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Measures with values in non-Archimedean fields, which are quasi-invariant and descend-
ing at infinity on topological vector spaces over non-Archimedean fields, are studied in
this paper. Moreover, their characteristic functionals are considered. In particular, mea-
sures having convolution properties like classical Gaussian measures are investigated in
the paper. Applications of such measures to pseudodifferential operators and stochastic
processes are considered. Nevertheless, it is proved that there does not exist the complete
non-Archimedean analog of Gaussian measures. Theorems about either equivalence or
orthogonality of measures from the considered class are proved. In addition, a pseudod-
ifferentiability of such measures is investigated.

1. Introduction

This paper is devoted to new results of investigations of quasi-invariant non-Archimedean
valued measures, which is becoming more important nowadays due to the development
of non-Archimedean mathematical physics, particularly, quantum mechanics, quantum
field theory, and theory of superstrings and supergravity [2, 3, 6, 10, 11, 15, 31, 32]. On
the other hand, quantum mechanics is based on measure theory and probability the-
ory. For comparison references are given below on works, where real-valued measures
on non-Archimedean spaces were studied. Stochastic approach in quantum field theory
is actively used and investigated especially in recent years [1, 11, 12, 13]. As it is well-
known in the theory of functions a very great role is played by continuous functions and
differentiable functions.

In the classical measure theory the analog of continuity is quasi-invariance relative to
shifts and actions of linear or nonlinear operators in the Banach space, differentiability
of measures is the stronger condition and there is a very large theory about it in the
classical case. Apart from it the non-Archimedean case was less studied. Since there are
no differentiable functions from the field Q into R or in another non-Archimedean field
Qp with p # p’, then instead of differentiability of measures their pseudodifferentiability
is considered.

Effective ways to use quasi-invariant and pseudodifferentiable measures are given in
the papers of the author [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26]. 1. V. Volovich was
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discussing with me the matter and was interested in results of my investigations of non-
Archimedean analogs of Gaussian measures, such as measures to satisfy as many Gaussian
properties as possible. He has planned to use such measures in non-Archimedean quan-
tum field theory. The question was not so simple. He has supposed that properties with
mean values, moments, projections, distributions, and convolutions of such measures
can be considered analogously. But a thorough analysis has shown that not all proper-
ties can be satisfied, because in such a case the linear space would have a structure of an
R-linear space. Nevertheless, many of the properties are possible to satisfy in the non-
Archimedean case also. Gaussian measures are convenient to work in the classical case,
but in the non-Archimedean case they do not play such a great role.

Strictly speaking, there do not exist nontrivial Gaussian measures in the non-Archime-
dean case, but measures having few properties analogous to that of the Gaussian can
be outlined. Supplying them with definite properties depends on a subsequent task for
problems they may be useful for. Certainly if each projection yy of a measure y on a
finite-dimensional subspace Y over a field K is equivalent to the Haar measure Ay on Y,
then this is a good property. But in the classical case, as it is well-known, such property
does not imply that the measure y is Gaussian, since each measure vy (dx) = f(x)Ay(dx)
with f € LY(Y,Ay,R) is absolutely continuous relative to the Lebesgue measure Ay on Y
and this does not imply Gaussian properties of moments or its characteristic functional
[4, 9]. The class of measures having such properties of projections is described by the
Kolmogorov and Kakutani theorems. At first it is mentioned below how measures on Ba-
nach spaces can be used for construction of measures on complete ultrauniform spaces,
then particular classes of quasi-invariant non-Archimedean valued measures descending
at infinity are considered.

2. Quasi-invariant descending at infinity measures

In [16, 18] non-Archimedean polyhedral expansions of ultrauniform spaces were inves-
tigated and the following theorem was proved.

THEOREM 2.1. Let X be a complete ultrauniform space and K be a local field. Then there ex-
ists an irreducible normal expansion of X into the limit of the inverse system S = {P,, f",E}
of uniform polyhedra over K, moreover, limS§ is uniformly isomorphic with X, where E is
an ordered set, " : P, — P, is a continuous mapping for each m = n; particularly for the
ultrametric space (X, d) with the ultrametric d the inverse system S is the inverse sequence.

This structure theorem serves to prove the following theorem.

THEOREM 2.2. Let X be a complete separable ultrauniform space and let K be a local field.
Then for each marked b € Cs there exists a nontrivial F-valued measure y on X which is a re-
striction of a measure v in a measure space (Y,Bco(Y),») = lim{(Ym,Bco(Ym),vm),fnm,E}
on X and each vy, is quasi-invariant and pseudodifferentiable for b € C; relative to a dense
subspace Y’ ,,, where Y, := ¢o(K,a,), fn’" 2 Y, — Y, is a normal (i.e., K-simplicial nonex-
panding) mapping for each m = n € E, fI"|p, = f.". Moreover, if X is not locally compact,
then the family & of all such y contains a subfamily G of pairwise orthogonal measures with
the cardinality card(%9) = card(F)S, ¢ := card(Qp).
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Proof. Choose a polyhedral expansion of X in accordance with the cited above theo-
rem. Let Q, C K, s # p are prime numbers, Qs C F, where F is a non-Archimedean field
complete relative to its uniformity. On each X, take a probability F-valued measure v,
such that [| X, \ Pylly, < €4, X uep€n < 1/5. In accordance with [24, 25, 26, Sections 3.5.1
and 4.2.1] (see also [23]) each v, can be chosen to be quasi-invariant and pseudodiffer-
entiable for b € C; relative to a dense K-linear subspace Y’,,, since each normal map-
ping f has a normal extension on Y,, supplied with the uniform polyhedra structure.
Since E is countable and ordered, then a family v, can be chosen by transfinite induc-
tion consistently, that is, fn’”(vm) =, for each m > n in E, fn’”(Y’m) =Y',. Then X =
lim{P,,, f",E} — Y. Since fn’” are K-linear, then (fn’”)’l(Bco(Yn)) C Bco(Y,,) for each
m > n € E. Therefore, v is correctly defined on the algebra U,,cx f,, ! (Bco(Y,)) of subsets
of Y, where f, : X — X, are K-linear continuous epimorphisms. Since v is nontrivial and
Il is bounded by 1, then by the non-Archimedean analog of the Kolmogorov theorem
[21, 27] v has an extension on the algebra Bco(Y') and hence on its completion A f(Y,»).
Put Y :=1lim{Y"',,, fn”’,E}. Then v, on Y, is quasi-invariant and pseudodifferentiable
for b € C relative to Y',,,. From >, €, < 1/5 it follows that 1 > [|X|l, = [],(1 —€,) >1/2,
hence y is nontrivial.

To prove the latter statement use the non-Archimedean analog of the Kakutani theo-
rem (see [24, 25, 26]) for [ ], Y, and then consider the embeddings X — Y =[], Y, such
that projection and subsequent restriction of the measure [ [, v, on Y and X are nontriv-
ial, which is possible due to the proof given above. If [[,, v, and [ ], ¥, are orthogonal on
[1,, Yy, then they give v and v" orthogonal on X. O

3. Definitions and notes

A function f : K — U is called pseudodifferentiable of order b, if there exists the follow-
ing integral: PD(b, f(x)) := [x[(f(x) — f(¥)) X g(x, y,b)]dv(y). We introduce the follow-
ing notation PD.(b, f(x)) for such integral by B(K,0,1) instead of the entire K. Where
g(x, y,b) := s(=1=b)xordy(x=y) with the corresponding Haar measure v with values in Kj,
where Kj is a local field containing the field Qs, s is a prime number, b € Cs and |x|x =
p~ o) Cg denotes the field of complex numbers with the non-Archimedean valuation
extending that of Qs, and U is a spherically complete field with a valuation group I'y, :=
{Ix]:0# x € Ug} = (0,) C R such that C; C Uy, 0 < s is a prime number [5, 29, 30, 33].
For each y € (0, ) there exists & = log,(y) € R, T'y, = (0,), hence s* € Uy is defined
for each a € R, where log (y) = In(y)/In(s), In: (0,0) — R is the natural logarithmic
function such that In(e) = 1. The function s** =: £(a,) with a and 8 € R is defined
due to the algebraic isomorphism of C, with C (see [14]) in the following manner. Put
s+iB .= so(s')f and choose s’ as a marked number in Uy such that s* := (EXP,(i))!*5, where
EXP; : Cs — C{ is the exponential function, C{ := {x € Cs: [x — 1[5 < 1} (see [29, Propo-
sition 45.6]). Therefore, | EXP,(i) — 1/5 < 1, hence | EXP;(i)|s = 1 and inevitably |s'|; = 1.
Therefore, |s**F|, = s* for each « and B € R, where | * |, is the extension of the valua-
tion from Qs on Us, consequently, s* € U is defined for each x € Cs.

A quasi-invariant measure y on X is called pseudodifferentiable for b € Cj, if there
exists PD(b,g(x)) for g(x) := u(—xz+S) for each S € Bco(X) [|S]|, < o0 and each z € ]fj,
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where ]},’ is a K-linear subspace dense in X. For a fixed z € X such measure is called
pseudodifferentiable along z.

3.1. Definitions and remarks. Let X be a locally K-convex space equal to a projective
limit lim{Xj,¢l] , Y} of Banach spaces over a local field K such that X; = cy(«;,K), where
the latter space consists of vectors x = (xx : k € a;), xx € K, [|x]| := sup |xx|k < o, and
such that for each € > 0 the set {k : |xx|k > €} is finite, «; is a set that is convenient to con-

sider as an ordinal due to the Kuratowski-Zorn lemma [7, 30]; Y is an ordered set, ¢{ :
X;—Xisa K—linear continuous mapping for eagh j= l€Y, ¢;: X — X; is a projection
on Xj, ¢1o ¢/ = ¢; for each j > 1€ Y, and ¢ o ¢ = ¢ for each j > 1> k in Y. Consider
also a locally R-convex space that is a projective limit ¥ = lim{lz(ocj, [R),l//l] , Y}, where
b, (aj,R) is the real Hilbert space of the topological weight w(l (e, R)) = card(e;)Ro. Sup-
pose B is a symmetric nonnegative definite (bilinear) nonzero functional B: Y2 — R.

Consider a non-Archimedean field F such that Ky C F and with the valuation group
I'e = (0,00) C R and F is complete relative to its uniformity (see [5, 8]). Then a mea-
sure y = fgp, on X with values in Kj is called a g-Gaussian measure if its characteristic
functional ji with values in F has the form

i(z) = sBhE@n@ly (7) (3.1)

on a dense K-linear subspace D g x in X* of all continuous K-linear functionals z: X — K
of the form z(x) = z;(¢;(x)) for each x € X with v;(z) € Dg,y, where B is a nonnegative
definite bilinear R-valued symmetric functional on a dense R-linear subspace Dgy in
Y*, B: D3y — R, j €Y may depend on z, z; : X; — K is a continuous K-linear func-

tional such that z; = Zkaxj efzk,j is a countable convergent series such that z ; € K,

e? is a continuous K-linear functional on X; such that ef(el,j) = (?Ik is the Kronecker

delta symbol, e;; is the standard orthonormal (in the non-Archimedean sense) basis
in co(a;j,K), vg(z) = vfz(zj) = {|s90rdp(a)2| s | a;}. It is supposed that z is such that
vé(z) € L(a;j,R), where g is a positive constant, ,(z) : X — Ts is a continuous character
such that x,(z) = x(z(y)), y € X, x : K — T; is a nontrivial character of K as an additive
group (see [30] and [24, 25, 26, Section 2.5]).

ProrositioN 3.1. A gq-Gaussian quasimeasure on an algebra of cylindrical subsets
U i 71]1(97{;), where X; are finite-dimensional over K subspaces in X, is a measure on a cov-
ering ring R of subsets of X (see [24, 25, 26, Section 2.36]). Moreover, a correlation operator
B is of class Ly, that is, Tr(B) < oo, if and only if each finite-dimensional over K projection of
u is a q-Gaussian measure (see Section 3.1).

Proof. From Section 3.1 it follows that each one-dimensional over K projection p,x of a
measure y satisfies [24, 25, 26, conditions 2.1(i)—(iii)] the covering ring Bco(K), where
0 # x = ex,; € X;. Therefore, p is defined and finite additive on a cylindrical algebra:

U o U (9h,,.x) " (Beo (spang {ei, i-...ex,1})) |, (3.2)
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quasimeasure on U. Since fi(0) = 1, then u(X) = 1. The characteristic functional j sat-
isfies [24, 25, 26, Conditions 2.5.(3,5)]. In view of the non-Archimedean analog of the
Bochner-Kolmogorov theorem [24, 25, 26, Section 2.21 and Theorem 2.37] p has an ex-
tension to a probability measure on a covering ring R of subsets of X containing U.

Suppose that B is of class L;. Then B(v4(z),v4(z)) and hence ji(2) is correctly de-
fined for each z € Dy x. The set Dy g x of functionals z on X from Section 3.1 separates
points of X. From Section 3.1 it follows that fi(y) is continuous. Consider a diagonal
compact operator 7' in the standard orthonormal base, Tex; = ax ek, limgii— o ax; = 0.
Since B is continuous, then the correlation operator E corresponding to B is a bounded
K-linear operator on Y, ||E|| < oo. For each € > 0 there exist § >0 and T such that max(1,
IEI)& < € and |ak,| < § for each k+1 >N, where N is a marked natural number, there-
fore, ||E|spany fe:k+15n1 || < €. Hence for each € > 0 there exists a compact operator T such
that from [2Tz| < 1 it follows, [f(y) — f(x)| < € for each x — y = z, where x,y,z € Y*.
Therefore, by [24, Theorem 2.30] the characteristic functional g defines a Radon proba-
bility measure on Bco(X).

Vice versa suppose that each finite-dimensional over K projection of y is a measure of
the same type. If for a given one-dimensional over K subspace W in X there is the equality
B(v4(2),v4(2)) = 0 for each z € W, then the projection yw of y is the atomic measure
with one atom. Show B € L;(cy(wy,K)) and y € ¢p(wo,K). Let 0 # x € X and consider
the projection 7, : X — xK. Since pyk is the measure on Bco(xK), then its characteristic
functional satisfies [24, 25, 26, conditions of Theorem 2.30]. Then # for xK gives the same
characteristic functional of the type

B (2) = s0a@ s (2) (3.3)

for each z € xK, where b, >0 and §, € K are constants depending on the parameter
0 # x € X. Since x and z are arbitrary, then this implies that B € L; and y € ¢p(wo,K). O

CoROLLARY 3.2. A g-Gaussian measure y from Proposition 3.1 with Tr(B) < oo is quasi-
invariant and pseudodifferentiable for some b € Cg relative to a dense subspace ], C M,, =
{xeX: vg(x) € EVY2(Y)}. Moreover, if B is diagonal, then each one-dimensional projection
u8 has the following characteristic functional:

ﬁg(h) — S(Zjﬁj\gj\q)\h\’fxg(w(h)’ (3.4)

where g = (g : j € wy) € co(wo,K)*, Bj >0 for each j.

Proof. Using the projective limit it is possible to reduce consideration to the Banach space
X. Take a prime number s such that s # p and consider a field K such that K is compatible
with Kj, which is possible, since K is a finite algebraic extension of @, and it is possible to
take in particular K = Qs. Recall that a group G for which o(G) C o(Tk) is called com-
patible with K, where o(G) denotes the set of all natural numbers for which G has an open
subgroup U such that at least one of the elements of the quotient group G/U has order n,
T denotes the group of all roots of 1, and Tk denotes its subgroup of all elements whose
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orders are not divisible by the characteristic p of the residue class field k of K. A character
of G is a continuous homomorphism f : G — T. Under pointwise multiplication charac-
ters form a group denoted by G. A group G is called torsional, if each compact subset
V of G is contained in a compact subgroup of G. In view of [30, Theorem 9.14] K is
isomorphic with K. A K-valued character of a group G is a continuous homomorphism
f : G — T. The family of all K-valued characters form a group denoted by Gi. Since K is
compatible with K, and lim,,_.. p" = 0, then K is isomorphic with K;(s. If G is a torsional
group, then the Fourier-Stieltjes transform of a tight measure y € M(G) is the mapping
i G — K defined by the formula: f(g) := [;x(x)u(dx), where y € Gi. In view of [30,
Schikhof Theorem 9.21] the Fourier-Stieltjes transformation induces a Banach algebra
isomorphism L(G, R, w,K) with Ce (G%,K), where w is a nontrivial Haar K-valued mea-
sure on G. Therefore, in this situation there exists the Banach algebra isomorphism of
L(K, %, w,K;) with Coo (K, K). O

Therefore, from the proof above and [24, Theorem 2.30] it follows that the measure
Hq,B,y is quasi-invariant relative to shifts on vectors from the dense subspace X" in X such
that X' = {x € X :vj(x) € EY2(Y)}, which is K-linear, since B is R-bilinear and B(y,z) =:
(Ey,z) for each y,z € Y and vfi(ax) = Ialq/zvfi(x) and vg(xj +1j) < max(v;(xj),vé(tj)) for
each x,t € X and each a € K, where E is the nondegenerate positive definite of trace class
R-linear operator on Y, x = >’ jxjej, xj € K, since I¥ =1, and E can be extended from
DB,Y onY.

Consider s+ as in Section 3. Note, that |(|z] p)ls = 1 for each z € K, where the field K
is compatible with K.

The pseudodifferential operator has the form

PD (b, f(0) = [ 1) = 0Dl (3.5)

where w is the Haar K,-valued measure on Bco(K), b € C;, particularly; also for f(x):=
u(—xz+A) for a given z € X', A € Bco(X), where x, y € K. Using the Fourier-Stieltjes
transform write it in the form: PD(b, f(x)) = F, ' (£(v)y(v)), where £(v) := [F,(f(x) —
FONIW), w(v) := [Fy(sC-1-0xrdi0D)](y), F, means the Fourier-Stieltjes operator by the
variable y. Denoting A — xz =: § we can consider f(x) =0 and f(y) = u((x — y)z+S)
— u(S), since S € Beo(X). Then f(y) = [s(u((x — y) +dg) — u(dg)) = [slpu(y — x,8) —
1]u(dg). The constant function h(g) = 1 is evidently pseudodifferentiable of order b for
each b € C,. Hence the pseudo-differentiability of i of order b follows from the existence
of pseudodifferential of the quasi-invariance factor p,(y,g +x) of order b for y-almost ev-
ery g € X. In view of [24, Theorem 3.5] and the Fourier-Stieltjes operator isomorphism
of Banach algebras L(K, R, w,K;) and Co, (K%S,Ks) the pseudo-differentiability of p, fol-
lows from the existence of F~!(iy), where i is the characteristic functional of y. We have

F(f)(y) = JKx(xy)f(x)W(dx) = JKx(z)f(z/y)[Iylp]flvV(dz) (3.6)
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for each y # 0, where x, y,z € K, particularly, for f(x) = s~(1#0)X0rd,(%) \ve have f(z/y)
= f)f(=y)and F(f)(y) =T**(1+b) f(=y)lyl,', where

K,s — —bxord,(x)
r%s(b) : JK)((Z)S w(d2), (3.7)

f(—y) = stt0xordy(») since ord,(2/y) = ord,(x) — ord,(y). For a nontrivial character of
an order m € Z from the definition it follows that I®*(b) # 0 for each b with Re(b) # 0,
since |s~0[; = sk for each n € 7. Therefore, y(y) = s!+P*orb )| y| 1, consequently,
ly(p)|s = s~ UHRelblxordy() for each y # 0, since |(|yl,)ls = 1. On the other hand,
lp(z)] = s B and F~!(py) exists for each b € Cs with Re(b) > —1, since Tr(B) <
oo, which is correct, since C; is algebraically isomorphic with C and I'y, D (0, o).

CoRrOLLARY 3.3. Let X be a complete locally K-convex space of separable type over a local
field K, then for each constant q > 0 there exists a nondegenerate symmetric positive definite
operator B € L, such that a q-Gaussian quasi-measure is a measure on Bco(X) and each
one dimensional over K projection of this measure is absolutely continuous relative to the
nonnegative Haar measure on K.

Proof. A space Y from Section 3.1 corresponding to X is a separable locally R-convex
space. Therefore, Y in a weak topology is isomorphic with R*® from which the existence
of B follows. For each K-linear finite-dimensional over K subspace S a projection uS of
pon S C X exists and its density uS(dx)/w(dx) relative to the nondegenerate K,-valued
Haar measure w on § is the inverse Fourier-Stieltjes transform F~! (1|« ) of the restriction
of i on S*. For B € L, each one dimensional projection of y corresponding to { has a
density that is a continuous function belonging to L(K,Bco(K), w,Kj). |

PrOPOSITION 3.4. Let g p,, and yq g be two q-Gaussian measures with correlation opera-
tors B and E of class Ly, then there exists a convolution of these measures g p,, * {iq,5s, Wwhich
is a q-Gaussian measure g, BiE,y+s-

Proof. Since B and E are nonnegative, then (B+E)(y,y) = B(y,y) + E(y,y) = 0 for each
y €Y, that is, B + E is nonnegative. Evidently, B + E is symmetric and of class L;. More-
OVer, {ig+Ey+s is defined on the covering ring Up,g containing the union of covering
rings Up and Ug on which y, 3, and p g s are defined correspondingly, since ker(B + E) C
ker(B) N ker(E). Therefore, g g1 ,y+s is the tight g-Gaussian measure together with p, 5,
and pg k6 in accordance with Proposition 3.1 on the covering ring R, ., ., which is the
completion of the minimal ring generated by Ug,g. Since {igp £y+s = fq,B,ylqEs> then
Uq,B+E,y+6 = Hq,B,y * Uq,Ed- 0

3.2. Remark and definition. A measurable space (€),F) with a probability Ks-valued
measure A on a covering ring F of a set Q) is called a probability space and it is denoted by
(Q,F,1). Points w € Q are called elementary events and values A(S) probabilities of events
S € F. A measurable map & : (Q),F) — (X,B) is called a random variable with values in X,
where B is a covering ring such that B C Bco(X), Bco(X) is the ring of all clopen subsets
of a locally K-convex space X, £~1(B) C F, where K is a non-Archimedean field complete
as an ultrametric space.
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The random variable ¢ induces a normalized measure v¢(A) := A(§ " '(A)) in X and a
new probability space (X, B, v¢).

Let T be a set with a covering ring R and a measure 7 : R — K. Consider the following
Banach space L1(T,R,#, H) as the completion of the set of all R-step functions f : T — H
relative to the following norm:

(1) 11 flyq := supyer | F(8) 1N, ()4 for 1 < g < o3

(2) 1 flly,e0 = SUP| < gcco I f(£)1l,,4 where H is a Banach space over K.
For 0 < g < 1 this is the metric space with the metric

(3) pg(f>8) :=sup,cr Il f (£) — gl N, (1) V4.

If H is a complete locally K-convex space, then H is a projective limit of Banach spaces
H= lim{Ha,nf‘g‘,Y}, where Y is a directed set, ng : Hy — Hg is a K-linear continuous
mapping for each a = 8, and 7, : H — H, is a K-linear continuous mapping such that
ﬂg o 1y = mg for each a > B (see [28, Section 6.205]). Each norm p, on H, induces a
prednorm pyon H.If f : T — H, then g o f =: fo : T — H,. In this case L1(T,R, 1, H) is
defined as a completion of a family of all step functions f : T — H relative to the family
of prednorms

(1) I f g = supser Pa(f ()N, ()9, € €Y, for 1 < g < 005

2 1 f o0 := SUP; < oo Il f (O)lly,q.00 & €Y, or pseudometrics;

(3") pgalf>8) :=sup,cr pal(f (1) —g(1))N, (), a € Y, for0< g < 1.
Therefore, L1(T,R,%,H) is isomorphic with the projective limit lim{L4(T,R,n,H,),
ﬂg,Y}. For g = 1 we write simply L(T,R,#n,H) and || f ||;. This definition is correct, since
limg- a1 =1 for each o >a > 0. For example, T may be a subset of R. Let Rq be the
field R supplied with the discrete topology. Since the cardinality card(R) = ¢ = 2%, then
there are bijective mappings of R on Y7 := {0,...,b}" and also on Y, := NN, where b is a
positive integer number. Supply the sets {0,...,b} and N with the discrete topologies and
Y, and Y, with the product topologies. Then zero-dimensional spaces Y; and Y5 supply
R with covering separating rings 1 and R, contained in Bco(Y;) and Bco(Y>), respec-
tively. Certainly this is not related with the standard (Euclidean) metric in R. Therefore,
for the space L1(T,R,n,H) we can consider t € T as the real-time parameter. If T C F
with a non-Archimedean field F, then we can consider the non-Archimedean time pa-
rameter.

If T is a zero-dimensional T)-space, then denote by Cg(T,H ) the Banach space of all
continuous bounded functions f : T — H supplied with the norm

@) I fllcs := sup,q | F ()11 < 0.
If T is compact, then Cg(T,H ) is isomorphic with the space C°(T,H) of all continuous
functions f: T — H.

For a set T and a complete locally K-convex space H over K consider the product
K-convex space H := [[,c1 H; in the product topology, where H; := H for each t € T.

Then take on either X := X(T,H) = LY(T,R,#,H) or X := X(T,H) = Cg(T,H) or on
X = X(T,H) = HT a covering ring B such that B C Bco(X). Consider a random variable
&:w— &(t,w) with values in (X,B), where t € T.

Events Si,...,S, are called independent in totality if P([T;_; Sk) = [1¢_, P(Sk). Sub-
rings Fy C F are said to be independent if all collections of events Sk € Fy are independent
in totality, where k = 1,...,n, n € N. To each collection of random variables fy on (O, F)
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with y € Y is related the minimal ring Fy C F with respect to which all &, are measur-
able, where Y is a set. Collections {&, : y € Y} are called independent if so are Fy;, where
Y; CYforeachj=1,...,n,neN.

Consider T such that card(T) > n. For X = Cg(T,H) or X = HT define X(T,H;(t,...,
tn);(215...,2,)) as a closed submanifold in X of all f: T — H, f € X such that f(#) =
Z15...> f (tn) = zu, where ty,...,t, are pairwise distinct points in T and zi,...,z, are points
in H. For X = LY(T,R,n,H) and pairwise distinct points t,...,t, in T with Ny () >
0,...,Ny(t,) > 0define X(T,H;(t1,...,t,);(z1,...,2,)) as a closed submanifold which is the
completion relative to the norm || f 1|, 4 of a family of R-step functions f : T — H such
that f(t;1) = z1,..., f(ts) = z,. In these cases X (T, H; (t1,...,t4);(0,...,0)) is the proper K-
linear subspace of X(T, H) such that X(T, H) is isomorphic with X (T, H; (t1,...,t,); (0,...,
0)) ® H",since if f € X, then f(t) — f(t;) =: g(¢) € X(T,H;t;;0) (in the third case we use
that T € R and hence there exists the embedding H — X). Forn=1,ty € T,andz; =0
we denote X := Xo(T,H) := X(T,H;ty;0).

3.3. Definitions. We define a (non-Archimedean) stochastic process w(t,w) with values
in H as a random variable such that

(i) the differences w(ts,w) — w(ts,w) and w(t,w) — w(t;,w) are independent for
each chosen (t,t;) and (3,t4) with t; # t5, t3 # t4, such that either t; or t, is
not in the two-element set {t3,14}, where w € ;

(i) the random variable w(t,w) — w(u,w) has a distribution uf*«, where y is a prob-
ability Ks-valued measure on (X(T,H),B) from Section 3.2, u8(A) := u(g~'(A))
for g: X — H such that g7'(%y) C B and each A € Ry, a continuous linear
operator F;, : X — H is given by the formula F;,(w) := w(t,w) — w(u,w) for
each w € L1(Q,F,1;X), where 1 < g < oo, Ry is a covering ring of H such that
Fit(Ry) C Bforeacht# uin T;

(iii) we also put w(0,w) = 0, that is, we consider a K-linear subspace L1(Q,F,\;Xy) of
L1(Q,F,1;X), where Q # &, X, is the closed subspace of X as in Section 3.2.

Definition 3.5. Let B and g be as in Section 3.1 and denote by y, 5, the corresponding g-
Gaussian Ks-valued measure on H. Let £ be a stochastic process with areal timet € T C R
(see Section 3.3), then it is called a non-Archimedean g-Wiener process with real time
(and controlled by K,-valued measure), if
(ii)" the random variable &(t,w) — &(u, w) has a distribution ptg 1,y foreacht #u e T.
Let & be a stochastic process with a non-Archimedean time t € T C F, where Fis alocal
field, then & is called a non-Archimedean g-Wiener process with F-time (and controlled
by K,-valued measure), if
(ii)”" the random variable &(t,w) — &(u, ) has a distribution pg n[ye(1—u)18,y for each t #
u € T, where yg : F — T is a continuous character of F as the additive group (see
[24, 25, 26, Section 2.5]).

ProrosITION 3.6. For each given q-Gaussian measure a non-Archimedean q-Wiener pro-
cess with real (F resp.) time exists.

Proof. Inview of Proposition 3.4, for each t > u > b a random variable &(f,w) — &(b, w) has
a distribution g4 (;—p)B,y for real-time parameter. If ¢, u, and b are pairwise different points
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in F, then {(t,w) — &(b,w) has a distribution g in[ys(—b)8,y» since In[yg(t — u)] +In[xe(u —
b)] = In[ye(t — b)]. This induces the Markov quasimeasure y;(cz,)f on ([ [;er(H;, Uy)), where
H; = H and U; = Bco(H) for each t € T. In view of [24, 25, 26, Theorem 2.39] there ex-
ists an abstract probability space (Q,F,1), consequently, the corresponding space L(Q,F,
A, Ks) exists. O

PrOPOSITION 3.7. Let & be a q-Gaussian process with values in a Banach space H = ¢o(a, K),
a time parameter t € T (controlled by a K¢-valued measure), and a positive definite corre-
lation operator B of trace class and y = 0, where card(«) < R, either T C R or T CF. Then
either

lim M, [v; (¢! ((6,))) 1"+ - + [V (N (§(6,0)))]” = #T¥(B) (3.8)
or
lim M, [v; (¢! (€(6)) ] + - + [vi (¥ (§(6,0)]* = [In (e(0) | Te(B),  (3.9)
respectively.

Proof. Define Us-valued moments
mi(el,...,elt) = JHVEq(ej‘ (x)) - - - v, (e () g,y (dx) (3.10)

for linear continuous functionals e/1,.. ., e/ on H such that e! (e) = 65-, where {e;: j € a}
is the standard orthonormal base in H.
Consider the operator

POy (x) := F (fua V() y1p) (), (3.11)
where f,,(x) := s~ (Itwxordy () TKs(1 + 44) and F(f,)(y) = T®5(1 + w) fu(=2)1yl," (see

Corollary 3.2), where F denotes the Fourier-Stieltjes operator defined with the help of
the K,-valued Haar measure w on Bco(K), F(v) =: ¥, Re(u) # —1, and y : K — K. Then

p0" fy(x) = F (T () fur (= )T (14 B) fo (=) y1,") = frurwy (%) (3.12)
for each u with Re(u) # 0, since
F—l(s—(1+u+b)><ordp(—y)|y|;1)( ) (I‘KS(I + u+b)) —(1+u+b)xord,(— y)(x). (3‘13)

For u = 1 we write shortly pd' = pd and pd% denotes the operator of partial pseudo-
differential (with weight multiplier) given by (3.11) by the variable x;. A function y for
which pdfy exists is called pseudodifferentiable (with weight multiplier) of order u by
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variable x;. Then

2k
mql/(Z (ejl . ,ej“) (I‘K,S (%)) .= IH s—qordp(xj1 )2 .. quordp(szk )/qu,B’y(dx)

,Paq/l pajjfﬁqu(O) (.14)
q/242k . '
:<[PD] (X))|x o (eh,...,e%),

where (g/sz(x)) -/ :=p 9, f (x). Therefore,

2k
() (T D)) 7 = )T B 055N ] (e5nnves)

1> Bo(joti) *  * Botin o>

o€k

(3.15)

since y = 0 and y,(z) = 1, where X is the symmetric group of all bijective mappings o of
the set {1,...,k} onto itself, B;; := B(ej,e;), since Y* =Y for Y = [,(a, R). Therefore, for
eachBeL; and A € L., we have

N N
J A(vg(x),v4(x)) pg,B,0(dx) = hmz Z ]kmz e],ek) Tr(AB), (3.16)

since Cs C U and algebraically C; is isomorphic with C.

In particular for A =T and pg,0 corresponding to the transition measure of &(t,w)
we get Formula (3.8) for a real-time parameter, using fig in[y:(+))8,0 We get Formula (3.9)
for a time parameter belonging to F, since &(#y,w) = 0 for each w. O

CororrAry 3.8. Let H = Kand &§,B = 1, and y be as in Proposition 3.7, then

M[Le[a’b]gb(t )V, (dE(t,0)) ] U $(t,w) dt] (3.17)

for each a < b € T with real time, where ¢(t,w) € L(Q,U,A,Cy(T,R)) & € L(Q, U,A, Xo(T,
K)), (Q,U,A) is a probability measure space.

Proof. Since

Le[ab]¢(t,w)v§q(df(t,w)) lim qut], s (€(t1,0) —E(t,0))  (3.18)

max;(tjz—tj)—

for A-almost all w € Q, since C; C Us and C; is algebraically isomorphic with C, then
from the application of Formula (3.8) to each viq(f (tj+1,w) — &(tj,w)) and the existence
of the limit by finite partitions a = #; <t, < - - - < ty41 = b of the segment [a, b] it follows
Formula (3.17). O
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4. Definitions and notes
Consider a pseudodifferential operator on H = ¢ («, K) such that

A= Z (_i)kbﬁ

0<k€EZ;ji,....jxEa

jkpaj] - 'pajk, (4.1)

.....

.....

n is called an order of A, Ord(A), where pd; is defined by formula (3.11). If A = 0, then
by definition Ord(A) = 0. If there is not any such finite #, then Ord(A) = co. We suppose
that the corresponding form A on @ Y* is continuous into C, where

(0%

Ayp=- & (4.2)

0<k€Z;ji,....jkEX

y € L(a,R) =: Y. If A(y) >0 for each y # 0 in Y, then A is called strictly elliptic pseudo-
differential operator.

Let X be a complete locally K-convex space, and let Z be a complete locally Us-convex
space. For 0 < n € R a space of all functions f : X — Z such that f(x) and ({SDf(x)) .
(y',...,y"®) are continuous functions on X for each y,...,y'® € {el,e?,e3,...} C X*,
I(k) := [k] + sign{k} for each k € N such that k < [n] and also for k = n is denoted
by p€"(X,Z), and f €p €"(X,Z) is called n times continuously pseudodifferentiable,
where [n] < n is an integer part of n, 1 > {n} :=n— [n] = 0 is a fractional part of n.
Then p€*(X,Z) :=,_, p6"(X,Z) denotes a space of all infinitely pseudodifferentiable
functions.

Embed R into Cs and consider the function v; : U, — R C Cq, then for t = v3(0), 0 €
K C Uy, put du(t,x) := limgx gck,30)~+ pOouu(v3(0),x) for t = 0, when it exists by the
filter of local subfields K in C,, which is correct, since v5(Up) = [0, o), UKC(Cp K is dense
in Gy, I'c, = (0,0) N Q.

TaeoreM 4.1. Let A be a strictly elliptic pseudodifferential operator on H = co(a,K),
card(a) < R, and let t € T = [0,b] C R. Suppose also that uo(x — y) € L(H,Bco(H), 4,3,
U,) for each marked y € H as a function by x € H, uy(x) €p €AW (H, Us). Then the
non-Archimedean analog of the Cauchy problem

oJru(t,x) = Au, u(0,x) = ug(x) (4.3)

has a solution given by
u(t,x) = JH uo(x — y)uz(dy), (4.4)

where . is a Ks-valued measure on H with a characteristic functional fi ;(z) := sA:(@),

Proof. In accordance with Sections 3 and 4 we have Y = (&, R). The function s*A(3()
is continuous on H — H* for each t € R such that the family H of continuous K-linear
functionals on H separates points in H. In view of [24, Theorem 2.30], which defines
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a tight measure on H for each ¢ > 0. The functional A on each ball of radius 0 < R < o
in Y is a uniform limit of its restrictions A | @ [spang (e1...e,)]¥> When n tends to the infin-
ity, since A is continuous on @D, Y*. Since ug(x — y) € L(H,Bco(H), 4,3, Us) and a space
of cylindrical functions is dense in the latter Banach space over Uy, then in view of [30,
Theorems 9.14, 9.21] and the Fubini theorem it follows that limp_ Fpyuo(Px)f, 3(y + Px)
converges in L(H,Bco(H),u,,Us) for each ¢, since w, 5 * p,, 5 = Wy, 41,4 for €ach 1y, t,
and t; +t, € T, where P is a projection on a finite-dimensional over K subspace Hp :=
P(H) in H, Hp — H, P tends to the unit operator I in the strong operator topology, and
Fpyup(Px) denotes a Fourier transform by the variable Px € Hp. Consider a function v :=
Fy(u), then 9,v(t,x) = —A(v5(x))v(t,x)Ins, consequently, v(f,x) = Vo (x)sA03 () From
uo(x) * [Ft(g,2)] = [y uo(x — y)u,z(dy), since ug(x — y) € L(H,Bco(H),y,5,Us) and
U,z is the tight measure on Bco(H). O

Note 4.2. In the particular case of Ord(A) = 2 and A corresponding to the Laplace op-
erator, that is, A(y) = zl,jgl,j}’l)’ﬁ (4.3) is (the non-Archimedean analog of) the heat
equation on H.

For Ord(A) < o the form Ag( y) corresponding to sum of terms with k = Ord(A) in
Formula (4.2) is called the principal symbol of the operator A. If Aol y) >0 foreach y # 0,
then A is called an elliptic pseudodifferential operator. Evidently, Theorem 4.1 is true for
elliptic A of Ord(A) < oo.

5. Remark and definitions

Let the linear spaces X over K and Y over R be as in Corollary 3.2 and B be a symmet-
ric nonnegative definite (bilinear) operator on a dense R-linear subspace Dpy in Y*. A
quasi-measure y with a characteristic functional

A(G,x) = Py () (5.1)

for a parameter { € Cs with Re({) > 0 defined on D, px is called an Us-valued (non-
Archimedean analog of Feynman) quasi-measure and we denote it by y4 5, also, where
Dypx := {z € X* : there exists j € Y such that z(x) = z;(¢;(x)) Vx € X, v;(z) €Dgyl.

ProrosiTION 5.1. Let X = Dy g x and B be positive definite, then for each function f(z) :=
Ix xz(x)v(dx) with an Us-valued tight measure v of finite norm and each Re({) > 0 there
exists

L(f(z)ll{B(dZ) = }.{I} JXf(Pz)y((I;)(dz) = JX sCBM@w Ny (2)v(dz), (5.2)

where u?)(P~1(A)) := u(P~'(A)) for each A € Bco(Xp), P: X — Xp is a projection on a K-
linear subspace Xp, a convergence P — I is considered relative to a strong operator topology.
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Proof. From the use of the projective limit decomposition of X and [24, 25, 26, Theorem
2.37] it follows that there exists

L F(pea(dz) = EEI}L (P (da), (5.3)

Then for each finite-dimensional over K subspace Xp

Lf(PZ)y((?(dZ) = j {sPOER @)y (2)} 3,9 (d2), (5.4)

Xp

since v is tight and hence each P is tight. Each measure v; is tight, then due to [24, 25, 26,
Lemma 2.3 and Section 2.5] there exists the limit

lim | {sBOa@M @y (2)} | x, v (dz) = JXs(B(Vﬁz(z)’sz(z>)Xy(z)v(dz). (5.5)
’ O

ProrosrITiON 5.2. If conditions of Proposition 5.1 are satisfied and
f(Px) € L(Xp,Bco (w*?), Us) (5.6)
for each finite-dimensional over K subspace Xp in X and

lim sup | f(x)| =0, (5.7)

R — o |x|<R

then Formula (5.2) is accomplished for { with Re({) = 0, where wX? is a nondegenerate
Ks-valued Haar measure on Xp.

Proof. In view of [24, 25, 26, Theorem 2.37] for the consistent family of measures
{f(Px)y)q{’;B)y(dPx) : P} (see [24, 25, 26, Section 2.36]) there exists a measure on (X,R),
where projection operators P are associated with a chosen basis in X. The finite-dimen-
sional over K distribution yi};B)y/wXP(dx) = F Y(ig,ip,y)|x, is in Co(Xp,Us) due to [30,
Theorem 9.21], since fi € L(Xp,Bco(X)), wXr Us). In view of conditions (5.6), (5.7) above,
and the Fubini theorem and using the Fourier-Stieltjes transform we get Formulas
(5.2), (5.3). From taking the limit by P — I Formula (5.2) follows. This means that y, (5,
exists in the sense of distributions. |

Remark 5.3. Put
F JX f(X)ug,ipy(dx) := 1}5’ JX f(x)pgesy(dx) (5.8)

if such limit exists. If conditions of Proposition 5.2 are satisfied, then ({) :=
Ix f (x)ptq,B,y(dx) is the pseudodifferentiable of order 1 function by { on the set {{ €
Cs : Re({) > 0} and it is continuous on the subset {{ € Cs: Re({) > 0}, consequently,

FL( f(x)uqis,y(dx) = Ls{fBWé(x%vé(x))} 1y (0)v(dx). (5.9)
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Above non-Archimedean analogs of Gaussian measures with specific properties were
defined. Nevertheless, there do not exist usual Gaussian Ks-valued measures on non-
Archimedean Banach spaces.

THEOREM 5.4. Let X be a Banach space of separable type over a locally compact non-
Archimedean field K. Then on Bco(X) there does not exist a nontrivial Ks-valued (prob-
ability) usual Gaussian measure.

Proof. Let py be a nontrivial usual Gaussian Ks-valued measure on Bco(X). Then by the
definition its characteristic functional # must be satisfying [24, 25, 26, conditions
2.5.(3,5)] Us-valued function and lim\y\awﬁ(y) =0 for each y € X*\ {0}, where X*
is the topological conjugate space to X of all continuous K-linear functionals f : X — K.
Moreover, there exist a K-bilinear functional g and a compact nondgenerate K-linear op-
erator T : X* — X* with ker(T) = {0} and a marked vector xy € X such that fi,(y) =
f(g(Ty,Ty)) for each y € X*, where py, (dx) := u(—xo +dx), x € X. Since K is locally
compact, then X* is nontrivial and separates points of X (see [28, 30]). Each one-
dimensional over K projection of a Gaussian measure is a Gaussian measure and products
of Gaussian measures are Gaussian measures, hence convolutions of Gaussian measures
are also Gaussian measures. Therefore, iy, : X* — Us is a nontrivial character: fiy, (y1 +
¥2) = fix, (¥1)fix, (y2) for each y; and y, in X *. If char(K) = 0 and K is a non-Archimedean
field, then there exists a prime number p such that Q,, is the subfield of K. Then ji(p"y) =
(4(y))*" for each n € Z and y € X* \ {0}, particularly, for n € N tending to the infinity
we have lim, . p"y = 0 and lim,—.c fix, (p"y) = 1, limnﬂw(ﬁxo(y))‘”” =0, since s # p are
primes, lim,_« [y, (p™"y) = 0 and |y, (y)| < 1 for y # 0. This gives the contradiction,
hence K cannot be a non-Archimedean field of zero characteristic. Suppose that K is a
non-Archimedean field of characteristic char(K) = p > 0, then K is isomorphic with the
field of formal power series in variable ¢ over a finite field F,. Therefore, b, (py) =1,
but fi, (y)? # 1 for y # 0, since lim,,_.« fix,(t""y) = 0. This contradicts the fact that iy,
need to be the nontrivial character, consequently, K cannot be a non-Archimedean field
of nonzero characteristic as well. It remains the classical case of X over R or C, but the
latter case reduces to X over R with the help of the isomorphism of C as the R-linear
space with R?, O

THEOREM 5.5. Let ygpy and pgps be two q-Gaussian Ks-valued measures. Then ygp is
equivalent 'to Haq,B,6 OT Ug,By L pepe according to vi(y —8) € BY2(Dgy), or not.. The mea-
sure [igp,y is orthogonal to yg ps, when q # g. Two measures [igp, and pig a5 with positive
definite nondegenerate A and B are either equivalent or orthogonal.

THEOREM 5.6. The measures {igp,, and piqa, are equivalent if and only if there exists a
positive definite bounded invertible operator T such that A = B2 TBY2 and T — I € Ly(Y*).

Proof. Using the projective limit we can reduce consideration to the Banach space X.
Let z € X be a marked vector and P, be a projection operator on zK such that P? = P,,
z=2.;zjej, then the chargcteristic functional of the projection ‘ufﬁ;,y of tig g,y has the form
ﬁéf%,y = sl By @i, @y ) (£) for each vector x = &z, where each zj and £ € K,
since viq(f) = (v;(f))z. Choose a sequence {,z:n} in X such that it is the orthonormal
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basis in X and the operator G: X — X such that G,z =, a,z with ,a # 0 for each n € N
and there exists G™! : G(X) — X such that it induces the operator C on a dense subspace
9(Y)in Y such that CBC:Y — Y isinvertible and ||CBC|| and || (CBC)~!|| € [|x|,|m|71].
Then

paar( ) o [y @) by (@) ) (5.10)
pqpy(dx) n—e | AVe(dxm) AV (dxn) ’ :

where V), := spang(jz: j = 1,...,n), x, € V,. Consider x, = G 1(yn), where y, € G(V,,),
then

Uy, (G7dy") U, (GHdy) 7 -
AV (G-tdyn) | AVa(G-tdym) '

are in L(AY"(G'dy™)) for each n such that there exists m € N for which

qu 1dy q%y 1dy”) -1
G-ldyn) AVa(G-1dym)

for each n > m, where || * || istakeninL()LV"(G’ldy”)).ThenNﬂan » (" e llnl, x|t
9.CBCyG~!

for each n > m. Then the existence of yy 4, (dx)/uy 8, (dx) € L(uy,p,) is provided by using
operator G and the consideration of characteristic functionals of measures, [24, Theorem
3.5] and the fact that the Fourier-Stieltjes transform F is the isomorphism of Banach
algebras L(K,Bco(K),v,Us) with Cu(K,Us), where v denotes the Haar normalized by
v(B(K,0,1)) = 1 K,-valued measure on K. If ¢ # g then the measure y4p, is orthogo-
nal to pg g 5, since

€ [Inl,Im|™"] (5.12)

(/"Qva)’)X”
Hg.B,6) x,

lim sup (x)=0 (5.13)

R>0,R+n— o0 x€Xp,

for each g > g due to Formula (3.6), where X,, := spang (e, : m = n, n+1,...,2n), Xz, :=
X, \ B(Xy1,0,R), (p4q,8,y)x, is the projection of the measure 44, on X,. Each term §; in
[24, Theorem 3.5] is in [0,1] C R, consequently, the product in this theorem is either
converging to a positive constant or diverging to zero, hence two measures 4,35, and
Hg A8 are either equivalent or orthogonal. |

THEOREM 5.7. Let X be a Banach space of separable type over a locally compact non-
Archimedean field K and ] be a dense proper K-linear subspace in X such that the embed-
ding operator T : ] — X is compact and nondegenerate, ker(T) = {0}. Then a set M(X,])
of probability Ks-valued measures y on Bco(X) quasi-invariant relative to ] is of cardinality
card(Ky) . If J', ]’ C ], is also a dense K-linear subspace in X, then M.(X,]’) D M(X,]).
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Proof. Since X is of separable type over K, then we can choose for a given compact op-
erator T an orthonormal base in X in which T is diagonal and X is isomorphic with ¢
over K such that in its standard base {e; : j € N} the operator T has the form Te; = aje;,
0+#aj € Kfor each j €N, lim;_a; = 0. As in [24, 25, 26, Theorem 3.15] take g, €
L(K,Bco(K),w' (dx/an),Ks), gn(x) # 0 for v-almost every x € K and ||g,|l = 1 for each n,
for which converges [],_; B, > 0 for each y € J and such that [];_, g,(x,)w' (dx,/a,) =:
v, (dx") satisfies [24, 25, 26, conditions of Lemma 2.3], where S, := llpullg,, 0 # a, €
K for each n € N, p,(x) := pn(dx)/v,(dx), ¢pn(x) := Ny, (x), Au(dx) := gu(x)W' (dx/ay),
then use [24, 25, 26, Theorem 3.5] for the measure v, (dx) := g,(x)w’(dx/a,) and p,(dx)
= V(= yn +dx), X" := (X1,...,Xn), X1,...,X, € K for each n € N. The family of such se-
quences of functions {g, : n € N} has the cardinality card(Ks)*, since in L(v) the subspace
of step functions is dense and card(Bco(X)) = c. The family of all {g, : n} satisfying con-
ditions above for J also satisfies such conditions for J'. From which the latter statement
of this theorem follows. |

TaeorEM 5.8. Let X be a Banach space of separable type over a locally compact non-
Archimedean field K and ] be a dense proper K-linear subspace in X such that the embedding
operator T : ] = X is compact and nondegenerate, ker(T) = {0}, b € C. Then a set Py (X,])
of probability Ks-valued measures y on Beco(X) quasi-invariant and pseudodifferentiable of
order b relative to ] is of cardinality card(K,)<. If J', J' C ], is also a dense K-linear subspace
in X, then Py(X,]’) D Pp(X,]).

Proof. As in [24, Theorem 4.5] choose for T an orthonormal base in X in which T is di-
agonal and X is isomorphic with ¢ over K such that in its standard base {e; : j € N} the
operator T is characterized by Te; = aje;, 0 + aj € Kforeach j € N, lim; . a; = 0. Take
gn from Theorem 5.7, where g, € L(K,Bf (K),w'(dx/a,),Ks), satisfy conditions there and
such that there exists lim,—. PD(b,[1,-; gu(x2)) € L(X,Bco(X),,F) by the variable x
for each z € J, where x € K, K, U G5 C F, and F is a non-Archimedean field. Evidently,
Pp(X,]) € M(X,]). The family of such sequences of functions {g, : n € N} has the cardi-
nality card(Kjs)¢, since in L(v) the subspace of step functions is dense and the condition
of pseudodifferentiability is the integral convergence condition (see [24, 25, 26, Sections
4.1 and 4.2]). O
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