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Abstract.  Gel'fand triples of test and generalized functionals in Gaussian spaces are
constructed and characterized.

1. Introduction

In recent years there was an increasing interest in white noise analysis, due to its rapid
developments in mathematical structure and applications in various domains. Especially,
the circle of ideas going under the heading ‘characterization theorems’ has played quite an
important role in the last few years. These results [21], [33], [42], and their variations and
refinements (see, e.g., (31}, [34], [37], [48], [50], [54], and references quoted there), provide
a deep insight into the structure of spaces of smooth and generalized random variables
over the white noise space or — more generally — Gaussian spaces. Also, they allow for
rather straightforward applications of these notions to a number of fields: for example,
Feynman integration [11}, [16], [20], [32], representation of quantum field theory [2], [43],
stochastic equations [7], [30], [39], [40], [41], intersection local times {10], [49], Dirichlet
forms [3], [4], [15], infinite dimensional harmonic analysis [14] and so forth. Moreover,
characterization theorems have been at the basis of new methods for the construction of
smooth and generalized random variables [24], [34] which seem to be useful in applications
untractable by existing methods (e.g., [18}, [19]).

The purpose of the present article is four-fould: We wish 1. to clarify and generalize
the structure of the existing characterization theorems, and at the same time, 2. to review
and unify recent developments in this direction, 3. to establish the connection to rich,
related mathematical literature [1], [8], [12], [45], [53], which might be helpful in future
developments, and — last but not least — 4. to fill a gap in the article [42]. In this sense,
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the present paper attempts to give known results and some existing ‘folklore’ around them
a general form that can be used as a reference for future research. In the course of doing
this, we also establish some new results, for instance an analytic extension property of U-
functionals, and the topological invariance of certain spaces of generalized random variables
with respect to different construction schemes.

This article is organized as follows. In Section 2 we present some notlons and results
from complex analysis on topological vector spaces, from Gaussian analysis, and from Fock
space theory. In particular, we construct a nuclear rigging

(M) Cc T(H) Cc (N)*

of the symmetric Fock space ['(H) over a Hilbert space H. We give a construct1on of
the second quantized space (N) solely in terms of the topology of N, independent of the
particular representation as a projective limit. Via the well-known Wiener- Ito-Segal 1so-
morphism this provides a rigging of the L2—space over a Gaussian measure space by spaces
of smooth and generalized random variables. In Section 3 we study the U-functionals
associated with the elements in (V) and (A)*. We derive an analytic extension property
for U—functionals, and use this to prove theorems which characterize (M) and (N)* in
terms of their S—transforms. In Section 4 we prove two corollaries of the characterization
theorem for (N)* which appear to be useful in applications.

2. Preliminaries

| 2.1 G—-Entire Functions

We' provide some well-known facts from complex analysis on topological vector spaces (see,
e.g., [8] and [12]) with a view towards applications in the next section.

Let &£ be a locally convex complex vector space.
Definition 1. A mapping P from £ into € is called an n—-homogeneous polynomial,
if it is ‘the composition of the diagonal mapping Ay : z v (z,,. ., ) from E into E™ and

a symmetric n-linear mapping L from E™ into €, 1.e., P = LoAn =1. Let P, (£) denote
the space of all n~homoge'neou.s polynomaals.

Definition 2. A function F defined on £ with values in € is said to be G—entire if for
all 6,17 € € the complex valued function .

ze F(n+2£), z€C,
is entire. Let Hg(E) denote the set of all G-entire mappings from & into €.

For F € Hg(E), n € &, there exists a unique sequence (& d"F(n) n € INg) of homo-
geneous polynomials LdrF (n) € P,(€), n € IN, such that forall £ € £,

oo

Fint €)= — d"F(n)(©) | (1)

n=0
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Of course, d"ﬂn)({) is the n-th partial derivative of F' at 7 in the direction £. The
corresponding n-linear form is denoted by d"F(n)(é:1,...,&xn), &1y.--,€n € E.

Definition 3. Let F be a mapping from € into €. F is called entire if it is in Hg(€),
and if it i3 continuous. H(E) denotes the space of all entire functions on E.

Proposition 4. Let F € Hg(E). Then F € H(E) if and only if F is locqlly bounded.

We conclude this subsection by stating a result which is related to the celebrated
“cross theorem” of Bernstein. For a review of such results we refer the interested reader
also to [1]. The following is a special case of a result by Siciak: if we make use of the
fact that any segment of the real line in the complex plane has strictly positive transfinite
diameter, then Corollary 7.3 in [45] implies .

Proposition 5. Letn € IN, n > 2, and f be a complez valued function on IR". Assume
that for allk =1,2,...,n, and (z1,...,Tk-1,Tk+1y.-.,Zn) € R™}, the mapping

Tk > f(T1,. 0y The1, Thy Thtly: -5 Tn),
from IR into € has an entire extension. Then f has an entire extension to €.

2.2 Gaussian Spaces

The primordial object of Gaussian analysis (e.g., [6], [17], [21], [22], [25], [26], [27], [28],
[29]) is a real separable Hilbert space H. One then considers a rigging of H, N' C H C V¥,
where N is a real nuclear space (see below and [13]), densely and continuously embedded
into H, and N'™* is its dual (H being identified with its dual). A typical example (which
appears for instance in white noise analysis) is the rigging S(IR) C L?*(IR) C S'(IR) of
L%(IR) (with Lebesgue measure) by the Schwartz spaces of test functions and tempered
distributions.

Via Minlos’ theorem the canonical Gaussian measure g on AN'* is introduced by giving
its characteristic function

C(f) = / &) du(w) = =3, feN.
NO

The space L2(N*,dp) = (L?) of (equivalence classes of) complex valued functions on AV'*
which are square-integrable with respect to y has the well-known Wiener-It6-Segal chaos
decomposition [36], [46], [47], and one has the familiar Segal isomorphism Z between (L?)
and the complex Fock space I'(H) over the complexification Hg of H.

Spaces of smooth functions on N'* can be constructed by mapping appropriate sub-
spaces of I'(H) into (L?) via the unitary mapping Z~! : I(H) —(L?), see, e.g., the con-
struction using second quantized operators in [6], [17]. In the present context, we prefer to
work exclusively in Fock space. At all times a ‘translation’ into function space language
via I~ is of course equally valid.



2.3 Second Quantized Spaces ‘

Our starting point is a real separable nuclear space A. It is well-known (e.g. , [38]) that
the topology of A is equivalent to the projective limit topology of an increasing countable
system (| - |p, p € INo) of compatible Hilbertian norms | - |p. In other words, N is a

countably Hilbert space [13],
N = ﬂ Hop,

where H, is equal to the completion of N w1th respect to | - |,. Moreover, the usual
Hllbert Schmldt property for the embeddings holds, i.e., for every p € INg there exists a
p' "> p so that the embedding ¢ from Hy into H, is a Hllbert -Schmidt operator. We shall
denote the bilinear dual pairing on N* x N by (-,-). A special role — also with a view
towards Gaussian spaces — is played by the Hilbert space Mo, which we also denote by H.

Consider the Fock space, e.g., [9], [46], over H

L) - "

n=0

where ’Hg" is the symmetric n—fold tensor product of Hg with itself. The inner product
and norm || - ||, of I'(H) are generated by :

(@™ %™ p gy = (0, ) 3¢, -

Likewise, for p € INg, n € IN, 'H ", denotes the n—fold symmetric tensor product of He p
with itself, and it is considered as a subspace of HE™. The canonical norm of the latter
is denoted by | - |p, too (the meaning will be clear from the context). The duals of H3"

and Hc 0 respectively, are denoted by 'H and 'HC o respectlvely The Hllbertlan
norm of HE ¢ —p is denoted by | + |—p, and we remark that forne IN, p € Z, ®(™ e HE" b

|8(™)], is equal to the Hilbert-Schmidt norm of ™ considered as a linear form on HE™ ?
For ¢ € INy, we introduce Hilbert spaces I' (’Hp) as the completions of the space of finite
direct sums

@ C,p

with respect to the inner product determined by _
®n  On —
( at/) )Fq(ﬂp) = 2™n! (90, "Z))’T}l-[c’p ’ (2)

and denote the correépondihg norms by || - ||, ;. Finally we set
(M) =) Tq(Hy),
P

equipped with the projective limit topology.

Remarks. Evidehtly substitution of the value 2 in equation (2) by any other number
strictly larger than 1 produces the same space (A'). We use the same notation (A) for the
nuclear subspace of (L?) corresponding to (A) under the Wiener-It6-Segal isomorphism.




Lemma 6. (N) is nuclear.

Proof. Nuclearity of (V) follows essentially from that of V. For fixed p,q consider the
embedding

1:Ty (Hp) = Ty (H,)
where p' is chosen such that the embedding

[ Hp’ "_)Hp

I= EBL®".

Its Hilbert—Schmidt norm is easily estimated by using an orthonormal basis (cf., e.g., [17],
Appendix A.2) of T'y/(H, ). The result is the bound

is Hilbert—Schmidt. Then

o0
2 ot
s < Y- 27 |l

n=0

which is finite for suitably chosen ¢'. m]

Theorem 7. The topology on (N) is unigquely determined by the topology on N.

Proof. Let us assume that we are given two different systems of Hilbertian norms |- |

and |-|; , such that they induce the same topology on N . For fixed k and | we have
to estimate || - ||} k1 PY |-l , for some p, ¢ (and vice versa which is completely analogous).

Since |- l; has to be continuous with respect to the projective limit topology on N, there
exists p and a constant C such that |f], < C|f |,» for all f € N, i.e., the injection ¢ from
H, into the completion Ki of N with respect to | - |} is @ mapping bounded by C. We
denote by : also its linear extension from Hg , into K¢ k. It follows from a straightforward
modification of the proof of the Proposition on p. 299 in [44], that (®" is bounded by C™

from ‘Hg into )Cg . Now we choose ¢ such that 2% > C. Then

oo

2
11 = Do mt2™ |1y
n=0
o0
l 2
<) nloricrn|.
n=0
2
S ” ' ”p,q )
which had to be proved. a

From general duality theory on nuclear spaces we know that the dual of (V) is given

by
(M) =Ty (M)

p.q
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and one verifies that

‘ 7 7 I, (Hp)* = r—q (H-p).
We shall denote the bilinear dual pairing on (N)* x (N) by ((-,-)) :

)= f: n! (@™, o),

n=0

where @ € I'_4(H_p) corresponds to the seqﬁence (@™, n € INo) with & € €, and
() ¢ 'H o 7 € IN.

Remark. Consider the particular choice N = S(IR). Then (M)™® coincide with (the Fock
space equivalents of ) the well-known spaces (§)(*) of white noise functionals, see, e.g., [17],
[42]. For the norms ||¢||, = |[[(AP)ello introduced there, we have || - ||, = || - |/5,0, and
Il - llpg < I - llp+g- More generally, if the norms on N satisfy the additional assumption
that for all p > 0 and all ¢ > 0 there exists p' > 0 such that | - lp < €| - |p, then the
construction of Kubo and Takenaka [26] (and other authors) leads to the same space (V).
The construction presented here has the advantage of being manifestly independent of the
choice of any concrete system of Hilbertian norms topologizing N.

For the exponential vectors

o0

b5i= nl!f®"

n=0

one calculates the norms ,
’ 2 _ 2'f|
: ”¢f”p,q =ec p7

and he'nce_f_'or all f EN they are in (V). This then allows for the following
Deﬁnition 8. Letd ¢ (./\f)* The S~transform of ® is the mapping from N into C

given by
S®(f) = (@, 45), fEN.

We note that the exponential vectors {¢f, f € N}, are a total set £ in (N'), and hence

elements of (A)* are characterized by their S-transforms. Furthermore, it is obvious that
the S—transform of ® € (N)* extends to Ng: for £ € Ng set S®(€) = (P, #¢)), where ¢
is the complex exponential vector }, -:£®" € (N).

3. U-Functionals and the Characterization Theorems

We begin with a definition.




Definition 9. Let F: N — € be such that

C.1 for all f, g € N, the mapping A — F(g + Af) from R into € has an entire
ezxtension to A € C,

C.2 for some continuous quadratic form B on N there ezists constants C, K > 0 such
that forall feN,ze C,

|F(zf)| < C exp(K |2[*| B(f)]).
Then F 13 called a U-functional.
Remark. Condition C.2 is actually equivalent to the more conventional

C.2' there exists constants C, K > 0 and p € INy, so that for all fEN, z € cC,

|F(2f)| < C exp(K |2|*| f]3). (3)

Lemma 10.  Every U-functional F has a unique extension to an entire function on Ng.
Moreover, if the bound on F holds in the form (3) then for all p € (0,1),

[F(&)] < Cexp(K' €2), € € N,

with C' = C(1 - p)~7, K' = 2p~1e?K.

Proof. First we show that a U-functional F has a-G-entire extension. The extension of F
(denoted by the same symbol) is given by F(n) = F(go +291), n = go + 291 € Ng, go,91 €
N, z € €. Let £ € Ng¢ be of the form ¢ = g, + ig3, g2, 93 € N. Consider the mapping

(A1, A2,A3) — F(go + A1g1 + A2g2 + Azg3),

from R? into €. Condition C.1 and Proposition 5 imply that this function has an entire
extension to €3. In particular, F is G-entire on M.

Let £ € Ng, and consider the Taylor expansion of F(¢) at the origin (cf. (1)): |

oo

F(©) =Y = dF0)(e). 0

n=0

‘Forall feN,ne N, R>0, we obtain from C.2' and Cauchy’s inequality the estimate
|[d"F(0)(f)] < Cnl R"eR KIS}

We choose R = (%)%, and get for f € N with |f|, = 1 the inequality

|d»F(0)(f)| < C'n!

— N\ nn/
(k)
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A standard polarization argument (see, e.g., [35, §3]) and homogeneity of d" F (0) yield the
following bound for the n-linear form d"F(0):

|d"FO)(f1,- -, fa)l < C(nt (2¢°K)")* [T Ifilp, . (5)
k=1

where f1,..., fn € N (and we used ’—:;"T <em").

Since d"F(0) is n-linear on Ng, the last inequality gives the estimate
|d"FO0) (x| S C (! (4’ K))% [T lerls, (6)
» ‘ , k=1

for £1,...,&n € Ng. In particular, the Taylor coefficients in (4) have absolute value
bounded by
o (Ul
n! ’

and we get (by Schwarz’ inequality) the following estimate for all p € (0, 1),
F©) < C(1—p) 37 KKl g e Ne.

H( nce F is locally bounded on Ng, and therefore Proposition 4 implies that F' is entire. O

Now we are ready to prove the following generalization of the main result in [42] which
characterizes the space (M)* in terms of its S-transform.

Theorem 11. A mapping F : N — € is the S-transform of an element in (N)* if and
only if it i3 a U-functional.

Proof. Let ® € (N)*. Then ® € T'_,(H_,) for some p, ¢ € INg. As we have remarked
at the end of Section 2, the S—transform of ® extends to N, and therefore it makes sense
to consider the mapping £ — S®(£) from Ng into €. We shall show that this mapping is

entire. We have
o0

S®(6) =Y (8M,£57), € e N

n=0

We estimate as follows:

|52(e)l < 3 2], el

n=0
(anz | p(m|2 )%(Z 29"|6|2")%
n=0 n=0

g=-1 2
= [|1®|-p,—q € .




The last estimation shows that the power series for S® on Mg converges uniformly on every
bounded neighborhood of zero in N, and therefore it defines an entire function on this
space [12]. In particular, C.1 holds for S®. Moreover, the choice ¢ = z fizeC, feN,
shows that also C.2' is fulfilled. Hence S® is a U-functional.

Conversely let F' be a U-functional. We may assume the bound in the form (3).
Consider the n-linear form d"F(0) on Ng constructed in the proof of Lemma 10. The
estimate (6) shows that d"F(0) is separately continuous on Ng in its n variables. Hence

by the nuclear theorem (e.g., [6], [13]) there exists ®(*) € (Né)én so that

(87,618 86) = L EFO)E 6l e rbn €N

Let p' > p be such that the embedding ¢ : H, — H, is Hilbert-Schmidt, and let
(ex, k£ € IN) be an orthonormal basis of H, in N. Forn € IV, (ex, ® --- Q ex,, ki €
IN,:=1,...,n) is an orthonormal basis of 'Hg;,. Then we can estimate in the following
way (cf. (5)):

B2, = Y (@™o, @ @ e, )
kly 1k

Z (n)"2|d"F(0)(ex, , ..., ex, )|

ki,....k
< G 2R <z oe[2)”
= C*(n!)"' (22K || ||Hs)"

je., ™ ¢ 'H L phs and

1812, _y < CH2' 77 K ||ullfzs)™ (7)

ph—q =

For @ given by the sequence (@™, n € INy) (8 = F(0)) we have

N2, < C* Z(z‘*qeancnﬁs)“

n=0
= C*(1 - 279K ||eJls) ™
< 400,

if we choose ¢ large enough so that 2!~ 7¢*K ||¢J|j45 < 1. In particular, ® € (NV)*, and for
f € N we have by (4),

e ]

S(f) =Yy (8™, fo")

n=0

8

=3 = a"F0)(f)

= F(f).
9



Uniqueness of & = S~!F follows from the fact that the exponential vectors are total in

wy- . o
As a by-product of the above proof we obtain the following localization result for

generalized functionals.

C‘orolﬂlary 12. : szen o U-functional F satisfying C.2'. Let. .p > p be such that the
ernbedding ¢ : ’Hp: — H,, is Hilbert-Schmidt, and ¢ € INo so that p :=2'"7e? K |[¢||35 < 1.
Then ® := S~ 'F €Tl (H-—p), and

1@ll_,— < C(1=p)™"/2 | (8)

For analogous results in white noise analysis see, e.g., [23], [37], [50].

o Wi»thinvth»e frqmewdrk established here one can treat the following and numerous other
examples in a unified way.

Example 13. We choose the triplet
S(R") C L*(R") C S'(R"),
and equip S’'(JR™) with the Gaussian measure with characteristic functional

Clfy=et 1O e s(R™),

Then the framework allows to discuss functionals of white noise with n—dimensional time
parameter [48].

Example 14. If we choose a finite direct sum of identical copies of S(IR) as the basic
real nuclear space we obtain the characterization of the space of Hida distributions of the
noise of an n-dimensional Brownian motion [48].

We close this section by the corresponding characterization theorem for (N). This‘
result is independently due to [21], [31], [33], and has been generalized and modified in
various ways, e.g., [37], [50], [54].

Theorem 15. A mapping F : N =€ is the S-transform of an element in (N) if and
only of it admaits C.1 and the following condition

C.8 there exists a system of norms (|- |__ , D € INy), which yields the inductive limit
topology on N'*, and such that for all p >0 and € > 0 there exists C’p e >0 s0
that

IF(2f)] < Cpeexp (el 1fI2,), feN zeC. 9)

If for F' conditions C.1 and C.3 are satisfied we say that F' is of order 2 and minimal
type. '

10




Proof. If ¢ € (N) then condition C.1 is satisfied as a consequence of Theorem 11. For
any p,q > 0 we estimate as follows

1Sl =13 (0™, (212

<Y LMl ™ 117,

n=0

< (2 RS L @RS, )
n=0

n=0

= llellp.q exp(2' ~2?|£12,).
Hence condition C.3, too, is necessary.

Conversely, let F' be a U—-functional of order 2 and minimal type. From F, construct
a sequence ¢ = (¢(™, n € INy) of continuous linear forms ¢{™ on N'®" as in the proof of
Theorem 10. We have to show that ¢ belongs to I';(H,) for all r,q € INg. Let r,qg € INg
be given. Choose p > r such that the injection ¢ : Hp, — H, is Hilbert-Schmidt. Then so
is the injection ¢* : H_, = H_p. € > 0 in (9) is chosen so that p := e2!t%e? ||o*||fs < 1.
Then the analogue of (7) reads

Ne™I2, < C; (27 e%e ||* )"

=Cp "
and we get
o0
lellng = (3 lle™II24)%
n=0
< Cpe(l—p) 5.
Thus ¢ € (N), and the proof is complete. m]

4. Corollaries

One useful application of Theorem 11 is the discussion of convergence of a sequence of
generalized functionals. A first version of this theorem is worked out in [42]. Here we use
our more general setting to state ‘

Theorem 16. Let (F,, n € IN) denote a sequence of U-functionals such that

1. (Fo(f), n € IN) is a Cauchy sequence for all f € N,
2. there ezists a continuous norm |-| on N and C, K > 0 such that |F,(zf)| <

C'e‘r"'!zlzlfl2 forall f € N, z € €, and for almost all n € IN.
Then (S™'F,, n € IN) converges strongly in (N)*.

11



Proof. The assumptions and inequality (8) imply that there exist p,q > 0and p € (0,1)
such that for all n € IV,

I@nll_,_, <COA—p)7=

where ®,, = S~'F,. Since £ is total in I'_,(H~, ), assumption 1 implies that ({®n,¢)), n €
IN) is a Cauchy sequence for all ¢ € (N). Since (N)* is the dual of the countably Hilbert
space (N), which is in particular Fréchet, it follows from the Banach-Steinhaus theorem
that (AV)* is weakly sequentially complete. Thus there exists ® € (A)* such that @ is the
weak limit of (®,, n € IN). The proof is concluded by the remark that weak and strong
convergence of sequences coincide in the duals of nuclear spaces (e.g., [13]). o

As a second application we consider a theorem which concerns the integration of a
family of generalized functionals.

Theorem 17. Let (A, A, v) be a measure space, and A — @) a mapping from A to (N).
We assume. that the S—transform Fy = S®, satisfies the following conditions:

1. for every f € N the mapping A v F)\(f) is measurable,

2. there ézists a continuous norm | - | on N so that for all A € A, Fy satisfies the bound
|[Fa(zf)] < CrefM V1 and such that A — Ky is bounded v-a.e., and A — Cy is
integrable with respect to v.

Then there are q,p > 0 such that ®. is Bochner integrable on I'_y (H_-p). Thus in partic-
ular, :

/A By dv()) € (M),

and

s([aam) = [ sanam, rew

Proof. In inequality (3) for Fi(zf) we can replace Ky by its bound. With this modified
estimate and Corollary 12 we can find p,q > 0 and p € (0,1) such that for all A € A,

|@xll_, _, < Ca(1—p) "% (10)

Since the right hand side of (10) is integrable with respect to v, we only need to show
the weak measurability of A — @) (see [52]). But this is obvious because A — ((®x, ) is
measurable for all ¢ € £ which is total in T'¢(H,). o

Acknowledgement. We thank Professors S. W. He and H. Sato for pointing out the
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Professor L.I. Ronkin who taught us about Bernstein’s theorem and its generalizations.

12




References.

[23]

Akhiezer, N.I. and Ronkin, L.I. (1973), On separately analytic functions of several variables
and theorems on “the thin edge of the wedge”, Russian Math. Surveys 28, No. 3, 27-44
Albeverio, S., Hida, T., Potthoff, J. and Streit, L. (1989), The vacuum of the Hoegh-Krohn
model as a generalized white noise functional, Phys. Lett. B 217, 511-514.

Albeverio, S., Hida, T., Potthoff, J., Rockner, M. and Streit, L. (1990), Dirichlet forms in
lerms of whzte notse anaIyszs I Constructzon and QFT examples. Rev. Math. Phys. 1,
291-312

Albeverio, S., Hida, T., Potthoff, J., Réckner, M. and Streit, L. (1990), Dirichlet forms in
terms of white noise analysis II: Closability and diffusion processes. Rev. Math. Phys. 1,
313-323.

Albeverio, S., Kondratiev, Yu.G. and Streit, L. (1993), How to generalize White Noise
Analysis to Non-Gaussian Spaces. In: Dynamics of Complex and Irregular Systems. Ph.
Blanchard et al., eds. World Scientific.

Berezansky, Yu. M. and Kondratiev, Yu. G. (1988), Spectral Methods in Infinite-Dimen-
stonal Analysis; (in Russian), Naukova Dumka, Kiev.

Cochran, G., Lee, J.-S. and Potthoff, J. (1993): Stochastic Volterra equations with singular
kernels; Preprint.

Colombeau, J.-F. (1982), Differential calculus and holomorphy. Mathematical Studies 64,
North-Holland, Amsterdam. _
Cook, J. (1953), The mathematics of second guantization. Trans. Amer. Math. Soc. 74,
222-245.

de Faria, M., Hida, T., Streit, L., and Watanabe, H., Inlersection local times as Generalized
White Nozse Functzonals, n preparatlon ,

de Faria, M., Potthoff, J. and Streit, L. (1991), The Feynman mtegrand as ¢ Hida distribu-
tion. J. Math Phys. 32, 2123-2127.

Dineen, S. (1981), Complez Analysis in Locally Convez Spaces, Mathematical Studies 57,
North-Holland, Amsterdam.

Gel’fand, .M. and Vilenkin, N.Ya. (1968), Generalized Functions, Vol. IV, Academic Press,
New York and London.

Hida, T. (1989), Infinite-dimensional rotation group and unitery group. Lecture Notes in
Math 1379, 125-134.

Hida, T., Potthoff, J. and Streit, L.(1988), Dirichlet Forms and white noise analysis. Com-
mun. Math. Phys. 116, 235-245.

Hida, T. and Streit, L. (1983), Generalized Brownian functionals and the Feynman inlegral.
Stoch. Proc. Appl. 16, 55-69.

Hida, T., Kuo, H.-H., Potthoff, J. and Streit, L. (1993), White noise. An infinite dimen-
stonal calculus. Kluwer, Dordrecht.

Holden, H., Lindstrgm, T., @ksendal, B., Ubge, J. and Zhang, T.-S. (1993), Stechastic
boundary value problems: A white noise functional approach; Probab. Th. Rel. Fields 95,
391-419.

Holden, H., Lindstrgm, T., @ksendal, B., Ubge, J. and Zhang, T.-S.: , Preprint (1993).
Khandekar, D.C. and Streit, L. (1992), Constructing the Feynman integrand. Ann. Physik
1, 49-55.

Kondratiev, Yu.G. (1980), Nuclear spaces of entire functions of an infinite number of vari-
ables, connected with the rigging of a Fock space. In: Spectral Analysis of Differential
Operators. Math. Inst., Acad. Sci. Ukrainian SSR, p. 18-37. English translation: Selecta
Math. Sovietica 10 (1991), 165-180.

Kondratiev, Yu.G. and Samoilenko, Yu.S. (1976), Integral representation of generalized pos-
itive definile kernels of an infinite number of variables. Soviet Math. Dokl. 17, 517-521.
Kondratiev, Yu.G. and Streit, L. (1991a), A remark about a norm estimate for White Noise
distributions. Ukrainian Math. J.

13




Kondratiev, Yu.G. and Streit, L. (1992), Spaces of White Noise distributions: Constructions,
Descriptions, Applications. 1. BiBoS preprint no. 510, to appear in Rep.Math.Phys.
Krée, P. (1988), La theorie des distributions en dimension quelconque et | ‘integration

" stochastique. Lecture Notes in Math. 1316, 170-233, Springer, Berlin, Heidelberg, New
- York. ‘

Kubo, I. and Takenaka S. (1980a), Calculus on Gaussian white noise I. Proc. Japan Acad.
56, 376--380.
Kubo, I. and Takenaka, S. (1980b), Calculus on Gaussian white noise II. Proc. Japan Acad.
56, 411-416.
Kubo, I. and Takenaka, S. (1981), Calculus on Gaussian while noise IIl. Proc. Japan Acad.
57, 433-437.

'Kubo, I. and Takenaka, S. (1982), Calculus on Gaussian white noise IV. Proc. Japan Acad.

58, 186-189.
Kuo,'H.—H."_zir_xd Potthoff, J.: Anticipaling stochastic integrals and stochastic differential
equations; in White Noise Analysis — Mathematics and Applications, eds.: T. Hida, H.-H.

Kuo, J. Potthoff and L. Streit. Singapore: World Scientific (1990).
' Kuo, H.-H., Potthoff, J. and Streit, L. (1991), A characterization of white noise lest func-

tzonals Nagoya Math. J. 121,185-194.

Lascheck, A., Leukert, P., Streit, L., Westerkamp, W. (1993) Quantum mechanical propaga-
tors in terms of Hida distributions. Rep. Math. Phys. 33, 221-232

Lee, Y.J. (1989), Generalized Functions of Infinite Dimensional spaces and ils Applzcatzon
to White Noise Calculus. J. Funct. Anal. 82, 429-464.

Meyer, P.A. and Yan, J.-A. (1990), Les “fonctions caractéristiques” des distributions sur
Péspace de Wiener. Sermnalre de Probabilites XXV, ed.: J Azema, P.A. Meyer, M. Yor,
Springer, p. 61-78.

Nachbin, L. (1969), Topology on spaces of holomorphic mappings. Springer, Berlm

Nelson, E. (1973), Probability theory and Euclidean quantum field theory. In: Construclive
Quantum Field Theory, ed. by G. Velo and A. Wightman, Springer, Berlin, Heidelberg,
New York.

Obata, N. (1991), An analytic characterization of symbols. of operators on white noise func-
tionals. Journal of Functional Analysis.

Pietsch, A. (1969), Nukleare Lokal Konveze Riume, Berlin, Akademie Verlag.

Potthoff, J. (1991), Introduction 1o while noise analysis; in Control Theory, Stochastic
AnalySIS and Applications, S. Chen, J. Yong (ed.s), Singapore, World Scientific.

Potthoff, J. (1992), White noise methods for stochastic partial differential equations. In:
Stochastic Partial Differential Equations and Their Applications, B.L. Rozovskii, R.B. Sow-
ers (ed.s), Berlin, Heidelberg, New York, Springer.

Potthoff, J.: White noise approach to parabolic stochastic differential equations, in prepara-
tion.

Potthoff, J. and Streit, L. (1991), A characterization of Hida distributions. J. Funct. Anal.
101, 212-229.

Potthoﬂ' J. and Streit, L. (1993), Invariant states on random and quantum fields: ¢— bounds
and while noise analysis. J. Funct. Anal. 101, 295-311.

 Reed, M., and Simon, B. (1972), Methods of Modern Mathematical Physics I: Functional

Analysis. Academic Press, New York and London.

Siciak, J. (1969), Separately analytic functions and envelopes of holomorphy of some lower
dimensional subsets of €™, Ann. Polonici Math. 22, 145-171

Simon, B. (1974), The P(¢)2 Euclidean (quantum) field theory. Princeton University Press,
Princeton.

Segal, 1. (1956), Tensor algebras over Hilbert spaces. Trans. Amer. Math. Soc. 81, 106-134.
Streit, L. and Westerkamp, W. (1993), A generalization of the characterization theorem for
generalized functionals of White Noise. In: Dynamics of Complex and Irregular Systems.
Ph. Blanchard et al., eds. World Scientific.

14




[49]

(50]
[51]

(52]
(53]

[54]

Watanabe, H. (1991), The local time of self-intersections of Brownian Motions as generalized
Brownian functionals, Lett. Math. Phys. 23, 1-9.

Yan, J.-A. (1990), A characterizalion of white noise functionals. Preprint.

Yokoi, Y. (1993), Simple setting. for white noise calculus using Bargmann space and Gauss
transform. Preprint.

Yosida, K. (1980), Functional Analysis. Springer, Berlin.

Zaharjuta, V.P. (1976), Separately analytic functions, generalizations of Harlogs’ theorem,
and envelopes of holomorphy, Math. USSR Sbornik 30, 51-67

Zhang, T.-S.: Characterization of white noise test functions and Hida distributions. Stochas- .
tics 41 (1992) 71-87. T b '

15




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017



