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Abstract

We extend the Maurey-Rosenthal theorem on integral domination and factorization
of p-concave operators from a p-convex Banach function space through LP-spaces for
the case of operators on abstract p-convex Banach lattices satisfying some essential
lattice requirements - mainly order density of its order continuous part - that are
shown to be necessary. We prove that these geometric properties can be
characterized by means of an integral inequality giving a domination of the pointwise
evaluation of the operator for a suitable weight also in the case of abstract Banach
lattices. We obtain in this way what in a sense can be considered the most general
factorization theorem of operators through [P-spaces. In order to do this, we prove a
new representation theorem for abstract p-convex Banach lattices with the Fatou
property as spaces of p-integrable functions with respect to a vector measure.
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1 Introduction

The so called Maurey-Rosenthal theorem on domination and factorization of operators
through L?-spaces provides a large set of tools for the analysis of operators on Banach
spaces. Essentially, this result provides, for a Banach lattice F of a particular class, an
equivalence between the p-concavity of a Banach space valued operator T': F — E and
the fact that it satisfies a pointwise integral inequality involving the norms of the evalu-
ations || T(x)||, ¥ € F. In recent years, this (family of) theorem(s) has been studied widely
by several authors, and nowadays we have a clear methodology for giving a unified ver-
sion of this technique. Following the seminal ideas in [1] that allowed the understanding
by means of the basic principle of a lot of similar arguments found in the mathematical
literature since the sixties, several generalizations and applications have been done (see,
for instance, [2-5]).

The version of this theorem that is normally used depends strongly on two facts that are

deeply connected with the essential nature of the Banach function spaces.

(1) The (topological) dual X(u)* of an order continuous Banach function space X (1)
(when defined over a o -additive measure p) is again a Banach function space (the
Koéthe dual or associate space X(u)), i.e., X(1u)* = X(u)'. The second space is
defined as integrals of some class of functions.

(2) If X(u) is a p-convex Banach function space, its pth power is again a Banach
function space.
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In this paper we show a general version of the Maurey-Rosenthal theorem that is ob-
tained by relaxing these requirements as much as possible. In order to do this, we provide
a function space representation of a class of Banach lattices satisfying the necessary re-
quirements, which allows to perform the tandem ‘Banach lattices/order notions’ versus
‘function spaces/vector measures’ to provide the support for the factorization through an
L?-space. Therefore, the key of the arguments that prove this type of factorization is in
fact the structure of the space from which the operator is defined. This is the reason why
our main tool is given by the representation of Banach lattices by means of spaces L?(m)
and L%, (m) of p-integrable functions with respect to a vector measure on a §-ring. This
allows, for instance, to prove factorization theorems through ¢7(I")-spaces of an uncount-
able set T".

From the point of view of the general representation of Banach lattices as function
spaces, the main goal of this paper is to get a representation theorem for p-convex Ba-
nach lattices with the (o -)Fatou property as general as possible by using vector measures
defined on a §-ring to complete the picture when the existence of a weak unit is not as-
sumed. Section 3 is devoted to this. This becomes the main tool for proving, in Section 4,
our general Maurey-Rosenthal theorem, closing in this way the question of how far this

kind of arguments can be extended: examples and counterexamples are also given.

2 Preliminaries

As the reader will notice soon, the setting that is needed for proving the main result of this
paper (Theorem 4) and allows to prove the most general version of the Maurey-Rosenthal
theorem (Corollary 6) is unusually technical and contains some notions and arguments
that are not standard in the framework of the Banach lattices. This is the reason why we

include a long section of preliminaries collecting all the results that are needed.

2.1 Banach lattices

We mainly use the terminology and the notation of [6] and [7]. Let F be a real Banach
lattice. An ideal F of F is a closed subspace of F satisfying that if y € F with |y| < |x|
for some x € F, then y € F. An ideal F in F is said to be order dense in F if, for every
0 < x € F, there exists an upwards directed system (x,) C F such that 0 < x, 1 x, and
is said to be super order dense if this condition holds for increasing sequences. We say
that F is order continuous if, for every (x;) C F with x; | 0, it follows that ||x.|| | 0 and
F is o -order continuous if this is the behavior on sequences. We denote by F,, the order
continuous part of F, that is, the largest order continuous ideal in F. Similarly, the o -order
continuous part of F is the largest o-order continuous ideal in F and is denoted by F,.
Of course F,, C F,. We say that F has the Fatou property if, for every upwards directed
system 0 < x; 1 in F such that sup ||x; || < 0o, it follows that there exists x = supx, in F and,
moreover, ||x|| = sup [lx;|. If this condition holds for increasing sequences, we say that F
has the o -Fatou property. Remark that under these conditions, F,, = F, (see, for instance,
[7, Theorems 113.1, 103.6]).

Let 1 < p < co. We say that F is p-convex if there exists a constant M > 0 such that

(5r)

" ;
< M(Z ||x,»||1’>
j=1
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forallmand «y,...,x, € F. The smallest constant satisfying the previous inequality is called
the p-convexity constant of F and is denoted by M®)(F). Similarly, a linear operator T :
F — E, where F is a Banach lattice and E is an arbitrary Banach space, is said to be p-
concave if there exists a constant M < oo such that

(gn T(x) ||”); < MH (; |x,-|P>; H

for every choice of vectors (x,»)]’?zl, n € Nin F. The smallest possible value of M is denoted
by M, (T).

Let F, F be Banach lattices and let T: F — F be a linear operator. If Tx > 0 whenever
0 < x € F, the operator T is said to be positive. Every positive linear operator between
Banach lattices is always continuous (see [8, p.2] or [9, Theorem 4.3]) and, in particular,
every inclusion F C F of Banach lattices with the same order is continuous. We say that
T is an order isomorphism if it is one-to-one, onto and satisfies T'(x A y) = Tx A Ty for all
x,y € F.If, moreover, || Tx||z = ||x||r for all x € F, we will say that T is an order isometry. We
say that F and F are order isomorphic (order isometrics) if there is an order isomorphism
(isometry) T': F — F.

Let (2, X, 1) be a measure space (without assumptions of finiteness on w). As usual, a
property holds -almost everywhere (briefly, 11-a.e.) if it holds except on a p-null set. We
denote by L%(u) the space of all measurable real functions on 2, where functions which
are equal s-a.e. are identified. The space L°(u) is an Archimedean vector lattice when
endowed with the p-a.e. pointwise order. By a Banach function space (briefly, B.f.s.) related
to /1, we mean a Banach space E C L(u) satisfying that for every f € L%(u), we have f € E
whenever |f| < |g| with g € E and, moreover, |||z < ||gllz. Every B.f:s. is a Banach lattice
with the p1-a.e. pointwise order, in which convergence in norm of a sequence implies p-a.e.
convergence for some subsequence.

2.2 Integration with respect to vector measures on §-rings

The spaces L'(v) and L., (v) of integrable and weakly integrable functions with respect to
a vector measure defined on a o -algebra and with values in a Banach space E have been
studied in depth by many authors and their behavior is now well understood (see [10], [11,
Chapter 3] and the references therein). However, this setting is not rich enough for our
analysis, since vector measures on o -algebras can only be used for representing Banach
lattices which have a weak unit, and our needs require to work in a more general context.
In [12], there is an analysis of the space L!(v) with v defined on a §-ring and a detailed
study of the lattice behavior of the corresponding space L., (v) can be found in [13]. The
results in both papers give evidence of how large the difference can be between the §-ring
and o -algebra cases and justify the use of the general framework of §-rings in this paper.
More information on the integration of vector measures on §-rings and its applications
can be found in [14-17] and (18, pp.22-23].

For the p-convexification of these spaces - the spaces L”(v) and L4, (v) of p-integrable
functions - the fundamental results that are needed in this paper are also known. When the
vector measure v is defined on a o -algebra, all the relevant (geometric, lattice, topological)
properties of the spaces L?(v) of p-integrable functions and %,(v) of weakly p-integrable
functions with 1 < p < oo can be found in [19] and [11, 19, 20]. For the §-ring case, the
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study of the main lattice properties of the spaces L”(v) and L%,(v) is developed in [21],
where the general case 0 < p < 0o is also considered (although for 0 < p < 1 these spaces
are not necessarily Banach spaces, completeness is proved, but under a quasinorm, and
the analogous definitions for Banach lattices are considered).

The theory of integration with respect to a vector measure defined on a §-ring is due
to Lewis [22] and Masani and Niemi [23, 24] (see also [12, 13] and [21]). This integration
theory extends the classical one for vector measures defined on o -algebras. Let R be a §-
ring of subsets of an abstract set €2, that is, a ring closed under countable intersections. We
denote by R!°° the o -algebra given by the subsets A C Q such that ANB € R forall B € R.
Clearly, if R is a o' -algebra, then R!°° = R. We write M (R'°°) for the space of measurable
real functions on (€2, R'°°) and S(R) for the space of simple functions with support in R
(or R-simple functions).

Let A: R — R be a countably additive measure, that is, for every sequence (4,) of pair-
wise disjoint sets in R with | JA, in R, the sum ) _ A(4,) converges to A(|_JA,). The vari-
ation of } is the countably additive measure |A|: RI® — [0, co] defined by

[AI(A) = sup[Z\k(A,')| : (A;) finite disjoint sequence in R N 2A].

We have that |A|(4) < oo for every A € R. The space L}(1) of integrable functions with
respect to A is defined as the space L!(|A|) with the usual norm. Every R-simple func-
tion ¢ = Y I, a;xa, is in L'(), where the integral of ¢ with respect to A is defined by
Jodr =37, a;A(A;). Furthermore, the space S(R) is dense in L'(). For every f € L'(1),
the integral of f with respect to A is defined, as usual, as [ f dA = lim [ ¢, d for any se-
quence (¢,) C S(R) converging to f in L}(1).

Let E be a Banach space and let v: R — E be a vector measure, that is, for every
sequence (A,) of pairwise disjoint sets in R with | JA, € R, the sum > v(4,) con-
verges to V(| JA,) in E. The semivariation of v is the map ||v|: R1°° — [0, 00] given by
IVII(A) = sup{|x*V|(A) : * € Bg«} for all A € R'°, where |x*v| is the variation of the mea-
sure x*v: R — R given by x*v(A) = (v(A),x*), E* denotes the topological dual of E and
Bg« the unit ball of E*. The semivariation of v is monotone increasing, countably sub-
additive, finite on R and satisfies %||v||(A) < sup{[lv(B)|lx : B € RN 24} < ||[v||(A) for all
A € R, Thus, the vector measure v is bounded (i.e., its range is a bounded set in E) if
and only if [|v]|(2) < 0. A set A € R'°¢ is v-null if |V (A) = 0, or equivalently, v(B) = 0 for
all B e RN 24 and a property holds v-almost everywhere (briefly, v-a.e.) if it holds as usual
except on a v-null set.

A function f € M(R!®°) is said to be weakly integrable with respect to v if f € L(x*v)
for all x* € E*, or equivalently, if ||f||, < oo, where

Ifll, = sup /lfldlx*v\-

x* EBE*

We denote by L! (v) the space of all weakly integrable functions with respect to v, where
functions which are equal v-a.e. are identified, which is a Banach space when endowed
with the norm | - ||,. A function f € L (v) is integrable with respect to v if, for each
A € R, there exists a vector denoted by [ Jf dv € E, satisfying the barycentric formula
x*([,fdv) = [,fdx*v for all x* € E*. We write [ f dv for [, fdv. We denote by L'(v) the
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space of all integrable functions with respect to v. Then, since L!(v) is a closed subspace of
L} (v), itis a Banach space with the norm || - ||,. Moreover, S(R) is dense in L' (v), where for
every R-simple function ¢ = >/ a;x4,, we have that [ @dv =Y""" a;v(A;). The equality
L! (v) = L'(v) holds whenever the space E does not contain a copy of ¢y (see [22, Theo-
rem 5.1]).

We will identify L°(v) = L°(u) and say B.fs. related to v for B.fs. related to i, for any
measure pu: R — [0, 00] with the same null sets as v (the existence of such a measure
is guaranteed in [25, Theorem 3.2]). Therefore, L!(v) and L! (v) are both B.f.s! related to
v. The space L}(v) is always order continuous and L} (v) have the o -Fatou property. Fur-
thermore, L!(v) is always order dense in L (v) (actually, in L°(v)) and (L} (v)), = L'(v).
We denote by [L}(v)],.r the minimal B.f:s. related to v, with the o-Fatou property and
containing L!(v). It can be described as

[Ll(v)]a—F - {f c Liv(v) :supp(f) = (UA,,) UN,(A,) C R,Nv—null}.

The integration operator 1,: L'(v) — E given by I,(f) = [ f dv is linear and continuous
with [|I,(£)]| < |Ifll,- A vector measure v: R — E with values in a Banach lattice E is posi-
tiveif v(A) >0 forall A e R.

Given 0 < p < 00, the pth power space of L} (v) is defined as L}, (v) = {f € L°(v) : |f|? €
Ll (v)} and a function in L}, (v) will be called weakly p-integrable with respect to v. Simi-
larly, the pth power space of L!(v) is defined as L#(v) = {f € L°(v) : |f|? € L}(v)}, and a func-

tion in L?(v) will be called p-integrable with respect to v. Both spaces are B.f.s! related to
1

v for p > 1 and q-B.fs! for p <1 when the lattice (quasi)norm given by ||fll,, = || [f|P||f,
f e L4(v), is considered. The space L?(v) is order continuous and the space L%,(v) has
the o -Fatou property. Moreover, S(R) is dense in L?(v); (L%(v)), = LP(v); L?(v) is order
dense in L}, (v) (also in L°(v)) and if L} (v) has the Fatou property, so does L%,(v). Related
to the convexity behavior of these spaces, both are p-convex with p-convexity constant
MP(LL (1)) = MP(LP (v)) = 1.

3 Representing p-convex Banach lattices

Representation of Banach lattices as spaces of integrable functions with respect to a vector
measure is nowadays a well-known useful technique. Depending on the fact that either the
lattice contains a weak unit or not, either vector measures on o -algebras or on §-rings must
be used. Curbera proved in [26, Theorem 8] that an order continuous Banach lattice F with
a weak unit is always order isometric to a space L!(v), where v is defined on a o -algebra.
If the existence of a weak unit is not assumed, the result remains true but for v defined
on a §-ring. This was first stated in [18, pp.22-23] with an outlined proof and later in [27,
Theorem 5] with a full detailed proof. Thinking now about the space L. (v), Curbera and
Ricker showed in [28, Theorem 2.5] that every Banach lattice F with the o -Fatou property,
having a weak unit which belongs to the o -order continuous part F, of F, is order isometric
to a space L} (v) with v defined on a o -algebra. Again, the corresponding result in the case
when F has not a weak unit can be established by using a vector measure defined on a §-
ring as Delgado and Juan proved in [27, Theorem 10]. In this case, every Banach lattice F
with the Fatou property, and such that its o -order continuous part is an order dense subset
in F, can be represented as a space L. (v) for some vector measure v defined on a §-ring.
Furthermore, a representation theorem for the class of o -Fatou Banach lattices F with the
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o -order continuous part as a super order dense ideal in F, using again vector measures
on §-rings, is established in [13, Proposition 6.1]. In this case, F is order isometric to the
o -Fatou completion of L!(v).

Similar results are known for representing Banach lattices with convexity properties,
and in this case, the spaces of p-integrable functions with respect to vector measures play
a fundamental role. For 1 < p < 0o, if F is an order continuous p-convex Banach lattice,
then F is order isomorphic to an L?-space with v defined on a §-ring [21, Theorem 10].
When there exists also a weak unit in F, the Banach lattice can be represented with an
L?-space but with v defined on a ¢ -algebra (see [20, Proposition 2.4]). On the other hand,
if E is a p-convex Banach lattice with the o -Fatou property and has a weak unit belonging
to E,, then E is order isomorphic to a space L%,(v) with v on a o-algebra [29]. The aim
of this section is to get a representation theorem for p-convex Banach lattices with the
(0 -)Fatou property as general as possible by using vector measures defined on a §-ring to
complete the picture when the existence of a weak unit is not assumed. The starting point
to prove this result is the corresponding representation theorem for the case p = 1. In the
proof of this theorem, the vector measure which allows to establish the order isometry has
a special behavior (the so-called R-decomposability), under which the space L. (v) has the
Fatou property (see [27, Proposition 8] and [13, Theorem 5.8 and Section 6]). We recall
here the corresponding definition as follows.

Q) UN,

where N € RI°¢ is a v-null set and {2, : @ € A} is a family of pairwise disjoint sets in R

A vector measure v is said to be R-decomposable if we can write Q = (U,
satisfying that

(i) if Ay e RN 2% foralla € A, then |, Ay € R'°¢, and

(i) for each x* € X*,if Z, € RN 2% is |x*v|-null for all &« € A, then |, 5 Z, is

[x*v|-null.

(N can be taken to be disjoint with [, $2).

Note that each p-convex Banach lattice F can be renormed equivalently in a way that
F with the new norm and the same order is a p-convex Banach lattice with p-convexity
constant equal to 1 (see [8, Proposition 1.d.8]).

Theorem 1 Let p > 1 and let F be a p-convex Banach lattice with p-convexity constant
equal to 1, having the Fatou property and such that its o -order continuous part F, is an
order dense subset. Then there exists a vector measure v on a §-ring and with values in F,
such that F and L%,(v) are order isometric.

Proof The hypothesis on F gives an R-decomposable vector measure v; ona §-ring R and
an order isometry ¢ : F — L} (1) (see Theorem 10 in [27] and Section 6 in [13]). Remark
that L1 (v;) is then p-convex with p-convexity constant equal to 1 and, consequently, the
space Llw/p (1) is a B.f.s,, that is, its quasi-norm is actually a norm (see [13, Proposition 6]).
Moreover, Lifp (v1) has the Fatou property and L7(v;) is order dense in L%p (11) (see the
comments before Section 4 in [21]). Take now the vector measure v, : R — LY7(v;) de-
fined by v2(A) = x4, A € R for which the integration operator I,, : L'(v,) — LYP(vy) is the
identity map and L!(v,) = L7 (v;) with equal norms (see the proof of Theorem 10 in [21]).
It can be checked easily that v, is also R-decomposable since vy is; in order to see this, note
that the vector measures v; and v, have the same null sets, and follow the construction of
R in Section 3 in [27]. Hence, L., (v,) has the Fatou property (see [13, Theorem 5.8]).
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We claim now that L (1;) = )i (v1) with equal norms. For showing this, take 0 < f €
L} (vy). Since L'(1;) is order dense in L°(v;) (see Remark 4.3 in [13]), there exists an up-
wards directed system (f;), in L!(1) such that 0 < f; 1 f in L°(v,). Then 0 < £, 1 in
Liv/l’(vl) and sup ||/ || Loy = sup |[fz llvy < Ifllv,. Therefore, the Fatou property ofL}AfP(ul) gives

he Livlp(vl) suchthat [|A]|1 , =sup, ||[fz]l1 , .Since for each T we have that f; </ vi-a.e. or,
pr’ r’

equivalently, v;-a.e., then f <handsof € L/ (v1). On the other hand, f; <f v;-a.e. (i.e.,
v;-a.e.) for all T and thus 4 < f. Therefore, |[f||1%,v1 = ||l/1||1%,v1 = sup, ||f; ||1%,V1 = sup, |Ifz v,
due to the Fatou property of L. (1) as 0 < f; 1 f also in L} (1,). By taking positive and
negative parts for a general f € L, (v;), we have that L, (1) C L‘lv/p (v1) with equal norms.
The converse inclusion can be proved by using the same arguments. Therefore, the
equality L. (1) = Lifp (v1) holds with equal norms. Consequently, Z%,(v,) = LL(v;) with
equal norms, and hence E and I%,(v,) are order isometric. O

Remark 2 A proofbased on similar arguments to those in the previous theorem allows us
to represent p-convex Banach lattices (with p-convexity constant equal to 1) having the o -
Fatou property and such that E, is super order dense in E. In this case, E is order isometric
to [L?(v)],.r for some vector measure v defined on a §-ring. This result generalizes [29,
Theorem 4] where E has a weak unit in E,. Remark that our proof differs from the one
given in [29, Theorem 4].

4 The Maurey-Rosenthal theorem for abstract Banach lattices

In this section we prove the main result of this paper. As we said in the introduction, our
aim is to explore the limits of the arguments that allow to prove the factorization theorem
regarding the structure of the Banach lattice where the operator is defined.

We say that an operator T : G — E from a closed subspace G of a Banach lattice F with
F., C G C F on a Banach space E is Fatou if it satisfies that for every upwards directed
system 0 < x, 1 x, withx; € F,, for every t and x € G, we have that lim, || T'(x,)| = [| T(x)|l.
Continuous operators between two Banach lattices F and E, when restricted to G = F,,,
are clearly Fatou. Also, positive order continuous operators from a Banach lattice F into a
Fatou Banach lattice F, when restricted to a closed subspace G of F with F,, C G C F, are
so (for the definition of order continuous operator, see, for instance, [9]). Obviously, there
are examples of operators which are not Fatou, as we show in the next example.

Example 3 Consider £°°(I"), where I is an uncountable set. Take its (o' )-order continuous
part ¢o(I") and a continuous operator S : ¢o(I') — £°°(I") with ||S]|| = % Use the Hahn-
Banach theorem to find a functional ¢ € (£°°(I"))* such that ¢(x) = O for all x € ¢o(I") and
¢(xr) =1, and define the operator T : ¢o(I") + span{ xr } — £°°(I") given by T'(-) = S(P,(r)-) +
¢ () xr, where P, r) is the projection of every element of the (direct) sum co(I") + span{ xr}
endowed with the max norm on ¢y (I"). To see that T is not Fatou, just consider x = xr, and
for every finite set N of I', define x as the characteristic function yy. Take the increasing
net {xx : N finite, N C I'} (order is given by inclusion of the indexes), and notice that for
all N, | T(ea)]l = [1SCea) || < % and || T(x)|| = || xr|l = 1. We will come back to this example
in Remark 7(2).

Theorem 4 Let 1 < p < 00 and consider a positive vector measure v : R — F on a §-ring

with values in a Banach lattice, and a closed subspace of measurable functions Y such that


http://www.journalofinequalitiesandapplications.com/content/2013/1/213

Juan and Sanchez Pérez Journal of Inequalities and Applications 2013,2013:213
http://www.journalofinequalitiesandapplications.com/content/2013/1/213

LP(v) C Y C Ih(v). Let T : Y — E be a Fatou operator, where E is a Banach space. Then
the following statements are equivalent.
(1) T|wrq) is p-concave.
(2) There exists a measure 1 : R°¢ — R* that is absolutely continuous with respect to v
and such that

1/p
7] < (/ lfl”dﬂ> <+00, feY.

(3) There are a scalar measure 1 : R1°° — R* and a continuous operator S : E — LP(n)
such that the following diagram commutes:

T
Lp(l)) cY Er

(4] /

LP(n)

where [i] is the inclusion/quotient map given by [il(f) = [f] - the equivalence class of f
with respect to 1.

Proof Let us prove (1) — (2). Consider first the restriction Ty of T to the space L”(v).
A standard separation procedure gives the existence of a positive element ¢g := M,)(T)¢:
of (L'(v))* (where ¢ € Bj1(,+) satisfying that

1 To(N] < (lf|p,¢0)1/p, fel?().

1
To see this, since (LP(v))? = L'(v), it is enough to apply Ky-Fan’s lemma to the concave
family of convex continuous functions v : (Bj1(,)+, Tw«) — R defined as

v():= D TR - (M@>(T))p<z 1fi|p'x*>' & € By
i=1 i=1

for each finite set 1, ..., f,, € L?(v) (see, for instance, this technique in [1] - see Corollary 5
and the proof of Theorem 1 - or the proof of Theorem 4.1 in [3]).

Let us show now that we can identify ¢ with a measure on the measurable space
(R, R'°°). Since the space L(v) is order continuous and v is positive, the inequalities

$o(xa) < ligoll - I xallze) = ligoll - IVII(A) = lioll - | v(A) AeR

P

give easily that the set function  : R — R* defined by n(A) = ¢o(x4) is countably additive,
and so it defines a measure with the domain in the semi-ring R. Using the Carathéodory
extension procedure (see, for instance, Section 9.4 in [30]), we get that  can be extended
to the o -algebra of measurable sets with respect to the outer measure defined by n*.

So, we only need to show the following claim: each set in R\ is n-measurable. To see
that, we have to prove that for a set B € R°¢, n(A) = n*(ANB) + n*(ANB°) foreach A € R
(see, for instance, Lemma 9.26 in [30]). Notice that fixed A € R, A N B and A N B are

Page 8 of 12
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also in R due to the definition of R!°¢, so we really have to prove that ¢o(x4) = ¢o(xans) +
do(xanse) for every A € R. Finally, since x4, xans and xange belong to L!(v), the linearity
of ¢y proves the claim.

Remark also that 7 is absolutely continuous with respect to v, that is, if B € R'°¢ is v-
null, then B is also n-null. To prove this fact, it suffices to fix A € R with A C B and check
that n(A4) = 0, but n(A4) = ¢o(xa) < ligoll - I xallzrey = ligoll - [VII(A) = O since B is v-null.
Consequently, a (v-a.e.) class in L°(v) represented by f can be considered then a (n-a.e.)
class in L°(n) represented by the same f. We will call again 7 the restriction of n* to R'°¢.

Each R-simple function is of course n-integrable - recall that n comes from a functional
of (L}(v))* - and then the density of this set in L?(v) gives that the inequality involving ¢y
that was proved using Ky Fan’s lemma can be rewritten as

1/p
7l < (fyran) . rero,

since for such functions, [ |f|?dn = (|f|¥,¢o). Notice also that for all f € L(v), we have
that [ |f|? dn < +oc. For this aim, take 0 < f € L#(v) and an increasing sequence (f,) of
‘R-simple functions such that 0 <f, 1 f in the v-a.e. order and in the norm of L”(v). Then

0 <f, 1 in LP(n). Moreover, for every n,

/[f,,|1’dn = (Iful? d0) < 21 - ol 2wy < WP lziwy - ol 2y

so sup,, ||fu |z < +00, and consequently f € L”(n) with sup,, ||f 2@ = IIf 2y due to the
o -Fatou property of the space L?(n). The same occurs for a general f € L”(n) following a
standard procedure with f = f* — f~. This allows to write a factorization of T through the
space L?(n).

Now we prove that this is enough for getting an extension of T that coincides with T
using the same construction that proves Proposition 2.7 in [31]. In the proof, the operator
considered is the integration map. As this is not our case, this is the reason why we write
here a detailed proof. Take an element 0 < f € Y. Then there is an upwards directed system
(f.) € LP(v) with 0 < f, 1 f v-a.e. due to the order density of L(v) in L4, (v). Moreover,
following the same arguments as above, f; 1 in L?(n) with sup, ||f; llz7¢;) < +oo. Finally,
since the space L”(n) is order continuous and has the o -Fatou property, Theorem 113.4 in
[7] yields that L?(n) has the Fatou property, and so f € L?(n). Now the Fatou property of
the operator gives also that lim; | 7(f;)|| = || T(f)||. Consequently, since for every 7,

|76 = | To)]| < 1 Nepior

we have that
|T¢)| = li£n|| To(f)|| < litm W llzary = sup Ifz iz = I o)
T

the last equality due again to the Fatou property of L?(n). Therefore,

ot = ([ yran)”
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holds also for 0 < f € Y. Again, a standard argument - decomposing a general f € Y as
fr—f7,0<f*f -givestheresultforallfeY.

For (2) — (3), consider the inclusion/quotient map [i] : Y — L?(n), given by [i](f) := [f],
that is well defined by the absolute continuity of n with respect to v. Notice that the R-
simple functions are dense in L?(1), and so the range [{](Y) is obviously dense in L?(n),
and we can define an operator S : L(n) — E by S(f) := T(f) for each R-simple function
f €Y (note that T(f) = T(f") if f = f' n-a.e.), and then for all functions in L”(n) by density.

The implication (3) — (1) can be proved just by considering the following inequalities:

1

<§]Hmwﬁ =<2NSQMQV)fﬂﬂ(ZNMWWQW)
i=1 i=1 i=1

=

’

LP(v)

SHQLH(E:WW>
i=1

=1ISII- H (i}lﬁl”)

LP(n)

which hold for every finite family (f;)".; C Y and # € N, where we use the fact that L?(n) is

a p-convex space with p-convexity constant equal to 1. 0

Example 5 Consider 1 < p < g < oo and the Fatou operator T : £4(I") — E, where T is
uncountable. Remark that £(I") is clearly g-convex and so £4(T") is p-convex (see Proposi-
tion1.d.5 in [8]). Since the space is order continuous, Theorem 10 in [21] gives the existence
of avector measureonad-ringv: R — Z!Z’ (T") such that £4(T") is order isomorphic to L?(v).
Furthermore, since Eg(l") does not have a copy of ¢y, L'(v) = L (v) and so L7(v) = L%, (v)
also. Notice that then the operator T can be considered as a Fatou operator from L%, (v)
into E. Now, if T is p-concave, Theorem 4 assures that there is a factorization through
a space L?(n). This natural and easy Maurey-Rosenthal type theorem, which is a direct
consequence of Theorem 4, can only be proved using the abstract setting of the vector
measure representation of p-convex Banach lattices that has been shown in the previous
section. Remark that £4(I") cannot be written as an L?(8) for a vector measure 8 defined

on a o -algebra since the space has not a weak unit.

Corollary 6 Let p > 1, E be a Banach space and F be a p-convex Banach lattice with the
Fatou property. Suppose that F, is order dense in F. Consider a closed subspace G such that
F, C G CF. Then the following statements are equivalent for a Fatou operator T : G — E.
(1) T|g, is p-concave.
(2) There exist a vector measure v on a 8-ring R — F,, a scalar measure 1 : R'°¢ — R*
that is absolutely continuous with respect to v and an order isomorphism on the

range ¢ : F — L4(v) such that

1/p
17| < (/|§0(x)|pdn) <+00, x€@G.

(3) There are a vector measure on a 8-ring v : R — F,, a scalar measure n : R'°¢ — R*,

an order isomorphism on the range ¢ : F — L14,(v) and a continuous operator


http://www.journalofinequalitiesandapplications.com/content/2013/1/213

Juan and Sanchez Pérez Journal of Inequalities and Applications 2013,2013:213 Page 11 of 12
http://www.journalofinequalitiesandapplications.com/content/2013/1/213

S: LP(n) — E such that the following diagram commutes:

T
G E
A
[dle] S
Y [
5(v) D ¢(G) > L[P(n).

Proof First, remark that F, = F,, due to the Fatou property of F. Let us show (1) — (2).
The existence of the vector measure on a §-ring and the order isomorphism ¢ : F — L%,(v)
are direct consequences of Theorem 1. So, we can apply (1) — (2) in Theorem 4 to the
subspace ¢(G) that satisfies L?(v) C ¢(G) C L%, (v). Note that T o ¢™!|1»(,) is also p-concave.
This gives the measure 1 : R — R* satisfying that

(T oo™ )P < </ lfl”dn)}ﬂ <+oo, fep(G)

If f = p(x) with x € G, we obtain the inequality in (2).
The implication (2) — (3) is given by (2) — (3) in Theorem 4 composing also with ¢.
Finally, (3) — (1) is given directly by Theorem 4. 0

Remark 7 To finish the paper, let us report that the main requirements in Theorem 4 -
density of the o -order continuous part together with T being a Fatou operator - are nec-
essary, which means that in some sense this result is optimal.

(1) A simple counterexample that proves that the order density of the o -order contin-
uous part is necessary is a functional ¢ > 0 in (L*[0,1])* not belonging to L![0,1]. The
o -order continuous part of L*°[0,1] is trivial, the operator ¢ is obviously p-concave and
L*°[0,1] is p-convex for every 1 < p. Since (L*°[0,1])(,] = L*°[0, 1], the factorization would
mean that ¢ € L![0,1] just using the domination by the measure and the Radon-Nikodym
theorem, which gives a contradiction. Notice that ¢ is trivially a Fatou operator.

(2) A bit more elaborated example is the following. Consider £°°(I"), where I" is an
uncountable set, and let a functional ¢ : £*°(I") — R with ¢ not belonging to ¢1(I") =
(co(T))* = ca(T"). Recall that (£°(T"))* = ca(I") @ pa(T"), where ca(T") is the space of the
countably additive measures and pa(I") is the space of the purely finite additive measures
(see, for example, Corollary 13.11, Section 9.10 and Section 9.11 in [30]). Let P be the pro-
jection of (£°°(I"))* on ca(I"). We have that ¢; := ¢ — P1(¢) # 0. Since ¢, is not countably
additive, there is a sequence (A4;)%°, of measurable sets such that Y -, ¢1(x4;) # ¢1( XU%, 4,)-
Let us define now T : ¢o(T") + span{xr; x4,,i € N} = R given by T'(:) := ¢1(-). The operator
T is clearly p-concave, but 7 is not Fatou, which can be proved using an argument similar
to the one given in Example 3. Moreover, T cannot be bounded by an integral; otherwise,

¢1 would be countably additive.
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