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Weak spectral synthesis
in Fourier algebras of coset spaces

by

EBERHARD KANIUTH (Paderborn)

Abstract. Let G be a locally compact group, K a compact subgroup of G and
A(G/K) the Fourier algebra of the coset space G/K. Applying results from [E. Kaniuth,
Weak spectral synthesis in commutative Banach algebras, J. Funct. Anal. 254 (2008), 987—
1002], we establish injection and localization theorems relating weak spectral sets and
weak Ditkin sets for A(G/K) to such sets for A(H/H N K), where H is a closed subgroup
of G. We also prove some results towards the analogue of Malliavin’s theorem for weak
spectral synthesis in A(G/K) and give illustrating examples.

Introduction. Let A be a regular and semisimple commutative Banach
algebra with structure space A(A) and Gelfand transform a — a. For any
subset M of A, the hull h(M) of M is defined by h(M) = {¢ € A(A) :
o(M) = {0}}. Associated to each closed subset E of A(A) are two distin-
guished ideals with hull equal to E, namely

k(E)={ac A:a(p) =0 for all p € E},
the kernel of F, and
J(E) ={a € A:a has compact support disjoint from E'}.

Then k(FE) is the largest ideal with hull E, and j(F) is the smallest such
ideal. Recall that E is a spectral set (or set of synthesis) if k(E) = j(E)
(equivalently, k(E) is the only closed ideal with hull equal to E). One says
that spectral synthesis holds for A if every closed subset of A(A) is a spectral
set. Moreover, F is a Ditkin set if a € aj(E) for every a € k(E).

A weaker form of spectral sets and spectral synthesis was introduced
and studied in [26], motivation arising from the union problem for sets of
synthesis. A closed subset E of A(A) is called a weak spectral set if there
exists n € N such that a" € j(E) for every a € k(E). The smallest such
number 7 is denoted {(F). When this happens for each E, we say that weak
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spectral synthesis holds for A. The importance of these latter notions is due
to the fact that the class of weak spectral sets is usually considerably larger
than the class of spectral sets and that there are many commutative Banach
algebras for which weak synthesis holds, whereas synthesis fails. Notably,
for n € N, the unit sphere S"~! in R® = A(L'(R")) satisfies £(S"7!) =
|(n+1)/2] ([24]). For further examples see [8, Section 1]. Generalizing the
notion of a Ditkin set, we call E a weak Ditkin set if there exists n € N such
that a" € a"j(F) for each a € k(F), and n(E) will stand for the minimal
such n. Weak spectral synthesis was also studied in [I§] and, more recently,
in [7], [8] and [16].

Let G be a locally compact group and K a compact subgroup of G. The
Fourier algebra A(G/K) of the coset space G/K was first systematically
studied by Forrest [3]. A(G/K) is a semisimple and regular commutative
Banach algebra whose spectrum can be canonically identified with G/K.
There is a substantial body of contributions, of which we only mention [1],
[3], [10], 111, [12], [15], [17] and [23], to spectral synthesis in Fourier algebras
A(G). Recently, the algebras A(G/K) have gained considerable attention
and have been investigated in several aspects, such as spectral synthesis
problems and various kinds of amenability (see [4], [5], [16], [17]).

In [8] we have established injection theorems for weak spectral sets and
weak Ditkin sets for general semisimple and regular commutative Banach
algebras A and quotient algebras A/I. These theorems are applied in Sec-
tion 2 to Fourier algebras A(G/K) and quotient algebras A(H/HNK) where
H is a closed subgroup of G. Our results (Theorem 2.2) are partly even new
when K is trivial, that is, for ordinary Fourier algebras. In Section 3 we
apply Theorem 2.2 and further results from [8] to deduce a characterization
of weak spectral sets and weak Ditkin sets for A(G/K) in terms of such sets
for A(H/H N K), where H is an open subgroup of G.

It was shown in [8] that weak spectral synthesis holds for the Fourier
algebra A(G) of any locally compact group G if and only if G is discrete. It is
tempting to conjecture that weak spectral synthesis holds for A(G/K) if and
only if K is open in G. However, this appears to be a very difficult problem
and we obtain only partial results towards this conjecture (Theorem 4.3).
The preceding problem is closely related to the question of how large a
subalgebra of A(H/H N K) the restriction algebra A(G/K)|g is. In the last
section we address this question in the special case of a semidirect product
G=HxK.

1. Preliminaries. Let G be a locally compact group. Eymard [2] has in-
troduced and intensively studied the Fourier algebra A(G) and the Fourier—
Stieltjes algebra B(G) of G. The algebra B(G) is the collection of all co-
efficient functions of continuous unitary representations of G and can be
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identified with the dual space of the group C*-algebra C*(G). Equipped
with pointwise operations and the norm defined by this duality, B(G) is a
Banach algebra. The Fourier algebra A(G) is the closed ideal of B(G) gen-
erated by all functions in B(G) with compact support. If G is abelian with
dual group @, then B(G) is isometrically isomorphic to the measure alge-
bra M (@) via the Fourier—Stieltjes transform, and this isomorphism maps
A(G) onto the L'-algebra L'(G). As shown in [2], A(G) is a semisimple
and regular commutative Banach algebra whose spectrum A(A(G)) can be
identified with G through assigning to z € G the homomorphism u — u(x),
u € A(G). Recall that A(G) has a bounded approximate identity if and only
if G is amenable (see [19, Theorem 10.4]).

Let K be a compact subgroup of the locally compact group G and let
G /K be the space of left cosets of K in G, equipped with the quotient topol-
ogy. The Fourier algebra A(G/K) of G/K was extensively studied in [3].
A(G/K) can be simultaneously viewed as an algebra of continuous func-
tions on G/K and as a closed subalgebra of A(G). We always take the latter
view. Then

A(G/K) ={u € A(G) : u(zk) = u(x) for all z € G, k € K}.

In [22] it was shown that the spaces A(G/K) are precisely the norm closed
left translation invariant *-subalgebras of A(G). Suppose that Haar measure
| - | of K is normalized so that |K| = 1. Then there is a canonical projection
pi from A(G) onto A(G/K) defined by

pr(u)(zK) = {u(zk)dk, =G, ueAG).
K
Thus pg (u) is nothing but the Bochner integral {,. R(u) dk € A(G), where
Ry, (u)(z) = u(zk)

THEOREM 1.1 ([3, Theorems 4.1 and 4.2]). A(G/K) is a regular and
semisimple commutative Banach algebra with A(A(G/K)) = G/K. More
precisely, the map K — o, where ppx(u) = u(xK) foru e A(G/K), is
a homeomorphism from G/K onto A(A(G/K)). Furthermore, A(G/K) has

a bounded approximate identity if and only if G is amenable.

In addition to Theorem 1.1, we shall need a series of lemmas. The first
of these is a simple consequence of [3, Proposition 3.10].

LEMMA 1.2. Let H and K be closed subgroups of G with K compact. If
K C H, then A(H/K) is isometrically isomorphic to A(G/K)/k(HK).

Proof. The map r : A(G/K) — A(H), v — u|m, has kernel k(HK),
is norm decreasing and r(A(G/K)) € A(H/HNK) = A(H/K). Given
v € A(H), by Proposition 3.10 of [3] there exists an extension u € A(G/K)
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of v with [[ul| 4@) = [[v[la@z)- So 7 induces an isometric isomorphism from
A(G/K)/k(HK) onto A(H/K). =

Of course, the question arises of when, more generally, for a closed sub-
group H of G and a compact subgroup K of G, the restriction map u +— u|g
from A(G/K) into A(H/HNK) is surjective. We shall present two such cases
in Lemma 2.3. For the reader who is less familiar with spectral synthesis
questions, we mention [9], [20] and [21] as references.

LEMMA 1.3 ([2, Proposition 4.3]). Let K be a compact subgroup of G,
q: G — G/K the quotient map and E a closed subset of G/K. If ¢~ *(E) is
a (weak) spectral set for A(G), then E is a (weak) spectral set for A(G/K).

LEMMA 1.4. Let K and C be compact subgroups of G and assume that
C' is normal in G. Let ¢ : G/K — G/KC denote the quotient map. Then
E(E) < E(g7YH(E)) for every closed subset E of G/KC. In particular, if weak
spectral synthesis (respectively, spectral synthesis) holds for A(G/K), then
it also holds for A((G/C)/(KC/C)).

Proof. We can assume n = £(¢~1(E)) < co. Let u € A((G/C)/(KC/C))

be such that u[g = 0. Then (u o q)|s-1(p) = 0 and
uoq(zk) = u(zkC) = u(xC) = uoq(x)
forallz € Gand k € K. Given € > 0, by hypothesis there exists v € A(G/K)
such that ||(uoq)" —v||sq/Kk) < € and v vanishes on some open set U with
¢ '(F) C U and (G/K) \ U compact. Since ¢ '(E) = ¢ }(E)C and C
is compact, a simple topological argument shows that we can assume that
U=UCCG/K. Define w € A(G/C) by
w(zC) = S v(ze)de, w€QG.
C

Then w vanishes on the open set ¢(U), E C q(U), and (G/KC) \ q(U) is
compact. Moreover, for x € G, k € K and ¢ € C,

w(zkeC) = S v(zked)dd = Sv(xkc’k:_lk) dc’

C

= S v(zkd k™) dd = S v(zd)dd = w(xC),
C C

so that w € A((G/C)/(KC/C)). Finally,
[u™ —wlla@/oy) = lu" o g —woqllaq = (o q)" —woqlsq)

= (woq)"dc— S R, Udc
St o],

< S [Be((uoq)" —v)lla) de = [l(ueq)" —vllac)
C

So w € j(E) and |[u" — wl|gq/c) < €. =
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The following lemma is nothing but a slight extension of Proposition 4.3
of [3].

LEMMA 1.5. Let K1 and Ko be compact subgroups of G such that K1C Ko.
If weak spectral synthesis holds for A(G/K1), then it also holds for A(G/K3).

Proof. Let E be a closed subset of G/K3 and let ¢ : G/K; — G/K>
denote the quotient map. If u € k(E) C A(G/K3), then uoq € k(Eoq) C
A(G/K1), and hence there exist m € N and a sequence (v,), C j(q¢ *(E))
such that [[(u o @)™ — vnlla@@) — 0. Let wn, = {p, Ri(vn) dk € A(G/K>),
n € N. Then

[(woq)™ —wnlla@) < (wo @)™ —vnlla@ — 0,
where Haar measure of Ky is normalized. Moreover, w,, € j(¢~*(E)) since
supp wy, C ¢~ (q(supp v,)), which is a compact set, and since

¢ ' (g(supp vn)) N g~ (E) # 0
implies that supp v, N ¢~ '(E) # (), which is impossible. =

2. Injection theorems. Let G be a locally compact abelian group
and H a closed subgroup of G. Then L'(G/H) is a quotient of L!(G) and

CT/?I = A(L'(G/H)) embeds canonically into G= A(LY(G)). Then a closed
subset of GT/?I is a spectral set (respectively, Ditkin set) for L'(G/H) if
and only if it is a spectral set (respectively, Ditkin set) for L'(G) (see [20,
Theorems 7.3.15 and 7.4.13]). For obvious reasons, such results are referred
to as injection theorems. The same problem naturally arises in the general
context of a regular and semisimple commutative Banach algebra A and a
closed ideal I of A, and it is worthwhile to consider weak spectral sets and
weak Ditkin sets rather than just spectral sets and Ditkin sets. However,
as the reader might expect, some additional hypotheses, which are auto-
matically satisfied in the group algebra situation, have to be placed on A
and I. Such injection theorems have been established recently in [§]. Below,
we apply these results of [8] to obtain injection theorems for the Fourier
algebras A(G/K) of coset spaces G/K and quotient algebras of the form
A(H/H N K), where H is a closed subgroup of G.

LEMMA 2.1. Let G be an amenable locally compact group, H a closed
subgroup of G, and K a compact subgroup of G. Suppose that HK is a
subgroup of G. Given u € A(G/K) and € > 0, there exists v € A(G/K)
such that v vanishes in a neighbourhood of HK and

lu —vull sy < 3llulukllamr) + e
In particular, the ideal k(HK/K) = {u € A(G/K) : ulg = 0} of A(G/K)
has an approximate identity with norm bound 2 consisting of functions which
vanish in a neighbourhood of HK .
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Proof. Suppose that we have found v € A(G) with the specified proper-
ties. Then px(v) € A(G/K) also vanishes in a neighbourhood of HK and,
since u = pg (u),

o= prcw)ulla) = ||§ (Rew) = Betow) dk| | < u—vulace)
K

Since, by [3, Lemma 3.8],

lulrk ) = mf{{lu+ wlla@) : w € k(HK)},
we find w € k(HK) such that

lu—wllaey < llulaxllagx) +€/4-
Now, HK is a set of synthesis [23] Theorem 3] (see also [6]) and, since G is
amenable, the ideal k(HK) of A(G) has a bounded approximate identity of
norm bound 2 (see [4, Theorem 2.6]). Hence there exists v € j(HK) with
[vllae) <2 and [[w — vwl| 4@y < €/4. Tt follows that

[u —wv|lae) < llu—wllae) + lw—vwl| s + lv(w —u)l|a@)
€

€ €
< sl + 5 + 5 + 2(ulanllaguro + )

= 3|lulmrllamr) + ¢
as was to be shown. The final statement of the lemma is now clear. m

Most likely, the number 3 in the preceding lemma is not the best possible
bound. This is suggested by the fact that 3 can be replaced by 1 when G is
abelian [20, Lemma 7.4.14]. We can now state the injection theorem.

THEOREM 2.2. Let G be a locally compact group, H be a closed subgroup
of G, and K be a compact subgroup of G. Suppose that the map u— u|g from
A(G/K) into A(H/HNK) is surjective. Let E be a closed subset of H/HNK
and let i : H/HN K — G/K denote the inclusion map h(H N K) — hK,
heH.

(i) If i(F) is a weak spectral set (respectively, weak Ditkin set) for
A(G/K), then E is is a weak spectral set (respectively, weak Ditkin
set) for A(H/H N K). Moreover,

§(E) <E(i(E))  (respectively, n(E) < n(i(E))).

(ii) Suppose that HK/K s a set of synthesis for A(G/K). If E is a
weak spectral set for A(H/H N K), then i(E) is a weak spectral
set for A(G/K) and £(i(E)) < &(E). In particular, this conclusion
holds if HK is a subgroup of G.

(iii) Suppose that G is amenable and HK is a subgroup of G. If E is a
weak Ditkin set for A(H/HNK), then i(E) is a weak Ditkin set for
A(G/K) and 5(i(E)) < n(E)>.
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Proof. Since r : u +— u|g is a continuous homomorphism of A(G/K) onto
A(H/HNK) and the kernel of r equals J = A(G/K)Nk(HK), by the open
mapping theorem A(H/H N K) is topologically isomorphic to A(G/K)/J.

Therefore, the statements in (i) follow from Theorem 2.2(i) and Theorem
2.5(1) of [8], respectively.

(ii) The first statement is a consequence of [8, Theorem 2.2(ii)]. If HK
is a subgroup of G, then it is a set of synthesis for A(G) and hence HK /K
is a set of synthesis for A(G/K) by Lemma 1.3.

(iii) Since G is amenable and H K is a subgroup of G, Lemma 2.1 shows
that A = A(G/K) and the ideal I = k(HK/K) satisty the hypotheses of
Theorem 2.5(ii) of [§] with m =1 and C = 3. It follows that i(E) is a weak
Ditkin set for A(G/K) and that n(i(E)) < n(E)%. =

When K = {e}, assertions (i) and (ii) of Theorem 2.2 were known before
(compare [10, Theorem 3.5] and [II, Theorem 3.4]). Part (iii), however, is
entirely new, even in the case K = {e}.

In Theorem 2.2(ii), the hypothesis that HK/K be a set of synthesis
could be weakened to the effect that it be a weak spectral set, with the
conclusion that {(i(E)) < {(E)§(HK/K) (see [8, Theorem 2.2]).

If K C H, then the map u — u|g from A(G/K) into A(H/H N K) is
surjective (Lemma 1.2). We now discuss two more cases in which this is true.

LEMMA 2.3. Let H be a closed subgroup and K a compact subgroup of G.
The restriction map r: A(G/K) — A(H/HNK), u v ul|g, is surjective if
either H is contained in the normalizer of K in G or H is open in G.

Proof. Suppose first that H is contained in the normalizer of K in G.
Then HK is a closed subgroup of G, K is normal in HK and the map

¢:H/HNK — HK/K, h(HNK)— hK,

is a continuous bijective homomorphism. Since K is compact and A(H) C
Co(H), given v € A(H/H N K), there exists an open, o-compact subgroup
L of H such that HNK C Landv=0o0on H\ L. Then LNK = HNK and
vl € A(L/LNK), and ¢|;/1nk s a topological isomorphism of L/L N K
onto LK/K. Let w denote the trivial extension of vo ¢~! € A(LK/K) to
all of HK. Then w € A(HK/K) and

v=uvlp=(v[rod ) op=wod=uwln.
There exists w' € A(G) with w'|gx = w. Then u = pg(w’) belongs to
A(G/K) and u|gg = w since w € A(HK/K) and r(u) = v.
Now assume that H is open in G and let v € A(H/H N K). Let Haar

measure of K be normalized and set

u= [K(Klmm] | Re(@) dk € A(G),
K
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where v denotes the trivial extension of v to all of G, and [K : (K N H)] is
the index of KN H in K. Then, since |[K NH|=[K : (KNH)]™', forhe H
we have

1
KNH
so that u extends v. Moreover, for arbitrary z € G and a € K,
K+ (K N H)Ju(za) = | 5(xak) dk = | v(zak)dk
K Kna—1z—1H
= | wk)dk = 5(ak)dk = [K : (K 0 H)]u().
Knz—1H K

This shows that v € A(G/K), and we are done. =

A further comment is in order concerning the hypothesis in Theorem
2.2(ii) that HK /K be a set of synthesis for A(G/K). This hypothesis is not
only satisfied if HK is a subgroup of G, but also if H is open in G and, in
addition, () is a Ditkin set for A(G). This can be seen as follows. Recall that
if A is any regular and semisimple commutative Banach algebra, then the
union of two disjoint spectral sets in A(A) is again a spectral set provided
that @) is a Ditkin set. In the present situation, because H is open and K
is compact, HK is a finite union of right cosets of H and hence is a set of
synthesis for A(G). Now apply Lemma 1.3 again. We also remind the reader
that () is a Ditkin set if A(G) has a (possibly unbounded) approximate
identity and so in particular if G is amenable.

We state the most important special case of Theorem 2.2 as a corollary.

COROLLARY 2.4. Let G be a locally compact group and let H be a closed

subgroup of G, and K a compact subgroup of H. Let E be a closed subset of
H/K andleti: H/K — G/K denote the inclusion map.

(i) E is a weak spectral set for A(H/K) if and only if i(E) is a weak
spectral set for A(G/K). More precisely, £(E) = £(i(E)).

(ii) Suppose that G is amenable. Then E is a weak Ditkin set for A(H/K)
if and only if i(E) is a weak Ditkin set for A(G/K), and in this case

n(E) < n(i(E)) < n(E)*.
In particular, E is a Ditkin set for A(H/K) if and only if i(E) is a
Ditkin set for A(G/K).

In [3, Corollary 4.5] it was shown that singletons in G/K are sets of
synthesis for A(G/K), and if G is amenable, then finite subsets of G/K are
sets of synthesis. These results of course follow from Theorem 2.2. Indeed,
taking H = K we find that { K} is a set of synthesis and so is each singleton
in G/K. Furthermore, if G is amenable then singletons in G/K are even
Ditkin sets and hence so are finite subsets of G/ K. Theorem 2.2 in particular



Weak spectral synthesis 237

applies if H is contained in the centre of G and H N K = {e}. We present
one such example.

ExAMPLE 2.5. Let Hj3 be the 3-dimensional Heisenberg group, realized
as C x R with multiplication

1
(21,81 (22, 12) — <zl Fohttt g 1m(zlz2)>7

21,22 € C, t1,t2 € R. Let the circle group T act on Hs by
w-(z,t) = (wz,t), weT, (zt)€Hs,
and form the semidirect product G = Hg x T. This solvable group is often
referred to as the reduced oscillator group. Let K = T and H = R x T, where
R is identified with the subgroup {(0,¢) : t € R} of Hjs. Then a closed subset
E of R is a weak spectral (respectively, Ditkin) set for A(R) = A(H/T) if
and only if i(F) C G/T = Hjs is a weak spectral (respectively, Ditkin) set for
A(G/T). Moreover, £(i(E)) = &(E) and n(i(E)) = n(E). Of course, instead
of H3z we can equally well consider the higher-dimensional Heisenberg groups
Hoy, 41, realized as C™ x R, and the corresponding analogue of the oscillator
group, that is, the semidirect product Ha,+1 x T", where T™ acts on C"
componentwise.

3. A localization theorem. In this section we apply Theorem 2.2
and results from [§] to deduce some kind of localization theorem which
characterizes weak spectral sets and weak Ditkin sets for A(G/K) in terms
of such sets for A(H/H N K) when H is open in G.

LEMMA 3.1. Let H be an open subgroup of G, and K a compact subgroup
of H. If E C G/K is a weak Ditkin set (respectively, weak spectral set) for
A(G/K), then ENH/K is a weak Ditkin set (respectively, weak spectral set)
for A(H/K) and n(EN H/K) < n(E) (respectively, E(ENH/K) < {(F)).

Proof. Let E be a weak Ditkin set for A(G/K) and m = n(FE), and let
u € A(H/K) be such that u|gnp/x = 0. Let u denote the trivial extension
of u to all of G/K. Then

uek(ENH/K)U(G/K\ H/K)) C k(E)
and hence, given € > 0, there exists v € j(E) such that ||a"™ —u"v| 4(q/K) <€
It follows that v/ € j(E N H/K) and
|u™ = w™ (] ) A/ r) < W™ — @™l gq/x) < €
Since € > 0 is arbitrary, this shows that E N H/K is a weak Ditkin set for
A(H/K) with n(ENH/K) <n(E).
The argument for weak spectral sets is similar, in fact, even simpler. =

LEMMA 3.2. Let G be an amenable locally compact group and let H be
an open subgroup of G, and K a compact subgroup of H. Let E be a closed
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subset of G/K and suppose that for every a € G, the set aE N H/K is a
weak Ditkin set for A(H/K) and that n(aENH/K) < N for some N € N
and all a € G. Then E is a weak Ditkin set for A(G/K) and n(E) < N2.

Proof. Let u € k(E). Since u € Cy(G), u is concentrated on countably
many cosets of H. So we find a o-compact open subgroup L of G such that
H C L and u|g\, = 0. Let A C G be a representative system for the left
cosets of H in L, and for a € A, let E, = aENH/K. By hypothesis, each F,
is a weak Ditkin set for A(H/K) and n(E,) < N. Let i denote the inclusion
map of L/K into G/K. Since L is amenable, Theorem 2.2(ii) applies and
shows that i(E,) is a weak Ditkin set for A(L/K) and 7(i(E,)) < N2.

Now if ' C L/K is a weak Ditkin set for A(L/K), then so is aF' for every
a € L and n(aF) = n(F) since k(aF) = Lo(k(F)) and j(aF) = La(j(F)).
Thus, for every a € A, i(ENaH/K) = i(aE,) is a weak Ditkin set for
A(L/K) and n(i(ENaH/K)) < N2. As A is countable and 0 is a Ditkin set
for A(L/K), Proposition 1.5 of [8] shows that ENL/K = J,c4(ak,) is a
weak Ditkin set for A(L/K) and n(ENL/K) < N2. Thus

(ul)™ € (ulr)N?i(ENL/K).

Since v =0 on G/K \ L/K, it follows that uV? e uN?j(E). Since u € k(E)
was arbitrary, the proof is complete. m

For the next proposition compare Proposition 1.6 of [§] and the remark
following it.

PROPOSITION 3.3. Let A be a reqular and semisimple commutative Ba-
nach algebra satisfying Ditkin’s condition at infinity, and let E be a closed
subset of A(A). Suppose that each ¢ € A(A) has a closed relative neigh-
bourhood E, in E which is a weak spectral set and that

sup{£(FEy) : p € E} < o0.
Then E is a weak spectral set and
§(E) = sup{¢(Ey) : ¢ € E}.

THEOREM 3.4. Let G be a locally compact group and let H and K be

subgroups of G such that H is open, K is compact and HK is a subgroup

of G. Let E be a closed subset of G/K and for each a € G, let
E,={z(HNK):z€ H axK € E} CH/HNK.

(i) Suppose that u € wA(G/K) for allu € A(G/K). Then E is a weak
spectral set for A(G/K) if and only if every E, is a weak spectral set
for A(H/H N K) and there is an upper bound for the values {(E,),
a € G. More precisely,

E(E) =sup{&(FE,) : a € G}.
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(ii) Suppose that G is amenable. Then E is a weak Ditkin set for A(G/K)
if and only if every E, is a weak Ditkin set for A(H/H N K) and
there exists an upper bound for the values n(E,), a € G. In this case,

(E) <sup{n(E.)*: a € G} <n(E)*.

In particular, E is a Ditkin set for A(G/K) if and only if E, is a
Ditkin set for A(H/HNK) for alla € G.

Proof. Since HK is an open subgroup of GG, we can apply Lemma 3.1
with H K in place of H. If F is a weak Ditkin set (respectively, weak spectral
set) for A(G/K) then, for every a € G, aE N HK/K is a weak Ditkin set
(respectively, weak spectral set) for A(HK/K) and

neENHK/K) <n(aE)=n(E) (respectively, {(aENHK/K) <&(E)).

Conversely, suppose that n(aENHK/K) < N (respectively, {(aENHK/K)
< N) for all @ € G. It then follows from Lemma 3.2 (respectively, Proposi-
tion 3.3) and the hypotheses of the theorem that

E=J(End'HK/K) =]« '(«ENHK/K)
acCG acG
is a weak Ditkin set with n(E) < N (respectively, weak spectral set with
¢(E) < N).

To finish the proof, recall that since H is open and HK is a subgroup
of GG, an application of Lemma 2.3 with G = HK and of the open mapping
theorem shows that the restriction map w — wu|g is a topological isomor-
phism from A(HK/K) onto A(H/H N K). The corresponding homeomor-
phism between the Gelfand spaces is simply given by z(H N K) — zK,
x € H.So E, is a weak Ditkin set for A(H/HNK) if and only if a ENHK /K
is a weak Ditkin set for A(HK/K) and n(E,;) =n(aENHK/K), and simi-
larly for weak spectral sets.

Combining this with the first part of the proof establishes (i) and (ii). =

COROLLARY 3.5. Let G, H and K be as in Theorem 3.4, and suppose that
H has infinite index in G. Then weak spectral synthesis holds for A(G/K)
if and only if

sup{{(F): F C H/HNK, F closed} < cc.
Moreover, in this case
sup{{(F) : E C G/K, FE closed} = sup{{(F): F C H/HN K, F closed}.

Proof. The “if” part follows immediately from Theorem 3.4(i). For the
“only if” part suppose there exists a sequence (F),), of closed subsets of
H/H N K such that £(F,) > n for all n. Since G/H is infinite, we can
choose a,, € G, n € N, such that a,'a, ¢ H for n # m. Let

E,={anzK:x € H 2x(HNK) € F,}.
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Then E = |72, Ey, is a closed subset of G/K and, with the notation of
Theorem 3.4, (Ey)q, = Fy. Therefore,

§(E) = supl&(F,) 1 n € N} = o0
by Theorem 3.4(i). m

4. Towards Malliavin’s theorem for weak spectral synthesis in
A(G/K). Malliavin’s celebrated theorem [13] states that spectral synthesis
fails to hold for A(G) = Ll(é) if G is a nondiscrete locally compact abelian
group. By modifying Varopoulos’ proof [25] of Malliavin’s theorem, it was
shown in [18] that the same is true of weak spectral synthesis. Employing this
result and a deep theorem due to Zelmanov [27], we proved in [§] that the
same conclusion holds for arbitrary nondiscrete locally compact groups G.
Subsequently, the author was informed by Parthasarathy that this result
was also obtained by Prakash and himself.

The problem of when (weak) spectral synthesis holds for A(G/K) ap-
pears to be very difficult. It is tempting to conjecture that weak spectral
synthesis fails for A(G/K) whenever K is not open in G. However, at present
we are only able to provide a major step towards confirming this conjecture
(Theorem 4.3). We start by pointing out that conversely openness of K is
sufficient for weak spectral synthesis to hold for A(G/K).

LEMMA 4.1. Let K be a compact open subgroup of G. Then

(i) Weak spectral synthesis holds for A(G/K). More precisely, {(E) < 2
for every subset E of G/K.

(ii) If u € uA(G/K) for each u € A(G/K), then spectral synthesis holds
for A(G/K).

Proof. Since A(G/K) is Tauberian, (i) follows from [§, Lemma 4.1]. For
(ii), note that by hypothesis

u € u(A(GR) N C(G/R)) = uj(0)
for every u € A(G/K). On the other hand, for any subset E of G/K,

k(E)j(0) C j(F) and hence
k(E) C k(E)j(0) € j(E)

(compare the proof of Lemma 4.1 of [§]). =

Thus, if K is open in G and A(G/K) has an approximate identity in the
weakest possible sense, then spectral synthesis holds for G. In particular, if
K is open in G and G is amenable, then A(G/K) has a bounded approximate
identity (Theorem 1.1) and hence spectral synthesis holds for A(G/K).

The following lemma will be needed to prove the main result of this
section.
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LEMMA 4.2. Let G be a compact nilpotent group and K a closed subgroup
of G. If weak spectral synthesis holds for A(G/K), then K has finite index
mn G.

Proof. Let Zy ={e} C Z; C --- C Z,, = G denote the ascending central
series of G. We show by induction on j that K N Z; has finite index in Z;.
So let j > 1, assume that [Z;_; : (KN Z;_1)] < co and consider the chain of
subgroups Zj D) Zj N ijlK D) Zj N K. Since ijlK/K = ijl/K N Zj,1
is finite, we get

[(Zj_lK N Z]) : (Kﬂ Z])] < [Zj—lK : K] < 00.
Thus it remains to observe that Z;_1K N Z; has finite index in Z;.

Since weak synthesis holds for A(G/K), it also holds for A(Z;K/K) and
hence for A(Z;K/Z;j_1K). Now, since Z;/Z;_1 is contained in the centre
of G/Z;_1, we see that Z; K normalizes Z;_1 K. Therefore weak synthesis
holds for A(Z;/Z;NZ;-1K). As Z;/Z;_1 is abelian, this implies that Z;/Z;N
Zj_1K is finite, as required. m

In what follows, Gy always denotes the connected component of the
identity of a locally compact group G.

THEOREM 4.3. Suppose that G contains a nilpotent open subgroup. If K
is a compact subgroup of G and weak synthesis holds for A(G/K), then K
s open in G.

Proof. Let H be a nilpotent open subgroup of G. Since G/Gy, being
totally disconnected, has a neighbourhood basis of the identity consisting of
compact open subgroups, we can assume that H/G( is compact. It suffices
to show that H N K is open in H. Since H is open in G, weak synthesis
holds for A(H/H N K) (Theorem 2.2). Thus we can replace G by H and
henceforth assume that G is nilpotent and G/Gy is compact.

Since G is almost connected, G is a projective limit of Lie groups [14], say
G =lim, G/K,. Then weak synthesis holds for each A((G/K,)/(KoK/Ky,))
(Lemma 1.4), and since (G/K,)o has finite index in G/K,, weak synthe-
sis also holds for A((G/Ka)o/(KoaK/Kas) N (G/Ky)o). Suppose that we
have shown that this implies (G/Ky)o € KoK/K,. Since GoK,/K, C
(G/Kqa)o, a straightforward argument, using the facts that K is compact
and (), Ko = {e}, shows that Gy C K. Then weak synthesis holds for
A((G/Gy)/(K/Gyp)). Since G/Gy is a compact nilpotent group, K has finite
index in G by Lemma 4.2. This completes the proof.

It therefore remains to verify that if G is a connected nilpotent Lie
group and K is a compact subgroup of G such that A(G/K) satisfies weak
synthesis, then K = G. To that end, let again Zy = {e} C Z; C --- C
Z, = G denote the ascending central series of G. We show by induction
that Z; C K. Assume that Z;_; C K for some j > 1. Then K is normal
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in Z;K, since Z;/Z;_ is contained in the centre of G/Z;_1 and Z;_; C K.
Because weak synthesis holds for A(Z;K/K), we see that K must be open
in Z;K. However, Z;/Z;_ is connected and hence Z; C K. This completes
the induction step and so G =2, = K. u

COROLLARY 4.4. Let G be a locally compact group such that Gy is nilpo-
tent and let K be a compact subgroup of G. If weak spectral synthesis holds
for A(G/K), then Gy is contained in K.

Proof. Since G/Gy is totally disconnected, we can choose an open sub-
group H of G such that H/Gq is compact. Then weak spectral synthe-
sis holds for A(H/H N K). Thus, since Gy = Hj, we can assume that
G = H. Then G, being almost connected, is a projective limit of Lie groups,
G/C, say, and as in the proof of Theorem 4.3, it suffices to show that for
each a, (GoC,)/Co = (G/Cy)o is contained in (KCy)/C,. However, this
follows from Theorem 4.3 since (G/Cy)o is nilpotent, connected and open
in G/Cq. m

We close this section by adding that if G is compact, then a stronger
conclusion than the one of Corollary 4.4 can be drawn. Recall that if H is
a connected locally compact group, then H possesses a maximal connected
normal subgroup, the so-called radical rad(H) of H.

PROPOSITION 4.5. Let G be a compact group and K a closed subgroup
of G. If weak spectral synthesis holds for A(G/K), then the radical of Gy is
contained in K.

Proof. The usual arguments, already employed in the proofs of Theo-
rem 4.3 and Corollary 4.4, show that we can assume that G is a Lie group.
Let N = rad(Gp). Then N is abelian and hence isomorphic to T¢ for some
d € Ny. Then there exist d characters x1, ..., xq of N which together sepa-
rate the points of N. For each j =1,...,d, the K-orbit K(x;) of x; in N is
finite since K is compact and N is discrete. Thus there exists a subgroup L
of K of finite index such that x;(k~'zk) = x;(z) for all z € N, k € L and
7 =1,...,d. This implies that L centralizes N.

Let H = NL, which is a subgroup of finite index in NK. Then, by
Theorem 2.2, weak spectral synthesis holds for A(NK/K) and hence also
for the algebra A(H/H N K). As L centralizes N, it is easy to verify that
H N K is normal in H. Now H/H N K, being a homomorphic image of N,
is a connected abelian group. Since weak spectral synthesis fails for any
nondiscrete locally compact abelian group [I§], it follows that N C H
CK.n

5. A(G/K) for certain semidirect products. Since the most use-
ful description of functions u € A(G) is in terms of L2-functions, namely
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u = f * g, where f,g € L?(G), it is desirable to identify among those con-
volution products the functions belonging to A(G/K) and to determine the
restriction algebra A(G/K)|g. In concluding the paper we treat this prob-
lem in a special semidirect product situation, hoping that this might prove
useful in further investigation of groups such as motion groups.

LEMMA 5.1. Let K be a compact subgroup of G and let u € A(G). Then
u € A(G/K) if and only if u is of the form u = f * g, where f,g € L*(G)
and Lq,g = g for all a € K. Moreover, in this case f and g can be chosen
such that [lul| = [/ f[[2[lgl2-

Proof. Normalize Haar measure of K so that |K| = 1. As pointed out
in [3], G/K has a G-invariant measure p, and Weil’s formula

| f@)de = | | f(ak)dkdp(zK)
G G/K K

holds. Now, suppose that u is of the indicated form. Then for x € G and
a € K we have

u(wa) = | | f(yk)a((yk) " za) dk du(yK)

G/KK
= | Vrwkgla™a yk) dk du(yK)
G/K K
= |V fwhg(@  yk) dk du(yK) = (f * §)(z) = u(x),
G/KK

whence u € A(G/K). Conversely, let u € A(G/K) and let f,h € L*(G)
be such that v = f * h and ||u|| = ||f|l2]|k|2. Define g € L?(G) by g(t) =
§ s h(kt)dk. Then Lig = g for all k € K and, for any z € G and a € K,

u(wa) = \u(zk)dk = | || fkn(k™ 27 yk') dk di dp(yK)
K G/K KK

= |V rwh)ga"yk') di du(yK)
G/K K

= |V rk)gla™ 2™ yk') dk' du(y k) = (f = §)(za).
G/K K
So u has the required form. =

PROPOSITION 5.2. Let G be a semidirect product G = N x K, where
K is an abelian compact group with dual group I'. Let w € A(G/K). Then
there exist fy,g, € L*(N), v € I', with the following properties:

(1) Xher 1413 <00 and 32 p llgylI3 < oo
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(2) For each v € I, g4(a"*za) = v(a)g(z) for almost all x € N and
ac K.
(3) u= f*§, where f,g € L*(G) are defined by
za) = Z f(@)y(a) and g(za) Zgy
yel’ yel’
forx € N anda € K. In this case, the series Z'yer(fv*gv) converges

in A(N) and equals u|y.

Conversely, let v e A(N) and suppose that fv,gy, v € I', are functions
in L2(N) satisfying (1) and (2) and v = doerfyxay. If fog € L?(G) are
defined as in (3), thenu = fx g € A(G/K) and u|y = v.

Proof. Suppose first that u € A(G/K). Then, by Lemma 5.1, there exist
f,g € L*(G) such that u = f*¢§ and L,g = g for all @ € K. Since Haar mea-
sure of G is the product of Haar measures of N and of K, we see that L?(G)
is isometrically isomorphic to the Hilbert space tensor product of L?(N) and
L?*(K). We can assume that Haar measure of K is normalized. Then, since
K is compact and abelian, the characters of K form an orthonormal basis
of L?(K). Thus f and g admit unique representations

F=>_H®y and g=> ¢,®7,

yer yel’

where f,, g, € L*(N) and dover | /4113 < o0 and dover g3 < oo. Explic-

itly,
= Z fy(@)y(a) and  g(za) ZQV

yel yerl
for almost all x € N and a € K. Since Lyg = g for each b € K, we also have
g(za) = g(b"'za) = g((b~'zb)b~ta) 297 (b~ tzb)y (b~ ta),
vyel’

which by the uniqueness of the representation of g implies that

9,(b™ b)) = g, () (D)
for almost all x € N. Using the orthogonality relations for characters, this
in turn yields

u(z) = (f #9)(x) = | | f(zya)g(ya)dady

N K

=3 5§ § £ @y (@es(y)s(a) dady

yel'6eI' N K

=Y\ H@ne, @) dy=> (£ +6) ()

~yel' N yel’
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for almost all z € N. Since

/ /
St dillaco < 3 I llellasllz < (S 1512) 7 (3 a2 12) " < oe.

ver ver ~er ver
the series > p(fy * gy) converges in A(N) and the limit equals u|n.
Conversely, let f,,g, € L>(N), v € I', be given satisfying (1), (2) and

v =3 crfy*gy Then, if f.g € L?(G) are defined as in (3), we have as
above

u(bx) = S Sf(xyba) (b"Lyba) dy da

= Z ST £ () 7(6a)gs (b~ yb)d(a) da dy
yel' 6eI’ N K

= >\ f(zy)gy (b7 yb)y(b) dy

yel' N

=D (fyx9))()

yel’
for all x € N and b € K, whence v € A(G/K) and u|y =v. =
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