A note on Morita equivalence of
twisted crossed products
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Abstract. In this paper we prove that strongly Morita equivalent twisted
actions of a locally compact group on C*-algebras have strongly Morita
equivalent twisted crossed products [4],[31]. We also present an elementary
proof that every twisted C'*-dynamical system is Morita equivalent to an
ordinary system [20] and we remind the notion of Morita equivalence of
twisted inverse semigroup actions introduced by N. Sieben in [31] and a
theorem that states that Morita equivalent actions have Morita equivalent
twisted crossed products [31].
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1 Introduction and preliminaries

The notion of strong Morita equivalence of C*-algebras was introduced by Rieffel in
his study of induced representations of C*-algebras [29]. Roughly speaking, two C*-
algebras A and B are said to be strongly Morita equivalent if there is a full Hilbert
B-module X such that the algebra K(X) of compact operators is isomorphic to A.
Strong Morita equivalence is an equivalence relation on C*-algebras and played an
important role in the study of transformation group C*-algebras.

Strong Morita equivalence of crossed products by actions was discussed in [13],
[20], [14], [9], [34]. Let A and B be C*-algebras which are strongly Morita equivalent
via a Banach A, B-imprimitivity bimodule X and let a and ( be actions of a locally
compact group G on A and B. It was shown that if there is a strongly continuous
map 7: G — Iso(X) which is compatible with o and S, then the crossed products
A %o G and B xg G are strongly Morita equivalent. In [4] Bui generalized this result
to the cases of twisted actions and Green’s twisted actions, introduced the notions
of strong Morita equivalence of twisted actions and of Green’s twisted actions and
in each case showed that the associated crossed products C*-algebras are strongly
Morita equivalent.

Twisted actions were introduced by Busby and Smith [7], who constructed a
twisted Banach x-algebra L'(A,G,a,u) whose enveloping C*-algebra is called the
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twisted-crossed-product of A by G under the action « relative to the multiplier u de-
noted by A X, G. Packer and Raeburn studied in [24] the twisted crossed products
of C*-algebras by twisted actions of locally compact groups. They established that
every twisted action is stably exterior equivalent to an ordinary action and hence
every twisted crossed product is stably isomorphic to an ordinary crossed product.
The twisted crossed product A X, ,, G was defined [24], [2], [21], [26] as a C*-algebra
whose representation theory is the same as the covariant representation theory of
(A, G, a,u) on Hilbert space. In [25], Packer and Raeburn deduced a structure theo-
rem for twisted crossed products of C*-bundles. They also showed that A X, ,, G has
a universal property that any covariant representation (7, v) of (A, G, «, u) in a multi-
plier algebra M (C) gives rise to a homomorphism of A X, G into M (C). In fact, this
property gives a more satisfactory characterization of the twisted crossed product: it
is a triple (B,ia,iqg), consisting of a C*-algebra B and a covariant homomorphism
(ia,iq) of (A, G, o, u) into M(B) [10], [11], [12].

Echterhoff [14] showed that every twisted action in the original sense of Green [17]
is Morita equivalent to an ordinary action. The notion of Morita equivalent actions,
introduced by Combes [9], is a useful generalization of the notion of stably exterior
equivalence. In [14] it is proved that Morita equivalent twisted actions give rise to
Morita equivalent twisted crossed products and almost all important properties of
twisted actions are invariant under Morita equivalence.

In [3], Bui discussed strong Morita equivalence of crossed products by coactions
and twisted crossed products by coactions. Twisted coactions were introduced by
Phillips and Raeburn in [28]. If the group is abelian then a twisted coaction is
effectively the same as a Green’s twisted action [16]. Bui [3] introduced a natural
notion of strong Morita equivalence of twisted coactions which is sufficient to ensure
strong Morita equivalence of the associated twisted crossed product C*-algebras.

Bui [3] proved that Morita equivalent systems (A,d4), (B, dp) have Morita equiv-
alent crossed products, by showing that, if X is an A — B imprimitivity bimodule
with a compatible coaction dx of G, then X @p (B x5, G) isan A X5, G— B x5, G
imprimitivity bimodule [18]. Echterhoff and Raeburn [15] obtained a symmetric ver-
sion of this result and also gave a relatively short proof of Bui’s main theorem, which
is the corresponding Morita equivalence for the twisted systems of [28].

In [5], Bui presented a new proof for Theorem 3.3, [3] based on the notion of crossed
products of Hilbert C*-modules introduced in [6]. Crossed products of Hilbert C*-
modules in [6] were defined as subspaces of adjointable operators between Hilbert
C*-modules.

In [1] the main result is related to the concept of strong Morita equivalence [29],
that is, considering two crossed products by Hilbert C*-bimodules A x xZ and B Xy Z
in which the underlying algebras A and B are known to be strongly Morita equivalent
to each other, under an imprimitivity bimodule M, are also strongly Morita equiva-
lent. This is a generalization obtained independently by Curto, Muhly and Williams
[13] on the one hand and Combes [9] on the other, in which a necessary condition
is given for two strongly Morita equivalent C'*-algebras to remain strongly Morita
equivalent, after one takes their crossed products by a locally compact group.

In this section we remind some basic definitions and notations about Busby-Smith
twisted actions, twisted crossed products and strong Morita equivalence of twisted
crossed products.
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Let A be a C*-algebra and let G be a locally compact group. We denote by Aut(A)
the automorphism group of A and by UM (A) the group of unitary elements in the
multiplier algebra M(A) of A. If u € UM(A), then Adu is the inner automorphism
a — uau®.

Definition 1.1. ([7], [24]) A Busby-Smith twisted action of G on A is a pair (o, u) of
maps «: G — A, u: G x G — UM (A) satistying :

(a) w is strictly Borel measurable and for each a € A, s — a;(a) is Borel measur-

able;

(b) a. =id,u(e,s) = u(s,e) =1 for all s € G;

(¢) asoa = Adu(s,t) o ag for all s,t € G;

(d) ar(u(s,t)u(r,st) = u(r, s)u(rs,t) for all r;s,t € G.
The quadruple (A, G, a, u) is called a (Busby-Smith)(separable) twisted dynamical sys-
tem.

If the cocycle u is trivial (i.e. identically 1) we say that (A, G, «,w) is an ordinary

dynamical system and write (A, G, «) for short.

Definition 1.2. ([7], [24]) A covariant representation of a twisted dynamical system
(A, G, a,u) is a pair (m,U) consisting of a non-degenerate representation 7w of A on a
Hilbert space H and a Borel measurable map U: G — U(H) such that

(a) UsUy = m(u(s,t))Us for all s,t € G;
(b) m(as(a)) =Usn(a)Us for all a € A, € G.
Definition 1.3. ([7], [24]) Let (A, G, o, u) be a twisted dynamical system. A twisted

crossed product for (A,G,a,u) is a C*-algebra B together with a non-degenerate
homomorphism i4: A — (B) and a strictly Borel map ig: G — UM (B) satisfying :

(a) (ia,ig) is covariant in the sense that for a € A, s,t € G we have
iaas(a)) = ic(s)ia(a)ic(s),

ic(s)ig(t) = ia(u(s,t))ia(st);
(b) for any covariant representation (m,U) of (A4, G, o, u) on a Hilbert space H, there

is a non-degenerate representation m x U of B on H such that m = (7 X U) oiy
and U = (r x U) oig (m x U is called the integrated form of (w,U));

(c) the set {ia x ig(2); z € L*(G,A)} is a dense subspace of B, where
ia X ig(z) denotes the strictly defined Bochner integral [ia(z(s))ic(s)ds.
We denote the twisted crossed product by A x, . G.

The set B.(G, A) of (equivalence classes of) bounded measurable functions from
G into A with compact support is a x-algebra with the convolution and the involution
defined by

(f *9)(y) = / F(@)[aa(g(e ) ulz, 2 y)dz,
£ () = Acy) uly,y™ ) oy (Fr™))°):

We denote this *-algebra by B.(A, G, a,u) or A, for short and we view it as a dense
*-subalgebra of A xq ., G.
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Definition 1.4. [29] a) Let B be a pre-C*-algebra. A right B-rigged space is a
right B-module X, which is a pre-B-Hilbert space (with compatible multiplication by
complex numbers on B and X), with preinner product conjugate linear in the first
variable such that

<xayb>B = <£L’, y>Bb
for all z,y € X and b € B, which implies that

<$b, y>B - b*<x7y>B

and such that the range of (,)p generates a dense subalgebra of B. Left B-rigged
spaces are defined similarly except that we require that B acts on the left of X, that
the preinner product be conjugate linear in the second variable and that

<b$€, y>B = b<.’E, y>B

b) Let F and B be pre-C*-algebras. An E — B-imprimitivity bimodule is a left-E-
right- B-bimodule, X, which is equipped with an FE-valued and B-valued preinner
product with respect to which X is a left E-rigged space and a right B-rigged space
such that

(1) (z,y)pz = 2(y, z)p for all z,y,z € X;
(2) (ex,ex)p < |le|*(z,x)p for all x € X and e € F;
(3) (zb,xb)p < ||b]|*(z,2)p for all z € X and b € B.

c) Let X denote the additive group X with the conjugate operations of F/, B and the
complex numbers and the corresponding preinner products. When an element x € X
is viewed as an element of X, we write it as Z. Then these conjugate operations and
preinner products on X are defined by

bx = xb*, Te =e*x

<5, y>B = <$7y>B7 <i7 y>E = <x,y>Ea
for x,y € X, b € B,e € E. We we also let & denote the corresponding element of

Homp (X, B) defined by #(y) = (Z,y)p. We call X the dual of the imprimitivity
bimodule X.

Definition 1.5. [4] Let (A,G,a,u) and (B, G, 3,v) be separable twisted dynamical
systems. Suppose that X is a Banach A, B-imprimitivity bimodule. Let Iso(X) denote
the set of all bijective linear isometries of X. An (o, u), (8, v)-compatible action of G
on X is a map 7: G — Iso(X) satisfying the following conditions :

(i) for each z € X, the map s — 75(z) from G into X is Borel;
(i) a(rs(@)|7s(y)) = as(a(zly)), Yo,y € X, Vs € G,
(TsW)I7s(2)) B = Bs((ylz)B), Yo,y € X, Vs € G
(ili) 7e(x) =z, Vz € X,
Tr(Ts(2)) = u(r, 8)ms(x)v(r, 8)*, Vo € X,¥Wr, s € G.

The twisted actions («,u) and (3,v) are called strongly Morita equivalent by means
of the imprimitivity system (X, 7).
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The relation of strongly Morita equivalence is an equivalence relation ([4]). We
assume that (o, u) is strongly Morita equivalent to (3,v) by means of (X, 7). The
map 7,(Z) = 7(z) for all s € G and & € X is a (8, ), (a, u)-compatible action of G
on X.

2 Morita equivalence of twisted crossed products

In this section we prove that the associated twisted crossed products C*-algebras
of strong Morita equivalence of twisted actions and of Green’s twisted actions are
strongly Morita equivalent [4], [31]. We also present an elementary proof that every
twisted C*-dynamical system is Morita equivalent to an ordinary system [20].

Theorem 2.1. [4] Let (A, G, a,u) and (B, G, 3,v) be separable twisted dynamical sys-
tems. If the twisted actions (a,u) and (8,v) are strongly Morita equivalent by means
of an imprimitivity system (X, 1), then B.(G,X) is a B.(A,G,a,u), B.(B,G,3,v)-
imprimitivity bimodule. Therefore the twisted crossed products Axq G and B xg, G
are strongly Morita equivalent.

The proof of the theorem will result from the following three lemmas.
We denote H, = B.(G, X), V. = B.(G, X).

Lemma 2.2. [4] Let T: H. — Y. be defined by
(TE)(s) = Mg (s )Ts(E(s™))u(s,s71)], VE € H,, Vs € G

Then T is conjugate linear and

(i) T(f-&) = (T€) - f, V€€ H,Vf € A

TE-9) =g -(T€), V€€ He, Vg € B
(it) {TE¢|Tn)a. =a. €lm), V&n € He
B.AT|T¢) = (nl§)s., V&, n € He
Also T is bijective and its inverse T~ is given by
(T719)(s) = Aa(s™ D[F(e(s™))uls, s, Vo € Ve, Vs €G.

Lemma 2.3. [4] The following statements hold:

(i) For each & € H., (€|€)B, is a positive element in B.
(ii) The linear span of the range of {-|-)p. is dense in B..
(111) For any f € A. and £ € H,., we have in B

(f-€lf - ©)n. <IFIA(EIE) 5.
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Proof. (i) Let (7, L, H) be a covariant representation of the twisted system (B, G, 3, v)
such that the integrated form (7 x L, H) is faithful. For any n,n’ € H. and h,h’ € H,
we have

(2.1) ((m x L)({nln)s.)h|h') // V) Lsh|Leh Ydsdt.

P

Let n = Z)‘i ®z; € B.(G) ® X. By [33], Lemma IV.3.2, the matrix ((x;|z;)g) is a
i=1

positive element of M, (B) and therefore there is a matrix (b;;) € M,(B) such that

P

(xilzj) B Z bmj, Vi,5=1,.

m=1

We then obtain

(2.2) n®n(s)s="> (Z/\i(t)b,m) D 2i(8)bim;

m=1 j=1

It now follows from (1) and (2) that for any h € H

(% D) (Galnps, i) = 3 / ZA by | Lahds).

m=1

Therefore (n(t)|n(s))gs, is a positive element of B. Since

1€1€) 5. — (nlms. s < €]l = nlly + (1€ = nlllnl),

we deduce that ||(£]€)p, is also a positive element of 5.

(ii) Suppose that the linear span I.. of the range of (-|-)5, is not dense in B.. Let
I be the closure of I, and let (7, L,H) be a covariant representation of (B, G, 3,v)
such that ker(m x L) = I and m x L # 0. Since the linear span of elements (z|z') g
with z, 2’ € X is dense in B, there are A ® (z|2')p € B.(G) ® B and h € H such that
|(m x LY\ ® (z|2")g)h|* #0. Put n = A ® x{x|2’)p and £ = A ® 2’. We have

I(m x L)X © (@) p)hlI* = ((m x L)((n|§)s.)hIR)

Hence (7 x L)({(n|€)p,) # 0. This is a contradiction.
(iii) Let w be a state of B. Put

Mn")w =w((nln")s.), Yn,1" € He.

Let N, = {n € He;(nn)w}, let qu: He — He/N,, be the quotient map and let
H., be the Hilbert space obtained by completing the space H./N,. The linear map
Go: He — H,, is bounded with respect to the L'-norm on H,.. For any a € A,s € G
and n € H., we put

(Lala)n)(t) = an(t), (a(s)n)(t) = 7s(n(s~t))v(s,s~'t)
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and define
m(a)(qu(n) = qu(la(a)n), Ls(qu(n) = q.(lc(s)n).

Then (r, L, H,,) is a covariant representation of (4, G, «,u) . Observe that
£o6= [LaeNiats)eds

%.J(f g: (7‘[‘ X L)(f)Qw(g)
It then follows that

w((f-€lf-€)p.) = law(£-EI? = I(mx L) (g @O < I 1Zllaw @I = 4w (ElE)s.)

Since this is true for all states of B, the inequality in (iii) holds. O

Lemma 2.4. The following statements are true:

(i) For each & € H., a.{£|€) is a positive element in A.
(ii) The linear span of the range of 4,(:|-) is dense in A..
(iii) For any g € B. and § € H., we have

A€ 91 9) < gl a.(€l€)
mn A.

Proof. We apply first Lemma 2.3 to ), in place of H. and (-|-) 4. in place of (-|-)g,.
Then we use Lemma 2.2 to get the desired results. O

Definition 2.1. [20] Let (B, G, 3,v) and (4, G, a,u) be twisted systems and X is
a B — A equivalence bimodule. Let Aut(X) denote the set of bicontinuous linear
bijections ¢ of X which satisfy the ternary homomorphism identity ¢(x - (y,2)a) =
d(z) - {(d(y), #(2)) a.(The analogous identity using B-valued inner products is equiv-
alent.) We say that (B,G,5,v) and (4, G,a,u) are Morita equivalent if there is a
strongly Borel map v: G — Aut(X) such that for s,t € G and z,y € X:

1. a5(<x,y>A) = <’75(x)7’75(y)>z4§
2. ﬂ5(3<x,y>) =B <’75(x)7'75(y)>§
3. s ooy (x) =v(s,t) - yse(x) - u(s, t)*.
We write (B, G, ,v) ~x, (4,G,o,u) and call (X,v) a system of imprimitivity im-

plementing the equivalence.

Theorem 2.5. [20] Let (A, G, a,u) be a twisted dynamical system and let K denote
the compact operators on H = L*(G). Then there is an ordinary action 3 of G on
A®K and a map 6: G — Aut(A ® H) such that

(A®K,G, ) is Morita equivalent with (A, G, a,u).
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Proof. By Packer-Raeburn stabilization trick (Theorem 3.4, [24]), we have a Borel
map w: G — UM(A ® K) which implements an exterior equivalence between an
ordinary action (8,1) of G on A® K and (o ® idxg,u ® 1).

Let A®H have the canonical A® KC — A equivalence bimodule structure; so A®H
is the completion of the algebraic tensor product A ® H with respect to the norm
induced by the A-valued inner product (@ ® £,b @ n)a = (n,&)na*b. For s € G, the
rule a ® £ — as(a) @ £ defines an automorphism of A ® H which satisfies condition
1 in Definition 2.1 for this inner product, so is isometric with respect to the induced
norm and thus extends to a map as ® idy of A ® H into itself. Then for z € A Q@ H,
the map s — a,; ®1idy () is Borel, using the fact that s — «;(a) is Borel for a € A,
together with a routine density argument.

Now define 65: A@ H — AQH by ds(z) = wk - as @ idy ().

Then straightforward calculations on elementary tensors in A ® H verify that
each 0, satisfies the ternary homomorphism identity and the map s — J satisfies
conditions 1-3 in Definition 2.1. For example, for any s, € G and a ® £ € A ® H we
have

ds00t(a®&) =wi - as ®idy(w) - as ®idy(a®E))
=wios @ idic(we)* - asoag(a) @€
= (wias ®idg(w) u(s, t) @ 1) - ag @ idy(a ® &) - u(s, t)*
=wh - ag @idy(a®E) - u(s, t)* =dst(a®E) - u(s, t)*
In particular, condition 1 (or 2) implies each §; is isometric and therefore bicontinuous
since each J; is invertible. Thus each d5 belongs to Aut(A ® H).

It remains to show that the map s — d, is strongly Borel. Fix z € A and let {e; }
be a countable approximate identity for A ® K). Thus each of the maps s — we;
and s — a, ® idy(x) are Borel, so that s — w¥e; - g ® idy(x) is Borel for each

i. Since s — §; is the pointwise limit of these Borel maps, it too is Borel and the
theorem follows. O

3 DMorita equivalence of twisted crossed products
by inverse semigroup

In this section we remind the notion of Morita equivalence of twisted inverse semi-
group actions introduced by N. Sieben in [31] and a theorem that states that Morita
equivalent actions have Morita equivalent twisted crossed products.

Definition 3.1. [30] If 4 Xp is an imprimitivity bimodule then there is a bijective
correspondence, called the Rieffel correspondence, between closed subbimodules of
X and closed ideals of A. If I is a closed ideal of A then I- X is a closed subbimodule
of X. Similarly X - J is a closed subbimodule of X if J is a closed ideal of B. On the
other hand, if Y is a closed subbimodule of X then ;Y is an imprimitivity bimodule,
where I is the closed span of 4(Y,Y) and J is the closed span of (Y,Y)p. We call
1Yy an imprimitivity subbimodule of X.

Definition 3.2. [31] A partial automorphism of the imprimitivity bimodule 4 Xp is
an isomorphism between two imprimitivity subbimodules of X.
We denote the set of partial automorphisms by PAut(X).
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Definition 3.3. [32] Let A be a C*-algebra and let S be a unital inverse semigroup
with idempotent semilattice £ and unit e. A Busby-Smith twisted action of S on A
is a pair (8,v), where for all s € S, 8s: As«+ — Ay is a partial automorphism, that
is, an isomorphism between closed ideals of A and for all s, € S, vs; is a unitary
multiplier of Ay, such that for all r,s,¢ € S we have :

1. A, = A;

2. /Bsﬁt = Advs,t o 5st;

3. st = larca,,) if s or ¢ is an idempotent;

4. Br(avs)vr st = Br(a)vy svps for all a € Apr Ag
Definition 3.4. [31] The Busby-Smith twisted actions (A, S, a,u) and (B, S, 5, v)
are Morita equivalent if there is an imprimitivity bimodule 4 X5 and a map s —
(as, &5, Bs) + S — PAut(X) such that ¢g: X+ — X, where X, := A;- X = X - B,
and for all s, € S we have

OsPr = Us g ¢st(') : U:,t‘

We say that (X, ¢) is a Morita equivalence between (o, ) and (5,v) and we write
(A, S, a,u) ~x.4 (B, S, 5,v).

Remark 3.5. [31] Morita equivalence of Busby-Smith twisted actions is an equiva-
lence relation.

Remark 3.6. [31] If the actions (4, S,a,u) and (B, S, 3,v) are Morita equivalent,
then the C*-algebras A and B are Morita equivalent.

The crossed product A X, S of a Busby-Smith twisted action (A, S, a, u) is the
Hausdorff completion of the Banach *-algebra

Lo={z€l'(S,A): x(s) € A, forall s€ S}

with operations (x * y)(s)Zar(a,._l(x(r))y(t))ur,t and x*(s) = u, g-as(z(s)*) in
rt=s

the C*-seminorm || - || defined by

|+ [la =sup {||(x x V)(z))[| : (7, V) is a covariant representation of (A4, S, a,u)}.

Theorem 3.1. [81] If (A, S, a,u) and (B, S, 3,v) are Morita equivalent actions, then
the crossed products A X4, S and B xg, S are also Morita equivalent.

References

[1] B. Abadie, S. Eilers, R. Exel, Morita equivalence for crossed products by Hilbert
C*-bimodules, Trans. Amer. Math. Soc. 350 (8) (1998), 3043-3054.

[2] D. Bagio, J. Lazzarin, A. Paques, Crossed products by twisted partial actions: sep-
arability, semisimplicity, and Frobenius properties, Comm. in Alg. 38 (2) (2010).

[3] H. H. Bui, Morita equivalence of twisted crossed products by coactions, J. Funct.
Anal. 123 (1994) , 59-98.



A note on Morita equivalence of twisted crossed products 35

[4]

8]
[9]

[10]

[11]

H. H. Bui, Morita equivalence of twisted crossed products, Proc. Amer. Math.
Soc. 123, 9 (1995) , 2771-2776.

H. H. Bui, A Hilbert C*-module method for morita equivalence of twisted crossed
products, Proc. Amer. Math. Soc. 125 (7) (1997), 2109-2113.

H. H. Bui, Crossed products of Hilbert C*-modules, Proc. Amer. Math. Soc. 125
(5) (1997), 1341-1348.

R. C. Busby, H. A. Smith, Representations of twisted group algebras, Trans.
Amer. Math. Soc. 149 (1970), 503-537.

Yu Chen, K. Shum, Morita Equivalence for factorisable semigroups, Acta Math.
Sinica 17 (3) (2001), 437-454.

F. Combes, Crossed products and Morita equivalence, Proc. London Math. Soc.
49 (1984), 289-306.

T.-L. Costache, Extensions on twisted crossed products of completely positive in-
variant projective u-covariant multi-linear maps, BSG Proceedings 17, Geometry
Balkan Press, Bucharest 2010, 56-67.

T.-L. Costache, On the projective covariant representations of C*- dynamical
systems associated with completely multi-positive projective u-covariant maps,
UPB Sci. Bull., Series A, 72 (4) (2010), 185-196.

T.-L. Costache, Mariana Zamfir, Mircea Olteanu, On projective reqular represen-
tations of discrete groups and their infinite tensor products, Appl. Sci. 13 (2011),
22-27.

R. E. Curto, P. S. Muhly, D. P. Williams, Crossed products of strongly Morita
equivalent C*-algebras, Proc. Amer. Math. Soc. 90 (1984), 528-530.

S. Echterhoff, Morita equivalent twisted actions and a new version of the Packer-
Raeburn stabilization trick, J. London Math. Soc. (2), 50 (1994), 170-186.

S. Echterhoff, 1. Raeburn, Multipliers of imprimitivity bimodules and Morita
equivalence of crossed products, Math. Scand. 76 (1995), 289-309.

S. Echterhoff, I. Raeburn, Induced C*-algebras, coactions and equivariance in
the symmetric imprimitivity theorem, Math. Proc. Camb. Phil. Soc. 128 (2000),
327-342.

P. Green, The local structure of twisted covariance algebras, Acta Math. 140
(1978), 191-250.

A. an Huef, I. Raeburn, D.P. Williams, An equivariant Brauer semigroup and
the symmetric imprimitivity theorem, Trans. Amer. Math. Soc. 352 (10) (2000),
4759-4787.

M. Joita, T.-L. Costache and M. Zamfir, Dilations on Hilbert C*- modules for
C*-dynamical systems, BSG Proceedings 14, Geometry Balkan Press, Bucharest
2007, 81-86.

S. Kaliszewski, A Note On Morita equivalence of twisted C*-dynamical systems,
Proc. Amer. Math. Soc. 123 (6) (1995), 1737-1742.

M. Mantoiu, R. Purice, S. Richard, Twisted crossed products and magnetic
pseudo-differential operators, Proc. of the Conference of Sinaia (Romania) Theta
Foundation, 2005.

M. Olteanu, T.-L. Costache, M. Zamfir, An algorithm for computing the spectra of
mutiplication systems, BSG Proceedings 14, Geometry Balkan Press, Bucharest
2007, 126-130.



36

(23]

[24]
[25]
[26)
27]
28]
[20]
30]
31)
32)
33]

[34]

Tania-Luminita Costache and Mariana Zamfir

M. Olteanu, T.-L. Costache, M. Zamfir, The spectra of a class of convolution
operators, BSG Proceedings 16, Geometry Balkan Press, Bucharest 2009, 108-
113.

J. A. Packer, I. Raeburn, Twisted crossed products of C*-algebras, Math. Proc.
Camb. Phil. Soc. 106 (1989), 293-311.

J. A. Packer, 1. Raeburn, Twisted crossed products of C*-algebras. II, Math. Ann.
287 (1990), 595-612.

Fl. Panaite, Invariance under twisting for crossed products, Proc. Amer. Math.
Soc. 140 (2012), 755-763.

J. Paseka, Morita equivalence in the context of Hilbert modules, Proc. of the
Ninth Prague Topological Symposion (2001), 223-251.

J. Phillips, I. Raeburn, Twisted crossed products by coactions, J. Austral. Math.
Soc. (Series A), 56 (1994), 320-344.

M. A. Rieffel, Induced representations of C*-algebras, Adv. in Math. 13 (1974),
176-257.

M. A. Rieffel, Unitary representations of group extensions: an algebraic approach
to the theory of Mackey and Blattner, Adv. Math. Suppl.Stud. 4 (1979), 43-81.
N. Sieben, Morita equivalence of C*-crossed products by inverse semigroup ac-
tions and partial actions, Rocky Mountain J. of Math. 31 (2) (2001), 661-686.
N. Sieben, C*-crossed products by twisted inverse semigroup actions, J. Austral.
Math. Soc. Ser. A 63 (1997), 32-46.

M. Takesaki, Theory of Operator Algebras, Springer-Verlag, New York, Heidel-
berg and Berlin, 1979.

D. Williams, Crossed Products of C*-algebras, Mathematical Surveys and Mono-
graphs, 134, Amer. Math. Soc., Providence, RI, 2007.

Authors’ addresses:

Tania-Luminita Costache,

Faculty of Applied Sciences, Department of Mathematical Models and Methods,
University Politehnica of Bucharest, Bucharest, Romania.

E-mail: lumycos1@yahoo.com

Mariana Zamfir,

Department of Mathematics and Computer Science,
Technical University of Civil Engineering Bucharest,
E-mail: zamfirvmariana@yahoo.com



