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PARTIAL ACTIONS OF GROUPOIDS

CLAIRE ANANTHARAMAN-DELAROCHE

ABSTRACT. We study the notion of partial action of a locally compact groupoid
on a C"-algebra. We show that the semidirect product groupoid associated with
a partial action of an amenable locally compact groupoid on a locally compact
space is an amenable locally compact groupoid.

1. INTRODUCTION

Recently, we came across an example of locally compact groupoid for which we
needed to show its amenability (see the proof of [4, Proposition 4.18]). It appeared
that this groupoid looked like the semidirect product relative to a partial action
of a groupoid on a locally compact space. Having consulted the literature we have
not found trace of this notion, though well known for partial actions of groups. For
groups, it was introduced by Exel and McClanahan in the more general setting of
partial actions on C*-algebras, first in the case of the group of integers [5], then
for discrete groups [15], and then for any locally compact group [7]. For discrete
group partial actions on C*-algebras, the corresponding full and reduced crossed
products were defined by McClanahan in [15], extending a previous construction
of Exel in [5]. Since then, many C*-algebras have been described as such crossed
products, hence the importance of partial group actions.

It was observed by Exel in [7] that the notion of partial action of a locally
compact group G on a C*-algebra A is closely related to the notion of Fell bundle
over the group G. To every partial action of G on A is associated in a canonical
way a Fell bundle called the semidirect product bundle of A and G. Now, through
the notion of representation of Fell bundles, one can define the full and reduced
cross-sectional C*-algebras of every Fell bundle B over a locally compact group
(see [10, VIII.17.2], [6]). If B is the Fell bundle associated to a partial action of
G on A, these cross-sectional C*-algebras are respectively, by definition, the full
and reduced crossed product C*-algebras relative to this partial action. Indeed,
when the group is discrete, they are canonically isomorphic to the above mentioned
crossed products constructed by Exel and McClanahan (see [8]).
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2 CLAIRE ANANTHARAMAN-DELAROCHE

In this text, we develop in a similar way the notion of partial action of a locally
compact groupoid on a C*-algebra and describe the associated Fell bundle on the
groupoid. The notion of Fell bundles on groupoids appeared in [12] (see also [31]).
The corresponding full and reduced cross-sectional C*-algebras are constructed
in a way similar to the case of Fell bundles over groups ([12], [16], [28, Appendix
A.3], [24, 25]). We define the full and reduced crossed products relative to a partial
action of a locally compact groupoid on a C*-algebra to be respectively the full
and reduced cross-sectional C*-algebras of the associated Fell bundle.

Our motivation for this straightforward study was to show that the semidi-
rect product groupoid relative to a partial action of a locally compact amenable
groupoid on a locally compact space is an amenable groupoid. This is known to
be true for genuine actions and also for partial actions of a locally compact group
G. If G is discrete, this follows from [26, Proposition 9.3]. The general case of a
locally compact group is a consequence of [23, Theorem 2.2].

We prove the same result for a partial action of an étale groupoid G on a lo-
cally compact space Y (Proposition 7.1). Our strategy is well known for partial
actions of discrete groups (see for instance [14, Section 6]). We first show that the
reduced C*-algebra of the semidirect product groupoid Y x G is isomorphic to the
cross-sectional reduced C*-algebra of the Fell bundle over G associated with the
partial action of G on the C*-algebra Cy(Y). Then we use a result of T. Takeishi
saying that the cross-sectional reduced C*-algebra of a Fell bundle over an étale
locally compact amenable groupoid with nuclear fibers is nuclear [27, Theorem
4.1]. Finally we use the fact that if the reduced C*-algebra of an étale groupoid is
nuclear, then the groupoid is amenable (see [3, Corollary 6.2.14]). However, this
proof is not entirely satisfactory, since it invokes the non-trivial fact that an étale
groupoid is amenable whenever its reduced C*-algebra is nuclear. It would be nice
to have a direct proof in the only setting of groupoids.

Our paper is organized as follows. In Section 2 we recall some basic results about
Fell bundles over groupoids. In Section 3 we describe the construction of the full
and reduced cross-sectional C*-algebras of Fell bundles over groupoids. In Section
4 we introduce the notion of partial action of a locally compact groupoid G on a
C*-algebra A and we describe the associated Fell bundle over G. In Section 5 we
consider the case where A = Cyp(Y') is commutative and we study the corresponding
semidirect product groupoid Y x G. Finally, in Section 6 we show that in this case,
the full and reduced C*-algebras of Y x G coincide with the full and reduced cross-
sectional C*-algebras of the corresponding Fell bundle. We conclude with the proof
of our Proposition 7.1, which was our objective.

In this paper, we only consider locally compact groupoids, and our locally com-
pact spaces are implicitly assumed to be Hausdorff and second countable.
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2. FELL BUNDLES OVER GROUPOIDS

Since Fell bundles are particular examples of upper semicontinuous C*-bundles
we begin by introducing this notion.

2.1. Upper semicontinuous C*-bundles. For a short introduction to this sub-
ject we refer to [29, Appendix C.2]. Continuous Banach bundles are comprehen-
sively studied in the book [9]. Recently, it was realized that, in the C*-algebra
setting, it is more appropriate to replace continuity by upper semicontinuity, with-
out significant changes in the results.

Definition 2.1. An upper semicontinuous Banach bundle over a locally compact
space X is a topological space A together with a continuous open surjection ¢ :
A — X and complex Banach space structures on the fibres A, = ¢~!(z) such that

(1) the map a — ||a|| is upper semicontinuous;

(2) setting Ax A = {(a,b) € Ax A:q(a) =q(b)}, the map (a,b) — a+ b is
continuous from A * A to A;

(3) for each A € C, the map a — Aa is continuous from A to A;

(4) if (a;) is a net in A such that lim; ¢(a;) = x and lim, ||a;|| = 0, then
lim; a; = 04, where 0, is the zero element in A,.

Definition 2.2. An upper semicontinuous C*-bundle is an upper semicontinuous
Banach bundle ¢ : A — X such that each fibre A, is a C*-algebra and such that
the following additional conditions hold:

(5) the map (a,b) — ab is continuous from A * A to A;
(6) the map a — a* is continuous from A to A.

We denote by I'g(X,.A) the C*-algebra of continuous sections of the C*-bundle
A that vanish at infinity and by I'.(X,.A) the %-algebra of compactly supported
continuous sections. Note that Cy(X) acts on I'g(X,.A) as follows:

(0f)(x) = ¢(@)f(x), for @ e Co(X),feTlo(X,A).
This gives to I'g(X, A) the structure of a Cyp(X)-algebra in the following sense (see
[29, Proposition C.23]).

Definition 2.3. A Cy(X)-algebra is a C*-algebra A equipped with a homomor-
phism ® from Cp(X) into the center of the multiplier algebra of A, that is non-
degenerated, meaning that the linear span of {®(p)a : ¢ € Cy(X),a € A} is dense
in A.

Thus, an upper semicontinuous C*-bundle gives rise to a Cy(X)-algebra. Con-
versely, every Cy(X)-algebra A arises in this way. Indeed, for x € X, let us denote
by J, the ideal of functions in Cy(X) that vanish at  and denote by I, the clo-
sure of the linear span of {®(p)a: ¢ € J,,a € A}. Then I, is an ideal in A, and
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we set A(x) = A/I,. We write a(z) for the image of a in A(x). Then for every
a € A the function x — |la(z)| is upper semicontinuous and vanishes at infin-
ity. Set A = || cx A(z) and let ¢ : A — X be the canonical map. There is
a unique topology making ¢ : A — X an upper semicontinuous C*-bundle with
Io(X,A) ={x— a(z):a € A} (see [29, Theorems C.25, C.26]). The open sets of
A are the unions of sets of that form

W(f,Uye)={a€c A:q(a) €U and |la — f(q(a))] < e},

where f € A, U is an open subset of X and £ > 0. It follows that A is Cy(X)-linear
isomorphic to I'g(X,.4). Note that in case we had started with A = T'g(X, .A) for
some upper semicontinuous C*-bundle A, then A(x) = [o(X,A)(z) = A,.

Thus the notions of upper semicontinuous C*-bundle and of Cy(X)-algebra are
in bijective correspondence. This justifies the extension from continuity to upper
semicontinuity.

Example 2.4. Let X,Y be two locally compact spaces and let p : ¥ — X be
a continuous surjective map. Then A = Cy(Y) is a Cy(X)-algebra by setting
(ef)(y) = pop(y)f(y) for ¢ € Cy(X) and f € Cy(Y). Let A be the corresponding
upper semicontinuous C*-bundle over X. Then we have A, = Co(p~'(z)) for
x € X. Moreover the map sending f € Cy(Y) to the section x — Jlp=1(x) Is an
isomorphism of Cy(X)-algebras from Cy(Y') onto I'o(X,.A).

Definition 2.5. Let X,Y be two locally compact spaces and let p: Y — X be a
continuous map. Given an upper semicontinuous Banach bundle ¢ : 4 — X, its
pullback is defined to be the space

prA=Agx,Y ={(a,y) € AxY :q(a) =p(y)}

equipped with the relative topology and with the bundle map p : p* A — Y such
that p(y,a) = y. It is an upper semicontinuous Banach bundle over Y and an
upper semicontinuous C*-bundle when A is so.

Definition 2.6. Let X,Y be two locally compact spaces and let p : ¥ — X
be a continuous map. Let A be a Cy(X)-algebra and A its associated upper
semicontinuous C*-bundle. The pullback of A is defined to be p*A = Ty(Y, p*A).
It is a Cp(Y)-algebra and for y € Y, its fiber p*A(y) is naturally identified with

A(p(y))-

Note that p*A can also be defined as a balanced tensor product of A by Cyp(Y)
over Cy(X) ([20], [11]).

2.2. Fell bundles over groupoids. Let G be a locally compact groupoid. For
this notion we refer to [21], [17], [3] or [30]. We use the notation of [3]. In particular
G denotes the space of units of G, and r, s are respectively the range and source
maps, G =~ !(z) and G, = s~ (z) for z € X = G0,



PARTIAL ACTIONS OF GROUPOIDS 5

The notion of Banach algebraic bundle over a topological group is developed
n [10]. To the author’s knowledge, bundles over groupoids seem to have been
considered first in [31] and then in [12].

Definition 2.7. Let G be a locally compact groupoid and p : B — G be an upper
semicontinuous Banach bundle. We set

B = {(a,b) e BxB: (pa),p(b)) € g<2>}.

We say that p: B — G is a Fell bundle if there is a continuous, bilinear, associative
multiplication map (a, b) — ab from B into B and a conjugate linear continuous
involution a +— a* such that,

(i) p(ab) = p(a)p(b) for (a,b) € BZ;
ii) p(a*) = p(a)~! for a € B;

(iii) (ab)* = b*a* for (a,b) € B,

(iv) llab] < [lall[[b]| for (a,b) € B,

(v) |la*al| = ||a||® for a € B. In particular, for z € G(), the Banach space
B; is a C*-algebra with respect to the x-algebra structure induced by the
multiplication and the involution;

(vi) a*a >0 for a € B.

We will give examples of Fell bundles in Section 4. For other examples we refer
to [12, Section 2.5] or [16, Section 2].

We now describe the full and reduced cross-sectional C*-algebras of Fell bundles
over groupoids.

3. FULL AND REDUCED C*-ALGEBRAS OF FELL BUNDLES

Let (B, p) be a Fell bundle over a locally compact groupoid G equipped with a
Haar system A = (A¥) cg. As usual, we set \, = AL

3.1. Full C*-algebra. This construction may be found for instance in [16]. We
denote by I'.(G, B) the space of compactly supported continuous sections of the Fell
bundle. It is a topological x-algebra with respect to the inductive limit topology.
The involution is given by

=6

and the product is given by the convolution formula

(f*9)() /g o, fomaar Ly) A ) ().

The full C*-algebra of the Fell bundle (also called the full cross-sectional C*-
algebra) B is the completion C*(G,B) of I'.(G,B) with respect to the universal
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norm
Il =sup{||L(f)]| : Lis an I-norm decreasing representation }
where
I£ll; = max (-sup [ [f(YIA" (), sup [ [F (D)l dAa(v))-
zeg0) JG= zeG(0) J Gy

An I-norm decreasing representation is a *-homomorphism L from T'.(G, B) into
the C*-algebra of bounded operators on a Hilbert space H such that | L(f)|| < || f|l;
for all f € T'.(G, B) and such that the linear span of {L(f)¢: f € T'.(G,B),§ € H}

is dense in H.

<
3

Note that, under usual separability assumptions, the universal norm can also be
defined via representations of the Fell bundle B (for details, see [16, Section 4]).

3.2. Reduced C*-algebra. (see [12], [28, Appendix A.3], [24, 25]). We set X =
G and we denote by B the restriction of the Fell bundle B to X. It is an upper
semicontinuous C*-bundle on X. We denote by P : I'.(G,B) — I'.(X,B0) the

restriction map and we define on T'.(G, B) the following I'g(X, B(?))-valued inner
product (f,g) = P(f*g), that is

(f,9)(x) = /g F(1)*9(7) dAa(y) € BY. (1)
If f €Te(G,B) and h € To(X, BD), we set
(Fh)(7) = Fn)h o s(3). 2)

This makes I'.(G,B) a right pre-Hilbert T'g(X, B(?)-module and we denote by
L?(G, B) its completion. We define an I-norm decreasing faithful representation 7'
of (G, B) on L?(G, B), called the left reqular representation, by left multiplication:

@O0 = [ e o)
The reduced (cross-sectional) C*-algebra of the Fell bundle B is the closure C (G, B)
of the image of «! in BFO(XB(O))(LQ(Q, B)), where BFO(X,B(O))(LQ(gv B)) denotes the
C*-algebra of adjoinable operators on L?(G, B).

We see the C*-algebra B, as a left To(X, B(?)-module by setting fb = f(z)b for
feTloX, BO) and b e B, = 859). Then the interior tensor product

LQ(ga B) ®F0(X,B(0)) Bz

is isomorphic, as a Hilbert right B,-module, to L%(G,.,B), where L?(G,, B) is de-
fined via the formulas (1), (2) but for functions in I'¢(G,, B). The identification is
made via the map

f®br (v € Gy f(7)b)
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for f € To(G,B) and b € B,. We denote by ¢, the canonical map from L*(G, B)
onto L?(G,, B). We have q,(£b) = ¢.(€)b(z) for € € L*(G,B) and b € I'o(X, BO).

By [28, Proposition A.4], there is a unique structure of upper semicontinu-

P

ous bundle of Hilbert modules L?(G,B) = I_Imeg(o)Lz(gx,B) over G such that
the map ¢ € L*(G,B) — (z ~ ¢.(&)) is an isomorphism from L?(G,B) onto

Co(g), L2(G. B)).
The representation 7' is a field of representations (7').cx of C*(G, B), where
7l acts on the right Hilbert B,-module L?(G,,B) by

(=L (1)) () = / FOrmEGTY) A ()
gCL'

for f € T'.(G,B) and £ € G,. We have le(f)H = SUPgex H(Wé(f)“ (see [28,
Proposition A.5]).

Moreover, the universal property of the full norm gives rise to a surjective map

from C*(G, B) onto C*(G, B).

l

4. PARTIAL ACTIONS OF GROUPOIDS ON C*-ALGEBRAS AND THEIR FELL
BUNDLES

4.1. Definition of a partial action. We adapt the now classical notion of partial
action of groups ([5, 7], [15], [18], [1],...) to the case of groupoids.

Definition 4.1. Let G be a locally compact groupoid with space of units X. Let
A be a Cy(X)-algebra and let ¢ : A — X be its associated upper semicontinuous
C*-bundle. A partial action of G on A is a pair 6 = ((6+),eg, (Dy)yeg) where for
each v € G, D, is a closed two-sided ideal in A(r(7)) and 6, is an isomorphism
from D,-1 onto D, such that

(i) Dz = A(z) and 0, = 1d 4(,) for z € X;
(i) 0.+, is an extension of 6., o 6., for (y1,72) € G2).
Of course we will require, in addition, continuity conditions for this partial

action. To define them we need to introduce some notation. The pullbacks r*A =
Ag*. G and s*A = A x4 G are upper semicontinuous C*-bundles over G. We set

B={(a,7):a€ Dy} Cr*A, B '={(a,7):a€D, 1} Cs*A,

and we endow B and B~! with the topologies induced by those of r*A and s*A
respectively.

Definition 4.2. We say that the partial action @ : G ~ A is continuous® if the
following conditions hold:

@The continuity condition will always be implicit in the sequel.
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(iii) the map p: B — G defined by p(a,~y) =~ is open;
(iv) the map (a,v) — (6,(a),7) is continuous from B~! onto B.

Remark 4.3. Condition (iii) implies that B is an upper continuous C*-bundle over

G. This condition is equivalent to the fact that for every open subset U of A, the
set {y€G:DyNU # 0} is open in G. This follows from the equality

p(UxV)NB)={y€G:3ac D,NU}NYV,
where U and V are open subsets of A and G respectively.

The map defined in (iv) is a homeomorphism from B onto B~1.
Remark 4.4. Let 8 : G ~ A be a partial action. Then we have

(1) 6,1 = (6,) ! for every v € G.
(2) GW(DV—lD’Yl) = Dy Dy, if s(y) = r(m);
(3) 6005, is an isomorphism from D_-1D_—

1 [yt onto Dy Dy, if s(y) = 1(n1),
and 60, 00, (a) =0, (a) ifa € DVlevfl

.
vt

The proofs are the same as in [18, Lemma 1.2].

4.2. Fell bundle associated with a partial action. To a partial action G ~ A,
we are going to associate a Fell bundle. It is sometimes convenient to write ad,
for (a,v) € p~*(vy). The multiplication on B is defined by

ad~, * bd, = 0., (071_1 (@)b) 0y,
if s(v1) = r(72) and the involution is defined by

(ady)* = 971_1 (a*)(571_1.

It is straightforward to check that Conditions (i) to (vi) of 2.7 are fulfiled. The
associativity of the product is proved as in [7, Proposition 2.4].

To show the continuity of the product, by [10, VIIL.2.4] we have to show that
given two continuous sections v — (a,7) and vy + (by,7), then the map

(717 72) = (a% ) ’Yl) * (b’YQ ) 72) = (071 (6%—1 (a% )b’YQ)v '7172)
is continuous from G2 into B. This follows from the continuity assumption on the
partial action.
Similarly, one shows that the involution is continuous.
The Fell bundle B is called the semidirect product bundle of A and G (after [7,
Definition 2.8] and [10, Section VIII.4]).

Remark 4.5. This notion of partial action of a groupoid on a C*-algebra extends
both the notion of action of a groupoid on a C*-algebra (see [22], [13], [19], [11])
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and the notion of partial action of a group on a C*-algebra. The full and re-
duced crossed product C*-algebras for these actions coincide in these examples,
respectfully, to the full and reduced C*-algebras of the corresponding Fell bundles.

5. PARTIAL ACTIONS OF GROUPOIDS ON LOCALLY COMPACT SPACES

5.1. Definition and example.

Definition 5.1. Let G be a locally groupoid with space of units X. Let Y be a
locally compact space. A partial action of G on a locally compact space Y is the
data of a continuous map p : Y — X and a pair 8 = ((8y),eg, (Yy)eg), where
for v € G, Y, is an open subset of Y"(") = p~!(r(y)) and 3, is a homeomorphism
from Y, -1 onto Y, such that

(i) Yo =YY% and 5, =Idy, for z € X;
(ii) By, is an extension of B, o B, if s(y) = r(n);
(ili) C ={(y,7) € Yp* G : y € Y, } is open in Y, %, G;
(iv) the map (y,7) + B,-1(y) is continuous from C into Y.

Remark 5.2. Let 3: G ~ Y be a partial action. Then we have

(1) By = (By)~t for every v € G.
(2) By(Y,1 NYy) =Y, Yy if s(v) = r(n);
(3) By oﬁ71 is a homeomorph1sm fromY -1 NY - ~1,-1 onto Y, NY,,, if s(y) =

7(71), and By 0 By, (y) = Byy, (¥ )1fy€Y—le 1y—1-

Remark 5.3. The map (y,v) — (y,7!) is a homeomorphism from Y,*, G onto
Y, s G sending C onto C~' = {(y,7) € V%, G :y € Y,Y—l}.
Condition (iv) means that (y,7) — (8,-1(y),7) is continuous from C onto

C~1. Tt is a homeomorphism. Indeed, the inverse map (y,v) — (8,(y),7) is the
composition of three continuous maps:

(y,7)€C = (y,y ) el (By(y),y ") eC = (By(y),7) € C.

Let us keep the notation of the above definition. We set A = Cy(Y') and D, =
Co(Y,), for v € G. Then D, is a closed two-sided ideal of A(r(v)) = Co(Y™™).
We denote by 0., the isomorphism from D.-1 onto D, defined by

0(f)(y) = foBy1(y) for yeY, and fe D,

Proposition 5.4. ([2, Proposition 1.5]) Let 3 : G ~ Y be a partial action of G
on the locally compact space Y. Then 6@ = ((0y)yeg, (D~)yeg) s a partial action
on the C*-algebra Cy(Y).
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Proof. The only non obvious verifications are that conditions (iii) and (iv) of Defi-
nition 4.2 hold. We keep the notation of this definition. The algebra A = Cy(Y)
is a Cp(X)-algebra and we denote by (A, q) the corresponding upper semicontin-
uous C*-bundle. Then r*A = {(a,7) € AXx G :q(a) =r(y)} is an upper semi-
continuous C*-bundle over G and A, = CO(YT(V)) for every v € G. We set
C'={(y.7) €Y xG:ye Y™™} =Y,x G. Note that Co(C") is a Cp(G)-algebra
and that Cy(C") = r*A as Cy(G)-algebra. We also observe that C’ is a closed
subset of Y x G and that C = {(y,7) €Y xG:y € Y;“(v)} is an open subset of C".
Moreover, Cy(C) is an ideal of Cy(C”) stable under multiplication by the elements
of Cy(G).

We will show that for every open subset 2 of A, theset Go = {y € G : D, N Q # 0}
is open in G. We take Q@ = W(f,U,¢e) where f € Cp(Y), U is an open subset of
X and € > 0. We may assume that Gq is not empty. Let vp be in this set and let
ag € Ce(Yy,) be such that sup,cyro) lao(y) — f(y)| < e. Let a € Cc(C) be such
that a(y,0) = ao(y) for y € Y,,. The fonction v — sup,cyr laly,v) — f(y)] is
upper semicontinuous. It follows that there is a neighborhood V' C r~!(U) of 7o
such that sup, ey la(y, ) — f(y)| < € for v € V. Therefore we have V' C Gq
and Gq is a neighborhood of .

It remains to show that the map (a,7) — (65(a),7) from B~! onto B is con-
tinuous. This follows from [9, Proposition 13.16] and Condition (iv) in Definition
5.1. g

Remark 5.5. Using [9, Propositions 13.16 and 13.17], we see that the Fell bundle B,
coincides with the Fell bundle Li,cgCy(Y5) coming from the Cy(G)-algebra Cy(C').
Indeed, the map sending a € Cy(Y) = D, to (a,v) € B is continuous and thus an
isomorphim by [9, Proposition 13.17].

Example 5.6. Let us consider p: Y = Z x X — X to be the second projection,
where Z and Y are locally compact spaces. In this case

A=Cy(Y) = Co(Z) ® Co(X)

and A(x) = Cy(Z) for every x € X. The associated C*-bundle is Cp(Z) x X
equipped with the product topology. If X is the set of units of a locally compact
groupoid G, we have *A = Cy(Z) x G and r*A = Cy(Z) ® Cp(G). A partial action
of GonY is a pair 8 = ((fy)eg, (Yy)yeg), where for v € G, Y, = Z, x {r(y)}
with Z, an open subset of Z such that

(i) Yo = Z x {z} and B, =Idy, for z € X;
i

)

ii) By is an extension of By o 3, if s(y) = r(m);

(ili) C ={(y,7) € Yp* G : y € Y, } is open in Y, %, G;
)

(iv) the map (y,7) + B,-1(y) is continuous from C' into Y.
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We may identify Y, with Z, and Y,*, G with Z x G. Thus Condition (iii) states
that C = {(z,7) € Zx G :z € Z,} isopen in Z x G and Condition (iv) states that
(2,7) = By-1(2) is continuous on C'.

As an example of such a partial action let us consider a partial action a of
a locally compact group G' on a locally compact space Z. In particular a4 is a
homeomorphism from Z,-1 onto Z; where for every g € GG, Z, is an open subset
of Z. In addition we are given an action (g, x) — gz from G on a locally compact

space X. We are going to define a partial action of the transformation groupoid
Gg=XxGonY =7 x X in the following way.

For (7,g) € X x G we set Y(, oy = Z X {z} and

Bag) * Yiwg)—1 = Zg-1 X {9_15”} — Zg x {z}
is defined by
B(x,g)(z?g_lx) = (ag(z),x).

One immediately check that we obtain in this way a partial action of G. This is
the example we have to consider in the proof of [4, Proposition 4.13].

5.2. Semidirect product groupoid. Let 3 : G ~ Y be a partial action. For sim-
plicity of notation, we will write vy instead of 8,(y) when y € Y,. We define a new
locally compact groupoid Y x G, called the semidirect product groupoid or the trans-
formation groupoid. As a topological space, it is C' = {(y,7) € Y, % G :y € Y, }.
The range of (y,7) is (y,7(7)) = (y,p(y)) and its source is (y~'y,s(y)). The
product is given by

(v, 'y ) = (y,9m)-
Note that vy, € Y,-1NY,, and therefore y € Y,,,. The inverse is given by

) =0 .

Observe that (y, p(y)) — ¥ is a homeomorphism from (Y x G)(® onto Y. Therefore
we will identify these two spaces. Sometimes we will denote by the boldface letter
r the range map of Y x G to distinguish it from the range map r of G (and similarly
for s).

The range map r : ¥ x G — Y is open. Indeed, since C' is open in Y, *, G, it
suffices to show that the map (y,v) — y from Y, %, G to Y is open. Let 2 be an
open subset of Y, . G. Let yo € r(€2) and let 7o be such that (yo,v) € . There
exist open neighborhoods U of yp and V' of 79 such that U,*, V' C 2. Then we
have p~1(r(V))NU C r(Q) and p~!(r(V))NU is an open neighborhood of 1y since
r is open.

In the rest of this paper we assume that G has a left Haar system \ = (\*),cx
where X = G0, We are now going to construct a Haar system for Y x G. We set
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Cy={v€G:(y,7) eC}={ye€G:yecY,}. Then we have (Y xG)¥ = {y} xC,.
Since C' is a Borel subset of Y x G, we see that Cy is a Borel subset of G.

When B = {y} x By is a Borel subset of {y} x Cy, we set \¥(B) = \»¥)(By).

Proposition 5.7. The family A = (S\y)yey s a left Haar system on'Y % G.

Proof. Let us first observe that the support of A is {y} x Cy. This is obvious
because Cj, is open in GrW) gince C is open in Y, % G.

Next, let us show the left invariance, meaning that for every f € C.(Y x G) and
for every (y,7) € Y x G we have

/(Y g)”/_ly f((y/.y)(ylv’yl)) dj\v*ly(yh’yl) = /(Y g) f(yly’Yl)dS‘y(yl”Yl)- (3)
X X Y
The right-hand side is

/ Flyn ) AN (g1, 1) = / Lo, (v0) f (g 1) AN (1),
(YxG)v Gr(y)

As for the left-side integral in (3), we integrate on the set of (y1,71) such that
y1 = 1y € Y,,, that is on the set of (y"1y,1) with
yey(Y,aNY,) =Y, NY,,,.
It follows that

~/(Y g)'y_ly f((y7 7)(y17 '71)) dj\'y_ly(yl, ’71) = é . ]lcy (7/71)f(y7’)/’)/1) d)\s(fy) (,}/1)
X S
This proves the invariance.

It remains to show that for f € C.(Y x G) the map

Y Fly7) AN () = / Lo, (1) (9, 7) AW ()
(YxG)v Gr(y)

is continuous.
We have

| e aviie) = [ ) aet)
Gr(y) Gr)

since the support of f is contained in C.
We will show that for every f € C.(Y x G), the function

y Fly,7) AW ()
Ggr(y)

is continuous. This will conclude the proof, since that by the Tietze extension
theorem, every function in C.(C) C C.(C’) can be extended as an element of

C.(Y x G).



PARTIAL ACTIONS OF GROUPOIDS 13

Let f be in C.(Y x G) and let Q1 x Q3 be an open neighborhood of the support
of f, where 1 and s are relatively compact. Then we have

M = sup W) () < +oc.
ye

Let us consider the algebra C linearly generated by the functions of the form

(¥,7) €Y x G = (h@k)(y,7) = h(y)k(7)

where h, k are continuous with compact support in ; and € respectively. Using
the Stone-Weierstrass theorem, given € > 0 there is g € C such that ||f — g/ <e.
It follows that

Flyy) W) () — / 9(y.7) AN ()| < Me

‘ Gr(v) Gr(y)

for every y € Y. Therefore, it suffices to show that

v | h(y)k(v) AW (7)

is continuous for h € C.(Y) and k € C.(G). But this is obvious. O

6. C*-ALGEBRAS OF PARTIAL ACTIONS OF GROUPOIDS ON LOCALLY COMPACT
SPACES

6.1. Full C*-algebra. Let 3 : G ~ Y be a partial action as above and let B be
the semidirect product bundle of A = Cy(Y) and G. We study the relation between
C*(Y xG) and C*(G, B). On one hand C*(Y x G) is the enveloping C*-algebra of
the completion of C.(C) with respect to the norm

191, = max (sup [ 10,3l @), sup [ £ o a0 )).
yey Jo, yey Jo,

Note that for a second countable groupoid Y x G, the C*-algebra C*(Y x G) is also

the completion of C,(C) relative to the norm || f|| = supy ||L(f)|| where L ranges

over all the nondegenerate representations of C.(Y x G) into a Hilbert space H

that are continuous when C.(Y % G) is equipped the inductive limit topology and

B(H) is equipped with the weak operator topology (see [22, Corollaire 4.8], or [16,
Remark 4.14]).

On the other hand C*(G, B) is the completion of I'.(G, B) with respect to the
universal norm ||f|| = sup; ||L(f)|| where L ranges over all I-norm decreasing
representations, the I-norm being defined as

1], = max (sup /C £ AN ), sup /C 17 (1) ) (7).

yEY ye
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Equivalently C*(G, B) is the completion of I'.(G, B) with respect to the universal
norm || f|| = supy |L(f)|| where L ranges over all the representations of B in the
sense of [16, Definition 4.7] (see [16, Remark 4.14].

We have B = UyegCo(Y). For f € Ce(Y x G) we denote by f the element
of I'c(G, B) such that f('y)(y) = f(y,v). The map ¥ : f f is an injective
homomorphism of x-algebras from C.(Y x G) into I'.(G, B). Its image is dense in
I'o(G,B) (see [16, Lemma A.4]). It is also dense in the inductive limit topology
(see [2, Proposition 3.1] or [9, Proposition 14.6]).

If 7 is a representation of I'.(G, B), then 7o ¥ is a representation of C.(Y x G).

This map is injective. Let us show that it is surjective. We follow the proof of [2,
Theorem 3.3]. Let 7 : C.(Y x G) — B(H) be a representation of Y x G and define

7 U(C(Y % G)) — B(H) by n(¥(f)) = #(f). We have H”(fH < flly. If £ s
supported into a symmetric compact subset K of G, then

[P < 151 = swp x| ]

Then, as in the proof of [2, Theorem 3.3], we see that 7 extends to a linear map
from I'.(G, B) into B(H): if f € I'x(G, B) is the limit in norm ||-||, of a sequence
U(f!) with support in K then 7(f) is defined as lim, 7(f],). We check as in [2]
that 7 is a well defined linear map on I'.(G, B), continuous in the inductive limit
topology, and that 7 preserves the involution and the product of I'.(G,B). Of
course, we have 1 = o W.

It follows that the map ¥ extends to an isomorphism from the C*-algebra

C*(Y x G) onto the C*-algebra C*(G, B).

6.2. Reduced C*-algebra. We keep the same notation as in the previous subsec-
tion as well as the notation of Section 5.1. We want to show that the C*-algebras
CH(Y x G) and C}(G, B) are canonically isomorphic. For the definition of the re-
duced C*-algebra of a locally compact groupoid, in the way it is presented here,
we refer to [4, Section 6.1]. Recall that C(Y x G) acts on LQCO(Y)(Y % G, ). This

Hilbert Cp(Y)-module is the completion of C.(Y x G) with respect to the inner
product

(&my) = /C E(y: Ny, 7) AW (7).
Yy
The right action of Cy(Y) is given by
(€)W, 7) =& (©)-
The left regular representation A is defined by

(A(f)ﬁ)(y,7)=/c FO Ty Ty, 1) AN ().
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On the other hand, C(G, B) acts on L*(G, B), which is the Hilbert T'g(X, B(®)-
module obtained by completion of T'.(G, B) with respect to the inner product

@) = [ 0,0 av ).

The right action of I'y(X, B®) is given by
(€£)(7) = b5 (63+£(1)f 0 5(7)).
The representation 7! is given, for f € I'.(G, B), by
(# (1)) () = /g 000 (0, (Fn))EGT)) AN (30).

But Ty(X, B) = Cy(Y) and therefore L?(G, B) is also a continuous field of Hilbert
spaces over Y. The structure of right Hilbert Cy(Y)-module is given by the fol-
lowing formulas, for &,n € T'.(G,B), f € Co(Y) and y € Y*:

(&) (y) = (&) (2)(y) = [} 0, (v (v ) (y) AN (7)
= /.. DO Tyn(y Dy y) AN ()
:/c vy, (v ry, T AN (),

(E-h)(y,) = ()N =0 if yeY M\Y,

and
(& h)(y,7) = 05(05-1(E(M)h o 5(7)) (v)
= &(y, (v 1)
otherwise.
Finally,

(), 7) = /C S )ET YT 1) AN ().

Let us denote by U the map from C.(Y xG) onto C.(Y xG) defined by (U¢)(y,v) =
(v 1y,v71). One immediately check that ((U¢,Un)) = (£,1) and that U(¢h) =

U(g) - h.
Let us show that the range of U is dense in L?(G, B). Let
£el.(G,B) CcT'y(G,B)=CHO)
and let K be a compact subset of G such that &(y,v) = 0if v € K. Set M =
SUp,cy fcy ]lK(’y_l)d)\p(y)(fy). Given € > 0 let f € C,(C) such that ||§ — f||, <
eM~1/2. We may take f such that f(y,~) = 0if v ¢ K. We have
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(€= F,6= Ml = Sup/ €6 YY) = FO DA ()

yeY JCy

<csup [ Ly ) awt(y) <2
yeY JCy

It follows that U extends to an isomorphism of Hilbert Co(Y')-module from
L, (Y % G, A) onto L(G, B).

Let us check that (UA(f)¢ = (7'(f)U)E. We have
(UAHE) (Y. 7) = AHE (w7

= / Fyr)EC 1) A (1)

C’Y Yy

=K;ﬂ%mxw*%¢*mdv@wm
and |

WWWMMZAfWMW&W%W%MmMﬂ

=/C Flyn)EO g,y ) AW ().

Thus the map ¥, : A(f) — UA(f)U* induces an isomorphism from C}(Y x G)
onto a C*-subalgebra of C}(G,B). It remains to show that U, is surjective, but
this holds true since we have a commutative diagram where ¥ is an isomorphism
and the vertical arrows are surjective:

CHY xG) — C*(G,B)
| !

CrY xG) —% C;(G.B)

7. PARTIAL ACTIONS OF AMENABLE ETALE GROUPOIDS

Proposition 7.1. Let 3 : G ~ Y be a partial action where G is an étale locally
compact amenable groupoid. Then the groupoid Y x G is amenable.

Proof. Let (B, p) be the corresponding Fell bundle. Then, the reduced C*-algebra
C}(G,B) is nuclear by [27, Theorem 4.1]. It follows that the groupoid reduced
C*-algebra C}(Y % G) is nuclear and so the groupoid Y x G is amenable by [3,
Corollary 6.2.14]. O
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