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ABSTRACT. We consider the issue of describing all self-adjoint idempotents
(projections) in L!(G) when G is a unimodular locally compact group. The
approach is to take advantage of known facts concerning subspaces of the
Fourier-Stieltjes and Fourier algebras of G and the topology of the dual space
of G. We obtain an explicit description of any projection in L'(G) which
happens to also lie in the coefficient space of a finite direct sum of irreducible
representations. This leads to a complete description of all projections in
L1(G) for G belonging to a class of groups that includes SLz(R) and all second
countable almost connected nilpotent locally compact groups.
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1. INTRODUCTION

Let G be a unimodular locally compact group, and L'(G) denote the Banach
x-algebra of integrable functions on G. Let M(G) denote the Banach *-algebra of
bounded regular Borel measures on G, and recall that the measure algebra M(G)
contains L'(G) as a closed ideal. Self-adjoint idempotents in L'(G) (respectively
M(G)) are called L'-projections (respectively projection measures). The study of
projections originated with Rudin [20] and Helson [II]. A full characterization of
idempotents of the measure algebra of a locally compact abelian group was obtained
in [4] through identifying such measures with certain subsets of the dual group.
Note that in the abelian case, idempotents of M (G) are automatically projection
measures. For nonabelian compact groups, the orthogonality relations for coeffi-
cient functions of irreducible representations show that any pure positive definite
function, properly scaled, is an L!-projection. Such a projection is strongly mini-
mal in the sense defined later. Conversely, every strongly minimal L!-projection is
just a pure positive definite coefficient function, and is associated uniquely (up to
equivalence) with a particular irreducible representation (namely the unique repre-
sentation in its “support”). Moreover, every L!-projection of a compact group is
just a finite sum of such strongly minimal projections.

The support of an L'-projection p of a locally compact group is the collection
of (equivalence classes of) all irreducible unitary representations w which satisfy
7(p) # 0. It turns out that an L!-projection in a compact or an abelian locally
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compact group can be understood using its support. For a noncompact unimodular
group G, it was shown in [2] and independently in [22] that, similar to the case of
a compact group, strongly minimal L'-projections are singly supported. That is,
for a strongly minimal projection p € L(G), there is a unique (up to equivalence
of representations) irreducible representation 7 of G such that 7(p) # 0. Moreover,
the representation 7 is an open point in the dual space of G, and p is nothing but
a positive definite coefficient function of 7.

To our knowledge, the first explicit construction of projections in L'(G) for a
nonunimodular G was carried out by Eymard and Terp [7] for the group of affine
transformations of any locally compact field. In [I0] and [14], groups of the form
G = A x H, with A abelian, were studied. The nature of the action of H on A
determines whether or not there are nonzero projections in L!(G). Groups of the
form A x H are often nonunimodular and, although we know how to construct many
examples of projections, we are a long way from a characterization of projections for
nonunimodular groups that is comparable to that for compact or abelian groups.

In this paper, we restrict our attention to unimodular groups G with the pur-
pose of building on the results of [2] and [22] and moving closer to a complete
description of all projections in L!'(G). In particular, we study projections with
finite support in detail and show that, for many groups (precisely the unimodu-
lar second-countable type I groups), the finite support of a projection identifies
the smallest coefficient function space which contains the projection. This article
provides partial generalizations to some earlier results about projections of certain
unimodular groups. For G a connected nilpotent group, all projections in L!(G)
are explicitly described in [I3]. Some more headway was made in [I5] for [FC~]-
groups; that is, groups for which every conjugacy class is relatively compact. Note
that nilpotent and [FC~]-groups are unimodular.

This article is organized as follows. We collate the necessary background and
tools in Section In Sectionwe prove that every L!-projection can be represented
by an element of the Fourier algebra. We then study projections that lie in certain
subspaces of the Fourier algebra, namely coefficient spaces associated with finite
sums of irreducible representations. In Theorem we show that every such
projection is of a rather special form, i.e. it is just a finite sum of coefficient
functions, where each summand is a strongly minimal L!-projection in its own
right. This in particular proves that every one of the irreducible representations
has to be “integrable”. We use the results of [2], together with careful study of
coefficient function spaces of irreducible representations, to prove this theorem. (It
is worth mentioning that we know of no direct way to answer even a very simple
version of this question, namely when the projection is assumed to be just the sum
of coefficient functions of two inequivalent irreducible representations.) In Section
[ we study projections through their support, and show that in special cases, the
support of the projection identifies its location in the Fourier algebra.

As perhaps the most useful consequence of this study, Corollary provides a
complete description of all projections in L!'(G) when G is a unimodular, second
countable, type I locally compact group with the property that every compact open
subset of the dual of G is a finite subset of the reduced dual. This class of groups
includes SLy(R) and any almost connected nilpotent group.

We finally finish the paper with an application of projections to *-homomorphisms
between L!-algebras of (unimodular) locally compact groups.
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2. NOTATION AND BACKGROUND

For the rest of this paper, G is a unimodular locally compact group unless other-
wise stated. The space of equivalence classes of irreducible unitary representations
of G is denoted by G. There is a natural topology on G that is not, in general,
Hausdorff (see [16]). Whenever we refer to a representation of G, we mean a weakly
continuous unitary representation. The support of a representation m, denoted by
supp(7), is the set of all representations in G which are weakly contained in 7. For
the left regular representation A of G, the support of A is called the reduced dual
of G and is denoted by ér. For a detailed accounts of the representation theory of
locally compact groups see [5] and [§].

For a representation 7 on G and &, € ‘H,, we define the corresponding coefficient
function to be the function 7¢ ,(z) = (m(x)&,n), for x € G. Let F; denote the
linear span of {m¢, : £&,n € H,}. Then F; is a subspace of the space of bounded
continuous complex-valued functions on G.

An irreducible representation 7 is called integrable if there exists & € H,, £ # 0,
such that m¢ ¢ € L'(G). This is equivalent to the existence of a dense subspace H’
of H, such that for all £,n € H', the coefficient function ¢, belongs to L'(G).
An irreducible representation 7w of G is said to be square-integrable if there exist
non-zero vectors &, € H, such that m¢, € L*(G). Note that every integrable
representation is square-integrable but the converse is not true. When 7 is a square-
integrable representation of a unimodular group, every coefficient function of 7 is
square-integrable. See Chapter 14 of [5] for the basic properties of square-integrable
and integrable representations of unimodular groups.

Square-integrable representations satisfy orthogonality relations similar to the
ones held for coefficient functions of irreducible representations of compact groups.
In particular, let o = @?:1 m; for mutually non-equivalent square-integrable rep-
resentations (), and &, &}, n;,m), € Hn, for i € 1,...,n. Then for £ = P, &,
¢ =@, & n =@ mi, and ' = D, 1 we have

W [ on@o@mna = 3 [ @ E @

ij=1

n

>

i=1 "

| —
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where each positive real quantity k; is called the formal dimension of 7;. For such
a representation o, F,, has additional structure. With &,7,£’,n’ as above,

n
(2) e * Oy =D %(fi,nﬁm,g;,m € Fy,

i=1 "
where 7 ¢, n, = (mi(-)&;,m:). Using (2), we observe that if G is unimodular and o
is a direct sum of finitely many square-integrable representations, then F, forms a
x-algebra, where * is the involution.

For a locally compact group G, let B(G) denote the set of all coefficient functions
generated by representations of G. Eymard first introduced B(G) for a general
locally compact group in [6]. Clearly, B(G) is an algebra with respect to the
pointwise operations. Eymard showed that B(G) is in fact a Banach algebra with
the norm defined as follows. For each u € B(G), ||ullp) := inf [|]|||n]] where
the infimum is taken over all possibilities of representations o of G and &, € H,
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with u(xz) = (o(x)€,n). The Banach algebra B(G) is called the Fourier-Stieltjes
algebra of the group G. Further, B(G) is invariant with respect to left and right
translations by elements of G.

For a representation o of G, F, is a subspace of B(G) which is not necessarily
closed. The closure of F,, with respect to the norm of B(G) is denoted by A, (G),
or A, when there is no risk of confusion. These subspaces were defined and studied
by Arsac in [I] where it was shown that

oo

Ae =3 0eum; 6,15 € Hoy Y [I€ 1l Imill < oo

j=1 j=1

In addition, every u in A, can be represented as u = 221 0¢, n: in such a way that

lull By = Y 1€ In; -
j=1

Moreover, the subspace A, can be realized as a quotient of the trace class operator
algebra of H,, T(H,), through the map 1) defined as

V:T(He) — Aoy (T)(2) = Tr(To(x)),

forevery T € T(H,) and « € G. In the special case where o is irreducible, the above
map defines an isometry. In particular, we conclude that ||o¢ ,[ () = [€]l|7]]. In
our computations, we will use the following proposition which is merely a weaker
version of Corollaire (3.13) of [1].

Proposition 2.1. Let 0 = P, ;
equivalent irreducible representations of G. Then A, = (-

7, where {m; : i € I} is a collection of non-

icl ATri :

If A denotes the left regular representation of G, Ay turns out to be a closed ideal
of B(G), and is simply denoted by A(G). The algebra A(G), called the Fourier
algebra of G, was also introduced by Eymard in [6]. In particular, Eymard proved
that each element of A(G) can be written in the form of a coefficient function of A,
that is A, for some f,g € L?(G).

An element p in L'(G) is called a projection if p x p = p = p*; that is, if p is
a self-adjoint idempotent in L!(G). Let PL'(G) denote the set of projections in
LY(G).

For p € PLY(G), define the support of p to be S(p) := {r € G : m(p) # 0}. For
any p € PLY(G), S(p) is a compact open subset of G (see 3.3.2 and 3.3.7 of [B]), but
S(p) is not necessarily closed (see [I3, Example 2]). Thus, if G has no nonempty
compact open subsets, then PL(G) = {0}.

The set PL'(G) carries a partial order < that is ¢ < p if g*p = ¢ (or equivalently
pxq=q) for p,q € PL'(G). A nonzero p € PL*(G) is called a minimal projection
if for any other ¢ € PLY(G), ¢ < p implies that ¢ is either p or 0. A projection p in
LY(@G) is called strongly minimal if the left ideal L'(G) * p is a minimal left ideal in
LY(G). Equivalently, for a strongly minimal projection p,

(3) px fxp=ayp

where ay € C, for every f € L'(G). It is clear that strong minimality implies
minimality of a projection. But the following example shows that the converse is
not true.
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Example 2.2. Let G be a locally compact abelian group with a nontrivial compact
open subgroup K such that G/K is infinite and torsion free (T x Z is such a group).
Normalize Haar measure on G so that the measure of K is 1 and let p = 1k, the
characteristic function of K. Noting that p is the characteristic function of the

connected set G/K in é, one sees that p is minimal but not strongly minimal.

Strongly minimal projections have been studied in [2] and [22] where they were
called “minimal”. Since in this article we study two types of minimality for pro-
jections, namely minimal and strongly minimal, we use different terminology. It
has been shown that, for unimodular groups, there is a one-to-one correspondence
between the set of equivalence classes of integrable representations and strongly
minimal projections. We will clarify the relation between a strongly minimal pro-
jection and the corresponding irreducible representation, for unimodular groups, in
Section Bl

3. MAIN RESULTS

Our objective for this paper is to study L'-projections of unimodular groups.
Our motivation is the result of Barnes in [2] which states that every strongly min-
imal L!-projection of a unimodular group is a coefficient function of an integrable
representation. In particular, strongly minimal projections of L!(G) lie in some A,
with 7 integrable (which implies A, C A(G)).

We begin this section with an analogous key observation on idempotents in
L'(G). Note that unimodularity of G guarantees that many of the significant
dense left ideals of L'(G) are (two-sided) ideals. Let us recall that an element p
of an algebra A is called an idempotent if p> = p. The following proposition is
formerly proved in [I7, Theorem 8] in a more general setting. We present the proof
here to be self-contained.

Proposition 3.1. Let G be a unimodular locally compact group and p be an idem-
potent in L'(G). Then, p € A(G) N L"(G) for every 1 < r < oco.

Proof. Suppose p is a non-zero idempotent in L!(G). Let J be any one of the ideals
A(G)N LYG) or LY(G) N L"(G) for some 1 < r < oo. Since J is dense in L}(G),
there is some u € J such that [|u —p||; < ||p||;". Define b:=3""" (p—uxp)*" €
LY(G), where *n denotes the n-fold convolution. Note that b * p = b. Moreover,
bx(p—uxp)=b— (p—uxp). Therefore, uxp+ (b —b* (p—ux*p)) =p. On the
other hand, uxp+ (b—b* (p—u*p)) =uxp+bxuxp € J. This implies that
pEeJ. O

Note that the proof of Proposition [3.1] does not work for nonunimodular locally
compact groups, as having two-sided ideals is essential for the proof.

The following gives most of [2] Theorem 1], but from a perspective more suitable
to our needs.

Proposition 3.2. Let G be a unimodular locally compact group and p a projection
in LY(G).

(i) Let m = A(-)|L2(q)sp- Then p € Ay.

(ii) If p is strongly minimal, then 7 is irreducible and integrable. Further,

b =Tpp-
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Proof. Since G is unimodular, and p* = p, we have that p is equal to p a.e. where
p(s) := p(s~1) and p(s) := p(s). Proposition tells us that p € A(G) N L%(G).
Hence we have

p=pxp=p*p=(p.A()p) = (A\(),B),
which gives (i).
Let p be a strongly minimal projection. Let u be the element in L*°(G) which
is associated with the linear functional f — oy defined in , ie.

@ pefeo=([ af)p  (or f€L}(G).
Notice that [, u(px f) = [(p*u)f = [(D*u)f. Sofor every f € L*(G),

([unp=psssp=pssf)ep=([ utpemp=([ Gxw

e G G

which implies that D * u = u. Likewise u * P = u. Now if (u,) is a net from C.(G)
which is weak*® convergent to u, then we have

u=pxuxp=w-limpxu, xp =lim </ uLu) D.
L L a
In particular o := lim, (fG ubﬂ) exists and u = ap. But p = p*p+*p = a([, D),
s0 0 = Iz,
Now we follow a procedure in [2]. If o is any representation for which o(p) # 0,
find ¢ in H, such that o(p)¢ = € and ||€]|? = o~ L. Interchanging roles of p and p
in (), we have for f in L'(G) that

lo(EI* = o+ f*+ [+ P)E,€) = Oélléllr‘)/G(f* «f)p=(f"*f*p,p) = f*pl3

where the fact that p = 75 was used in the penultimate equality. Hence U :
LY(G) *p — H, given by U(f *p) = o(f)& extends to an isometry from L?(G) *p
to H, which intertwines m and o. In particular with choice of irreducible o, we
see that 7 is necessarily irreducible as well. Since p = mpp is integrable, 7 is an
integrable representation. ([

The following remark gives the converse to (ii), above.

Remark. Let G be a unimodular locally compact group and 7 be an integrable
irreducible representation of G. Then there is a dense subspace H.. of H, consisting
of elements ¢ for which 7¢ ¢ is a multiple of a projection p¢ in L'(G). Furthermore,
by the calculation of [22] Lemma 2.2], each p; is strongly minimal.

The preceding propositions give a description of strongly minimal projections. In
what follows, we will study projections in L(G) given that they belong to certain
subspaces of the Fourier algebra. We begin with the following lemma which says
that, similar to the compact case, A, for a square-integrable representation 7, is a
Banach x-algebra with respect to convolution.

Lemma 3.3. Let 0 = @), m; for square-integrable representations m; of a uni-
modular locally compact group G. Then A, C L*(G) and VEo| - [l2 < | - |5
on A, where ko = min{k,, : i = 1,...,n}. Furthermore, (Ao, k;'|| - | B(c)) is a
Banach x-algebra when it is equipped with convolution.
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Proof. By orthogonality relations stated in , for each £ = @?:1 &, = @?:1 n; €
@?:1 Hﬂw O¢n € LQ(G)>

n

2
- 1
loenlls = Z*H&II [l (Z ||&|||m||> < k—IIUs,nIIQB@),
O' 1:1 (o

217r

where we used Proposition [2.1)in the last inequality. Let u =Y ;- | 0¢, , € Ao be
represented such that ||ul|p) = > pey €kl Then,

lull2 < Z 17812 < Z WH e llB(@) rkzl 1€k Il = \ﬁIIUHB

Therefore, A, C LQ(G). Moreover, since G is unimodular, for every u,v € A,,
their convolution is defined, and w * v = (A\(-)?,w). Thus,

lu = vll 5y < Illl2l1o]l2 < k5 lullse) vl B)-

This completes the proof. ([l

The following is a partial generalization of [13, Theorem 3], where conditions on
the set S(p) were assumed. We take the perspective of assuming p itself consists of
certain types of matrix coefficients.

Theorem 3.4. Let G be a unimodular locally compact group. Let m1,..., 7, be a
family of pairwise inequivalent members ofé and o = @;_, 7. If pin LY(G)N A,
s a projection which belongs to no A, for any proper subrepresentation o’ of o,
then
(i) p= Y7, pi where each p; is a projection in L*(G) N Ay, and p; * py =0
fori#£id;
(ii) each p; = Z§;1pij where each p;; is strongly minimal and p;; * p;; = 0 if
Ji# 5

(iii) each m; is integrable; and

(iv) S(p) ={71,...., 7}

Proof. First note that A, NA(G) # {0}, since p € L*(G)NA(G) by Proposition
Thanks to [Il (3.12)] there is a subrepresentation ¢’ of ¢ for which A, = A,NA(G),
but then p € A,/, and our assumptions ensure that ¢’ = ¢. In particular, for each
i, Az, C A, C A(G), and hence by [5, 14.3.1] each 7; is square-integrable. Thus
by Lemma (Ao, kM| - || B(e)) is an involutive Banach algebra when equipped
with convolution.

Recall that A% = VN, = (>-@;_, B(H,). We have the usual duality 7 (H)* =
B(H) given by (7 ® Z*,T) — Tr(E®@n*T) = (T¢,n), where T ® € is the rank-one
operator on H given by ¢ ~ (£,¢)%. Combining these facts gives us an isometric
Banach space isomorphism

¢ A —)T_gl @T TI'L ZZW1’51J717LJ'_>ZZ,’713®£7,]’

i=1 i=1 j=1 =1 j=1

where 7, ¢, n. = (mi(+)&ij,mi5). Consider the new mapping & as follows.

(AU? k(rl” ||B(G _> T ZZW%E” Nij = Z - an ®£z]7

=1 j=1



8 M. ALAGHMANDAN, M. GHANDEHARI, N. SPRONK, AND K. F. TAYLOR

where k, is the constant from the preceding lemma. It is straightforward to check
that ® is a continuous bijective algebra homomorphism when the domain is endowed
with the convolution product. Indeed, one checks that ® is a homomorphism on
the dense subspace F, of finite sums of matrix coefficients of ¢, and observes that
®(F,) is the space of finite rank operators, which is dense in T.

Now we let A = p x L}(G) x p. Since L'(G) N A, is a left ideal in L}(G), A
is an involutive convolution algebra with unit p, and A C A,. Hence ®(A) is a
unital involutive subalgebra of 7, whence of the algebra of compact operators K =
co- @B K(Hr,). Soif P = ®(p), P is a compact idempotent and thus it is finite
dimensional. Moreover, we have that ®(A) C PXP which is a finite dimensional x-
algebra, hence semisimple and thus by Wedderburn’s theorem isomorphic to a finite
direct sum of full matrix algebras @}, M, (C). Let {E];};,_; be the matrix
units of M, (C). Note that for each j € 1,...,N and k € 1,...,7j, Eik is a
strongly minimal projection in @f\il M,,(C), as Eik(@f\il M,, ((C))E,ik = (CEik.
Hence, p; = (IJ*I(Eik) is a strongly minimal projection in A with p;i < p, and
subsequently for each f € L'(G) we have

Pk * [ *pik = pjk* (p* fxp) *pjr € A

We now appeal to Proposition @, and observe that p;; must be a coefficient
function of an integrable representation. On the other hand p;, € A, and therefore
pjk is a coeflicient function of 7; for some <. In particular, m; is integrable.

In the remaining, we prove that N = n. In what follows, we assume that m;
belongs to {m1,...,m,}. We show the following two facts:

(a) If k # k' and pj € Ay, then pjp € Ar,.
(b) If j # j' then pj; and pj; do not belong to the same A, .

To prove (a), fix j and k # k’. Towards a contradiction, assume that p,; and
pjx are coefficient functions of representations m; and ;s respectively, with ¢ # 4’
Since Ay, * Ar, = {0}, for every f € L*(G), we have pji * f * pjrr = 0 as f * pj
still belongs to Ar,. But this is a contradiction, as for f = <I>’1(Eik,) we get
Djk * [ *pjir = (I’_l(EikEik/Ei/k/) =f#0.

For (b), recall that for each f € LY(G), pjr* fxpju = pjrx(p* fxp)*pjn = 0, since
® is a homomorphism. Now towards a contradiction, suppose that p;; = m; ¢ ¢ and
pji = iy for some &,m € H,,. Since m; is irreducible, there is some g € L'(G)
such that (m;(g)n, &) # 0. Therefore,

Djk * G *Djrl = Tige % Ty ni(gm = (& Ti(@)M)Time # 0,

which is a contradiction. So with p; := Z;;l Dij, properties (i) and (ii) hold.

To prove (iv), note that by Lemma 1.1 of [22], the support of a strongly minimal
projection is a singleton. In fact, for a nonzero L'-projection of the form m¢ ¢, we
have S(me¢) = {7}, since (T(me )€, &) = || meel3 > 0. Thus for every i, S(p;) =
{7i}, since p; is a finite sum of strongly minimal projections, each of which is a
coefficient function of m;. This fact, together with the orthogonality relations for
square-integrable representations, imply that S(p) = {71, ..., Tn} O

Corollary 3.5. Let w be an irreducible representation of a unimodular locally com-
pact group G, and p € A, be an L'-projection. Then p is a minimal projection if
and only if it is strongly minimal.
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Proof. By Theorem [3.4] a projection p in A, can be written as a finite sum of
strongly minimal projections of the form m¢ ¢. Therefore, p is minimal if and only
if it is strongly minimal. O

4. SUPPORT OF PROJECTIONS

Recall that the support of an L'-projection p, denoted by S(p), is the collection
of all (equivalence classes of) irreducible representations m of G such that 7(p) # 0.
In this section, we show that the support sheds some light on the structure of the
projection itself. This is evident in the abelian case, where the Fourier transform
of a projection is just the characteristic function of the conjugate of its support.
Recall that the support of a projection is always open and compact in the Fell
topology of the dual. For compact groups, the support of a projection is the finite
set of irreducible representations which are used to construct the projection. We
study similar cases (projections with finite support) for general unimodular groups
in more detail.

We start this section by a general observation linking the support of a projection
and the support of its GNS representation.

Proposition 4.1. Let G be unimodular, second countable and type I, and p be a
projection in L'(G). Then S(p) N G, is dense in suppwy,.

Proof. We have the following Plancherel picture of the left and right regular repre-
sentations (see [8, Section 7.5]). There is a Borel subset B of G which is dense in G,
and a measure p on G which is carried by B for which we have unitary equivalences

52} 52}
)\g/ I @7 du(n) andp%/ 7 Idu(r)
B B

on
55}
L3(G) = / e @ Hy dp(r).
B

The reader may refer to [, [8 5] for the theory of direct integrals of representations.
Note that the aforementioned presentation is slightly different from (but equivalent
to) the one in [B, 18.8.1]. Proposition shows that the representation m, =
A()|z2()sp on the Hilbert space L?(G) *p with the cyclic vector p is the Gelfand-
Naimark cyclic representation of the positive-type element p. Observe, then, that

D
o(p) = / 7(p) ® I dpa(),

B
SO
69 J—
L(G) <5 = pIG) = [ w)He @ dulr)
@ J—
(5) - / () He © Hy du(r).
{meB:n(p)#0}

By [5] 8.6.8 and 8.6.9], it follows that
suppm, = cl{m € B : w(p) # 0}

where we have used clS to denote the closure of S, so as not to conflict with notation
of conjugation. It is clear that S(p) N G, contains {m € B : w(p) # 0}, while also
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that (S(p) N G,) N (G, \ cl{r € B: =(p) # 0}) = 0. Interchanging p and p, we
obtain the desired result. O

The following example shows that for a totally disconnected algebraic group, the
support of an L'-projection does not necessarily lie in the reduced dual. However,
we know of no connected, unimodular, second countable and type I group G for
which the support of an L'-projection does not lie in (A}'T.

Example 4.2. Let G = SL,(Q,) for (n > 2). Then G is type I, as it is a reductive
p-adic group (see [3]). Note that G has an open compact subgroup K = SL,,(0,).
Consider the projection 1x in L!'(G), and note that for the trivial character 1 on
G,1(1g) #0. But 1 ¢ G,, as G is not amenable.

Proposition [.1] tells us that

@

Tp = / I @7dp(r).
BNS(p)

In a particular case, when S(p) N ér is finite, we can describe the projection as in

the following theorem.

Theorem 4.3. Let G be unimodular, second countable and type I, and p be a
projection in L*(G). If S(p) NG, = {m1,..., T}, then p € A, where o0 = @), 7,
and S(p) = {m,...,m}.

Proof. Note that by , the measure representing m, is supported on {71,..., 7, };
hence, the Plancherel measure p admits each 7; as an atom. Then, letting o =
@._, 7, Proposition shows that p € A,. It is easy to see that for any proper
subrepresentation ¢’ of o, p € Ays. This follows from the orthogonality relations
for square-integrable representations m; and the fact that the support of p contains
{T1,...,Tn} O

Corollary 4.4. Let G be a unimodular, second countable type I locally compact
group with the property that every compact open subset ofG’ is a finite subset ofG
Let p be a projection in L*(G). Then, there exist mutually inequivalent wy,- -+ , T, €
G such that
(i) p= Y7, pi where each p; is a projection in L*(G) N Ay, and p; * py =0
fori#£id;
(ii) each p; = Z§;1pij where each p;; is strongly minimal and p;; * p;jr = 0 if
Ji# 5
(iii) each m; is integrable; and

(iv) S(p) ={71,-- -, Tn}-

Proof. Under these hypotheses, the compact open set S(p) must be a finite subset
of G,.. Now, combine Theorem with Theorem O

Remark. In the second countable case, Corollary generalizes [I3] Theorem 4]
since any almost connected nilpotent group is Type I (see [I8, page 79] or [19,
Section 12.6.30]) and unimodular. It also applies to SLa(R) which is Type I and

unimodular. There is a clear description of the topology of SLy(R) on pages 246-

248 of [§] from which one can check that any compact open subset of SLy(R) is
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finite. No noncompact property (T) group enjoys this property; indeed consider
the trivial representation {1}.

Remark. The referee has pointed out that the requirement that G be second
countable in Theorem and Corollary [f.4) may not be a major restriction because
the following process can be applied in any particular case. If G is a unimodular
type I locally compact group and p is a nonzero projection in L*(G), then there is a
o-compact open subgroup H of G which supports p. By Proposition p € Co(H)
and thus is uniformly continuous. So, for each n € N there is a neighbourhood U,
of the identity in H so that p moves by less than 1/n in the supremum norm if it
is right or left translated by elements of U,,. By the theorem of Kakutani-Kodaira
(see [12], 8.7]), there is a compact normal subgroup K of H contained in all the U,
so that H/K is second countable. Then p will be constant on cosets of K. The
passage from G to H/K maintains the unimodular property and the property of
being type I (see [19, Section 12.6.30] again). What remains to be done is to verify
the property that every compact open subset of G is a finite subset of ér carries
over to H/K. In any particular case, this can likely be checked and an explicit
description of p obtained. However, general inheritance of the finiteness property
for compact open subsets of G remains to be explored.

5. APPLICATION TO HOMOMORPHISMS OF GROUP ALGEBRAS

Let p be a projection in L'(G). Following [21], define the set
M, == {p € M(G): p"*p=p*p"=pandp*p=ypu}
We shall call this the intrinsic unitary group at p. Note that since L!'(G) is an
ideal in M(G), we see, in fact, that M,, C L'(G). One can equip M, with the
topology o (L' (@), Co(G)) restricted to M,. With convolution product, identity p,
and inverses f~1:= f* M, is a semi-topological group with continuous inversion.
Let us make the assumption that G is a unimodular, second countable, type

I group, for which every compact open subset is a finite subset of ér. Then by
Corollary every L!-projection p admits the form

n T
(6) p=)Y pi and p;=>)_ i e ¢
i=1 j=1 7
where k., > 0 is the formal dimension of 7;, and gii), e ,fﬁj) are unit vectors in

‘H,. For notational convenience, we define u-p;, when w is a unitary matrix of size
ri, to be u - p; = Zk,i:l ukygkﬂiwivgg)@({z)

Proposition 5.1. With the assumptions given above, each intrinsic unitary group

in LY(G) is of the form of

M, = {Zm “Pi i U € U(Ti)} = HU(”)

i=1
when p is a projection in L'(G) withp =1, p; as in (@), where r; € N and U(r;)
is the group r; X r; unitary matrices, for 1 <i<mn. .

Proof. We saw in the proof of Theorem [3.4] that a direct sum of matrix alge-
bras @;_, M,,(C) is *-isomorphic to p x L'(G) * p, with the isomorphism given by
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(@i)iey = 22001 Dokemt Ok thn, T, () (. The structure of the unitary group follows
? Sk Sy
immediately. ([l

The value of the above result lies in its application to the problem of constructing
homomorphisms from L'(F) to L'(G), where F is another locally compact group,
as given in [2I]. Let p be given as in (@, and M, as in Proposition Given any
continuous homomorphism ¢ : F — [[;_; U(d;), we can render a *-homomorphism
P, : L'(F) — LY(G) by

(7) (1) =Y /F £(5)6(s): - i ds.

We can use this to construct non-trivial homomorphisms form L'(F) to L(G)
where there exists no non-trivial homomorphisms form F to G. For example we
may let F = SU(n), and let G = SLy(R), the reduced Heisenberg group H,, or
any finite group admitting an irreducible representation of dimension at least n.
Notice that if F and G are abelian and G is compact then each d; = 1, and the
*-homomorphism ®,, corresponds to the piecewise affine map G — F whose domain
is {71,..., T} and is given by 7; — ¢;. In the case that G is nonabelian and some
d; > 1, then [|p||; > 1 and ®,, is necessarily non-contractive; compare with [9].

Let us close with a modest characterization of homomorphisms described above.

Proposition 5.2. Let G satisfy the conditions of Corollary[{.]) and F be any locally
compact group. A x-homomorphism ® : L'(F) — LY(G) is of the form ® = ®,, as
n (@, if and only if ker ® is a modular ideal of L*(F).

Proof. If & = @, as in @, then ®(L(F)) C p* L*(G) * p. As in the proof of
Theorem we see that ®(L!(F)) is isomorphic to a *-subalgebra of a direct sum of
full matrix algebras, and hence is unital, whence ker ® is a modular ideal of L(F).
Coversely, if L!(F)/ker ® admits an identity, ¢ + ker ®, then ¢* + ker ® is also the
identity so p = ®(q) is a projection in L'(G). Furthermore, ®(L'(F)) C pxL'(G)xp.
Hence by the method of proof of Theorem 3.8 of [21], ® corresponds to a bounded
homomorphism ®; : M (F) — px M (G)*p = pxL'(G)*p and hence to a continuous
homomorphism ¢ : F* — M,,, which, in turn, gives the form ¢ = ®,, as in . (I
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