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ABSTRACT. In this paper the author proves that any two elements from one

of the following classes of operators are completely isomorphic to each other.

1. {VN(Fp) : n > 2}. The II; factors generated by the left regular represen-
tation of the free group on n-generators.

2. {C5(Fn) : n > 2}. The reduced C*-algebras of the free group on n-
generators.

3. Some “non-commutative” analytic spaces introduced by G. Popescu in
1991.

The paper ends with some applications to Popescu’s version of von Neumann’s

inequality.

1. INTRODUCTION AND PRELIMINARIES

E. Christensen and A. M. Sinclair [CS] showed that any non-elementary injective
von Neumann algebra on a separable Hilbert space is completely isomorphic to
B(H), and A. G. Robertson and S. Wassemann [RW] generalized the work of [CS]
and proved that an infinite-dimensional injective operator system on a separable
Hilbert space is completely isomorphic to either B(H) or {o.

The techniques in those papers depend on the injectivity of the spaces and do
not extend to interesting non-injective von Neumann algebras or operator algebras.
In the present note we address some of these examples. For instance, we prove
that all the von Neumann factors of the free group on n-generators, n > 2, are
completely isomorphic to each other. We prove the same result for the reduced
C*-algebras of the free group on n-generators, n > 2, and for some non-selfadjoint
operator algebras introduced by G. Popescu [Po].

Let H be a Hilbert space and B(H) the set of bounded linear operators on H.
If we identify M, (B(H)), the set of n x n matrices with entries from B(H), with
B(¢3(H)), we have a natural norm on M, (B(H)). (Here ¢5(H) means H & H &
- @ H, n-times.)

An operator space X is a closed subspace of B(H). Then considering M, (X)
as a subspace of M,,(B(H)) = B({5(H)), we have norms for M, (X), n > 1. (See
[BP] and [ER] for more on the development of this recent theory.)
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Let X,Y be operator spaces and v : X — Y be a linear map. Define u, :
M, (X) — My (Y) by
un[(zi5)] = [(u(zi;))]-

We say that u is completely bounded (cb in short) if

l[ull b = sup [[un|| < oo.
n>1

If u,, is an isometry for every n > 1, then u is a complete isometry. Finally, X and
Y are completely isomorphic if there exists u : X — Y such that u and u~! are
completely bounded.

Let X € B(H), Y C B(K) be two operator spaces. The spatial tensor product
of X and Y, X ® Y, is the completion of the algebraic tensor product of X and Y
with the norm induced by B(H ®2 K). With this notation, M, (X) = M, ® X.

One of the main features of operator spaces is that the scalars are replaced by
matrices (see [E]). To see this concretely consider X a finite-dimensional operator
space with basis {e1, -+ ,e,}. A canonical element in X looks like Y 7" | a;e; for
some a; € C; whereas a canonical element in M,,(X) = M,,®X looks like Y i | A;®
e;, for some A; € M,,.

Two of the most important operator spaces are the row and column Hilbert
spaces. In B({2) define C' = span{e;; : ¢ € N}, the column Hilbert space, and R =
span{ey; : @ € N}, the row Hilbert space. Both spaces are Banach spaces isometric
to {2, but have very different operator space structure. If >~ ,e;; ® T; € C ® B(H),

then
Y en®T; ’ = ZTZ*TZ‘ ;

(SIS

=

Z€1i®Ti ‘ =

K3

In this paper we will prove that several operator algebras are completely isomor-
phic to each other. The tool that we use is Pelczynski’s decomposition method.

This method says that if X and Y are Banach spaces such that X embeds
complementably into Y, Y embeds complementably into X, and X and Y satisfy
one of the following conditions:
. X==XeXandY =YY, or
2. X'~ (ZjilX)Pv 1<p<oo,
then X and Y are isomorphic. Moreover, if the embeddings and projections are
completely bounded, the isomorphism is a complete isomorphism and then X and
Y are completely isomorphic.

We will also use a variant of condition 2.

The main examples in this paper will be the C*-algebras generated by the left
regular representation of the free group on n-generators, A : F,, — B({2(F},)).

Let F, be the free group on n-generators, ¢5(F,) the Hilbert space with or-
thonormal basis {e, : z € F,,}, and L (or £,, to avoid confusion) the linear span of
the basis; i.e.,

k
L= {Zaiemi :keNa €C,x; € Fn}

i=1
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L is an algebra if we multiply the elements in the natural way: i.e., eze, = egy.
We think of £ as the Laurent polynomials on n non-commutative coordinates. We
use two norms on £: The || - [|2-norm, induced by ¢2(G), and the || - ||-norm defined
as

Il = sup{[lpall2 : ¢ € L, [lqll2 < 1}.

Notice that p € £ induces a left multiplication map on ¢2(F),) and ||p|| equals
the operator norm of that map. C5(F,) is the closure of £ in the norm topology
of B(¢5(Fy)), and VN(F,) is the closure of £ in the strong operator topology of

The following fact is well known (see [FP], Chapter 1). We sketch the proof to
emphasize an argument that appears repeatedly in the paper.

Proposition 1. Letn,m =2,3,--- ,00. Then C5(F,) is contained completely iso-
metrically in C5(Fy,) and there is a completely contractive projection onto C5(Fy,).

The same is true for VN(F,) and VN(Fy,).

Proof. If n < m, then the formal identity from C3(F),) into C§(F,,) is a complete
isometry. We claim that the orthogonal projection onto ¢3(F},) is a complete con-
traction from C3(F,) onto C5(Fy). Let p € £, and decompose it as p = r + s
where r € £,, and s € (£,,)*. If ¢ € L,,, then 7q € £,, and sq € (L,,)*. Therefore,

[r]| = sup |lrgqll2 < sup |lpqll2 < |lpl|-

qELn qE€Ln
llall2<1 llall<1

The completely bounded part is very similar.

To complete the circle we need to show that C}(Fi) embeds completely comple-
mented into C}(F>). Assume that F» is generated by a, b and let G be the subgroup
generated by aba™!, a?ba=2, a®ba"3,---. It is easy to see that G is isomorphic to
Fu, C5(G) is completely isometric to C(F) and the orthogonal projection onto
¢5(@G) is a complete contraction from C5(Fz) onto C5(G).

The proof for the VN(F,)’s is very similar. O

2. IsoMORPHISMS OF C5(F,), n > 2
In this section we will prove that
Theorem 2. C3(F),) is completely isomorphic to C(Fx) when n =2,3,4,---.
Theorem 3. VN(F),) is completely isomorphic to VN (Fu) when n=2,3,4,---.

Remark. It is known that the C}(F,)’s are not -isomorphic for different n’s (see
[PV]); however, it is still not known if the V.N(F,,)’s are *-isomorphic to each other
for n > 2 (see [S], Problem 4.4.44).

The proof of Theorem 2 follows from Propositions 5 and 6. It is simple to go
from there to Theorem 3.

We need some notation. Divide the generators of F., into a1, ao---; e1,e2,- -,
and denote by F, the subgroup generated by the a’s. F, is isomorphic to F, of
course.

Let K = |J;ZgejFa. Denote Lx = span{e, : € K}, and let £2(K) be the
closure of L in the | - ||2-norm of fo(Fs), C£(K) the closure of L in the || - |-
norm of C§(F ), and VN (K) the closure of L in the strong operator topology of
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Proposition 4. C}(K) is 2-cb-complemented in C5(Fx). Moreover, the orthogo-
nal projection onto £2(K) is completely bounded from C(Fx) onto C5(K).

We will present the proof of Proposition 4 after the proof of Theorem 2.
Proposition 5. C}(K) =~ C}(Fx) =~ C5(Fx) ® Ci(Fx). Moreover, the isomor-

phisms are completely bounded.

Proof. Decompose K = K1 U K5 where K; = U?io e2;Fy and Ky = U?io e2j+1Fa.
It is clear that C5(K7) and C}(K3) are completely isometric to C5(K). Moreover,
Proposition 4 applied to K; and Ko implies that they are cb-complemented in
C%(Foo) by the orthogonal projection. Therefore they are complemented in C5(K)
and we have

CX(K) = CX (K1) & CX(K2) = CX(K) & CX(K).

Similarly, decompose K = K3 U K4, where K3 = e1F,, and K, = U;iz e;Fy,
and apply the previous argument to conclude that C5(K) & C}(Fx) = C5(K).
Proposition 4 tells us that C}(Fx) = C5(K) @ Z for some Z. Then

CiFeo) " CX(K)d Z =~ CY(K)DCY(K)® Z ~ C5(K) & C5(Feo) =~ C5(K).O

Proposition 6. C§(Fy) =~ C5(Fy) ® C5(Fx), for k=2,3,---.

Proof. Divide the generators of Fo, into B1,---,Bk;e1,e2, -+, and denote by Fjg
the subgroup generated by the 3’s; Fg is isomorphic to Fj. Let Kg = U?io e; .
The proof of Proposition 4 works and we get that C¥(K3) is 2-cb complemented
in C}(Fx); hence, by Proposition 1, it is 2-cb-complemented in C5(Fy) also. It
is clear that C5(K3) =~ C}(Kp) @ C5(Kg) and that C5(Kg) ® C5(Fy) =~ C5(Kp).
Hence the proof of Proposition 5 applies and we get the result. (I

We will present the proof of Theorem 2 for completeness. This is a standard
version of Pelczynski’s decomposition method.

Proof of Theorem 2. Proposition 1 tells us that C5(Fy) = C(Fso) @Y for some Y,
and that C§(F) = C5(Fk) @ Z, for some Z. Then Propositions 5 and 6 give

Ci(Fy) = O (Foo) @Y m O} (Foo) ® CX(Fixo) @Y = CX (Fixo) ® O (F).
On the other hand

Ci(Fx) = CX(Fr) ® Z = C(Fy) ® CX(Fr) @ Z = C5(Fy) ® CX(Foo)- O

The first step for the proof of Proposition 4 is to understand how to norm the
elements in M, (CX(K)). The typical element in Lg looks like: >, , e;p;, where
pi € Lo le, p; = Zj ajjey,, for some z; € F,,. When we consider operator spaces,
we replace the scalars by matrices, so the canonical element of M, (C5(K)) looks
like

(1) > (I ®ei)Ai, for some A; € My (La),
i<k
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where I is the identity in M,, and

(2) A; = ZAij ® eg,, for some A;; € M,, and x; € F,.
J
We use the fact (see [HP]) that, as elements of B(¢2(Fx)),

e; = Pie; + e, Py,

where P; is the orthogonal projection onto the set of reduced words starting from
a positive power of e; and P-_; is the orthogonal projection onto the set of reduced
words starting from a negative power of e;. To simplify the notation we set (e;) ™! =
€_;.

We also use that >, (Pie;)(Pie;)* = >, Piese_iP; =Y, P; < I, the identity on
B(ls(Fx)), and if T;, S; € B(fs), then || 32, TiSil| < | 32, TLI7|I2 1| 52, 87 Sill =

We need the following technical lemma.

Lemma 7. Let x1,29 € F,, 21,22 € Fso and suppose that (as elements of €2(Fx))
ex, P_je_ie,, = ez, P_je_je,,. Then either they are equal to zero, ori = j, T1 = T2,
21 =29 and ez, P_je_;e,, = ez e_e,,.

Proof. If z; starts from e;, P_;e_;e,, =0, so we assume that the reduced words of
z1 and 2z do not start from e; or e; respectively. Then we have that zie_ze., =

Toe_je,,. Since we have no cancellation on the z’s and e_; and e_; are the first
non-F, elements of the words, then e; = e;, 1 = 2 and 2; = 2. O

Proposition 8. Let T € M, (Lk). Then

max{ sup ||Tq|l2, sup |T*b®eo|2}
) beLy

qELY (Lo

llall2<1 llollz <1
<ITll< sup [Tqllz+ sup [[T70® eollo-
a€LB (La) beey
llall2 <1 lloll2 <1

Proof. The left inequality is trivially true. For the other one take T' € M,,(Lk) as
in (1)

i<k i<k i<k
Then
3 3

S I Pe)Ai| < D (I® Pei)(I @ Pes)* H > A4
i<k i<k i<k

1

2

<IDoAra
i<k

sup 1> 1 Aiql3
e o .
Naiasy) ik

= sup Y (T@e)Aig
aiass i<k 2
= sup |[Tql2.
a€LE (L)

llall2 <1



1096 ALVARO ARIAS

On the other hand, || 2, (I ® e;P—;)Ail| = || 32,1 A7 (I ® P—je—;)||. To norm
the latter one, take ¢ € £5(¢5(Fi)), [lg|l2 < 1, and decompose it as
(3) q= Zbl ®e, where b € 0,2 € F.
1

Using (2) and (3) we have

E:A*I®}L¢;Zq__§:§:§:fgﬁ“®e_%faﬁ_ﬂm

i<k i<k j

Lemma 7 tells us that all those terms are orthogonal to each other or zero. Hence,

ZZZHA bill3

i<k j

=2 122 :

ij
2.2 ‘ Tollz

up 3037 145013

i<k j

> AT @ Poiey)

i<k

2
IIbzII§

IN

= sup ||T*b® eoll2. O
beLy
llell2<1

Proof of Proposition 4. Let T € M, (Ls). Write it as T = Ty + Ty, where T} €
M, (Lk) and Ty € M,,((Lx)1). Notice that if ¢ € £3(L,), then

Tiq €3 (Lx) and Thg € 3((Lx)).

Hence,
sup [[Tiglla < sup |[Tqll2 <7}
a3 (La) 4B (La)
lalla<1 lalla<1

Moreover, it is clear that given b € £, we have that
[T7b @ eoll2 < [T"b® eqll2 < |T7]| = [|T7]]-
Therefore, by Proposition 8, || 71| < 2||T|. O

Propositions 5 and 8 give a representation of C(Fs) in terms of row and column
Hilbert spaces.

Let T = >, ,(I ® e;)A; € My(Lk), Ai € Myp(Ly). Use (2) to write T =
Dk 2 Aij ® ei€s,, for some A;; € M,,. Then we have

sup 1Tall: = o AA

€L (Lo

qIIQH2<1 i<k

sup IT"b ® eoll2 = ZZA”
i<k j

IIbH2<1

We see that the first term is the norm of 7" in M,,(C®C5(L,) ), and the second one
is the norm of T in M, (R ® R(F,)). Here R(F,) is {3(F,) with the row operator
space structure.

Using the notation of interpolation theory of operator spaces (see [P]) we con-
clude
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Proposition 9. C§(F) < [C®C(Fx)] N [R® R(Fu)].

Remark. If we are interested only in the Banach space structure, we have that
C%(Fx) is isomorphic (but probably not completely isomorphic) to C'® C5(Fix).

3. ISOMORPHISMS OF NON-COMMUTATIVE ANALYTIC ALGEBRAS

In this section we will consider only the words consisting of positive powers of
the generators of Fj, and the identity. We denote this set by Py C F}, and let
l5(Py) be the Hilbert space with orthonormal basis {e, : * € P,}. This Hilbert
space is also denoted by F?(H},), the full Fock space on k-generators, see [Po]. Let
P (or Py, to avoid confusion) be the linear span of the basic elements, and consider
two norms on P: The || - ||2-norm, induced by ¢3(Fy), and the || - ||so-norm, defined
as

Ipllcc = sup{|lpallz : ¢ € Pr, [lqll2 < 1}

Notice that p € Py, induces a left multiplication operator on £2(Py) and ||p||« equals
the operator norm of that map.

Remark. If p € Py, then the ||p||so-norm does not coincide with the ||p||-norm as
an element of C§(F}%). In fact, if @ is the orthogonal projection onto ¢3(FPy), then
Ipllce = [|QpQ||. We always have that ||p|le < ||p|| and sometimes the inequality is
strict (see Proposition 17).

Let A(k) be the closure of Py, in the norm topology of B({2(Fy)), and F>(k) the
closure in the strong operator topology. These spaces are studied in [Po], where he
calls them non-commutative analogues of the disk algebra and H>*. When k =1
they coincide with the classical definitions.

The main results of this section are

Theorem 10. A(k) is completely isomorphic to A(co) when n = 2,3,4,--- .
Theorem 11. F*(k) is completely isomorphic to F>®(co0) when n = 2,3,4,--- .

As in the previous section we will only present the proof of the first one, the other
one is essentially the same. The proof of Theorem 10 will follow from Propositions
12, 13 and 14.

Proposition 12. Let n < m, and let ® : A(n) — A(m) be the formal identity.
Then ® is a complete isometry. Moreover, the orthogonal projection onto £2(Py,) is
completely contractive from A(m) onto A(n).

Proof. Let E C P, be the set of all y € P,,, whose first letter does not start from
€1, - ,en. It is easy to see that {P,y : y € E} forms a partition of P,,. Then
la(Pr) = 3252, ®l2(Ppy;), where E = {y; : j € N}.

Let p € P,, and ¢ € Py, ||g]|]2 < 1. Use the previous partition to decompose ¢ as
q=>_,rjey,, for some r; € P, and y; € E. Then

2 2

Iri)2 < sup |[p——| < |Ip|I%.
i l7ill2 1|5

o0 o0
Ipall3 => lpril3 =
=0

=0

T
p
lI7ill2 |5

This tells us that ||pl|am) = [[Plla(m). Moreover, if p € A(n) C A(m), we norm it
with elements from P,,.
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This is the fact that we use for the complementation. Given p € P,,, write it as
p = p1+p2, where p; € P, and p2 € (P,)1. Then if ¢ € P,,, we have that p1q € P,
and paq € (P,,)+. Hence,

[p1lloc = sup [|pigll2 < sup [|pgll2 < [|p[le-
qEPn qEPn
llall2 llall2

The completely bounded part is very similar. ]

Proposition 13. There exists a subspace of A(2) completely isometric to A(oo)
and completely complemented by the orthogonal projection.

Proof. Let a,b be the generators of P». Let P, be the set of all words generated by
ab, a®b, a3b, a’b, - --. P, is clearly isomorphic to P. Let E C P, be the set of all
words in P» such that no initial segment belongs to P,. Then it is easy to see that
{P,y : y € E} forms a partition of P, and the proof is like that of the previous
proposition. (I

Proposition 14. A(c0) is completely isomorphic to C ® A(oo), where C is the
column Hilbert space.

Proof. Divide the generators of P, into ai, o ---; e1,ea,---, and let P, be the set
of words generated by the a’s. Let K = [J;Z, ¢jPo C Px, and let P(K) be the
span of the basic elements in K. Denote the closure of P(K) in the f3-norm by
l5(K), and in the || - ||coc-norm by A(K).

The canonical element of P(K) looks like >, €;p;, for some k € N and p, € Pa.
Given any ¢ € P the e;p;q’s are orthogonal. Then we have

> e = sup  [> |Ipiall3 =
2 llgll2<1 i<k

i<k
Since A(P,) is isometric to A(cc), we conclude that A(K) is isometric to C® A(oo).
Moreover, the elements in A(k) are normed by elements in (P, ).

We will now see that A(K) is complemented in A(co). Let p € Py and decom-
pose it as p = p; + p2, where p; € P(K) and py € (P(K))*. If ¢ € Py, then
p1g € P(K) and pag € (P(K))*. Hence, [|p1g|l2 < [Ipg|l2, and ||p1]oc < [|ploc-

As in the proof of Proposition 5 it is clear that A(K) is isomorphic to its square,
and then isomorphic to A(co).

The completely bounded part follows in the same way after we replace the scalars
by matrices. O

Proof of Theorem 10. By Propositions 12 and 13 we have that A(k) = A(co) @Y
for some Y. Since A(c0) = A(oo) ® A(o0), we have

A(k) = A(00) B Y ~ A(00) ® A(00) B Y ~ A(co) @ A(k).

On the other hand, A(co) = A(k) @ Z, for some Z. If Q : A(co) — A(k) is that
projection and I : C' — C is the identity on C, I ® Q decomposes C ® A(co) =
[C®A(k)] @ [C ® Z] because @ is completely bounded. Hence,

A(o0) = C ® A(o0)
=[CoAKk)]®[C® 7]
~Ak)e[CeAE)®[C® Z]
~ A(k) ® [C @ A(co)] = A(k) & A(c0). O

= sup

1
3
oo llallz<1 00

prpi

i<k

Z €ipiq
i<k
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4. APPLICATIONS TO VON NEUMANN’S INEQUALITY

Fix k for this section and let Py be the positive words generated by e, -, eg.
As in the previous section, F?(Hy) = ¢2(Py) is the full Fock space on Hy, a k-
dimensional Hilbert space; A(k) and F*° (k) have the same meaning.

In [Po] G. Popescu proved that if T7,- - - , T} € B({2) are such that || Y., T;T}||
<1 (e, |[[Ty---Tk]|| 1), then any p(eq,--- ,er) € A(k) satisfies -

(4) lo(Tr, - Te)ll < lpllack)-

When k£ = 1, this is the classical von Neumann’s inequality.

In this section we prove that A(k) and F°°(k) contain many complemented
Hilbertian subspaces. Hence we can easily compute ||p[[ax) whenever p belongs
to one of those subspaces, and use ||p[/s(x) in Popescu’s inequality (4). (See [AP]
for more examples and connections with inner functions).

We start with the following elementary lemma.

Lemma 15. Let p = ) . aieq,,q = Zj bjey, € P be such that x;y; = vy, if
and only if i = i’ and j = j' (that is, we cannot have any cancellation); then
Ipall2 = lIpl2llqll2-

Proof. We have that pg = )", Zj a;bjes,y;. Since all the z;y;-terms are different,
the eg,y,’s are orthogonal. Hence,

lpallz = VZZWW - ¢Z|ai|2\/2|bj|2 = Ipllzllgl. O

Remark. The lemma extends to the M,-case just as easily. If T = El A ®ey €
M, (P) and g = 37, b; ® ey, € £5(P), then Tq =37, > Aibj ® €x,y; and || T'qll2 =

\ 2oi 2 1 Abs 13,

Proposition 16. Let W,, C Py be the set of all words in P having n-letters,
and let X,, = span{e, : x € W,,} C A(k). Then X,, is completely isometric to
C.,.x, the column Hilbert space of the same dimension. Moreover, X, is completely
complemented in A(k).

Proof. Let p € X,, and q € Py, |¢l2 < 1. Since F?(Hy) = > ~_, ®X,,, we write ¢
as q = Zm Tm, where r,, € X,,,. Notice that pr,, € X,,+, and hence all of them
are orthogonal. Moreover, if x1,22 € X,,, y1,y2 € X, and x1y1 = T2y2, then it is
necessary that x1 = z2 and y; = y». This implies that there is no cancellation in
prm and hence, by the previous lemma, ||pry,|l2 = ||p||2]|7m||2. Therefore,

S S
Ipallz = | D lormlld = | D IpI3lrml3 = lIpll2lialla,
m=0 m=0

and [|ploc = [|pll2-
The completely bounded case is very similar. A canonical element of M, (X))
looks like T'= 3", A; ® eg,, where A; € M, and e,, € X,,. A canonical element
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of £5°(X;,) looks like ¢ = >, b; ® ey;, where b; € (3° and e, € X,;,. Then
Tqg=73", Zj Aibj ® ey, € £5°(Xnim) and all of those terms are orthogonal to
each other. Then the proof proceeds as those of section 2. The complementation
part is very easy: If p € X,,, then ||p|lcc = ||Peo]|2- O

Multiplication from the left by any one of the e;’s in A(k) or F*° (k) is an isometry
(i.e., |Iplloo = |l€iP]|oo). However, multiplication from the right does not have to be
like that.

Proposition 17. Let p € A(k —1) C A(k). Then ||pek|l = l|pekll2 = |Ip||2-

Proof. Let p € Pr_1, p = ), ey, where x; € Py, and ¢ € Py, ¢ = Zj bjey,

where y; € P;. Then
perq = Z Z abjes exey,.
J

i
Since €x,€k€y; = €z, €kEy, iff z; = x4 and y; = y;, then Lemma 15 applies and
we have that |[perq|l2 = [pll2|lexall2 = [Ipll2lqll2- O

We conclude with the following two applications of the previous propositions.

1. Let p(e1, ez, -+ ,ex) € P be a non-commutative homogeneous polynomial of
degree n; ie., p(Ae1, -, eg) = A"p(er, - ,ex) (or p € X,, with the notation of
Proposition 16). If || Y., ;T < 1, then

Ip(Ty, Ta, -+, Ti) || < [lpll2-

2. Let Tl,TQ € B(EQ) be such that H[Tl TQ]” S 1 (i.e., ||T1T1* +T2T2*|| S 1) and
let p(t) be a polynomial in one variable. The classical von Neumann’s inequality
states that ||p(T1)|| < ||p|lec- Therefore, using the Banach algebra properties of
B(¢3) we get that

lp(T1) T2 < sup |p(t)],
teT

but if we apply Proposition 17 to Popescu’s inequality we get

(T T < / Ip(t) 2dm(t).

ACKNOWLEDGMENT

The author thanks Gelu Popescu for useful discussions.

REFERENCES

[AP] A. Arias and G. Popescu, Factorization and reflexivity on Fock spaces, preprint.

[BP] D. Blecher and V. Paulsen, Tensor products of operator spaces, J. Funct. Anal. 99 (1991),
262-292. MR 93d:46095

[CS] E. Christensen and A. M. Sinclair, Completely bounded isomorphisms of injective von Neu-
mann algebras, Proc. Edinburgh Math. Soc. (2) 32 (1989), 317-327. MR 90k:46135

[E] E. Effros, Advances in quantized functional analysis, Proceedings of the International Con-
gress of Math., Berkeley, 1986, pp. 906-916. MR 89e:46064

[ER] E. Effros and Z. J. Ruan, A new approach to operator spaces, Canad. Math. Bull. 34 (1991),
329-337. MR 93a:47045



[F'P]
[HP]
[PV]
[P]
[Po]
[RW]

(]

COMPLETELY BOUNDED ISOMORPHISMS OF OPERATOR ALGEBRAS 1101

A. Figa-Talamanca and M. Picardello, Harmonic analysis of free groups, Lecture notes in
Pure and Applied Mathematics, vol. 87, Marcel Dekker, New York, 1983. MR 85j:43001
U. Haagerup and G. Pisier, Bounded linear operators between C*-algebras, Duke Math. J.
71 (1993), 889-925. MR 94k:46112

M. Pimsner and D. Voiculescu, K-groups of reduced crossed products by free groups, J.
Operator Theory 8 (1982), 131-156. MR 84d:46092

G. Pisier, The operator Hilbert space OH, complex interpolation and tensor norms, Mem.
Amer. Math. Soc. (to appear). CMP 95:15

G. Popescu, von Neumann inequality for (B(H)™)1, Math. Scand. 68 (1991), 292-304. MR
92k:47073

A. G. Robertson and S. Wassermann, Completely bounded isomorphisms of injective oper-
ator systems, Bull. London Math. Soc. 21 (1989), 285-290. MR 90c:47077

S. Sakai, C*-algebras and W*-algebras, Springer-Verlag, New York, 1971. MR 56:1082

DI1VISION OF MATHEMATICS AND STATISTICS, THE UNIVERSITY OF TEXAS AT SAN ANTONIO, SAN
ANTONIO, TEXAS 78249
E-mail address: arias@ringer.cs.utsa.edu



