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Abstract

We give an example of a Banach space X such that J¢ (X, X) is not an ideal in J¢ (X, X**). We prove
that if z* is a weak* denting point in the unit ball of Z* and if X is a closed subspace of a Banach space Y,
then the set of norm-preserving extensions H B(x*®z*) € £(Z*, Y)* of afunctional x* ®z* € (Z® X)*
is equal to the set H B(x*) ® {z*}. Using this result, we show that if X is an M-ideal in Y and Z is a
reflexive Banach space, then J£(Z, X) is an M-ideal in ¢ (Z, Y) whenever ¥ (Z, X) is an ideal in
K (Z,Y). Wealso show that ¥ (Z, X) is an ideal (respectively, an M-ideal) in J¢'(Z, Y) for all Banach
spaces Z whenever X is an ideal (respectively, an M-ideal) in ¥ and X* has the compact approximation
property with conjugate operators.

2000 Mathematics subject classification: primary 46B20, 46B28, 47L05.
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1. Introduction

Let us recall that a closed subspace F of a Banach space E is an ideal in E if F*, the
annihilator of F in E*, is the kernel of a norm one projection on E*. The notion of an
ideal was introduced and studied by Godefroy, Kalton, and Saphar in [8].

Let X and Y be Banach spaces. We denote by .Z (X, Y) the Banach space of
bounded linear operators from X to Y, and by #(X, Y), F(X,Y), X (X, Y), and
W (X, Y) its subspaces of finite rank operators, approximable operators (that is, norm
limits of finite rank operators), compact operators, and weakly compact operators.

In [15, Theorem 3] the following result was proved.

THEOREM 1.1. F# (X, X) is an ideal in F (X, X**) for every Banach space X .
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In (15, page 455] it is stated as an open problem whether J¢ (X, X) is an ideal in
K (X, X**) for every Banach space X.

EXAMPLE 1.2. There exists a separable Banach space X such that

e ¥ (X,X*)isanideal in Z(X, X*),
e ¥ (X, X)isnotan ideal in (X, X),
o ¥ (X, X)isnot anideal in # (X, X**).

PROOF. Let X = (Z:il @(Z**, |- |,))2 be the space defined (relying on the famous
example due to Willis [32]) and studied by Casazza and Jarchow in [3, Theorem 1].
Recall that Z** is a separable Banach space, | - |, is an equivalent norm on Z**,
the space X fails the metric compact approximation property, but its dual space X*
has the metric compact approximation property. Since Z** is separable, the spaces
(Z**, | - |») have the Radon-Nikodym property. Thus X has the Radon-Nikodym
property. (The fact that the Radon-Nikodym property is preserved under £,-direct
sums (1 < p < ©0) is mentioned in {6, page 219]. It can be proved following the idea
of the proof in {6, pages 64—65] that a Banach space with a boundedly complete basis
has the Radon-Nikodym property.)

Since X* has the metric compact approximation property, by a well-known result
due to Johnson [12], J¢(X*, X*) is an ideal in Z(X*, X*). Thus (X, X**) is
an ideal in £ (X, X**). Since X has the Radon-Nikodym property but fails to have
the metric compact approximation property, by [15, Theorem 14], ¢ (X, X) is not an
ideal in £ (X, X). Hence (X, X) is not an ideal in £ (X, X**). (General properties
of ideals that we are using here and below in this paper are immediate from the local
formulation of ideals (see Lemma 2.1, (ii), in Section 2).) If £ (X, X) were an ideal
in (X, X**), then ¢ (X, X) would be an ideal in £ (X, X**) (because ¥ (X, X**)
is an ideal in £ (X, X**)) which is impossible. O

In [15, page 471] itis stated as an open problem if ¢ (X, X) is anideal in £ (X, X)
whenever ¢ (X*, X*) is an ideal in Z(X*, X*). Example 1.2 also solves this problem
in the negative.

Every Banach space X is an ideal in its bidual X** (with respect to the canonical
projection of X*** onto X*). Let us further assume that X is a closed subspace of a
Banach space Y. In Section 2 we make a preliminary study about ¥ (Z, X) being
an ideal in ¥ (Z, Y) for a Banach space Z. In Proposition 2.4 we prove that if
K (Z,X) is an ideal in ¥ (Z, Y) for some Z # {0}, then X is an ideal in Y. And
in Proposition 2.5 we show that if X is an ideal in Y and ¢ (Z, X) is an ideal in
H(Z, X**), then X (Z, X) is an ideal in JE(Z, Y). We also prove that the last
property is separably determined (see Theorems 2.6, 2.7, and 2.8). In particular (see
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Theorem 2.8), £ (X, X) is an ideal in J# (X, X**) whenever ¢ (E, E) is an ideal in
X (E, E*) for every separable ideal E in X.

The main lemma in this paper is Lemma 3.1. This is a general result describing
all norm-preserving extensions of certain important functionals on operator spaces.
We use Lemma 3.1, in particular, in Theorem 3.4 to prove that if Z is a reflexive
Banach space, if X is an M-ideal in Y, and if ¢ (Z, X) is an ideal in ¥ (Z, Y),
then ¢ (Z, X) is an M-ideal in ¢ (Z, Y). Similar results hold for u-ideals (see
Theorems 3.5 and 3.6).

In Example 1.2 the dual space X* fails to have the compact approximation prop-
erty with conjugate operators (although X* has the metric compact approximation
property). The main conclusions in this paper, Corollaries 4.7 and 4.8 in Section 4,
show that ¢ (Z, X)) is an ideal (respectively, an M-ideal) in J£ (Z, Y) for all Banach
spaces Z whenever X is an ideal (respectively, an M-ideal) in Y and X* has the com-
pact approximation property with conjugate operators. The proofs rely on results from
Section 3, the description of the dual space of compact operators due to Feder and
Saphar [7], and the uniform isometric version of the Davis-Figiel-Johnson-Pelczyniski
factorization theorem due to Lima, Nygaard, and Oja [17].

The notation we use is standard (see [21]). We consider Banach spaces over the
real field R. The closure of a set A is denoted by A, its linear span by span A, and its
convex hull by conv A. The closed unit ball of a Banach space E is denoted by Bg
and the identity operator on E by I¢.

2. Ideals of compact operators

Let X be a closed subspace of a Banach space Y. In this section we make a
preliminary study about ¥ (Z, X) being an ideal in £ (Z, Y) for a Banach space Z.
A first basic result, Proposition 2.4, says that if £ (Z, X) is an ideal in £ (Z, Y) for
some Banach space Z # {0}, then X is an ideal in Y. In Proposition 2.5 we show that
the converse is true whenever J¢ (Z, X) is an ideal in £ (Z, X**). And we prove that
the last property is separably determined (see Theorems 2.6-2.8).

In Proposition 2.10 we show that if J£(Z, X) is an M -ideal (respectively, a u-ideal)
in X' (Z, Y) for some Banach space Z # {0}, then X is an M-ideal (respectively, a
u-ideal) in Y.

Let F be a subspace of a Banach space E. A linear operator ® : F* — E* is called
a Hahn-Banach extension operator if (dx*)(x) = x*(x) and ||Px*|| = ||x*|| for all
x € Fandall x* € F*. The next result is well known. A proof can be found in [15].

LEMMA 2.1. Let F be a closed subspace of a Banach space E. The following
statements are equivalent.
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(i) Fisanidealin E.
(ii) Fislocally 1-complemented in E, that is, for every finite dimensional subspace
G of E and for all ¢ > O, there is an operator U : G — F such that |U| <1+¢
and Ux =x forallx e GN F.
(iii) There exists a Hahn-Banach extension operator ® : F* — E*.

In [31] (see also [11, page 282]) Werner has shown that if X is an M-ideal in Y, then
the injective tensor product X®,Z is an M-ideal in Y®,Z for any Banach space Z.
Rao extended this to ideals in [28]. We have a short proof of this result.

PROPOSITION 2.2. Let X be an ideal in Y and let Z be an ideal in W. Then X®.Z
is an ideal in Y®, W.

PROOF. Let¢ : X* — Y*and ¢ : Z* — W~ be Hahn-Banach extension operators.
Let Q : Z*** — Z* be the canonical projection. We shall use the identifications
(X®.2)* = I(X,Z*) and (YR .W)* = I(Y, W*) (see, for example, [6]). Since
¢o*'x =x,xe X,andy*z2=z,z€ Z,themap ® : I (X, Z*) - I(Y, W*) defined by
®(T) = o Qo T™ o ¢*|y is clearly a Hahn-Banach extension operator. O

Theorem 1.1 has an easy generalization.

COROLLARY 2.3. Let X be a closed subspace of a Banach space Y. The following
statements are equivalent.

(i) Xisanidealin'Y.
(i) F(Z,X)isanidealin F(Z,Y) for all Banach spaces Z.
(ili) F(Z,X) isan ideal in F(Z, Y) for some Banach space Z # {0}.

In particular, #(Z, X) is an ideal in & (Z, X**) for all Banach spaces X and Z.

PROOF. (i) = (ii) is immediate from Proposition 2.2 because #(Z, X) and
Z(Z, Y) can be canonically identified with Z*®.X and Z*®. Y.
(i) = (1ii) is trivial.
(iii) = (i). Suppose ZF(Z, X) is an ideal in F(Z, Y). Let F be a finite dimensional
subspace of Y. Let z € Z and z* € Z* be such that ||z|| = ||z*|| = 2*(z) = 1. Denote
CG={"®y:ye F} C F(Z,Y). Lete >0andlet V: G - F(Z,X) be an
operator such that || V|| < 1+ € and V(§) = Sforall S € GNZ(Z, X). Now define
amap U: F - X by Uy = (V(z* ® y))z. Then U ‘locally 1-complements’ X
inY. O

Example 1.2 shows that the implication (i) = (ii) of Corollary 2.3 fails if we
consider compact operators instead of approximable operators. However, by the
proof of the implication (iii) = (i), we also have the similar result in the case of
compact operators.
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PROPOSITION 2.4. Let X be a closed subspace of a Banach space Y. If X (Z, X)
is an ideal in X (Z, Y) for some Banach space Z # {0}, then X is an ideal in Y.

PROPOSITION 2.5. Let X be a closed subspace of Y and assume that X (Z, X) is
an ideal in X (Z, X**) for some Banach space Z # {0). Then X is an ideal in Y if
and only if X (Z, X) is an ideal in ¥ (Z, Y).

PROOF. In view of Proposition 2.4 we only need to prove the ‘only if” part. Let
¢ X* > Yand © : K (Z,X) - X (Z,X*)* be Hahn-Banach extension
operators. Define ¥ : ¥ (Z, X)* — X (Z, Y)* by

W UT) =(Rf )@ lyoT), feX(ZX), TeX(Z]V).

Then W is linearand ||W| < 1. Since ¢*x = x,x € X, wehaved*|yoT = T whenever
T € X(Z, X). Consequently, for any T € J#(Z,X) and any f € X (Z, X)*,
(WUf)(T) = (®f )(T) = f (T) meaning that ¥f is an extension of f. Hence W is a
Hahn-Banach extension operator. O

From the last proposition it follows that it is important to decide when ¢ (Z, X)
is an ideal in £ (Z, X**). Example 1.2 in the Introduction shows that this is not true
for all X and all Z. If X is the range of a norm one projection in X**, then J£ (Z, X)
is an ideal in £ (Z, X**) for all Z. (If P is the projection, then T — P o T is a norm
one projection from J£(Z, X**) onto X (Z, X).)

We shall prove in Theorem 4.2 that J¢(Z, X) is an ideal in J(Z, X**) for all
Banach spaces Z if this is true for all separable reflexive Banach spaces Z.

The next three results show that the question about being an ideal, can be reduced
to the case of separable Banach spaces.

THEOREM 2.6. Let X and Z be Banach spaces. If J (Z,E) is an ideal in
H (Z, E*) for every separable ideal E in X, then X (Z, X) isanidealin X (Z, X**).

PROOF. Let F C ¥ (Z, X**) be a finite dimensional subspace and let ¢ > 0. Since
G={Tz:z€Z, Te FNX¥(Z,X)}is contained in a separable subspace of X, by
a result of Sims and Yost [29] (see also [11, page 138]), there exists a separable ideal
E C X suchthat G C E. Let ¢ : E* — X* be a Hahn-Banach extension operator.
Then ¢* : X** — E* and F, = {¢* o T : T € F} is a finite dimensional subspace
of X (Z,E*). Let U: Fy — ¢ (Z, E) be alinear operator such that |[U|| <1 + ¢
and U(@* o T) =¢* o Tforali T € FNH(Z,X) (note thatif T € FN X (Z, X),
then T(Z) C Eand ¢* o T € H(Z,E)). Now V : F —» X (Z, X) defined by
V(T) = U(¢* o T) ‘locally 1-complements’ ¥ (Z, X) in X (Z, X**). O
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REMARK 2.1. The assertion of Theorem 2.6 is not reversible: J¢ (X, X**) is al-
ways an ideal in J (X, X***) (because X** is the range of a norm one projection
in X****) but, for the separable Banach space X (a separable ideal in X**) described
in Example 1.2, (X, X) is not an ideal in J¢ (X, X**).

THEOREM 2.7. Let X, Y, and Z be Banach spaces and assume X is a subspace
of Y. Then ¥ (Z, X) is an ideal in X (Z, Y) if and only if X (W, X) is an ideal in
K (W, Y) for every separable ideal W in Z.

PROOF. Assume that ¥ (Z, X) is an ideal in ¢ (Z, Y) and let W be an ideal in Z.
Let ® : X (Z,X) - X (Z,Y) and ¢ : W* — Z* be Hahn-Banach extension
operators. For f € (W, X)* and S € ¥ (Z, X), define fA(S) = f (S|w). Finally,
define an operator ¥ : ¥ (W, X)* — (W, Y)* by

(W NT) = (Pf N T" 0 'l2), [ e X (W, X), TeX(W7)

Then W is linear and |||} < 1. For T € X (W, X), we have T** o ¢*|; € K (Z, X)
and therefore

(WF)(T) = (DF )T 0 ¢*|z) = f(T™ 0¢"|2)
=f(T" o @™lw) = f (T"|w) = f(T).
Hence WV is a Hahn-Banach extension operator.

Conversely, assume that J¢ (W, X) is an ideal in £ (W, Y) for every separable
ideal Win Z. Let F € ¢ (Z, Y) be a finite dimensional subspace and let € > 0. The
set {T*y* : T € F,y* € Y*} is separable. By a theorem due to Sims and Yost [29]
(see also [11, page 138]), we can find a separable ideal W in Z with a Hahn-Banach
extension operator ¢ : W* — Z* such that {T*y* : T € F,y* € Y*} C ¢(W*). Let
i: W — Z be the natural embedding. Then i* : Z* — W* is the restriction operator
and we get Iyw) = (@ 0 i*)|pwe).

Let Fw = {Toi: T € F} C ¥ (W,Y). We can find an operator V : Fy —
J(W, X) with || V|| < 1 + € such that V(S) = S forevery § € Fy N (W, X).
Define an operator U : F — X¥(Z,X) by U(T) = (V(T o0 i))** o ¢*|z. Then
Ul < 14+€ Foranyz € Z, y* € Y*,and T € F N ¥ (Z,X) we get (since
Toie FyNX (W, X)and T*y* € ¢p(W*))

Yy (U(T)z) = y*((V(T 0 i))"(¢"2))
=y (T 0 i"")(¢"2))
=y'((T"0i" 0 9")z)
={poi*oT)(y*)(2)
= (T"y*)(2) = y*(T2).
Thus U(T) = T. Hence ¥ (Z, X) is an ideal in ¥ (Z, Y). W]
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It is clear from Theorems 2.6 and 2.7 that ¢ (X, X) is an ideal in ¢ (X, X**)
whenever J¢' (E, F) is an ideal in ¢ (E, F**) for all separable ideals E and F in X.
However, further developing the method of proofs of those theorems we obtain the
following stronger result.

THEOREM 2.8. Let X be a Banach space. If X (E, E) is an ideal in ¥ (E, E**)
for every separable ideal E in X, then X (X, X) is an ideal in X (X, X**).

PROOF. Assume that £ (E, E)isanidealin ¢ (E, E**)forevery separable ideal E
in X. Let F C J¢ (X, X**) be a finite dimensional subspace and let € > 0. Since the
sets {Tx :x € X, Te FN¥(X,X)}) C X and {T*x*:x*€ X*, Te F} C X*
are separable, we can find a separable ideal E in X together with a Hahn-Banach
extension operator ¢ : E* — X*sothat {Tx :x € X, Te FNX¥(X,X)} C E
and {T*x* : x* € X*, T € F} € ¢(E*) (again we used the Sims-Yost theorem). Let
i : E > X be the natural embedding.

Denote G = {¢p* o Toi: T € F) C J(E, E*). Then there exists an operator
V:G— JH(E,E)suchthat ||V < 1+eand V(S) = Sforall S e GN¥(E, E).
Define U: F - X (X,X)by U(T) = (V(@¢* o Toi))™ o @*|x, T € F. Then
Ul <1+ €. We conclude by showing that U(T) = Tforall T € F N ¥ (X, X).

LetT € FRL¥ (X, X). Since Tx € E,x € X,wehaveinfactthat T € (X, E).
We also have that U(T) € (X, E) (thisistrue forall T € F). Since T € X (X, E)
and¢*e=¢e,e € E,wehave¢p*cToi € H (E, E). Hence V(¢p*o Toi) = ¢p*o Toi.
Forany x € X and e* € E*, we get

e"(U(T)x) = e ((¢" o T 0 i)™ (¢"x)) = (¢*"x)((@" 0 T 0 i)"€")
= ()"0 T od)e) = ((@oi*o T o¢)e)(x)
= (¢ 0 i"(T"peN(x) = (T*pe")(x) = (") (Tx) = €'(Tx)

since T*pe* € ¢(E*), p o i* = Iy, and Tx € E. Thus U(T) = T as desired. 01

REMARK 2.2. The assertion of Theorem 2.8 is not reversible: see Remark 2.1 and
note that ¢ (X**, X**) is always an ideal in & (X**, X****).

Some ideals have additional properties. Best known are probably M -ideals defined
by Alfsen and Effros in [1], see also [11]. A more general type of ideals, the u-ideals,
was first introduced by Casazza and Kalton in [4] and thoroughly studied by Godefroy,
Kalton, and Saphar in [8].

Let us recall that a closed subspace F of a Banach space E is an M-ideal (respec-
tively, a u-ideal) in E if there exists a linear projection P on E* with ker P = F*
such that ||f || = | Pf || + IIf — Pf | forall f € E* (respectively, {|Ig. — 2P| = 1).
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LEMMA 2.9 (see [15, 8]). Let F be a closed subspace of a Banach space E. Then F
is an M-ideal (respectively, a u-ideal) in E if and only if condition (M) (respectively,
condition (u)) below is satisfied.

(M) For every finite dimensional subspace G in E and every € > 0, there exists a
linear operator U : G — F suchthat Ux = x forallx € GNFand |Ux+y—Uy| <
(1 + €)max(lix|f, lyl) forallx,y € G.

(u) For every finite dimensional subspace G in E and every € > O, there exists a
linear operator U : G — F suchthat Ux = x forallx € GNF and ||x —2Ux|| <
1+ €)jx|| forall x € G.

PROOF. See [15, Theorem 4] and [8, Proposition 3.6]. (|

In the next section we shall need the following analogue of Proposition 2.4.

PROPOSITION 2.10. Let X be a closed subspace of a Banach space Y. If ¥ (Z, X)
is an M -ideal (respectively, a u-ideal) in X (Z, Y) for some Banach space Z # {0},
then X is an M-ideal (respectively, a u-ideal) in Y.

PROOF. We argue as in the proof of Corollary 2.3, (iii) = (i), but we use the local
formulations of M-ideals and u-ideals from Lemma 2.9. O

3. Hahn-Banach extension operators

Let X be a subspace of a Banach space Y. For each x* € X*, let H B(x*) denote
the set of norm-preserving extensions of x* to Y. Hahn-Banach extension operators
& : X* — Y* act as linear selection functions since ®x* € H B(x*) for all x* € X*.
This shows that if we can describe the sets H B(x*), then we get important information
about possible Hahn-Banach extension operators.

The next lemma is fundamental for the results we obtain in this paper. It describes
all norm-preserving extensions of certain important functionals on operator spaces.
It also explains surprisingly well why some of those functionals have unique norm-
preserving extensions: the reason is that all their norm-preserving extensions must
have a special form that makes them unique.

LEMMA 3.1. Ler X, Y, and Z be Banach spaces and assume that X is a closed
subspace of Y. Consider Z ® X as a subspace of £(Z*, Y). If z* is a weak* denting
point of Bz and x* € X*, then, for x* ® z* € (Z ® X)*, the equality

HB(x*® ") = HB(x") ® {z"}

holds.
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PROOF. It is clear that HB(x*) ® {z*} € HB(x* ® z*). For the converse, let
¢ =x*®z" and let € H B(¢). We may assume that ||x*|| = 1. It suffices to prove

CLAM. ¢ € By- ® {2'] in L(Z*, Y)".

Assume that the claim has been proved. Choose a net (y)) in By. such that
ya ® 2* — ¥ weak*. By passing to a subnet, we may assume that y; — y* € By.

weak*. Lgt z € Z satisfy z*(z) = 1. Then for any x € X,
') =x'(x0)27(2) = (2 ®x) = lim(y, ® 2z ® x) = y*(x)z"(2) = y*(x),

so we get that y*|x = x*. Thus y*~ € HB(x").
Forany T € £(Z*, Y),

Y(T) = lim(y; ® Z")(T) = limy (Tz") = y*(T2") = (" @ Z")(T),
oY = y*® z*. |

PROOF OF THE CLAIM. Suppose for contradiction that Y ¢ By. ® {z*}w.. Then for
some T € #(Z*, Y) with | T|| = 1 and some € > 0, we get

n(T) < y(T)—6¢ forall n € By. ® {z*}.

By the description of denting points due to Werner [30, Lemma 2], there exist § > 0
and z € Z suchthatz*(z) = 1, |lz|l < 1 + J¢, and

(lw'l <landw*(x) > 1-48) = Jw' -z <e

Choosex € X suchthatx*(x) = land ||x|| < 148¢,anddefine § = z®x € Z®X.
Since ¥(S) = land ¥ € Bz vy = conv* (By ® Bz.) (the last equality being clear
from the bipolar theorem), we can find ¥, € conv (By. ® Bz.) such that

Ve(S) > 1= 8%, |Y(T) —y(T)| <e.

Let us write Y. = 3 .o, A;y! ® z7, where z} € Bz., y' € By., A; > 0, and
Z:.":, X; = 1. We may suppose that y}(x) > O forall i. Let J = {i : z}(z) > 1 — é}.
Then we get

1 8% < Yre(8) = Y My ()2} (2)

=) Ay @@ + Y My (02 (@)

iel igJ
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<Y M(L+8) + ) A1+ 8e)(1 — )

ieJ igJ
= (1 + d¢) (1+8€)ZA +(1—5)Z;\]
ieJ igJ
= (1 + 8¢) 1+8€ZA —32'\]
iel igJ
< (1 + 8¢) 1+8€—8EA]
i¢J

Thus 1 8¢ < 1+éde— 52 ¢y Mi-meaningthat )", A; < 2¢. Letn = 3 7 Ay ®z*.
Then we get

e —nll = iy; ® (2] —z%)

i=1

< Zkillz{‘ —Z* I+ ZMIIZ? — '] < € + 4€ = Se.

ied igt
But n € By. ® {z*}, s0
VYe(T) — 5€ < n(T) < Y(T) — 6e.

Thus € < Y (T) — ¥(T) < €, a contradiction. O

REMARK 3.1. The particular case of Lemma 3.1 with X = Y is precisely Lemma 4.3
in [18] stating that x* ® z* has a unique norm-preserving extension to .Z(Z*, X).
Therefore, the proof of Lemma 3.1 provides, in particular, a new and simpler proof to
Lemma 4.3 in [18] and its earlier versions [16, Lemma 3.4], [20, Theorem 3.7], [15,
Lemma 11], and [15, Lemma 12]. The uniqueness of norm-preserving extensions
have been used to obtain some main results in [2, 15, 16, 18, 20].

Let us point out the particular case ¥ = X** of Lemma 3.1.

COROLLARY 3.2. Let X and Z be Banach spaces. Consider Z ® X as a subspace
of L(Z*, X**). If z* is a weak* denting point of Bz- and x* € X*, then, forx*®z* €
(Z ® X)*, the equality HB(x* ® z*) = HB(x*) ® {z*} holds.

We shall say that a closed subspace X of a Banach space Y has the unique ideal
property in Y if there is at most one ideal projection, this is, at most one norm one
projection r on Y* with kerm = X L. From the relation between ideal projections and
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Hahn-Banach extension operators it is clear that X has the unique extension property
in Y if and only if there is at most one Hahn-Banach extension operator ¢ : X* — Y*.

An obvious example of subspaces having the unique ideal property is presented by
subspaces having property U: X is said to have property U in Y if every x* € X*
has a unique norm-preserving extension to Y (this notion is due to Phelps [27]; for
a recent study of such subspaces see [25] and [26]). It is well known that M-ideals
(more generally, semi M-ideals and H B-subspaces) have property U and therefore
they also have the unique ideal property (for a study of u-ideals having property U
see [22]).

In the case when Y = X**, let us note that ¢ € £ (X*, X**) is a Hahn-Banach
extension operator if and only if ¢*{y. € .Z(X**, X**) has norm one and ¢*|y = Ix.
Thus the unique ideal property of X in X** is the same as the unique extension property
of X introduced and deeply studied by Godefroy and Saphar in [9] (using the term
‘X is uniquely decomposed’) and [10]. Let us recall that X is said to have the unique
extension property if the only operator T € Z(X**, X**) such that |T] < 1| and
Tix =Ixis T = Iyw.

In particular, the following Banach spaces have the unique extension property (see
[10]): spaces which have property U in their bidual (Hahn-Banach smooth spaces),
those with a Fréchet-differentiable norm, separable polyhedral Lindenstrauss spaces,
spaces of compact operators ¥ (Z, X) for reflexive Z and X.

COROLLARY 3.3. Let X, Y, and Z # {0} be Banach spaces and assume that X is
a subspace of Y having the unique ideal property in Y. If X (Z*, X) is an ideal in
K (Z*, Y) with an ideal projection P, then X is an ideal in Y and its unique ideal
projection m : Y* — Y* satisfies, for all weak* denting points z* € Bgz. and all
y* € Y*, the equality P(y* ® z*) = (ry*) @ z*.

PROOF. Proposition 2.4 yields that X is an ideal in Y. Letw : Y* — Y™ denote its
unique ideal projection and let ¢ : X* — Y* be the unique Hahn-Banach extension
operator. Then m = ¢j *, where j : X — Y is the natural embedding.

Let ® : ¥ (Z*, X)* — X (Z*, Y)* be a Hahn-Banach extension operator satisfy-

ing
Pf =®(flxw@zx) [ eX(Z,Y).
For any weak* denting point z* of Bz., by Lemma 3.1, we have
d(x*®z) e HBx)®({z'), x*e X"
By the linearity of ®, it is straightforward that the map ¢,- : X* — Y* defined by

P(x*®z7*) = (Px)® 27", ¢.x*€ HB(x"), x*e X",
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is linear and therefore it is a Hahn-Banach extension operator. Thus ¢,. = ¢. And for
any y* € Y* we get

PO*o®z)=d("y)®N)=(*y)® =y @7
as desired. O

In [31} Werner proved that if X is an M-ideal in Y and Z is a Banach space and if
Z* or Y has the approximation property, then ¢ (Z, X) is an M-ideal in J¢(Z, Y).
The next result shows that, for reflexive Z, if #(Z, X) is an ideal in ¢ (Z, Y), then
it is already an M-ideal without any requirement about the approximation property.

THEOREM 3.4. Let X be a closed subspace of a Banach space Y and let Z # {0}
be a reflexive Banach space. Then X (Z, X) is an M-ideal in X (Z, Y) if and only if
X isan M-ideal in Y and X (Z, X) is an ideal in X (Z, Y).

PROOF. If ¥ (Z, X) is an M-ideal in X' (Z, Y), then X is an M-ideal in ¥ by
Proposition 2.10.

Assume that X is an M-ideal in Y and ¥ (Z, X) is an ideal in ¥ (Z, Y). Let
P be a norm one projection on ¢ (Z, Y)* with ker P = J¢(Z, X)*. Let = denote
an M-ideal projection on Y* with kerm = X*. By the uniqueness of Hahn-Banach
extensions in the case of M-ideals, 7 is a unique ideal projection. Hence, for all
y* € Y* and all weak* denting points z € Bz, by Corollary 3.3,

PH*®2) = (ry") @z
Since Z = span(w* -dent Bz), we get that
Py'®z=@my)®z, y eVt zelZ
Consider now any f € £ (Z, Y)*. It suffices to prove that

IPFI+If = PN <IfI.

By the description of ¢ (Z, Y)* due to Feder and Saphar [7, Theorem 1] (here we
use once more that Z is reflexive), there exists an element u in the projective tensor
product Y*®, Z such that

f(T) =trace(Tu), T e X (Z,Y),

and ||f || = llull.. For any € > 0, let u be represented as u = Z:’;l ¥y ® z, so that

[o¢]
lulle +€ > Iyililzal.

n=1
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Define g € ' (Z, Y)* by

g =) ((my;®z)(T), TeX(ZV).

n=1

Since

FM =) (r;®@z)T), TeX(ZY),

n=1

it is clear that g = Pf and

f =) =) (r~7y) ®z)T), TeX(ZVY).

n=1

Therefore,
IF I+ €= D Iysizal = Y lmyillizall + D vy — wysllizal
n=1 n=1 n=1
> llgh +IIf — gl =IPFIi+If = PfIl
as desired. O

A closed subspace F of a Banach space E is called a semi M-ideal (see {14]
or [11, page 43]) if there is a (nonlinear) projection P from E* onto F* such that
P(Af + Pg) =APf + Pgand |fll =IPf{+|If — Pfl forall f,g € E* and all
scalars A.

REMARK 3.2. Theorem 3.4 remains true if one replaces ‘X is an M-ideal in Y’ by
the weaker condition ‘X is a semi M-ideal in Y’. This is clear from the fact that X
is an M-ideal in Y if and only if X is an ideal in Y and X is a semi M-ideal in Y
(see, for example, [11, page 43]). In particular, X is an M-ideal in its bidual X**
whenever X is a semi M-ideal in X**. We do not know whether £ (Z, X) is an
M-ideal in ¥ (Z, X**) whenever £ (Z, X) is a semi M-ideal in ¥ (Z, X ™).

The method of proof of Theorem 3.4 enables us to extend the theorem from M-
ideals to more general classes of ideals (for example, to ideals F in E with respect
to an ideal projection P satisfying |laf + bPf || + c[|Pf || < ||f || for given numbers
a, b, c,and for all f € E*; these ideals were recently studied in [23] and [24]) under
the assumption that X has the unique ideal property in Y. The corresponding result
on u-ideals reads as follows.

THEOREM 3.5. Let X be a closed subspace of a Banach space Y having the unique
ideal property in Y and let Z # {0} be a reflexive Banach space. Then X (Z, X) is
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a u-ideal in X (Z,7Y) if and only if X is a u-ideal in Y and ¥ (Z, X) is an ideal in
HA(Z,Y).

A closed subspace F of a Banach space E is called a strict u-ideal in E if there
exists a linear projection P on E* with ker P = F* such that |Iz. — 2P} = 1 and
the range ran P is a norming subspace of E*. This notion was introduced and deeply
studied by Godefroy, Kalton, and Saphar [8].

THEOREM 3.6. Let X be cither a separable Banach space or a Banach space
containing no copy of £,. If X is a strict u-ideal in X** and ¥ (Z, X) is an ideal
in X (Z, X**) for a reflexive Banach space Z, then ¥ (Z, X) is a strict u-ideal in
HK(Z, X*).

PROOF. Let # : X** — X™** be the projection from the definition of a strict
u-ideal and let P denote the ideal projection on J£(Z, X*)*. It follows from [8,
Propositions 5.2 and 2.7] that X * does not contain any proper norming closed subspace.
But then X has the unique extension property (see [10, Proposition 2.5]) and we can
apply Theorem 3.5 to conclude that )£ (Z, X)) is a u-ideal in ¢ (Z, X**). Moreover,
the proof of Theorem 3.4 shows that P is the desired u-ideal projection and

P(Xttt ®Z) — (nx*tt) ®Z, x*** e X“*, z E Z.

In view of the last equality ran P contains the functionals x*** ® z with x*** € ran
and z € Z. But these functionals give the norm of any T € ¥ (Z, X**) (by | T| =
sup{|lx**(Tz)| : x*** € Bunn, 2 € Bz)}) because ranx is a norming subspace (for
X*)in X*** (in fact, ranm = X * (see [8])). O

4. Ideals of compact operators and the compact approximation property

Let X be a closed subspace of a Banach space Y. In this section we shall prove that
X (Z, X) is an ideal (respectively, an M-ideal) in ¢ (Z, Y) for all Banach spaces
Z whenever X is an ideal (respectively, an M-ideal) in Y and X* has the compact
approximation property with conjugate operators. We begin by showing that if results
about ¥ (Z, X) being an ideal (from a given class of ideals) in ¥ (Z, Y)or W (Z, Y)
are true for all reflexive Banach spaces Z, then they are true for all Banach spaces
Z. The method of proof is based on the following version of a factorization result for
weakly compact operators by Lima, Nygaard, and Oja in [17, Corollary 2.4].

LEMMA 4.1. Let Y and Z be Banach spaces and let G be a finite dimensional
subspace of W(Z,Y). Then there exist a reflexive Banach space W, a norm one
operator J : Z — W, and a linear isometry ® : G — ¥ (W, Y) such that T =

https://doi.org/10.1017/5144678870001017X Published online by Cambridge University Press


https://doi.org/10.1017/S144678870001017X

[15] Ideals of compact operators 105

P(T)oJ andran T =ran ®(T) in Y for all T € G. Moreover, T is compact if and
only if ®(T) is compact. In particular, if G C ¥ (Z, Y), then W is separable.

PROOF. Applying [17, Theorem 2.3], as in the proof of [17, Corollary 2.4], we can
find a reflexive Banach space W. a norm one operator / : W* — Z*, and a linear
isometry ® : G —» # (W, Y)sothatran[* = W, T* = ®(T) o [* forall T € G,
and T is compact if and only if ®(T) is compact. As in [17, Corollary 2.4], putting
J=1':Z— W,wehave |J|| =1and T = ®(T)o J forall T € G. Clearly
ran 7 C ran ¢ (7). On the other hand,

ran ®(7T) = (®(T))(W) = (P(T)(I*(Z*))
C@MTHUI*(Z*)) =ranT* Cran T

because T is weakly compact. Hence ran T = ran & (7).
In particular, if G € ' (Z, Y), then by the proof of [17, Theorem 2.3] and [5,
Lemma 1, (xi1)] W* is separable, hence W is also separable. O

THEOREM 4.2. Let X be a closed subspace of a Banach space Y. Then X (Z, X)
is an ideal in X (Z, Y) for all Banach spaces Z if and only if X (W, X) is an ideal
in X (W, Y) for all separable reflexive Banach spaces W.

PROOF. The proof is similar to the proof of [17, Theorem 3.1]. Let £ (W, X) be
an ideal in J£ (W, Y) for all separable reflexive spaces W. For a Banach space Z,
let G be a finite dimensional subspace of £ (Z, ¥) and let ¢ > 0. By Lemma 4.1,
we can find a separable reflexive space W, a norm one operator J : Z — W, and
a linear isometry ® mapping G into (W, Y) such that T = &(T) o J for all
TeG. IfU:d(G) - (W, X) is an operator from the local formulation of the
notion of an ideal (see Lemma 2.1), then the operator V : G — ¥ (Z, X) defined
by V(T) = U(®(T)) o J, T € G, has the same local properties as U. In particular,
if T € GNX¥(Z,X), then ®(T) € H (W, X) because ran ®(T) C ran 7 C X.
Hence V(T) = ®(T) o J = T. Thus, X (Z, X) is an ideal in ¥ (Z, Y). O

A similar result is true for special classes of (semi) ideals.

THEOREM 4.3. Let X be a closed subspace of a Banach space Y. Then ¥ (Z, X)
is an M-ideal (respectively, a u-ideal or a semi M-ideal) in ¢ (Z, Y) for all Banach
spaces Z if and only if (W, X) is an M-ideal (respectively, a u-ideal or a semi
M-ideal) in X (W, Y) for all separable reflexive Banach spaces W.

PROOF. The proof for M-ideals and u-ideals is similar to the proof of Theorem 4.2.
Instead of the local formulation of ideals, it uses the local formulations of M-ideals
and u-ideals from Lemma 2.9.
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The proof for semi M-ideals will use the following characterization due to Lim:
[14]): a closed subspace F of a Banach space E is a semi M-ideal in E if and only if
forall x € Bg, all y € Br, and all € > 0, there exists z € F satisfying

Ixxy—zll <1+e.

Let (W, X) be a semi M-ideal in J¢ (W, Y) for all separable reflexive Banach
spaces W. For a Banach space Z, let T € By (zy),, S € Byzx), and € > 0. Put
G =span{S, T} < ¥ (Z, Y)andlet W, J, and ® be as in Lemma 4.1. Note that W
is separable and ®(S) € X (W, X). Since ¥ (W, X) is a semi M-ideal in ¥ (W, Y),
there exists U € ¥ (W, X) such that |®(T) = ®(S) — U}l < 1 + ¢. But then
IT£S—~UolJ||<1+¢€,and UolJ € X#(Z, X). This shows that ¥ (Z, X) is a
semi M-ideal in ¢ (Z, Y). O

By the same reasoning as in the proofs of Theorem 4.2 and Theorem 4.3, we can
prove the following result.

THEOREM 4.4. Let X be a closed subspace of a Banach space Y. Then X (Z, X)
is an ideal (respectively, an M -ideal, a u-ideal, or a semi M-ideal) in W (Z, Y) for
all Banach spaces Z if and only if X (W, X) is an ideal (respectively, an M-ideal, a
u-ideal, or a semi M -ideal) in W (W, Y) for all reflexive Banach spaces W.

REMARK 4.1. The particular case of Theorem 4.4 for ideals and for X = Y was
proved in [17, Theorem 3.1].

Let us point out the following quite surprising observation.

COROLLARY 4.5. Let X be a semi M -ideal (respectively, a u-ideal having the unique
ideal property) in a Banach space Y. If X (W, X) is an ideal in X (W, Y) for all
separable reflexive Banach spaces W, then X (Z, X) is an M-ideal (respectively, a
u-ideal) in X (Z, Y) for all Banach spaces Z.

PROOF. The proof is immediate from Theorem 3.4 together with Remark 3.2 (re-
spectively, Theorem 3.5) and Theorem 4.3. O

We conclude by showing that Corollary 4.5 applies if X* has the compact approxi-
mation property with conjugate operators, that is, there exists a net (K)in X (X, X)
such that (K?) converges to Ix. uniformly on compact subsets of X*.

THEOREM 4.6. Let X be an ideal in a Banach space Y with an ideal projection w and
(et Z be o veftexive Bonach space. 1§ X* has the compact approximaiion property with
conjugate operators, then X (Z, X) is an ideal in £ (Z, Y) with an ideal projection

P satisfying P(y* ® z) = (wy*) @z forall y* € Y* and all z € Z.
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PROOF. Let ¢ : X* — Y* be a Hahn-Banach extension operator satisfying 7 =
@¢j*, where j : X — Y is the natural embedding. We shall use the description of
K (Z, X)* due to Feder and Saphar [7, Theorem 1] (we can use it because Z is
reflexive). For any g € ¢ (Z, X)*, there exists u € X*®, Z such that

g(8S) = trace(Su), Se X (Z, X),

and || gl = llull.. Letthisu = xX®z, with x| = Oand > -, l|z.]| < c0. We

n=1"n

assume that a net (K) with K, € ¢ (X, X) converges to Ix. uniformly on compact
subsets of X*. If T € £(Z, Y), then K}* o ¢* o T**|z € X (Z, X) and

| trace(T(¢pu)) — g(K) o @™ o T**|z)|
= | trace(T (¢u)) — trace(K}* o ¢* o T*|z)u|

Y @ (Tz) = Y x2(K2'¢" Tz,

n=1 n=1

D @ Tz (xy — Kix})

n=1

[e o]
< sup [Ty — KDGOUITI D lizall > 0
n n=1 *
because {0, x}, x5, ...} is a compact subset of X*.
Let®: X (Z,X)* - Z(Z, Y)* be defined by
(Pe)(T) = 1131 (K 0@ o TT|z)
=trace(T(puw)), ge X (Z,X)", Te L(ZY).

The existence of the limit implies the linearity of ®g for all g € £ (Z, X)* and of .
Moreover, ||dgl| < |g|l forall g € X (Z, X)* because

| trace(T(pu))| < IT(@wllx < I Tllioullx < N THNeull. = TIigll-
Since, forany g € ¥ (Z, X)* and S € ¥ (Z, X), we have

(Pg)(S) =trace(S(¢pu)) = trace (Z ox, ® Sz,,)

n=1

= Zx:(Sz,,) = trace(Su) = g(9),

n=1

meaning that &g extends g, we conclude that ® is a Hahn-Banach extension operator
from K (Z, X)* to ZL(Z, Y)*. Thus, ¥ (Z, X) is an ideal in £(Z, Y).
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Let P be the ideal projection on £ (Z, Y)* defined by &, that is,
Pf =®(flwazx) feL(ZY).

Considering x* ® ze ¥ (Z, X)* with x*eX* and z€Z, we get, for any Te Z(Z, Y),
that (P (x* ® 2)(T) = trace(T (¢ (x* @ z))) = (¢x*)(Tz) = ((¢x*) ® 2)(T). Hence

PR =(Px)®z, x*e€X*, z€Z,
and therefore, forall y* € Y*and z € Z,
P'®@)=0(("y)®2)=@"y)®z=(1y")®z,
as desired. a

COROLLARY 4.7. Let X be an ideal in a Banach space Y. If X* has the com-
pact approximation property with conjugate operators, then J (Z, X) is an ideal in
W (Z,Y) (and therefore also in X (Z, Y)) for all Banach spaces Z.

PROOF. The proof is immediate from Theorem 4.6 and Theorem 4.4. 0

REMARK 4.2. Example 1.2 shows that the assumption ‘X * has the compact approxi-
mation property with conjugate operators’ is essential in Corollary 4.7 and Theorem 4.6
(recall that X is always an ideal in X**) and cannot be replaced by the assumption ‘X *
has the metric compact approximation property’.

COROLLARY 4.8. Let X be an M-ideal (respectively, a u-ideal having the unique
ideal property) in a Banach space Y. If X* has the compact approximation property
with conjugate operators, then X (Z, X) is an M-ideal (respectively, a u-ideal) in
K (Z,Y) for all Banach spaces Z.

PROOF. By Coroliary 4.7, ¥ (Z, X) is an ideal in £ (Z, Y) for all Banach spaces
Z and therefore Corollary 4.5 applies to obtain the desired conclusion. a

REMARK 4.3. The assumption ‘X* has the compact approximation-property with
conjugate operators’ is also essential in Corollary 4.8 (see Remark 4.2). Namely,
if X is the closed subspace of ¢ constructed by Johnson and Schechtman (see [13,
Corollary JS)), then X is an M-ideal in X**, X has a basis, and X* does not have the
approximation property. Moreover, as it will be shown in a forthcoming paper of the
authors, based on the present article and [19], there exists a separable reflexive Banach
space Z such that ¢ (Z, X) is not an ideal in ¥ (Z, X**).
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