RIGIDITY THEORY FOR C*-DYNAMICAL SYSTEMS AND
THE “PEDERSEN RIGIDITY PROBLEM”, PART II

S. KALISZEWSKI, TRON OMLAND, AND JOHN QUIGG

ABSTRACT. This is a follow-up to a paper with the same title and by the same authors. In
that paper, all groups were assumed to be abelian, and we are now aiming to generalize the
results to nonabelian groups.

The motivating point is Pedersen’s theorem, which does hold for an arbitrary locally compact
group G, saying that two actions (A, ) and (B, 8) of G are outer conjugate if and only if the
dual coactions (A X« G’,a) and (B xg G, B\) of G are conjugate via an isomorphism that maps
the image of A onto the image of B (inside the multiplier algebras of the respective crossed
products).

We do not know of any examples of a pair of non-outer-conjugate actions such that their
dual coactions are conjugate, and our interest is therefore exploring the necessity of latter
condition involving the images; and we have decided to use the term “Pedersen rigid” for cases
where this condition is indeed redundant.

There is also a related problem, concerning the possibility of a so-called equivariant coaction
having a unique generalized fixed-point algebra, that we call “fixed-point rigidity”. In particular,
if the dual coaction of an action is fixed-point rigid, then the action itself is Pedersen rigid,
and no example of non-fixed-point-rigid coaction is known.

1. INTRODUCTION

Let G be a locally compact group. Given an action « of G on a C*-algebra A, we can form
the crossed product C*-algebra A x, G, and some obvious questions to ask are: How much does
the crossed product remember of the action? What extra information do we need in order to
recover the action from the crossed product? And what do we mean by recover, that is, what are
the various types of equivalences with respect to which we can we expect to recover the action?
In general, if we only know that two crossed products are isomorphic, we cannot say much about
how the corresponding actions are related. Moreover, we think of “rigidity” of an action as its
ability to be recovered.

Crossed-product duality refers to the problem of determining when a C*-algebra is a crossed
product (up to some equivalence), and then to recover the action from the crossed product
together with the dual coaction, and sometimes other data.

The first result in this direction is Imai-Takai-Takesaki duality, giving an isomorphism between
A x4 G %= G and A® K(L*(G)), taking the double dual action & to a ® Ad p (where p denotes
the right regular representation), that is, recovers the action of a locally compact group up to
tensoring with the compact operators.

Characterizing which C*-algebras are isomorphic to a crossed product by G, and recovery of
the action up to conjugacy was first studied by Landstad for reduced crossed products, then for
full crossed products, and later categorical versions were obtained (by the first and third authors).
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In [KOQI6b], we study what we called outer duality, but which would be better called “Pedersen
duality”, lying in some sense between the duality theories of Takai and Landstad. The crucial
result in this regard is Pedersen’s theorem, which says that two actions (A, «) and (B, ) are
outer conjugate if and only if there exists an isomorphism ®: A x, G — B xg G such that

(1.1) ® is & — B equivariant
(1.2) D(i4(A)) = in(B).

The heart of the matter is whether condition is redundant in the above result, giving rise to
the “Pedersen rigidity problem”: Do there exist non-outer-conjugate actions (A, ) and (B, §)
and an isomorphism ®: A X, G — B x3 G satisfying ?

Motivated by this question, we call an action (A, «) Pedersen rigid if for every other action
(B, ), if the dual coactions (A X, G, &) and (B xg G,B) are conjugate, then (A, a) and (B, )
are outer conjugate. If GG is discrete, then every action is Pedersen rigid. However, even when G
is abelian and non-discrete, the problem seems delicate.

Let (C,0) be a coaction and V: C*(G) — M(C) an equivariant homomorphism. A related
question is whether the generalized fixed-point algebra of (C,d,V) only depends on C and §7
There are currently no examples of V, W such that C?V # C7W. If (A, ) is an action such that
(A %, G, @) has a unique generalized fixed-point algebra, then (A4, «) is Pedersen rigid.

Moreover, we say that a class of actions is rigid if whenever (A4, «a) and (B, ) are any two
actions belonging to this class such that (A x, G,a) and (B xg G, 3) are conjugate, then (4, )
and (B, () are outer conjugate.

In [KOQ18], we discussed Pedersen rigidity for actions of abelian groups, and presented several
“no-go theorems”, that is, situations where (|1.2)) is redundant. For example, we showed that
for any abelian group, the classes of all actions on commutative or stable C*-algebras are both
Pedersen rigid.

The goal of this paper is to generalize all the no-go theorems in [KOQ18] from abelian groups to
arbitrary locally compact groups. While some of the results in [KOQ18] carry over fully, in other
cases we were only able to prove weakened versions. For example, we prove that every action « of
G on A is strongly Pedersen rigid when G is discrete or « is unitary and A is finite-dimensional,
or when « is a direct sum of strongly Pedersen rigid actions. We also prove that the results for
commutative or stable C*-algebras generalize to the nonabelian case, and that for every compact
group the class of ergodic actions with full spectrum is Pedersen rigid. In fact, the no-go theorems
in the commutative or ergodic cases are stronger: two actions are conjugate if and only if the
dual coactions are. Our proof in the compact ergodic case is significantly easier than the abelian
version ([KOQ18| Proposition 4.8]), due to our use of unitary eigenoperators. In the abelian case
we appealed to the cohomology of 2-cocycles.

Our no-go theorem for local rigidity (see Theorem required us to prove a new result that
might be of independent interest: a-invariant ideals of A are in one-to-one correspondence with
ideals of the crossed product that are invariant for the dual coaction. Gootman and Lazar [GL89,
Theorem 3.4] proved this for amenable groups, which was enough for our abelian no-go theorem
[IKOQ18, Proposition 4.10]. Our proof of the correspondence for arbitrary groups depends upon
Landstad duality for full crossed products.

However, for one of the no-go theorems, the passing from abelian to nonabelian groups was
unsuccessful. In [KOQ18, Theorem 4.6] we proved that when G is abelian every unitary E| action
of G is strongly Pedersen rigid. The nonabelian case (see Corollary places a severe restriction
on A: it must be finite-dimensional. This is presumably due to our method of proof — we suspect
that unitary actions are strongly Pedersen rigid in general.

LAn action a of G on A is ungtary if « = Ad u for some strictly continuous unitary homomorphism u: G — M(A).
In [KOQI8] we used the the term “inner” for such actions.
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Moreover, the question of whether all actions on finite-dimensional C*-algebras are Pedersen
rigid is also still open.

2. PRELIMINARIES

Throughout, G will be a fixed locally compact group. If A is a C*-algebra, we write (A, a) for
an action of G and (4, ) for a coaction of G.

If A, B are C*-algebras and ¢: A — M (B) is a nondegenerate homomorphism, we use the
same notation ¢ for the canonical extension to a unital strictly continuous homomorphism
M(A) — M(B).

If (A, a) is an action, an a-cocycle is a strictly continuous unitary map U: G — M (A) such
that Us; = Usas(Uy) for all s,t € G. For any a-cocycle U, the composition f = AdU o « is also
an action on A, which is said to be exterior equivalent to a. Two actions (A, «) and (B, ) are
outer conjugate if S is conjugate to an action on A that is exterior equivalent to a.

A coaction of G on A is a nondegenerate faithful homomorphism §: A - M(A ® C*(Q))
such that (§ ® id) o6 = (id ® dg) o § and span{d§(A)(1 ® C*(G))} = A @ C*(G), where dg:
C*(G) = M(C*(G)®C*(@)) is the homomorphism determined on group elements by dg(s) = s®s.
In particular, a coaction § maps A into

M(A RCG))={meMAC* (@)  m(1xC*"(G)U(1aC"(G)mC AR C*(G)}.
A coaction (A, d) is maximal if the canonical surjection
Axs G ><13\G —- ARK
is an isomorphism, where we write K to mean the C*-algebra of compact operators K(L?(G)). If

(A, @) is an action, then the dual coaction (A X, G, &) is maximal.
If (A,0) is a coaction and s € G, the s-spectral subspace is

As={a € A:6(a) =a®s}.
More generally, by nondegeneracy the coaction extends uniquely to a homomorphism, still denoted
by ¢, from M(A) to M(A ® C*(G)), and we have spectral subspaces for these too:
M(A)s={m e M(A):6(m)=m® s}.
However, in general the extended map §: M(A) — M(A ® C*(G)) is not a coaction, because we
may have (M (A)) € M(M(A) @ C*(G)). The fized-point algebra of A under ¢ is

A=A, ={acA:a)=a®1},

where e is the identity element of G.

If (A,«) and (B, ) are actions, then a homomorphism ¢: A — B is a — 8 equivariant if
¢ oas; = ;0 ¢ for each s € G. On the other hand, if (A4,§) and (B,e) are coactions, then a
homomorphism ¢: A — B is § — € equivariant if the following diagram commutes:

A—L 5 M(A® C*(@))

T

B——— M(B& C*(G)).

Note that the properties of the “tilde multiplier algebras” such as M (A ® C*(@)) guarantee that
the right-hand vertical homomorphism ¢ ® id is well-defined, even though ¢: A — B may be
degenerate (see, for example, [KLQI6, discussion following Definition 3.2]).

If (A,0) is a coaction, an ideal I of A is strongly -invariant if

span{6(D)(Las(ay ® C*(G))} = [ © C*(G),
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in which case § restricts to a coaction §; on I, which is maximal if ¢ is. Moreover, the inclusion
map ¢: [ — A is §; — J equivariant, and the crossed product ¢ X G maps I x5, G faithfully onto
an ideal of A x5 G. We identify I x5, G with this ideal. Finally, § descends to a coaction 67 on
A/I, which is maximal if § is, and this gives a short exact sequence

0——1Ix5, G—— AxsG—— (A)I) X5 G——0

that is equivariant for the dual actions, by [Nil99, Theorem 2.3].
An equivariant coaction is a triple (A, d, V), where (4, §) is a coaction and V: C*(G) — M(A) is
a dg — d equivariant nondegenerate homomorphism. The generalized fized-point algebra associated
to an equivariant coaction (A,d,V) is the set A%V of all m € M(A) satisfying Landstad’s
conditions
(i) d(m) =m®1;
(ii) mV(f),V(f)m € A for all f € C.(G);
(iii) s — AdVs(m) is norm continuous.
Note that (1) says that m € M(A)., and (3) says that AdV is an action on A%V, If (A,4,V)
is an equivariant maximal coaction (so ¢ is maximal), and if we let B = A%Y and a = AdV:
G ~ B, Landstad duality for full crossed products [KQ07, Theorem 3.2] says that there is an
isomorphism
(A% %0 G,@) = (4,0)
taking i¢ to V and ip to the inclusion B — M (A).
A K-algebra is a pair (A, ), where A is a C*-algebra and ¢: K — M(A) is a nondegenerate
homomorphism. The relative commutant of a KC-algebra (A, () is the C*-algebra

C(A,) ={m e M(A) : mu(k) = o(k)m for all k € K}.

The canonical isomorphism 64: C(A,1) ® K — A is determined on elementary tensors by
0a(a® k) =ac(k).
By [KLQ18 Lemma 3.8], if (4,¢) and (B, j) are K-algebras and ¢: A — B is a homomorphism
such that
d(ac(k)) = ¢p(a)y(k) forallae Ak e,

then there is a unique homomorphism C(¢): C(A,t) — C(B, ) such that
C(o)(aw(k)) = ¢(a)g(k) forall a € C(A,1),k € K.

Again, the subtlety is that, even though ¢ might be degenerate, we are extending part of the way
into M(A). To belabor the point: we cannot express the condition on ¢ in the form ¢ o =y,
because we do not require the homomorphism ¢: A — B to be nondegenerate, and consequently
we have no right to expect that it will extend to a homomorphism M (A) — M (B).

A K-action is a triple (A, o, t), where (A, «) is an action and (A, ) is a K-algebra such that «
is trivial on ¢(K). In this case « restricts to an action C'(a) on C'(A4,¢).

We adapt a few concepts from [KOQ18| from abelian to arbitrary locally compact groups G.

Definition 2.1. A maximal coaction (A, ) of G is strongly fized-point rigid if it has a unique
generalized fixed-point algebra, i.e., for any two G-equivariant strictly continuous unitary homo-
morphisms V,W: G — M(A) we have

AJ,V — Aé’W.
An action of G is strongly Pedersen rigid if its dual coaction is strongly fixed-point rigid.

Definition 2.2. A maximal coaction (A4, J) of G is fized-point rigid if the automorphism group of
(A, 0) acts transitively on the set of generalized fixed-point algebras, i.e., for any two d-equivariant
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strictly continuous unitary homomorphisms V, W: G — M (A) there is an automorphism © of
(4, 9) such that

O(A”Y) = A%,
An action of G is Pedersen rigid if its dual coaction is fixed-point rigid.

The elementary theory of [KOQI8|, Section 3] carries over to the case of nonabelian G; in
particular, strong Pedersen rigidity of an action (B, «) of G is equivalent to the following: for every

action (C, ) of G, if ©: (B x4, G,a) — (C x4 G,B) is a conjugacy then ©(ig(B)) = ic(C), and
Pedersen rigidity of an action (B, «) of G is equivalent to the following: for every action (C, ) of

o~

G, o and J are outer conjugate if and only if the dual coactions (B x, G, @) and (C xg G, ) are
conjugate. Moreover (and this wasn’t explicitly mentioned in [KOQI8]) both strong fixed-point
rigidity and fixed-point rigidity are preserved by conjugacy of coactions, and consequently both
strong Pedersen rigidity and Pedersen rigidity are preserved by outer conjugacy of actions.

As explained above, the following two problems are equivalent:
Pedersen rigidity problem. Is every action Pedersen rigid?
Fixed-point rigidity problem. Is every mazimal coaction fixed-point rigid?
Moreover, the following two strong versions are also equivalent:
Strong pedersen rigidity problem. Is every action strongly Pedersen rigid?
Strong fixed-point rigidity problem. Is every maximal coaction strongly fized-point rigid?

In [KOQ18] we proved a number of no-go theorems, each giving particular sufficient conditions
for a positive answer to the Pedersen rigidity problem. Some of these are phrased in terms of the
following:

Definition 2.3. A class C of actions is Pedersen rigid if any two actions (A, «) and (B, 8) in C

~

are outer conjugate if and only if the dual coactions (A x, G, @) and (B xg G, ) are conjugate.

3. DISCRETE GROUPS

Theorem 3.1. If G is discrete, then every action of G is strongly Pedersen rigid.

Proof. Let (A, «) be an action. Since G is discrete, i4(A) is the fixed-point algebra of & (see
Lemma below), and this must coincide with all general fixed-point algebras. (I

The following lemma is presumably folklore, but since we could not find a reference we include
proof.

Lemma 3.2. Let (A,9) be a mazimal coaction of a discrete group G. Then for every equivariant
homomorphism V: G — M(A) we have A>Y = A%, where as usual

A=A, ={acA:da)=ax1}.

Proof. Let V be an equivariant homomorphism. First note that A%Y C A because if m € A%V
then
On the other hand, if a € A? then a € M(A)., for every ¢ € C*(G) we have ac, ca € A because

¢ € M(A), and s — AdV;(a) is trivially norm continuous by discreteness of G. Therefore
A C AV, O
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4. STABLE C*-ALGEBRAS

Theorem 4.1. The class of actions on stable C*-algebras possessing strictly positive elements is
Pedersen rigid.

Proof. The proof of [KOQI18, Proposition 4.2] carries over verbatim, since the quoted result
[Com84l Section 8 Proposition] has no restriction on the group. O

Remark 4.2. There is an error in the discussion following [KOQ18| Proposition 4.2], where
we said that we won’t “find any examples of multiple generalized fixed-point algebras unless
at least one of A and B is nonstable”. This seems to be making an assertion about strong
fixed-point rigidity, whereas the proposition only concerns fixed-point rigidity (when phrased in
terms of coactions). The discussion should be changed to something along the following lines:
delete the first sentence “Thus (assuming,...)”, since it is not obvious how to rephrase it in
a useful way in terms of Pedersen rigidity, then in the second sentence change “phenomenon
of multiple generalized fixed-point algebras” to “phenomenon of conjugate dual coactions of
non-outer conjugate actions”.

5. COMMUTATIVE C*-ALGEBRAS

Theorem 5.1. Actions on commutative C*-algebras are conjugate if and only if the dual coactions
are conjugate. In particular, the class of such actions is Pedersen rigid.

Proof. The proof of [KOQ18| Proposition 4.3] carries over verbatim, since it did not use the
standing hypothesis from that paper that G be abelian. (]
6. COMPACT GROUPS

In [Lan84] theorem 8], Landstad proves that if G is a compact group and (4, G, «) is an ergodic
action with full spectrum (meaning that every m € G occurs in a with multiplicity dim ), then
there is a unitary eigenoperator U € M (A ® K(L*(Q))), i.e.,

(6.1) (s ®@id)(U) = U(1 ® ps) for all s € G.
here p is the right regular representation of G. From now on we will write K = K(L?(G)).
Proposition 6.1. If G is compact and (A, G, «) is an ergodic action with full spectrum, then
(A K,a®Adp) ~ (A K, a®id).
Proof. Let U be a unitary eigenoperator as in . Then for all y € A® K,
AdU o (o ® Ad p)(y) = U(id @ Ad p,) ((ovs @ id) (y) ) U™

=U(1®ps)(as ®id)(y)(1 @ pg)U”

= (s ®id)(U)(as ®id)(y) (U(1 @ py))”

= (0 @ id)(Uy) (o @) (1))

= (s @ 1d)(UyU*

= (as ®id) o AdU (). O
Lemma 6.2. If G is compact and (A, G, «) is an ergodic action with full spectrum, then

(A®K)*®d =1, K.

Proof. Let w be the unique G-invariant state on A, so that for all a € A,

w(a)lA:/Gas(a) ds.



RIGIDITY FOR C*-DYNAMICAL SYSTEMS, II 7
Then for alla € A, T € K,

/G(as®id)(a®T)ds:/ as(a)ds®T

el
=w(a)la®T

=w(a)(1aT).
Thus
14®KC (A K)e®d,
and on the other hand, by linearity, density, and continuity,
(A K)*® Ci,0K.
O

Theorem 6.3. Let G be compact, and let (A, «) and (B, ) be ergodic actions of G with full

spectrum. If a ~ B\, then o ~ . In particular, the class of ergodic actions of G with full spectrum
is Pedersen rigid.

Proof. Since

~

(A Xy G,a) ~ (B xgG,p),

we have

(Ax, G XaG,é) ~ (BxgG NEG,E\),
so by crossed-product duality

(A K,a® Adp) ~ (BRK,5® Adp),
and hence by Proposition we have an isomorphism

0: (A K,a®id) ~ (B® K, ®id).
Then by Lemma [6.2]
014 ®K) =0((A® K)*®) = (B K)® = (15 ® K).
Thus ~
0: AQK — B®K
is a K-isomorphism, so by [KOQ16a), Theorem 4.4] 6 preserves the relative commutants:
0(A® 1p2c)) = B @ 2oy

Thus 6 induces an equivariant isomorphism

0o: (A, a) = (B, B). O

7. CATEGORIES AND FUNCTORS

In preparation for our no-go theorem on local rigidity (Theorem , we recall some categorical
machinery from [KOQ17]. The category C* has C*-algebras as objects, and the morphisms
are just the usual homomorphisms between C*-algebras (not into multiplier algebras). The
category Ac of actions has actions (A, a) as objects, and a morphism ¢: (4,a) — (B,f) is
an « — 3 equivariant homomorphism ¢: A — B. Note that we are not allowing ¢ to take
values in the multiplier algebra M (B), since this would make it inconvenient to handle ideals.
Warning: in earlier papers we used the same notation for categories in which the morphisms were
nondegenerate homomorphisms into multiplier algebras; the appropriate choice depends upon the
context.
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The category Co of coactions has coactions (A4, §) as objects, and a morphism ¢: (4,d) — (B, ¢)
is a 0 — ¢ equivariant homomorphism ¢: A — B. The full subcategory of maximal coactions is
denoted by Co™.

The category d¢/Co of equivariant coactions has equivariant coactions (A4, d, V') as objects,
and a morphism ¢: (A,5,V) — (B,e, W) is a morphism ¢: (A,d) — (B, &) such that o V = W.
The full subcategory of maximal equivariant coactions, where the coactions are required to be
maximal, is denoted by dg/Co™.

The category K/C* of K-algebras has KC-algebras as objects, and a morphism ¢: (A4,t) — (B, 7)
is a homomorphism ¢: A — B such that

d(aL(k)) = ¢(a)g(k) forallae Ak e K.

The category K/Ac of K-actions has K-actions as objects, and a morphism ¢: (A, a,t) —
(B, f,)) is a morphism ¢: (A,a) — (B, ) in Ac such that ¢: (A,¢) — (B, ) is a morphism in
K/C*.

The destabilization functor DSt: K/Ac — Ac is given by

DSt(A4, , 1) = (C(A, 1), C(w))
DSt(¢) = C(¢)-

The categorial Landstad duality theorem for actions [KQO09, Theorem 5.1] (see also [KOQ16D)
Theorem 2.2]) can be formulated as follows: the functor

CPA: Ac — ég/Co™
defined by
CPA(A, ) = (A %, G,Q,ig)
CPA(¢p) =9 x G

is an equivalence.
Given an equivariant coaction (A4, d, V'), the homomorphism

ut = jaoV:G — M(AxsG)

isa g—cocycle7 and we write the perturbed action on A x5 G as
§=u0s.
The functor CPC: §g/Co™ — K/Ac is given on objects by
CPC(A,8,V) = (AxsG,08,V xGQ),
and if ¢: (4,6,V) — (B,e, W) is a morphism then
CPC(¢): (Axs5G,0,VxG)— (Bx.D,&,W xG)

is the morphism in K/Ac given by CPC(¢) = ¢ x G.

The quasi-inverse functor Fix is determined by the commutative diagram

5c/Co™ % K/ Ac

Ac
Given an equivariant maximal coaction (A,d, V), we write
Fix A= C(A x5 G,V x Q)

Fixé = C(9),
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so that
Fix(4,6,V) = (Fix 4, Fix ).
If ¢: (A,0,V) = (B,e, W) is a morphism in dg/Co™ then
Fix(¢): (Fix A,Fixd) — (Fix B, Fixe)
is the morphism in Ac given by
Fix(¢) = C(¢ x G).

Categorical Landstad duality for actions can be illustrated by the commutative diagram

Ac -2 55 /Co™

:l JCPC
Fix

Ac+—K/Ac
DSt

of functors.

We will need to know that the functor Fix is exact, and we prove this in Lemma below.
To be clear: when we refer to a short exact sequence in any of our categories in which the objects
are C*-algebras with extra structure and the morphisms are homomorphisms that preserve
the structure, we mean that we have a sequence of morphisms in the category such that the
homomorphisms give a short exact sequence of C*-algebras.

Lemma 7.1. The functor Fix is exact.

Proof. By construction, it suffices to verify that the two functors CPC and DSt are exact. The
first follows from exactness of the functor

(A,6) > A x5 G

from Co to C*, which is proven in [Nil99, Theorem 2.3].
For DSt, it suffices to show that the functor
(A1) = C(A,1)

from K/C* to C* is exact. This is presumably folklore, but we include the argument for
completeness: let

(4

0 (va) (A’L) = (Q7]) —0

be a short exact sequence of K-algebras. by naturality of the isomorphisms 6 from destabilization,
the sequence

C(o)®idk C(m)®idk
—_— _—

00— C(,p)oK CA ) e K CQ,) @K —0
is exact. Abstracting this, it now suffices to show why a sequence

P T

0 J B R 0
in C* must be exact if the sequence
0 Jok S Bek Y Re Kk ——0

is exact. Since K is nuclear, ker(r ® id) = (ker7) @ K. Also, ran(¢ ® id) = (ran) ® K. Since
ker(r ® id) = ran(¢ ® id) by assumption, we must have ker 7 = rant, as desired. O
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8. LOCAL RIGIDITY

In this section we will prove the following generalization of [KOQ18, Proposition 4.10 and
Corollary 4.12] from abelian to arbitrary locally compact groups:

Theorem 8.1. Let (A, a) be an action, and let T be a family of a-invariant ideals of A such
that A =spanZ. If for each I € T the restricted action o is strongly Pedersen rigid, then o is
strongly Pedersen rigid.

Proof. We only need one modification of the proof of [KOQI8|, Proposition 4.10]: instead of
referring to [GL89, Theorem 3.4], we use Theorem below instead. O

The above proof rests upon the following correspondence between invariant ideals of an action
and of the dual coaction. It is proved for amenable G in [GL89, Theorem 3.4].

Theorem 8.2. For any action (A, «), the assignment I — IXG gives a one-to-one correspondence
between a-invariant ideals of A and strongly a-invariant ideals of A X, G.

Proof. First, let K be a strongly a-invariant ideal of A x,, G. Then the elementary Lemma [8.3
below gives us an equivariant maximal coaction

(Ka aKv (iG)K)'

Then we have a short exact sequence in dg/Co™, so by Lemma we can apply the functor Fix
to get a short exact sequence

(8.1) 0 (L,7) (B, ) — (R,0) —0

in Ac. The natural equivariant isomorphism 6: B — A takes the ideal L to an a-invariant ideal
I of A. Let p be the restriction of the action « to I. Then I x, G is an ideal of A %, G, and it
remains to show that

I'x,G=K.

Applying the crossed-product functor CPA to the short exact sequence (8.1)) gives a B—invariant
ideal L ., G of B x1g G. Then applying the natural isomorphism

©: CPAoFix — id,
we have
O(L xG) =K.
On the other hand, by the category equivalence we have ©® = 6 x G, so
IXG=0(L)xG=60(LxG)=K.
We turn to the uniqueness. Suppose that [ and J are a-invariant ideals of A such that
IxG=JxG=K.
Applying the natural isomorphism #: Fix o CPA =5 id, we get
I=0(FixK)=J. O
Lemma 8.3. Let (B,0,V) be an equivariant coaction, and let K be a strongly d-invariant ideal
of B. Then there is a unique dg — dx equivariant nondegenerate homomorphism
Vk: C*(G) - M(K)
such that for all c € C*(G) and k € K we have
(8.2) Vi ()k =V (c)k.
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Proof. Let 0: B — M(K) be the canonical nondegenerate homomorphism given by
o(b)k =bk forbe B,k € K.

Define Vi by the commutative diagram

C*(G) —L— M(B)
N
M(K).
Then holds because
Vi (c)k = a(V(e)k = V(c)k. 0

Bundles. In [KOQ18, Corollary 4.12] we proved that when G is abelian every locally unitary
action on a continuous trace C*-algebra is strongly Pedersen rigid. This followed immediately
upon combining [KOQI8|, Propositions 4.6 and 4.10], on unitary actions and inductive limits
of actions, respectively. While Theorem is a fully functional generalization of [KOQI8|
Proposition 4.10] to nonabelian groups, Corollary below is only a partial generalization
of [KOQ18| Proposition 4.6], restricting to unitary actions on finite-dimensional C*-algebras.
Consequently, the best we can do toward locally unitary actions of arbitrary groups is pointwise
unitary actions on direct sums of finite-dimensional algebras, because we need the ideals of the
bundle C*-algebra determined by neighborhoods in the base space to be finite-dimensional. But
in fact this case is so special that it is not really a bundle result at all:

Corollary 8.4. FEvery direct sum of strongly Pedersen rigid actions is strongly Pedersen rigid.

This is of course a special case of Theorem

9. FINITE-DIMENSIONAL C*-ALGEBRAS AND UNITARY ACTIONS

Theorem 9.1. Let (A,0) be a mazimal coaction. Suppose that there is an equivariant homomor-
phism V: G — M(A) such that the generalized fived-point algebra B = A%V satisfies:

(i) B=M(A)., and

(ii) the norm topology on B equals the relative strict topology from M(A).
Then (A, 6) is strongly fixed-point rigid.
Proof. Let W: G — M (A) be another equivariant homomorphism, and let C' = A>". We must
show that C' = B. First note that C C M(A). = B.

Define U: G — M(A) by
Us =W, V).

Since V, W are strictly continuous and bounded, U is also strictly continuous. The equivariance
of V, W trivially implies by direct computation that for all s € G we have

Us e M(A), = B.

By hypothesis (2), the map U: G — B is norm continuous. A trivial computation shows that for
all s,t € G,
Ust = Us Ad W5 (Uy) = Ugsas (Uy).

Thus U is an a-cocycle, so we can define an exterior equivalent action
vy=AdUoa: G~ B.
Recall the Pedersen isomorphism

0: (B %, G,7) = (B %, G, Q)
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determined by
Ooi}y=if and O(i(s)) =i%(Us)ig(s).
On the other hand, by Landstad we may take
(B x4 Gya,ig) = (4,6,V), B =A%,
(B %y G,7,if) = (A,8,W), B = AW,

with 4% = i}, both being the inclusion B < M (A). In particular, we may assume that © = ida.
Since we have C' = A%"W by definition, we conclude that C' = B, as desired. (I

Example 9.2. The conditions in Theorem certainly required the generalized fixed-point
algebra B = A%V to be unital. However, it is important to keep in mind that it is possible
for B to be unital without satisfying condition (2). For example, let G = T acting on C(T) by
translation, so that the crossed product A = C(T) x T is the compact operators K on L?(T).
Then the generalized fixed-point algebra is the unital algebra of multiplication operators Mg for
¢ € C(T). On bounded sets, the strict topology on M (K) = B(L?(T)) agrees with the strong*
topology. Let (¢,) be a sequence of unit vectors in C(T) whose supports S,, shrink to a point.
Then the multiplication operators My, go to 0 strong®, but all have norm 1. Therefore the norm
topology of B = {M, : ¢ € C(T)} is strictly stronger than the relative strict topology from M (KC).
We thank Dana Williams for discussions leading to this example.

Proposition 9.3. Let (B,a) be an action such that

(i) ip(B) = M(B %4 G)., and

(ii) the norm topology on ip(B) equals the relative strict topology from M (B x4 G).
Then for any finite-dimensional C*-algebra A, the action (A ® B,id ® «) is strongly Pedersen
rigid.
Proof. The assumptions on (B, «) are that the dual coaction & satisfies the hypotheses of
Theorem and by that same theorem it suffices to show that dual coaction id ® a also satisfies
those hypotheses. We have

(A® B) Xiaga G,id®a) = (A® (B %, G),id® a).
Moreover,
iag(A® B) = A®ig(B).
We want to show that
A®ip(B)=M(A® (B x,G)),.
Trivially the left side is contained in the right, so let
meM(A® (B xqG))

o
Note that

M(A® (Bx,G)) =A@ M(B x4 G)
since A is finite-dimensional. Choose a basis {a,...,a,} for A. Then m =", (a; ® m;) with
m; € M(B %, G), and we have

n n

Yaemel)=mel=_>idea)(m) = (aeam)),

i=1 i=1
so because {ay,...,ay} is linearly independent we see that for each i we have

and hence m; € M(B %, G). = ig(B). Therefore m € A® ig(B), as desired. O
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Corollary 9.4. For any locally compact group G, the trivial action of G on C is strongly Pedersen
rigid.
Proof. We will apply Theorem [9.1] to prove the equivalent statement that the canonical coaction
d¢, which is the dual coaction on the crossed product C*(G) = C x G, is strongly fixed-point
rigid. For this it suffices to prove that

M(C*(G))e = Clyr(c+(ay)
This fact is presumably folklore, but we could not find it in the literature, so we include the proof.
Obviously the right-hand side is contained in the left. On the other hand, if m € M(C*(G))e,
then

6G (m) =me 17

and slicing by f € B(G) gives

(id® f) o 6¢(m) = f(e)m.
But the homomorphism d¢ is symmetric:

0cg = X odg
where ¥ is the flip automorphism of C*(G) ® C*(G), consequently
(id® f) 0 dg(m) = (f ®id) 0 6g(m) = f(m)1.
So, as long as we choose f with f(e) # 0, we conclude that m € C1. O
Let H be a subgroup of G with finite index. Let X = G/H, and let G act on X by left

translation. Choose a cross section = +— 7, of X in G. It is well-known that the map :
G x X — H defined by

410(8’ .Z‘) = n;xlsnx

is a cocycle for the action G ~ X i.e.,
p(st, x) = p(s, tx)p(t, ).

Note that (e, x) = e for all z € X, as is the case for all cocycles. Let C(X) be the commutative
C*-algebra of functions on the discrete space X, and a: G ~ C(X) be the associated action. Let
Mx denote the matrix algebra on X, with matrix units {e,, : ,y € X} characterized by

ExyCuv = 5yuezv

€y = Cyzs
where dy, is the Kronecker delta.
In the following lemma we use the inflated coaction dg, and we recall its definition in this

special case: since H has finite index in G, we can regard C*(H) as a C*-subalgebra of C*(G),
and Inf §y is defined by the commutative diagram

C*(H) =25 M(C*(H) @ C*(H))

S, |

M(C*(H) © C*(G)),
where the vertical arrow is the identity on C*(H) tensored with the inclusion map C*(H) —
C*(@).
Lemma 9.5. Define
U= Z(em ®1®n,) € M(Mx ® C*(H)® C*(G)).
reX
Then U is a cocycle for the coaction id ® Inf §g of G.
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Proof. First,
(d®06)(U) =Y (€z @ 1@ na @172),
reX
while

U ((d@Inféy) @id)(U) = D (ere @1 @72 @ 1)(eyy @ 1@ 1@ 17,)
z,yeX

= D (Crabyy ® 1@ ®1y)
z,yeX

D (xa @101 @ 12).
reX

For the other axiom of cocycles, let z,y € X, c € C*(H), and d € C*(G). Then
AdU o (id ® Inf 657) (€ay ® c)(1 ® 1 @ d)
=AdU (egy ®05(c))(1®1®d)
= > (cwr ®1@ M) (eay ® 61 (c)(e0y @107, )(1®1® d)

uveX
= epy @ (1@ 1;)0m(c)1@n, (1@ d)
€ eay ® (1@ n2)0m(c)(1® C*(G))
C exy © (1@ 12)(CT(H) ® C*(G))
C eny ® (C7(H) ® C°(G))
C Mx ®C*(H)®C*(G).
We have shown that U is an (id ® Inf dz)-cocycle. O

Part of the following (not involving the coaction) is a very special case of a theorem of Green
[Gre80, Corollary 2.10], but since our situation is so elementary we give the proof.

Lemma 9.6. With the above notation, define w: C(X) — M(Mx @ C*(H)) by
(9.1) m(f) = f@)ew @1
reX
andV: G — M(Mx ® C*(H)) by
(9.2) Vo= (esaa® (s, 2)).
reX
Then (m, V') is a covariant homomorphism of the action (C(X), ), and the integrated form is an
isomorphism
f=7xV:C(X) %y G = Mx ®C*(H).
Moreover, the isomorphism 0 transports the dual coaction & to the coaction 6 of G on Mx @ C*(H)
given by
AdUo (id ® Infdp),

Proof. Both C(X) %, G and Mx ® C*(H) are groupoid C*-algebras: for the first we use the
transformation groupoid G x X with multiplication
(s,tx)(t,x) = (st, ),

and whose unit space {e} x X we identify with X, and for the second algebra we use the product
groupoid X2 x H, where X? denotes the full equivalence relation on X. It is folklore that these
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groupoids are isomorphic, and we recall how this goes: recall that we chose a cross section = +— 7,
from X to G, which determined a cocycle ¢: G x X — H by

(s, @) =13, $1a-
This in turn leads to a groupoid isomorphism
p: Gx X = X?>xH
via
p(s,x) = (sz,2,9(s,2)),
with inverse given by
p~ @,y h) = (nehny ' y),
and moreover p is a homeomorphism since X is discrete. Then p determines an isomorphism

0: C(X) xq G =+ Mx ® C*(H)

between the groupoid C*-algebras, given by the integrated form of the covariant homomorphism

(m, V) defined in and (9.2).

The 1som0rphlsm 0 transports the dual coaction & to a coaction 4. To compute &, we first
consider an elementary tensor

eay ®h € Mx ® M(C*(H)) = M(Mx ® C*(H))

for x,y € X,h € H:
d(ezy @) = (0 ®@id)oao 9_1(1‘ y, h)
= (0 ®@id) o a(nahn, ', y)
= (0 ®@id) o a(ic(n.hn, icx (xy))
= (0 ®id) (ic(nahny, icx)(xy) @ nhn, )
= (z,y,h) @ nzhn, "
=e€xy ®h ®77mh77;1-

Then for f € C.(H) we have

- / F(h)(eay ® h @ nphy L) dh
H
— ey ® / SR (h @ nphag ) dh
H

=exy®(1®nx)/Hf(h)(h®h)dh(1®n;1)

= €2y ® (L@ 1) Inf 6 (f) (L @ 77;7").
On the other hand,
AdU o (id ® Inf 61 ) (€4 ® f) = Uegy @ Inf 6 (f))U*

= Z (eyu ®1® nu)(ezy ® InféH(f))(ew R1R® 171,_1)
u,veX

= eay ® (1@ o) Inf 6 (f) (1 @ ,7).
Thus by density and continuity we have
0=AdUo (id @ Inf §g). O
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Theorem 9.7. Let G act transitively on a finite set X. Then the associated action a of G on
C(X) is strongly Pedersen rigid.

Proof. We will prove the equivalent statement that the dual coaction & is strongly fixed-point
rigid, Now, by Lemma @ is exterior equivalent to the coaction id ® Inf §g on Mx ® C*(H).
Since Mx is finite-dimensional, by Proposition [9.3]it now suffices to prove that Inf §5 is strongly
fixed-point rigid. As in the proof of Corollary [9.4] we only need to show that

M(C*(H))e € Clyg(ox(my)s

where we mean the fixed points in M (C*(H)) relative to the coaction Infdy of G. So, let
m € M(C*(H))e, so that Inf 07 (m) = m ® 1prc+(c)). But then Inf 7 (m) must coincide with
the image of m® 1y7(c=(x)) in M(C*(H)®C*(G)), so Corollaryimplies that m € Clarc-(my),
as desired. d

Corollary 9.8. Let G act on a finite set X, and let « be the associated action of G on C(X).
Then the dual coaction (C(X) X, G, Q) is strongly fized-point rigid.

Proof. Since X is a disjoint union of orbits, « is a finite direct sum of transitive actions on finite
sets, so the corollary follows from Theorem [9.7] and Corollary [8.4} O

We believe that all actions on finite-dimensional C*-algebras are strongly Pedersen rigid.
However, there is a subtlety that has prevented us from proving a no-go theorem in that generality,
and we explain here: every action on a finite-dimensional C*-algebra is a direct sum of actions
that are transitive on the primitive ideal spaces. Suppose that A is finite-dimensional and «:
G ~ A is transitive on X = Prim A. Then up to isomorphism

A=M,2C(X) =D M,.
zeX
Any automorphism of A can be expressed as a permutation of the copies of M, followed by an
unitary automorphism. More precisely, for each s € G we have

as, = AdU; o 3,

where Ug = (U¥)ex is a tuple of unitary matrices and (5 just permutes the coordinates in the
direct sum of matrices. The obstruction to U being a [-cocycle is a circle-valued 2-cocycle 7 on

G, which we call the Mackey obstruction of the action «.

Theorem 9.9. Let o be an action of G on a finite-dimensional C*-algebra A. If all the Mackey
obstructions discussed above vanish, then (A, «) is strongly Pedersen rigid.

Proof. We continue to use the notation in the discussion preceding the theorem. By hypothesis,
we can choose the unitaries Uy so that U is a f-cocycle. Thus « is exterior equivalent to 5, and
Proposition tells us that 3 is strongly Pedersen rigid, so « is also strongly Pedersen rigid. [J

Corollary 9.10. FEwvery unitary action of G on a finite-dimensional C*-algebra A is strongly
Pedersen rigid.

Proof. Since the action is unitary, G acts trivially on Prim A, and we are assuming that all the
Mackey obstructions vanish, so this is a special case of Theorem [0.9] (I

Remark 9.11. In [KOQ18| Proposition 4.6] we proved that if G is abelian then every unitary
action is strongly Pedersen rigid. This worked in that much generality because if « is the trivial
action of an abelian group on A, then the homomorphism % : G — M (A X, G) maps into the
center, and hence commutes with zg for any other action satisfying A xo G = A xg G. For
nonabelian G, the best we were able to do is Corollary which imposes severe restrictions on
the action.
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