PACIFIC JOURNAL OF MATHEMATICS
Vol. 52, No. 2, 1974

ABSOLUTE CONTINUITY FOR ABSTRACT
WIENER SPACES

T. E. DUNCAN

Certain smooth homeomorphisms on an abstract Wiener
space are shown to induce a measure that is absolutely
continuous with respect to an abstract Wiener measure which
is the measure determined on a Banach space from the canoni-
cal normal distribution on a Hilbert space by the completion
of the Hilbert space with respect to a measurable seminorm.
The notion of an abstract Wiener space is an abstraction of
one technique to show the countable additivity for Wiener
measure, the measure for Brownian motion. The generali-
zations of absolute continuity obtained here reduce exactly
to the well known results for absolute continuity for Gaussian
measures.

Specifically, it is shown that if 7 is a C* diffeomorphism of the
Banach space such that T =TI + « where I is the identity and +
takes values in the Hilbert space associated with the abstract Wiener
space and is differentiable, then the measure induced on the Banach
space by the transformation, T, is absolutely continuous with respect
to the abstract Wiener measure.

2, Preliminaries. Let (¢, H, B) be an abstract Wiener space
where H is a separable Hilbert space, B is a separable Banach space
obtained from H by completing H with respect to the measurable
seminorm, ||, and 4: H— B is the continuous canonical injection.
& will denote the Borel g-algebra on B. For fundamental notions
about these measures the reader is referred to [1, 3].

Let v be the canonical normal distribution on H with variance
parameter ¢ = 1 and let ¢ be the measure induced on B as the pro-
jective limit of the family of cylinder set measures on B obtained
from vy and the continuous canonical injection, 7. Assuming the
variance parameter is 1 is inessential for the results for absolute
continuity; any variance parameter te (0, ) could be used with
trivial changes in the subsequent results for absolute continuity.
For some previous related results on absolute continuity, the reader
is referred to [5].

The following definition provides some notation that is used
subsequently.

DEFINITION. & = {P: P is a finite dimensional projection on H
with PH c jB*} where B* is the topological dual of B and j = ¢*.

359



360 T. E. DUNCAN

In order to establish absolute continuity a few preliminary results
have to be obtained. The first result is contained in a result of Gross
(Cor. 3 [3]).

LEMMA 1. Let (4, H, B) be an abstract Wiener space and let
(P.)..~x be a sequence of finite dimensional projections on H such that
P,— I where I is the identity on H. If f: B— R is continuous then
fw—Ff in probability where f, is the random variable on B tnduced
by the cylinder set function foioP, on H.

For absolute continuity for Gaussian measures on a Banach space
and linear transformations on the Banach space, certain Hilbert-
Schmidt operators play a fundamental role, [6]. Likewise, for smooth
homeomorphisms on a Banach space and questions of absolute conti-
nuity Hilbert-Schmidt operators again arise naturally as one would
expect from a local analysis.

The proof of the following lemma which replaced a less succinct
proof by the author was supplied by the referee.

LEMMA 2. Let A: B— H be a continuous linear operator. Then
A | H is a Hilbert-Sehmidt operator.

Proof. If S:B— B* is a continuous linear operator then
S| H: H— H is a trace class operator. (This nice theorem is due to
V. Goodman.)

Now to prove the lemma consider (A|H)*-A: B—H— H. Ob-
serve that if x e B then for all he H

A H) o Aw, hyy| _ | (Az, (A|H)hyy|
[k [h
_ [ Av|y | AR,
B IR
SK,Alelh]
B [h
=K|Az|,

where K is the operator norm of A: B— H. Therefore, (A|H)"-Axe
B* and (A| H)*+ A(B) c B*. Now an application of the closed graph
theorem shows that (A | H)*- A: B— B* is a continuous linear opera-
tor. Hence (A|H)*o(A|H): H— H is a trace class operator and
A|H: H— H is a Hilbert-Schmidt operator.

Uniform integrability plays a fundamental role in questions of
absolute continuity, because of its equivalence to weak compactness
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in L'. The following result gives some sufficient conditions for
uniform integrability of a family of Radon-Nikodym derivatives.

LEMMA 3. Let T: B— B be a C* diffeomorphism where T =1 +
+r, I is the tdentity on B and +: B— H. Assume that there is an
a > 1 such that (I + av)| H is o diffeomorphism on H. Assume
that ||y and |4 | H|gs are uniformly bounded on B where ||y is
the norm on H induced by the inner product and |- |ys ts the Hilbert-
Schmidt norm. Furthermore, let (\,),.y be the eigenvalues for ' | H
and assume that the Fredholm-Carleman determinants

I + n)et
and

T @ + an,)ews

n=1

are bounded above and away from 0 uniformly for x€ B.

Let Ty = PI 4+ PyP be the diffeomorphism on PB where P is the
continuous finite dimensional projection on B induced from Pe P
and let f3 be the function on B induced by the Radon-Nikodym
dertvative for the tramsformation of measures on PB detemined by
Ts.

Then the family of Radon-Nikodym derivatives

(f3)pe

1s uniformly integrable.

Proof. Let T, be the restriction of T3 to PH. The canonical
normal distribution restricted to PH is a measure and is transformed
by absolute continuity of measures by the transformation, T,, because
PI + PyP is a C' diffeomorphism on PH. The identity operator on
H or B will be denoted by the same symbol, I, because the appro-
priate space will be clear from the context. Let dv;,/dv, be the
Radon-Nikodym derivative corresponding to this diffeomorphism on
PH. Writing dy;,/dy, as a cylinder set function on H it follows
that

d;:: (@) = det |I + PA,.P|exp [(wa, 2) — _;_ | Py Pa 1;,]

where A =+"| H. Since this Radon-Nikodym derivative is continuous,
by Gross (Cor. 3 [3]), it follows that

F3(@) = det | I + PA3,P|exp [(Pq;fo, o) — % | Py By ]3,]
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where f3 is the Radon-Nikodym derivative, dttrs/dtes, considered as
a function on B.

To verify the uniform integrability of the family, (f3)pcs, it
suffices to show that there is a @ > 1 such that

supglf;l"d#< o,
Pez

Let =17 a > 1 where « is given in the statement of the lemma.
Fix Pe &” Define

g(x) = [det | I + B2PA3, P| e " P45, F|He
exp [,B(P«ﬁﬁx, x) — B tr PA3;, P — %‘Pa[rﬁx fi,]

o) = et 1T £ PAPIev T 00} o [~ 8|y ],
@ [det [ + G°PA;,P|ermramr)is 0| 3 | Py-Po [

Clearly
[f3]" =gh .
Applying Holder’s inequality to gh yields
Egh < [Eg|"# | ERsIe-D]6-115 |

Since
gf = Glrrary®
aps
it follows that
Egf =1.

By assumption, & is bounded independent of Pe &” so the family of
Radon-Nikodym derivatives, (f3)ze=, is uniformly integrable.

Using the uniform integrability results from Lemma 3, a meas-
ure can be obtained that corresponds to the transformation, T, as
the following result describes.

LEMMA 4. Let T: B— B be a C* diffeomorphism where T = I + 4+,
I is the identity on B and +: B— H. Assume that T satisfies the
hypotheses given in Lemma 3. Let (P,),.y be an increasing sequence
of elements of <P such that P,— I in H.

Then there is a subsequence of the Radon-Nikodym derivatives,
(f3,)nens that converge to a ge L' in the topology o(L', L7). Let pr
be the measure induced on (B, ) by the identification dit, = gdp.
The transformation I — 4 B— B on (B, &, lr) induces an abstract
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Wiener measure on B with Hilbert space H, i.e.; for each le H*,
(0, I— ) 1s a Gaussian random wvariable on (B, F, tt;) with zero
mean and variance |1%.

Proof. Since the family, (f7,).cy, is uniformly integrable there
is a subsequence that converges to a function ge¢ L' in the topology
o(L', L) by the weak compactness criterion of Dunford-Pettis (p.
294 [2]).

Let f: B— R be a bounded continuous function and let K be a
constant that bounds f. By reducing the original sequence of Radon-
Nikodym derivatives to a suitable subsequence it can be assumed
that the whole sequence (f7,),.y of Radon-Nikodym derivatives con-
verges in o(L', L).

Since P,— I and f is continuous foP,—f in probability by
Lemma 1. By going to a subsequence if necessary, it can be assumed
that fo P, — f a.e. Again for notational convenience, it is assumed
that the whole sequence converges a.e.

By uniform integrability given ¢ > 0 there is a 6 > 0 such that
if A is a measurable set with ¢4 < ¢ then

S frdp<e VWneN.
A4
By Egorov’s theorem, for 6 > 0 given above there is a measurable

set 4 with ¢tA < & such that fo P, — f uniformly on A4°. For ¢ >0
there is an integer M such that if m = M

sup | fPu(w) = f(@)] <e.

Likewise for ¢ > 0 by o(L', L) convergence there is an integer N
such that for n = N

[ 775, = (7] <<
Let w = NV M, then
(17, = 71 72,00

= {15 = A1+ | 15 Pl = s 4 2K

and
{755, = {#o] = 200 + )

where f, = fo P,.
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It suffices for the verification of an abstract Wiener space to
consider e B* such that P,c P, for some n where P, is the one
dimensional projection determined by I. Given ¢ > 0 by the above
results there is an N such that if n = N

'anf;n— ng'<e

where f = ¢*'»1=% and t < R.

Furthermore, there is a compact set K ¢ B such that P(K) >
1 — 0 where 6 > 0 is as above. For [ e B* given above there is an
M such that for w = M P,c P, and for ze K

le—it(z,in _ e—it(l,w,’f)l <e

Thus, for k= M\V/ N

omss-romaga, — o] < se.

Therefore, by the transformation of measures results for finite
dimensional spaces and the convergence of the characteristic func-
tions, (I, I — +) is a zero mean Gaussian random variable with variance
[1]% on the probability space (B, .7, ().

3. Main result. From the results for absolute continuity of
Gaussian measures on an abstract Wiener space the following result
for absolute continuity for a smooth homeomorphism on B is the
best that can be expected.

THEOREM. Let T: B— B be a C' diffeomorphism such that T =
I+ + where I 1s the identity on B and +: B— H is differentiable.
Then the measure, tt,, induced on B by the transformation, T, on
the abstract Wiener probability space, (B, Z, ), is absolutely con-
tinuous with respect to [t

Proof. By examination of the proof of Lemma 3, there is also
a local version of the result that is applicable here. The local version
follows because if U is an open subset of B such that when T is
restricted to U the hypotheses of the lemma are satisfied for 7 then
the Radon-Nikodym derivatives can be computed by the change of
variables formula for finite dimensional spaces and because the
integrations are on U the function % in the proof of Lemma 3 is still
uniformly bounded.

For each z¢ B there is an open sphere with center z, S(z), such
that when 7' is restricted to S(z) the hypotheses of Lemma 3 are
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satisfied for T. This verification is made as follows. Recall that «
is continuously differentiable and +'| H is continuous as a map from
B into Hilbert-Schmidt operators. Furthermore, since ' |H is a
Hilbert-Schmidt operator the Fredholm-Carleman determinant is well
defined by a simple comparison test for infinite series. For x,€¢ B
fixed there is an @ > 1 such that (I + avy'(x,)| H) is invertible and
such that there is a neighborhood of x, where this is also true.

Let f be a bounded continuous function with support in S(x).
For each me N foP,oP,o ToP,—foP,o T in probability on (B, &%,
t) as m— oo and foP,—f in probability on (B, &, ) as m — oo
where (P,) is an increasing sequence of elements of & such that
P,— 1. By the bounded convergence theorem

n—oo

(2) limm | £o Puo Poo To Pudpe = | fo Puo Ta

in the L'(#) topology.
For n =m

SfoPmoPﬂo ToPdp = S~ Fuo Tudtts,
P,B

where f,, is the continuous function induced on P,B by foP,, T, is
the homeomorphism on P,B induced from P,o ToP, and U3, is the
measure induced on P,B by restricting # to P,B.

By the results for the transformations of measures on finite
dimensional spaces that have been noted in the proof of Lemma 3

[ fue T, = | rudier,

— d/"rn dus
| o G s,

where f, is the measure on P.B induced by the transformation
T, on (P,B, t3,). Considering dy, /dz, as a function on B, f3,, as
noted in the proof of Lemma 3 and recalling how f, was obtained
the following equation is established

| Fue Tudpty, = | 7o Pt dre.

Assuming for notational convenience that the whole sequence of
Radon-Nikodym derivatives, (f3, ).ex, converges in o(L', L”), then

(3) lim Sfoﬁmf;,,d# = Sfoﬁmgdﬂ .

n—rco

By the dominated convergence theorem
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~

lim Sfongdu - ﬂfgdp :

m—rco

Since T is a measurable mapping on (B, % ) and using the bounded
convergence theorem it follows that

(4) limgfoﬁmon;z:Sfon#:Sfd;zT.

m— co

By (2) and (3) and the dominated convergence theorem, we have

m—sco m—>co

(5) lim | £o Pye Tdpe = tim | fo Prgape = | sodpe.
Combining the results from (4) and (5)
[ aper =\ fope.

Since f is an arbitrary bounded continuous function with support
in S(xz,) by a straightforward approximation it follows that for any
measurable set 4 < S(x,)

gAd#T - SAgd/l g

Therefore on S(x,)

dttr _
ap 0

Now,
B = S(x)

zeB

and by the separability of B there is a countable dense collection
(,).en Such that

B= l:}lS(xn) )

For n =1 using uniform integrability there is a subsequence
that converges in o(L!, L”) to a function with support in S(x,).
Proceeding inductively for n» apply this technique to the subsequence
obtained at the » — 1 step. The diagonal sequence is a subsequence
of the original sequence that converges in o(L!, L~) on each S(z,)n € N.
Since it is trivial to verify on overlapping neighborhoods S(x;) and
S(x;) that the o(L*, L*) limit is consistent, the Radon-Nikodym deriva-
tive, dp,/dp, can be constructed inductively on each S(z,).

For a measurable set I" — B define 4, = S(»,) N I" and inductively
4, = (S(z,) N I\(Uizi 4). Thus
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g Aty = 2 g atr
r =1 J Ay,
by SAn_d# .

Therefore, p, < .
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