) -

Furthermore, we have

1

1

—— —
G| Va2V | @ | VoV,
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where as before, the numbers over braces denote the degrees in A(p).
In order to get an invariant, we can tensor V) X V4 only with V5 X V4. In
(2.4), we have Vo ® Vp only if |2n — k| = |2m — k| = 0, that is, 2n = 2m = k.
In that case, we have one invariant in degree 4n and one invariant in degree
4n + 4, where n > 0.
Furthermore, V3 K V; can be tensored only with V4 X V4, and in (2.4) we
have V1 ¥ V; only for [2n — k| = |2m — k| = 1. We have several cases:
e If n=m,k =2n+ 1, we have one invariant in degree 4n + 2 and one
invariant in degree 4n + 4, where n > 0.

e If n = m,k = 2n — 1, we have one invariant in degree 4n and one
invariant in degree 4n + 2, where n > 1.

e Ifm=n+1,k=2n+ 1, we have one invariant in degree 4n + 3 and
one invariant in degree 4n + 5, where n > 0.

e Ifm=n—1k=2n—1, we have one invariant in degree 4n — 1 and
one invariant in degree 4n + 1, where n > 1.

The exterior product VoV, can be tensored only with VoXVj. In (2.4), we
have VoXVp only for [2n—k| = 2,|2m—k| =0or [2n—k|+2 = 2,|2m—k| = 0.
The cases are:

e If £ = 2n, we have one invariant in degree 4n + 2, where n > 1.

e If 2n — k = 2, we have one invariant in degree 4n — 1, where n > 1.

o If 2n — k = —2, we have one invariant in degree 4n + 5, where n > 0.

Finally, V) X V4 can be tensored only with Vp K V2, and in (2.4) we have
Vo ® V4, only for [2n — k| =0,12m — k| =2 or [2n — k| =0,|2m — k| + 2 = 2.
The cases are:

e If m = n, we have one invariant in degree 4n + 2, where n > 1.

e If 2m — k = 2, we have one invariant in degree 4n + 3, where n > 0.

e If 2m — k = —2, we have one invariant in degree 4n + 1, where n > 1.

From all the above we conclude that we have the following table for the
K—invariants in He, ® He, @ Hp @ A(p):

degree number of linearly independent invariants

0 1

1 0

2 1

4k, k>1 4
dk+1, k>1 4
dk+2, k>1 4
k43, k>1 4

We have proved:

PROPOSITION 2.1. The algebra of K —invariants in S(g) @ A(p) can be
written as

(S(@) ® A(p)¥ = Clar, a2,b] @ (He, @ He, ® Hyp @ A(p)) ™.
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The number of invariants in (He, ® He, @ Hy @ \(p))X in each degree is given
by the above table.

The elements a1, az and b of S(g) can be viewed as elements of S(g)@ A (p)
by the identification S(g) = S(g) ® 1. We define further elements, which are
all easily checked to be K-invariant:

D=FE3;®@F3+E4®Fy+ F3® E3 + F4 ® B4, ( the Dirac operator)
c= (2(E1EyF? — By\FoF} + FiFyE3 — FyEyE7)
—O(Hy — Ho)(ByF3Fy + FyE3Ey) — 2(Hy + Ho)(FoE3Fy + ExF3Ey)
~(Hy — Ho)(Hy + Ho)(EsFs — E4Fy)) @ 1,
d=2E, @ Fs NFy— (H1+ H2) ® (E3s AN Fs+ E4 N Fy) — 2F; ® E3 A Ey,
e=2E, @ EsNF5+ (Hy — H3) ® (Es AN F3 — E4 AN Fy) + 2F, ® Es A\ Fy,
f=2(E1Fs® Fy — E1Fy ® F3)
—(Hi+ H)(Es®F5+EsQF, — F3® Es — Fy, @ Ey)
—2(FE3s® Ey — F1E4 ® E3),
g= —2(EyF5 @ By — EsEy ® F3)
+(H — Hy)(BE3®@F3 — B4 ®@ Fy — F3 @ B3 + Fy ® Ey)
+2(FoE3 ® Fy — FFy @ E3)
h=2(E1EsF3® F3 — E\Fo Fy @ Fy + F1 FyE3 @ Es — F1EsEy ® Ey)
— (H1 — Hy)(E\F3 @ Fy + EyFy @ F3 + F1E3 ® By + F1 Ey @ E3)
— (Hi + Hy)(F2 B3 @ Fy + FoFy @ E3 + EoF3 @ Ey + E3 By @ Fy)

1
— §(H1 —Ho)(Hy+ Hy))(Es®@ F3+ F3Q@ E3s — By @ Fy — Fy ® Ey),

t=1Q E3s N E4 N F3 N\ Fy,
J=FEsQFE,NFsANFy—FE4 Q@ F3sNF3 N\ Fy
+ F3Q EsANEysNFy — Fy® E3 N Ey N\ Fs.

PROPOSITION 2.2. Let S and T be the following subsets of (S(g)@ A(p))¥ :
S = {alta5?b™c"™ | n1,n2,n3,na € No}
T={1,D,d,e, f,g,h,i,j,Dd, De,Df, Dg, fg, Dh,dg}.
Then the set S-T of products of elements of S and T in the algebra S(g)@ A\(p)
is a basis for (S(g) @ \(p))¥.

PRrROOF. We first prove the linear independence of the set S - T'. Notice
that it is enough to prove the linear independence of following sets:

a) S,

b) S-{D}US-{f}uUS-{g}US {h},

c) S-{dyusS - {DfuS-{e}uS-{Dg}US-{Dh}US {fg},
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d) S-{j}uUS-{Dd}uS-{De}US-{dg}.
The rest of the independence then follows by considering just the second
factors in the tensor products.

a) Let Y, o7 Ai-af ay® b"3i¢™ 1 = 0. In the expansion of the summand
aytan > b3ic™i we consider the terms without Hy — Ha, By, E3, Fs.

1
There is only one such term and it is

(Hy + Hy)?™ i (4B Fo)™2i (B4 Fy)"»i (—2F Eo EF )™

We have

Z Ni(Hy + Ho)?" i (AEo Fy)" (Eq Fy)"5i (—2F Es )™ = 0,

i€l

that is,
Z PYVLEEI (72)n4,7, (Hl + H2)2n1,iE;12,i+n4,7,EZ3,¢+2H4,7,F1714,iF2n2,iFr3,i —0.
ieT

It follows from the Poincaré-Birkhoff-Witt theorem that A\; = 0 for all

Jjedfl,--- 1}
b) We consider summands of the form - ® F3. It is enough to show the

linear independence of the set

{a7*a532b™c™ E3|ny,ng,n3,na € No} U

{al'a5?b™c™ (—=2E1Fy — (Hy + H2)E3) |ni,n2,n3,n4 € No} U
{al1a5?b™ ™ (2E2Ey + (Hy — H3)E3) | n1,m2,n3,n4 € No} U
{a7*a32b™ ™ (2E1EoF3 — (Hy — Ho)E1 Fy — (Hy + Ha)EoEy—

1
§(H1 — Hy)(H1 + H2)Es) |ni1,ng,n3,na € No}t.
As in case a), we consider the terms without Hy — Ho, Eq, Es, F;.
We have
> Ak(Hy + Hy)"* (4B, Fp) ">+ (Ey Fy)"s* (—2Fy Eo B3 )" - (2B, Ey)
kek
+ > N(Hy + Hp)* ™ (4B Fy) > (EyFy)™ (-2 Ep )™
leL

(—(Hy + Ha)EoEy) = 0.
It follows that
> Ak(Hy + Ha)*™ o (4B, Fy) ">+ (EgFy)"s+ (—2F By B} )™ = 0
kex
and

> N(Hy + Hy)* o (4B, Fy)">! (ByFy)™ ! (2 B2 E) ™ = 0.
el
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By the same arguments as in case a), we get A\, =0 for all k € K
and A\; = 0 for all [ € £. Then we have

n n .
§ )\alz 27bn310n411E3+
i€l

Z )\ an” n2]bn3JCn4J ( 2E1F4 — (H1 + Hg)Eg) =0
JjET

Now we consider the terms without Hy + Hs, F2, E4, Fy. We have

> N(AEFy)™ (Hy — Hp)*"2 (E3F3)"> (2F F, B3)"™ B3 = 0,
i€L

which implies

; ; ; i it2n4,; i i i 3,i
Z)‘i CAME L QT (Hl _ H2)2n2”'E?1’ E;I& +2n4, Flm, +ng, F2n4, ans, —0.
i€

Hence, \; =0 for all i € Z. So we have

g Njaytd an b i = (),
Jje€T

Now a) implies that A; =0 for all j € J.
¢) In this case we consider summands of the form - ® E5 A F5. It is enough
to prove the linear independence of the set

S-(—=(H1+ Hy)) U

S (=2E1FyF5 — (Hy + Hy)E3F3 — (Hy + H3)EsF3 — 2F 1 EsEy) U
S.(H,—Hy) U

S (F5(2E9E, + (Hy — H2)Es) + Es((Hy — Ha)F5 + 2F2Fy)) U

S - (F3(2E1EoF3 — (Hy, — Hy)E1Fy — (Hy + Ho)E2 B,

1
§(H1 — Hy)(Hy + HQ)ES) + Es(—2F 1 FyEs + (Hy — H2)F1Ey
+ (H1 + H)FoFy + - (H1 Hy)(Hy + H2)F3) U
S - ((H1 + HQ)F3 + 2F1E4)(2E2E4 + (H1 — H2)E3)
+ (2E1Fy + (Hy + H9)Es)(—(Hy — Ho)F3 — 2F5 Fy)).
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Let
Z)\ an11 n21bn3 lcn4l( (Hl +H2))
€L
+ > Ajayay b ¢ (—2Ey FyFy — (Hy + Hy)EsFy — (Hy + Hy)EsFy
Jj€ET
— 2R E3Eq) + Y Agay"tay® bk (Hy — Hy)

kek
+ 3 Nayt ag® bt (Fy (2B By + (Hy — Hy)Es)
lec
+ E3((H1 — HQ)F3 + 2F2F4)) + Z )\ma?l,magzmbng,mcm;,m (F3(2E1E2F3

meM
1
— (Hy — Hy)EZFy — (Hy + Ho) B2 By — §(H1 — Hy)(Hy + Ha)E3)
+ E3(—2F1FyEs3 + (Hy — Hy)FAEs + (H1 + Ha) Fo F)y

+ %(H1 — Hy)(Hy + H3)F3)

+ Z Anay " ay> b e (Hy + Ho)F3 + 2F Ey) (2B Ey + (Hy — Ha)E3)
neN
+ (2E1Fy + (H1 + H2)E3)(—(Hy — Hy)F3 — 2F,Fy)) = 0.

We first consider the summands without Hy — Hs, E1, E5 and F3 and
we get, similarly as in case a), that \; =0 for all i € Z and \,, = 0 for
all n € M. Now we consider summands without Hy + Hs, Eo, F5 and
F3, and we get that A\, = 0 for all £ € K. Then we consider summands
without Hy + Hs, Es>, E4 and Fy, and we get that \; =0 for all [ € L
and A, = 0 for all m € M. From this we conclude that also A\; = 0
for all j € J.

d) This time we consider summands of the form - ® E4 A F53 A Fy. Tt is
enough to show linear independence of the set

{al'a3?b"*c"* B3 | n1,ng,n3, ng € NojU
{aT*a3?b™ ™ ((Hy + Ho2)E3 + 2E1Fy) | n1,na,n3,ng € No}U
{a?l n2bn3 4 ((H1 — H2)E3 — 2E2E4) |n1,n2,n3,n4 S NO}U
{altay?b™ ™ (—4FE1 EoF3 + 2(Hy — Hy)E1Fy + 2(Hy + Ho)Es Ey+
(H1 + H2)(Hy — H3)E3) |ny,n2,n3,ng € No}.
We consider the summands without Hy — Ha, F1, E4, Fy and we get
Ai=0forallt €Z and A\; =0 for all j € J. Then we consider the

summands without Hy + Hs, F5, F3, F3 and we get \; =0 foralll € L
and A\ = 0 for all k € K.
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This finishes the proof of linear independence of the set S - T. To prove that
S - T is also a spanning set, we consider the degrees of the elements of the set
{c™} - T. The degrees of these elements are respectively

dng,dng 4+ 2,4n4 + 3,404 + 3,404 + 3,404 + 3,404 + 4,404 + 4,404 + 4
dng + 5,4n4 + 5,4n4 + 5,4n4 + 5,404 + 6,404 + 6,404 + 6.

Considering the number of invariants in each degree of the set {c¢™ |n4 €
Zy} - T, we get the following table:

degree number of invariants

0 1

1 0

2 1

4k, k>1 4
dk+1, k>1 4
k42, k>1 4
4k +3, k>0 4

This finishes the proof, since we got the same table as in Proposition 2.1. [
3. THE SET OF GENERATORS FOR (U(g) ® C(p))¥
Recall that the symmetrization map o : S(g) — U(g) given by

1
o(r1m---1p) = ! Z Ta(1)Ta(2) " Tam), NEN T, T, EQ
a€ESy,

is an isomorphism of K—modules. The Chevalley map 7 : A(p) — C(p)
given by

1
T A Avy) = ] Z SgN(Q)Va(1) Va(2) * * * Va(n)

’ aESy,
is also an isomorphism of K—modules.
Since for z1, -+ ,2, € g and a € S,, we have

22— Za(1)  Zagm) € Un_1(9),
it follows that

o(z1+-+2p) =212, modulo U,_1(g).
Similarly, since for yi1,--- ,yr € p and « € S, we have

Y1 Yk — SE(Q)Ya(1) * Ya(k) € Cr-1(p),
it follows that

T(yr A Ayk) =y1---yr  modulo Cr_1(p).

So we have
B1)  olzy) =o(@)o(y) + Unym-1(8), 2 € Un(g),y € Un(g),
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and
(3.2) T(zw) = 7(2)7(w) + Crt1-1(8), 2 € C(p),w € Ci(p).

Let p = o ® 7. Using (3.1), (3.2) and Proposition 2.2 one shows by
induction that the following lemma holds:

LEMMA 3.1. The algebra (U(g) ® C(p))¥ is generated by elements p(a1),
plaz), p(b), p(c), p(D), p(d), p(e), p(f), p(g), p(h), p(i) and p(j). il

We define the ¢-Dirac operator D¢ € U(g) ® C(p) mentioned in the intro-
duction by

Dp = E1 X 0&(2F1) + E2 X 0&(2F2) + F1 X 0&(2E2) + F2 ® Oé(QEQ)
—+ (Hl — HQ) (29 OL(Hl — HQ) —+ (Hl —+ HQ) [ OL(Hl —+ HQ)

We can now reduce the set of generators for (U(g) ® C(p))¥ given by
Lemma 3.1, since we have

p(b) = —%DQ + Dy,
p(d) = Do~ 3 (De- (i) + pli) - Dt

p(e) = Dy — 5 (De-pli) + pli) - Dt),

o) = 5 (oli) D~ D-p(3)).
o(f) = 5 (o) D~ D pld) ~ 3p(3)).
pl9) = %(p(e) D —=D-ple) - 3p(j)),
p(h) = i (p(d) (p(g) + §D) +ple) (p(f) - ;D) - %(p(f) —r(9) - D)) ,
oe) =1 ((pm =30)- (s +30) + (st +30) - (1) - §D)
= (pla2) - p(d) + p(d) - p(az)) + (p(a1) - ple) + p(e) - plar))
~5(oto) D= D-p9)) + 5 (o) - D~ D- ()

+ (4-p(B) +5) - (p(d) — p(e)) + 6 - p(b) — 8- pla) - 8~p<a2>>.

From this we conclude

THEOREM 3.2. The algebra (U(g) @ C(p))X is generated by the elements
plar), plas), p(i) € C(p)X, D and Ds.

By the same argument as in [8, Corollary 4.5.], we get
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COROLLARY 3.3. The algebra (U(g)®C(p))¥ is a free module over U(g)¥

of rank 16.

The last result is a special case of the more general result proved in

Corollary [5, Corollary 1].
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