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We prove that if X is an infinite dimensional Banach
lattice with a weak unit then there exists a probability
space (©2,X,p) so that the unit sphere of (L;(Q,X,p)) is
uniformly homeomorphic to the unit sphere S(X) if and
only if X does not contain [, ’s uniformly.

1. Introduction. Recently E. Odell and Th. Schlumprecht
[0.S] proved that if X is an infinite dimensional Banach space
with an unconditional basis then the unit sphere of X and the unit
sphere of [; are uniformly homeomorphic if and only if X does not
contain [{, uniformly in n. We extend this result to the setting
of Banach lattices. In Theorem 2.1 we obtain that if X is a Ba-
nach lattice with a weak unit then there exists a probability space
(Q, Z, 1) so that the unit sphere S(L, (€, 3, i) is uniformly home-
omorphic to the unit sphere S(X) if and only if X does not contain
[%, uniformly in n. A consequence of this -Corollary 2.11- is that
if X is a separable infinite dimensional Banach lattice then S(X)
and S(l;) are uniformly homeomorphic if and only if X does not
contain [ uniformly in n. Quantitative versions of this corollary
are given in Theorem 2.2 and Theorem 2.3. A continuous func-
tion f : [0,00) — [0,00) withf(0) = O is a modulus of continuity
for a function between two metric spaces F : (A,d;) — (B, ds) if
da(F(ay), F(as)) < f(di{ai1,az)) whenever a;,a; € A. Theorem 2.2
says that if X and Y are separable infinite dimensional Banach lat-
tices with M (X) < oo and My (Y) < oo for some ¢,¢' < oo then
there exists a uniform homeomorphism F' : S(X) — S(Y') such that
F and F~! have modulus of continuity f where f depends solely on
q,9', My(X) and My (Y). Here M,(X) is the g-concavity constant
of X and will be defined below.

Central in defining these homeomorphisms is the entropy map,
considered in [G] and [O.S]. We refer the reader to [B] and its
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references for a survey of some results concerning uniform homeo-
morphisms between Banach spaces. In particular it is interesting to
note Enflo’s result that [; and L; are not uniformly homeomorphic
[B] while their unit spheres are. Also we refer to [L.T] for facts
related to the theory of Banach lattices.

After this work was done, we learned that Professor N. Kalton
proved the same result using complex interpolation theory.

Notation. Let us start by recalling some definitions and well known
facts. A non negative element e of a Banach lattice X is a weak unit
if e Az =0 for z € X implies that x = 0. Every separable Banach
lattice has a weak unit [L.T, p. 9]. A Banach lattice is order con-
tinuous if and only if every increasing, order bounded sequence is
convergent. By a general representation theorem (see [L.T, p. 25])
any order continuous Banach lattice with a weak unit can be repre-
sented as a Banach lattice of functions. More precisely: _
1. there exist a probability space (2,%, ) and an ideal X of
Li(Q, %, p), along with a lattice norm ||-||z on X so that X is

order isometric to (X, ||-|| %)
2. X is dense in L;(Q, %, ) and Loo (2, T, ) is dense in X.
3. 7l < IFllg < 20|fllo for all f € Leo(2,E, ).

Moreover X* = {g : O—R : ||g| %. < oo} is isometric to X*,
where

lollg. = sup { [ fodus /115 < 1}

and if g € X* and f € X then

= / ’fgdu-

If X is a Banach lattice which is not order continuous then X

contains ¢y ([L.T, pages 6-7]).
A Banach lattice X is g-concave if there exists a constant M, < oo

such that

1

()

® > uziuq)é < M,
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resp. p-convez if there exists MP < oo so that

(&)

forallneNandz; € X ,1<:<n.

M,(X) is the smallest constant satisfying (%) and MP(X) is the
smallest constant that satisfies ().

Given a Banach lattice of functions X, the p-convexification X ®
of X is given by

(%)

< M (z nxin")’l’

X® ={f:Q—R:|fIf € X}

with .
A= AP
The space X is a Banach lattice with MP(X®)) = 1
([L.T, p. 53)).

We will also need the following result. If X is r-convex and s-
concave, for 1 < r,s < oo then X is pr-convex and ps-concave
with

M (X®) < (M7(X))»

and

(See [L.T, p. 54].)

We will use standard Banach space notations, BaX = {z € X :
llz]] < 1} will denote the unit ball of X and S(X) = {z € X :
l|z|| = 1} the unit sphere of X. If h is a real function on €, then
supph = {w € Q : h(w) # 0} is the support of h. If B C €2, then
Bh(w) = h(w)xp(w) where xp is the indicator function of B.

2. The main result. We now state the main result of this work.

THEOREM 2.1. Let X be an infinite dimensional Banach lattice
with a weak unit. Then there exists a probability space (2, %, u) so
that S(L1(2, 2, p)) is uniformly homeomorphic to S(X) if and only
if X does not contain I, uniformly in n.

Our proof of Theorem 2.1 will yield two quantitative results:
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THEOREM 2.2. If X and Y are separable infinite dimensional
Banach lattices with My(X) < co and My (Y) < 0o for some q,¢' <
oo then there ezists a uniform homeomorphism F : S(X)—S(Y)
such that F and F~' have modulus of continuity o where o depends
solely on q,q', My(X) and My (Y).

THEOREM 2.3. If X and Y are both uniformly convex and uni-
formly smooth separable infinite dimensional Banach lattices then
there exists a uniform homeomorphism F : S(X)—S(Y) such that
F has modulus of continuity f where f depends solely on the modulus
of uniform convezity of Y and the modulus of uniform smoothness
of X, and F~! has a modulus of continuity g depending solely on the
modulus of uniform smoothness of Y and the modulus of uniform
convezity of X.

The proofs will involve a sequence of steps similar to those in
[O.S]. We begin with a simple extension of Proposition 2.8 of [O.S].
Recall that X®) is the p-convexification of X.

PROPOSITION 2.4. Let X be a Banach lattice of functions on a
set ) and let 1 < p < co. Then the map

G, : S(XP)—S(X)

given by Go(f) = |f|Psign f is a uniform homeomorphism. Further-
more the moduli of continuity of G, and (G,)™" are functions solely

of p.

Proof. Clearly G, maps S(X)) one-to-one onto S(X). Let f and

1
g be in S(X®) with 1 > & = || — gllyw = IlIIf — g% As in
[O.S] we shall show that there exist two functions H and F' such
that
H(8) < ||Gp(f) — Gp(9)ll < F(5)

where F(8) = 2(1 — (1 — 65)7) + 67~ + &” and H(8) = 567, The
proposition then follows.
Let

Q, ={w € Q :sign f(w) = signg(w)}

and
Q- = {w € Q:sign f(w) #signg(w)}.
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We then have:

IGp(f) = Gp(g)ll = ll| f1Psign f — |g[? sign gl
= AP = lglPlxay + (IfIP+ lgP)xa_lI

But a? — b > (a — b)P and a? + b > 2'"P(a+ b)? fora > b > 0.
Thus,

— (Ifl +19])Pxa_

1Go() = Gylo)ll 2 an| =

£ = lgllP xa, + 21{,1(Ifl+lgl) Xa-

2,, -1
=2"P||If — 9P|l
=2'7If — gl

So we obtain H(6) = z=70” as a lower estimate. For the upper
estimate we have:

1Go(£) = Go(@)l = |IF1” = I9°| xas + (LFP + l91)x0- |
< 1P = lgPlxa, | + [[(1£17 + lgP)xa_ |

First we note that since

(fPP +19lP)xa- < (1f1+ 191 xa- < |f — 9l xo,

we get
(151 + 191”)xa_|| < 11f = gl = o7

Next we estimate || ||f|? — |g|?| xa.||. For this purpose we split {2
into Q! and Q2 where

= {w € Qs 1 |f(w) < glgw)] or |g(w)]| < glf(w)[}

and

andg=1- 5%,
Note that if C = (1 — ¢)™” then

LfIP =19l Ixar < CIf —glP.
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Indeed,
C|f—glP=lglP +|fIP>Clg—qglP —|g|IP =0

in case |f| < q|g| (the proof is similar if |g| < q|f]).
Thus

Ixar [LfIP = 1gPIll < Clixa.lf — glll

< clif - gPl
= ClIf = 9l
=Co?

= (1—q)7e".

Since (1 — ¢)™? = 6!, we obtain
lIxas [P = lglPlll < 677"
Finally we have on Q2 :

NIFP = lglPIxaz | < (L= @®)IIIfI” + 19/l
<2(1 - (1-67)).
So .
F(6)=2(1—(1—67)P) + 6771 + 67
and as p > 1, F(§)—0 when §—>0. O

Throughout the rest of the paper, X will denote a Banach lattice
with the representation as a lattice of functions on (92, 2, u) satisfy-
ing the conditions mentionned in the introduction. The next step in
proving Theorem 2.1 will be to produce a uniform homeomorphism

Fx : S(L(Q, 5, 1)) —S(X)

in the case where our lattice X is uniformly convex and uniformly
smooth. In order to do this we need first to define the entropy
function E(h, f).

Let h € (Loo(p))* and define E(h,-) : X —[—00, 00) by

E(h, f) = [ hlog|fldu
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for f € X, (we use the convention that 0log0 = 0) and more
generally,

E(h, ) = E(|h], | f1)
if h € Loo(1).

The entropy map was considered in [G] and in the sequel we use
arguments of both [O.S] and [G].

PROPOSITION 2.5.  Suppose X is uniformly convex. Let h €
(Loo(p))* and set

A= sup [ hlog|fldpu.
f€BaX

Then —log2 < A < ||hl|,, and if h # O there exists a unique f €
S(X)* so that A = E(h, f). Moreover supp f = supp h.

Proof. First we note that A < [|h]| . To see this it suffices to
observe that

A= sup hlog|f|du
f€BaXt

< sup [ h|fldp
f€BaXt

< sup [|Aflellfllz,
f€éBaXt

< sup |[|Aflollfllx
f€BaXt

< 1Pl so-

Also A > —log?2 since xa/2 € Ba(X)™'. Next let (f,) C (BaX)™"
be such that E(h, f,) > A — 27" Since X is uniformly convex, by
passing to a subsequence, we can suppose that f, converges weakly
to f € (BaX)*. Let (u,) be a sequence of “far-out” convex combi-
nations of f,, such that (u,) converges to f in norm [M], thus u, =

fn;i+1 cifi where py < py < --- <p, <---¢; >0, Efﬁ;iﬂ G =1
and |lu, — f||x —0 as n—o0.

We next note that if (g;)™, C BaX, and (d;)™,; C (R)* with

©,.d; =1 then

E (h,Zdig,) > > (k)

i=1
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Moreover if B = supp h and Bg; # Bg; for some %, 7 then
E (h, Zdz’gi> > > d;E(h, g;).
i=1 i=1

This follows from the strict concavity of the logarithm function.
Therefore
lim E(h,u,) = A

n—o00

CramM. E(h, f) = A.

Note that
l|un — f”lq(u) < ”un - f”X —0

and so in order to prove the Claim, it suffices to prove the following
lemma:

LEMMA 2.6. Let A€ R h e L (u), (u,) C Lf (1) and suppose
up—>f in Ly1(p). Then

/ hlog u,du—s) implies / hlog fdu > .

Proof. By passing to a subsequence we may assume that u,, — f
a.e. Thus (logu,)” — (log f)™ a.e. and so

/ h(log f)~du < lim inf / h(log u,)~du

by Fatou’s lemma. Therefore

(%) limsup | —h(logu,) du < /—h(logf)‘d,u.

n—o0

On the other hand, one has also the inequality:

(k) limsup [ h(logu,)tdu < /h(log f)Tdu.

n—o0

Indeed, fix ¢ > 0. Since 0 < (logu,)™ < u,, and (u,) is uniformly
integrable, there exists 6 > 0 so that u(A) < J§ implies

for all n,/Ah(logun)J“d,u <¢ and /Ah(log ffdu <e.
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((log f)* is integrable since 0 < (log f)* < f.) Now h(log u,)*—
h(log f)* a.e: So by Egoroff’s theorem, there exists a set C with
p(C) < 6 such that

h(logu,)tT—sh(log f)*

uniformly except perhaps on C. More exactly, for £ > 0, there exist
n(e) € N and a set C with u(C) < 4 such that for any n > n(e) we

have

sup |h(logu,)™ — h(log f)*| < e.
wece

Thus
[ Bogun)tdu < [ 1h(ogun)* — h(log f)*ldu + [ h(log )* du
= [ Ih(togun)* — h(log f)*ld
+ [ In(logun)* — h(log f)*ldu+ [ hlog f)*du
<2%4e+ / h(log f)*du.

So
limsup | h(logu,) du < /h(logf)+d/,z.

n—oo

Now adding (x) and (»*) yields
A< [ hlog fdp,

which proves Lemma 2.6. O

Note that since A > E(h, f), we get E(h, f) = A, proving the
Claim. Now we prove that f is unique. Indeed, let f # g with
E(h,f) = E(h,g) = ) and we may assume that ||f|| = ||g|| = 1.
Thus by uniform convexity ”L}‘l“ < 1 and so f—;r—-‘l cannot maximize
the entropy, and so

A= %(E(h, f)+E(hg) < E (h, %) <A

a contradiction.
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Let now B = supp h. In order to obtain supp f = B a.e consider
first g = Bf in what preceeds and note that E(h,g) = E(h, f) to
get f = Bf a.e. Then observe that trivially supp Bf C B a.e, while
if the previous inequality was strict, then there exists a set A C B
with p(A) > 0 such that fi4 = 0. Thus

—OO:-‘E(h,f) 2 E(h’XQ/2) = _logz;

a contradiction. Hence supp f = supp Bf = B. O

Thus under the assumption that X is uniformly convex we can
define
Fx : S(Li())* [ Loo () —>S(X)*
by Fx(h) = f where f € S(X)* is such that
E(h,f)= max [ hloglgldu= Ex(n).

g€(BaX)t+

We then define
Fx : S(L1(1)) () Loo () —S (X))

by Fy (k) = (sign h)Fix (Jh).

We shall show that Fx is uniformly continuous, and thus extends
to a uniformly continuous function on S(L;(u)). To do so we will
need a proposition similar to Proposition 2.3.C of [O.S]. The proof
is nearly the same, adapted to function spaces.

PROPOSITION 2.7.  Let hy,hy be in S(L1(1))* N Loo(p) with
”hl - h2”1 S 1. Let I = Fx(hl), and T = Fx(hz) Then

Ty + x2

1
>1—||h1 — haollf.

Proof. Let =1 — 2e. We need to show that

T3+z2
2

2 < ||h1 — hol|2.

We may assume ¢ > 0. Define 7 = z; + €x2 and T3 = z9 + €x;.
Then
supp Z; = supp Z = supp h; U supp hy = B,
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T1 + Iy

=1-—e.
2 +¢€ €

11‘1 + 5
2

With this we can prove that:

(%)

e < |log(1—¢)| < %{E(hl,fﬁ) — E(h,F5)} .

Indeed, since 77 > z;, we clearly have:

E(hy,21) > E(h1,21) > E (hl,

since itz ¢

2(1-¢

)

I

BaX and z,; maximizes the entropy. And

+ Zo 1+ o
E T2 _ R + |log(1 —

1 — 1 —
> '2-E(h1,$1) + §E(h1,$2) + |log(1 — ¢€)|.

Similarly we have

()

e < |log(l —¢)| < -;—{E(h2,555) — B(ha,7)} .

Then by averaging (x) and (xx) we get

So

But

for

E(hy,z1) — E(h1,%3) + E(ha, T3) — E(hy, 27)].

e < 7 [ (b — o) l0g i — log T3)d

< l/ lh1 — hel IOg?A—fldM.
4 /B Ty

Ty 1
log =| <log - B
ngi‘; < OgE on

Ty + EXo T+ Exo
ZTo+ery  e(z +elxy)

z7 1
= <=
T9 3

21
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and similarly

IN
m_l Pt

Zy
T
Since log z < 2, we finally get
1 1
< =|lh1 — hgl|1—.
&€= 4” 1 2||16

Hence .
2e < |lhy — holl?

PROPOSITION 2.8. Let X be uniformly convexr. Then

Fx : S(Li(1)) [ Loo (1) —S(X)

15 uniformly continuous and hence extends to a uniformly contin-
uous map Fx : S(Li(p))—>S(X). Moreover the modulus of conti-
nuity of Fy depends only on the modulus of uniform convezity of
X.

Proof. Recall that X is uniformly convex if and only if

r+y

dx(e) = inf{l —

[ el =l = 1.0l =yl > €} >0

We first observe that Fy : S(Li(p))t—S(X) is uniformly contin-
uous.

Indeed, by Proposition 2.7, if h; and hy are in S(L;(x))" N Loo(p)
and “hl — h2”1 S 1 then

|

1-—

Fx(hl) + Fx(hg)
2

>1—|lhy — holl}

. Fx(h1) + Fx(hs)

2

So if ||Fx(hy) — Fx(hy)|| > € then ||hy — ha]| > (x(£))?. Thus
there exists n(e) = (dx(¢))? so that ||hy — ha|| < n(e) implies

1
< |lh1 = a7
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|Fx(h1) — Fx(hg)|| < €. Letting n(0) = 0, the function 7 is continu-
ous and strictly increasing on [0, 2]. So 1 has an inverse g depending
only on the modulus of uniform convexity of X, and

1Fx (h1) — Fx (h)ll < g(|lh1 — hel]).
For the general case let hy, hy in S(L1(1)) N Lo (1) and set
= Fx(hi) = sign h; - Fx(lhi)
for : = 1,2. Then
ey — 2|l < [|Fx(7a]) — Fx (Ih2)ll + lixp (Fx (1hl) + Fx (Ih2))Il

where
D = {w € Q : sign hy (w) # sign ho(w)}.

By what we observed in the beginning of the proof,
1 Fx (Ja]) — Fx (lh2))Il < g(e)

whenever
([Ra] = [halll < [[h1 — hafl <e.

Our next step is to estimate ||xpFx(|hi])|l, for i =1,2. To do so,

we note that
De|hy|
IxpFx (1))l = I DFx (B )l| < [|Fx(1hal) - ( IDC:hlln)”

We are then lead to estimate

D¢h,y D¢h; D¢hy “
by — ————| < |D(hy — )| + | D°(h1 — ——
L |[Deh| (h chmu)‘ (b = oo

D¢h,
= ||Dhq|| + | D°hy — ————1|.
1Dl " ID%h]

We first get that
DAl = |D|hall] < [ID(lha] + [R)|| < [lB1 — haol| <

and, since ||hy|| = ||Dhy + D°hy|| = 1 and ||Dhy]] < €, an easy
computation yields
D¢h,;

Dhy — =L
R

< ||Dhy]| < e.
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So Uhl ’ < 2¢ and thus

Fx([h]) — (Wll;_cllz—llll> “

< g(2¢).

HDch I

IDFx (Jh DIl <

Similarly || DFx (|h2])|| < g(2¢). Hence || Fx (h1)—Fx(|ha])|| < g(e)+
29(2e).

Therefore Fx extends uniquely to a uniformly continuous map,
that we still denote Fx, from S(L;(u)) to S(X), and the modulus of
continuity of F'x depends only on the modulus of uniform convexity
of X. 0

ProrosITION 2.9. Let X be uniformly conver and uniformly
smooth. Then Fx : S(Li(p))—S(X) is a uniform homeomor-
phism. Moreover (Fx)™!: S(X)—S(L1(p)) has modulus of conti-
nuity depending only on the modulus of uniform smoothness of X.
Furthermore (Fx)~!(z) = |z*| - ¢ where * € S(X*) is the unique
supporting functional of x.

Proof. Our goal now is to show that the map Fx previously de-
fined is invertible and that (Fx)~! has the described form and is
uniformly continuous.

CramM 1. Let h € S(L1(p)) N Loo(t). Then g = Fx(h)™'-h €
S(X*) where - denotes the pointwise product.

Note that supp Fx(h) = supp h and we define Fx(h)™! - h to be
0 off the support of h. Assume Claim 1 for the moment.

For z € S(X), define G(z) = |z*| - z, where z* is the unique sup-
porting functional of z. Let h € S(Li(p))N Leo(p). Since
sign Fx (h) = signh,

/F IFX )dp = /|h|d,u:1_

Thus from Claim 1 it follows that

= [Fx ()" = |Fx (R)"].

Fx(h)
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Hence
G(Fx(h)) = |Fx(h)[*- Fx(h) = hfor any h € S(Ly(12)) () Loo(

Furthermore G is uniformly continuous. Indeed, the support func-
tional z — z* is uniformly continuous since X is uniformly smooth,
and since G(z;) = |zf| - z; i = 1,2 we have

1G(z1) — G(z2)|l = lll21] - 21 — |&3] - 2o
< il - (21 = 2| + [[(|71] = |23]) - 22l
< lzr = 22l + |27 — 23]
Thus G is uniformly continuous. Moreover since the modulus of
continuity of z +— z* depends only on the modulus of uniform

smoothness of X, the same is valid for G. Thus G(Fx(h)) = h
for all h € S(L1(u)).

CLAIM 2. G is one-to-one.
It then follows that G = (Fx)~!. We now prove Claim 1.

Proof of Claim 1. We will follow the path of [G]. Early work of
[L] had as an objective to factorize elements of S(l;)*. Let h €
S(L1(1)) N Lo (1) and suppose z = Fx(h). We can assume that
h € S(Li(p))" N Loo(p). Then suppz = supph = B a.e. and z €
S(X)*. Let k € X* be arbitrary, then

+k

0 > E(h, 1) >/hlog rrnell

So writing z + k = z(1 + £) on B yields
E(h,z) > E(h,z) + / hlog(l + kx~)du — log ||z + K.
B

This gives:

/B hlog(1l + kz™Y)du < log ||z + k|

< log(|la]l + [}&1)
— log(L + [Ik]]).



26 F. CHAATIT

So

) [ hlog(1 + kz™)du < [Ik]

We see that on B, kz™! is finite y-almost everywhere. Let
on = {w € B: k(w)z7!(w) < n}

and X, = Xo, then x, / xB, pointwise p-a.e; and since ¢t < log(1 +
t) + 312 holds for all ¢ > 0 we have for 0 < s < 0o

s/B hx kxndp
< /Bhlog(l + sk xn)dp + %szflakz(x"l)zxnhdu
< /B hlog(1 + skz™")du + %s2n2
< s||k|| + %s2n2 by (%).
Thus dividing by s and letting s go to 0, we obtain for alln € N

/hr‘lkxndu < ||kl);

and therefore by the monotone convergence theorem,

/B ha~kdp < k).

Now let g = hz~!. The previous equality yields ||g}|x+ < 1. On the
other hand

1= l/ hdu' = l/g-zdul < ll=lixllgllx--
So ||gllx+ = 1 which proves Claim 1. ]

Proof of Claim 2. Let h = |z}| - z; = |z3| - z2 be a member of
S(L1(p)) with zf(z;) = 1,z; € S(X) and z} € S(X*) for i =1,2.
We first note that supph = suppz; a.e for 2 = 1, 2. Indeed supp h C
supp z; a.e is clear, and in case the inclusion is strict let us consider
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B|z;| where B = supp h. We then note that ||B|z||| < 1 by uniform
convexity. Also

[=*|(Blal) = [ |o*|Bleldu = [ |=*lleldy

= / |h|dp = 1, a contradiction.

Also supp z} = B since X* is uniformly convex. Now as in [G] we
observe that there exists a measurable function @ of modulus one so
that z3 = z}. Indeed define 6 = 22 on B and § = 1 on B°. Then

1

[kt = [1allzzldi < lasllx-llalx = 1.
Similarly, [ |h||0~|du < 1. So
[ nigi6] + 167" yep < 2.
And since t + ¢~ > 2 for ¢t > 0 we get
J IR0+ 107 Ydp > 2 [ bl = 2.

Thus |0] + |#~!| = 2, but this cannot happen unless || = 1. Thus
|z3| = |z%|. Now suppz; = supph a.e. and h = |z}| - z; = |z} - zo.
yields that z; = z, a.e.

We are now ready to give a proof of the main result of this work.

Proof of Theorem 2.1. Suppose thatX contains [ uniformly in
n. Then S(X) is not homeomorphic to S(L;((f2, X, u))) for any
measure space (2, Z, u). Indeed this follows, as in [O.S], from Enflo’s
result [E] that the sets S(I%),n € N cannot be uniformly embedded
into S (Ll)

For the converse assume that X does not contain /3 uniformly in
n. Then X must be order continuous since X does not contain c
[L.T]. Then the proof goes as in [0.S]. By a theorem of Maurey and
Pisier [MP] X must have a finite cotype ¢’. Thus X is g-concave,
in fact for all ¢ > ¢’ ([L.T, p.88]). Renorm X by an equivalent
norm for which M,(X) = 1 and such that X has the same lattice



28 F. CHAATIT

structure (see [L.T, p. 54]). Then the 2-convexification X of X
in this norm satisfies

My (X®) =1=M?*(X®)

([L.T, p. 54]). This implies that X is uniformly convex and uni-
formly smooth ([L.T, p. 80]), and so

Fx@ : S(L1(1)—S(X®)
is a uniform homeomorphism by Proposition 2.9. Therefore
Gg o FX(2) : S(Ll (M))—)S(X)

is a uniform homeomorphism by Proposition 2.4. O

REMARK 2.10. [O.S]. If S(X) is uniformly homeomorphic to
S(Y) then BaX and BaY are uniformly homeomorphic.

COROLLARY 2.11. If X is a separable infinite dimensional Ba-
nach lattice then S(X) and S(l;) are uniformly homeomorphic if
and only if X does not contain I3 uniformly.

Proof. By Theorem 2.1, S(X) is uniformly homeomorphic to
S(Ly(u)) for some probability space (2, X, u) where L;(u) is sep-
arable. By standard representation theorems either L;(u) = l; or
Li(n) =2 (L4[0,1) @ l1(1))1 where I is countable. So S(X) is uni-
formly homeomorphic to S((L;[0,1]{1(I))1). Then one can define

H : S((L1[0, 1) @ I3 (I))1) —S((lr & 11 (1))1)

as follows: Let F' be a uniform homeomorphism between S(L,)
and S(l;). (Such homeomorphism exists by [0.S].) If (g9,z) €
S(L1[0,1) @ 1(I)); then define H(g,z) = (||g|]F (I_I%IT) ,x) forg#0
and H(0,z) = (0, z). It is easily checked that H is a uniform homeo-
morphism and now, since I is countable, {; ®!;(I) = I; which proves
the Corollary. O

REMARK 2.12. In [R}, Y.Raynaud already obtained that if the
unit ball of a Banach space E, embeds uniformly into a stable Ba-
nach space F', then E does not contain cy. He also proved that if
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F' is supposed superstable then E' does not contain {2 uniformly.
Since L, is superstable, we could get one direction of Theorem 2.1
in the separable case using the result of [R].

REMARK 2.13. If X is g-concave with constant 1, then X
satisfies
Moy (XP) = M2(X) = 1,

([L.T, p. 54]) and as we noted before, X is uniformly convex and
uniformly smooth ([L.T, p. 80]). We then proved that

Fxa : S(Ly (1) —S(X®)

is a uniform homeomorphism with modulus of continuity of Fx()
depending only on the modulus of uniform convexity & (¢) of X
(which in turn is of power type 2, i.e for some constant 0 < K <
00, Ox@(e) > Ke? ([L.T, p. 80])) and the modulus of continuity
of (Fx)™! depending only on the modulus of uniform smoothness
px@ () of X® (which in turn is of power 2qg i.e. for some constant
0< K <00, pxon(7) < K720 [L.T, p. 80]).

We first observe that X and Y must have weak units, since they
are separable [L.T, p. 9]; and are order continuous since they both
don’t contain ¢y. In fact, since ¢ < oo and ¢’ < 00, X and Y don’t
contain I%. So, by Corollary 2.11, S(X) and S(Y) are uniformly
homeomorphic to S(L;). Let X be X endowed with an equivalent
norm and the same order, for which M,(X) = 1, and let Y be Y
with an equivalent norm and the same order, for which M, (Y) = 1.
With the previous notations used throughout this work, we have
the following diagram:

S(X) u?! S(X) (GX',Z)_ S(X(2)) (F)'((2))—

S(Ly) X2, 5@y £22, g7y —2s §(Y)

where v is a uniform homeomorphism from S(Y) to S(Y) with a
modulus of continuity a depending solely on My (Y), and u™! is a
uniform homeomorphism from S(X) to S(X) with a modulus of
continuity f depending only on M,(X).
Let

F=v0Gyy0Fpmo(Fxm) 'o(Ggy) tou,
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then F' is clearly a homeomorphism and
Fl=uo0Gxy0Fgm o (Fp) " o(Gyp) tov™

Let b,c,d and e be respectively the modulus of continuity of
respectively Gy 2, Fp), (Fx@)™!, (Gx2)™'. b and e are functions
solely of 2 by Proposition 2.4 while ¢ and d are functions of ¢’ and ¢
by Proposition 2.9, Proposition 2.8, and Remark 2.13 above. Then
the modulus of uniform continuity « of F is of the form a = aoboco
doeo f and is a function solely of ¢, ¢’, M,(X), My (Y'). Note that the
modulus of continuity of F'~! is also given by acbocodoeo f. O

Proof of Theorem 2.3. The proof is exactly the same as in Theo-
rem 2.2 with the only difference that F' = Fy o (Fx)™!. Indeed we
have now the diagram:

s(x) 7% o) Py 5(v).

We then let F = Fy o (Fx)™! and use Proposition 2.9 to get that
the modulus of continuity of F' depends solely on the modulus of
uniform convexity of ¥ and the modulus of uniform smoothness of

X. U

Aknowledgements. I would like to express my gratitude to
Professors E. Odell and Th. Schlumprecht for proposing this work to
me and for providing me with valuable suggestions and references.
Thanks are also due to Professor V. Mascioni for simplifying the
proof of Lemma 2.6.

REFERENCES

[B] Y. Benyamini, The uniform classification of Banach spaces, Longhorn
Notes 1984-85, The University of Texas at Austin.

[E] P. Enflo, On a problem of Smirnov, Ark. Mat., 8 (1969), 107-109.
[G] T.A. Gillespie Factorization in Banach function spaces, Indag. Math.,
43 (1981), 287-300.
[L] G.Ya. Lozanovskii, On some Banach Lattices 3, Sibirsk. Math. J., 13
(1972), 1304-13.
[L.T}] J.Lindenstrauss and L. Tzafriri, Classical Banach Spaces, vol 2, Springer
Verlag, NY, (1979).



ON UNIFORM HOMEOMORPHISMS 31

[M] S. Mazur, Uber konveze Mengen in linearen normierte Riumen, Studia
Math., 4 (1933), 70-84.

[M.P] B. Maurey and G. Pisier, Séries de variables aléatoires indépendantes et
propriétés géométrigues des espaces de Banach, Studia Math., 58 (1976),
45-90.
[0.S] E. Odell and Th. Schlumprecht, The distortion problem, Acta Math.,
173 (1994), 259-281.
[R] Y.Raynaud, Espaces de Banach superstables, distances stables et homéo-
morphismes uniformes, Israel J. Math., 44 (1983}, 33-52.

Received October 30, 1992 and in revised form March 30, 1993. This is part of
the author’s PhD thesis, prepared at the University of Texas at Austin under
the guidance of Professor Haskell P. Rosenthal, and was partially supported by
NSF DMS-8903197.

UNIVERSITY OF MISSOURI
CoLuMBIA, MO 65211






PACIFIC JOURNAL OF MATHEMATICS
Founded by E. F. Beckenbach (1906-1982) and F. Wolf (1904-1989)
EDITORS

Sun-Yung Alice Chang (Managing Editor)
University of California
Los Angeles, CA 90095-1555
pacific@math.ucla.edu

F. Michael Christ Robert Finn Martin Scharlemann

University of California Stanford University University of California

Los Angeles, CA 90095-1555 Stanford, CA 94305 Santa Barbara, CA 93106

christ@math.ucla.edu finn@gauss.stanford.edu mgscharl@math.ucsb.edu

Thomas Enright Vaughan F. R. Jones Gang Tian

University of California University of California Courant Institute

San Diego, La Jolla, CA 92093 Berkeley, CA 94720 New York University

tenright@Qucsd.edu vir@math.berkeley.edu New York, NY 10012-1100
tiang@taotao.cims.nyu.edu

Nicholas Ercolani Steven Kerckhoff

University of Arizona Stanford University V. S. Varadarajan

Tucson, AZ 85721 Stanford, CA 94305 University of California

ercolani@math.arizona.edu spk@gauss.stanford.edu Los Angeles, CA 90095-1555

vsv@math.ucla.edu

SUPPORTING INSTITUTIONS

CALIFORNIA INSTITUTE OF TECHNOLOGY UNIVERSITY OF MONTANA

NEW MEXICO STATE UNIVERSITY UNIVERSITY OF NEVADA, RENO
OREGON STATE UNIVERSITY UNIVERSITY OF OREGON

STANFORD UNIVERSITY UNIVERSITY OF SOUTHERN CALIFORNIA
UNIVERSITY OF ARIZONA UNIVERSITY OF UTAH

UNIVERSITY OF BRITISH COLUMBIA UNIVERSITY OF WASHINGTON
UNIVERSITY OF CALIFORNIA WASHINGTON STATE UNIVERSITY

UNIVERSITY OF HAWAII

The supporting Institutions listed above contribute to the cost of publication of this Journal, but they are not owners
or publishers and have no responsibility for its contents or policies.

Manuscripts must be prepared in accordance with the instructions provided on the inside back cover.

The Pacific Journal of Mathematics (ISSN 0030-8730) is published monthly except for July and August. Regular sub-
scription rate: $215.00 a year (10 issues). Special rate: $108.00 a year to individual members of supporting institutions.

Subscriptions, orders for back issues published within the last three years, and changes of subscribers address should be
sent to Pacific Journal of Mathematics, P.O. Box 4163, Berkeley, CA 94704-0163, U.S.A. Prior back issues are obtainable
from Kraus Periodicals Co., Route 100, Millwood, NY 10546.

The Pacific Journal of Mathematics at the University of California, c/o Department of Mathematics, 981 Evans Hall,
Berkeley, CA 94720 (ISSN 0030-8730) is published monthly except for July and August. Second-class postage paid
at Berkeley, CA 94704, and additiopal mailing offices. POSTMASTER: send address changes to Pacific Journal of
Mathematics, P.O. Box 6143, Berkeley, CA 94704-0163.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS at University of California,
Berkeley, CA 94720, A NON-PROFIT CORPORATION
This publication was typeset using AMS-LATEX,
the American Mathematical Society’s TEX macro system.
Copyright © 1995 by Pacific Journal of Mathematics



Metrics for singular analytic spaces
CAROLINE GALT GRANT and PIERRE MILMAN

Maps on infra-nilmanifolds 157
KYUNG BAI LEE

Hardy spaces and oscillatory singular integrals. IT 167
YIBIAO PAN

Continuity of convex hull boundaries 183

LINDA JO GOLDWAY KEEN and CAROLINE SERIES

0030-8730(1995)168:1;1



	
	
	

