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ABSTRACT. Let T and C be two Hilbert space operators. We prove that if T’
is near, in a certain sense, to an operator completely polynomially dominated
with a finite bound by C, then T is similar to an operator which is completely
polynomially dominated by the direct sum of C' and a suitable weighted uni-
lateral shift. Among the applications, a refined Banach space version of Rota
similarity theorem is given and partial answers to a problem of K. David-
son and V. Paulsen are obtained. The latter problem concerns CAR-valued
Foguel-Hankel operators which are generalizations of the operator considered
by G. Pisier in his example of a polynomially bounded operator not similar
to a contraction.

KEYWORDS: Similarity problems, completely bounded maps, CAR-valued

Foguel-Hankel operators.

MSC (2000): 47A30, 46L07.

1. INTRODUCTION

1.1. PREAMBLE. A good part of the literature concerning similarity problems for
operators on a Hilbert space was motivated by a single problem. This problem
asks for a simple criterion to determine whether a Hilbert space operator is sim-
ilar to a contraction. The corresponding problems for similarity to isometries or
unitaries have been solved at the late 1940’s by Sz.-Nagy ([23]). The conjectured
([6]) characterization: “an operator is similar to a contraction if and only if it is
polynomially bounded” was recently shown to be false by G. Pisier ([16]). Recall
that T is said to be polynomially bounded if there exists a constant M such that

(L.1) Ip(T) || < M sup{|p(z)| : [2| = 1}

for all polynomials p. We refer to [4] for the history of this counterexample.
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A positive answer for the similarity problem was given in [10]. The quan-
titative criterion of V. Paulsen ([10]) asserts that an operator T' is similar to a
contraction if and only if T is a completely polynomially bounded operator, which
means that equation (1.1) holds for all matrix-valued polynomials. Moreover, the
similarity constant coincides with the smallest possible constant M in the ana-
logue of (1.1). A more general result for similarity of algebra homomorphisms to
completely contractive ones was proved in [11] (cf. also [12]).

Paulsen’s criteria are consistent with a variety of similarity results in operator
theory. They are also consistent with results in some areas of operator algebras and
operator spaces theory, areas where completely positive and completely bounded
maps have found to be central tools. Generalizations to Banach space operators
and to p-complete bounded homomorphisms are given in [14] (see also [15]).

We introduce in this paper the notion of operators T' (completely) polyno-
mially dominated with finite bound by a given operator C'. For instance, we will
say that T is polynomially dominated with finite bound by C' if there exists M > 0
such that

()]l < Mllp(C)|

for all polynomials p. Completely polynomially dominated operators with finite
bound generalizes completely polynomially bounded operators.

The main goal of this note is to show that an operator 1" near, in a certain
sense, to a Hilbert space operator completely polynomially dominated with a fi-
nite bound by a given operator C' is similar to an operator which is completely
polynomially dominated by the direct sum of C with a suitable weighted unilateral
shift. The nearness condition for Hilbert space operators (called here 3-quadratic
nearness) is defined in Section 2. In particular, the class of operators similar to
contractions is stable under quadratic nearness. A precursor of results of this type
is [8].

Applications to similarity problems for Hilbert space operators include two
partial results concerning an open question of K. Davidson and V. Paulsen ([5]).
The question mentioned in [5] asks for a characterization of those square summable
sequences for which the corresponding CAR-valued Foguel-Hankel operators are
similar to contractions. Note that the counterexamples of Pisier ([16]) are op-
erators of this type. It was this question which was the starting point of this
note.

Even if the emphasis here will be on Hilbert space operators, we will also
consider Banach space operators in Theorem 4.5. As an application, a refined
version of Rota’s ([20]) similarity result will be obtained. We will show that, given
p > 1 and a Banach space operator T on X with spectral radius less than one, T’
is similar to an operator T} on a Banach space which, in some sense, “looks like
X7 such that T7 is completely polynomially dominated by the unilateral shift S
on £,(X). This is related to a conjecture of V.I. Matsaev concerning contractions
on L,-spaces.

We also consider the (easiest) corresponding problem for operators near ones
which are similar to unitaries or isometries. We prove that operators asymptot-
ically near operators similar to unitaries/isometries are themselvs similar to uni-
taries or isometries. There are polynomially bounded operators which are asymp-
totically near to a contraction without being similar to a contraction.
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1.2. ORGANIZATION OF THE PAPER. After this preamble we recall some nota-
tion, definitions and known results. We introduce in the next section the notions
of completely polynomially dominated operators and of asymptotically near and
quadratically near operators. The main results in the Hilbert space situation
are stated in Section 3. This section also contains an example of a polynomially
bounded operator which is asymptotically near to a contraction without being
similar to a contraction. In Section 4 the proof of Theorem 3.3 is reduced to the
proof of Theorem 4.1. A more general version of Corollary 4.4 is stated in the
Banach space context (Theorem 4.5). Section 5 contains several applications to
operators similar to contractions, including a sufficient condition for the similar-
ity to contractions of some CAR-valued Foguel-Hankel operators (Corollary 5.4.1)
and a Banach space Rota theorem (Corollary 5.1.1). The proof of Theorem 4.5 is
given in Section 6 while the last section contains proofs of the remaining results.

1.3. PRELIMINARIES. We recall now some definitions and results and introduce
some notation. We refer to [15] and [12] for more information.

1.3.1. GENERAL NOTATION. By H, K (and X,Y, F), with or without subscripts,
we will designate complex Hilbert (respectivelly Banach) spaces. We denote by
B(X) the algebra of all bounded linear operators on X. By operator we always
mean a bounded linear operator. The adjoint of a Hilbert space operator T is
denoted by T™.

1.3.2. SIMILARITY. Two Hilbert space operators T1, Ty € B(H) are called similar
if there exists an invertible operator L € B(H) such that 7o = L='Ty L.

If A is a class of bounded linear operators, then the similarity constant
Csim(Th,.A) of Ty with respect to A is defined by

Ciim(T1, A) = inf{||L™Y| - |L|| : L € B(H),L™'Ty L € A}.

We recall that T' € B(H) is similar to a contraction if and only if there exists
a Hilbertian, equivalent norm on H with respect to which T is a contraction.

1.3.3. COMPLETELY BOUNDED MAPS. Let & C B(H) be a subspace. Let ¢ :
S — B(K) be a linear map. Let M, (S) and M, (B(K)) be the spaces of matrices
with entries respectively in & and B(K). Endow them with the norm induced
respectively by B(¢2(H)) and B(¢2(K)). The map ¢ is called completely bounded
if there is a constant M such that

sup [[In, © ¢ : Mn(8) — My (B(K))|| < M.

The completely bounded (cb) norm |¢||ch is the smallest constant M for which
this holds. We call ¢ completely contractive if |||, < 1. The map ¢ is completely
positive if Ins, ® ¢ is a positive map for each n.

The following (Wittstock-Paulsen-Haagerup) factorization theorem for com-
pletely bounded maps holds ([15], Chapter 3, and [12], Chapter 7). If S C B(H)
is a subspace and ¢ : S — B(K) is a linear completely bounded map, then there
exist a Hilbert space H, a unital C*-algebraic representation 7 : B(H) — B(H)
and operators Vo : K — H,, Vi : H — K, with ||[V1]|||V2] < ||¢|lcb, such that
p(a) = Vim(a)V; for any a € S.
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Let A(D) be the disk algebra. For an operator T, let ® be the functional
calculus map p — p(T') defined on polynomials. Then T is completely polynomially
bounded if and only if &1 extends to a completely bounded map on A(D), if and
only if T is similar to a contraction ([10]).

Let p > 1. Similar notions of p-complete bounded maps are defined in the
Banach space context ([15]). If S € B(X) is a subspace, a linear map ¢ : S — B(Y)
is p-completely bounded if

[@llpen = sup [[Ig(ez) © ¢ = Mn(S) = My (B(Y))]| < 400,

where M,,(B(Y)) and M,,(S) are now equipped with the norms induced by B(¢;(Y'))
and respectively B(¢}(X)).
We refer to [14] and [15] for more on this, including a factorization theorem.

1.3.4. BANACH SPACES OF CLASS S(@),. Let p > 1 be a real number. A Banach
space F is said to be a SQ,-space if it is a quotient of a subspace of an L,-space.

Let X be a Banach space. A Banach space E is said to be a SQ,(X)-space if
it is (isometric to) a quotient of a subspace of an ultraproduct of spaces of the form
L,(£, u, X). Since ultraproducts of L,-spaces is an Ly-space, the latter definition
is consistent with the former. The case p = 2 corresponds to the Hilbertian
situation.

SQp(X)-spaces are characterized by a theorem of Hernandez ([7]). See
also [14] for a different proof using p-completely bounded maps. Namely, E is
a SQ,(X)-space if and only if

lallp,z < llallpx

for each n > 1 and each matrix a = [a;;] € M, (C). Here
py\1/p
sl =0 | (3 Swm|) .
i J

where the supremum runs over all n-tuples (y1,...,y,) in Y which satisfy
2 llyslP < 1.

1.3.5. CAR-VALUED FOGUEL-HANKEL OPERATORS. A polynomially bounded
operator which is not completely polynomially bounded was found in 1997 by
G. Pisier ([16]). The counterexample was a CAR-valued Foguel-Hankel type op-
erator (sometimes called a CAR-valued Foias- Williams-Peller type operator).

To be more specific, let A be a function from an infinite dimensional Hilbert
space H into B(H) satisfying the canonical anticommutation relations: for all
u,v € H,

A(u)A(v) + A(v)A(u) =0
and

AW)A(v)* + A(v)"A(u) = (u,v)1.

The range of A is isometric to Hilbert space. Let {e,},>o be an orthonormal
basis for H, and let C,, = A(e,) for n > 0. For an arbitrary sequence a =
(g, ai,...) in €% let Y, = [ai1;Ciyj] be a CAR-valued Hankel operator and
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#(0) Yy
R(Y,) = {S 0§
Here S(>) is the unilateral forward shift of multiplicity dim H. The particular
choice of a made by Pisier was aor_; = 1 for k > 0 and «; = 0 otherwise. In this
case R(Y,) is polynomially bounded but not completely polynomially bounded.
The following more general result holds ([16], [5]):

} be the corresponding Foguel-Hankel operator ([16], [5]).

1.4. THEOREM. (Pisier, Davidson-Paulsen) Let o = (g, a1,...) be a se-
quence in 02 and set

A =sup(k +1)? Z |oi|* and By = Z(k +1)% |2
k20 ik k>0
The operator R(Y,,) is polynomially bounded if and only if A is finite. If R(Yy,) is
similar to a contraction, then Bs is finite.

It is an open problem if B finite implies R(Y,,) similar to a contraction. A
partial answer will be proved in Corollary 5.4.1.

2. DOMINANCE AND NEARNESS

2.1. DOMINANCE. We start with several definitions.

2.1.1. COMPLETELY POLYNOMIALLY DOMINATED OPERATORS. Let T} and T3 be
two Hilbert space operators, not necessarily acting on the same space. We say
that T3 is completely polynomially dominated by Ty if

|| [pij(Tl)]lgingn || < H [pij(TQ)]lgingn Ha

for all positive integers n and all nxn matrices [pi;]; <, <, With polynomial entries.
ILIXN

Recall that [pij(T)]lgi,j <n 18 identified with an operator acting on the direct sum

of n copies of the corresponding Hilbert space in a natural way. Let CDOM(T)

be the class of all Hilbert space operators completely polynomially dominated by

T. Let M > 0 be a positive constant. We say that T} is completely polynomially

dominated with bound M by Ts if

i (T i jn 1| < M Pii (T2)]1 <1 |

for all positive integers n and all n x n matrices [pijhgi,jgn with polynomial
entries. We say that T} is completely polynomially dominated with finite bound by
T, if it is completely polynomially dominated with bound M for a suitable M.
The least bound of complete dominance of T by T5 is denoted by M.q(T1,T5). It
is the ¢b norm of the complete bounded map p(Tz) — p(T1), p € C[z].

Similar notions can be defined in the Banach space context. For instance, we
say that Ty € B(X1) is p-completely dominated with finite bound by T» € B(X>)
if the map p(Ta) — p(T1), p € C[z], is p-completely bounded.
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2.1.2. ExXAMPLE. The following example gives a (generic) class of com-
pletely dominated operators. Recall the following useful result ([21]). Let H be
a closed subspace of K and let T = PyR|H, T € B(H), be the compression of
R € B(K) to H. Here Py is the projection onto H. Then R is a dilation of T
(that is, T™ = Py R™|H for all n) if and only if the subspace H is semi-invariant
for R, that is H = H; © Hs for two invariant subspaces H; and Hs of R.

Let Ty € B(H3) be a Hilbert space operator and let © : B(Hy) — B(Hy)
be a unital C*-representation. Let H; be a semi-invariant subspace for 7 (7).
Let Ty € B(H;) be the compression of m(7T3) on H;. Then Tj is completely
polynomially dominated by 715 since 7 is completely contractive.

The following theorem identifies Hilbert space completely polynomially dom-
inated operators with finite bound.

2.1.3. THEOREM. A Hilbert space operator Ty is completely polynomially
dominated by Ts if and only if Ty is unitarily equivalent to the compression of an
operator Ry to a semi-invariant subspace, R being the image of Ty by a unital C*-
representation. A Hilbert space operator Ty is completely polynomially dominated
by Ty with finite bound if and only if Ty is similar to an operator completely
polynomially dominated by T and the similarity constant is the least possible bound
of dominance.

Proof. Suppose that T; € B(H;) is completely polynomially dominated by
Ts. Let ¢ be the linear map defined on the subspace of the polynomials of Tb €
B(Hz) by
e(p(T2)) = p(T1).

The relation of completely polynomially dominance shows that ¢ is well-defined,
unital and completely contractive. Then by Arveson’s theorem ([12], Corollary
6.6)  has an extension @ : B(Hs) — B(H;) which is a unital completely positive
map. By Stinespring’s theorem ([12], Theorem 4.1) there are a Hilbert space K,
an isometry V : H; — K; and a unital C*-representation 7w : B(Hy) — B(K})
such that
p=V*rV.
Denote Ry = 7(T>). We obtain
Ty = B(T) = V'RV

for each n > 0 and so ([21]) T} is unitarily equivalent to the compression of Ry to
a semi-invariant subspace.

If T3 is completely polynomially dominated by T with finite bound, then ¢
is completely bounded and, by Paulsen similarity theorem ([12], Theorem 8.1) ¢
is similar to a completely contractive map with the similarity constant given by
the complete bounded norm of ¢. 1

Using Paulsen’s criterion, T' € B(H) is completely polynomially bounded
(i.e. similar to a contraction) whenever T is completely polynomially dominated
with finite bound by a given contraction.

2.2. NEARNESS. We introduce the following definitions of nearness which will be
used in the statement of the main results.
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2.2.1. DEFINITION. Two operators 77 and T, acting on the same space are
said to be asymptotically near if
lim || T — T3] = 0.
n—oo

2.2.2. DEFINITION. Let §8: Zy — R%. Two operators 17 and T3 are said
to be G-quadratically near if

1/2
] < +00.

N
1
s:= | su TN — TRY(T™ — TH)*
|:N>%Hr§ﬂ(n)2( 1 2)( 1 2)

The two operators are simply called quadratically near if this condition holds with
B(n) =1 for each n.

We denote s in the above definition by neary (77,73, 3). If 8(n) = 1 for each
n, we call s the nearness (or the 2-nearness) between 77 and Tb.

The above definition of 8-quadratic nearness uses the row Hilbert space op-
erator structure ([17]). The following result gives an equivalent definition.

2.2.3. LEMMA. Let §:7Z, — R%. Ty and Ty are $-quadratically near with
nears(Th, Tz, B) < s if and only if

“+oo
1 n Y *
(2.1) > W”(Tl =) yl? < slyliP, ye d.
n=0
If
>
(2.2) TP — T2 = u? < +oo,
n=0 ﬁ<n)

then Ty and Ty are (-quadratically near with nears(Ty,Ts, 5) < u.

Proof. For N > 0 set

N
1
Ay = —— (T =TT — T3)*™.
;ﬁ(n)g(l 2)(1 2)
Then Ty and T, are [(-quadratically near with nears(7Ty,7Ts,3) < s if and only
if sup|[An|| < s?. On the other hand, inequality (2.1) holds if and only if
N

supw(Ay) < s, where
N

w(A) = sup{[(Az|z)| : x € H, |[z]| = 1}

is the numerical radius of A. The stated equivalence follows now from the known
fact that w(A) = ||A|| for normal operators A.
The second part follows from the fact that (2.2) implies (2.1). &
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3. MAIN RESULTS: THE HILBERT SPACE CASE

The classes of operators similar to isometries or unitaries are stable under a com-
mon nearness condition.

3.1. PROPOSITION. A Hilbert space operator asymptotically near an operator
stmilar to an isometry (or a unitary) is similar to an isometry (respectively a
unitary).

The following example, build upon work by Pisier and Davidson and Paulsen,
shows that there is a polynomially bounded operator which is asymptotically near
to a contraction without being similar to a contraction.

3.2. ExAMPLE. We use the notation recalled in Introduction. Let (ay) be
the sequence in ¢? given by

ar = (k+1)7320og(k +1))"Y2, k>o0.

Then > (k + 1)%|ag|? diverges and thus R(Y,) is not similar to a contraction
#>0

(cf. Theorem 1.4).
On the other hand, for k£ > 1, we have

E i </ ! /l ! .
~ t3 logt 1og 3 210g 21og(k) (k+1)2
izk k k

Therefore [Jim (k + 1)% 3" |ai|* = 0 which, using results from [5], implies that
—0 i>k
klim |R(Ya)* — R(0)*|| = 0. Thus R(Y,) is asymptotically near the contraction

R(0) = §*(®) 3 8() without being similar to a contraction. Note also that R(Y,)
is polynomially bounded since quantity A is finite for this (ax). 1

The right condition of nearness for the class of operators similar to contrac-
tions follows from the following theorem.

Let 8 : Zy — R}. We denote by S, the forward weighted shift on /s,
Swen = Wpent1, with weights

B(n+1)
Bn)
Then S = S,,(1) is the unilateral forward shift on £, obtained for 3(n) =1, n > 0.

3.3. THEOREM. Let T,R € B(H) and C € B(H.). Suppose that R is
completely polynomially dominated with finite bound by C. Let M = M.q(R,C)
be the least possible bound for this dominance. Let 3 : Zy — R and suppose
that T is (-quadratically near R. Let s = nears(T,R,(3). Then T is similar
to an operator completelly polynomially dominated by C' @ Sy g). Moreover, the
similarity constant satisfies

Csim (T, CDOM(C @ Sw(ﬁ))) < M + B(0)s.

w(B)n = w, = n > 0.

If B(n) =1 for each n we obtain the following consequence.
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3.4. COROLLARY. Let T,R € B(H) and C € B(H.). Suppose that T is
quadratically near R and that R is completelly polynomially dominated with finite
bound by C. Then T is similar to the compression of m1(C ®S) to a semi-invariant
subspace, where w is a unital C*-representation defined on B(H. @ {2).

For similarity to contractions we have

3.5. COROLLARY. Suppose R € B(H) is similar to a contraction. Let T €
B(H) and suppose that there exists C > 0 such that

> IT™ = RMz))? < Cla)?
n>0

for each x € H. Then T is similar to a contraction.

Indeed, according to Lemma 2.2.3, T* is quadratically near R*. Note also
that 7" is similar to a contraction if and only if 7™ is.

3.6. REMARK. Operators having their spectrum in the open unit disk are
quadratically near 0 (the null operator). Therefore operators with spectral radius
smaller than 1 are similar to contractions (Rota’s theorem, [20]). The relation of
quadratic nearness is an equivalence relation. It is easy to see that the equivalence
class of the null operator is the class of all operators having their spectrum in the
open unit disk.

4. A REDUCTION OF THEOREM 3.3 AND A BANACH SPACE EXTENSION

The main result Theorem 3.3 is a consequence of the following result. It is a
generalization of a result of Holbrook ([8]).

4.1. THEOREM. LetT € B(H) and suppose that there exist Hilbert space K,
operators Vo : H — K, Vi : K — H, Cy € B(K), and a function 3 : Z; — R%
such that

N
41)  sup H S ﬁ(T” VIOV (T — vlc{ng)*H = 5% < +o0.

Then T is similar to an operator completely polynomially dominated by Cyp &
Sw(p) € B(K @ {ls). Moreover, the similarity constant satisfies

Csim (T, CDOM(C1 & Sug))) < Vil [[V2ll + 8(0)s.

4.2. REMARKS. (i) If s = 0 in the above theorem, then S,, can be omitted
in the direct sum.

(ii) For an arbitrary T and any finite N, there are operators Vi, Vo and C
like in Theorem 4.1 such that 7" = ViC}'V, for n = 0,1,..., N (cf. [6], p. 910).

4.3. THEOREM 4.1 IMPLIES THEOREM 3.3. Suppose that R is completely poly-
nomially dominated with finite bound by C € B(H,) and let M = M. (R,C)
be the least possible bound for this dominance. Let S C B(H.) be the subspace
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of all operators p(C), p € C[z]. Consider the map ® : & — B(H) defined by
®(p(C)) = p(R). Since R is completely polynomially dominated with finite bound
by C, the map ® is completely bounded with ®(I) = I. According to the factor-
ization theorem, there is a Hilbert space K, a unital C*-algebraic representation
7 B(H.) — B(K) and operators Vo : H — K, Vi : K — H with ||[Vi||||V2|| < M
such that ®(p(C)) = Vim(p(C))Va for each polynomial p. Set C; = w(C). We
obtain
R" =®(C") = Vim(C")Va = ViCT'Va

with |4l ||[V2|| < M. Since 7 is completely contractive, Theorem 4.1 implies
Theorem 3.3. 1

We also obtain the follwing result.

4.4. COROLLARY. Let T € B(H) and suppose that there exist Hilbert space
K, operators Vo : H — K, Vi : K — H, Cy € B(K), and a function 3 : Zq — R,

such that
+oo 1
m n 2 _ 2
Then T is similar to an operator completely polynomially dominated by Ci &
Sw(p) € B(K @ la). Moreover, the similarity constant satisfies

Coim (T, CDOM(C1 @ Sug))) < [Vall [Vl + B(0)u.

In fact the following Banach space version of Corollary 4.4 holds (for sim-
plicity, we will not deal with estimates of the similarity constant here).

We introduce some notation. Consider the space £,(8, X) of elements z =
(20,21,--.), 2r € X, endowed with the norm

12lley .50 = (3 B 12l
k

The shift operator S acts on £,(5,X) by
S(Zo, 21y ) == (07 205”1y - - )

4.5. THEOREM. Let p and q be real numbers greater than 1 such that %4—% =

1. Let T € B(X) and suppose that there exist a SQp(X)-space Y, operators
VitY =X, V2: X =Y, and C, € B(Y), and a function 8 : Zy — R such that

1/p

“+o0
1
n __ n q _— o9
z:% 5 [T — ViCP V|7 = 57 < +o0.
Then there is a Banach space E which is a SQ,(X)-space and an isomorphism
L: E — X such that, if Ty = L~'TL € B(E), then Ty is p-completely polynomially
dominated by C1 & S € B(E & £,(5,X)).

4.6. REMARK. As was communicated to the author by V. Paulsen, it is
possible to prove in a different way Corollary 4.4 using Theorem 2.1.3. We have
chosen to present a direct proof of its Banach space version because of the appli-
cations of Theorem 4.5 which are of independent interest. A Banach space version
of Theorem 3.3 can be given using Theorem 4.5 and the factorization theorem for
p-completed bounded maps of Pisier ([14], [15]). We will not develop this idea
here.
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5. SEVERAL APPLICATIONS

We present now briefly several applications of the main results.

5.1. A BANACH SPACE ROTA THEOREM. It has already been mentioned that
Rota’s theorem is a consequence of Corollary 3.5. The following application of
Theorem 4.5 is a refined Banach space version of Rota theorem.

5.1.1. COROLLARY. Let X be a Banach space and suppose that T € B(X)
has a spectral radius smaller than 1. Then, for every p > 1, there exist a Banach
space E which is a quotient of £,(X) and an isomorphism L : E — X such that,
if Th = L7'TL € B(E), then

(5.1) Ip(T1)l5(z) < [IP(S)Be, (x))

for each analytic polynomial p; even more generally,
H[pz‘j(Tl)]HB(e;;(E)) <|llpi; (9]

for all matrices of polynomials.

B3 (X))

Equation (5.1) shows in particular that 7} is a contraction. It was conjectured
in 1966 by V.I. Matsaev (see [13]) that

Ip(TOIl < (552,

holds for all contractions 77 on an infinite dimensional L,-space. Several partial
results are now known ([13]) but the conjecture is still open. The above theorem
shows that if the spectral radius 7(T) of T € B(X) is smaller than one, then
T is similar to an operator on a quotient E of £,(X) completely polynomially
dominated by S on £,(X).

If we ask only for a SQ,(X)-space E and not for a quotient of ¢,(X), the
proof of Corollary 5.1.1 follows easily from Theorem 4.5. Indeed, if #(T") < 1, and
% + % =1, then

DT < oo

n>0

and thus Theorem 4.5 is applicable with C; = 0. We postpone the proof of
Corollary 5.1.1 (with E a quotient of £,(X)) to the last Section.

5.2. OPERATORS OF CLASS C,. Let p > 0. Operators of class C, are defined as
operators having p-dilations: T' € B(H) is in C, if there exists a larger Hilbert
space K D H and a unitary operator U on K such that

T"h = pPyU™h, he H.

Thus contractions are operators of class C7. An operator T is in Cs if and only if
w(T) < 1. We refer to [24] for more information on operators of class C,,.

A more general class of operators can be constructed as follows ([19]). Let
(Pn)n>1 be a sequence of positive numbers. We say that 7' € B(H) is of class
Cp. ps,... if there exists a larger Hilbert space K O H and a unitary operator U on
K such that

(5.2) T"h = p,PyU™h, he H,
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for all n > 1. The operator T satisfies (5.2) if and only if the spectrum of T is in
the closed unit disc and

Re[I+>" ET”} >0, A<l

n>1 "

5.2.1. COROLLARY. (Rdcz) Let (pn)n,>1 be a sequence of positive numbers.
Suppose that there exist k > 1 and M > 0 such that
Z(pnk — M)? < 0.
n=1

Then every operator of class Cp, p,.... is similar to a contraction.
P2,

For the proof, denote S = T*. Then S™ = p,.V*U" 'V with a suitable
isometry V and a unitary U. It follows that

18" = MV*U™ V| < [[8™ = puk VU™ V|| + | par — M|
Using Theorem 4.1, with C; = U*, it follows that S = T* is similar to a contraction
and thus T has the same property (cf. [6]).

If M = p; = py =--- = p, we obtain the following result originally proved
by Sz.-Nagy and Foias in 1967.

5.2.2. COROLLARY. (Sz.-Nagy-Foias) Every operator of class C, is similar
to a contraction.

5.3. COMPLETELY BOUNDED MAPS ON z?A(D). Let d > 1 be an integer and
let 2¢A(D) be the non-unital subalgebra of the disc algebra A(ID) consisting of all
functions f € A(D) such that f(0) = f/(0) = --- = f4=1(0) = 0.

What happens if the inequality of complete dominance with finite bound
holds only for polynomials in 2% A(D) ? We consider for simplification only Hilbert
space operators. We refer to [15], p. 80, and to [9] for related results in the Banach
space situation.

5.3.1. COROLLARY. Let T € B(H) and C € B(H.) be two Hilbert space
operators such that

1 Pi (D)) < 5 | < M| 35 (O)]y < i |

for all positive integers n and all n x n matrices of polynomials p;; in 24 A(D).
Then T is similar to an operator completely polynomially dominated by C & S €
B(H. @ {3).

For the proof, note that the map P(C) — P(T') defined on the subspace

{P(C) : P € 2A(D), P polynomial}
is completely bounded. By the factorization theorem ([15], Theorem 3.6) we can
write

P(T) = Vin(P(C))Va, P € 2¢A(D)
with suitable operators V1, V5 and a unital C*-algebraic representation 7 on B(H.).
Let Cy = 7(C). We obtain

™" =ViC¥V,, k>d.

This shows that T is quadratically near Cy. The conclusion follows now from
Corollary 4.4.
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5.3.2. COROLLARY. (Paulsen criterion for z4A(D)) Let d > 1. Let T €
B(H) and suppose that

s (D i ycn | < M 51D 35 (i ycn I

|z|=1

for all positive integers n and all n x n matrices of polynomials p;; in 24 A(D).
Then T is similar to a contraction.

5.4. CAR-VALUED FOGUEL-HANKEL OPERATORS. We use notation as above.

5.4.1. COROLLARY. Let a = (g, a1,...) be a sequence in (% such that

B3 := Z(k—F 13 agl?* < +oc.
k>0

Then R(Y,,) is similar to a contraction.

Proof. Set R(0) = S*(>) @ §(°) Using the notations of [5], we have
IR(Ya)™ — R(0)™]] < || Va(2™)|l- It was proved in [5] that

Pl < ot 1| T let]

i>n
We obtain
SR — ROPIP < S+ 1)? [Z |o<i|2].
n>0 n>0 iz>n

By a Abel summation method, the series > (n + 1)? [ > |ai|2] is convergent if

n>0 iz>n

Z[ > (i+1)2] v |
n>20 “0<i<n

it is. It is indeed convergent because of our assumption on Bs. Therefore R(Y,)
is quadratically near the contraction R(0) and thus similar to a contraction. 1

We still don’t know if By finite implies R(Y,) similar to a contraction. Nev-
ertheless, the following similarity result holds.

5.4.2. COROLLARY. Let a = (ag,az1,...) be a sequence in £? such that
By := Z(k + 1)?|ag|* < +o0.
k>0

Then R(Y,,) is similar to an operator completely polynomially dominated by R(0)®
D, where D € B({s) is the Dirichlet shift, i.e. the weighted unilateral shift with
weights wy, =/ (n+2)/(n+1).

Note that R(0) is a contraction while the Dirichlet shift is expansive; it is
however a 2-isometry ([1]), that is I — 2D*D + D*2D? = 0.
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The proof is similar to the proof of the precedent corollary: if 3(n) = v/n + 1,
then
1

B(n)
This shows that

5 IR = RO < 00+ 1| el

n>=0 n>=0 izn

1/2
IR(L)" ~ RO < VaF T o]

and the right hand side is convergent if By < +o0o0. Apply Corollary 4.4 with
B(n) =+vn+1and C; = R(0).

5.4.3. REMARK. Corollary 5.4.1 was obtained as a particular case of a
general theorem. Using other methods, Vern Paulsen and the author improved
Corollary 5.4.1 as follows: R(Y,) is similar to a contraction if there exists € > 0
such that

Bare =Y (k+1)""|ay|* < +oc.
k>0
Details will be given elsewhere ([2]). A different sufficient condition for the sim-

ilarity to contractions of operator-valued Foguel-Hankel operators was given by
G. Blower ([3]).

6. PROOF OF THEOREM 4.5

Put, for simplicity, C; = C. Let v be a positive constant. We will chose this
constant in the proof of Theorem 4.1 in the next section when estimating the
similarity constant.

Set

(6.1) |z|” = inf {7’)

Z C"™" Vo, i + Z ﬁ(n)pHxn”P xr = ZT’CCE}C},

n=0 n=0 k=0

the inf being taken over all (finite) decompositions of = as sums of powers of T’
applied to elements of X.

6.1. | - | 1S A SEMINORM. Take two decompositions

d d
T = ZTkxk and y= ZTkyk
k=0 k=0

for fixed  and y in X. By adding eventually z; = 0 or y; = 0, we may assume
that decompositions have the same length d 4+ 1. This will be always used in the
sequel without any further comment.

Using the triangle inequality [|a 4 b|| < [|al| + [|b]| in £471(X) for

d
a= (73 C"Vawn, 020, A(Dar, ... Bp)a,
n=0
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and

d
= (ryZC"ngmﬁ(O)yo,ﬁ( )yl?"'aﬁ( ) )
n=0

and taking the infimum over all representations of x and y, we get
|z +y| <[]+ [y].

The proofs of the inequality |[Ax| < |A||z| and its converse are left to the
reader.

6.2. |+| IS AN EQUIVALENT NORM. The representation x = xg + Tz with xo = z
and x1 = 0, gives

|z|P < AP | Vaz|[P + BO)P||z]|P < (47| Val|” + B(0)P)||z]|?
and therefore
(6.2) 2| < [YP|IVall? + B0)7]P ||]|.

For the converse inequality, suppose that = g+ Tz +- - - +T%4. We have

d d
Jall = | > ACHam+ 5 (T - ViCH Vo)

< Wil chka\( + Z ||T'f ViC*Va [ B(k) .

By using the Hoélder inequality, the last quantity is less or equal than

e +Z/6, vlckvzw] o HZC Ve +Zﬂ ol |

Taking the infimum over all representations of x, we obtain

1/p

AR
(63 ol < |12 + 1) o,
Thus | - | is a norm equivalent to the original one and, using (6.2) and (6.3), we
have
IVale 0] v
oo [P Vel <ol < iaie + s0r]

We denote by E the Banach space X endowed with the new norm | - |.

6.3. THE BANACH SPACE E 1S A SQ,(X)-SPACE. Let z; € X, j =1,...,n, with
their decompositions
T = Z Tkacg-k).

k>0
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Let a = [a;j] € M,,(C) be a matrix such that ||a||, x < 1. This means that
(6.5) S awsm]| < Il
i J J
forall y; € X, j=1,...,n. We will then have
i ai;T; = ZTk(Zaijxg-k)).

By Hernandez theorem we have to prove that ||a||, g < |la||p, x. Recall that Y is

a SQp(X)-space. We have

ISl < (A S Z A St T)
i g i

Y+Zk:6 Z H Za”

S (o)
i j k
P
SO DR WD SECD ST
J k k J
(by using equation (6.5) for X and Y)
_ P
=S (]| v+ X sl
j k k
By taking infimum over all possible decompositions we get
P
> ‘ D aiag| <Yl
i J J

and therefore E = (X, |-|) is a SQ,(X)-space.

6.4. THE OPERATOR T WITH RESPECT TO | - |. Let = be decomposed as
d

r = > TFxyp and let P(z) = . as2° be a fixed polynomial. Then P(T)x =
k>0 s=0

ZT’“( > aiwj) is a decomposition of P(T)xz. We obtain |P(T)xz|P < X1 + Yo,
i+ti=k
where the two sums are given by

¥ :'ypHZCkVQ( Z aixj)Hp and EgzZﬁ(k‘)pH Z aixij.
k ,

itj=k k i+j=k

6.4.1. THE FIRST SUM. Since
ZC’sz( Z aizj> = Zamcm(ZC’”Vgxn>,
k i+j=k m n

we have

21:,71)

" <Py, HZC Voo ||

) ( Z C"Van>
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6.4.2. THE SECOND SUM. The shift operator on £,(3, X), also denoted by S, acts
by

S(Zo, FAREE ) = (0, 20y %1y - - )
Denote = = (xo,21,...) € £,(8,X), where ) are the elements occuring in the
(finite) decomposition of . The nth component of P(S)z € £,(6,X)is Y. a;z;;

i+j=n
hence p
2= Y 80| 3wy = 1PS)Z .0
k i+j=k
< P se, 5.x)) (Zﬁ \an”>
n>=0

Combining now the estimates for the two sums, we obtain

Pl <max (I PO, IPS) e, .11 ) (7] gov ”@mn)%ﬂ).
n=20 n=20

Taking the infimum over all representations of x we get

|P(T)x| < max (| P(C) ||y, 1P(S) e, (5,x))) |l
Therefore
I1P(T)||g(g) < max (|[P(O)l|zyy, IP(S)l,5.x))-
In an analogous way it can be proved that

max (||[P;; (

H[ i ( ||B(Z"(E’)) )]st(zg(y))v ||[Pij(S)H‘B(€g(B,X)))

for all polynomials with matrix coefficients. We omit the details.

7. REMAINING PROOFS

7.1. PROOF OF THEOREM 4.1. Set again C7 = C. Consider the equivalent norm
| - | as defined in the previous proof (p = ¢ =2, X = H and ~ to be precised later
on). Since the class of Hilbert spaces is stable by taking subspaces, quotients and
ultraproducts of spaces of the form Lo(u; H), E is Hilbertian, that is, the new
norm | - | comes from an inner product. Also, the unilateral shift S on ¢3(53) is
unitarily equivalent to the weighted shift S,y on £ ([22]). The other parts of the
preceding proofs, excepting the inequality corresponding to (6.3), are the same.
The proof of the inequality

Vil Yz
Jall < [7 12 el

runs as follows.
Suppose z = zg + Tz, + - - - + T%4. We have

=] = H Ed: ViCF Vo + f:(:r’f - vlckvg)ka
k=0 k=0

<[t + | St vt
k=0 k=0
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+o0

Let y € H. It follows from Lemma 2.2.3 that Y #H(T” - ViCiVa)"ylI? <
n=0

52||y||?. We obtain

](i ~ViC*Va)ar,y)| = \de ST e

k=0 =0

< [ 000 WHZ sl —viervary]
[Zﬁ 2|k [2)1/2] sllyll-

d 1/2
Therefore H S (TF - VlC'sz):zrkH < S{Zﬂ(k)szkHQ} . Another application of
k=0 k
the Cauchy-Schwarz inequality yields

1 d 1/2
el < VAl || 370" Vo] + 5[ 37 Ak el
k=0 k

1 1/2 . 5 1/2
< [oamvite + 2] [ S actvaan |+ S owrat?]
k k
Taking the infimum over all representations of x, we obtain

Ak 1z
ol < [ 12l

This gives the similarity statement.
We prove now the estimate for the similarity constant. From Equation (6.4)
and the proof given above we have

ViJ? Yz 1/2
Can(T.CDOM(C & Sugp)) < | L5 42 [ + 5002)

By assuming C = 0 if necessary, we may assume that V5 is not the null operator.
If s # 0, choose

_ [monvl*n]“_
sval
We then have

Csim(T, CDOM(C @ S (5)))* < (IIVI']| | Vall + 5(0)s)*.

If s =0, then T" = V1;C™V;, and thus T is completely polynomially dom-
inated by C with bound ||V1| - |Vz]|. Apply now Theorem 2.1.3. Note that in
this case Sy (g) is absent from the direct sum. The proof of Theorem 4.1 is now
complete. 1
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7.2. PROOF OF COROLLARY 5.1.1. The proof of this version of Rota theorem is

similar to the proof of Theorem 4.5. Indeed, if C' = 0, then the new norm | - | is
given by
lz|P = inf{ Z Bn)Pllzp||P : z = ZTkxk},
n2=0 k>0

the inf being taken over all (finite) decompositions of = as sums of powers of T’
applied to elements of X. This is the quotient norm of ¢,(X)/Ker(y), where the
onto map v is given by

(X)) 3 (=, x1,...) — Y(x0, 21,...) = ZTkxk € X.
k

Take E to be X with this new norm. The rest of the proof is the same. &

7.3. PROOF OF PROPOSITION 3.1. For the first part of the theorem, it is sufficient

to prove that an operator asymptotically near an isometry is similar to an isometry.

Indeed, if we suppose that lim |77 — L='V"L|| = 0, with V an isometry, then
n—oo

|(LTL=Y)" — V|| = ||[L(T™ — L~V L)L~} tends to 0 as n goes to infinity and
so we will obtain the similarity of LT L', so of T, to an isometry.

Now, if T is asymptotically near an isometry V', then for each r €]0, 1] there
exists k € Z, such that sup |T" — V"|| < r. Set R =T and W = V* (W is an

n>k
isometry). We obtain sup ||[R™ — W™ || < r < 1. This implies that, for each z and
m>=1
eachm > 1,

(A =r)llzl = W™z = rlle] < [W™z| - [[R™e = W™z| < [R™z|] < (1+7)||2].

By a theorem of Sz.-Nagy ([23]), R = T* is similar to an isometry and this implies
(Corollary 4.2, [18]) that T is similar to an isometry.

Suppose now that T is asymptotically near a unitary U. By the first part of
the proof, T is similar to an isometry. Therefore we can write V* = L~T*L, with
V' an isometry, for a suitable invertible operator L. But T™ is asymptotically near
the isometry U* and so T is similar to an isometry. This implies that 7" and V*
are injective and so the isometry V is also onto. Therefore V is unitary and so T’
is similar to a unitary. &
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