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MEANS ON CV,(G)-SUBSPACES
OF CV,(G) WITH RNP
AND SCHUR PROPERTY

by Frangoise LUST-PIQUARD

Introduction.

Let G be a Ica group and 1 < p < 2. We generalize to the space
CV,(G) of bounded convolution operators: L?(G) - L?(G) (1<p<2)
some results which are obvious for p = 1 and were obtained for p = 2
by L.H. Loomis, G.S. Woodward, P.Glowacki and the author. We
also generalize some results of N. Lohoué on convolution operators.
Our motivation was a question raised by E. Granirer: is there a
generalization of Loomis theorem [Loo] for convolution operators? A
positive answer is given in theorem 2.8: Let E < G be compact and
scattered. Then CV,(E), the space of convolution operators on L?(G)
which are supported on E, is the norm closure of finitely supported
measures on E, and this space has Radon-Nikodym property. We also
prove (theorem 2.14) that under the same assumptions CV,(E) has the
Schur property.

The natural predual of CV,(G) is A4,(G), which by C. Herz
fundamental result is an algebra for pointwise multiplication and has
some properties similar to those of A4,(G) (we recall that A4,(G) is
isometric to L(G) and CV,(G) is isometric to L*(G)). But the proofs
of Loomis theorem for p = 2 actually use the fact that every yeG
defines an isometric multiplier : CV,(G) - CV,(G) and that if S = CV,(G)
has a compact support

ISllcvyer = sup [<S, x|
xe€eG

where G is a group (the dual group of G).

Key-words : Invariant means - Convolution operators - Schur property - Radon-
Nikodym property.

A.M.S. classification : 43A07 - 43A22 - 43A26 - 46D22.



970 FRANCOISE LUST-PIQUARD

One of the ingredients in this paper is to provide CV,(G) with an

equivalent norm such that
ST, = sup [{S,fHI.
feZuG)

where &,(G) is a semi-group of functions of 4,(G). This is done by
using numerical ranges. We can thus adapt to CV,(G) a theory of
means which is the usual one on CV,(G) or rather on L*(G)[Grt], and
which fits Eberlein’s theory ([Eb1] Part. I). Topological means on CV,(G)
were already defined in [G]. This is done in part 1 where we also give

notation, definitions and recall the properties of CV,(G) and A4,(G)
that we need.

In part 2 we prove our main results theorems 2.8 and 2.14. The
crucial lemma 2.2 allows to adapt the techniques of [Loo] [W1] [W2]
[L-P1] [L-P2] [GI]]. In part3 we show how theorems 2.8 and 2.14 also
imply results on some CV,(A) where A is discrete. The main result is
theorem 3.3, which is a generalization of a result of [L-P1] and [L-P3].

In part 3, 4 we give some transfer theorems between CV,(G) and
CV,(Gy) (G4 is G provided with the discrete topology) and we prove
an Eberlein decomposition (theorem 4.2) for elements of CV,(G) which
are totally topologically p-ergodic (see definition 1.7) and we precise it
for (weak) p-almost periodic elements of CV,(G) (see definition 4.5).
This generalizes results of [Eb2] [W2] [L-P2] [Gra] [Lohl].

We take this opportunity to thank Ed. Granirer for nice and useful
discussions.

1. Notation, definitions, states and means on CV,(G).
We consider Banach spaces over the field C of complex numbers.
We denote by X* the dual space of a Banach space X.
For € > 0 D, is the open disc in C centered at {0} with radius¢.

G denotes a lca group, G, is the same group provided with the
discrete topology, G is the dual group of G.

For 1 <p< o LP(G) is the space of equivalence classes of
p-integrable functions with respect to the Haar measure on G; L®(G)

1
is the dual space of L'(G). For 1<p<2 p’ is defined by %+I7=1;
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the duality between L?(G) and L?(G) is defined by

{f,&> = J f(x) g(x)dx.

Co(G) is the space of continuous functions on G which tends to 0 at
infinity. M(G) is the space of bounded Borel measures on G, i.e. the
dual space of Cy(G). For 1 <p <2 CV,(G) denotes the space of
bounded convolution operators: L?(G) — L?(G), i.e. operators which
commute with translation by elements of G, provided with the operator
norm. We recall that CV,(G) = M(G) and CV,(G) is the space of
Fourier transforms of the functions in L*(G).

CV,(G) is also the space of bounded convolution operators:
L?(G) - L”(G) (1<p<2) hence, by Riesz interpolation theorem, identity
is continuous with norm 1

CV,,(G) —» CV,,(G), 1<p, <p,<2.

For 1 < p < oo and fe L?(G) we denote f(x) = f(—x).

For 1 < p < 2 A4,(G) denotes the space of functions f on G which
can be represented as

f= Zun*ﬁn

nz1

where Z NupllLooylwallLs’ oy < + oo and the norm of f is the infimum

nz1

of these sums over all such representations of f .

Hence A4,(G) is the space of Fourier transforms of the elements of
LY(G).

For p=1 we replace L”(G) by C,(G) in the definition above,
hence A4,(G) = Cy(G).

The duality between CVp(G)r and A4,(G) is defined by
(S,uxd)y = (Sw),v).
CV,(G) is clearly the dual space of A4,(G). In particular
Apl(G) « Apz(G)’ 1 < D1 < D2 < 2.

As functions which are continuous on G with a compact support are
dense in L?(G) (1<p<2) 4,,(G) is dense in 4, (G), hence identity:
CV,(G) > CVp (G) is one to one.
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For xe G and feL?(G)(1<p<o) or 4,(G)(1<p<2) we denote
by f, the translate of f by xie. f,(t) = f(t—x). For Se CV,(G) (1<p<2)
the translate S, is defined by S,(f) = (S(f)), for f € L?(G). Translation
in A}*(G) is defined by duality, ie. (S,F,) = (S,,F) for
Fe A}*(G); when restricted to 4,(G) this definition coincides with the
first one. The support of Se CV,(G) is the (closed) set of x'se G such
that for every neighborhood V(x) there exists f € 4,(G) such that f is
supported on V(x) and {S,f) # 0.

Let Ec G be a closed subset; we denote by CV,(E) the closed
subspace of CV,(G) whose elements are supported on a subset of E.
We denote by ¢/'(E)' "W, the closed subspace of CV,(E) = CV,(G)
spanned by measures whose support is finite and lies in E. We denote
by CV,(E;) the closed subspace of CV,(G,) whose elements are
supported on a subset of E. We recall Herz’s fundamental results
([P] proposition 10.2, 19.8) : 4,(G) is a Banach algebra for pointwise
multiplication (1<p<2). Let B,(G) denote the algebra of pointwise
multipliers of 4,(G). Then for fe 4,(G)

”f“Ap(G) = ||f||3p(c;)~

More generally let H be a Ica group such that G, is a subgroup of
H,, the embedding G — H is continuous and G is dense in H (hence
H continuously embeds in G the Bohr compactification of G i.e. the
dual group of G,). Then ([Ey] théoréme 1, [Loh1] chap. IV, théoréme IV.1,
p. 108)

Vf e B,(H), ”fHBp(G) = “f”Bp(H)'

In the sequel we will write only G —» H and this will mean that the
above assumptions on G and H are satisfied. Actually we will only use
the particular cases G - G, G, > G, G- G.

Let @ € B,(G) ; we will consider the pointwise multiplication operator
associated to ¢ and the adjoint operators

4,(G) - A4,(G)
_ [~ of
CV,(G) « CVi(G)
oS - S
AF(G)~ A3*(G)
F ~» oF.
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Let E < G be a closed subset; I,(E) is the closed ideal of functions
of A,(G) which are zero on E. We denote the quotient algebra
4,(G)
I,(E)
A,(G) ([H1] theorem B, [P] proposition 19.19) which means that if
fe€A4,(G) and f(x) = 0, f is the norm limit of a sequence of functions
in A4,(G) which are zero on a neighborhood of x inG.

by A,(E). We recall that every xe G is a set of synthesis for

Let W < G be a set of positive finite Haar measure. We denote
Qow = |W| 1y =1y,
H(pW“Ap(G) =1=00)(1<p<2).

The group G satisfies Folner-condition ([Gre] theorem 3.6.2): for
every € >0 and every compact K< G there is a compact set
W = W(K) = G with finite positive Haar measure such that

1
VxeK, — |WAW| <ck.

/4
Hence
(Iw)x 1y 1
Vxe K, - — < gP,
‘|W| VB WP b

By [H2] 9. lemma 5, the family (¢w«))x iS an approximate identity for
A4,(G) i.e. for every € > 0 and fe A4,(G) there exists a compact set
K = G such that ||f——f(pw(K)||ApG) < €. Obviously every @y, has a

compact support.

If G is provided with its discrete topology and if F < G is a finite
set (i.e. F is a compact set in G,) we denote Pp= |F|™' 1p%1,
(convolution is taken in G,) instead of @y. Let & be the net of finite

F
subsets of G. For every xe G Pp(x) — 1.

We recall that a Banach space X has the Schur property if every
sequence (X,),»; in X such that x, - 0 o(X,X*) is norm convergent.
A Banach space X has the Radon-Nikodym property (RNP in short) if
every bounded linear operator 7: L*[0 1] — X is representable i.e. there
exists a bounded strongly measurable function F: [0 1] - X s.t.

VoeL'[0 1, T(p) = j F@o() dt.
01
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We recall that if every separable subspace of X has RNP so has X
and that every separable dual space has RNP.

States on CV,(G).
CV,(G) (1<p<2) is a convolution algebra with unit §,.

Following the theory of numerical ranges [BD], we denote by &,(G)
the following set of states on CV,(G):

Fp(G) = {f € 4,(O)lIf lla,=1=f(0)}.
Let
n,(G) = {feAp(G)|f=g * H,Hg”LP(G):”h”LP’(G):Jg(x)h(x)dx= 1}.

Obviously n, = &,.

Lemma 1.1. — (i) &,(G) is the norm closure of the convex hull of
7,(G).

(i) £°(G) = {Fe A3*(G)| | Fllager=1=<F, 80>}

Proof. — Let us denote the last set by 2,.

Obviously 2, is norm closed and convex, and
Con,c &, &Y < 9,
By [BD] chap. 1, § 2, definition 1 and chap. 3, §9, theorem 3:
VSe CVy(G), ColdSifD}sen, = ((S.F)}res, < C.
As
ColdS. Y eny © (S D rewr, = S FDYpegp (K. Fres,

these sets are the same and Hahn-Banach theorem implies (i) and (ii).
a

By the fundamental theorem on numerical ranges [BD] chap. 1, §4,
theorem 1,

1Sllev,) = :Ug IS, F)| > e} 1Slicv, )
hence by lemma 1.1

(1) VSeCV,(G) ”S”cvp(c) > sup [KS,fHl=e? “S”CVP(G)'

feFp(G)
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As we are investigating geometric properties of subspaces of CV,(G)
we can as well provide CV,(G) with the equivalent norm
sup |<S,f)]. The set &,(G) is the set of functions in the unit sphere

feFn(G)
of A4,(G) such that f >0 on G. Hence ¥,(G)(1<p<2) will replace
the face of positive elements in the unit sphere of L'(G).

Remark 1.2. — Let us mention ([BD] chap. 6, § 31, theorem 1) that
the mappings
S~ ({S,1)
CV,(G) » C(#,) or CV,(G) » C(¥Y)

are isometries of CV,(G) provided with its new norm into a closed
subspace of the continuous functions on &, or & 3° provided with the
(4,(G)**,CV,(G)) topology. &,° is compact for this topology and the
closure of &%,. Every Fe A¥*(G) can be written as

F = o,F, — a,F, + i, Fy — ioF,

4
where F;e #,°(G), o; > 0 (1<i<4) and ) o; < \/Esup |{S,F)| where
i=1

the supremum is taken on
{SeCV,(G)IVfeZp(G) ILS,fHI<1}. a

As A,(G) is an algebra for pointwise multiplication & ,(G) is an
abelian semi-group. Multiplication by f € &,(G) is continuous on & ,(G)
provided with o(4,(G)**, CV,(G)), ie. F,(G) is a semi-topological
semi-group. In this setting the measures ad,(a € C) are constant functions
on #,(G) and if SeCV,(G), fe&,(G)fS is the translate of S
(considered as a function on &,(G)) by f. The set {fS};. 7@ 18 the
orbit of S under the action of &,(G). We denote by K its pointwise
closure (for pointwise convergence on &,(G)); by remark 1.2 K can
be also identified with the closure of {fS},. #5(6) for o(CV,(G),4,(G)).
&Z,(G) is convex (as a subset of functions on G) and S defines an
affine function on &,(G).

Means on CV,(G).

DEerFiNiTION 1.3. — Let G be a Ica group and let G - H. Let 1<p<2.
A H-mean on CV,(G) is an element me ¥ ’(G) such that

Voe S, (H), om =ri.
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This definition is consistent because ¥p(H) < B,(G). The set of
H-means is compact for o(4,(G)**, CV,(G)).

If H= G a H-mean is called a topological mean [Gra].

If H= G a H-mean is called a mean. If p = 2 means and topological
means on CV,(G) are Fourier transforms of usual means and topological
means on L, (G). If G is discrete the only topological mean on CV,(G)
18 1,,(1<p<2). If p=1 and G is any lca group the only mean on
CV.(G) = M(G) is 1. '

LEMMA 1.4. — Let G be a Ica group, G- H, 1 <p <2.

(i) Let m be a H-mean. Let @eB,(H) be such that
H(p“Bp(H) = 1= ¢(0). Then ori = m.

(ii) A topological mean on CV,(G) is a H-mean.

Proof. — (i) Let ¢@,e&,(H). By definition ¢y = m hence
0@, = @m. As 9@, € & ,(H) 0@, = mir.

(ii) Let m be a topological mean and ¢ € & ,(H). As ¢ € B,(G)
om = m by (i). O

This proof is similar to [Gre] proposition 2.1.3.

LemMAa 1.5. — Let G be a Ica group, G>H, 1 <p <?2.

(i) Let (W,)yca be a basis of open neighborhoods of {0} in H. Let
(f1)sca be a net in &,(G) such that f, is supported on W, for every
o. Then every cluster point of (fy)eca for c(A}*(G), CV,(G)) is a H-
mean.

(ii) Conversely let m be a H-mean on CV,(G). There exists a net
(fouea in F,(G) such that (a): f, > m, oc(A}*(G),CV,(G)); (b)for
every open neighborhood W of {0} in H there exists a,€ A such that for
every o > o, f, is supported on Wn G.

Proof. — (i) Let Fe #(G) be a cluster point of (f,)sca. Let
oeF,(H). As {0} is a set of synthesis for A,(H), for every ¢ >0
there exists ¢, such that II(P—%HAP(H) < g and ¢ = 1 in a neighborhood
W of {0} in H. As soon as W, < W o.f, = f, hence ¢.F = F and
lQF = @.Fllagey < ll(p—(pEHBP(G) < ¢. This implies F = oF.

(ii) Let m be a H-mean on CV,(G). For every heighborhood W of
{0} in H let W’ be a neighborhood of {0} in H such that W' — W' < W.
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As @y is a multiplier of &,(G) m = @y lies in {F,(G)NL,(W°NG)}™.
Hence
it € (V{Z(G)NL(WnG)}®
w

where W runs through a basis of neighborhoods of {0} in H, and this
proves the claim. O

Let G be a Ica group and G - H. For 1 < p <2 and Se CV,(G)
let us define

MJ(S) = {{S,m)|m is a H-mean on CV,(G)}.
If H= G we will write M3(S) = M,(S).
ME(S) is a compact subset of C and ME(S) > M¥(S) (1<p<2).
If ¢ F,(G) M(eS) = M(S).

LemMa 16, — Let G be a Ica group and G- H. Let
SeCV,(G)(1<p<2). Then for every & > 0 there exists an open
neighborhood W(0) in H such that MJ(S) < {{S,/>|If € F,(G), [ is
supported on WnG} = My(S) + D,.

Proof. — The left inclusion is obvious by lemma 1.5 (ii). If the
right one does not hold there exists € > 0 such that for every W(0) in
H there exists f€¥,(G), supported on W(0) such that
d(<S, fan . ME(S)) = g. By lemma 1.5(i) any cluster point of (f(w))
for c(43*(G), CV,(G)) (when W runs through a basis of neighborhoods
of {0} in H) is a H-mean ri, and the distance from {S,m) to MZ(S)
would be greater than €, which is a contradiction.

DerintTioN 1.7. — Let G be a Ica group, G> H, 1 < p<2. An
element Se CV,(G) is H-p-ergodic at 0 if MEZ(S) is a point. S is
H-p-ergodic at xe G if S, is H-p-ergodic at 0 and S is H-p-totally
ergodic if it is H-p-ergodic at every point xe G. If H = G we say that
S is topologically p-ergodic at x instead of G-p-ergodic at x .

This definition is apparently weaker than [Eb1] definition 3.1. Hence
our next lemma is stronger than [Ebl] theorem 3.1 applied to this
setting.

For p = 2 it was proved in [W1] corollary 3, under the assumption
that S is uniformly continuous and in full generality in [L-P2] proposi-
tion 1.
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LemmAa 18. — Let G be a lca group, G>H, 1 <p<2. The
following assertions on S e CV,(G) are equivalent :

(i) S is H-p-ergodic at 0.
(ii)) There exists M € C such that

Ve >0, Jdoe¥,(H), ||(PS_M80||CVP(G)<8.

(iii) There exists M e C such that for every & > O there exists
€ A,(H) whose support is disjoint from {0} and

”S"Mso_‘bsncvp(m <e.

Proof. — (iii) > (i) by lemma 1.5 (i), and M%(S) = {M}.

(i) = (i) : let us put {M} = MJ(S) hence ME(S—M3,) = {0}. For
every € > 0 we choose W as in lemma 1.6. Hence if W' — W' c W
and W’ is an open neighborhood of {0} in H

VfeFy(G), IKS—M3,,fow,)| <e

which implies by (1)
lPw, S—MSOHCVP(G) < ee
(ii) = (iii) For every € > 0 let ¢ be as in (ii). As {0} is a set of

synthesis for A4,(H) there exists @.€ 4,(H) such that ||¢— ] A S €
and @, = 1 in a neighborhood of {0} in H. For y =1 — ¢,

||S"M50_‘1’S||cvp(c) = ||(PeS_M50||cvp(G) <et 3||S||cvp(o)~ d

DEeFINITION 1.9. — Let G be a lca group, 1 < p < 2. UC,(G) is
the closed subspace of CV,(G) spanned by compactly supported elements.

Obviously UC,(G) is the norm closure in CV,(G) of
{fSIf € 4,(G),S € CV,(G)}.

It is a norm closed unitary subalgebra of CV,(G) ([Gra], proposition 12).
UC,(G) is the space of Fourier transforms of uniformly continuous
functions on G. B,(G) can be identified with a subspace of UC,(G)*
in the following way : let (@,)sc4 € ¥,(G) be an approximate identity
for 4,(G) and Fe B,(G). For every Se CV,(G) and f € A,(G)

f$,F9) = (S,fFe.) — <S,fF)
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hence the net (FQ,),.s which is bounded in A,(G) (hence in
UCH(G)) converges for o(UC,(G)*, UC,(G)), its limit can be identified
with F.

Lemma 1.10. — Let G be a Ica group, G> H, 1 <p < 2.

(i) Let m be a H-mean on CV,(G). For every ¢ € &,(G) om is a
topological mean.

(il) A topological mean is uniquely determined by its restriction to
UC,(G).

(i) Let Se UC,(G). Then MH(S) = M,(S).

Proof. — Let K < G be a compact set. The topologies on K induced
by G and H are the same. For every neighborhood V of {0} in G there
exists a neighborhood W of {0} in H such that Vn K> Wn K.

(@) Let (fu)yca€&Lp(G), fyu—m as in lemma 1.5 (ii). Hence if
0eZL,(G) ofy = om, o(A¥*(G),CV,(G)) and if ¢ has a compact
support K the above remark and lemma 1.5 (i) imply that om is a
topological mean. Every ¢ e %,(G) is the norm limit in 4,(G) of
(@n)n>1€ £,(G) where ¢, has a compact support (n>1). Hence
¢,m(n=1) and om are topological means.

(ii) Let m be a topological mean on CV,(G). Then
VSe CV,(G), Voe,(G), (S,m) = <S,omy = {@S,m)

hence if i and m’ are topological means which coincide on UC,(G)
they coincide on CV,(G).

(iii) Let us first assume that S has a compact support and let
K = G be a compact set whose interior contains the support of S. Let
0eS,(G). As {0} is a set of synthesis for A4,(G), for every € > 0
there exists ¢. such that [[¢ —@.[l4,) < € and ¢, = 1 in a neighborhood
of {0} in G which we denote by V. Let W < H be such that
WnKcVnK. Hence for every fe A,(G) which is supported on
W({1—o)f el,(K)and {S,(1—¢,)f> = 0. For every H-mean ri lemma 1.5
(ii) now implies {S,m) = (S, hence {(S,m)y = {S,pm). The same
is true if S is a norm limit of S,’s with compact supports. By (i) om
is a topological mean, hence M,(S) = MJ(S).

Lemma 1.10 (iii) generalizes the fact that there is no need to
distinguish means and topological means on uniformly continuous
functions of G ([Gre], lemma 2.2.2).
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Though we won’t use the next results in the next parts of this paper
- we think they are worth being noticed.

. Lemma 1.11. — Let G be a Ica group, G>H, 1 <p<2. Let
(¥Fp)pecn be a basis of neighborhoods of {0} in H and Se€ CV,(G). The
. following assertions are equivalent :
- (i) S is H-p-ergodic.

(i) For every net (fy)yea in &,(G) such that for every Vj there
exists o(B) such that f, is supported on Vy for every a > o(P), the net
€S,/ )uca converges.

(i) For every net (fy)yea as in (i) (f4S)yca iS norm converging in
€V,(G).

Proof. — (i) = (ii) : by lemma 1.5 (i) every cluster point of (fy)yeca
for o(A;’,‘*(G),CVp(G)) is a H-mean.

(i1) = (i) ¥ if; (fu)uea 1s @ net as in (ii) such that (f,S),c4 is not a
Cauchy filter for the norm there exists € > 0 such that for every ae 4
there exist a” > o' > o and

1 farS— fa(’S”CVp(G) = €,
hence by (1) there exists g, € ¥,(G) such that

|<fa"S’gu> - <fa'S,g<x>| = Ee_l .

The net .(h,),.c defined by hy:y= gy hyo= fungy ie. C=(4,{1,2})
..gatisfies the assumptions of (ii),. yet ({S,h,)),. does not converge.

(i) = (1) : let (fu)xea be a net as in (ii). The norm limit of (f,S)yc 4
must be M3, where M e C might depend on (f,),.s. Hence M3,
belongs to the norm closure of ¥,(G)S. Let m be a topological mean
on CV,(G). Then {S,m) = {(Md,,m) = M hence M does not depend
on the net (f,),c.: In particular for every net (f,),.. as in (i)

foS = My,  o(CV,y(G), A7*(G))
hence
oS = M3y, - a(UC,G), UCH(G)).

As the constant function 1 belongs to B,(G) hence to UCF(G)
(8, fu>-=KfaS51) - M.

By lemma 1.5 (ii) this implies {S,m)-= M for every H-mean m on
CV,(G). ]
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Lemma 1.11 generalizes [L-P2], theorem 1.

Actually (fy)seca in lemma 1.11 can be taken in %,(G); hence ift
Se CV,(G) is H-p-ergodic there is a scalar multiple of 3, in the norm
closure of %,(G)S in CV,(G).

Let Se CV,(G). We recall that Ky is the closure of the convex set
F,(G)S for o(CV,(G),4,(G)). Ks is compact for this topology. For
every Fe B,(G) such that IFlls,6) = F(0) = 1 FS belongs to K as a
limit of (@uFS)yca Where (@q)ycs€ S,(G) is an approximate identity
for 4,(G). Bus this does not give the whole of K in general (especially
if G is compact). Let ¢" € #,(G)*. We define ¢”S as an element of
CV,(G) as follows : let (9,),c4 be a bounded ‘net in #,(G) converging
to ¢” for oc(4}*(G),CV,(G)); ¢"S is the limit of (9,S),., for
o(CV,(G),A,(G)). Clearly

Ks = {9"S|9" € #;°(G)}
and actually we only have to consider the restriction of ¢”’s to UC,(G).
If G is discrete UC,(G) is the norm closure in CV,(G) of finitely

supported measures. In this case UC,(G)* = B,(G) 'by’[Loh], chap. IV,
theorem 1, p. 79, [H2], theorem 2, [P], proposition 19.11.

We now consider the following questions: when is a H-mean
constant on Kg? when is it a Baire — 1 function on Ky (provided with
its o(CV,(G),A,(G)) topology) ?

LemMMa 1.12. — Let G be a Ica group, G—» H, 1 <p <2. Let
SeCV,(G). Let m be a H-mean which¢'is constant on Ks. Then
coincide on Kg with a topological mean and S is topologically p-ergodic.

Proof. — By assumption for every ¢” € #°(G) <¢"S,m) = M. For
every ¢ € ,(G) 9¢"S € K hence

9"S,0m) = {Q@"S,m) = M
and o@m is a topological mean by lemma 1.10.

Let (fyxeca be a net in %,(G) converging to m  for
o (AF*(G),CV,(G)):

Yo" € Z5(G)", {fuS,9") = (9”8, [u) = @"S;m)y = M'= (M5, ¢").

By Remark 1.2'it implies that M, belongs to the ‘weak closure of
&,(G)S, hence to the norm closure of %,(G)S which implies the claim
by lemma 1.5.
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Lemma 1.13. — Let G be a Ica group, G- H, 1 <p<2. Let
Se CV,(G). The following assertions are equivalent :

(i) S is H-p-ergodic

(ii) every H-mean on CV,(G) is constant on Kg

(iii) all H-means on CV,(G) are constant and equal on Kj.

If H= G these assertions are equivalent to

(iv) there exists a topological mean which is constant on Kg.

Proof. — (i) = (i) : By lemma 1.8 there exists M e C such that for
every € > 0 there exists Yy e & ,(H) with [|[yS—MJ,|| < € hence for
every H-mean m and ¢" € & °(G)

(o"S,my = (Yo"S,my  and V"S- M|l < e
which implies {@"S,m) = M.

(i) = (i) by lemma 1.12.

(iii) = (i) : we saw that S e Kg hence the claim is obvious.

If H= G (iii)) = (iv) is obvious and (iv) = (i) by lemma 1.12. u)

Se CV,(G) may be topologically p-ergodic without K being the
norm closure of &,(G)S: for example if G is discrete, if S does not
belong to the norm closure of finitely supported measures, S belongs

to Ks and not to UC,(G) hence not to &,(G)S'!, though § is
topologically p-ergodic.

Lemma 1.14. — Let G be a lca group, G- H, 1 < p<2. Let
SeCV,(G). Then &,(H)S is dense in Kg for o(CV,(G),4,(G)).

Proof. — As ¥,(H) lies in B,(G) we saw that & ,(H)S lies in K.

By [Lohl], chap. II, theorem 1.2 or [Loh2], theorem 1, if T e CV,(G)
has a compact support it determines 7€ CV,(H) such that
’THCVP(G) = “ﬂlCVp(H) and

VFe A,(H), (T,F) = lim {(FT,0,)

where (9,),e4 1S an approximate identity (in &% ,(G)) for 4,(G).

Hence there is a canonical isometry from UCp(G) to a closed unitary
subalgebra E, of UC,(H) = CV,(H).
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Every ¢ € &,(G) defines a state on UC,(G) hence it can be identified
with the restriction to E, of an element ¢ € & °(H). Hence there exists
a net (@plgep in &,(H) such that

Vi€ 4,(G), <@pS.f> = {fS.0p) 5 S50 = (S, />
which proves the claim.

Lohoué’s theorem is obvious if p = 2 and easy if G is discrete (see
lemma 13.2 below).

Lemma 1.14 implies that a H-mean which is continuous on Kj is

constant on Kj.

ProrpositioN 1.15. — Let G be a metric Ica group, G - H, 1 < p < 2.
Let Se CV,(G) and let mi be a H-mean on CV,(G). If {(S,m) ¢ M,(S)
m is not a Baire 1-function on Kj.

Proof. — If m is a Baire l-function on Ky there is an open set
0 = K; such that

diam (€0, 1)} < 3 d(<S,1), M,(S)).

As &,(G)S and &,(H)S are dense in K by definition and lemma 1.14
there exist ¥ € ¥,(G) and ¢ € &,(H) such that

diam {<0,/>} > [<YS,m) =L @S,m)| = [YS,m) =S, m)|.
By lemma 1.10 Y is a topological mean, hence
[US,m)y =L S,mp| = d({S,m),M,(S))

which is a contradiction.

If G is discrete every Se CV,(G) has a countable support hence K
is metrizable and the conclusion of proposition 1.15 holds true:

If m is a H-mean and if {(S,m) # {S,1,;,> m is not a Baire
1-function on Kj.

For general Ica group G we do not know if there exist H-means
on CV,(G) which are Baire 1-functions on K without being constant
on K.



984 FRANGCOISE LUST-PIQUARD

2. Some subspaces of CV,(G) with Radon-Nikodym
and Schur property.
A generalization of Loonris theorem.

We first prove a lemma (lemma 2.2 (b) below) which will be a key
for this paper. It is obvious when p = 2 and is implicitly used in [W1],
[W2] for p = 2, in [Lohl] for 1 < p < 2. Neither in [W1] nor in [Loh]
its whole strengh is used.

LemMA 2.1. — Let G be alca group, G > H,1 < p<2. Let F= G
be a finite set. There exists a neighborhood W of {0} in H such that,
for every (k,k') € n,(G) supported on W x W, ¢k * k') * Py, lies in Zo(G),
where (k * k') % Py is defined by

(kxk)xPp=Y Pulx)(k xk"),,.

Pp(x;)#0

Proof. — We choose W a neighborhood of {0} in H such that the
sets x; + W (x; € F) are pairwise disjoint. Let (k,k") € n,(G) be supported
on W x W. Hence

1= ”m-”ﬂ Y K,

XiGF

<1Fr1< Y kx,.)*< Y, (lc';,.))

(ii) |F|‘1< > kxi>*< ¥ (k';j.))
= |FI7'Y Y (k# K Yyoy = (k% k') % Pg
(iv) (k*k')*Pp(0)=k*k'(0)=1.

} H'F‘“”‘" A
LPG)

ijF

LP(6)

(i) 12\

Ap(©)

LemMmA 2.2. — Let G be a Ica group, G > H, 1 < p<2.a) Let
W be a neighborhood of {0} in H.

For every fe€%,(G) oyuf lies in the norm closed convex hull of
{k+k'|(k,k"y e m,(G),(k, k') is supported on W x W}.

b) Let F < G be a finite set and m be a H-mean on CV,(G). Then
m* Pp lies in #3°(G), where i Py is defined by

m* Pp = Z PF(xi)mxi'

Pp(x;)#0
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Proof. — a)The claim is proved for fe¥,(G) as soon as it is
proved for f = g=* g where (g,8")€ n,(G) owing to lemma 1.1.

By the proof of [Ey] theorem 1, (g * £')oy belongs to the norm
closed convex hull of

gIW| 7P (1y), g W1 (1), -
—1/py * = -1/p’ =k=«k
gl W) (IW)x”Lp(G) llg'1w)—1e (lw)x”LP’(G)
where x € G, and
_ gLAWIT, o= B Wy
llg—xI W Pyl Lo el W1~V Ll Lo

b) Let (fy)uca € Lp(G) be such that f, » m, c(A}*(G),CV,(G)).
Let W be chosen as in lemma 2.1. By lemmas2.1 and 2.2 (a)
(fu®w) * Pre ¥,(G). Obviously

(fa@w) * Pr ;o7 i x P, o(A¥*(G),CV,(G). a

The proof of lemma 2.2b is much simpler for p = 2: let (f,)yca
be a net as in lemmal.5b. Then f,>0 hence f,Pr>0.
Ifa* Prllagoy = fu* Pr(0); moreover f,x Pp(0) = f,(0)P0) =1 as
soon as the x; + W(x;e F) are disjoint and f, is supported on .

Lemma 2.2 will be the main ingredient in the definition of the
mappings A, in part4. It is also an ingredient in the proof of
proposition 2.3 below, and it will be revisited in the proof of lemma 2.10
below. Proposition2.3 is a generalization of [W1] theorem 9 (ii). We
keep some arguments of his proof but his crucial use of properties of
. almost periodic functions is replaced by lemma 2.2.

ProrosiTioN 2.3. — Let G be a Ica group, G > H, 1 < p < 2. Let
us assume that S € CV,(G) is H-p-ergodic at every x # 0, x€ G. Then
for “every € > 0 there exists ¢ € % ,(H) such that for every finite set
FcG

Let us write it in another way: let m be a H-mean on CV,(G). Let

Q" = Z PF(X;)ﬁlxi = mx{(Pr—1,,) € AT7(G).

x;#0

<E.
CVp(G)

z Pr(x)o(x;) M;’(Sx,») Sxi
x;#0
Pp(x;)#0
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Then ¢@”(¢S) defined as an element of CV,(G) as in part 1 (description
of Kj) satisfies

@"(9S) = 3, Pr(x)o(x)M}(S,)3,,.
x;#0
Proposition 2.3 does not imply that S is H-p-ergodic at 0 in general.
But if G is not discrete and if we apply it for G = G, and H = G we
get that for every € > 0 there exists ¢ € &,(G) such that

VF finite F < G [|Pp(0S—{S,1;)80)llcvcn < €

hence
oS — <S,1,07 6o||cvp(ad) <€

which means by lemma 1.8 that Se CV,(G,) is G-p-ergodic at 0. For
p = 2 this was noticed in [Gl].

Thus Proposition 2.3 easily implies the following corollary whose
proof is the same as in [GIl] Corollary 2, where p = 2:

COROLLARY 2.4. — Let G be a Ica group, 1 < p<2. Let Ec G
be closed and scattered. Then every S € CV,(E;) < CV,(Gy) is G-totally
p-ergodic.

Proof. — Let N = {xe G|S is not G-p-ergodic at x}. By lemma 1.8
N < E because E is closed in G. Let N be the closure of N in E. If
N is not empty there exists x € N which is an isolated point of N
hence x € N. But there exists ¢ € ¥,(G) such that the support of ¢,S
meets N only at {x}. By Proposition2.3 and the remark above ¢,S is
G-p-ergodic at x hence so is S and this is a contradiction.

Proof of proposition 2.3. — For every € > 0 we choose W(0) c H
as in lemma 1.6 and ¢ = @y €S, (H) such that W’ is an open
neighborhood of {0} in H and W’ — W’ < W. For every finite set
F < G, every H-mean m on CV,(G) and every ge ¥,(G) lemma 1.6
and lemma 2.2 (b) imply

geS, Y Pr(x)m.>eMy(S) + D,.
Pp(xj)#0
On the other hand
€S, Y Prlx)m.y ={S;my + Y Pp(x)g(x)e(x,){S, ) .

Pp(x))#0 Pp(x)#0
x;#0



MEANS ON CV,(G) 987
Hence for every ge &%,(G), as S is H-p-ergodic at every x # 0

ME(S) + < Y Prx)o(x)M(S:)8,8) = M(S) + D..
Ppr(xj)#0
x;#0

Hence
sup (<) Pe(x)@(x)M}(S:)8,,8>1 < €

g€ Y p(G) Pp(x))#0
x;#0

which implies by (1)
Z PF(xi)(p(xi)Mg(Sxi)Bxi

Pp(x;)#0
X;#0

CVp(6) < eg. —

In order to prove our generalization of Loomis theorem (theorem 2.8
below) we now state the obvious generalization of a part of the original
proof.

DEFINITION 2.5. — Let G be a Ica group, and 1 < p < 2. An element
S € CV,(G) if p-almost periodic if Se¢'(G) 'cvp©) ie. if S lies in the
norm closure in CV,(G) of finitely supported measures. S is said to be
p-almost periodic at x € G if there exists f € A,(G) such that f(x) # 0
and fS is p-almost periodic.

Equivalent definitions of p-almost periodic elements of CV,(G) are
given in theorem 4.8 below.

LEMMA 2.6. — Let G be a lca group, G > H, 1 <p < 2.

a) If Se CV,(G) is p-almost periodic, S is totally H-p-ergodic and
for every & > 0 there exists a finite set F = G such that for every
H-mean m

IS = * P)Slieyyoy <& and S — (x Pr)Sel(G) V@,
b) If Se CV,(G) has a compact support K and is p-almost periodic
at every point of K, S is p-almost periodic.

c) If SeCV,(G) has a compact support K, such that 0e K. is
p-almost periodic at every xe K, x # 0, and topologically p-ergodic at
0, S is p-almost periodic.
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Proof. — a) (m = P)S is defined as in part 1 (see also proposition 2.3)
as a finitely supported measure. Moreover for every S’ e CV,(G)

(i * PF)SﬂHcvpm) < “SIHCVP(G)

by definition and lemma 2.2. Both assertions of (a) are obvious if S is
a finitely supported measure and verified by norm density if
Se/'(G) cvp©) . (These facts will be used again in lemma 3.2 and
theorem 4.1.)

The proof of b) is amalogue to [Loo] theorem 1: there exist
(f)1<j<n € A5(G) such that f,S is p-almost periodic and Y f;> 0 on

1<j<n

K, there exists f € 4,(6G) such that f ( Y f j> = 1 in a neighborhood

1<j<n

of K hence S = Y [f;S is p-almost periodic.
1<j<n
c) Every US defined as in lemma 1.8 (iii) satisfies the assumptions
of (b), hence S is p-almost periodic and so is S by lemma 1.8, [

We now prove a generalization of [Loo] theorem 2.3, but with a
different proof : it will be a consequence of proposition 2.3.

ProposITION2.7. — Let G be a lca group, 1 < p < 2. Let Se CV,(G)
with a compact support K such that 0e K. If S is p-almost periodic at
every x € k except {0} then S is p-almost periodic.

Proof. — By lemma 2.6 it is enough to show that S is topologically
p-ergodic at {0}. S verifies the assumptions of Proposition2.3 for
H = G. For every ¢ > 0 we choose ¢ €.%,(G) as in proposition 2.3
and we choose f, ge & ,(G) such that

diam M,(S) — & = diam M,(¢S) — & = |[{@S,f—g)|.

As {0} is a set of synthesis for A4,(G) our assumption on S implies
that (f —g)oS is p-almost periodic at every x € G hence p-almost periodic
by lemma 2.6 b). By lemma 2.6 a), for every € > O there exists a finite
set F = G such that for any mean m on CV,(G)

1(f =8)eS=(m* Pe)(f —8)oS 775/ llevye < €.
Let W < G be a compact set such that
1(f =8~ (f —8ewllae < elSllcv, -
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Hence by our choice of ¢

@S, f—g)| < e+ [(f~8)eS, 0wy | < 2e+ 00 * Pr)(f )9S, 0u)|
= 2e+[{(Mm* (Pr—1,0))0S,0w(f —8))| < 4¢.
Hence diam M,(S) < 5¢ and S is topologically p-ergodic at {0}.

THEOREM 2.8. — Let G be a Ica group, 1 < p < 2.

a) Let Ec G be compact and scattered. Then CV,(E) =
/Y (E)" vy and CV,(E) has Radon-Nikodym property.

b) If Ec G is compact and not scattered CV,(E) does not have
Radon-Nikodym property nor Schur property.

Theorem 2.8 is obvious for p=1. For p = 2 theorem 2.8 (a) is
Loomis theorem [Loo].

Proof. — a) Proposition 2.7 implies that every Se CV,(F) is p-
almost periodic at every x € G exactly as in [Loo] proof of theorem 4,
or as in the proof of corollary 2.4 above. Lemma 2.6 finishes the proof
of the first assertion. Every separable subspace of CV,(E) is a subspace
of CV,(E') where E’ is a separable closed subset of E. Hence E’ is
compact and countable. By the first assertion CV,(E") is separable, and
it is a dual space. Hence CV,(E’') and CV,(E) have RNP.

b) The proof is the same as for p = 2 [L-P1] proposition 3 : By {V]
chap. 4.3, E has a closed perfect subset E’ such that

M(E") = CV,(E") = CV,(E")
and M(E’) does not have RNP nor the Schur property. O

Theorem 2.8 (a) implies the following corollary exactly as Loomis
theorem implies [Gl] Proposition4 :

CoROLLARY 2.9. — Let G be a Ica group and let F = G be closed
and scattered. Then every S € CV,(E)(1<p<2) is totally topologically
p-ergodic.

Proof. — We prove that S is topologically p-ergodic at {0}. Let
fe%,(G) with a compact support. The support of 'S is compact and
scattered hence by theorem 2.8 (a) and lemma 2.6 fS is topologically
p-ergodic at {0} hence so is S.
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Our aim now is to prove (theorem 2.14 below) that under the
assumptions of theorem 2.8 (a) CV,(E) has the Schur property. Exactly
as in the case p = 2 [L-P1] theorem 1, we begin with the case where E
is a convergent sequence. The following lemma is crucial. It is a
generalization of [W1], proof of theorem 9 (ii), and the proof uses the
same ideas as lemma 2.2, proposition 2.3 above.

LemMA 2.10. — Let G be a Ica group and E = (ex)ys, = G be a
sequence such that e, — 0(k— +o0) and e, # 0(k=>1). Let 1 < p < 2.

a) For every N > 1 and € > 0 there exists Wy, a neighborhood of
{0} in G such that for every f, ge ¥ ,(G) there exists he &,(G) such
that

(1) ||g_h||Ap(EN) < 2
(i1) Hf_g”AP(WN,S) < 2¢

where Ey = {e,, ... ,ex}.

b) Let 0 be an open subset of the compact metric topological space
& 3(G) provided with o(A}*(G),CV,(E)). There exists W a neighborhood
of {0} in G such that for every S e CV,(E) which is supported on W
and every topological mean m on CV,(G)

(iif) sup [<S=<S8,m)8, )1 < 25up [<S=(Smi)do, )1,

fedp(G)

(iv) [1S=<S,m)80llcv, g, < 2e diam {<S,0)}.

Proof. — a) Let (gi)iesy, be a finite family in &,(G) such that
(V) Vgeyp(G)’ ale IN,:’ “g_gillAp(EN) < €.

As {0} is a set of synthesis for A4,(G) there exists Vy . a neighborhood
of {0} in G such that

(vi) Viely,., ligi— IHAp(VN,a) <€,
where V. is the closure of Vy, in G.

There exists a finite set Fy, < G such that
N

(vii) HI_PFN’gnAz(EN)s Z II_PFN’E(ek)I < €.
k=1

There exists Vy, a neighborhood of {0} in G such that
Vie = Ve < Vye,and the x; + Viy, — Viy.(x;€ Fy. U {Fy.— Fy.}) are
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pairwise disjoint. There exists Wy, a neighborhood of {0} in G such
that

(viii) 1|1“(PV;,£||AP(WN,E) < e
For every fe%,(G) (0v,.f) * Pr, € ¥,(G) by lemmas 2.1, 2.2 (a).

Hence by (vii)
(ix) Vie Iy ((@v,,f) * Pry )8 € &,(G).

k
() ligi= (@v,, [ * Pry J&illa,ey = 118 Y = Pry @)y < €.
k=1

For every ge %,(G) we choose i,e Iy, such that 18— 8iollapey < €.
Let h = ((9v, /) * Pry )8,
Then he &,(G) by (ix) and satisfies (i) by our choice of g, and
(x). Moreover by our choice of V., (viii)) and (vi)
W =Pl ay oty o, <N f = @ty SNy, + 110, ) * Py~ hllayony,, < 26
which proves (ii).

b) Let 0 be as in the statement. By theorem 2.8 (a) there exist
hye #,(G), N and 0 < ¢ < (6e)™" such that

05 {he FL(G)IVISKSN |h(ex)—hole)| <2¢}.

Let W = Wy, be chosen as in (a). Let Se CV,(E) which is supported
on W and let fe %,(G) be such that

(xi) (1—8),, sup [{S=L8,my8, f'H] < [KS=L8,m)8o, f ).

ey’p G)
Let us define h as in (a) for this f and g = h,. By (i) he O and (ii),
(xi) imply (i) via (1).

We now prove (iv): let Pr, be defined as in (a) and let
h' = (i Pgy )h,.

By lemma 2.2 (b) h" € &;°(G) ; for k > 1{8,,,h") = Pr, (ex)ho(ex) hence
h' €0 by (vii). By (i) and our choice of W
(xii)) [{S=LS,m)8o, fH1 = XS, [ —=LSmy| =[S, f)—=<S,h")]
< 2€l|S = {(8,m) 8ol cvyie) T IS, A =S h) 0

Hence (xi) and (xii) imply (iv) via (1).
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ProprosiTioN2.11. — Let G be a lca group and E = G be a compact
countable set with only one cluster point. Then CV,(E) (1<p<2) has
the -Schur property.

Proof. — We assume that E = (e;),>, as in lemma 2.10. Let (S,),>;
be a sequence in CV,(E) such that S, >0 o(CV,(E),A¥*(G)). By
theorem 2.8 (a) and by eventually extracting a subsequence we may
assume that there exists a sequence (S}),.,; of measures whose finite
support lies in E\{0}, such that IIS,,—S;HCVP(E) <2 ™n=1) and the
S, are supported on disjoint blocks {e; ,ex +1,...,€x . -1} where
(kn)as1-1s a strictly increasing sequence of positive integers. In order to
prove the claim we assume that

36 >0, Vn=1, ||S,] CVH©) >0
‘and we will show that this is impossible.
Let C = sup HSanvp(m; we may assume that IISL,IICVP(G) < 2C. Let

e = 3(8eC)™'. We define a subsequence (S});=, and a decreasing
sequence (0;);5, in & °(G) in the following way: 0, = &°(G) ; assume
that 0; and S;;-,) have been defined; by lemma 2.10 define a
neighborhood W, of {0} in E such that assertion (iii) is satisfied for 0;
and ¢; choose n(j) > n(j—1) such that S}, is supported on W;, and
.0;., such that

0j41 = {the0;lI{Suy,h>I= hsup {Shiys B Y1 ellShpll} .
'601'

Take .h; in the closure of 0; for o(4%*(G),CV,(E)) such that
[<{Ship- >l = hSUp [<{Shiyshid 1, j=1.
‘e 0j

Let hye #3°(G) be a cluster point of (h));; for o(L3(G),CV,(E)).

Then
1

Viz1l, KSuwjhol =2 5 sup ISy, [ o1 — 2eC = 3/4e
e 56)

by (1). Hence (S},);»; does not converge weakly to zero, which is a
contradiction. O

This proof is similar to [L-P1] lemma 2. It is sufficient in order to

prove theorem 2.14 below. But proposition 2.11 can be improved as
follows :
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DerFINITION 2.12. — A Banach space X has the strong Schur property
if there exists C > 0 such that for every 0 < & < 2 and every sequence
(Xn)ns1 in X such that

@) lIx,ll <1 (n21)
(D) lIx,=x,ll = & (n#k)
there exists a subsequence (x,, x>, such that

N N
(iii) Yo, ...,0yeC, Y X Xy, = 3C ) oyl
k=1 k=1
ProrosiTION 2.13. — Let G be a Ica group and E = G be a compact

countable set with only one cluster point. Then CV,(E) (1<p<2) has
the strong Schur property.

Proof. — By (1) we can consider CV,(E) as a closed subspace of *
the continuous functions on the compact space % 2(G) provided with
the o(43*(G),CV,(E)) topology. As CV,(E) is -separable by
theorem 2.8 (a) this topology is metrizable. Proposition2.13 is thus
implied by theorem B of [S], if we replace lemma 1 of [S] by
lemma 2.10 (b).

We do not know whether CV,(E) still has the strong Schur property
when E is compact countable with an infinite number of cluster points.

THEOREM 2.14. — Let G be a Ica group, let E = G be compact and
scattered. Then CV,(E) (1<p<2) has the Schur property.

Proof. — As we degal with sequences of elements'in CV,(E)
theorem 2.8 (a) shows that we actually work in CV,(E,) where E;, c E
is compact and countable. We can now use the proof of [L-Pl]
theorem 1, writing « CV,(E,)» instead of « PM(E)». The proof uses
transfinite induction and deduces the general case from the particular
case where E; has only one cluster point i.e. from proposition 2.11. O

3. A consequence of theorems 2.8 and 2.14.

Let G be a Ica group, 1 < p< 2.

We denote by X,(G) the closed subspace of CV,(G,) of those elements

which are totally G-p-ergodic, and by Y,(G) the closed subspace of
CV,(G) of those elements which are totally topologically p-ergodic.
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We first show the existence of bounded linear mappings
B, : CV,(G;) = CV,(G) (1 <p<2) which are identity on finitely supported
measures on G. They were already defined in [L-P2] for p = 2.

THEOREM 3.1. — Let G be a lca group, 1 < p < 2. Let (Pp)pcs be
an approximate identity in A,(Gy). Let @ be a cluster point of (Pp)pecs
for 6(AF*(Gy),CVy(G,)). Let us define B, : CV,(Gy) - CV,(G) by

VfeA,(G), VSeCV,(Ga), <(B.(S).f)>=<fS o).
This mapping has the following properties :
(i) HBmHCmed)-»cvp(G) < 1.
(ii) B, restricted to finitely supported measures is identity.
{ili) B, commutes with multiplication by elements of B,(G).

(iv) If A = G and A is the closure of A in G, B, maps CV,(Ay)
into CV,(A).

(v) B, is one to one on X,(G) and sends X,(G) into Y,(G).

Proof. — (i) By definition € #°(G,) = &°(G,). By [Ey] theorem 1
A,(G) is a subspace of B,(G,) hence {fS,w) is well defined and

IKfS,o01 < 1fSllevyey S IS Ny -
(i1) As Pp(x) > 1(Fe %) for every xe @G,
o, 0) = f(x) = By, [
for every f e A,(G) hence B,(5,) = J,.
(i) By [Ey] theorem 1 B,(G) is a subspace of B,(G,) hence (iii)
holds by the definition of B,,.

(iv) is obvious from the definitions.

(v) Let S< CV,(G,), S # 0. Hence there exists x,€ G such that
{(8,14,,> # 0. If moreovoer Se X,(G), M§(S,) = <{S,1,) for every
x € G. By Lemma 1.8 for every € > 0 and x € G there exists ¢ € & ,(G)
such  that |o,.S— (S,l,x,>6xllcvp(cd> <e. By (1), (@), (i)
CP:Bo(S) =<8, 15 D8xllev,6) S € which implies by lemma 1.8 again that
B,(S) € Y,(G) and that ¢, B,(S) is not zero for a suitable ¢. (il

The following lemma is proved in [Lohl] chap. 2, theorem 1.1,

proprosition 3.2.0. Actually a more general result is proved there and
we recall a short proof for this particular case.
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LemMMA 3.2. — Let G be a Ica group, 1 < p < 2. Let p be a finitely
supported measure on G. Then ullev,e) = lIllev, e, -

Proof. — The inequality vy < Illevye) is proved by a
computation similar to the proof of lemma2.1: Letk, k' be finitely
supported functions in the unit sphere of L?(G,) and L” (Gy,) respectively.
Let W be an open neighborhood of {0} in G such that the x; + W — W

are pairwise disjoint for x; lying in the union of the supports of
k,k’, . Hence

() kxky = (uk = k') % @y
(i) (k * kv’) *Qw = <| W[ Tue Z k(xi)(lw)x,)

k(xj)#0
*<1W|““’ ) E'(x,)(iw)x,)

k’(Xj)#O
(iif) 1= “IWI_”" Y. kx| P
k(x;)#0
= ||W|—1m, Y K AW 7o
K (xj)#0

hence (K * k') * @, belongs to the unit ball of 4,(G).

The converse inequality ||11”cvp(c) < ”u”CVP(Gd) comes  from
theorem 3.1 (i) and (ii). O
We can now prove a consequence of theorem 2.8 and 2.14; for

p = 2 it was proved in [L-P1] theorem 3 and partly in [L-P3] theorem 2.2,
by two different methods.

THeOREM 3.3. — Let G be a discrete abelian group and A < G. We
assume that there exists a lca group H such that G — H (as it was
defined in part 1) and the closure A of A in H is compact and scattered.
Then CV,(A) is the norm closure in CV,(G) of finitely supported measures
on A it has the Radon-Nikodym and the Schur property.

We give a first proof which is similar to [L-P1] proposition 2,
theorem 3, but simpler, owing to corollary 2.4.

Proof. — By assumption G is a closed subgroup of H, hence by
[H1] theorem A, CV,(G) is a closed subspace of CV,(H,;) and CV,(A)
is a closed subspace of CV,((A),) = CV,(H,). By theorem 3.1 (iv) and
theorem 2.8, B, : CV,((A),) = £’ (A)" '¢vpth. By lemma 3.2 there exists
an isometry which we denote by A4: (A levpun — £1(A)! Tevytg
which is identity when restricted to finitely supported measures.
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By corollary 2.4 CV,((A),) lies in X,(H), hence with the notations
of the proof of theorem 3.1 (v) for every S = CV,((A);) and xe G

{40 By(S), 1ix;» =<8, L > | = [{@xAd 0 By(S), 1) =<8, LD
< (|4l 9By (S)—<S, 1,4, 8x“cvp(H) <€

which implies that 4 o B, is identity on CV,((A),). This proves that
CV,((A)g) = £'(A) 'evpHa); as ||B,|| < 1 this proves also that B, is an
isometry : CV,((A),) - CV,(A). Hence theorem 2.8 and 2.14 imply that
CV,((A),) and its subspace CVF,(A) have RNP and the Schur
property. O

Alternatively theorem 3.3 has another proof which is similar to
[L-P3] theorem 2.2 : We keep the previous notations. By lemma 3.2 the
spaces £'(A)y) <vp#Ha) and ¢'(A)"'cv, are isometric, hence by
theorem 2.8 and 2.14 the first one has RNP and the Schur property.
It remains to prove that this space is the same as CV,((A),) which is
a consequence of the following lemma, a generalization of [L-P3]
theorem 2.1 :

LeEMMA 3.4. — Let G be a discrete abelian group, A = G, 1 < p < 2.
Then £'(A) '¢vp© has RNP iff it coincides with CV,(A).

Proof. — Let S CV,(A). It defines a bounded multiplier:
A,(G) > CV,(A), f-~»fS. As functions with finite support are
dense in A4,(G) the range of this multiplier lies in £T(A)! lev, 0, If this
space has RNP there exists a bounded strongly measurable function F':
G — £ (A) cvp,© such that

VfeA,G), fS= f FOOF@) dy.
G

In particular for every y;e(?
f_ foSa -y dy = fs() = f FOFM(y) dy
G G

hence for almost all ye G, F)(Y) = (09)€y') and F(y) = yS. In
particular S e /'(A)" ey,

Conversely if £'(A)""cvp@G) = CV,(A) the same equality is true for’
every countable subset A’ < A: hence CV,(A’) is a separable dual and:
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has RNP. This implies that every separable subspace of CV,(A) (which
is a subspace of a CV,(A’) where A’ is countable) has RNP, hence
CV,(A) has RNP.

DeFiNiTION 3.5. — Let G be a discrete group, A = G, 1 <p < 2.
If £'(N)'cvp6) = CV,(A) we call A a p-Rosenthal set.

Obviously every A is a 1-Rosenthal set and a 2-Rosenthal set is
usually called a Rosenthal set. Theorem 3.3 gives examples of sets A
which are p-Rosenthal for every 1 < p < 2. We do not know whether
« A is p-Rosenthal » implies « A is g-Rosenthal » for 1 < g < p, but
we have the following result :

LemMmAa 3.6. — Let G be a countable discrete abelian group and
AcG. Let 1 <q<p<?2. Let A be a p-Rosenthal set.

a) Every bounded sequence in A,(A) has a weak Cauchy subsequence.

b) If £*(A)"'cvp© is weakly complete A is q-Rosenthal.

Proof. — a) By assumption CV,(A) is a separable dual. Hence its
predual 4,(A) has no /'-sequence. Rosenthal’s theorem [R] implies the
claim.

b) Let (P ).>: be an approximate identity in A4,(G). By (a) the
sequence (R(Pg,)),>, of restrictions to A has a weak-Cauchy subsequence
in A,(A). As identity: CV,(A) - CV,(A) is continuous, so 1is:
A,(A) > A4,(A). Hence (R(Py,)),>: has a weak Cauchy subsequence in
A,(A). For every Se CVy(A), n > 1,Pp S = R(Pp,Set'(A) V@ and
Pp S > S8, 6(CV,y(A),A,(A)). Tt also has a weak Cauchy subsequence

in /*(A)"'cvg© hence it converges weakly to S and S lies in
/l‘(A)H ”CVp(G). O

If A = G is a Sidon set identity is continuous (by definition) :
LN A) > CV,(A) — CVy(A) - £Y(A).
If A, < G, and A, = G, are two Sidon sets we have
FUAXAY) = CVy(A XAy — CVy(AXA) = '@ (1.

Is A; X A, a p-Rosenthal set for 1 < p < 2? (This is true if A, and
A, satisfy the assumptions of theorem 3.3 because A; X A, also satisfy
them.) We can also define p-Riesz sets as follows :
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DeriNiTION 3.7. — Let G be a discrete abelian group and A < G,
1 <p<2.Ais a p-Riesz set if every f e B,(G) which is supported on
A lies in A,(G).

A 2-Riesz set is usually called a Riesz set. We do not define
1-Riesz sets because A,(G) = Cy(G), B,(G) = £*(G) hence no infinite
set is 1-Riesz. In order to generalize results on Riesz sets for p-Riesz
sets (1 <p<2) it is necessary to know whether 4,(G) is weakly complete
or not when G is discrete, which the author does not know.

(This is true if G is compact by [L-P4] theorem 4.)

If there exists f e B,(G) which is supported on A and such that
f¢Co(G) A is not a p-Riesz set for any 1 < p < 2 because f is not
in 4,(G). This is the case if A contains the spectrum of a Riesz
product.

4. Transfer theorems.

‘We have already proved one transfer theorem, namely theorem 3.1.
We now prove a «converse» one, by defining mappings
A;: CV,(G) - CV,(G,). Actually all these mappings will coincide on
£'(G)"'cvp6) and their common restriction is the mapping 4 which we
already used in the proof of theorem 3.3. Mappings 4 and B, were
already used implicitly in [Lohl], [Loh2]. For p = 2 4, was defined in
[W2], p. 104 and [W1], p.292, on UC,(G) and it was defined in full
generality in [L-P2]. The proof below is different.

THEOREM 4.1. — Let G be a Ica group, 1 < p < 2. Let (Pp)pc5 be
an approximate identity in A,(Gy). Let m be a topological mean on
CV,(G). The linear mapping A;: CV,(G) = CV,(G,) is defined by

VSeCVy(G), Vfe Ay Ga), (Au(S).f> =lim {(h* Pp)S,f)

Ay has the following properties :
(1) ||Alh||CVp(G)—rCVp(Gd) S 1
(if) Ay, restricted to finitely supported measures on G is identity.
(i) A, commutes with multiplication by functions of B,(G).
(v) If E = G is a closed subset
Aqy 1 CV(E) » CV,(E,).

(v) Ay maps Y,(G) into X,(G).
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Proof. — We first explain the definition of A4,;. (i * Pr)S is defined

as in proposition 2.3, lemma 2.6 and part1 by
(vi) VfeAd,0),
(Ohx PS,f> = (fSix Pey = ¥ Prlxi) (St Yy, £
Pp(x;)#0
It is a finitely supported measure on G. By lemmas 2.2 and 3.2
(vii) ”S“CVP(G) 2| (m * PF)SHCVP(G) = [|(rh * PF)S”CVI,(Gd)'

Let fe A,(G;) with a finite support. Then

(viii) (@ * Pg)S, f>
= Z PF(xi)f(xi) <Samx,~>? Z f(xi) <Sﬁmxi> .

f(xp#0 f(x))#0

Hence (1 * Py)S = Z Pp(x;) (S, )8, (Fe #) is a bounded net
Pp(xp)#0

in CV,(Gy) which converges for o(CV,(G4),4,(G,)) to a limit which
we denote by A4,(S). A4, is clearly a linear mapping.

(i) is implied by (vii)Aand (viii) ; (i) is implied by (viii) because
gy = p(x;) if p is finitely supported.

(i) Let Fe B,(G) and ¢ € ¥,(G). For every xe G, ¢, Fe A,(G).
As x is a point of synthesis for A4,(G) lemma 1.5(b) implies
@ FS 1y = F(x) (S, ). As @ ES,m, ) = (FS,my ) (viii)
implies (iii).

(iv) By lemma 1.5 (b) {(S,m,> = 0 if x lies outside the support of
S. Hence (viii) implies (iv).

(v) If we write M,(S,) instead of {S,1,,,> the proof of (v) is similar
to the proof of (v) in theorem 3.1. O

Let us notice however that A4, is not one to one on Y,(G): e.g. if
pe M(G) is a diffuse measure A4;(n) = 0. This will be precised in
theorem 4.2 below.

Theorem 4.2 provides an Eberlein p-decomposition for elements of
Y,(G).

THEOREM 4.2. — Let G be a lca group, 1 < p < 2. Let m be any
topological mean on CV,(G), let A, and B be as in theorems 3.1, 4.1.

a) Ay o B, is identity on X,(G); B, is an isometry on X,(G), A is
an isometry on B,(X,(G)).
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b) For every Se€ Y,(G), S = B,0 Ax(S) + S, where
B,0 A4;(S)e Y,(G)
and does not depend on m, and A;(S;) = 0.

c) If m is a topological mean on CV,(G), X,(G) and Y,(G) can be
replaced by X,(G) n CV,(Gy) and Y,(G) n CV,(G) in the assertions
above.

For p = 2 this result was partly proved in [W2] corollary 2, and
proved in [L-P2] theorem 7. '

Proof. — a) Let Se X,(G). By the proof of theorem 3.1 (v), for
every € > 0 and x e G there exists ¢ € &#,(G) such that

”(prm(S)— <Sa1:x:> 6x”CVp(G) <€
hence by theorem 4.1

102450 By(S)—<S, 114> 8chvp(od) S
hence
Vxe G, {Au0By(S), 1> =<8 14).

As [|B,ll, I|Axll < 1 the rest of the claim is now obvious.

b) Let Se Y,(G). By theorems 4.1 (v) and 3.1 (v) 4,:(S) € X,(G) and
B,0A4:(S)eY,(G). By (a) (4s0B,)0A4,(S)= A:(S) hence
S — B,0 A;(S)eker 4;. On the other hand all 4, coincide on Y,(G)
for topological means m on CV,(G).

c) By (a) 4,0 B, is identity on X,(G) hence on X,(G) n CV,(G,).
The rest of the proof is similar to the proof of (a), (b). 0
Theorem 4.2 (c) implies [Lohl] chap. 2, corollaire de la pro-
position III. 2.0, p. 56, where £'(G)"cv2) n CV,(G) is shown to be iso-
metric  to F(G_) ‘eva6ay N CV,(Gy). We do not know whether
X, (G) 0 CV,(G,) is strictly larger than X,(G) or not (and the same

question for Y,(G) n CV,(G) and Y,(G)). However let 1 <q<p
and let SeCV,(G,). Lemma 1.8 and the interpolation inequality

<1 0 1—e>
_—= - —
P 9 2

| 0 1-0
ISlev,6p < ISlTevyeyp ISIECV

2(Gg)



MEANS ON CV,(G) 1001

imply- that if SeX,(G) then SeX,(G). In the same way
CV,(G) N Yy(G) < Y,(G). The following result is a generalization of
[Gl] theorem 4, where p = 2.

THEOREM 4:3. — Let G be a lca group;, let E = G be closed and
scattered:. Let 1 < p < 2. Then CV,(E) and CV,(E;) are isometric.

Proof. — By corollary 2.4, CV,(E) is.a closed subspace of X,(G).
By theorem4.2 (a)(b) B, is an isometry.: CV,(E;) > CV,(E) and 4,
is an isometry: CV,(E) - CV,(E,) if CV,(E)c B,(X,(G)) hence if
Ay is one to.one an CV,(E). Let now S.e CV,(E), S # 0. Hence the
support E’ of S is a closed non empty subset of E. As E is scattered
let x be an isolated, point of E’. Let V' be: a; neighborhood of x in G
such: that V' n E' = {x}. By assumption there exists ¢, € 4,(G) which
is. supported on ¥ and’ such that {S,p,) is not zero. The support of
@vS is: {x} hence .S = {(S,9y,> 0, and A4,(pyS) is not zero. By
theorem: 4.1 (iii). A;(0vS) = @v4(S): which proves the claim.

Alternatively we could Have used Glowacki’s result (whose proof
is the: same as above, for p=2) and theorem:4i2 (c). O

Theorem 3.3 is an. obvibus- consequence of theorems 4.3, 2.8, 2.14.
But we prefered to give a direet simpler proof.

Our next aim is to precise the Eberlein decomposition of Se CV,(G)
when S is p-weak almost periodic. We first establish a general lemma :

LEMmA 44, — Let G be a Ica group and ¥ < p < 2. CV,(G) is
isometric to the space of multipliers : A,(G) — CV,(G) and to the space
of multipliers : A4,(G), - CV,(G) provided with operator norm.

Proof. — (i) For every f e 4,(G), ge 4;(G), SeCV,(G)
(fS.g) = g5.f> = {S.gf>

hence
||S|(Ap—.cv2 = ”S“,qz—-cvp < HSHAp—»CVp < HS”cvp-

(ii) Conversely let S be a multiplier : 4,(G) - CV,(G). Let (0,)c4
be an approximate identity with compact support in &,(G). Hence
18(@d)llevy@) S 1Sllagcv,. For every f e 4,(G) with a compact support
K there exists gxe 4,(G) such that g, =1 on K. Hence as
lPagx— 8xllay@) >0

(S(@)s = {S(@u)sgxf > = (S(@u8k).[> — {Slgx). f).
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It implies that (S(@,)). e 4 converges for 6(CV,(G),4,(G)); letse CV,(G),
S| cvp6) < INIA 21V, be the limit. In particular for f as above

{S(gx)f> = <{gxs.f>. We now verify that hs = S(h) in CV,(G) when
he 4,(G). It is sufficient to prove it when h has a compact support K.
Then for every fe 4,(G), as ggh = h

Chs=S(h), f) = {gxs—S(gx)hf) = 0.
It implies the above claim hence [|Sla,-cv, < lIsllcv, -

The assertion of the lemma is now obvious. O

Let us recall the definition of p-WAP(G), the weak p-almost periodic
elements of CV,(G): :

DermniTiON 4.5 [Gra]l. — Let G be a lca group, 1 <p<2.
p-WAP(G) is the subspace of CV,(G) of elements S which define weakly
compact multipliers : A,(G) = CV,(G).

Let Se CV,(G). By remark 1.2 it is easy to see that Se p-WAP(G)
iff {fS},eyp(G, is relatively compact for o(CV,(G),47*(G)) hence iff
{fS}se #5(6) is relatively weakly compact in C(¥,(G)), which means

by [BJM] chapter 3, definition 8.1, thatS is a weak almost periodic
function on the semi-group &%,(G).

In the same way S is a compact multiplier: 4,(G) » CV,(G) iff §
is an almost periodic function on-the semi-group & ,(G) [BIM] 3,
definition 9.1.

By [Gra], proposition 9, p-WAP(G) is a closed subspace of Y,(G).
By [Gra] proposition 7, M(G) is a subspace of p-WAP(G).

Assertion (c) <> (d) in the next theorem is Eberlein’s decomposition
of WAP function on G [Eb2] when p = 2. (b)<(d) is a particular
case of [BJM] chapter 3, corollary 16.14.

THEOREM 4.6. — Let G be a Ica group, G- H, 1 < p<2. Let
S e CV,(G). The following assertions are equivalent :

a) S e p-WAP(G).
b) &,(G)S is relatively weakly compact in CV,(G).
c) ¥,(H)S is relatively weakly compact in CV,(G).
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d) S = B,0A;(S) + S’ where m is a topological mean on CV,(G),
B,, A, are defined as in theorems 3.1, 4.1, B,o A;(S) belongs to
£1(G)"cvp6) and does not depend on ® nor on W, S'€p-WAP(G) and
Ax(S") = 0.

Proof. — (a) = (b) is obvious.

(a) <= (b) is easy by remark 1.2 as we already told above.

(b) = (¢) : When we studied K in part1 we saw that % ,(H)S lies
in Ks.

If (b) holds K is the norm closure of &,(G)S and K is weakly
compact in CV,(G).

(c)=(b): By lemma 114, £,(H)S is dense in K for
o (CV,(G),4,(G)).

If (c) holds K is the norm closure of &,(H)S and Ky is weakly
compact.

(b) = (d) : the assumption implies that S € Y,(G) hence theorem 4.2 (b)
holds. We claim that 4,(S) lies in #*(G)"'¢%©Gao : by definition and
lemma 2.2 {(ri * Pz)S|F = G, F finite} lies in Kg and in £}(G) ¢®
(see the proof of theorem 4.1 (a)). By assumption it is relatively weakly
compact in CV,(G) hence in £%(G)"'evy© hence in £1(G) 'pGa) by
lemma 3.2. The definition of 4, (see the proof of theorem 4.1) now
proves the claim. As B, is identity on /'(G)

B, o 44(S)e£(G)! v,

it does not depend on ®, nor on rm by theorem 4.2 (b), it lies obviously
in p-WAP(G).

d = a is obvious. O

Motivated by lemma 4.4 and a result of Lohoué¢ on compact
multipliers : 4,(G) - CV,(G) [Lohl] chap. 2, theorem III.1, p. 50, we
also consider elements of CV,(G) which are weakly compact multipliers :
A,(G) - CV,(G). We do not know if they are weakly compact
multipliers : 4,(G) - CV,(G), but they have analogous properties. In
particular they lie in Y,(G) : let W be a decreasing basis of neighborhoods
of {0} in G. If Se CV,(G) and if ¥,(G)S is relatively weakly compact
in CV,(G) (pwS)wew has a weak cluster point which must be a scalar
multiple of &, and which belongs to the norm closure of &,(G)S.
Lemma 1.8 finishes the proof.



1004 FRANCOISE LUST-PIQUARD

THEOREM 4.7. — Theorem 4.6 holds true if we replace &,(G) by
S,(G) and p-WAP(G) by the set of weakly compact multipliers :
A,(G) = CV,(G).

Proof. — By lemma 4.4 such a multiplier is given by an element
Se CV,y(G). The proof then follows the same lines as the proof of
theorem 4.6. It is even simpler : for example lemma 1.14 is obvious for
p = 2, it implies that &,(H)S and &,(G)S have the same closure for
o(CV,(G),A,(G)). If m is a topological mean on CV,(G) and if
&,(G)S is relatively weakly compact in CV,(G) (ri ' P;)S lies in the
norm closure of &%,(G)S hence 4,(S) € /' (G)""cvpGa) by the same proof
as in theorem 4.6. As Se Y,(G) A:(S) does not depend on - when m
is a topological mean on CV,(G). O

Theorem 4.7 implies the following improvement of [Lohl] chap. 2,
theorem III.1 :

THEOREM 4.8. — Let G be a Ica.group, G->H, 1 <p <2, let
SeCV,(G).

The following assertions are equivalent :

(a) Se/ (G) levp©,

(b) S is a compact multiplier : A4,(G) - CV,(G).

() Z,(G)S is relatively compact in CV,(G).

(d) Z.(G)S is relatively compact in CV,(G).

(e) F(H)S is relatively compact in CV,(G).

) &.(G)S is relatively weakly compact in CV,(G) and relatively
compact in CVy(G).

Proof. — (a) = (b) = (c) = (d) = (f) are obvious.
(e) <> (d) by the proof of theorem 4.7. -
(f) = (a): By theorem 4.7

S=B,0A4;(S)+ S and B,0 A;(S)e/ (G)"cvp©).

We only have to prove that S'=0 in CV,(G) or that S' =0 in
CV,(G). We know that 4,(S’) = 0 and that &,(G)S’ is relatively
compact in CV,(G) because ¥,(G)S’ is o(CV,(G),A4,(G)) dense in the
o(CV,(G),4,(G)) closure of %,(G)S’. Hence S’ is an almost periodic
function on G in the usual sense and (yS’,m> = 0 for every character
y on G and every mean m on L*(G). Hence S’ =0 by classical
results. O
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