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ON UNCONDITIONAL EXPONENTIAL BASES IN WEAKLY
WEIGHTED SPACES ON SEGMENT

K.P. ISAEV, A.V. LUTSENKO, R.S. YULMUKHAMETOV

Abstract. We show that the existence of unconditional exponential bases is not deter-
mined by the growth characteristics of a weight function. In order to do this, we construct
examples of convex weights with arbitrarily slow growth near the boundary such that un-
conditional exponential bases do not exist in the corresponding space.
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1. INTRODUCTION

In the present work we consider Hilbert space of the form

Lo(W) = {f € Lue(-1.1): |11 = [ 1WAt < oo},

where W is positive continuous integrable function on (—1,1).

In the classical case W (t) = 1, the Fourier system {e™"}, <z forms an orthonormal basis. It
is obvious that in other cases there can be no orthonormal exponential bases in spaces Lo(W).
The notion of Riesz basis was introduced in [I] and it denotes the image of the orthonormalized
basis under a bounded invertible operator.

A basis {ey, k= 1,2,...} in a Hilbert space H is called unconditional [2] if for some constants
¢,C > 0 and each element

Tr = Z LK€l
k=1

the relation
o0

¢S fanllenl? < Jle? < 02 2 2l ?
k=1
holds true. An unconditional basis {ex, k = 1,2,...} becomes Riesz basis if and only if 0 <
inf ||ex|| < sup|lex|| < oc.

The problem on Riesz basis property for a given exponential system {e*:‘} in the classical
space Lo was studied in details. In work [3], there was obtained a criterion saying that the
generating function for this system should satisfy the Muckenhoupt condition. In the weighted
space with an unbounded weight function there can be no Riesz bases. This fact was proved
in work [4].

Unconditional bases were considered also in Hilbert subspaces of the space H (D) of functions
analytic in a bounded convex domain D C C. For the Smirnov space F2(D) on a convex polygon
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D there were constructed unconditional exponentials bases [5]. In work [6], there was considered
the existence of exponential bases in E9(D) on a convex domain D with a smooth boundary.
It was proved in [7] that in Smirnov spaces on convex domains containing a smooth arc on the
boundary, there are no exponential bases. It was shown in [§] that in Bergman spaces By (D) on
convex domains with a point of non-zero curvature on the boundary, there are no exponential
bases.

In work [9] there was proved an analogue of this result in weighted spaces Ly(e™*®) with a
convex function h: under certain regularity conditions for the growth of the weight function
h(t), if for each k € IN

"1 — |t — oo, |t] — 1,
then there are no unconditional exponential bases in the space Ly(e™"®).

All the aforementioned problems can be formulated for one model of weighted spaces of
entire functions, if by the Fourier-Laplace transform we pass to an equivalent problem on
unconditional bases of reproducing kernels in Hilbert spaces of entire functions.

Let X be some Hilbert space of functions, in which the system of all exponentials e**, A € C, is
complete.The the Fourier-Laplace transform mapping each linear continuous functional S € X*
into the function R

S(\) = S(eM), Nec,
makes a one-to-one correspondence between the dual space X* and some space of functions X.
Under natural conditions for the original space X, the space X turns out to be the Hilbert space
of entire functions with a structure endowed by X*, in which point functionals F' — F'(z)
turn out to be bounded for all z € C. Thus, by the self-adjointness of Hilbert spaces there
arises a reproducing kernel (see [10]) K (), 2):

(FOA), K(\2))g = F(z), VF € X.

It follows from simple functional analytic arguments that the exponential system e***, k € Z,
is an unconditional basis in X if and only if the system K(\, \;), k € Z, is an unconditional
basis in X.

The problem on unconditional bases of reproducing kernels in weighted spaces of entire
functions was studied in works [IT]-[14], in which the weighted spaces of entire functions

H(p)={F € H(C): |F| Z/CIF(Z)IQG‘MZ)dm(Z) < oo}

were considered. Here ¢ is a some subharmonic function on the plane, dm(z) is the planar
Lebesgue measure. In work [I4], under assumption of some regularity for the growth of the
function ¢(z) = ¢(|z|), it was proved that if

In?t = o(p(t)), t — oo,

then the space H(p) contains no unconditional bases of reproducing kernel, while in the spaces
with the weight ¢(t) = In*¢, 1 < a < 2, such bases exist.

In work [I5], a general condition for the Bergman function of the weighted space of en-
tire functions was proved. This condition ensured the absence of an unconditional bases of
reproducing kernels.

The results of work [14] suggests some stability of the existence of unconditional bases in
weighted spaces under a “perturbation” of the weight. The matter is that the spaces H(p)
with ¢(A) = O(In|\|), A — o0, become finite dimensional and hence, the unconditional bases
of reproducing kernels exist. In the present work we construct examples of convex functions
h on the interval (—1;1) with an arbitrary slow growth at the end-points of the interval such
that there are no exponential unconditional bases in the space Ly(h).
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2. NOTATIONS, PRELIMINARIES AND FORMULATION OF THE STATEMENTS
The statement that two non-negative functions f, g satisfy the estimate
flz) < Cy(z), VrelX,
for with some constant C'is indicated by the symbol <:
flx) <g(x), ze€lX.

The symbols > have < the corresponding meaning.

It was proved in work [I6] that the space La(h) of Fourier-Laplace transform of continuous
functionals on Lo(e™") considered as a normed space is isomorphic to the space of the entire
functions of exponential type with the norm

L N B = e ]

h(x) = sup(zt — h(t))

[t]<1

where

is Young dual function for the function h and

1

K(x) = He(x+iy)t||2z2(h) _ / p2rt=2h(t) 74
-1

If 0, : F(-) — F(z) is a point functional on Ly(h), then by the definition of the Fourier-Laplace
transform

101175y = lle™|I* = K (Re 2).

To simplify the notations, in what follows we write K (2) := K(Rez).
Given a continuous in B(z,r) function f we let

[fllr = max [f(w)].

weB(z,r)
Let d(f, z,r) be the distance from the function f to the space of harmonic in B(z,r) functions:
d(f,z,r) = inf{||f — H||,, His harmonic in B(z,r)}.
For a continuous in C function u and a positive number p we let
T(u,z,p) = sup{r : d(u,z,r) < p}.

If the function u depends on Rez only, that is, u(z) = u(z), z = = + iy, u(z) is a convex
function, then by slightly different means, it is possible to define the characteristics of this
convex functions comparable with 7(u, z, p).

For instance, by p(u, z,p) we denote the maximal number > 0 such that

/ |u'(x +t) — o/ (x)|dt < p.

Then it follows from Lemmata 2 and 5 in work [I7] (see also [I§]) that
7(u,x,p) < p(u,z,p), = €R.
The statement .
K(r) < ———¢*h@), (1)
p(h,z,p)
was formulated in [I7] and was proved in [I8, Thm. 2].
In the present work we prove the following theorem.
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Theorem 1. For each continuous integrable positive function W on the interval (—1;1)

tending to zero as |t| — 1, there ewists a convex function h such that e"® < WL@) as |t] < 1

and there are exponential bases in the space Ly(e™"®).
The proof is essentially based on Theorem 4 in work [9].

Theorem A. Let h(t) be a convex function on the interval (—1;1),

1
K()\) _ / eZRe)\t—2h(t) dt.

1
Assume that for some p > 0 there exists a sequence of segments [am; by and of positive numbers
Tm, m=1,2,..., such that

1) for some positive number 6 and for all x € [a,,; by,]

0T S T(N K, 2,p) < Ty m=1,2,...,

2) the relation

. bm — Qm
lim — =00
m—-r0o0 Tm

holds true.
Then there are exponential bases in the space L?(e™").

3. CONSTRUCTION OF DUAL FUNCTION h

We take an arbitrary positive continuous monotonically increasing unbounded function «(t)
on [1; 00) obeying the condition:

a(2t) < Aa(t), t>1, (2)

for some constant A € (1;2).
This function also satisfies the condition:

5
a(y) <A (2) alw), w>1, (3)
x
fory > x and § = %. Indeed, let n = [logQ %] + 1, where the square brackets stand for the

integer part. Then by (2) and the monotonicity of @ we get the inequality
.y 5
aly) < a(2z) < A"a(z) < A-A%2:q(z) = A <E> a(z).
x

Letting x = 1 and taking consideration that § < 1, we obtain the convergence of the improper
integral

Thus, the function

(z) = /Ix (/too O‘(zgds) dt, > 1,

is well-defined. It is concave on [1;00). Indeed,

We define a sequence of non-negative numbers 7,:

Ty =1, Thy1 = max(a™V(n?),27,), neN, (4)
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where (=1 is the inverse function for a. The sequence T, tends to infinity. For each n € IN
we define the characteristic function of the segment I,, = [T},; 2T,,]

0, t<T,,
Xa(t) = q1, T,<t<2T,
0, 27T, <t.
and .
Ba(t) = Va(t)xa(t), Bt) = Bult), t>1.
n=1
We let

u(x):/1x</tooﬁ<zgd3) dt, > 1.

Lemma 1. The function u(x) is concave, non-negative, linear outside the segments I,, and
grows monotonically to infinity. For some constant ¢ > 0, the estimate

u(zr) < calz), x>=1,
holds true. The derivative u'(z) tends to zero.

Proof. The function « increases monotonically to infinity, hence, for each M > 0 from some
index m the inequality 5(t) > M is satisfied on the segments Iy, k > m. Then for t € [T}; %Tk]

we have o7
o0 k

0 :/ 5(336&9 S / ds M'

t 3 T}

— =
S i1, S 6

Therefore,
3

3 gfm M
=z = = —.
u <2Tm) w(Tm) + /m u'(s)ds > D

Since the function wu is increasing by the definition, it increases to infinity.
Let us estimate the derivative u’ from above. Let

B, — /THI Blt)dt _ [ /a(t)dt -

2 2 ’
T, t T t

Then by condition (2)

Let x € [2T,,, T),41]. Then
() :/ B(tQ)dt

t

00 00 Oé(Tk)
_ B, < VA VIR
> BesVA Y, o
k=n+1 k=n+1
We employ relation (3) for y =Ty, k > n+ 1, and x = T),11:

T, \°
~o(Thaq).
Tn+1) (T 1)

a(m) <4+

We keep estimating u':

By the definition of the sequence T}, the estimate
Tk 2 2k—(n+1)Tn+1
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holds true. Hence, for e =1 — ¢ > 0 and z € [27T,,; T,,41] we have

/( ) < A\/ Ti1) Z (2°) ntl-k _ Ay CY(TnH). 2°

2Tn+1

k=n-+1
If x € [T,,;2T,], the latter inequality and (5) yield

/ . 2Tn B(t)dt / ’ \/_ vV &
u'(x) = /x % uw'(21,) < B, +u'(2T,) < <5 Tn

By definition (4) of the sequence T,
To1 = o™ (n?)
or
Tyt = 275,
In each case
n < v a(Thy).
In the first case y/a(T,4+1) = n, this is why for n > 2

(Tn+l) n— 1 2\/

In the second case we employ property (2)

\/O‘(Tn—i—l) = \/a(QTn) < \/Z\/ a(T).
n+1 <2 V&

Thus, for z € [2T,,;2T,,4+1] and some constant Ay the estlmate
a(Tn+1)
Tn+1

holds true. We estimate u(z) from above. Let x € [2T,,;27,,4], then

Therefore, for each n > 2

u'(r) < Ag , neN,

u(z) = /1 xu/(t)dt:u(2)+nzl /2 T e+ /2 xn o (b)dt

k=1 2Tk

2) + 24, Z VaTr41) Tk+1 ST+ Ag a(Thiq)

Tyt ntl

)+ 240 Z V(i) + 240 (Th11)

()+2Aon—1 Va(T,) + 240/ a(Thy1), nelN

By inequalities (6) and (7) it follows that
u(z) < ca(x)
for some constants ¢ > 0, x > 1.

Normalizing the function « if needed, we assume that

'1)=> By <L
k=1

Then the function

h(z) = le| = u(lz]), |z| > 1, h(z) =1, |2 <1

2T 1 2 1

n+1
Tn+1

n+1
Tn+1

(x —2T},)

93



94 K.P. ISAEV, A.V. LUTSENKO, R.S. YULMUKHAMETOV

is a convex function on R decaying on R_ and increasing on the positive semi-axis. We let
h(t) = sup(at — h(z)), |t] <1,

and let us prove that under appropriate choice of « the function h satisfies the assumptions of
Theorem 1.

4. ESTIMATE FOR CHARACTERISTICS T

Lemma 2. [f the function « satisfies condition (2) and the functions u, h are defined by
means of this function a then for q < }l and for each p > 0 the estimate

7(h,z,p) = x(a(z))’i =o(x), v € J,, nel,
holds in the intervals J,, = [(1 4 q)Tn; (2 — q)T,)].

Proof. We have shown earlier that 7(u,x,p) < p(u, z,p), this is why in the proof we deal with
the characteristics p. If x € J, and p < ¢T,,, then

L ~
/ | (z+t) — W (x)|dt > min |u’(y)|p.
-p

Th gyngn

Hence,

T < : " -1
p(h,z,p) < \/p(Tngngn " (y)])
On the other hand,
P ~
[ s - F@lat < max (o)l
-p

Tn<y<2Tn
Therefore,
h " -1
z,p) > [p(, max [u(y)])
By property (2) of function o we arrive at the statement of the lemma. O

Lemma 3. If the function « satisfies condition (2) and the functios u, h are defined by this
function «, then for g < % and for each p > 0 the estimate

7(In K, z,p) < a:(oz(gv))_i =o(z), v € J,, neN,

holds true in the intervals J, = [(1+ q)T; (2 — q)T,]. Thus, by Theorem A, there are no bases
of exponentials in the space Lo(e™").

Proof. Relation (1) can be written as

K(ZE) — v Oé(l‘) 62}2(%)
xr
We let
4
ar) = fc(x), r> 1

Then by property (2), for x € J,, and some constant C' > 0
|Ina(z) —InT,| < C
We let uy(z) = h(z), us(z) = In K (z) — Ina(T},). Then
i (z) — us(z)| = |h(z) — In K (z) + Ina(T,)| < C.
in the interval J,. By Lemma 4 in work [I§] it follows that
(r+C)

p(u1,y,p) < plug,y,p) < p(ur,y,p).

p
(p+0C)
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Hence, by Lemma 2,

IS

p(n K, z,p) < p(h,z,p) < 2(a(x)) "% = o(), © € Jn, n € N.

5. PROOF OF THEOREM 1

Passing if needed to the function W (t) := min(W (), W(—t)), we can assume that the weight
function W is positive, even and W (t) — 0, |t| — 1. Then passing if needed to the function
W(t) := min W
() := min W(r),
we can assume that this function is monotone on the intervals (—1;0), (0;1). Finally, normal-
izing by a multiplicative constant, we assume that W (t) < 1. Thus, the function

i <1,

is positive, even and monotone on (0;1). We let

a(x) = sup(zt —a(t)), ze€R.

[t]<1
The function a(x) is convex on R, even and possesses the easily checked properties:

0<Ilna(0) <a(z) <|z|, lim alz) = 1. (8)
At that, the function b(x) = = — a(z) is concave and is unbounded in R. Indeed, if ¢, is the
point at which the supremum is attained in the definition of a, then

b(x) = alte) + (1 = ta)z,

and if |t,| < d < 1 as 2 € Ry, then b(z) > (1 — d)z — oo, while if lim,__,ot, = 1, then
b(x) > a(t,) — oo. It follows from the concavity that &'(x) is a decreasing function and by the
unboudedness we get that b/(x) is a non-negative function. Hence, the function b(x) increases
to infinity. We let

ho(t) = sup(zt —a(z)), [t| < 1.
Then the function h is convex on (—1;1) and

MO < gf) = WL@ ) < 1.

It remains to find a convex function %(x) > a(x) on R having a structure described in Section 2.
Then
h(t) = sup(at — h(z)) < sup(at — a(z)) = ho(t) < a(t) < WLZS)’

by Lemma 3, there are no unconditional exponential bases in the space Lo(e™").

We define the function a(z) by recurrent relations on the segments [2";2""!]. We choose
a number A € (1;2). Let lp(x) be a linear function such that [o(1) = b(1), [H(2) =
min(b(2), VAb(1)) and for z € [1;2] we let a(z) = lo(x). By the concavity of b(z) we
have a(x) > b(z), x € [1;2]. Once we have defined the function a on the segments
[2%: 281 as k < n — 1, by I, we denote a linear function such that [,(2") = «(2"),
1,(21) = min(b(2"*1), vV Aa(2") and for 2 € [2%;2""!] we let a(x) = I,(z). The function «
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introduced in this way is continuous, increases to infinity and satisfy the inequality a(z) < b(z).
Indeed, if for some sequence n; we have (2™ ) = b(2"), then

. —_ 1 ney —

n—

and if after some index m a(2") = vV Aa(2"1), then a(2") = A"2"a(2™) — 00 as n — oo.
The function « satisfies condition (2). We take z € [2";2""!], n € N. Then

a(2x) < a(2"?) < VAa(2n + 1) < Aa(2n) < Aa(z).

As in Section 3, by the function o we construct the concave increasing function u on [1;00)

and the convex function & on R. By Lemma 1 we can normalized the function u(z) by a
multiplicative constant so that

By construction, h(z) = z — u(z) > z — b(z) = a(z). The proof is complete.
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