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Abstract: LetSB(X,Y) be the set of all bounded sublinear operators from a Banach space
X into a complete Banach lattidé. In the present paper, we will introduce to
this category the concept of Cohgmuclear operators. We give an analogue to
“Pietsch’s domination theorénand we study some properties concerning this
notion.
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1. Introduction and terminology

The notion of Cohemn-nuclear operatorsl (< p < oo) was initiated by Cohen in
[7] and generalized to Cohép, ¢)-nuclear { < ¢ < o) by Apiola in [4]. A linear
operatoru between two Banach spac&sY is Cohemp-nuclear for { < p < o) if
there is a positive constattsuch that for alh € N; 24, ..., 2, € X andy;j, ...,y €
Y™ we have
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The smallest constaidt which is noted by, (u), such that the above inequality
holds, is called the Cohemnuclear norm on the spac€,(X,Y") of all Cohenp-
nuclear operators fronX into Y which is a Banach space. For= 1 andp = oo Contents
we haveV; (X,Y) = m(X,Y) (the Banach space of allsumming operators) and

Title Page

Noo(X,Y) = Doo(X,Y) (the Banach space of all strongly-summing operators). 44 dd
In [7, Theorem 2.3.2], Cohen proves thaty iverifies a domination theorem then < >

u IS p-nuclear and he asked if the statement of this theorem charactgfinadear

operators. The reciprocal of this statement is giverBjriTheorem 9.7, p.189], but Page 8 oi 28

these operators are calleedominated operators. In this work, we generalize this Go Back

notion to the sublinear maps and we give an analoguPi&tsch’s domination theo-

rem’ for this category of operators which is one of the main results of this paper. We Full Screen

study some properties concerning this class and treat some related results concerning Close

the relations between linear and sublinear operators.

This paper is organized as follows. In the first section, we give some basic def-  journal of inequalities
initions and terminology concerning Banach lattices. We also recall some standard  in pure and applied
notations. In the second section, we present some definitions and properties con- mathematics
cerning sublinear operators. We give the definition of posjirgeimming operators issn: 1443-575k
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introduced by Blascoj, 6] and we present the notion of stronglysumming sub-
linear operators initiated ir8].
In Section3, we generalize the class of Cohemnuclear operators to the sublinear

operators. This category verifies a domination theorem, which is the principal result.

We use Ky Fan’s lemma to prove it.

We end in Sectior, by studying some relations between the different classes of
sublinear operatorg{nuclear, strongly-summing angh-summing). We study also
the relation betweef and VT concerning the notion of Cohgnnuclear sublinear
operators, wher® 7T = {u € L(X,Y) : u < T} (L(X,Y) is the space of all linear
operators fromX into Y). We prove that, iff" is a Cohen positivg-nuclear sublinear
operator, then, is Cohen positivep-nuclear and consequently* is positive p*-
summing. For the converse, we add one condition concefRing

We start by recalling the abstract definition of Banach lattices. X dte a Ba-
nach space. IfX is a vector lattice andlz| < ||y|| whenever|z| < |y| (Jz| =
sup {z, —x}) we say thatX is a Banach lattice. If the lattice is complete, we say that
X is a complete Banach lattice. Note that this implies obviously that forraayX
the elements and|z| have the same norm. We denote ¥y = {z € X : = > 0}.

An elementr of X is positive ifz € X .

The dualX™ of a Banach latticeX is a complete Banach lattice endowed with

the natural order

(1.1) r] <y <= (2], x) < (x5, x), VrelX,

where(-, -) denotes the bracket of duality.

By a sublattice of a Banach latticé we mean a linear subspaéeof X so that
sup {z,y} belongs toF wheneverz,y € E. The canonical embedding: X —
X** such thati(z), z*) = («*, z) of X into its second duaX ** is an order isometry
from X onto a sublattice o **, see P, Proposition 1.a.2]. If we conside¥ as a
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sublattice ofX** we have forr,,x, € X
(1.2) 1 < g = (w1,27) < (39,2%), Vo' e X,

For more details on this, the interested reader can consult the referéntéls [
We continue by giving some standard notations. Kebe a Banach space and
1 < p < oo. We denote by, (X) (resp.l; (X)) the space of all sequences) in
X with the norm

@l (znxznp) .

1
— (Z W)
1

and byl (X) (resp.l; “ (X)) the space of all sequences) in X with the norm

resp || 1<z<n

||(93n)||lw(x)— sup (Z|<$i,§>|p> < 00
1

lI€llxx=1
1

P

€] x+=1

resp.||(x,)

where X* denotes the dual (topological) of and Bx denotes the closed unit ball
of X. We know (seed]) that/, (X) = I (X) for somel < p < oo iff dim (X)
is finite. If p = oo, we havel,, (X) = £ (X). We have also ifl < p < oo,
2 (X) = B (l,-, X) isometrically (where* is the conjugate of, i.e.,% + pi =1).
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In other words, lev : [, — X be a linear operator such thate;) = =; (namely,
v =73 1"¢e; ®xj, e; denotes the unit vector basisipf then

(1.3) [oll = [[(@n)ll o x) -
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2. Sublinear Operators

For our convenience, we give in this section some elementary definitions and funda-
mental properties relative to sublinear operators. For more informatior s2€3].
We also recall some notions concerning the summability of operators.

Definition 2.1. A mappingd!l’ from a Banach spac# into a Banach lattic&” is said
to be sublinear if for allz, y in X and X in R, we have

() T(A\z) = \T'(x) (i.e., positively homogeneous),
(i) T(z+y) <T(x)+T(y) (i.e., subadditive).

Note that the sum of two sublinear operators is a sublinear operator and the mul-
tiplication by a positive number is also a sublinear operator.
Let us denote by

SL(X,Y) = {sublinear mapping® : X — Y}
and we equip it with the natural order inducedYy
(21) T <Th<— Tl(l') < TQ(ZE), Ve e X

and
VI ={ue L(X,)Y):u<T (ie,Vze X, ulx) <T(x))}.

A very general case when the Séf’ is not empty is provided by Propositich3
below.
Consequently,

(2.2) u<T <+ —T(—z) <u(zx) <T(x), VerelX.

Let T be sublinear from a Banach spa&einto a Banach lattic&”. Then we
have,
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e T'is continuous if and only if there i§' > 0 such that for al € X, ||T'(x)|| <
C ]l

In this case we say thdt is bounded and we put
17| = sup {|T(@)|| : |zl 5, =1}

We will denote bySB(X,Y') the set of all bounded sublinear operators fr&nmto

Cohen p-Nuclear

Y. Achour Dahmane, Mezrag Lahcéene
We say that a sublinear operatbris positive if for allz in X, T(z) > 0; is and SaadiKhall
increasing if for allz, y in X, T(x) < T(y) whenz < y. Vol 10,155 2, art. 46,2009

Also, there is no relation between positive and increasing like the linear case (a
linear operator, € £(X,Y) is positive ifu(z) > 0 for x > 0).

Title Page
We will need the following obvious properties.
Contents
Proposition 2.2. Let X be an arbitrary Banach space. L&t Z be Banach lattices. « "

(i) ConsiderT in SL(X,Y) andwu in L(Y, Z). Assume that: is positive. Then, < >
uol € SL(X, Z).

f
(i) Consideru in £(X,Y)andT in SL(Y, Z). ThenT ou € SL(X, 7). Page 80128
Go Back
(iii) ConsiderS in SL(X,Y) andT in SL(Y, Z). Assume thab is increasing. i
Then,SoT € SL(X, 7). Full Screen
The following proposition will be used implicitly in the sequel. For its proof, see Clazz

[1, Proposition 2.3]. journal of inequalities

Proposition 2.3. Let X be a Banach space and [Btbe a complete Banach lattice. in pure and applied
LetT € SL(X,Y). Then, for allz in X there isu, € VT such thatl'(z) = u,(z) mathematics
(i.e., the supremum is attain€fi(z) = sup{u(z) : u € VT}). issn: L443-5756
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We have thus thaVT" is not empty ifY is a complete Banach lattice. Y is
simply a Banach lattice the¥i'T" is empty in general (sed.()).
As an immediate consequence of Propositicf) we have:

e the operatofl’ is bounded if and only if for alk, € VT, v € B(X,Y) (the
space of all bounded linear operators).

We briefly continue by defining the notion of stronghsumming introduced by
Cohen [7] and generalized to sublinear operators3h [

Definition 2.4. Let X be a Banach space and be a Banach lattice. A sublinear
operatorT : X — Y is stronglyp-summing { < p < o0), if there is a positive
constantC' such that for any: € N; z4,...,x,, € X andyy, ...,y € Y* we have

(2.3) Z (T

We denote byD,(X,Y) the class of all strongly-summing sublinear operators
from X into Y and byd,(T") the smallest constaidt such that the inequality?(3)
holds. Forp = 1, we haveD, (X,Y) = SB(X,Y).

Theorem 2.5 (B]). Let X be a Banach space and be a Banach lattice. An oper-
atorT € SB(X,Y) is stronglyp-summing { < p < ), if and only if, there exists
a positive constant’ > 0 and a Radon probability measureon By« such that for
all z € X, we have

Yol < CllE) e sup (147 @)l
yEBy p

2.4) (T (2) 5] < Ol ( [ du(y**)) "

Moreover, in this case
d,(T) = inf {C > 0 : for all C verifying the inequalityZ.4)} .
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For the definition of positive strongjysumming, we replace* by Y- andd, (T’
by d; (7).

To conclude this section, we recall the definition of positiveumming sublinear
operators, which was first stated in the linear case by Blas&).ikr the definition
of p-summing and related properties, the reader canee |

Definition 2.6. Let X,Y be Banach lattices. Léf’ : X — Y be a sublinear
operator. We will say thaf” is “positive p-summing” (0 < p < o) (we write

T € 7 (X,Y)), if there exists a positive constafitsuch that for alln € N and all

{z1,...,2,} C X4, we have

(2.5) T @)l vy < Cl@)lex) -

We put
7 (T) = inf {C verifying the inequality{.5)} .

p
Theorem 2.7. A sublinear operator between Banach latticEs Y is positivep-
summing { < p < o0), if and only if, there exists a positive constdnt- 0 and a
Borel probability;: on B¥. such that

(26) I7 ()] < ( /|

X*

(v, ") du(fv*)> '

for everyz € X, . Moreover, in this case
7H(T) = inf {C > 0 : for all C verifying the inequalityZ.6)} .

p
Proof. It is similar to the linear case (seg, [L2)]). O

If T is positivep-summing then: is positivep-summing for allu € VT and by
[1, Corollary 2.4], we haver, (u) < 27,7 (T). We do not know if the converse is
true.
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3. Cohenp—Nuclear Sublinear Operators

We introduce the following generalization of the class of Cop@niclear operators.
We give the domination theorem for such a category by using Ky Fan’s Lemma.

Definition 3.1. Let X be a Banach space and be a Banach lattice. A sublinear
operator” : X — Y is Cohenp-nuclear (| < p < o), if there is a positive
constantC' such that forany: € N, 4, ...,z,, € X andy;, ...,y € Y*, we have

n

ST () 9)

i=1

(3.1)

l;‘* :

<C suwp (@ (@)l sup [l W)l

T*EBx* yeEBy

We denote byV, (X, Y") the class of all Coheprnuclear sublinear operators from
X intoY and byn,(7") the smallest constaxit such that the inequality3(1) holds.
For the definition of positive Cohemnuclear, we replac&™ by Y andn,(T") by
nt(T).
" LetT € SB(X,Y)andv : [ — Y™ be a bounded linear operator. By.§), the
sublinear operatdf’ is Cohenp-nuclear, if and only if,

n

ST (@), v(e)

=1

(3.2) <C sup |[[(z" ()] o]l -

.’E*EBx*

Similar to the linear case, for= 1 andp = oo, we haveV;(X,Y) = m (X, Y)
andN,(X,Y) = D (X,Y).

Proposition 3.2. Let X be a Banach space anid Z be two Banach lattices. Con-
sider? in SB(X,Y), u a positive operator ir3 (Y, Z) and S in B (£, X).

(i) If T is a Coherp-nuclear sublinear operator, themo 7" is a Coherp-nuclear
sublinear operator ana,(u o T') < ||u|| n,(T).
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(i) If T'is a Cohermp-nuclear sublinear operator, thefio S is a Coherp-nuclear
sublinear operator ana, (7 o S) < ||S|| n,(T).

Proof. (i) Letn € N; x4, ..., x, € X andzf{, ..., 2z} € Z*. It suffices by £.2) to prove
that

DT (5, 2)| < C_swp @ (@)l ol
wherev : 7 — l;}*_such that(z) = Y"1 | z/(2)e;. We have
> Wl (@) =) = | 34T (@) ,u*<z:>>‘
<my(T) sup | (a”(2:)) g o]
where
wly) = (' (). v) e
= (uly) e,
A < VAPC)
S ()

This implies that
lwll < flull sup [|(27(2));<icn]]
yEBy

< lull vl
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(i) Let n € N; eq, ...,e, € Eandyy,...,y: € Y*. We have

1
p
< n(T) sup (D ) ol
=1

n

S (To5(e). )

i=1 9” "EBxx
S* (SU*) > p\ P
<n,(T) sup |S* <6Z, v
JT) sup |5° )] (Z e
< np(T) [|S]| sup (Zm, ”) [o]]
e"€Bps \ =1
This implies that” is Coherp-nuclear anch, (T o S) < ||S|| n,(T). O

The main result of this section is the next extension Bietsch’s domination
theoreni for the class of sublinear operators. For the proof we will use the following
lemma due to Ky Fan, se8]|

Lemma 3.3. Let £ be a Hausdorff topological vector space, andddie a compact
convex subset df. Let M be a set of functions afwith values in(—oo, oo] having
the following properties:

(a) eachf € M is convex and lower semicontinuous;

(b) if g € conv(M), there is anf € M with g(x) < f(x), for everyx € C;

(c) there is anr € R such that eaclf € M has a value not greater than
Then there is an, € C such thatf(z¢) < rforall f € M.

We now give the domination theorem by using the above lemma.
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Theorem 3.4. Let X be a Banach space and be a Banach lattice. Consider
T € SB(X,Y)andC a positive constant.

1. The operatorl’ is Cohemnp-nuclear andn,(7") < C.

2. ForanyninN, zq,...,x, in X andyj, ..., y* in Y* we have

l;* :

ZI Yl <€ sup [[(@7 () [l sup (47 ()]

*EBx* yEBy

3. There exist Radon probability measuyeson Bx- and u; on By, such that
forall x € X andy* € Y*, we have

(@) du1<x*>)%

X ( / " (™)
By**
Moreover, in this case

n,(T) = inf {C' > 0 : for all C verifying the inequality$.3)} .

3.3) |(T(2),y")|<C (/B

X *

1
* p*
b duz(y**)) ,

Proof. (1)=(2). LetT be inN, (X,Y) and();) be a scalar sequence. We have

Z)\

Taklng the supremum over all sequen¢gg with ||(\;)[,_ < 1, we obtain

< np(T) sup [|(Ai) ], 1)l ) Sup 1€z ), -
ycby

Z! Y| < np(T) (@)l

) Sup H(y:(y))Hl;‘

yEBy
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To prove that (2) implies (3). We consider the sty ) and P( By ) of probabil-
ity measures irC'( By« )* andC(By+«)*, respectively. These are convex sets which
are compact when we endd( Bx+)* andC'( By« )* with their weak topologies.
We are going to apply Ky Fan's Lemma with = C(Bx+)* x C(By«)* and
C = P(Bx+) x P(By+).

Consider the set/ of all functionsf : C — R of the form

(3-4) f((an.(r)) (115 12) - Z| (), y5) = C ( Z/B |z (2")[" dpa (27)
1 %/ x| DT o
+EZ/BY** ly; (v dpa(y )>>

wherexy, ...,z, € X andy;j, ...,y € Y*.

These functions are convex and continuous. We now apply Ky Fan’'s Lemma
(the conditions (a) and (b) of Ky Fan’s Lemma are satisfied). fLetbe in M/ and
a € [0,1] such that

k
F(@) () (P 12) =Z|<T($§) [ Z/ " dpa (27)

and

9((153) (v //*))(Ml, f12)

= > D)), v

i=k+1 Bx

z k+1

Cohen p-Nuclear
Achour Dahmane, Mezrag Lahcéene

and Saadi Khalil
vol. 10, iss. 2, art. 46, 2009

Title Page
Contents
44 44
< >
Page 15 of 28
Go Back
Full Screen

Close

journal of inequalities
in pure and applied
mathematics

issn: 1443-575k

© 2007 Victoria University. All rights reserved.


http://jipam.vu.edu.au
mailto:email
mailto:email
http://jipam.vu.edu.au

1
1 % xx\ DT *ok
+ =y dpa(y )]-
p i=k+1
It follows that

k

ST, Y ( > /B VP dpn ()

=1

af =«
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// //* 1 - *\ |P *
=> [(T(x p%§:| -—C(EEQl%J@%x>|m“@)

=1 i=k+1

s Z [y y™) P dpa(y® ))
By**
= UT(x:),y; (2;@ (i, 2) P dypiy (%) Achour [onen piudlear e
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*
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Using the elementary identity

(3.5) Vo,f €RL af =inf {]19 (9)p + l (eﬁ)”*} )

€

taking

SIS

a = sup <Z|<xz,x*>|p> , B = sup [|(y; (y ))Hl;‘

z*EBx* yEBy

ande = 1, then

C . >
6107(5240 Z’ xz yz ’_ N ( sup Z‘ Li, L > - EyseuBIl H(yz (y))le*

zrE€Bxx iy
1
P
<Z| (@), 9| = C (Sup lez, p) sup [[(y7 (9)) ],
xEBX*il yEBy p

The last quantity is less than or equal to zero (by hypothesis (2)) and hence condition
(c) is verified by taking- = 0. By Ky Fan’s Lemma, there i§u;, pu2) € C with
f(u, ) < Oforall f € M. Then, if f is generated by the single elements

r € X andy* € Y™,

* C * * C * Xk * k%
|<T<x>7y>rs—/3 |<x7w>|pdu1(ﬂf)+];/3 "5 duay™).

p

, : 1 : -
Fix e > 0. Replacinge by —z, andy* by ey* and taking the infimum over adl > 0
€
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(using the elementary identity (5)), we find

% (/BX [, )" dﬂl(z*))ér
6 (/BY e dMQ(y**)) ] 4
<c (/BX \(z, )P d,m(x*))’l’ (/BY P

To prove that (3}=(1), letzy, ..., z,, € X andyj, ...,y € Y*. We have by §.5)

. !
(T (), y")] < C{p

1
T
p
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n P
<C sup (Z|xz($*)|p> sup ||(y:(y))1§i§n||l" :
i=1 veBy ”

T*EBx*

This implies thaf” € NV, (X,Y) andn,(T") < C and this concludes the proof. [J
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N
4. Relationships Betweenr,(X,Y), D,(X,Y) and N,(X,Y) I M
e

a5

P

In this section we investigate the relationships between the various classes of sublin-
ear operators discussed in Sectiband4. We also give a relation betwed&nand
VT concerning the notion of Cohennuclear.

Theorem 4.1.Let X be a Banach space and be a Banach lattice. We have:

Cohen p-Nuclear

1. N,(X,Y) C D,(X,Y) andd,(T) < n,(T). PO T [ T
2. Np(X,Y) C (X, Y) andm,(T) < n,(T). vol. 10, iss. 2, art. 46, 2009
Proof. (1) LetT € N,(X,Y). Letx € X andy* € Y*. We have by §.3)
Title Page
1 1
* * * p %/ wk | D Kok p* Content
@ <n@ ([ e@rane) ([ e du)
Bx* By** . << >>
* % (k) |P* Kok e
<) s @I ([ 0P dt)) O
T*EBxx* By #x
N Page 21 of 28
*(  xx\|DF Kk p*
<u@ el ([ W dusts)) Go Back
By sx
Y Full Screen
o)
. 1% Close
T @)l < el ([ 1 duato)) S
By # journal of inequalities
Then, by Theorem.5, T is stronglyp-summing andi,(T') < n,(T). in pure and applied
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(2) LetT be an operator i,(X,Y)

IT(x)]| = sup [T (z),y")]

y*EByx

f%g%%wﬂémwwwmwﬂf(éwwwwmewQ

SW@(Lmewmingimw
Then L
HWMK%@%AWW@WMWOP

1
p*

and by Theoren?.7, T' is p-summing andr,(7") < n,(T"). The proof is complete.

]

Theorem 4.2. Let X be Banach space and, Z be two Banach lattices. Ldt <

p < Q.

1. LetT € SB(X,Y)and L € SB(Y,Z). Assume thal is increasing. IfL
is a stronglyp-summing sublinear operator, arid is a p-summing sublinear
operator, thenL o 7" is a Coherp-nuclear sublinear operator and,(L o T") <

dp(L)mp(T).

2. Consideru in B(Z, X) a p-summing operator and’ in SB(X,Y") a strongly
p-summing one. Thery o u is a Cohenp-nuclear sublinear operator and

ny(T o u) < dp(T)mp(u).
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3. ConsiderT" in SB(X,Y) a p-summing operator and in B(Y, Z) a strongly
p-summing one. Assume thats positive. Theny o T is a Cohenp-nuclear
sublinear operator ana, (v o T') < d,(v)m,(T).

Proof. (1) The operatol. o T' is sublinear by Propositioa.Z(iii). Let x € X and
z* € Z*. By Theoren.5, we have

(LoT (x),27)] = [(L(T(x)),z)]

< (1) T ()] < /B I d)\(z**))%

and by Theorem.7

1 L
p*

< a4 ( [ . e auta)” ([ P )

SO
[(LoT(x),2%)|

1 1

< awm) ([ } oo an)) ([ G o)

This implies thatl. o T' € N,(X,Y) andn,(L o T') < d,(L)m,(T).

(2) Follows immediately by using Propositian(ii), Theorem2.5and Theorenz.7.
(3) The operatovo 7' is sublinear by Proposition. Z(i). Lettingz € X andz* € Z*,
we have

[{o(T'(x)), 2)| = (T (2) ,v*(2%))]|
< T (@) v (")l
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becausey is stronglyp—summing iffv* is p*—summing andi, (v) = m,-(v") (see
[7, Theorem 2.2.1 part(ii)]), so

I (@) 10|
<T@ ([ 1 due)

s%@mwwéﬂwuwwmﬂf<éwvwm

This implies that o T' € N, (X, Z) andn,(v o T') < d,(v)m,(T). O

L
p*

1
* P~
3 dﬂz(Z**>> :

We now present an example of Cohyenuclear sublinear operators.

Example4.1 Let1l < p < oo andn, N € N. Letu be a linear operator froj into
1Y such thatS(z) = |u (z)|. Let v be a linear operator from, (1) (1 < ¢ < c0)
into [5. ThenT = S o v is a Coherk-nuclear sublinear operator.

Proof. Indeed,S (z) = |u(x)| is a strongly2-summing sublinear operator bg][
and by [7, Lemma 3.2.2]p is 2-summing. Then by Theorem?2 part (2),7 = Sowv
is a Cohere-nuclear sublinear operator. O

Proposition 4.3. Let X be a Banach lattice and” be a complete Banach lattice.

LetT be a bounded sublinear operator from into Y. Suppose thdl’ is positive
Cohenp-nuclear (| < p < o). Then for allS € SB(X,Y) such thatS < T, S is
positive Cohem-nuclear.

Proof. Lettingz; € X; andy; € Y, by (1.2), we have

(S(i),y7) < (T(@s),y;)
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and consequently, by’ (2),
— (S(@i),y7) < (T(=mi),97)

forall 1 < i < n. This implies that

Z| (i), vy |<ZSUP{

<Zsup{| ), y) |, (T (=2), yi)[}

vi) > (T(=x),4)}

n

< Z\(T(JC),yf)I + > (T(=2),47)]

=1
and hence

ZI (2:), 9}l < 2 (T) sup [1(2"(2:))llyy sup N7 W), -

T*EBx* yeB
Thus the operataf is positive Cohemp-nuclear andh,! (S) < 2n.f (7). O
Remarkl. If S, T are any sublinear operators, we have no answer.

Corollary 4.4. If T is positive Cohem-nuclear (I < p < o), then for allu € VT,
u is positive Cohemp-nuclear and consequently is positivep*-summing.

Proof. Let T be a positive Cohep-nuclear sublinear operator. Then forale VT,
u is positive Cohem-nuclear (replacing by v in Proposition4.3). If u is positive
Cohenp-nuclear (by Theoremt.1, u is positive stronglyp-summing), then.* is
p*-summing (seeq, Theorem 2.2.1 part(ii)]). O]
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We now study the converse of the preceding corollary with some conditions.

Theorem 4.5. Let X be Banach space and be a complete Banach lattice. Let
T : X — Y be a sublinear operator. Suppose that there is a consiant 0, a set
I, an ultrafilter/ on I and{w; };e; C VT such that for allz in X andy* in Y*,

[{us (), y™) —= (T (), )]
andn,(u;) < C uniformly. ThenT" € N,(X,Y) andn,(T) < C.

Proof. Sincew; is Cohenp-nuclear, by Theorens.4 there is a Radon probability
measuré y;, ;) on K = Bx« x By« such that for al: € X andy* in Y*, we have

s ) < ) ([ LGl dm); (f W dw)’% |

As we have for allz in X and y* € Y™,
(s (2), 5] — (T (2),y")

thus we obtain that for alt in X and y* € Y*,
1

*

(@ ). < By [ e p dui)’l’ (f e a)”.

The setK = Bx« X By« is weak compact, hencéyu;, ;) converge weakto a
probability (i, v) on K = By x By« and consequently, for allin X and y* € Y*

[ONSEEIY } |w<x*>\f°du)’l’ (f W dv)]% .

This implies that,(T") < C. O
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