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SOLID HULLS AND CORES OF WEIGHTED H*-SPACES.
JOSE BONET, WOLFGANG LUSKY, AND JARI TASKINEN

ABSTRACT. We determine the solid hull and solid core of weighted Banach spaces
HZ° of analytic functions functions f such that v|f| is bounded, both in the case of
the holomorphic functions on the disc and on the whole complex plane, for a very
general class of radial weights v. Precise results are presented for concrete weights
on the disc that could not be treated before. It is also shown that if [ ° is solid,
then the monomials are an (unconditional) basis of the closure of the polynomials
in H®. As a consequence H>° does not coincide with its solid hull and core in the
case of the disc. An example shows that this does not hold for weighted spaces of
entire functions.

1. INTRODUCTION AND PRELIMINARIES

The solid hulls of weighted H*-type Banach spaces H>° of analytic functions on
the open unit disc D = {z € C : |z| < 1} were characterized in [§] for a large
class of weight functions v, and a similar study for entire functions was made in
[7]. In Theorem [B.I] we extend the results of [§] by means of the calculations of
certain numerical constants, which yields many novel, concrete examples of solid
hulls. At the same time, we also describe in Theorem [2.4] the solid cores of these
Banach spaces in a similar way as we did in Theorem (Theorem 2.1 in [7]) for
the solid hull. Moreover, we prove that in the case of analytic functions on the
disc the Banach space Hy° is always different from both its solid hull and core; see
Corollary 5.3 However, an example is given in the case of entire functions to show
that H;° may coincide with both its solid hull and core, in particular it is a solid
space. We also prove in Theorem that if Hy° coincides with its solid hull, then
the monomials are an (unconditional) basis of the closure of the polynomials in Hg°.

To describe the results in detail, let us introduce some notation and terminology.
We set R =1 (for the case of holomorphic functions on the unit disc) and R = +o0
(for the case of entire functions). A weight v is a continuous function v : [0, R[—
10, 00, which is non-increasing on [0, R[ and satisfies lim, ,z7"v(r) = 0 for each
n € N. We extend v to D if R = 1 and to C if R = 400 by v(z) = v(]z]).
For such a weight v, we study the Banach space H2° of analytic functions f on
the disc D (if R = 1) or on the whole complex plane C (if R = +o00) such that
[ fllo == supp,jcgv(2)[f(2)| < oo. For an analytic function f € H({z € C;|z| < R})
and r < R, we denote M (f,r) := max{|f(2)| ; |z| = r}. Using the notation O and
o of Landau, f € H>® if and only if M(f,r) = O(1/v(r)),r — R. It is known that
the closure of the polynomials in H>® coincides with the Banach space H? of all
those analytic functions on {z € C; |z| < R} such that M(f,r) = o(1/v(r)),r — R.
see e.g. [3]. It will be clear from the context in the rest of the article when we refer
to analytic functions on the disc or entire functions. Anyway, if it is necessary to
distinguish at some point, we will use the notations H3°(D) and H3°(C).

We shall identify an analytic function f(z) = >, a,2" with the sequence of its

Taylor coefficients (a,)32,. Let A, B and H be vector spaces of complex sequences
1
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containing the space of all the sequences with finitely many non-zero coordinates.
The space A be is solid if a = (a,) € A and |b,| < |a,| for each n implies b = (b,) €
A. The solid hull of A is

S(A) :=={(c,) : I(an) € A such that |¢,| < |a,| Vn € N}.

It coincides with the smallest solid space containing A.
The solid core of A is

s(A) :={(cn) : (chan) € AV(a,) € b}
The set of multipliers form A into B is

(A, B) :={c=(c,) : (cpa,) € BV (a,) € A}.

The following facts are also known, see [I]: 1. A is solid if and only if ¢, C (A, A);
2. AC (B,H) if and only if B C (A, H); 3. the solid core s(A) of A is the largest
solid space contained in A, and moreover s(A) = ({s, A); 4. the solid hull S(A) of
A is the smallest solid space containing A; 5. If X is solid, (A, X) = (S(A), X) and
(X, 4) = (X, 5(4)).

The results on [7] and [8] contain a characterization of the solid hull of H°, if v
satisfies a condition (b), see (2.]) below. This general characterization is in terms
of a numerical sequence (m,,)>,, which depends on the weight and was studied by
the second named author in [I6]. However, given a concrete weight on the disc like

(1.1) v(r) :exp(—a/(l —r)b)

the calculation of the numbers m,, is not an easy matter, and in [§], this was only
done in the case 0 < b < 2. In Theorem [B.I] we calculate these numbers and thus
determine the solid hull for weights

(1.2) v(r) = w(r)exp (—a/(1 —r)")

with any a,b > 0, where w is a differentiable positive function with some growth
restriction. Moreover, the same theorem also contains the analogous characterization
of the solid core. In Section d] we show how these results can be used also in the
case of the variant

(1.3) v(r) = exp ( —a/(1-— rz)b)

of the weight. The general characterization of solid cores for weights satisfying
condition (b) is given in Theorem 2.4l As explained above, further interesting related
results are presented in Section [5l

Bennet, Stegenga and Timoney in their paper [2] determined the solid hull and
the solid core of the weighted spaces H>°(D) in the case the weight v is doubling.
Exponential weights v(r) = exp(—a/(1 — r)?) with a,b > 0 are not doubling. Not
much seems to be known about multipliers and solid hulls of weighted spaces of
analytic functions on the unit disc in the case of exponential weights. Hadamard
multipliers of certain weighted space H!(a),a > 0, were completely described by
Dostani¢ in [I0] (see also Chapter 13 in [13]). Other aspects of weighted spaces
of analytic functions on the unit disc with exponential weights, like integration
operators or Bergman projections, have been investigated recently by Constantin,
Dostani¢, Pau, Pavlovié¢, Peldez and Réttya, among others; see [9], [11, [17], [I8]
and [20]. The solid hull and multipliers on spaces of analytic functions on the disc
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has been investigated by many authors. In addition to [2], we mention for example
[, [B, [6], [12], the books [13] and [19] and the many references therein.

Spaces of type H°(C) and H:°(D) appear in the study of growth conditions of
analytic functions and have been investigated in various articles since the work of
Shields and Williams, see e.g. [3],[4], [15], [16], [21] and the references therein.

In the case of a ”standard” weight v,(2)) = (1 — |2|*)%, where o > 0, we denote
for every HY® := H*(D) := H°. The solid hull S(HZ®) of HZ® is known: it equals

2ntl_g 1/2
[e’s) . —2«
S(HY) {(bm _ :élé)()(Z || *(m + 1) ) <oo}.
This is Theorem 8.2.1 of [I3]. Moreover, the solid core S(H g") can also be charac-
terized, see Theorem 8.3.4 of [13]:

on+l_1

S(Hgo):{(b _ :sup( Z b | (M + 1)~ ) }

2. SOLID HULL AND CORE FOR WEIGHTS WITH CONDITION (b).

In this section we consider the quite large class of weights on D or C satisfying
the regularity condition (b). For such a weight, the solid hull was found in the paper
[8], and we determine the solid core here.

Definition 2.1. Let r, €0, R[ be a global maximum point of the function r”v(r)
for any m > 0. The weight v satisfies the condition (b) if there exist numbers b > 2,
K >band 0 <my <mg <...with lim,,_,. m, = 0o such that

(2.1) b< ( [ )m zé(rm” (T’”"“)mw Arm) e

Tanrl v Tanrl) ’ Tm /U(Tmn>

Remark 2.2. (1) The second named author introduced the following condition
(B) on the weight v in [16]:

Vb >0 dby >1dc>0Vm,n:
<r_m) v(7m) <b, and |m—n|>c= (T—") G < by.
T'm

Tn v(ry) V(rm)

It was observed in Remark 2.7 of [7] that if a weight v satisfies condition (B), then
it also satisfies condition (b) for some b > 2, K >band 0 < m; <mgy <....

(2) As a consequence of this observation and Section 2 in [16], the following weights
satisfy condition (b): For R =1,
(1) v(r) = (1 — r)* with o > 0, which are the standard weights on the disc, and
(ii) v(r) = exp(—=(1 —r)7").
More examples can be seen in Example 3.3l For R = +o0,
(1) v(r) = exp(—rP) with p > 0,
(17) v(r) = exp(—expr), and
(i11) v(r) = exp ( — (log" r)?), where p > 2 and log* r = max(logr, 0).

We recall the result [8], Theorem 2.1 for D, or [7], Theorem 2.5 for entire functions:
Theorem 2.3. If the weight v satisfies (b), we have
1/2
(2.2) S(HX) = {(bm)ﬁzo : sup v(rmn)< Z |bm|2rfnmn> < oo}.

My <M<Mp 41

n
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Now let us prove the following statement.
Theorem 2.4. For a weight v satisfying (b), we have
(2.3) s(HX) = {(bm)%ozo : sup v(rmn)< Z |bm|r2§n> < oo}.
" Mp <M<Mp 41

Proof. For a holomorphic function f with f(z) = >"7 ja,2", we let h; denote
the function defined by

= Z la,|z"  for all z.
n=0

It is easy to see that the solid core s(H®) of H:° coincides with the set
{f : f holomorphic, hy € H:°}.
Now, let f e H®°, f(z) => " bu2" If

(2.4) hy(z) =Y |bal2",

belongs to H;°, it is easily seen that

sl = sup vlr Zw .
This implies
(2.5) swo(ry,) (D ol ) < gl
" Mp <M<Mp 41

Thus the solid core is contained in the right-hand side of ([Z3]). Now we proceed
with the reverse inclusion.

According to [16], Proposition 5.2., there are numbers /3, € [0, 1] and a constant
¢ > 0 (independent of f) such that

gl Sesip s oz DD Bulbale”|.

n
Tm'”*1§|z|§rm”+1 Mp—1<M<Mp 41

This implies
(2.6) Il <esuip  sup o) (DD fbal™).

n o r <r<r
Mn—1—="=""n+1 Mp—1<m<Mmp41

For rp,,_, <1 <71y, we have

v(r) Z |6y | 7™

Mp—1<m<mpy,

- gt 5 b ()

My, —
Mn—1<m<mn, n-1

( r )mnv(v(r) )v(rmn,l) Z bl

T'm T'm
n—1 n—1 mn71<m§mn

< ( T, )mn U(Tm”))v(rmnl) Z |7

,r‘mnfl ,U(Tmnfl

IN

Mp—1<m<mpy,
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(27) S KU(Tmnfl) Z ‘b ‘Tmn 1°
Mp—1<m<my,

Here we used that r,, is a global maximum point for ™ v(r).
Similarly, for r,,, , <r <r,, we have

v(r) > (bl

Mp<m<mMp41

= o) Z o, ()"

mn <m<mn+1 "

)
) (T, ) Z (2% |rmn
(2.8) <o(rm) Y lomlr,

’l"
) My <mM<mpt1
My <M<Mp 41

IN

T,

Finally, if 7, <7 <rp,,., then

v(r) Z |by | 7™

Mp<Mm<Mp41

=gt 3 ()"

r
m”) My, <M<Mi 41 mn

< r >mn+1 U(T>)U(Tmn> Z b |7

IN

Ty, U(Tmn My <Mm<Mp41
< <Tmn+1)mn+lwv(rmn) Z |b |rmn
T, U(’/’mn) Mp<m<Mp41

(2.9) < Kv(rm,) > lbmlri,.

Mn<Mm<IMp 41

Hence, according to (2.6), with ([27), (2.8)) and (2.9),
sl < 2K sup ol ) (D0 lbulrin,).

Mp<m<Mp41

This together with (2.1) yields (Z3). O

3. A WEIGHT OF THE FORM w(r)exp(—a/(1 —r)b).

In this section we only deal with weights defined on the unit disc D. Our purpose
is to improve the results of [§] by calculating the solid hulls and cores for a larger
class of concrete examples, namely, for weights of the form

(3.1) v(z) = w(r)exp ( — ﬁ), z €D,

where a,b > 0 are given constants and w : [0, 1[—]0, oo is a differentiable function,
extended to D by w(z) = w(|z|). We remark the examples in [8] only contain the
case b <2, w = 1.

We will prove
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Theorem 3.1. Let w'(r)/w(r) be a decreasing function and assume that there are
nog >0 and a €]0,1+ b/2[ such that

(3.2) (1— T)O‘ZUU/((:)) is bounded on [0, 1]
1 — (-4 1/b
(3.3) é < wq(“i(_ (bfbgl)l)lab) < e forn > ng.

Then, the solid hull of H° is equal to

{1 () ")e (2 (1= ()" <)

meN
mp<m<mgyyq

e 242/b 2 a \Yoyw'(l—
s (1) 1 () 20

where
)1/1))
n2)1/b)

oS
|® 3|m
|

w

=

(which reduces to m,, = b'*V/°a=1on22/0 — b2 ifw =1).
Moreover, the solid core of HX° is equal to

{ia (s () ") 5 - (%)) <)

meN
mp<m<mg,yq

We postpone the proof a bit and consider some remarks and examples. Let us
start with the following quite trivial observation which, however, is very useful to
simplify the presentations of the solid hulls and cores.

Lemma 3.2. Let 1 < p < 00, and let (Ky)nengs (Kn)nengs (Lin)neng 0 (L nen,
be sequences of positive numbers. Assume that there are given two increasing, un-
bounded sequences (My)nen, and (My)nen, 0f positive real numbers such that

(3.4) My <My <My V0 eN
and such that for some constants C' > ¢ > 0, for alln € N,

¢KPL,, < K" L, <CKFPL,, Nmuwithm, <m <,
(3.5) ¢KPL,, < KPL,, < CKPL,, Vmuwith m, <m < m,..
Then, we have

{n)ig s sw (Y |bm|me)1/p <oo }

neNo Mp<m<Mmp 41

(3.6) - {(bm)gzo . sup Kn< S |bm|p£m)1/ ' < }

neNo My <M<y t1

Proof. We have, by (B3],
1/
sup( Z K£|bm|me> !

n€No N cm<ming

< sup << > Kfi'bm'me)l/p*( 2 K£|bm|me>l/p>

neNo Mo, <M <170, T <M<mp 41
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< Lo (( S Rl Ln, ) p+( 3 f(g\bmmm)”p)

C
neNo mp<m<ifn Mg <M<Mp41
2 - ~ \1/p
<Zswp (N Kilbul'Ln)
neNo My <M<1Mp 41

The converse inequality can be shown in the same way, using the other inequalities

in @3). O

It is obvious that the representations of the solid hull and core of a weighted space
are by no means unique: the sequence m,, and even the coefficients and exponents
can be chosen in many ways. We discuss this in the first example.

4 —n?. However, in [§] the

4

Example 3.3. (i): a =b =1, w = 1. Here m, = n
representation of this solid hull was found with the more simple numbers m,, = n
instead:

S(H ) {(b ) 2( Vilyl |b |2(1 2)2m>1/2 }
) =19 (by)oe_y :supe " m —n" < ooy,
" " m=n4+1
(n+1)*
s(HX) = {(bm)f,fb’zo csupe™ Z b (1 —n?)" < oo}.
" m=n4+1

Let us verify that the condition (3.5]) of Lemma [3.2]is satisfied with p = 2; the proof
for the case p = 1 follows by taking square roots. We may obviously assume n > 2.
For m with m,, <m <m,, i.e.,

(3.7) n*—n? <m<nt
we have K, = ¢ = K,,, Ly, = (1 —n2)?" and L,, = (1 — (n — 1)"2)*", hence,

1\ 2m 1 \ n?2n?
KELLm — —2n (1 o _2) Z e—2n2 (1 - _)
n

(3.8) > Ce e = Ce ™,
9 o2 1 2n*—2n?
KLy < e (1)
n 7’L2
1 \ n?2n? 1\ —2n?
< (1-5) (1-5)
n n
1\ —2n?
(3.9) < Qe (1 . —2) < Clemin®,
n

Furthermore, we write
nt=(n—1)"+4(n—1)° +p(n) = (n —1)°(n = 1)* + 4(n — 1)° + p(n),

where p(n) = 6n* —8n+ 3. Using the trivial estimates p(n) —n* > —60(n —1)? and
p(n) < 50(n —1)? for all n > 2, we obtain

- - 1 2m 5 1 2nt—2n?2
K2 L = e 21 (1 _ 7) < o—2(n-1) <1 _ 7)
’ -1/ =° (n =1
1 2(n—1)2(n—1)248(n—1)3+2(p(n)—n?)
7)

_ —2(n—1) (1 _
‘ (n—1)2
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n_1)2\ 2(n—1)2+8(n—1)—120
< 6_2(n_1)2 <1 _ 1 )( 1)
- (n—1)?

(3.10) < Ce =12 =8(n=1) _ o4’ +8n—4,-8(n—1) < (v —4n’
Similarly,
2 [ 1 2m 2 1 2n
n—1 € (n — 1)2 = € (n — 1)2
- (n—1)2
2( 1)2 1 (n—1)2 2(71—1)2+8(n_1)+100
> ¢ 2n- 1 7)
= € (( (n _ 1)2 )
(311) 2 06_4(n_1)26_8(n_1) 2 0/6—477/2.

We thus see that the first pair of inequalities (3.5]) holds. The second one is trivial
since for m, < m < m,4, i.e.,

nt<m< (n+ D= (n+1)2

we have L, = (1 —n=2)?" = L,,.

(1i): a=1,b=2,w(r) =1—r. Here
m, = 23/2p3 —on? + 212 — 1

and

—2n?

S(H) = {(bm)gzo sup e\/gn ( S 21 - (ﬂn)—1)2m> v _ oo},

mnp<m<mg,yq

—2n?

{(bm)ﬁzo ' SUp e\/ﬁn UZEN b (1 — (V2n)™)"™ < oo}.

mp<m<mg,yq

s(H;7)

v

(iti): a=b=1, w(r) = (1 —log(1 —r))~t. Here, a direct calculation yields

2

-1
3.12 L =nt —p? i ,
(3.12) M =1 n+1+log(n2)

but we can again use Lemma B2 with m,, = n?, K, = e (1+ log(n2))_1 = K,
Lyp=0-=n"2*and L, = (1 — (n— 1)72)*™, since the calculation (Z.3)-(B.I1)

shows that both the expressions K2L,, and K2 ,L,, are proportional to

_An2
e4n

(1 + log(n?))”

for all m with m,, < m < m,. (To see this, we observe that in comparison with

(B8)-BII), K, only has the new factor (1 + log(n2))_1 =: g, for which g, and
gn_1 are proportional, and that m,, of [BI2) satisfies n* — n? < m, < n? so that m

(3.13)
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in ([B.13) falls into the interval considered also in (B.8)-(3.11])). Moreover, of course
K?L,, = K2L,, for all m with m,, < m < m,;. Thus, we have

2 (n+1)*

- N1/2
S(H)) = {(bm)z:() : Supl—l—eloig(nz)< Z |bm|2(1 _ n_2)2 ) - oo},
! m=nt+1
e (nt1)*
S(H) = {(bn)iico s o0 oy 3 Mol (1=n7)" < o).
! m=nt+1

(iv): a = b =1, w(r) = exp(—log®(1 — r)). Here we have w'(r)/w(r) = 2(1 —
r)~tlog(1 —r). It is easily seen that ([3.2)) and (B3] are satisfied. We obtain m,, =
n* —n? +4(n* — 1)log(n) and

S) = {n)ie - supexp(—log(m) = i) (32 a1 - 07)?") " < o),

meN
mp<m<mg, 4 q

s(HX) = {(bm)ﬁzo : stllp exp(—4log?(n) — n?) Z b (1 — n_z)m < oo}.

meN
mp<m<mg, 4 q

Remark 3.4. Fix m > 1 and put
m — .m — —a
f(ry=r"v(r)=r w(r)exp( (1—7’)1’)'

Due to the continuity of f and the fact that f(0) = f(1) =0 < f(r), r €]0, 1], the
function f has a global maximum on |0, 1[. It is easily seen that r €0, 1] is a zero
of f"if and only if
r w'(r)
14 =ab — .
o T T )

Since —rw'(r)/w(r) is assumed to be increasing, the right-hand side of ([B.I4) is
strictly increasing in r. Hence (BI4)) has exactly one solution, denoted by 7,,, which
is the unique global maximum of f. In particular, if

))

)")

3=

(- (") ()

3=

for some m > 1, then

(3.16) ra=1— (%)Ub.

Proof of Theorem 3.1l 1°. We first consider that case b > 1.
a) Some estimates. If 1 <z <y and 0 < f < 1 then the mean value theorem
yields

(3.17) y? —af <pa Ny —x) and ¥ —y’ < By —y).
Moreover we use

(3.18) l+xz<e® forallzeR.
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Now let 1 < m < k and define M as in (B.I5) and K in the same way with &
replacing m. Then
1

and TK:l_W

=l

and we can rewrite ([B.I5) as

! /
(3.19) M = abmory — rp— (ra) K = abk Vo — Y (rx)
w(rar) w(rg)
Then, with (317), (BI8) we obtain
1/b 1/b 1/b
e _1-@E" G T -6)
- /b 1+ 1/b
- () 1 (2)
1/1\Vo-1 /1 1\ 1 1 k—m 1
3.20 < _(_> <_ - _)_ _ 1 L
( ) _exp(b 2 m k)T exp b K m T
and
1/b 1/b 1/b
o 1-@" @ -)
1/b 1/b
- () ()
1 k—m 1
(3.21) < exp ( AT E)

Now we write
(:—Z)KZ((:;)) = exp <Klog (:—Z)) Z((:;)) exp(—a(k —m))

which in view of (B.19), (320) is bounded by
—_— / —
w(rg) exp <ak(k m) rg 1 rg w(rg) k—m a(k;—m))

w(rar) rva by w(ry) kKVmo

G exp ( —a(k —m) + a(w) (k—m) +ci(k,m)

w(ry) m — ml-1/b
_ w(rk) (k —m)? 11/ _ p1-1/b
(322) = w(’f’M) exp (am — ml—l/b 1 p—— + Cl(]f,m)
where
1 rg w'(r kE—m
52 q%ﬂn%:—g;i wégyl—TK)qn
Using ([32])) instead of ([B:20) we get with the help of (B.171)
(T_M)KU(TM)
ri/  v(rg)
1o\ /b
< ZE:Z)) exp <a(k —m) —a(k —m) <E) + co(k, m))
. w TM) ml/b o kl/b
-~ w(rk) *Xp (a(k - m><w> + co(k,m)

(3.24) < ) o <‘—<k - m>zm +ealk, m>)
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where

Vb rK -m
(3.25) s (e m) = % (%) wETK)) kT
Similarly, (B:20) implies

()"
< ZE:;)) exp <—a(k; —m) + a(%)l/b(k —m) + cs(k, m))
= Z((:;)) exp (—a(k - m)(%) + c3(k, m))

(3.26) < ;U((:;)) exp (—%(k: — m)Q% + c3(k, m))

with

(3.27) cslkym) = — (1—rg).

()"
rk/  v(rg)
w(r m .
~ e (o= m) == i i)
~w(ry) (k —m)? El-1/b _ p1-1/b
(3.28) = w(rg) exp (ak —jl1/b ( r—m ) + cy(k,m)
with
Lry w(ry) k—m
2 L _Llrm .
(3.29) calbm) = 3 ) Tk
b) The parameters m,,. Now put for every n € N large enough
. b,
(3.30) jn =

and in the above calculations choose
m=jn , k=jnt1.
We denote the numbers in ([B19) by
my=M , my.1 =K

so that the following relations hold, by (B.18)):

1 a /b a 1/
R 7 rnen =1~ ()

¢) Final estimates. With (3.23)) we obtain

S 1
cx(justsn) = =3 (

,rmn+1 ) w/(rmn+1> 2n + 1

1—r
my, w(ranrl) ( mn+1) n?
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By assumption (3.2)) there is d > 0 and 0 < oo < 1 + b/2 with

w/ (Tanrl ) d

w(rmn+1) - (1 - ,rmn+1>a.

Hence p ) .
. . Tmn —« n _'_
|1 (Jnr1, n)| < g(r—ﬂ>(1 - Tmn+1)1 < 2 )
d ’f’mn 1 a (1—05)/b 2(0{—1)/b 271 _I_ 1
—3(=2)(G) T e ().

Since 2(a — 1)/b < 1 we obtain

lim Cl(jn—l—lajn) =0
n—00

By assumption ([B.3) we have w(ry,,.,)/w(ry,,) < e. So, using (3.22)) and ([B.30) we
see that there is a constant K, with

(3.31) (Tm"“ )mw < K, foralln.

,rmn /U(Tmn>
This follows from the fact that, for & = j,.1 and m = j,, the expression in (3.22]),
(k‘ o m)2 1 — kl—l/b o ml—l/b

m — ml/b E—m

Y

remains uniformly bounded for all n.
To obtain a lower estimate of

(rmnH ) (T
T'm v(rm,)
consider ([3.24) and ([B.25]). Exactly as before we see that
(3.32) i ey n) = 0
For k = 7,41 and m = 3, we obtain
<g> (k—=m)*  (2n+1)?
b) K emi/b — (n + 1)2-2/bp2/b
which tends to 4 as n — oco. Together with (3.32) we find ng such that
_(a) (jns1 = Jn)?

I 1-1/b -1/b
]n—l—l/ ]n/

n

b + Ca(jns1,dn) < =2 for n > mny.

Since by assumption w(ry,, )/w(rm,,,) < e the estimate ([3.24) implies

( Tmn )mn+1 U(Tmn) ]'

§_>

Tmn+1 ,U(Tmn+1) €

hence

(3.33) 2<e< (rmw)m”“w for n > g,
Tmn U(Tmn)

Repeating the preceding arguments using [3.20), B27), B28), (29) instead of
B22), 323), B24), B29) we see that

lim C3(jn+1>jn) = lim C4(jn+1>jn) =0
n—o00 n—o0
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and there are ny, N7 with

(3.34) 2<e< ( T )mn O(r'm,) < K; forn>n;.

Tmn+1 /U(Tanrl )
Then the assertion of the theorem in the case b > 1 follows from B.31)), ([B.33),

(B34) and [§], Theorem 2.1.
2°. We prove Theorem B.] in the case 0 < b < 1. Here we use, for v > 1,

0<z<uy,
y' =27 <y y —x) and 27—yt <927 H(a - y).
We obtain, instead of [3.20) and ([3.20),

/b /b /b
[ 63 BN € Rl ()}

O
<o (3 () arn

A € KAy
pr T e

=) )

Then the theorem follows by repeating the same arguments as in the preceding
section. [

and

=

IN

4. A WEIGHT OF THE FORM vy(z) = exp(—a/(1 — r?)?).

As a consequence of the preceding discussion we consider here the weight

v9(2) = exp (ﬁ)

for given constants a, b > 0. We compare v, with the weight v;(2) = exp(—a/(1—7)?)
of the preceding section (with w = 1).
Put

A= {f € Hy : f(z) = Zagkz% for some agk}
k=0
and
B=z A= {g € Hy :g(z) = Za2k+1z2k+l for some a2k+1}.
k=0
Moreover, let Ty, Ty : Hy? — H,J be the maps with

(T1h)(2) = h(z*) and  (Tyh)(2) = zh(z%), h€ H>, z € D.

v1?

Proposition 4.1. The operator Ty maps H; isometrically onto A. The map T,
is a contractive operator from HJ° onto B. Moreover, we have

HX=A®B
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Proof. The map T is certainly an isometry into A and 75 is a contractive operator
into B. To show the surjectivity, let f € B, say

(4.1) f(2) = annz™t.
k=0

Then put h(z) = Y 77 k12" In view of [@I]), since the series representing f(z)/z
converges uniformly on compact subsets of D, we have

c:= sup I£(2) < 00
s<1/2 |2
Hence,
hlloy = sup |A(2) o1 (2) = sup [(2)or (22) = sup L)
|z|<1 |z|<1 |z|<1 |Z|
(4.2) :max( sup |f(z)|v2(z), sup |f(z)|v2(z))
|z|<1/2 ‘Z| 1/2<|z|<1 ‘Z|

We obtain h € Hy® and clearly Toh = f. This shows that 75 maps H;Y onto B.
Similarly we see that 71 maps H;7Y onto A.

Now consider the operator P with (Pf)(z) = (f(z) + f(—2))/2 for f € H}? and
z € D. P is a contractive projection from HgS onto A. We clearly get (id—P)(HY) =
B. Hence HY = A® B. U

Now we take the numbers m,, of Theorem B.] for w =1, i.e.
bl—l—l/b
Mn == 17

Let [s] denote the largest integer which is smaller than or equal to s.

24+2/b b 2

n n-.

Theorem 4.2. The solid hull of Hy; is equal to

{(bm) : Slip e—bn2< Z |bm|2<1 B <#>1/b)2[m/2] >1/2 _ oo}.

meN
2[mn]+1<m§2[mn+1]+1

Moreover, the solid core of H7Y is equal to

{(bm) csupe Z |6 | (1 - (#)Ub) e < oo}.

n
meN
Z[mn]+1<m§2[mn+1]+1

Proof. Using Proposition .1 and Theorem B.1l we see that (b,,) € S(H;?) if and
only if

(4.3) Sljlpe—brﬂ( Z ‘b2m|2(1 _ (#)1%)2771)1/2 o

meN
mnp<m<mg,q

and

(4.4) sgp e_b"2< Z |bgm+1|2(1 - (b%y/b)%n) v < 00.

meN
mp<m<mg, 4



SOLID HULLS AND CORES OF WEIGHTED H-SPACES. 15

If m € Nand m,, <m < my4; then [m,]+1 <m < [m,;1]. We obtain 2[m,,] +2 <
2m < 2[my41] and 2[m,| +3 < 2m + 1 < 2[my,41] + 1. Hence (L3) and ([{4) are
equivalent to

1/bx 2[m/2] 1/2
sup e—bn2< Z |bm|2<1 - (%) ) ) < 00.
n

n meN
2[mn]+1<m§2[mn+1]+1

The proof for the solid core is the same. [J

5. MAXIMAL SOLID CORES AND MINIMAL SOLID HULLS.

In this section we prove some general results on the relations of Schauder bases
and solid hulls and cores for H°-spaces. We refer the reader to [14] for terminology
about bases in Banach spaces. If the monomials form a Schauder basic sequence in
H2°, then obviously the condition of being solid is related with the property of {2}
being an unconditional basis. Another, related fact will be proven in Theorem
We also show the unexpected fact that for some special weights, H° is solid.

Proposition 5.1. We have S(H®) = H>®° if and only if s(H°) = H°.
Proof. If S(H) = H° then hy € H® (see [24)) for all f € H°. Hence
s(H®) = H.

Now assume s(H°) = H° and take g € S(H) with g(z) = > 4o, bkz". There
is f e H® with f(z) = Yo, arz® and |by| < |ay| for all k. Since by assumption
hy € H3® we obtain

o0
lgllo < supv(r) Y laglr® = ||l < oo
T k=0

which implies g € H.°. Hence S(Hy°) = H°. O

Example. Consider the weight v(r) = exp(—log?(r)) on the complex plane C.
According to [I5], Theorem 2.5., there is a constant d > 0 such that for every
f € H® with f(z) = > p, axz” we have

sup(Joul exp(k?/4)) < [Ifll, < dsup(lau] exp(k?/4)).

Then clearly hy € Hy°. Indeed, let (hy), be the partial sums of hy, i.e. (hf),(2) =
Sor_olag|zF. Then (hy), € HS®, (hs)n, — hy pointwise on C and

sl < sup [[(2g)nlly < dsup(jax exp(k?/4)) < d||fl < o0.

Hence S(H) = H® = s(HY®).

Recall that we denote by HC the closure of the polynomials in H®°. We put
A={*:k=0,1,2,...}.
Theorem 5.2. If S(H°) = HS® then A is a Schauder basis of HY.

We prove Theorem at the end of this section. At first we state

Corollary 5.3. In the case of analytic functions on the disc D, one always has
S(Hx (D)) # H(D) and s(H*(D)) # Hy(D).
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Proof. According to [I5], Theorem 2.2., A is never a basis for H?(ID). This proves
Corollary in view of Theorem O

For the proof of Theorem we need two lemmas.

Lemma 5.4. (i) Fit m € N and € > 0. Then there is 1o < R such that, for every
[ with f(z) =Y 1, arz®, we have

sup | f(2)[v(z) < €l f]lo-

ro<|z|<R

(i1) Fiz 0 <r; < R and € > 0. Then there isn € N such that, for any g € H® with
g(z) = >0, axz®, we have

sup |g(2)[v(2) < €llgllo.

0<|z|<r

Proof. (i) Fix » < R. Then we clearly have

lag| < Hva forall k=0,1,...,m.
rio(r)

We obtain

R <Y (12 etz

=\ v(r)

Find rq > 0 such that

(ﬂ)kv(ld) < _¢

r/ o) T m+1

whenever |z| > ry. This is possible since, by assumption, lim .|,z |z|*v(|z]) = 0 for
all k. This implies (i).

(ii) Fix r > ry and consider g(z) = Y77 aiz". We have |ai| < || g,/ (r*v(r)) for all
k. This implies, if |z| < rq,

= [2lho(]2) = (1) (0)
9(=)lez) < 3 e S lslle < 30 () oyl

p— rku(r) P v(r)
We find n so large that
3 ¢ ) Ful0)
k=n T)
which proves the lemma. []

Lemma 5.5. Let f = Z;io a;z’ be an analytic function on the disc, let my < ma <

- be indices and fo(2) = 32700 a2, Then there is a subsequence ( fu, )72y such
that

(5.1) Sup [ frello < 2| ankHv

k=0

We remark that for any subsequence (f,,)3,, the sum >, f,, on the right-hand
side of (B.1) is the Taylor series of an analytic function on the disc, so the sum
converges at least uniformly on compact subsets of D; if the sum does not belong to
H$°, its norm is infinity and the inequality (5.I) becomes a triviality.
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Proof. Use Lemma [5.4] and induction to find a subsequence (f,,) and radii

r1 <1y < ...such that |f,, (2)|v(]2]) < 37| fu,lle Whenever |z| < ry, or 2] > 14y
Hence
(5.2) [ foello = sup | fu ()]0 (]2]).

r<|2<repqa

By the remark above, we may assume that >, f,, € H°. Fix j. If r; <|z| <rjp

we obtain
1Y follo = 1) far(2)]0(2)
> | fu, (2)|0(2) = D | fu(2)[0(2)

> o, o) = 3 ol

ki

1
2 | fn; (2)|v(2) = 5 sup || faoy [lo-
k
In view of (5.2)) this implies

1 .
1D Folle = Mo llo = 5 SUP [ fo [l for all ;
k

and hence

1
I3 fuulls = 5500 o
k

which proves the lemma. [J

Proof of Theorem For any subset N of N, let Ty be the operator with
Tn(Opepanz®) = Y enanz® It S(H®) = HY® = s(Hg®) then Ty (H®) C H.
The closed graph theorem implies that T} is bounded.

Now let P, be the Dirichlet projections, i.e. P, (> 3" arz¥) = >}, arz". Assume
that A is not a basis for H?. Then the P, are not uniformly bounded. By the uniform
boundedness theorem we obtain a function f € H? such that sup,, | P,(f)|. = oc.
Hence we can find a subsequence P, with lim, e ||(Pr,.,, — P, ) ()]s = 00. Put
fm = (Priy — Pu,)(f). Then, > f, € H:°, since this sum is of the form Ty f for
some subset N of N. We apply Lemma to find a subsequence f,,, such that

sup 1 frello < 201D frngllo-
k

The left hand side of this inequality is infinite while the function on the right-hand
side is again of the form 7'y f for some N C N and thus has finite norm as an element
H%. So we arrive at a contradiction. Therefore A is a basis of H?. [
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