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STRONGLY ALTERNATIVE DUNFORD -PETTIS SUBSPACES
OF OPERATOR IDEALS

CUJIBHO AJIBTEPHATUBHI ITPOCTOPHU JAH®OPIA -TIIETTICA
OIIEPATOPHUX IIEAJIIB

Introducing the concept of strong alternative Dunford — Pettis property (strong DP1) for the subspace M of operator ideals
U(X,Y) between Banach spaces X and Y, we show that M is a strong DP1 subspace if and only if all evaluation operators
¢e: M — Y and ¢y« : M — X* are DPI operators, where ¢, (T) = Tz and ¢« (T) = T"y" forz € X, y* € Y™, and
T € M. Some consequences related to the concept of alternative Dunford — Pettis property in subspaces of some operator
ideals are obtained.

BBeneHo MOHSATTS CHIBHOI anbsTepHaTHBHOI BaactuBocTi Jaudopaa—Ilerrica (cuapna DP1) mist mianpocropy M omnepa-
TopuuX ineanis U(X,Y') mMixk 6anaxoBumu npoctopamu X Ta Y, 3a JOMOMOTOIO SKOTO MOKa3aHo, mio M e cubaum DP1
MIIPOCTOPOM TOMI i TUTBKU TOMI, KOJIX BCi OMEPATopd OLWHKH ¢p: M — Y Ta ¢y=: M — X* e¢ DPI oneparopamu,
ne ¢o(T) =Tz rahy~(T) =Ty " npuz € X, y* € Y 1aT € M. OrpumMaHo Jesiki HACIIIKH [IOAO MOHSTTS
anpTepHaTHBHOI BIacTHBOCTI JJandopaa—I[lerrica B mianpocTopax NEsSKHX ONEPATOPHHX 1/IealiB.

1. Introduction. A Banach space X has the Dunford - Pettis property (DP) if for each weakly null
sequences (z,) C X and (z},) C X*, one has z}(z,,) — 0 as n — oco. Also the Banach space X
has the alternative Dunford — Pettis property (DP1) if for each weakly convergent sequence =, — «
in X with ||z,|| = ||z|| = 1, for all integer n, and each weakly null sequence () in X*, we have
x) (xy) — 0.

It is clear that the Banach space X has the DP1 if and only if for each weakly null sequences
(zp) in X and (z}) in X* and each z € X with ||z, + z|| = ||z|| = 1, we have z(z,,) — 0.

Evidently, DP implies the DP1, but the converse in general, is false. For example, every (infinite
dimensional) Hilbert space has DP1, but does not have the DP and the space of trace class operators
on an infinite dimensional Hilbert space provides another Banach space with the DP1 and without
the DP [6]. Also there are Banach spaces such as C*-algebras and von Neumann algebras, that the
DP1 and DP on them coincide [1, 6].

A bounded linear operator 7': X — Y between Banach spaces X and Y is said to be completely
continuous (or Dunford — Pettis) operator, if for each weakly convergent sequence x,, — « in X, we
have ||T'z, —Tz|| — 0, that is T carries weakly convergent sequences to norm convergent sequences.
But if under the additional condition ||z, || = ||z| = 1, the conclusion ||T'z,, — T'z|| — 0 is obtained,
we say that T is a DP1 operator.

The concept of DP1 for Banach spaces and for operators introduced by Freedman in [6], and
he obtained some properties of them. In particular, the Banach space X has the DP1 if and only if
every weakly compact operator 7: X — Y into arbitrary Banach space Y is a DP1 operator [6]
(Theorem 1.4). This is similar to Theorem 1 of [4] which stay that a Banach space X has the DP
property if and only if every weakly compact operator 7': X — Y is completely continuous. We
refer the reader for additional properties of these concepts to [1, 2, 4, 6, §].

In [10], the author in a joint work with J. Zafarani, has introduced the concept of strongly
completely continuous for subspaces of operator ideals which is the main motivation of this article.
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In fact, if U is any operator ideal with ideal norm A(-), and by meaning of [3] or [12], for any Banach
spaces X and Y; U(X,Y’) denotes the component of U consisting of all bounded linear operators
T: X — Y that belongs to U/ and K(X,Y") denotes the Banach space of all compact operators from
X to Y; then a linear subspace M C U(X,Y) is called strongly completely continuous in U(X,Y)
(resp. in K (X,Y)), if for all Banach spaces W and Z and all compact operators R : Y — W and
S: Z — X, the left and right multiplication operators L and Rg as operators from M into U (X, W)
and U(Z,Y) (resp. into K (X, W) and K(Z,Y")) respectively, are compact, where Lr(7") = RT and
Rs(T) = TS, for T € M. Here, the linear subspace M C U(X,Y) is called strongly DP1 in
U(X,Y) (resp. in K(X,Y)), if under the same conditions, the operators Ly and Rg are DPI.

Evidently, everywhere one talks about /(X,Y") or linear subspace M of it, the related norm is
ideal norm A(-), while the operator norm || - || is applied when the space is a linear subspace of
L(X,Y) of all bounded linear operators from X into Y. Thus, if M is a linear subspace of (X ,Y),
we endowed always M by ideal norm A(-) and the weak topology of M is refered to this norm.
Also, DP1 ness of every operator on M, such as left and right multiplication operators, depends on
the norm of the image space.

In [9] and [10], the authors proved that for several operator ideal I/, a closed subspace M C
CU(X,Y) is strongly completely continuous in ¢/(X,Y") (or in K (X,Y")) if and only if all evalua-
tion operators ¢,: M — Y and 1)y : M — X* are compact operators, where z € X and y* € Y*
are arbitrary and for each T € M, ¢,(T) = Tz, y-(T) = T*y*. Here, we will prove that similar
results hold for strongly DP1 property.

Throughout this article X, Y, Z, V and W denote arbitrary Banach spaces. The closed unit ball of
a Banach space X is denoted by X7, X* is the dual of X and T™ refers to the adjoint of the operator
T. U is an arbitrary (Banach) operator ideal and U(X,Y) is applied for component of &/. We use
the notations ||7'|| and A(7T") for operator norm and ideal norm of any operator 7" € U respectively
and note that in general, ||T'|| < A(T), for all T' € U. Also for arbitrary Banach spaces X and Y,
L(X,Y) and K(X,Y) are used for the Banach spaces of all bounded linear and compact operators
between X and Y, respectively, and K« (X*,Y") is the space of all compact weak*-weak continuous
operators from X* to Y. The abbreviation K (X) is used for K (X, X). Our notations are standard
and we refer the reader to [3, 5, 7] for undefined notations and terminologies.

2. Main results. In this section we will show that in many operator ideals the strong DP1 ness of
its subspaces is necessary or sufficient for the DP1 ness of all evaluation operators on that subspace.

Theorem 2.1. Let M CU(X,Y) be a closed subspace such that all of the evaluation opera-
tors ¢y and 1~ are DP1. Then M is strongly DP1 in K(X,Y).

Proof. Let T,, — T weakly in M and A(7,) = A(T) = 1. Then by assumption, for each
x € X, T,z — Tz in norm. The boundedness of the sequence (||7},||) then implies that the sequence
T, converges uniformly to 7" on compact subsets of X. This shows that 7,5 — TS in norm of
K(Z,Y), for every compact operator S: Z — X. So Rg is DPI.

Similarly, T — T™ uniformly on compact subsets of Y* and so T R* — T*R* in norm of
K (W, X*), for every compact operator R: Y — W. Thus RT,, — RT and the proof is completed.

As a consequence of the theorem, we have the following refined corollary for closed operator
ideals. Recall that an operator ideal U/ is closed if its components ¢/ (X, Y) are closed in L(X,Y).
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Corollary 2.1. Let U be a closed operator ideal and M be a linear subspace of U(X,Y) such
that all of the evaluation operators ¢, and 1)~ are DP1. Then M is strongly DP1 in U(X,Y).

Proof. We first note that by definition of operator ideal, Lr and Rg are operators into U (X, W)
and U(Z,Y), respectively. Now suppose that T, — T weakly in M and A(T},,) = A(T) = 1. Then
by Theorem 2.1, ||7,,S — T'S|| — 0 and ||RT,, — RT|| — 0 as n — oo. Since U is a closed operator
ideal, by open mapping theorem, there exists a § > 0 such that A(K) < §|| K| for all operator K in
U.So A(T,,S —TS) and A(RT,, — RT) tend to 0. This shows that M is strongly DP1 in U4 (X,Y")
and the proof is completed.

Although, by Theorem 2.1, the strong DP1 ness of M C U(X,Y) in K(X,Y) follows from the
DPI ness of all point evaluations on M, but we do not know that in general, the same question about
strong DP1 ness of M C U(X,Y) in U(X,Y) is true or false. In the following two theorems, we
partially give an affirmative answer to this question.

Theorem 2.2. Let X and Y* have the approximation property and M CU(X,Y) be a linear
subspace. If all of the evaluation operators ¢, and 1)~ are DP1, then M is strongly DP1 inU(X,Y).

Proof. Let R: Y — W be a compact operator. Since Y* has the approximation property, there
exists a sequence R, : Y — W of finite rank operators such that ||R,, — R|| — 0 as n — oo.

We claim that each multiplication operator Lr, : M — U(X,W) is a DP1 operator. Since any
finite sum of DP1 operators is also DP1, it is enough to consider the particular case R, = y* ® w,
where y* € Y* and w € W are arbitrary.

Now suppose that (7}) is a weakly null sequence in M, T'€ M and A(T + Ty) = A(T) = 1.
Then by assumption |7} y*|| — 0 and so

A(LR,Tr) = A(RnTy) = A(Tiy" @ w) = [[Tgy™|| - [lw]] — 0,
as k — oo. Thus Lg is DPI, for each n. Also,
A(LrTy) < A(Lr — Lr,)Tk) + A(Lr,Tk) < |Rn — RI|A(Tk) + A(Lr,Tk) = 0,

as k — oo for suitable n. Hence Ly is a DP1 operator.

Similarly, if S: Z — X is a compact operator, the approximation property of X yields the
existence of a sequence S;,: Z — X of finite rank operators such that ||.S,, — S|| — 0 as n — oc.

Since each 5, is a finite sum of operators z* ® x with z* € Z* and z € X, a similar method
finishes the proof of the argument.

Now we will show that for each two arbitrary Banach spaces X and Y (without any approximate
assumption), if I/ is an injective operator ideal, then a similar result holds for closed subspaces of
U(X,Y). Recall that an operator ideal U/ is injective if for each Banach spaces X, V and W and
each isometric embedding J: V' — W, the operator L;: U(X,V) — U(X, W) is also an (isometric)
embedding, and furthermore, an operator 7' € L(X, V) belongs to U if JT € U. Many usual op-
erator ideals are injective. For instance, the (weakly) compact operators, the (weakly) Banach — Saks
operators, the unconditionally converging operators and the p-summing operators between Banach
spaces, with 1 < p < oo, are standard examples. For additional examples see [3, 12]. So we have
the following theorem:

Theorem 2.3. [fU is an injective operator ideal and M C U(X,Y) is a linear subspace such
that all of the evaluation operators are DP1, then M is strongly DP1 in U(X,Y).
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Proof. Let R: Y — V be a compact operator and W = [*°(V}*). Then W has the approximation
property and there exists a natural isometric embedding J: V' — W. Since JR: Y — W is compact,
the proof of Theorem 2.2 shows that the left multiplication operator Ljr: M — U(X, W) is a DP1
operator. But Lyjgp = Lyo Lg and Ly : U(X,V) — U(X, W) is an isometric embedding. So Lp is
a DP1 operator.

Similarly, for each compact operator S: Z — X, if J: Z* — [°°((Z**)1) is an isometric
embedding and (.S,,) is an approximated sequence of finite rank operators for J.S*, then the DP1
ness of all ¢, with the fact that each 5, is a finite sum of one rank operators = ® z with x € X and
z € 1°°((Z**)1), shows that ecach Lg, as operator from M = {T* : T € M} is DP1. Hence L ;g-
and so Lg+ as operator from M is DP1.

Theorem 2.3 is proved.

The following theorem shows that the converse of the above theorems is also valid in every
operator ideal /.

Theorem 2.4. Let M CU(X,Y) be a linear subspace such that for some Banach spaces W
and Z and each finite rank operators R:' Y — W and S: Z — X, the left and right multiplication
operators Ly and Rg, as operators from M into U(X, W) and U(Z,Y") respectively, be DP1. Then
all of the evaluation operators ¢, and 1), are DPI.

Proof. Suppose that x € X is a fixed element. We will show that the evaluation operator ¢, is
DP1. Consider an element z* € Z* such that ||z*|| =1and J : Y — U(Z,Y) via Jy = z* @y as an
isometric embedding. If one define the operator S on Z by S = z* ® x, then Rg = J ¢, and then by
assumption is DP1 operator. Since J is an isometric embedding, ¢, is also DP1. The same argument
proves that all evaluation operators ,« is DP1.

Corollary 2.2. Let X andY be two Banach spaces and U be an operator ideal that satisfy one
of the following assertions:

(1) X and Y™ have the approximation property,

(2) U is a closed operator ideal or,

(3) U is an injective operator ideal.

If M CU(X,Y) is a normed linear subspace, then the following are equivalent:

(a) all evaluation operators ¢, and )~ are DP1,

(b) M is strongly DP1 in U(X,Y),

(c) M is strongly DP1 in K(X,Y),

(d) for some Banach spaces W and Z and all finite rank operators R: Y — W and S: 7 — X,
left and right multiplication operators Lr and Rg, as operators from M into U( X, W) and U(Z,Y")
(orinto K(X,W) and K(Z,Y)) respectively, are DP1 operators.

Corollary 2.3. Let X and Y be two reflexive Banach spaces and M C U(X,Y) be a closed
subspace. If M has the DP1, then M is strongly DP1 in K(X,Y).

Proof. Since X and Y are reflexive Banach spaces, Theorem 2.2 of [8] shows that all evaluation
operators are DP1. So by Theorem 2.1, M is strongly DP1 in K(X,Y).

Evidently, if one of the additional conditions of Corollary 2.2 satisfies, then M 1is strongly DP1
inU(X,Y).

The following corollary is similar to Theorem 6 of [13] which stay that if A is a closed subalgebra
of the space K (X) of all compact operators on a reflexive Banach space X, which has the DP, then
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A is completely continuous; that is, for each S € A, the left and right multiplication operators
Ls: A— Aand Rg: A — A are compact.

Corollary 2.4. Let X be a reflexive Banach space and A C K (X)) be a closed subalgebra which
has the DP1 property. Then for each S € A, the left and right multiplication operators Lg: A — A
and Rg: A — A are DPI.

Proof. By Corollary 2.3, A is strongly DP1 in K (X). Since the concept of strongly DP1 in
K(X) is in general stronger than the DP1 of the left and right multiplication operators on closed
subalgebras of K (X), the prove of this corollary is completed.

The next Corollary 2.5 proves that for some Banach spaces X and Y, having the Schauder de-
compositions [7], and some operator ideal between them, the strong DP1 is also a sufficient condition
for the DP1 property. The concept of Schauder decomposition, as a generalization of Schauder basis
of Banach spaces, provides a good location for introducing the concept of P-property for subspaces
of operator spaces, which has an essential role in the results of [8, 11].

If Z:;l ®X, and Zzo:l @Y, are Schauder decompositions of X and Y respectively, by
meaning of [11], we say that a closed subspace M C U(X,Y") has the P-property if for all integers
myg and ng and every operators T, 5 € M,

[Pw TPy + PSPy || < max{||PwTPy||, | Pw+ S Py},

where V = X1 ® ... 8 X, and W = V1 & ... @Y, V/ and W’ are complementary subspaces
of V and W in X and Y respectively. Also for each complemented subspace V' of X, the symbols
Py and Py refer to the the natural projections of X onto V' and complementary subspace V' of V/
respectively.

Finally, we need to remember the following theorem of [8]. For undefined terminologies about
Schauder decomposition, we refer the reader to [7].

Theorem 2.5 (Theorems 2.4 and 2.6 of [8]). Let X and Y have monotone finite dimensional
Schauder decompositions such that the decomposition of X is shrinking. Let M be a closed subspace
of Ky+(X*,Y) or K(X,Y) which has the P-property. If all of the related evaluation operators are
DP1 operators, then M has the DP1 property.

There is a similar result for a closed subspace M C K (Hi, H), where H; and Hy are two
arbitrary Hilbert spaces and one can find it in Theorem 2.10 of [8].

Corollary 2.5. Let X and Y satisfy the hypothesis of Theorem 2.5. If M is a closed subspace
of Ky«(X*,Y) or K(X,Y) which has the P-property and is strongly DP1, then M has the DP1
property.

Proof- By Theorem 2.4, all related evaluation operators on M are DP1. Now an appeal to
Theorem 2.5 finishes the proof.

There are Banach spaces X and Y having the Schauder decompositions such that some classes
of operators between them have the P-property and one can fined them in [8] or [11]. These leads to
the following two corollaries:

Corollary 2.6. Let X be an ly-direct sum and Y be an l,-direct sum of finite dimensional
Banach spaces with 1 < p < q < oo. If M is a closed subspace of K(X,Y'), then the following are
equivalent:

(a) M has the DP1 property,
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(b) M is a strongly DP1 subspace of K(X,Y),

(¢c) all evaluation operators ¢, and 1~ are DP1 operators.

Proof. The statement (a) = (b) follows from Corollary 2.3, and (b) = (c) follows from
Theorem 2.4. Also an appeal to Corollary 2.7 of [8] proves (¢) = (a).

Corollary 2.7. Let Hy and Hj be two Hilbert spaces and M be a closed subspace of K(Hy, Hs).
Then the following are equivalent:

(a) M has the DP1 property,

(b) M is a strongly DP1 subspace of K(H;, Hs),

(¢c) all evaluation operators ¢, and 1, are DP1 operators.

Proof. Apply Theorems 2.1, 2.4 and also Theorem 2.10 of [8].

Finally, we give an example of a closed linear subspace of an operator ideal such that all eval-
uation operators are DP1 but all are not completely continuous. So the results of this article can be
informative.

Example 2.1. Let U be an arbitrary operator ideal and consider the closed linear subspace
M =1y of U(l2,l2) via the isometrically embedding

=Ty, To(y) = (y,e1)z,

where x,y € Iy and e; is the first element of the standard orthonormal basis (e, ) of lo.

Since the Hilbert space [o has the Kadec —Klee property ( that is, weak and norm convergence of
sequences in the unit sphere of l; coincide); for each weakly convergent sequence x,, — x in ls with
lxn| = ||z|| = 1, we have ||z, — x| — 0 as n — oo. Thus all of the bounded evaluation operators
on M = Iy are DP1. On the other hand, for each n, e,, = T, (e1) € ¢, (M), so that the evaluation
operator ¢., is not compact and so is not completely continuous.
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