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Introduction

The Berezin transformation, which links the covariant sym bol (the Bere-
z in  s y m b o l)  a n d  th e  c o n tra v a r ia n t  sy m b o l ( th e  sy m b o l fo r  a  T o e p litz
ope ra to r)  o f a n  operator A , p lays an  im portan t ro le  in  B erez in 's  theory  of
quantization, see [4]. L et u s  begin th e  p re sen t p ap e r w ith  th e  definition of
Berezin transformation. Consider a  domain D  in  Cn and a B orel measure ,t2 on
D. Let be  a  closed subspace of 1,2 (D, dp) consisting of continuous functions
and  w e denote by P  the orthogonal projection L 2 (D, F o r each  (,,o

(D )  w e define the  T oep litz  operator T ( ç )  w ith  sym bo l (p b y  T((p)h:=
P((ph) (h E  ,f)) . W e  assum e that h a s  a  reproducing kernel K  ( Z ,  w ). The
Berezin symbol of a bounded operator A  o n  is the function a(A )  on D given by

(A K  ( '  Z ) I  K  ( '  (A) (Z ) :
K  ,  )

Then by [15, 1.19], th e  m aps T and a  are  ad jo in t to  each other in  a  suitable
sense. W e will accordingly write a* for T. The Berezin transformation B associ-
ated to is , by definition, the positive selfadjoint operator aa * , which turns
out to  be a  bounded operator on L 2 (D, 0 0 ) ,  where dpo:=--- /c (z, z)dtt. Moreover

(z, w)I2  

B is an integral operator with integral kernel given by see [4]
K (W , 1,V)

and [15].
When carries a n  irreducible unitary representation o f a  L ie  group G

acting on D , th e  operator B  i s  G -invariant, s o  th a t  i t  is  a  very interesting
problem to find its spectrum. In the case where D = the Fock space and
G the Heisenberg group, one knows that B is expressed a s  the  exponential of
th e  euclidean Laplacian d  on Cn: B =  exp (A/4), see  [4 , §4], [15 , 1 .27] and
[11, §1] etc. If D  is  the open unit disk D  in  C  and if ,f)=,f) a  (a> —1) i s  the
Hilbert space of holomorphic functions on D which are square integrable rela-
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tive to  the  m easure 
a + 1

(1 IzNa dxdy (z ± i y )  (n o te  th a t  a  c a r r ie s  a

holomorphic discrete series representation of the universal covering group of

I f (a + 1 + iA ) 2

2 SU(1,1), s e e  [2, §9] fo r  exam ple), then B w ith  A:=r (a +  1) F(a - 1-  2)

az 4 -1 / 4 )1" , where A » :=  ( 1 - 1Z12) 2i s  the Mnius - invariant Laplacianazaz
on D and the substitution of the operator A into the gamma function r is done
through the  spec tra l analysis using th e  spherical Fourier transform ation as
developed in  [8], se e  [1, §10], [6, §4] a n d  [12, Example 2] for details. This
example was generalized to the open unit ball in Cn  b y  [5], see  a lso  [12, Ex-
ample 2'], and  has been further generalized recently to th e  case o f bounded
symmetric domains by [15].

Now from th e  above it is possib le  to  define  th e  Berezin transformation
provided one h a s  a  subspace of 1,2 w hich possesses a  reproducing kernel. A
situa tion  fo r th is  o ccu rs  w h en  a  com pact L ie  g ro u p  U  ac ts  linea rly  on  a
finite - dimensional complex vector space V in a multiplicity - free way, se e  [9],
[3]. T his means that the  space Y (v) of holomorphic polynomial functions on
V decomposes into a  d ire c t sum  o f  mutually inequivalent U- irreducible sub-
spaces Y a  ( V) (a EA).A ). The spaces Y a (V) , though finite - dimensional, provide
plenty of reproducing kernel subspaces of L2 ( V , dp), dtt being the normalized
Gaussian measure on V . In  §1 of th is paper, w e treat the  Berezin transforma-
tion B a associated to (V ). Let K a  be the  reproducing kernel of a  ( V ) .  T o
exhibit various Ba  (a E A )  w ithin  a  sing le  fixed space, w e transfer Ba  from
1,2 (V , Ica (z, z)d,ct) to  the ordinary Lebesgue P - space L2 (V). Then we show in
T heorem  1.2 t h a t  t h e  ( tra n sfe rre d )  Berezin transform ation  a c t s  on  the
U- invariant functions as the  one - dimensional orthogonal projection onto C0a,

1/2where O a  (z ):=  Ka (Z , Z ) e- Ilz"/ 2 . In §2 w e treat the case V = U  U  (n )  in
detail and  describe th e  spectral decomposition of B k  (k = 0, 1, ...) explicitly:
note in this case that the parameter set A for Y a(V) is the set of non - negative
integers Z + reflec ting  th e  degree o f homogeneity. To describe our result we
need some notational preparations. Let be the space of spherical harmonics

of ty p e  ( j ,  j )  on S2 n - 1 C C. In  other words, is  the space of the restrictions

to  s2. - ' of harmonic polynomials h(z, which a re  homogeneous o f degree j
b o t h  i n  z  a n d  Z  .  T h e n ,  d e n o t in g  b y  E tc, the  orthogonal pro jection
1.2ç o k  0 where gok (r) = r k e- r2 / 2 (r> 0 ), we show in Theorem 2.8 that

E1  y  k )

.i=o
B k = • Ek j.

The contents of this paper form  a  part o f the  first author's master thesis
submitted to Kyoto University.
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§1. Generalities

Let V  be a  finite - dimensional complex vector space and  U  a compact Lie
group acting linearly o n  V. W e w ill denote by ir the corresponding action on
functions on V: n - (u) f (x): = f (u - l x ) (u  c . W e fix a U - invariant hermitian
inner product (•1 .) on V. Suppose that the U - action on V is  multiplicity - free.
T h is  m eans that th e  space (v )  of holomorphic polynomial functions on V
has a decomposition ( V) = Y a. (V ) into mutually inequivalent U - irreduci-

aeA

bic subspaces, where A  is an index set. Note that Y a  (V ) is finite - dimensional.
Let a denote the  F ock  space, that is , a is  the  H ilbert space of holomorphic
functions f  on V such that

lift=  1  f if(z)12 e -112.112 d m (z ) <  c o
jrn

where n := dim V, 1142 :=  (z I z )  and dm is  the Lebesgue measure o n  V defined
by the euclidean structure Re (• I •). The space a has an orthogonal decomposi-
tion g. = fEl) Ya (V) . The H ilbert space a has the  reproducing kernel K (Z, 111)

aeA

g iv e n  b y  (z ,1 w )  (z , w E V). This means that f (w ) =  (f (• , w)) 5 for
any JE a. Moreover, the function ICa  (z, w ) defined through the orthogonal de-
composition /c (•, =  E Ka (• ,  w ) is easily seen to be the  reproducing kernel

aeA

for the space Ya(17) Since Ya ( V) is U - invariant, Ka has the property

(1.1) Ka (14Z, UW) Ka(Z, w) for all u E U.

Proposition 1.1. There is an open dense subset 0  in  V such that Ka (IV, 1V)
*0 for any w Ee.

Proof. Let H = Uc C GL ( V) , the complexification of the compact Lie group
U. We have

Ka (h -1Z, h *W ) = Ka  (z, w) for all h EH,

where h*  s tands for the adjoint of h relative to the inner product (•1.) w e are
fixing. N ow  it is know n by [14, Theorem  6.2] and  [17 , Theorem  2] that the
H - action on V possesses an open dense orbit V. We claim that /c c, (w, = 0  for
any w E  0 . In fact suppose (WO, WO 

= 0  for sonic wo E  0 . Then (• , w) iI
Ka (wo, W O = 0 ,  so  tha t Ka  (Z, = 0  fo r all z E  V. Let w E  td  be  a rb itra ry  and
take h E H such that w=hw o. Then we have

(1 . 2) /cc, (z, w) = Ka (Z, htv0) =  Ka (h *Z, Wo) = 0f o r  a ll zE  V.

Since Ka is the reproducing kernel of ( V ),  (1.2) implies that any f E (
vanishes on the open dense set 0, whence the contradiction Y a  ( V )  =  0  I.

-lizilLet Pa  b e  the orthogonal projection 1,2 (V, e 2 d yn ) , y a /—\v )  Making use
o f  Pa ,  w e define the  T oeplitz  opera tors a: (yo) (cp E ( V) ) o n  Y a (V )  by
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((p )p :=  Pa ((pp) (p E (V) ) . N oting P roposition  1.1, w e  s e t  eg,(z):=
(z, TV) For every bounded operator A  on R, the Berezin symbol aa  (A ) of

K a  (w ,  w )1/2'

A  associated to Ya (V ) is defined to be ca (A )(z ):=  (A e" d ) a. Put

dpa (z): =  1 K a  (z, z)e - Ilz12 dm (z) .
7rn

T h e n  b y  [15, 1.19], th e  Berezin transformation aaa: a s so c ia te d  to  a  (V) is
the  integral operator on .,Ta : =L 2 (V, cilia )  with kernel I (e" I efro) I . We transfer
th e  Berezin transform ation from  T a  t o  L2 (V ) =  L 2 ( V, dm ) v ia  th e  unitary
transformation ./a given by

1 tztl a  h ( z ) : =  n/2 'Ca
"2  e - 2/2

, z) h (z) (h Er a )
r

Then by a simple computation, w e see that the  Berezin transformation Ba  on
L 2 ( V ) is  an integral operator

Ba f  (z ) =  fy  ha (z, w) f (w) dm(w)

with kernel given by

e -t.t2/2 e-tw112/2 I  'Ca , 121 
ba  (z, w) = nz 'Ca (z,1 / 2

(w , w )1/2 •

B y  (1.1) w e  h av e  ha  (u2, vus) =  b a (z ,  w ) f o r  a ll  u E U , s o  th a t  Ba  i s  a
U-invariant operator on L2 ( V), tha t is, Ba  commutes w ith 7r (u) for all u E U.
Moreover Ba  is  selfadjoint and positive.

L et L2 (V) u  b e  th e  closed subspace o f  L2 ( V )  consisting o f  U-invariant
functions. By U-invariance of Ba, it is  c lea r tha t L2 (V) u  i s  stable under Ba.
The action of Ba  on L2 ( V) u  is given by the following theorem.

Theorem 1 .2 .  Let

1 x ,0  CZ) =a rn/2 d / 2
a

)

2  -  z 11212,

where d a : = dim 3)  a (V ) . Then Ba  acts on L 2 ( V) u  as the one - dimensional orthogo-
nal projection q5a 0 95a.

To prove Theorem 1.2 we need

Lemma 1 .3 .  For a, S E A , one has

Ka (uz, w) Xs(uz, w) du= 6.0 • — z )  'Ca  V,V, 10 ,da

q5a E L 2 ( V) u  be the unit vector defined by

L
where the lef t hand side is the integration over the compact Lie group U w ith re-
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spect to the normalized Haar measure du.

Proof. This is  a simple consequence of Schur's orthogonality relations. In
fact it suffices to note that the reproducing property together with (1.1) yields

Ka (142, 0 =  (K a  (•  W )I  K a ( ' ,  U Z ) )  a = (Ka ( , w)1 7r (U )  K a  (•  Z ) )  o•

Then th e  equality  11 /ca ( ' ,  w) (w, w) immediately gives Lemma 1.3, be-
cau se  b y  th e  assum ption gla ( V )  a n d  g'13(v )  c a r ry  inequivalent irreducible
representations of U if a±p.

Proof of Theorem 1.2. Let f E L2 (
 

El . Then we have Ba  f  L 2 ( V) U  so  that

Ba  f (z)
 = f

 B a  f (uz) du= f du f b a (uz , w) f (w) dm (w)u v
1 e - I I 2 P /  2 I K a ( U Z ,  2012

f (w)e - . " ' 112 / 2=- d u
I c a ( w , w ) dm (w) .

Trn (z ,  z )  1/2 f u 1 / 2

Changing th e  o rd e r  o f  in tegration a n d  applying Lem m a 1.3, w e find  tha t
Bo, f (z) =  ( f i  Oa) 2 St' a (z) , w here  (•1•)2 denotes the  inner product of L 2  ( V) . To
see that 1195a112=  1, w e recall that K a (Z , 20 ) is the reproducing kernel of Ya  ( V ) .

da
Thus Ka (.2, =  E Igo; (z) 12 f o r  any orthonormal b a s i s  ço;} it  of Ya ( V )  C a .

i=1
Hence

1 
K a  (Z , Z )e 2 dm(z) = da .

This clearly implies 1100,11 =-1 .

§2 . Spectral decomposition: the case of U(n) - action on C"

Throughout this section w e treat the case V C  a n d  U =  U (n ) in  detail
and  describe the  spec tra l decomposition o f  th e  Berezin transformation. The
canonical hermitian inner product on  Cn w ill be denoted by z • IT instead of
(•1 •) .  T he natural action of U (n) on  e l . is  know n  to  be  multiplicity-free. In
fact denoting by g' k (C 2 )  th e  space o f  homogeneous holomorphic polynomial

CO

functions on Cy" of degree k, w e have a decomposition g) (Ca) = g) k (Ca) into
k=0

mutually inequivalent U(n)-irreducibles and the corresponding orthogonal de-
0 0

composition = k (r )  f o r  th e  Fock sp ace  a. T he expansion  e— =
k=0

(z  • ii7 ) shows tha t the reproducing kernel Kk (z, w) of g) k  (Cu ) is g iven  by
k =0

(Z • 1.17) k  

irk (z, = k .  Thus the  Berezin transformation Bk associated to g k (C n )!
is the integral operator



882 Etsuro Fujita and Takaaki Nomura

B k f (z) = f  bk(z, w) f (w) dm(w)

on L 2 (C )  with kernel given by

1 i_ „ I-112k
(2.1) e-12 i 2 /2 e -ilwv2/2  z bk (z, w) =----

ir n k! lizIlk lkollk •
n -Through the polar coordinates z = ru (r> 0, u E  s2 ') , w e  have dm(ru) =

r2 n - i dr da(u), w here da i s  th e  canonical rotation - invarian t m easure on the
sphere S2 n - 1 . Hence

L2 ( C a )  L 2 ( (0, c o ) , r 2n- 1d r )  0  L 2 (s2n-1, d u )

In  order to  study  the  operators B k  w e need a  decomposition of L2 
( s 2 n - - 1 ,  d c )

in to  U(n) - irreducibles, w hich w e now  describe. O ur reference is the books
[16, Chapter 11] a n d  [13, Kapitel V ].

L et Yp, b e  th e  space of polynomial functions h (z, ,F) o n  Cn  w h ic h  are
homogeneous o f degree p  in  z  and degree g in  Z. W e denote by gt9 p, th e  har-
monic polynomials in Ypq. Then

min(t,q)

(2.2)3 ) P q = II 2. 112 i • p-i,q-j.
1=0

Moreover putting ; h E , w e have the following orthogonalpq 
decomposition into mutually inequivalent irreducible U (n) - modules Wp,

(2 . 3) L2 (S2 '. d o .) , ,ED cy p g .

P,q=o

We have

(2.4)d i m  w p q =   (n+p-Fq— 1) (n+p - 2)](n+g — 2) ! 
— 1) ! (n —  2) ! p! g!

CO

W e put ,p q: -=L 2 ( (0, 0 0 ) , r2n-1dr) ° V . Then we have L2 (C u )I t l drr\ and
p4=0

every p q is  invariant under Bk.

Lemma 2.1. Unless p = q .k ,  the reslrietion of B k  to < pq is zero.

Proof. Suppose that f E is  o f the  form f  (ru) = fo (r) Y (u ) (r>  0, u G
s2n--1) w i t h  yEoypq. Then

=S
k

 e
- s 2 / 2

0 sBk f (sv) r2n+k-i f o  (r ) e -r2/2 d r f y (74 ) ft-I 2k  d o . ( 4) , Iv
7-1-n  k! 2n-i

where s> 0 and y e S2 n - 1 . Since the  function S2 n - 1  u  Iv • Ifi l
2 k  belongs to

e V i i  in  view o f  (2.2), we get the lemma by (2.3).
1=0
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Therefore we have only to consider the action of B k  on  .5,5.;; for 0
T he proof o f Lemma 2.1 indicates that it suffices to decom pose th e  function
Iv w

in =  iu i l k . ToTo do this we consider en =t: (0, ..., 0, 1) and denote
by L the stabilizer in  U (n) at the vector e n. Then

L =
U (n -1 ) 0 \

0 1 ).

Pu t n  (z) lz . I2k (z  c  c o i )  T hen  n belongs to  691)k k  a n d  i s  L - invariant:

12 .(k L \r)(/z) =  (z ) for all /EL. Decompose n as r) (z) = 1112 -Dy i  iz )  according as
i=o

(2.2). Then ni belongs to . g .;.;  and is L-invariant. W e quote here the following
proposition, see  [16, 11.3.2] o r  [13, V.2.10].

Proposition 2 . 2 .  L et Wf; he th e  space of  L - invariant functions i n  W. t i
•

Then dim Vf)=-  1 and Wh consists of the scalar multiples of the function Y 1(u):=
pi n-2,co lu • e nI 2w h e r e  PP'4 ) stands for the Jacobi polynomial of degree j  de-
fined through the Gauss' hypergeornetric function 2F1:

(a+
Pi c " )  (t) = 2F ,  + a-P [3+ 1 , a+  1 ; 

1 
—

2

t

•

Since is  a  finite-dimensional space consisting of continuous functions
on S2n- 1 , it possesses a  reproducing kernel 0 ;  (u, y ). T h e  U (n) -invariance of
V .;.; implies

(2.5) (gu , gv) = (u , ) for all g E U (n)

In  particu lar 0 ; ( . ,  en) E n, so  th a t  0.;(•, e n )  is  a  constant multiple of the
1function 1/1 i n  Proposition 2.2. Now fo r every y 

s z n -

 w e  t a k e  g E U (n) so
that gen =y. Then by (2.5)

yi (g -iu ) . p )n-2,0) (2  lu  . 112_ )Oj 64, V ) = Oj (g - l u, en) = C f-

for some C, E C.C. Though not necessary in  the sequel, we compute the constant
C.; for completeness.

Proposition 2.3. The reproducing kernel q); (u, v) of '&'j is given by

0;(u, v) =C; • Mn - 2 , 0 )

(n - 1- 2j - 1) (n+j - 2)! 
where G'; :-= . Note that 0 ;  is real - valued.

27r j!

Proof. Put m= dim W.H . W e know by (2.4) that

=  (n -P 2 j- 1) [ (n + j-2 ) ! ] 2

m
(n — 1) ! (n - 2) ! (j!)2
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Since Of is the  reproducing kernel of w e have for any orthonormal basis

1011r=i Of

kb, (012= 0, (y, y) = 0 3 (ea, en) for all v
E s 2 n - 1

1=1
the second equality being a  consequence o f  (2.5). Hence

m = f (v, y )  d ( v )  -= 0, (en, en) a (s2. - ')
• (n-2-Fj

which gives the proposition.

Combining Proposition 2.2 with Proposition 2.3, we see that Vf•; =CO ; (•, en ).

Therefore )7,1s 2n-1 ,---4 • 0 ; (•, en) for some 4 E G . For every v 
E s 2 n - 1  

we choose
gE  U (n) so that v=gen. Then

lu • 11 "  = en1"=77 (g-11,1)
-= Ea lu, en ) =- Ea ,(u, y) .

i= 0

To compute the constants 4  we need the following integral formula.

Lemma 2.4. For f  L ' ( S 2 ' ', du) o n e  has

Sin- i f (u) da (u)

-= f 
r / 2

( )  o/(sinO) 2n- 3  CO S O f  d  1'Sy9 f ((sinO )w + (cos0)0'e n ) d a (w ) .0
Proof. W e give here a direct proof for readers' convenience. Consider the

function F (z) f (2. / . Then

I := f F  ( z )  d m (z )  = f  d m (w )  f  F  ( tv - F ten ) dm(t)
c._ rc  d m (w )  f  f (   w + ten   ) e : dm( t) .

.-, c ,A 1 0 2 +1 6 2

Putting t =re "  and w=pv (p>0, vES2 n - 3 ) , we get

I= f  p2 " - 3  dp d a (v) f e- ( P 2 + r2) r d r  f  A P I
'  

r e ' e n )  d .
is2n-3 -7r .,/ p 2 ± r 2

Finally setting r= sc o se , p = ss in e  (0  0 _ 7 r/2 ) , we arrive at
ir /2

I  f  e- s 2s 2 n - 1  ds cos° (sin 0) 2 " - 3  de
0

f (V) f  ((sint9)v (cost9)e"e n ) d(p.
s in -3

2 i r n  
(n-1)V

(2.6)
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O n the o ther hand, /  =  f  e ' 2r2n- 1  d r f  f  (u ) d  a (u) . T his  together w ith the0 s2.-1
above computation yields the lemma.

Proposition 2.5 . Recall that 77 (u) =lu • en1 2 k . Then

f (14 PP -2.°) (2 lu • enl 2d  ( u )  =  
27rn ( n ± j  — 2 )

(1,1, k —  1 ) ! j ni,

(n ± j+ k - 1 ) - 1 (k
where ,:=1

Proof. L et] be  the integral on the left hand side. Applying Lemma 2.4, we
get

r/2
j—  2n.0.(s 2n-3■ f 61)2n-3 ( c o s  2 k + 1  p in -2 ,0 )  ( c0s 2 0 )  d o.

O

\(]+ ,3
The formula (t)

( j -ka ) 
(t+1) 1 (t — 1) 1

-
1 [10, p. 211] gives

t=o 1 ) \  j  — 1

J=-27ra (S 2 n - 3 )

1=0 i - 1
f i r / 2  

(cos 9) 2(/+k)+1 (s in o) 2U-1+n-1)-1 d o.

f  (cos 8) 2 P - 1  (sine) 2q- 1  dB= ) r ( )Since 2
r/2

0 rp-Fq • we get

P----za(S2n- 3 ) E
1=0

— 1 ); ( j + n  ) (  j  ro+ k+ 1)0
\ 1j 1 / r ( n + i + k )

= 27rn
+ j -Fle

± i  2  )  
J O  2

(j—j (n L (1+0! 
1=0 o! (n )

where we have used a(S 2 3) = ( 1 _ 2 ) 1. Proposition 2.5 now follows from the

next combinatorial identity.

Lemma 2 .6 .  One has

(p ) 2 I +k) h.!= .  

(14 ± i ± k E (n + k -1 )!  211.

1-0
Proof. The left hand side is equal to

( n ± i+ k - 1 ) !  H  i ) "
j! k!( 1 - F k k

1-0 1



886 Etsztro Fujita and Takaaki Nomura

( n + j + k — 1
(n+k - 1)!

y

1=0

( l + k ) k — 1 j
where we used = (—  1) 1 ). The sum S := is

the constant term of the Laurent expansion at x = 0  of the function

f (1+x ) - (k+1) (1+ 1 ) i

Since f  (x ) =x -
f  (1 + x) i - ( k + 1 ) ,  we see that S  is  the coefficient of of the func-

tion (1 + x) I . Hence S  = 
( j  — k — 1 ) = (k

(- 1)' . T his  clearly yields the

lemma.

Proposition 2 .7 .  The constants a /I in  (2 .6) are given. by

2rn k! c o =  
( n + k - 1 ) ! '

'
'

Proof. Recall that rj (u) "=lu • enl
2 k ,  E

t i f  ( U ,  e n )  f o r  u  E  52 n -1 . There-

fore taking the inner product of both sides with 0, (•, e,1), we get

(n — 2+j )
(u) 0 ; ,  en) d  (u )  = a il • aP; (e n , en) C, •( 2 . 7 ) f s , n _ i

where C .,  i s  the constant appearing in  Proposition 2.3. A gain  by  Proposition
2.3, w e see that the  left hand side o f  (2.7) equals C, times o f the  integral in
Proposition 2.5. These observations lead us to Proposition 2.7.

To describe the spectral decomposition of B k  we need some notational prepa-
rations. Let yok  b e  the unit vector in L2 ((0, oo), r 2n- ' di) given by

k&)

2  
rke-r2/2

( n + k - 1 ) !

and A k  the  one-dimensional orthogonal projection of L 2 ( (0, 00), 7 2 n - 1  di) onto
O p k .  We remark that

1 1/2 e- lizi12/2( s 2 n -1 )  - 1 / 2  çok (11z1l)
z )n.n/2 d lk/2 

(n + k - 1
where dk := d im  Pk (Ca )  = . Compare th is  w ith  th e  function O a in

Theorem 1.2. W e denote by E5 the orthogonal projection L 2(s 2n-i , da),6y 15.
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The operator E , is an integral operator on L 2 ( S 2 " ' ,  - - \au )  with reproducing ker-
nel 0 1 (u , y ) of V .,.;  a s  integral kernel.

Theorem 2.8. One has the spectral decomposition

B k ,  ( n + j + k  9—1 11
(A k 0.E ; ).

/i=o

Proof. B y (2.1), (2.6) and Proposition 2.7 we have for r, s>0 and u, v G
s211-1

e-s2/2 e - r 2
1
2

= 3i T i 2 k  e

- s 2 / 2  e - r 2 n  r k s k

b k (sv , ru) Iv
ir n  k! Irn k!

=  (P k (r ) k (s )  E api(u,
0

Eall • 0,(u, y )
f=o

This clearly gives Theorem 2.8 in  view of the explicit formula for 4 g iv e n  in
Proposition 2.5.
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