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A noncommutative Amir-Cambern theorem for von
Neumann algebras and nuclear C*-algebras

Eric Ricard Jean Roydor

Abstract

We prove that von Neumann algebras and separable nuclear C*-algebras are stable for
the Banach-Mazur cb-distance. A technical step is to show that unital almost completely
isometric maps between C*-algebras are almost multiplicative and almost selfadjoint. Also as
an intermediate result, we compare the Banach-Mazur cb-distance and the Kadison-Kastler
distance. Finally, we show that if two C*-algebras are close enough for the cb-distance, then
they have at most the same length.

1 Introduction

This note concerns perturbations of operator algebras as operator spaces, more precisely pertur-
bations relative to the Banach-Mazur cb-distance. In [I5], G. Pisier introduced the Banach-Mazur
cb-distance (or cb-distance in short) between two operator spaces X, Y

dey(X, ) = inf {[|T]|cll T [lcs }

where the infimum runs over all possible linear completely bounded isomorphisms 7' : X — ). This
extends naturally the classical Banach-Mazur distance for Banach spaces when these are endowed
with their minimal operator space structure (in particular, the Banach-Mazur distance and the
cb-distance between two C(K)-spaces coincide). For background on completely bounded maps
and operator space theory the reader is referred to [2], [8], [I4] and [I§].

Let us recall the generalization of Banach-Stone theorem obtained independently by D. Amir and
M. Cambern (see [I], []): if the Banach-Mazur distance between two C(K)-spaces is strictly
smaller than 2, then they are %-isomorphic (as C*-algebras). Actually, this is also true for spaces
of continuous functions vanishing at infinity on locally compact Hausdorff spaces. One is tempted
to extend the Amir-Cambern Theorem to noncommutative C*-algebras. In [12], R. Kadison de-
scribed isometries between C*-algebras, in particular the isometric structure of a C*-algebra only
determines its Jordan structure, hence to recover the C*-structure we need a priori assumption on
the cb-distance (not only on the classical Banach-Mazur distance). Here, we prove:

Theorem A. Let A be a separable nuclear C*-algebra or a von Neumann algebra, then there exists
an g9 > 0 such that for any C*-algebra B, the inequality dey (A, B) < 1+ g implies that A and B
are x-isomorphic.
When A is a separable nuclear C*-algebra, one can take g = 3.10712. When A is a von Neumann
algebra, eg = 4.107° is sufficient.

Such a result can not be extended to all unital C*-algebras, see Corollary below for a
counter-example (derived from [3]) involving nonseparable C*-algebras.
The proof of Theorem A is totally different from the commutative case, the cb-distance concerns
only the operator space structure, hence the basic idea is to gain the algebraic structure. It is
known that unital completely isometric linear isomorphisms between operator algebras are neces-
sarily multiplicative (see Theorem 4.5.13 [2]). Therefore, one wants to prove that almost completely
isometric maps are almost multiplicative; in the sense that the defect of multiplicativity has small
cb-norm as a bilinear map. We manage to check this by an ultraproduct argument (see Proposition
21) but without any explicit control on the defect of multiplicativity. When maps are between C*-
algebras, we can drop the ‘unital’ hypothesis and show that the unitization of an almost completely
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isometric map between C*-algebras is almost multiplicative with explicit bounds. Consequently,
starting from a linear cb-isomorphism with small bound between C*-algebras, one can define a
new multiplication on each of them close to the original ones. Then, in the spirit of [I1] or [19],
we use the vanishing of the second and third completely bounded Hochschild cohomology groups
of an operator algebra over itself to establish a strong stability property under perturbation by
close multiplications (see Proposition B.2)). It is crucial to work with the completely bounded co-
homology here, because we can exploit the deep result that every completely bounded cohomology
group of a von Neumann algebra over itself vanishes (see [20]), this is unknown for the bounded
cohomology. This allows us to conclude for von Neumann algebras.

For separable nuclear C*-algebras, the strategy is different, because vanishing of completely bounded
cohomology groups is not available. First, we compare the cb-distance d., and the completely
bounded Kadison-Kastler distance dx i c» (see the definition below):

Theorem B. There exists a constant K > 0, such that for any C*-algebras A and B:
drr,e(A, B) < Kv/Ind (A, B).

One can choose K = 3620, when dqp(A,B) <1+ 1077,

In order to prove this theorem, we need to control explicitly the defect of selfadjointness of a
unital almost completely isometric map. Then we will use stability of separable nuclear C*-algebras
for the Kadison-Kastler distance, this is a major result in perturbation theory. Let us recall from
[7] this result more precisely. As usual H denotes a Hilbert space and B(H) its bounded linear
endomorphisms. Let A, B be subalgebras of B(H), the Kadison-Kastler distance between .4 and
B inside B(H) is

dic k1 (A, B) = di(sr) (Ball(A), Ball(B)),

where dpf) denotes the Hausdorff distance and Ball(.A) (respectively Ball(B)) denotes the unit
ball of A (B respectively). More generally, for two C*-algebras A and B, the Kadison-Kastler
distance and its completely bounded version are defined as:

dxx (A, B) = inf, {dxr,u(m(A),p(B)) },

drr,e(A, B) = Wing { sup {dKKl%@H((idMn ®@ m)(A), (idm, ® p)(B)) }},
bl n

where the infimum runs over all faithful unital x-representations = : A — B(H), p : B — B(H)

on the same Hilbert space. The main result of [7] is: for any v < 4271.107%, if A is a separable

nuclear C*-algebra and B is another C*-algebra, if di x (A, B) < 7 then A and B are *-isomorphic.

Therefore, it is clear that the C*-case of Theorem A is a corollary of this last result and our

Theorem B.

We already mentioned that an Amir-Cambern type theorem is false for any C*-algebras, how-
ever we can try to prove that some C*-algebraic invariants are preserved under perturbation relative
to the cb-distance. The notion of length of an operator algebra has been defined by G. Pisier in [16]
in order to attack the Kadison similarity problem (he proved that a C*-algebra has finite length
if and only if it has the Kadison similarity property). In [6] Theorem 4.4, the authors proved
that having finite length is a property which is stable under perturbation for the Kadison-Kastler
distance. Here, we prove that if two C*-algebras are close enough for the cb-distance, then they
have at most the same length.

Theorem C. Let K > 1 and ¢ € N\{0} fized but arbitrary constants. If A and B are unital
C*-algebras with dep (A, B) < 14+107%47“K =2 and A has length at most £ and length constant at
most K, then B has length at most {.

2 Almost completely isometric maps

This section starts with few technical lemmas relating algebraic properties to norm estimates in
operator algebras. We next use them to study almost completely isometric isomorphisms. We
implicitly refer to [§], [14] and [I8] for basic notions around operator spaces.



It is well known that unital completely isometric isomorphisms between operator algebras are
necessarily multiplicative (see Theorem 4.5.13 [2]). Hence one can hope that unital almost com-
pletely isometric bijections are almost multiplicative and almost selfadjoint. This can be checked
easily by an ultraproduct argument, but the important point is to control explicitly the defect of
multiplicativity and the defect of selfadjointness.

When T : A — B is a map between two operator algebras, the defect of multiplicativity of T is
denoted by T". Tt consists of the bilinear map TV : A% — B given by TV (a,b) = T'(ab) — T'(a)T (b).
As usual when dealing with bilinear maps (see section 1.4 in [20]), the completely bounded norm
of TV is the cb-norm of the induced linear map TV : A®; A — B on the Haagerup tensor product.

Given a cb map T : § — T between two operator systems, we use the notation T™* for the map
defined on S by T*(z) = T'(z*)*. We call defect of selfadjointness the linear map 7' — T™.

Proposition 2.1 For any n > 0, there exists p €]0,1[ such that for any unital operator algebras
A, B, for any unital cb-isomorphism T : A — B, [|[Tlles < 1+ p and [T~ e < 1+ p imply
1T ]leb <.

Proof : Suppose the assertion is false. Then there exists 19 > 0 such that for every positive integer
n € N\{0}, there is a unital cb-isomorphism 7, : A,, — B,, between some unital operator algebras
satisfying

1 1
ITaller €1+ =, 1T e < 14 = and [T ey = .

Let U be a nontrivial ultrafilter on N, let us denote Ay (resp. Byy) the ultraproduct IL, K!@min A, /U
(resp. 11, K!®uminBn/U), here K! denotes the unitization of the C*-algebra of all compact operators
on {5. Then Ay (resp. By) is a unital operator algebra (see [2]). Now consider Ty, : Ay — By the
ultraproduct map obtained from the idkx: ® T,,’s. Hence Ty, is a unital surjective linear complete
isometry between operator algebras, so Ty, is multiplicative (see Theorem 4.5.13 [2]) hence T3 = 0.

This contradicts the hypothesis for all n, |7/ ||cs > no. Indeed || T [|ep = ||(idg: ® T3)V]|, so
there are u,, v, in the closed unit ball of K! ®pin A, such that

[(idsr @ To) (unvn) — (idgs ® Tp) () (idgr @ T)(w)|| = 70,

which implies that
(| Toe (i) — Ty (00) Toa (9) || > mo
(where & denotes the equivalence class of (x,, ), in Ay). ]

A similar proof gives

Proposition 2.2 For any n > 0, there exists p €]0, 1] such that for any operator systems S, T, for
any unital cb-isomorphism T : S — T, || T||es <1+ p and |T e < 1+ p imply || T —T*|| b < 1

We turn to quantitative versions of the previous Propositions for C*-algebras.
The next Lemma is interesting because it gives an operator space characterization (it involves
computations on 2 x 2 matrices) of invertibility inside a von Neumann algebra.

Lemma 2.3 Let M be a von Neumann algebra and x € M, ||z|| < 1. Then, x is invertible if and
only if there exists o > 0 such that for any projection y € M,

I3 ]

If this holds, the mazimum of the o’s satisfying (C) equals ||z~ =2 and (C) holds for any y € M.

2
>a+tyl? and |[[z y P =a+]yl* (©)

Proof : If x € M is invertible and y € M is arbitrary, by functional calculus, z*x > ||z~1||~2, thus

]

Thanks to a similar argument for the row estimate, we get that (C) holds with o = ||z~ 1|| 72

2
= ez +yyll = ([l + vy

| = lla =M%+ llyll™.




Assume that (C) is satisfied. Fix A > 0 and let px = x[o,5](z*x) € M be the spectral projection
of |z|? corresponding to [0, A]. By the functional calculus 1+ X > z*z + p, as ||z|| < 1. Taking
y = px in the first part of (C) gives,

veaz| ]
P

Hence py = 0 for A < a. Thus z*z is invertible and H(x*x)*ln < a7l Similarly zz* must have
the same property and x is left and right invertible hence invertible. In the polar decomposition
of x = u|x|, u must be a unitary so that we finally get o < |[|[z~*||~2 and the proof is complete. m

2
> o+ |[pall.

The next Proposition generalizes the well-known fact that a complete isometry between C*-
algebras sends unitaries to unitaries.

Proposition 2.4 Let A, B be two C*-algebras. Let T : A — B be a cb-isomorphism such that
ITNeb| T v < V2. Then, for any unitary u € A, T(u) is invertible and

—1” < ”T_chb ]

V- ITIIT TG,
Proof : Passing to biduals, we can assume that 4 and B are von Neumann algebras as « € B is
invertible in B if and only if it is invertible in B**. Replacing T by T/||T ||c», we may assume that

ITlleb = 1 and [T~ ep < V2.
Let y € B with |ly|]| = 1, as ||T(u)| < 1:

1T (w)

H[ T(u) } o1 [ u } ol Wl 2
y TR LT W) T IR T TR
Hence T'(u) satisfies (C') with a = ﬁ — 1 > 0. Finally applying Lemma 23] we obtain
cb

- 1 1712
T 12 < < 7Cb
IT() " < =~ < 5= T

This Lemma is folklore, we give a quick proof.
Lemma 2.5 Let A be a unital C*-algebra and x € A invertible. Then there exists a unitary u € A
such that ||z — u|| = max {||xH -1,1- ﬁ}

Proof : Write the polar decomposition of © = u|z|. As z is invertible, |z| is strictly positive element
of A, so u is a unitary of A. Obviously, ||z —u| = |||z|—1||. Seeing |x| as a strictly positive function
thanks to the functional calculus, it is not difficult to conclude. ]

The next Lemma is the key result to compute explicitly the defect of multiplicativity. As in
Lemma 2.3 operator space structure is needed.

Lemma 2.6 Let u, v be two unitaries in B(H). Let x € B(H) and ¢ > 1 such that
[ETIEEE
-1 v

then Hm — uvH < 2vc? —1.
Proof : Note first that

u* 0 u oz 1 0] | 1 wav

0 1 -1 v 0 v | | -1 1 ’
hence without loss of generality we can assume that u =v = 1. Take h € H, then

1 =z —h —h
I ==l L

Therefore ||z(h) — h||? + 4]|h||? < 4c?||h||?, which implies ||z — 1] < 2v/¢% — 1. [

We are now ready to prove the main result of this section.




Theorem 2.7 Let A, B be two unital C*-algebras. Let T : A — B be a cb-isomorphism with
T(1) =1 and |T| || T |ew < V2, then

7Y < 2\/ (IThs+ 252 = 14 D)1+ 1)
1T = Tl < 2\/ (IT e + %)2 1 2u(T),

2
where p(T) = maX{HTch -1,1- \/W - IITH?b}
cb

Proof : We start with the defect of multiplicativity. From the definition of the Haagerup tensor
norm and the Russo-Dye Theorem, it suffices to show that for any unitaries u, v € M,,(A) we have

T () = To ()T 0) i, ) < 2\/ (1o + 22 = 1 w0+ 17

where T}, = Idy, ® 1. Without loss of generality, we can assume n = 1.
U uv
[_1 v} —ﬂ,weget

17 5| < v

Let u, v € A unitaries, as

From Lemma and Proposition [Z4] we deduce that there are unitaries u’, v' € B with ||T'(u) —
|| < u(T) and ||T(v) —v'|| < u(T). The triangular inequality gives

H[ iLll T(;fv) ]H <|ITllevV2 + p(T).

2
Lemma implies that ||T'(uv) — u'v'|| < 2\/(|T||d7 + %) — 1, so that we get the estimate
using the triangular inequality once more.
For the second estimate, as TF = (T™*),, we may also assume n = 1. Thanks to the Russo-Dye

Theorem, we just need to check that for any u € A unitary

1) — T < 2\/ (1o + 252)" = 14 2,

2
Taking v = u* in the above arguments leads to ||T(uu*) — u/v'|| < 2\/(||T|cb + L\/:g)) — 1. Hence

2
Ju! — ™| < 2\/ (||T|\cb + L\/i’;) — 1 and we conclude using the triangular inequality. []

3 A noncommutative Amir-Cambern Theorem

3.1 Perturbations of multiplications

Definition 3.1 Let X be an operator space. A bilinear map m : X X X — X is called a multipli-
cation on X if it is associative and extends to the Haagerup tensor product X ®p X.
We denote by m_4 the original multiplication on an operator algebra A.

In the following, H% (A, A) denotes the k*" completely bounded cohomology group of A over
itself. We refer to [20] for precise definitions.



The next proposition is the operator space version of Theorem 3 in [19] or Theorem 2.1 in
[11]. Tt gives a precise form of small perturbations of the product on an operator algebra under
cohomological conditions.

As before, the quantity ||m —my4 || is the cb-norm of m —m4 as a linear map from A ®j, A
into A.

Proposition 3.2 Let A be an operator algebra satisfying
HZ(A,A) = H3(AA) =0. ()

Then there exist 6, C > 0 such that for every multiplication m on A satisfying | m—my || < 6,
there is a completely bounded linear isomorphism ® : A — A such that

[® —idalle < Clm—malles and P(m(z,y)) = (z)P(y).

If A is a von Neumann algebra, then (x) is automatically satisfied with values § = 1/11 and C = 10.
Moreover if m satisfies m(z*, y*) = m(y, z)* for all z, y € A, then ®(z*) = ®(x)* for all x € A.

Proof : We only give a sketch as it only consists in adapting arguments of [19] (see also [20] chapter
7) or Theorem 2.1 of [IT] to the operator space category.

In the bounded situation, one has to apply an implicit function theorem (Theorem 1 in [19])
to the right spaces of multilinear maps (Theorem 3 in [I9]). This is done in details in Theorem
7.4.1 in [20] from 7.3.1. With the notation there (taking M = A) one simply need to replace
L*(M, M) by their cb-version L¥, (A, A) which are obviously Banach spaces. The statement about
* is justified right after Theorem 7.4.1 in [20].

If A is a von Neumann algebra, all completely bounded cohomology groups of A over itself vanish
(see [20] chapter 4.3) and we can choose K = L = 1 in the proof of Theorem 2.1 of [I1], which gives
§ = 1171 (see the discussion after the proof of Theorem 2.1 [11]) and a computable value of C'. Now
following notation of the proof of Theorem 2.1 [I1], the rational function p satisfies p(x) < 9.7522,
for « small enough. Hence the sequence (g;) defined by ;41 = p(e;) (and €9 = [|m—m4 ||e)
verifies £; < 9.75% ~1e2'. As K = L = 1, we have ||S;||» < €i_1 + 2¢7_,. Then, using the previous
estimates of the &;’s we get |W,, — I||s < exp(Y i, [|Silles) < 10eo. (With notation of Theorem
2.1 [I1], the desired ® is obtained as the limit of (W,,)y.) ]

3.2 Proofs of Theorems A and B

The proof of Theorem A is a variant of the proof of Theorem B. For clarity we postpone the
quantitative estimate to the next Remark.

Proof of Theorem B: As dk is bounded, the statement is only interesting when d,(A, B) is close
to 1. The proof uses ideas from Corollary 7.4.2 in [20].

Let L : A — B be a cb-isomorphism with ||L||; < 1 and ||[L7Y|e < dep(A, B)(1 + €).

Consider the bidual extension still denoted by L : A** — B**, it remains a cb-isomorphism and
satisfies the same norm estimates.

We suppose A unital, we will treat the non-unital case afterwards. The first step is to unitize
L. By Lemma 24l L(1) is invertible in B. Let S = L(1)~'L, then S is unital and

L™ e

[Sller < —=—===5
2 — L2,

and ||S74 | < [[L7Y|eb- Note also that S(A) = B.

The second step is to make our cb-isomorphism selfadjoint. By Theorem 27 we have ||S —
S*lep < 2f1(||L*1ch) for some continuous function with f;(1) = 0. Let T = %(5 + 5’*). Then
T : A** — B** is unital *-preserving, [T — S|les < f1(||L7||es) and T(A) C B. So if [|[L7}|ep is
close enough to 1, T is also a cb-isomorphism such that T(A) = B with norm estimates ||T||¢p <
f2(IL7 o) and [T [eo < fo(|[L 7 |e), for some continuous function at 1 with fa(1) = 1.

Define on A** a new multiplication by, for =, y € A**

m(z,y) =T~ (T(2)T(y)).



The multiplication m is associative and *-preserving. It is obviously completely bounded and
clearly
eb < NT~Hleo 1T |-

[ m = m 4

Thus, the estimate in Theorem 27 gives that || m—m e || < f3(||L7"|es) for some continuous
function f3 with f3(1) = 0. If ||L 71| s is close enough to 1, we get from Proposition[32] that there
is a completely bounded x-preserving linear isomorphism ® : A** — A** with ||® — id g« [[ep <
fa(IL7Y[eb) and for z, y € A**

o7 (@(2)®(y)) = m(z,y) =T~ (T(x)T(y)).

Note that necessarily ®(1) = 1, and ® is *-preserving.

Let m = T®~ ! : A — B** it is a *-preserving cb-isomorphism. Moreover, for z, y € A**,
m(xzy) = w(x)7(y), hence 7 is actually a *-isomorphism. Now we check that the C*-algebras m(.A)
and B are close for the Kadison-Kastler distance inside B**. We have, for a € Ball(.A):

Iw(a) = T(a)]| < fa(IL7 " les), (1)
and as T'(A) = B, for b € Ball(B), we have
16 =T ) < N7 oo fa(IL7 Iew) = 5 (1L les)-

From which one easily deduces dix (A, B) < f5(||[L7"|e), for some continuous function f5 with
f5(1) = 0.

Now if A is non-unital, in the preceding proof, L(1) is now invertible in B** (here 1 denotes
the unit of A**), so S(A) = B is not valid anymore. But the inequality () above still holds and
we deduce that for a € Ball(A)

Iw(a) = S(@)ll < (fa+ f1) (1L leb)-

Now from Lemma [Z7] there is a unitary u in B** such that ||u — L(1) 7| < fe(||L7(|s) for some
continuous function fg with fs(1) = 0. Therefore

Im(a) —uL(a)ll < (fa+ f1+ fo) (1L eb)-

Taking the adjoints we obtain

Im(a) = L(a®)*u*|| < (fa+ fr+ fo) (IIL7"[lev)-

Write a = zy, for some z and y in the Ball(A), then
Im(a) = uL(z)L{y") u"|| < 2(fa+ fr+ fo) (17 ]ler). (2)

As L(x)L(y*)* belongs to Ball(B), we conclude that the C*-algebra m(.A) is nearly included in
the C*-algebra uBu*. Let us prove the converse near inclusion. Let b € Ball(B), we can factorize
b= L(z)L(y*)* with x,y € A such that ||z|| < |[L7}| and ||y| < ||L7!||. From inequality (@), we
get

I7(wy) — uL(z)L(y") w | < 2L (fa+ fr+ o) (127 )

Finally, dgx (A, B) < 2||L7Y2(fs + f1 + fg)(||L*1||cb). ]
Proof of Theorem A: When A is a separable nuclear C*-algebra, this follows directly from Theorem
4.3 in [7] and Theorem B.

When A is a von Neumann algebra, one does not need to go to the bidual A** in the preceding
proof (to apply Proposition B.2]), so that we directly conclude that = : A — B is a *-isomorphism.
But we should mention another way (which improves theoretically our bound in the von Neumann
algebras case): the second step in the proof is not necessary, just define directly a new multiplication
using the cb-isomorphism S (instead of T'). Then 7 is just an algebra isomorphism (not necessarily
selfadjoint), but it is enough to conclude thanks to Theorem 3 in [9]. ]



Remark 3.3 We give a rough estimate for the constants in Theorems A and B. With notation
from the proof of Theorem B, we start with ||L||s < 1 and § = ||L7!||c, — 1, then

1+90

D —
||S||Cb — (2 o (1 +5)2)1/2

and ||S7!|ep <1+ 6. From now, we assume that § < 1. One easily checks, computing derivative
that

2
(S) = max | [[Slley — 1,1 = [ rogm — IS11%, p < 29,
{ 1S=HZ, b}

ISIler < 1+ 36.
Then

18— 5%l < 29/ (14 36+ V)2 — 1445 < 10v5 = 2£1(6).

We get that T is invertible as soon as 5v/8 < 115. Let us now assume that § < 535 so that

ITlles < 1S llep + I T = Sllep < 1+ 6V,

1S~ leb 1+4 -
LIS~ YebllS = Tlles ~— 1 —5(1+8)V5 ~

Now we get u(T) < 40v/8. Thus basic estimates lead to | 77| || T ||e» < 180v/8, so we can choose
f3(1 4 6) = 180V for 6 < ﬁ. We need f3(1 4+ 6) < 1/11 to apply Proposition B.2] so we assume
§ < 2.1077. Hence for the von Neumann algebras case of Theorem A, we could choose g9 = 2.1077,
but we will improve this bound later.

As C = 10 in Proposition 3.2} f4 = 10f3. Moreover fg(1 +d) = ||L(1)7!|| — 1 = 3. Finally we
obtain di i (A, B) < 3620V/6.

We need dg i (A, B) < 1/420000 to conclude for separable nuclear C*-algebras. Finally, Theo-
rem A for separable nuclear C*-algebras is true with ¢g = 3.10719.

For von Neumann algebras, as explained in the proof of theorem A, we only need to deal with S.
Hence gp = 4.107% is enough to ensure ||S~ | ||SY|lep < 88V < 1/11 and to get the conclusion.

HT71||cb S 1+8\/5,

Remark 3.4 It is clear that if any two C*-algebras satisfy dey(A,B) < 1+ 4.107%, then A**
and B** are *-isomorphic. We should also note that if preduals M, N, of von Neumann algebras
satisfy dep(My, Ny) <14 4.1075, then M, and N, are completely isometric.

Remark 3.5 If a C*-algebra A satisfies hypothesis of Proposition (with some constants C
and 9), then A satisfies the conclusion of Theorem A (with ¢9 depending on C' and §). In partic-
ular, Johnson showed in [11] that separable unital commutative C*-algebras satisfy HZ (A, A) =
H3, (A, A) = {0}. Thus, the above proof recovers the classical Amir-Cambern theorem (but with
a worse €g, it is known that £g = 1 is optimal is the commutative case).

Remark 3.6 Actually when A is a von Neumann algebra, we have proved slightly more: for any
C*-algebra B, for any completely bounded linear isomorphism L : A — B such that || L[ || L7 ep <
1+ e with € < 2.1077, then there exists a surjective linear complete isometry J : A — B such that
I|J — L||c» < 1808+/e. (With notation of the preceeding proof, just take J = u*m).

Remark 3.7 For two operator spaces X, Y, denote: da(X,Y) = inf {||idy, ® T|[|idn, @ T~ },
where the infimum runs over all possible linear isomorphisms 7' : X — ). If a von Neumann
algebra A satisfies H2(A, A) = H3(A, A) = {0} (which is true for factors of type I, type I,
type 111 and type II; with property gamma or admitting a Cartan MASA, see [20]), then the
conclusion of Theorem A is valid with assumption on dy instead of d., (because norms estimates
needed in section 2 only require computations on 2 X 2 matrices).

We now give a counter-example to Amir-Cambern theorem for general (nuclear) C*-algebras.
Let us recall the main result of [3]:

Theorem 3.8 There exist a family (Co)gcjo,~| of non separable C*-subalgebras of B({2) containing
K(ls2) such that dep(Co,Cr) < C|0 — 7, dri,,(Co,Cr) < C|0 — 7| for some C > 0 but Cy is not
isomorphic to Cy with 6 # 0.



Actually the isomorphisms Cy — C, are completely positive. This shows somehow that Theorem
A is optimal in full generality. We conclude with the following application

Corollary 3.9 There exists two (non separable) non isomorphic C*-algebras C and D such that
dey(C,D) = 1.

Proof : Just take C = Dgecqn(o,1[Co and D = Bgcgn)o,1[Co- For any ¢ > 0, there is a bijection
f:QnNJ0,1[— QN]0, 1[ with |f(z) — z| < €, thus d(C, D) < Ce. But C and D are not isomorphic.
Indeed for any 6, Cy has a trivial center, hence there is a minimal central projection p € C with
pC = Cy whereas ¢D # Cy for all minimal central projections g € D. [

3.3 Stability of length

For details on the notion of length, see [16] and [I7]. To prove that the length function is locally
constant, the first step is to notice that the length is stable for cb-close multiplications, then an
application of Theorem [Z7] allows to conclude.

The next lemma is folklore in perturbation theory, we just sketch the proof.

Lemma 3.10 Let S,T : X — Y be two completely bounded linear maps between operator spaces
such that T : X/kerT — Y is a cb-isomorphism with ||[T~ |, < K. If |T — S|l < 1/K, then
S:X/kerS — Y is also a cb-isomorphism and

~ K
S Hop < ———————.
1o e = TS
Proof : Let y be in the unit ball of M, (). Then there exists zg in M, (X), ||zo|| < K such that
T(x0) = y. Hence
ly = S(zo)|l < a,

where v = K||T—5||p < 1. Applying the same procedure to L (y—S(20)), we obtain z1 in M, (X),
|lz1]] < K such that
ly — S(wo + az1)|| < o?

proceeding by induction, we obtain the result. [

From [2] Theorem 5.2.1, we know that an operator space A endowed with a multiplication m (in
the sense of Definition B is cb-isomorphic via an algebra homomorphism to an actual operator
algebra. As the length is invariant under algebraic cb-isomorphisms, it makes sense to talk about
the length of A equipped with m. As max is functorial, equivalences of Theorem 4.2 in [I6] remain
true in the case of a completely bounded multiplication (not necessarily completely contractive).
We denote by m' the I-linear map defined (by associativity) on .A’.

Proposition 3.11 Let A be a unital operator algebra of length at most £ and length constant at
most K. Let m be another multiplication on A such that || m® —mY || < 1/K. Then A equipped
with m has also length at most .

Proof : Let us denote by 7j : max(A)® — A (resp. S, : max(A)®»¢ — A) the completely
bounded linear map induced by the original multiplication m 4 (resp. by the new multiplication
m) on the ¢-fold Haagerup tensor product of max(A) (i.e. A endowed with its maximal operator
space structure). The hypothesis that A has length at most ¢ and length constant at most K
exactly means that T, : max(A)®**/kerT; — A is a cb-isomorphism with ||T[1||cb < K (see
[16] Theorem 4.2). But [|m®—m% || < 1/K implies that [T, — S¢l|cy < 1/K. By Lemma BI0,
Sp : max(A)®r*/ ker Sy — A is also a cb-isomorphism, so the result follows. ]
Proof of Theorem C: As in the proof of Theorem B, let L : A — B a linear cb-isomorphism with
ILlleb| L7 |eb < 1+ €. We consider S = L(1)7!'L and the multiplication m on A defined by

m(z,y) = S71(S(2)S(y))-

Hence
| m’ — mi\ fleb < ”S_l”chSchb'



Since [|S7Y|ep < 1+ f(€) and [|S]|ep < 14 f(€) with f(e) tending to 0 when € tends to 0, by Theorem
22 |7 llSViler < 1/K, if € is small enough. (Naturally here, SV¢ denotes the (-linear map
defined on A' by SV¥(x1,...,2¢) = S(x1...2¢) — S(x1)...S(x¢)). Therefore by Proposition B.11]
A equipped with m has also length at most £. But S is a cb-isomorphic algebra isomorphism from
A equipped with m onto B, so B has length at most ¢ as well.

For the quantitative estimates, clearly |[SV/|le < [1SV|eo ke ||S|%,, hence to apply Proposition
BT we need ||S~|e[|SV |y < 88v/02¢° 1 < 1/K, which gives the explicit bound. n

Remark 3.12 We have just proved that the length is stable under cb-isomorphisms with small
bounds. More generally, we have the following general principle: any property which is stable under
perturbation by cb-close multiplications is also stable under perturbation by cb-isomorphisms with
small bounds.
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