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ASYMPTOTIC LIMITS OF OPERATORS SIMILAR TO NORMAL
OPERATORS

GYORGY PAL GEHER

ABSTRACT. Sz.-Nagy’s famous theorem states that a bounded operator T
which acts on a complex Hilbert space H is similar to a unitary operator
if and only if T is invertible and both 7' and T~! are power bounded. There
is an equivalent reformulation of that result which considers the self-adjoint
iterates of 7" and uses a Banach limit L. In this paper first we present a gen-
eralization of the necessity part in Sz.-Nagy’s result concerning operators that
are similar to normal operators. In the second part we provide characteriza-
tion of all possible strong operator topology limits of the self-adjoint iterates
of those contractions which are similar to unitary operators and act on a sepa-
rable infinite-dimensional Hilbert space. This strengthens Sz.-Nagy’s theorem
for contractions.

1. INTRODUCTION

In this article H will denote a complex Hilbert space and the symbol B(H) will
stand for the set of all bounded linear operators acting on H. We say that T € B(H)
is a contraction if | T|| < 1. This article will primarily consider power bounded
operators. An operator T € B(H) is said to be power bounded if sup,,cy || 7] < oo
holds.

The study of similarity problems in Hilbert spaces attracted the interest of many
mathematicians and it seems to be extremely hard. The first result was given by
B. Sz.-Nagy. Namely, in [29] he managed to prove a theorem which (even today)
belongs to the best known results concerning the study of Hilbert space operators
that are similar to normal operators. In the present paper we intend to contribute
to this theorem. Regarding this kind of similarity problems, N.-E. Benamara and
N. Nikolski provided a resolvent test in [1] (see also [16, 17] for further results on
this topic) which became widely known.

Another type of similarity problems goes back also to Sz.-Nagy and to P. R.
Halmos. They raised the following questions: is every power bounded operator
similar to a contraction? Is every polynomially bounded operator similar to a
contraction? These questions were answered in [7, 18, 23]. See also [10, 24].

Now, we give some auxiliary definitions. The Banach space of bounded complex
sequences is denoted by ¢°°(N). We call the linear functional

L:t*N)—=C, z={z,}y21— L;hmxn

a Banach limit if the following four conditions are satisfied:
o [LII=1,
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e we have L-lim,,_, o, x,, = lim, . =, for every convergent sequence,
e [ is positive, i.e.if z,, > 0 for all n € N then L-lim,,_,, z,, > 0, and
e [ is shift-invariant, i.e. L-lim,,_, oo z,, = L-lim,, o0 Ty 11.
Note that a Banach limit is never multiplicative (see [4, Section IIL.7] for further
details).
Let us fix a Banach limit L and consider an arbitrary power bounded operator
T € B(H). Then the following is a bounded sesqui-linear form

w:HXH—=C, w(z,y):=LUm({T""T"z,y).
n— oo

Hence there exists a positive operator A 1, € B(H) such that the equation w(z,y) =
(Ar pz,y) holds for all vectors z,y € H. The operator Ay 1, will be called the L-
asymptotic limit of the power bounded operator T', which usually depends on the
particular choice of L (see [9]). In the case when T is a contraction, the operator
Ar 1, does not depend on L. In fact, in this case the sequence {T*"T"}> , is
decreasing, therefore it converges to an operator Ar(= Ap for every Banach
limit L) in the strong operator topology (SOT). This positive contraction Ay will
be simply called the asymptotic limit of T. All the possible asymptotic limits of
contractions and the L-asymptotic limits of power bounded matrices were described
by the author in [8] and [9]. The present work can be considered a continuation of
these two papers.

The L-asymptotic limit of a power bounded operator T tells us how the orbits
{{T™z}32,: © € "} behave, since the following holds:

. n 1/2 1/2
L-lim |[T"a||” = || A/ |” = |47 Te|]?

(the equation above is not true in general if we delete the squares).

The concept of asymptotic limit and their generalizations play important role in
the hyperinvariant subspace problem (see e. g. [2], [11], [12] and [28]). They were
also used in many papers concerning other topics. For example E. Durszt proved
a generalization of the famous Rota model (see [25]) for completely non-unitary
contractions in [6]; a new proof for a Putnam-Fuglede type result was presented in
[14] by B. P. Duggal and C. S. Kubrusly; G. Cassier considered similarity problems
in [3]; and in [15] it was pointed out how important it is to give several characteri-
zations for the case when the asymptotic limit is idempotent.

Now, we state a well-known reformulation of Sz.-Nagy’s theorem (see [29] or [13,
Proposition 3.8.])

Theorem (Reformulation of Sz.-Nagy’s theorem). Consider an arbitrary operator
T € B(H) and fiz a Banach limit L. The following three conditions are equivalent:

(i) T is similar to a unitary operator,
(ii) T 1is power bounded and the L-asymptotic limits Ap and Ap~ 1 are in-
vertible,
(iii) T has bounded inverse and both T—1 and T are power bounded.

Moreover, if we have an arbitrary power bounded operator T € B(H), then the next
three conditions are also equivalent:

(") T is similar to an isometry,
(ii") the L-asymptotic limit Ap 1, is invertible,
(iii’") there exists a constant ¢ > 0 for which the inequality ||T™z|| > c||z|| holds
for every vector x € H.



In this paper we investigate whether there is any connection between the as-
ymptotic behaviour of power bounded operators that are similar to each other.
In particular we will provide a new property of the L-asymptotic limits of opera-
tors that are similar to normal ones. This can be considered a generalization of the
necessity part in Sz.-Nagy’s theorem. After that we will strengthen Sz.-Nagy’s theo-
rem, i.e. we will characterize all the possible asymptotic limits of those contractions
that are similar to unitary operators.

2. STATEMENTS OF THE MAIN THEOREMS

Before we present the statements of our main results, we need some definitions.
The set Ho(T) = Ho := {x € H: limy o0 [|[T"] = 0} will be called the stable
subspace of T'. It is well-known that ker Ar 1 = Ho holds for every Banach limit
(see [12, Theorem 3]) and that Hg is a hyperinvariant subspace of T. We recall
the following classification of power bounded operators. We say that the power
bounded operator T is

e of class Cy. if Ho(T) = H, in notation T € Cy.(H),

e of class C1. if Ho(T) = {0}, in notation T € C1.(H),

e of class Cy, (k € {0,1}) if T* € Ck.(H), in notation T € C.x(H),

e of class Cji, (j,k € {0,1}) if T' € C;.(H)NC.x(H), in notation T' € Cjr(H).

If the operator A € B(#H) is not zero, then the reduced minimum modulus of A is

the quantity v(A) := inf{||Az||: z € (ker A)*, ||z|| = 1}. If A is a positive operator,
then v(A) > 0 holds exactly when A is the orthogonal sum of a zero and an invertible
positive operator. Since the spectral radius of a power bounded operator is at most
1, any normal power bounded operator N is a contraction. Thus N is an orthogonal
sum of a unitary operator and a normal contraction which is of class Cpyg. This can
be easily seen from the functional model of normal operators. Hence the asymptotic
limits Ay and An- coincide and they are always the orthogonal projections with
range Hg . It is natural to ask whether the alternative v(Ar,) > 0 or Ar =0
holds for a power bounded operator 1" which is similar to a normal operator. As
we can see from the next theorem, which will be proven in Section 3, this is indeed
the case.

Theorem 1. Let us consider two power bounded operators T, S ¢ Cy.(H) which are
similar to each other. Then v(Ap,1) > 0 holds for some (and then for all) Banach
limits L if and only if v(As,r) > 0 is valid.

Moreover, v(Ar.) > 0 holds if and only if the powers of T are bounded from
below uniformly on Hg, i.e. there exists a constant ¢ > 0 such that

clz| < |T"z]| (x € Hg,n €N).

In particular, if T is similar to a normal operator, then v(Arr) > 0 and
v(Ar+.r) > 0 are satisfied.

Theorem 1 helps us decide whether a given operator is similar to a normal
operator. Similarity to other classes can be tested as well. This will be discussed
immediately after proving the above theorem.

In Section 4 we will prove the next theorem which provides us further information
about the asymptotic limit Ar of a contraction T € B(H) that is similar to a unitary
operator. We will denote the inner spectral radius of a positive operator A € B(H)
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by r(A) = mino(A). The symbol o.(B) will denote the essential spectrum of an
operator B € B(H).

Theorem 2. Let H be an infinite-dimensional Hilbert space and let T € B(H) be a
contraction which is similar to a unitary operator. Then the relation dimker(Ap —
r(Ap)I) € {0,00} is fulfilled. Consequently, the condition r(Ar) € oe(Ar) holds.

The author showed in [8, Theorem 6] that whenever T is a contraction acting
on a separable infinite-dimensional space, then 1 € o.(Ar) or Ar is a finite-rank
projection. In the light of Sz.-Nagy’s theorem, [8, Theorem 6] and Theorem 2, if
dimH = Ry and T € B(H) is a contraction which is similar to a unitary operator,
then necessarily Ap is an invertible, positive contraction and the conditions 1 €
oc(A7) and dimker(Ar — r(Ar)I) € {0, 00} are satisfied. We will prove in Section
4 that the converse is also true.

Theorem 3. Let H be a separable infinite-dimensional Hilbert space, let A € B(H)
be a positive, invertible contraction and suppose that the conditions 1 € o.(A) and
dimker(A—r(A)I) € {0,80} are fulfilled. Then there exists a contraction T € B(H)
which is similar to a unitary operator and the asymptotic limit of T is exactly A.

We note that the L-asymptotic limits of power bounded operators that are sim-
ilar to unitary operators and which act on a finite-dimensional Hilbert space were
characterized in [9]. We will close this paper with posing and discussing some
questions in Section 5.

3. GENERALIZATION OF THE NECESSITY PART IN Sz.-NAGY’S THEOREM

In this section we present the proof of Theorem 1. We begin by stating Kérchy’s
lemma which will give a significant contribution to this section.

Lemma 1 (Kérchy [11]). Consider a power bounded operator T € B(H) and the
orthogonal decomposition H = Ho ® Ha. The block-matriz form of T in this de-
composition s

(1) T = (:f)o 71?1) € B(Ho & HE)

where the elements Ty and Ty are of class Cy. and C., respectively.

Using this lemma, first we prove the following. We note that the equivalence
(i) <= (iii) is a part of Theorem 1.

Lemma 2. Consider a power bounded operator T ¢ Co.(H). Then the following
conditions are equivalent:

(i) the inequality v(Ap.) > 0 is satisfied for some and then for all Banach
ltmits L,
(ii) the compression Ty := P\ T|Hgy is similar to an isometry, where Py denotes
the orthogonal projection onto the subspace Hg,
(iii) the powers of T are bounded from below uniformly on Hg , i.e. there exists
a constant ¢ > 0 such that c||z|| < ||T"x|| is satisfied on Hg for alln € N.

Proof. (i)==(ii). We will use the decomposition A7 = 0® A; € B(Ho ® Hy),
where A; is obviously invertible. Consider the operator X, € B(H,Hy ) which is
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defined by the equation X, h = A7 h (h € H). The equation || X, h| = | X, Th]|
implies that
(2) VX+ = X+T
holds with a unique isometry V' € B(Hg ). Now, if we restrict (2) to the subspace
Hi, we get the following

VAY? = VX HE = X, TIHE = AVPTy,

which verifies that the operator 77 is similar to the isometry V.
(ii)==(iii). By Lemma 1, we have

L (T
T(o T>

Therefore, by Sz.-Nagy’s theorem, there exists a constant ¢ > 0 for which
[T ]| = [Tz = cf|=]]

holds for each n € N and = € Hg.
(iii)==(i). Let = € Hy be arbitrary, then we have

1/2 112 : n, |12 2 2
/4 = |~ l >
| T,Lx” %hm” z||® > clz]|%,

which means exactly that 7(A1T{2) > ¢ and hence y(A7 1) > 2 is satisfied. O

Second, we prove the following technical lemma.

Lemma 3. Consider an orthogonal decomposition H = K & L, and an invertible
operator X € B(H). Suppose that the block-matriz of X is

(X1 Xpo
X = < 0 X22) eBKaL),
and the element X11 € B(K) is surjective. Then the elements X1, € B(K) and
Xoo € B(L) are invertible and the block-matriz form of X1 is the following:

xt = (Ku XXX gee ),

0 X5

Yi1 Yo
Yor Yoo
be injective, thus bijective. The (2,1)-element of the block-matrix decomposition
of X7'X = I is Yo X33 = 0 € B(K,£) which gives us Yo = 0. The (2,2)-
elements of XX ! =T and X 'X =T are XooYoo = I € B(L) and Yoo Xoo = I €
B(L), respectively, which imply the invertibility of Xos € B(L). Finally, an easy
calculation verifies the block-matrix form of X!, O

Proof. Let X~ ! = ( ) € B(K @ £). Since X is invertible, X;; has to

Now we are in a position to present our proof for Theorem 1. We note that
for any power bounded operator T' € B(H) and unitary operator U € B(H) the
equation

(3) Ayru- 1 =UAr  U*

holds. In fact, this can be verified directly from the definition of the L-asymptotic
limit.
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Proof of Theorem 1. We begin with the first part. Let X € B(#) be an invertible
operator for which S = XTX ! holds. It is easy to see that Ho(S) = XHo(T),
which gives us dim Ho(7T") = dim Ho(S) and dim Ho(T)+ = dim Ho(S)*+. Therefore
we can choose a unitary operator U € B(H) such that the equation

(4) Ho(T) =UHo(S) = UXHo(T) = Ho(USU™)
is valid. By (3), it is enough to prove the inequality

v(Ausu+,) > 0.

Now, consider the block-matrix decompositions (1) and

Y1 Y
vx = (332 € B() @ (ol
22
The latter one is indeed upper block-triangular and moreover, the element Yi; is
surjective, because of (4). Therefore by Lemma 3 we obtain the equation
-1 -1 -1
wx = (Mg TR € B o (o)),
22

An easy calculation gives the following;:
PUSU*|(Ho(T))* = PL(UX)T(UX) ™ (Ho(T)) " = YauT' Vs,

where P; denotes the orthogonal projection onto the subspace (Ho(7))*. Now, if
the inequality v(Ar,z) > 0 holds, then by Lemma 2 the operator T} is similar to
an isometry. But this gives that the compression PyUSU*|(Ho(T))" is also similar
to an isometry, and hence by Lemma 2 and (4) we get that v(As,) > 0 holds.
The second part was proven in Lemma 2.
The third part is an easy consequence of the fact that the asymptotic limit of a
power bounded normal operator N is always idempotent. O

Next we prove a consequence of Theorem 1. We recall definitions of some special
classes of operators to which the similarity will be investigated in the forthcoming
corollary. The operator T' € B(H) is said to be

e of class Q if |Tz||* < L(||T%x||> 4 ||z||*) holds for every z € H,
e log-hyponormal if log(T*T) > log(TT™*) is satisfied.

An operator T is called paranormal if | Tx||? < ||T?z||||z| is valid for all x € H.
It is quite easy to verify from the arithmetic-geometric mean inequality that every
paranormal operator is of class ) as well.

We say that the operator T' has the Putnam—Fuglede property (or PF property
for short) if for any operator X € B(H,K) and isometry V € B(K) for which
TX = XV* holds, the equation T*X = XV is satisfied as well.

Corollary 1. For a power bounded operator T € B(H) and a Banach limit L the
following implications are valid:

(i) if T ¢ Co(H) is similar to a power bounded operator that has the PF
property, then the condition y(Ar~ 1) > 0 is fulfilled.

(ii) if T ¢ C.o(H) is similar to an operator that is either log-hyponormal or of
class Q or paranormal, then the inequality y(Ap~ 1) > 0 is satisfied.
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Proof. Theorem 3.2 of [22] tells us that the PF property for a power bounded
operator T is equivalent to the condition that 7" is the orthogonal sum of a unitary
and a power bounded operator of class C.g. Therefore (i) is an easy consequence of
Pagacz’s result and Theorem 1.

If T is log-hyponormal, then Mecheri’s result (see [19]) implies that 7" has the
PF property, and thus v(Ap. ) > 0 holds.

Finally, let us assume that 7" is a power bounded operator which also belongs to
the class Q. We prove that then it is a contraction as well. If || Tz|* - ||z||*> > a > 0
held for a vector x € H, then we would obtain ||T?z||?>—||Txz||* > | Tz|]*— ||=]|* > a.
By induction we could prove that [|T""1x||? — || T"z||> > a would hold for every
n € N. Therefore the inequality ||[T""1z||? — ||z||* > n - a would be true, which
would imply that T" could not be power bounded. Consequently, T' has to be a
contraction. P. Pagacz showed that a contraction which belongs to the class @),
shares the PF property (see [21] and [20] for the paranormal case). This gives us
that y(Ar. ) > 0 is valid, which completes our proof. O

Let us consider an arbitrary operator B € B(H) with ||B]|| < 1 and the identity
operator I on H. Obviously we have y(A(;gp)-) = 1 > 0, but usually I & B does
not share the PF property nor it is a log-hyponormal operator or of class (). Thus
the points of Corollary 1 cannot be equivalent conditions. The same is true for the
last part of Theorem 1.

We close this section with an application of Lemma 2. If we have an orthonormal
base {e,}52 _ in H and a bounded two-sided sequence {wg}rez C C, then the
operator T € B(H) is called a weighted bilateral shift operator if Ter, = wgegi1
holds for all k € Z. Tt is easy to see that if the weighted bilateral shift operator
T is power bounded, then the L-asymptotic limit satisfies the equation Ar re; =
(L—limn_>oo H?:o |wk+j|2) - e, for every k € Z. A weighted bilateral shift operator
T is power bounded if and only if the inequality

n
sup{ |wk+j|:k€Z,n€NU{O}}<oo
j=0
is fulfilled (see [26, Proposition 2]). By Sz.-Nagy’s theorem T is similar to a unitary
operator exactly when it is power bounded and in addition the following holds:
n
inf{ T lwessl: k€ Z,neNu{o}} > 0.
j=0
Corollary 2. Let I be an arbitrary set of indices. Consider the orthogonal sum
W = @®ictW; € B(®ierH;) which is power bounded, and each summand W; is a
weighted bilateral shift operator that is similar to a unitary operator. If W is similar
to a normal operator, then necessarily it is similar to a unitary operator.

Proof. Let us denote the L-asymptotic limit of W; by A;. Since the subspaces H; are
invariant for the operators W*"W™ (i € I,n € N), we obtain the equation Ay, =
DicrA;. Since each summand W; is similar to a unitary operator, the operator
A; is invertible and A; / 2Wi = SiAZV % holds for every i € I where S; denotes a
simple (i. e. unweighted) bilateral shift operator. From the power boundedness of
W, sup{||4:]|: i € I} < oo follows.

On the one hand, if sup{||A; '||: i € I} < oo is satisfied, then the equation

W = (@ier i) " (@ierS) (@ier Ai)?
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gives that W is similar to a unitary operator. On the other hand, if the inequality
fails, then Aw, = @iecrA; is not invertible, but injective. By point (i) of Theorem
of 1, we obtain that in this case W cannot be similar to any normal operator. [

4. STRENGTHENING OF SZ.-NAGY’S THEOREM FOR CONTRACTIONS

We begin this section by proving Theorem 2. We say that a subspace £ C H is
reducible for an operator T € B(H) if £ is T- and T™*-invariant.

Proof of Theorem 2. Since Ar is invertible, the inequality r := r(Ar) > 0 is satis-
fied. It is trivial that if r = 1, then A7 = I, and in this case the statement of the
theorem is obviously true. Therefore we may suppose that r < 1.

We will use the notation M = ker(Ar — rI). Assume that the condition 0 <
dim M < oo holds. If we set an arbitrary vector h € M, then we have

1/2 1/2— _
(5) s L Rl R et et
which implies that the inequality |7~ th|| < ||k| is fulfilled for every h € M. But
T is a contraction, therefore | T~1h|| = ||h|| is fulfilled for every h € M. Because

of the latter equation and (5) we deduce ||A1T/2T*1h\| = r'/2||T=1h|| which implies
that the finite-dimensional subspace M is invariant for the operator T~!. Since T'
is bijective, we get that T-!M = M is fulfilled and the restriction 7| M is unitary.
Since T' is a contraction, this implies that M is reducing for 7. On the other hand,
rI|M = Ap|M = I|M follows from this which is a contradiction. O

Before proving Theorem 3, we need the following lemma. We note that the
method which will be used here is similar to the one which was used in Section 3 of
[8]. There operator-weighted unilateral shifts were used and here we use operator-
weighted bilateral shifts. This will result in some further complications.

Lemma 4. Suppose we have a positive, invertible contraction A € B(H), an or-
thogonal decomposition H = @72 _ Vi where the subspaces Yy, are reducing for A,
and a unitary operator U € B(H) such that the following conditions hold:

(i) the equation UYy = Vi1 is satisfied for all k € Z,

(ii) we have limg_ oo r(A|Vk) = 1, and

(iil) the inequality || A" ?yg|| < ||AYV2Uyy|| is fulfilled for every k € Z and yi €

Y.

Then T := A=Y2U AY? € B(H) is a contraction for which Ay = A holds.

Proof. By (iii) we obtain
1T il = [|AY2U* AT Py < [AYV2UU ATV 2y = [yl

which gives that T' is a contraction.
Consider an arbitrary vector y, € Vi (k € Z), the following inequality holds for
any € > 0 choosing n large enough:

1T Ty, — Ayel| = |AY2U" (A7 = DU A2y

< AY2) - 1A = D) Virnll - A2 ye]l < e llynl.

This shows that T*"*T"y, — Ay holds for every vector y, € Vi and number k € Z.
But Y is reducing for the operator T*"T™" (k € Z,n € N) which implies that the
equation Ar = A is valid. O
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Now, we are in a position to present our proof concerning Theorem 3. For two
real numbers a < b the symbol ]a, b will stand for the open interval with endpoints
a and b, by [a,b] and ]a, b] we will denote the half open-closed intervals, and [a, b]
will refer to the closed interval.

Proof of Theorem 8. Throughout the proof H 4(w) denotes the spectral subspace
of A associated with the Borel subset w C R. Clearly if T' € B(H) is a contraction,
then Argr = Ar® A = Ar @1 € B(H®H'). Tt is also obvious that the conditions
in the statement of the theorem concerning A and A® I are simultaneously satisfied
whenever the summand I acts on a finite dimensional space. Therefore throughout
the proof we shall assume without loss of generality that dimker(A — I) € {0,Ng}
and r := r(A) < 1. We choose an arbitrary two-sided sequence {a;}7> _ . Clr, 1]
such that ap < agy1 (k € Z), limg, oo ax = r and limg_,o ar, = 1 are satisfied.
We set
Xy = Ha(lag,ar41[) (k€ Z),
-1
M=ker(A—rl)= Y &My, dim My = dim M € {0,R0} (k < 0)
k=—0oc0

and

oo
N =ker(A—-1)= Z@Nk, dim N, = dimN € {0,%q} (k > 0).
k=1
According to the possibilities whether there are infinitely many positive/negative
indices such that dim X = Ny holds, we may assume, by choosing an appropriate
subsequence if necessary, that the following conditions hold:

e dim &) < Ny for every £ > 0 or dim X, = N for all £ > 0, and
e dim &) < Ny for every £ < 0 or dim X, = N for all £ < 0.

Our aim is to apply Lemma 4.

First we define the ), subspaces for positive indices and the unitary operator U
on these subspaces. There are two different cases.

Case 1. If dim X}, = N for all k£ > 0, then we set Vi, = X & N (k > 0) and define
U on these subspaces in such a way that UN, = Ni11 and UXy, = X1 (B > 0)
are valid.

Case 2. If dimA&) < Ny for all & > 0, then there exists an orthonormal base
{exs: k > 0,1 > 0} in H([a1,1]) such that Aex; = ag e, (k,0 > 0) is fulfilled
with some positive numbers {ag,;: k > 0,1 > 0} where ay; < ag41, holds for any
k.l € N and limy_,o inf{ay,;: I € N} = 1. We define Vi, = V{er,;: ! € N} and
Uek,l = €k+1,1 (k,l > O).

Let us point out that dim Y, = Ry (k < 0) holds.

Second, we do the same for non-positive indices. Here we have three different
cases. We note that, as we shall see, in every case the condition dim ), = Ny
(k > 0) is fulfilled.

Case 1. If dim X}, = N for all & < 0, then let

Y, = X1 & M1 if k<0
FTlx oMo e X, ifk=0

and define U on these subspaces in a way such that UXy_1 = X}, UMy_1 =
My (k < 71), UX o =X_16 X, UM_9 = M_; and UYy = V.
Case 2. If dim&X, < Vg for all £ < 0, then we can find an orthonormal base
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{ex: k < 0,1 >0} in H([r,a1]) such that Aex; = ag e, (k <0, > 0) is satisfied
with some positive numbers {ag;: k£ < 0,1 > 0} where a1, < ay; holds for any
kE <0,0 >0 Weset YV, =V{ex;:! € N} and Uep_1; = er; (k < 0,1 > 0),
Uy =1
Case 3. In case when dim X, < Wg for all £ < 0 and dim Xy, = Ny, then we
can find an orthonormal base {ex;: k < 0,1 > 0} in H([r,ao[) such that Aey; =
agep; (k< 0,0 > 0) is satisfied with some positive numbers {ay;: k < 0,1 > 0}
where ap_1; < ag; holds for any k < 0,1 > 0. We set Y, = V{er;: 1 € N}
for £ < 0 and )y = A, moreover, we define U on these subspaces such that
Uek,Ll = €k, (k‘ <0,l> 0), UY_1=Yyand UYy = ).

With the above choices points (i)—(iii) of Lemma 4 are satisfied, therefore our
proof is complete. O

5. FINAL REMARKS AND OPEN QUESTIONS

Throughout this section H will be a separable, infinite dimensional Hilbert space.
It is known that if W € B(H) is a normal bilateral weighted shift operator, then
it is a constant multiple of a unitary bilateral shift operator (see [26] for further
information about shift operators). The following question arises naturally and as
far as we know it is open.

Question 1. What are those weighted bilateral shift operators which are similar to
normal operators?

It is quite easy to see that if the weighted bilateral shift W is similar to a normal
operator N € B(H), then N is cyclic and the scalar-valued spectral measure is
rotation-invariant.

The next questions concern L-asymptotic limits of power bounded operators
which we left open.

Question 2. Which positive, invertible operators A € B(H) can be the L-
asymptotic limits of power bounded operators that are similar to unitary operators?

Question 3. Which positive operators A € B(H) can be the L-asymptotic limits of
power bounded operators?

It is sure that not every positive, invertible operator A can be obtained in such
a way. The main reason can be found in [9] where it was proved that necessarily
|A7. ]| > 1 whenever Ay, # 0. Another reason can be given: equation (2) shows
that if Ap; = tI holds for some ¢ > 0, then T is an isometry, hence ¢t = 1. The
following question arises naturally:

Question 4. Suppose that A € B(H) is positive, o.(A) = {t} holds with some
t > 0 and A is the L-asymptotic limit of a power bounded operator. Then does
necessarily t = 1 follow?

As far as we know, no counterexamples can be found in the literature. The
t = 0 case is possible, since a finite-rank operator can easily be the L-asymptotic
limit of a power bounded operator. The simplest example is if we choose a finite
rank projection for T' (see [9] concerning further examples). However, the following
question is open as well.

Question 5. If A € B(H) is injective, compact, positive and it is the L-asymptotic
limit of a power bounded operator, then does necessarily A =0 follow?
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