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ABSTRACT. Let G be a discrete group, CG the group ring of G over C and
LP(G) the Lebesgue space of G with respect to Haar measure. It is known
that if G is torsion free elementary amenable, 0 # « € CG and 0 # 3 € L?(G),
then a x 8 # 0. We will give a sufficient condition for this to be true when
p > 2, and in the case G = Z"™ we will give sufficient conditions for this to be
false when p > 2.

1. INTRODUCTION

Let G be a discrete group, and let f be a complex valued function on G. We
may represent f as a formal sum }_ . agg where a; € C and f(g) = ag. With
respect to the counting measure on G the Lebesgue spaces L>(G), Co(G) and
L?(G), 1 < p < oo, may be thought of in the following ways. L°°(G) will consist
of all formal sums where sup ¢ |ay| < 0o, Co(G) will consist of all formal sums
for which the set {g||ag| > €} is finite for all ¢ > 0, and LP(G) will consist of all
formal sums where . [ag[P < co. Let CG be the group ring of G' over C, so
CG consists of all formal sums geG 099 Where ag = 0 for all but finitely many
g. Then CG can also be thought of as the complex valued functions on G with
compact support. The following inclusions are clear:

CG C LP(G) C Cyh(G) C L>=(G).
Fora =} cqsaq9 € CG and B =3 obyg € LP(G), 1 < p < oo, we define a
multiplication x: L'(G) x LP(G) — LP(G) by

ax (= Zagbhgh = Z Z agn—1bn | g.
g,h

g€G \heq

In [4] it is shown that if G is torsion free elementary amenable, 0 # o € CG and
0 # 3 € L*(G), then a * 3 # 0. A natural question to ask is does this remain true
if 2 is replaced by any p < oc.

Let a be an element of L!(G), and let 1 < p < oo. If there exists a nonzero 3 in
L?(@) such that a* 8 = 0, then we shall say that « is a p-zero divisor. If ax 3 # 0
for all 8 € Co(G) \ 0, then we shall say that « is a uniform nonzero divisor. We
shall see that if o € CZ, then « is a uniform nonzero divisor; however, this is not
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true in general. In this paper we will give sufficient conditions for o € CZ"™, n > 2,
to be a p-zero divisor. Also sufficient conditions will be given for a to be a uniform
nonzero divisor. The proofs of these results will reveal a connection between p-zero
divisors and the concepts of sets of uniqueness and spectral synthesis from Fourier
analysis. Examples of p-zero divisors will also be given, along with an application
to the theory of sets of uniqueness.

This work is part of the author’s Ph.D. thesis done at Virginia Polytechnic
Institute and State University, written under the supervision of Professor Peter
Linnell, whose support and insightful suggestions were greatly appreciated.

2. STATEMENT OF MAIN RESULTS

For the rest of this paper, unless otherwise stated, assume that G is abelian. Let
T" be the group of homomorphisms from G to the unit circle in C. T' is known as the
dual group of G. Also a topology can be defined on I' that makes it a topological
group. If f =37 _;a49 € L'(G), the Fourier transform of f is defined by

)= aglg™7)
geG

where v € I and (g7 %,7) = (¢~ !). Let Z(f) denote the elements v in T such that

f(v) = 0. We shall prove

Theorem 1. Let G be torsion free and let o € LY(G). If Z(«) is a proper subgroup
of ', then « is a uniform nonzero divisor.

It is well known that T", where T = [—7, 7r]/{—7 ~ 7}, is the dual group of Z".
Let V = (==, 7)™ and identify V with an open subspace of T™. Using Theorem
1 we will then show that if a € L1(Z") and Z(«) is contained in a finite union of
proper closed cosets on T", then « is a uniform nonzero divisor. Let o € L(Z")
and g € F := Z(a) N V. We shall say that xg is a regular point if there exists
an open neighborhood U of zy such that £, = U N E is a smooth m-dimensional
submanifold of V', where m is a natural number. Consider F in a sufficiently small
neighborhood of zy and write F,, as the image of a smooth mapping ¢ : W — V,
“égere W 81; a neighborhood of the origin in R™. Also assume that the vectors

520 9g are linearly independent for each x € W. Now suppose for each

yo € W and each unit vector n € V, there is a multi-index j, with |j| > 1, so that

8%[¢(x) ) n]lw:yo #0

(where of course ¢(z) - n is the usual Euclidean inner product). The smallest k so
that, for each unit vector 7, there exists a j with |j| < k for which

3%[¢(x) ) n]lw:yo # 0,

is called the type of ¢ (and the type of F,,) at yo. Also, if W3 C W is a compact
set, the type of ¢ in W is defined to be the maximum of the type of the yy € Wj.
We shall prove

Theorem 2. Let a € LY(Z"), n > 2, and suppose that xo is a regular point in
Z(«). If Fy, is of finite type k, then « is a p-zero divisor for p > nk.
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3. PRELIMINARIES

Let p be a real number that is greater than or equal to one, and let ¢ denote
the conjugate index of p, i.e., if p > 1 then 1% + % =1,and g =0 if p = 1. Let
y € G, let f=73% sa99 € LP(G), and denote the right translation of f by y
with f,, where f,(z) = f(zy™'). Let h = > gecbgg € LI(G) and define a map
() 1 LP(G) x LYG) — C by (f,h) = 3 cq agby. Fix h € LYG). Then (- h) is a
continuous linear functional on LP(G). By the Riesz representation theorem every
continuous linear functional on LP(G) is of this form. Let TP[f] be the closure in
LP(G) of the set of linear combinations of translates of f. By the Hahn-Banach

theorem, TP[f] = LP(G) if and only if no nonzero continuous linear functional
on LP(G) vanishes on all translates of f. For 8 =3 _cag9 € LP(G), set B =
ZQGG 0“_99_1

Lemma 1. Let o = deG aqg be an element of L*(G). Then « is a p-zero divisor
if and only of TY[a] is not equal to L4(G).

Proof. Let § = EQEG bgg € LP(G); then
(ay, B Zagy 1bg 1—Zay 1g-1bg = (ax %) (y~ b,
9eG geqG
So ax * = 0 if and only if (o, 3*) =0 for ally € G. O
Remark. If o € CG, then a is a uniform nonzero divisor if and only if T7[a] = LI(G)

for all ¢, 1 < ¢ < co. If Z(«) is finite, then « is a uniform nonzero divisor by
Theorem 4.2 of [2]. Hence, nonzero elements of CZ are uniform nonzero divisors.

Recall that T' denotes the dual group of G. Let M(T') be the set of bounded
regular Borel measures on I'. Let E be a closed subset of I'. Denote by M (F) the
elements in M (T") that are concentrated on E. For p € M (I"), the Fourier-Stieltjes
transform of p is defined by

(@) = [ (@) dutr)
r
where z € G. Clearly i € L>°(G), so ji is a continuous linear functional on L(G).
Set ii*(g) = fi(g~").
Lemma 2. If f =3 ;a9 € LY(G) and p € M(Z(f)), then (f,,a*) =0 for all

yeGQG.
Proof.

=S air @ =Y a /

9eG geG

/ > aglgty) dp(y) =

geG

since » - g ag(g™ 1. 4) = f(y). The lemma now follows after we make the observa-
tion that Z(f,) = Z(f). O

Remark. If a € L'(G) and p € M(Z(«)), then a x i* = 0.
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Let E be a closed subset of I', I(E) the set of all f € L'(G) such that E C Z(f)
and j(E) the set of all f € L1(G) such that E C O C Z(f), where O is an open
set in I". Denote by J(E) the closure of j(E) in the L'(G)-norm. I(E) and J(E)
are translation-invariant subspaces of L'(G) and J(E) C I(E). Let ®(E) = {h €
L>®(G)|{f,h) =0, f € I(E)} and U(E) = {h € L>(G)|{f,h) =0, f € J(E)}. The
following are easily deduced from Chapter 7 in [6], and will be used in the sequel.

1. ®(E) is the weak*-closed subspace of L>°(G) generated by E.

2. ®(E) is the weak*-closure of {/i|jp € M(E)}.

3. If axh =0, where a € CG and h € L*®°(G), then h € ¥(Z()).

E is said to be a set of spectral synthesis (S-set) if I(E) = J(E). E is a set of
uniqueness if W(E) N Cy(G) = 0. If E is not a set of uniqueness, then F is a set of
multiplicity.

4. A RESULT ON SETS OF UNIQUENESS

In this section we will prove a result on the union of sets of uniqueness. This
result will be used to show certain elements of L(Z") are uniform nonzero divisors.
Our result may or may not be new, but we record it here for completeness. For
more information about sets of uniqueness see [1].

We will begin by showing that given a closed set E on T", there exists an
f € LY(Z") such that Z(f) = E. Before we do this we need to prove a technical
lemma. If f € L'(Z"), the Fourier transform of f is

f6y =3 flmpemimo
mezn

where ¢t € T™ and m -t is the usual Euclidean inner product. The Fourier transform
induces an isometry between L?(Z") and L?(T™). For g € L?(T™), the inverse map
to the Fourier transform is given by

1 2m 27 n
7 = ty e tn)etER=rmEte) gL gy

where m = (mq,...,my) € Z™. Recall that C*°(T"™) denotes the infinitely differen-
tiable functions on T™. The next lemma is a generalization of exercise 4 from page
30 of [3].

Lemma 3. If g € C*°(T"), then

3 latml < lalloren + ety B
o T .
! ) 1§z‘1<»;n,1§n axilé”‘;inl L2(T")
o .
! ) 1§i1<»~z<in72§n 8%(?”;1"2 L2(T™)
¥ 3 gi .

1<i<n
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Proof. Since our proof is easy to generalize, we will prove the lemma for the case
n = 2. To begin with

S Jglnnna)| = 150.0) + 3 [9(na,0)]

(n1,m2)€Z? n1#£0

+ Y a0+ Y 1glnno)l.

n2#0 n1#£0,n27#0

Using integration by parts we obtain

01012 Hx1012

2m 2m
TN
= 471'2 / / xl,xz Z (ni@14n222) dl‘l dl‘g

= —n1n29 ni, n2

82 1 2 27 82 )
—g(n17n2) = ﬁ/ g (21, xz)ez("”ﬁ"”z) dzi dxs
0

With the help of the Cauchy-Schwarz inequality and Parseval’s relation we obtain

S b= Y |2 )
g\niy,n2)| = ni,n2
n17£0,n27#0 n17#0,n27#0 mns 010z,
2
<
- <Z k2> H 8:1;18:1:2 L2(T2)
It can be shown by similar calculations that
Sl < |3 (3) o
= 2
n17£0 ok 01 || p2(72)
and
S o< > (5) |2
) — 2 .
n2£0 k=1 k 022 || p2(r2)
The lemma follows after we make the observation that [§(0,0)| < g]|z1(r2)- |

Corollary 1. If g € C°(T"), then there exists an f € L'(Z™) such that f=g.

Let E be a closed subset of V' = (—m,7)" and set d equal to the Euclidean
distance from E to R™ \ V. Let U, be the set of points of R™ at a distance less
than d from E, where r is a natural number. Edwards constructs a function F
on R [2, pp. 229-230] such that Z(F) = E and F € C*°(R"), the infinitely
differentiable functions on R™. By using the U,.’s defined above in place of the U,.’s
used in Edward’s argument, we construct a function g such that Z(g) = E and g is
constant on the frontier of V, so g € C°°(T"). By the above corollary we see that
given a closed set E C V there exists an f € L'(Z") such that Z(f) = E. Now
suppose that E is any closed set on T™. Write E as the union of two nonempty
closed sets Ey, E2 and let f1, f» € LY(Z") such that Z(f;) = E;. Since L*(Z") is
a ring and Z(f1 * f2) = Z(f1) U Z(f2) = E, we can conclude that given a closed
set E on T™ there exists an f € L'(Z") such that Z(f) = E. We are now ready to
give our result.
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Proposition 1. Suppose that E1, E5 are closed sets of uniqueness on T". If E1UEs
is an S-set, then Fq U Es is a set of uniqueness.

Proof. From the discussion above we know that there exist functions fi, fo in
LY(Z™) such that E; = Z(f;). Let h € Co(Z™). Since the E;’s are sets of uniqueness
and fi * fo € LY(Z"), it follows that (f1 * f2) * h = 0 if and only if A = 0. Since
E1UEy; = Z(f1 % fo) and Ey U Ey is an S-set we see that Eq U Es is a set of
uniqueness. O

5. PROOF OF THEOREM 1 AND RELATED RESULTS

Let A = {a € G|y(a) = 1 for all v € Z(«)}. A is known as the annihilator
subgroup of Z(«) and A # 0 since Z(a)) # . Since G is torsion free, A is infinite.
Let h € ®(Z(«)) and fix g € G such that h(g) # 0; now |h(ga)| = |h(g)| for all
a € A since v(ga) = v(g)y(a) = v(g). Thus h is not in Cy(G). Z(«) is an S-set
(Theorem 7.5.2(d), [6]), so ¥(Z(a)) N Cy(G) = 0 and the theorem follows.

Note that the theorem is still true if the subgroup generated by Z(«) is not all
of I'. The following corollary is undoubtedly well known. However, we cannot find
a suitable reference, so we record it here for completeness.

Corollary 2. If Z(«) is a proper subgroup of I', then Z(«) is a set of uniqueness.

Corollary 3. Let o € LY (Z™), n > 2. If Z(«) is contained in a finite union of
proper closed cosets, then a is a uniform nonzero divisor.

Proof. Let 6(:1:1, o Ty) = X1 — Ty, S0 B(01,...,0,) = e — e~ and Z(B) =
{(61,02,...,0n-1,01)| — 7 < 6, < w}. Z(B) is a proper subgroup of T", so is
a set of uniqueness (note that [ is a uniform nonzero divisor). Assume for now
that Z(«) is a coset in T". By translation we may assume that Z(a) C Z(3), so
U(Z(a)) C ¥(Z(B)), thus Z(a) is a set of uniqueness and « is a uniform nonzero
divisor. The corollary now follows from Theorem 7.5.2 in [6] and Proposition 1. O

6. PROOF OF THEOREM 2 AND RELATED RESULTS

Let 2o be a regular point of Z(a), such that F,, is a submanifold of finite
type k. Let u be a smooth nonzero mass density on the closure of F,, in R”, so
uw € M(Z(a)) and a * i = 0. The theorem will be proved once we show that
i* € LP(Z™) for p > nk. Let 0 # n € Z™; it is shown in Chapter 8 of 7] that

[a(n)| < Cln|™*

where || is the usual Euclidean norm and C' is some constant. Set n = (mq,...,m,),
7 = (m1+1,...,mn+1) and let j be the least integer greater than nz. The triangle
inequality implies that |n’| — n2 < |n], so for || > n? — 1 we obtain

()P < (C(nl)~*)”
< (C(ln| —nz)" )
my+1 mi+1
< (Cf(x))P dzy - dzy,

Mn ma
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where f(z) = (22 + -4+ 22)2 —n2)"%, 2 = (z1,...,2,) € R". For N € N we

have
S damP < > Jaml

n 1
neL™,In|<N Inl<n?+1

+ Z /mnH.../mlH(Cf(x))p dxy - - - d,,.

mi

(1)

1 m
14+n2 <|n|<N+j

Let p be a real number strictly greater than nk; so

/ (F(@)P day - den
o> 143

is finite, hence

Z /mnﬂ.../mlﬂ(f(x))p dzy - - - dx,

1Y Mn mi1

WEZ"x\U\Zl-Hﬁ

converges. Letting N — oo in (1) we obtain 3, ;. |[4(n)[P < oo; therefore, i* €
L?(Z™) for p > nk. The proof is complete.

Corollary 4. If « is as in Theorem 2, then T%[a] does not equal LY(Z™) for q such

that 1 < q < ngfl

Proof. Use Lemma 1. O

Corollary 5. Let a € LY(Z™), n > 2, and suppose that there exists an z¢ € Z(«)
such that Fy, is an n—1 dimensional submanifold of V. If Fy, has strictly positive
Gaussian curvature, then « is a p-zero divisor for p > %

Proof. Let 0 # n € Z™; then by [5]

() < Clnl~ "=

Now proceed as in the theorem. O

7. EXAMPLES

In [4] it is shown that if G is torsion free elementary amenable, 0 # o € CG, then
« is not a p-zero divisor for p < 2. We will give an example to show that this cannot
be improved. Let p > 2 be given and pick an integer n such that 2 < % < p. Let

m—1 1 _
a(zy, ... ,zy) = 53 <Z($k+$k1)>,

k=1

so a(r1,...,x,) € CZ",a(ty,... ty) = 2L — 3" | costy. Near (0,...,0,%),
Z(«) is of the form {(¢,¢(t))|t € U}, where U is a bounded open set containing 0
in R"™1, ¢ = (t1,...,ta—1) and g(t) = cos™ (2L — 1"l costy). A computation

shows that the rank of the matrix (g:ga(fi) ism—1 at t =0, hence Z(«) has strictly

positive curvature. Therefore, a(z1,...,x,) is an r-zero divisor for r > %
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