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Abstract

Given a finite set o of the unit disc D and a holomorphic function f in D which belongs to a class
X we are looking for a function ¢ in another class Y which minimizes the norm |/g||,, among all func-
tions g such that g, = fj,. Generally speaking, the interpolation constant considered is c(o, X,Y) =
SUpyex, || f||x <1inf { lally = 910 = f‘o} . When Y = H®, our interpolation problem includes those of Nevanlinna-
Pick (1916), Caratheodory-Schur (1908). Moreover, Carleson’s free interpolation (1958) has also an in-
terpretation in terms of our constant ¢ (o, X, H*).

If X is a Hilbert space belonging to the scale of Hardy and Bergman weighted spaces, we show that
(o, X, H®) < apx (1 — =) where n = #0, r = max)e, |A| and where ¢x(t) stands for the norm of
the evaluation functional f +— f(t) on the space X. The upper bound is sharp over sets o with given n
and r.

If X is a general Hardy-Sobolev space or a general weighted Bergman space (not necessarily of Hilbert
type), we also found upper and lower bounds for ¢ (o, X, H*) (sometimes for special sets o) but with
some gaps between these bounds.

This constrained interpolation is motivated by some applications in matrix analysis and in operator
theory.

Introduction

1. Statement and historical context of the problem. Let Hol (D) be the space of
holomorphic functions on the unit disc D = {z € C : |z| < 1}. We consider here the following
problem : given two Banach spaces X and Y of holomorphic functions on the unit disc D, X, Y C
Hol (D), and a finite set o C D, what is the best possible interpolation by functions of the space Y’
for the traces f, of functions of the space X, in the worst case? The case X C Y is of no interests,
and so one can suppose that either Y C X or X, Y are incomparable. Here and everywhere below,
H®> stands for the space (algebra) of bounded holomorphic functions in the unit disc D endowed
with the norm || f]|_ = sup.en|f(2)].

Precisely, our problem is to compute or estimate the following interpolation constant

C(U’ Xa Y) = SUPfeXx, ||f||X§11nf{||g||Y Y90 = f\a} .
If r €0, 1) and n > 1, we also define

Cor(X,Y)=sup{c(o, X, Y) : #0<n, |\ <r, VAeo}.
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Let us first explain why the classical interpolation problems, those of Nevanlinna-Pick and
Carathéodory-Schur (see [N2] p.231 for these two problems) on the one hand, and Carleson’s
free interpolation problem (1958) (see [N1] p.158) on the other hand, are of the nature of our
interpolation problem.

(i) The Carleson interpolation problem

We suppose here that the sequence o can be infinite. Let [°°(o) be the space of complex sequences

(@x) e, of support o endowed with the norm [l = maxye, [a|. Carleson’s free interpolation

and

inf{[lgll : 9(A) = ax, A€o},

In other words, it deals with the interpolation constant defined as

is to compare the norms ||al[;«

(o, 1(0), H™) = SuPagi> (o), jlal o <1iE {9l 1 9(A) = ar, A €0} -

looking at our interpolation constant ¢ (o, X, H*), we have replaced the holomorphic functions
space X by the space of sequences [*°(o).

Now on the contrary to Carleson’s free interpolation, the Nevanlinna-Pick and Carathéodory-
Schur interpolation problems are “individual”, in the sense that they look simply to compute the
norms ||| e OF [/ | 7o jn oo for a given f. We first recall those two classical problems (see (ii)

and (iii) below) and then we explain in (iv) in which way they are included into our interpolation
problem.

(ii) The Nevannlinna-Pick interpolation problem
Given A = (A\q, ..., Ap) in D" and W = (wy, ..., w,)€ C", we are looking for

CAW)=inf{|fllo: f\)=w;,i=1.n}.
The classical answer of Pick is the following :

2 s
C(A,W):inf{c>0: (ﬂ) >>0},
1— )‘i)‘j 1<i,j<n
where for any n x n matrix M, M > 0 means that M is positive definite.

(iii) The Carathéodory-Schur interpolation problem
Given A = (ay, ..., a,) € C""! we are looking for

C(A) =inf{[|fllo: f(2) =ao+arz+ .. +a2" +..}.
The classical answer of Schur is the following :

where T, is the Toeplitz operator associated with a symbol ¢, (T},), is the compression of T}, on
P.. , the space of analytic polynomials of degree less or equal than n , and ¢ is the polynomial

2 o 2"

Y
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Notice that the Carathéodory-Schur interpolation theorem can be seen as a particular case of the
famous commutant lifting theorem of Sarason and Sz-Nagy-Foias (1968) see [N2] p.230, Theorem
3.1.11.

(iv) How are the Nevanlinna-Pick and the Caratheodory-Schur interpolation prob-
lems included into ours?

From a modern point of view, the two interpolation problems (ii) and (iii) are included in the
following mixed problem : given

e 0= {\1, ..., Ay} C D, the finite Blaschke product B, = II;by;, where by = % , A e D,

e f € Hol(D),

we would like to compute or estimate

[l sz g = 0t {9l = f =g € BsHol(D)}.
Now if we want to compare || f|| ;o /gy With the size of f (measured in a certain Banach space
X), then looking at our interpolation constant ¢ (o, X, Y) we have

c(o, X, Y) = suprex, |fix<t | flly/py -

As a consequence, the classical Nevanlinna-Pick problem corresponds to the case Y = H*, and
the one of Carathéodory-Schur to the case where \y = Ay =... =\, =0and Y = H*.

Remarks. a. Looking at this problem, say, in the form of computing/estimating the
interpolation constant ¢ (o, X, Y') which is nothing but the norm of the embedding operator

(X‘o, H.HX‘J> — <Y|U, H.||Y‘0>, one can think, of course, on passing (after) to the limit - in the

case of an infinite sequence {)\;} and its finite sections {);}7_;, in order to obtain a Carleson
type interpolation theorem X|, = Y),. But not necessarily. In particular, even the classical
Nevanlinna-Pick theorem (giving a necessary and sufficient condition on a function a for the
existence of f € H> such that ||f|| <1 and f(A) = ax, A € 0), does not lead immediately to
Carleson’s criterion for Hp> = [*°(0). (In fact, a direct deduction of Carleson’s theorem from
Pick’s result was done by P. Koosis [K] in 1999 only). Similarly, the problem stated for

¢ (o, X, Y) is of interest in its own. It is a kind of “effective interpolation” because we are
looking for sharp estimations or a computation of ¢ (o, X, Y) for a variety of norms ||.||y, [|.|ly -

b. An interesting case occurs when X is larger than Y, and the sense of the issue lies in
comparing || . ||x and || . ||y when Y interpolates X on the set 0. For example, we can wonder
what happens when X = H? | the classical Hardy spaces of the disc or X = LP the Bergman
spaces, etc..., and when Y = H*, but also Y = W the Wiener algebra (of absolutely converging
Fourier series) or Y = ngl, a Besov algebra (an interesting case for the functional calculus of
finite rank operators, in particular, those satisfying the so-called Ritt condition).



2. Motivations.

We also can add some more motivations to our problem :

a. One of the most interesting cases is ¥ = H*. As we have seen it in the paragraph 1 of
the Introduction (above), in this case the quantity ¢ (o, X, H*) has a meaning of an intermedi-
ate interpolation between the Carleson one (when || f|] x,, = SUP1<i<n |f (N\:)]) and the individual

Nevanlinna-Pick interpolation (no conditions on f).
b. There is a straight link between the constant ¢ (o, X, V) and numerical analysis.

b.1 For example, in matrix analysis, it is of interest to bound the norm of an H*-calculus
(A < c|lflle, ¥V f e H®, for an arbitrary Banach space n-dimensional contraction A with a
given spectrum o(A) C 0. The best possible constant is ¢ = ¢ (o, H*, W), so that

¢(o, H*, W) = supj g <isup {[[f(A)[[ - A= (C", [.]) = (C", ), Al <1, o(A) C o},

where W = {f = k>0 F(k)zF > k>0 f(k:)’ < oo} stands for the Wiener algebra, and the

interior sup is taken over all contractions on n—dimensional Banach spaces (C", |.|).

b.2 In the same spirit, our constant ¢ (o, X, H*) is straighlty linked with the well known Von-
Neumann’s inequality for contractions on Hilbert spaces, which asserts that if A is a contraction

on a Hilbert space and f € H®, then the operator f(A) satisfies the inequality
1A <[l -

Using this inequality we get the following interpretation of our interpolation constant ¢ (o, X, H>)
: it is the best possible constant ¢ such that ||f(A)|| <c|fllx, Vf € X,

c(o, X, HZ) = supjpy<osup {[F(A)]| : A: (C", |.[2) = (C", [2), Al <1, 0(A) C o},

where the interior sup is taken over all contractions A on n—dimensional Hilbert spaces
(C™, |.]2), with a given spectrum o(A) C o.

b.3 As in b.1 and b.2 we can choose Y = BY a Besov algebra instead of Y = H* or

00,1
Y = W . Our interpolation constant ¢ (a, X, BSOJ) is defined in the same way and presents an
interesting case for the functional calculus of finite rank operators, in particular, those satisfying
the so-called Ritt condition.

For b.1, b.2 and b.3, an interesting case occurs for f such that f, = %Ia (estimation of condition

numbers and the norm of inverses of n x n matrices) or fj, = for estimation of the norm of

1
e
the resolvent of an n x n matrix), see for instance [Z4].
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c. Let us notice that the following question (the special case X = H? Y = H*) was especially
stimulating (which is a part of a more complicated question arising in an applied situation in
[BL1] and [BL2]) : given a set ¢ C D, how to estimate ¢ (o, H?*, H*) in terms of n = card(o) and
maxXyc, |A| = r only? Here and everywhere below, H? is the standard Hardy space of the disc,

) 1/2
1= L F =3 F 0l = (Z\ﬂk)\ ) <o

k>0 k>0

The issue of estimating/computing ¢ (o, H?, H*) has been treated in [Z2], in which we also con-
sidered some others partial cases of the problem : more precisely, we obtained sharp estimations
for the constant C,, ,(X,Y") (see Theorem A below) for the cases X = HP, L2, and Y = H>, where
HP (1 < p < 00) stand for the standard Hardy spaces of the unit disc (see [N2] for the definition)
and L? stands for the Bergman space of all holomorphic functions f such that

/ (@) dA < oo,
D

where dA stands for the area measure. Here is the main result of [Z2] :
Theorem A. Letn>1,r€0,1), p € [l, +o0] and A, |\| < r. Then,

) 1
1 z ’
1) S () s e <4, ()
320 \1—[A] | ’ bor
391 — |)\| >~ n, Xy Ha —= T a’ - 1—7r

where o, x = {A, ..., A} is the one-point set of multiplicity n corresponding to \, A, is a constant
depending only on p and the left-hand side inequality from (1) is valid only for p € 2Z,. Forp = 2,
we have Ay = /2.

3. Main results. Theorems B, C, D&E below in this paragraph, were already announced in
the note [Z1]. In this paper, we extend the above results to the case where X is a weighted space

X :lg(wk)v
- {f =S FE A = ST < oo} |

k>0 k>0

with a weight w satisfying w; > 0 for every k > 0 and limy,(1/ w,i/ k) = 1. The latter condition
implies that [2(wy,) is continuously embedded into the space of holomorphic functions Hol(D) on
the unit disc D (and not on a larger disc, i.e. I2(wy) does not contained in Hol(rD) for every
r>1).

First, we study the special case p = 2 and wy = (k+1)®, @ < 0. Then X = 2 ((k + 1)%), are

the spaces of all f(z) = > ;5 F(k)2* satisfying

Z)f )k+12a < .

k>0
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Notice that H? = [2(1) and L? = [? (ﬁ) . An equivalent description of this scale of spaces is
+1)3

X =12 ((1— |z|2)BdA), B=—20—1>—1,

the weighted Bergman spaces of holomorphic functions such that

/|f 1—|z|)dA<oo.
We shorten the notation and write
12(8) = L2 (1= 121%) da),

for every 8 > —1. For the case 8 = 0, we have L? (0) = L2
Our principal result is the following.

Theorem B. Letn >1,r €10, 1), a €] — oo, 0] and \ € rD. Then,

1-2« 1-2«

(125) S B 0 ) <G @ 0, ) <A ()

1 =[]
Furthermore if 5 € (=1, +00), then
B2 B+2
n 2 ’ n 2
! <1 |A|) <c(onn Lo (B), HY) <Gy (L5 (B), HY) < A <1 ) ’
- —r

where A = A(a) and a = a(a) are constants depending only on o , A" = A'(B) and o' = d'(B) are
constants depending only on B, and both of the two left-hand side inequalities are valid only for o
and 8 satisfying 1 — 2a € N and BH e N.

Right-hand side inequalities from Theorem B are proved in Section 1 whereas the left-hand side
ones are shown in Section 7.

Remark. On the size of the constants a, A, a’ and A’ of Theorem B : if N = [1 — 2a] stands for
the integer part of 1 — 2«, then a and A are such that a < m and A =< N2V In the same
way, if N "= [2 + B] stands for the integer part of 2 + 3, then o’ and A’ are such that
a = W and A’ < N”?N" | (The notation x < y means that there exist numerical constants
1, c2 > 0 such that c;y < x < coy).

In Sections 2, 3, 4 and 5 , we deal with an upper estimate for C, , (X, H*) in the scale of spaces
X=E(k+1)%),a<0,1<p<+oo. We start giving a result for 1 < p < 2.
Theorem C. Letr € [0, 1, n>1,1<p <2, and a < 0. We have

1-2a

5 (1 )H_‘l’scn,raz((ml)a),ffw)SA(lﬁr) -

1—r




where A = A(a, p) is a constant depending only on o and p and B = B(p) is a constant

depending only on p.

It is very likely that the bounds of Theorem C are not sharp. The sharp one should be probably
(&)1—(1—%. In the same way, for 2 < p < oo, we give the following theorem, in which we feel
again that the upper bound (&) LR is not sharp. The sharp one probably should be the lower
bound ()77,

Theorem D. Letr € [0, 1, n>1,2<p <00, and a < 0. We have

1

1\ §-o-3
5(15)  sCwm@e o sa(y)

1—r —r
where A = A(a, p) is a constant depending only on o and p and B = B(p) is a constant

depending only on p.
In Section 6 , we suppose that X is equal to LP (5), 6 > —1, 1 < p < 2. Our goal in this

section is to give an estimate for the constant for a generalized Carathéodory-Schur interpolation,
(a partial case of the Nevanlinna-Pick interpolation),

C(o’n,)\a X> HOO) = Su-p{Hf”HOO/bKHOO : f € X> ||f||X < 1}7

where || f||ge by = inf {||f +03glle : g € X}, A €D and oy, » is (again) the one-point set of
multiplicity n : 0, » = {A, ..., A\}. The corresponding interpolation problem is : given f € X, to
minimize ||h||_ such that A9 (X) = fO)(X), 0 < j < n.

For this partial case, we have the following generalization of the estimate from Theorem B.
Theorem E. Let A€ D, g € (=1, +00) and p € [1, 2]. Then,

B+2

P 00 ! n !
C(O-n,A>La(6)>H )SA (1_|>\‘) )

where A" = A'(B, p) is a constant depending only on 8 and p.

4. Technical tools ( “ about the proofs “). In order to find an upper bound for
c(o, X, H*®), we first use a linear interpolation :

f'_>z<f7 €k) €k,
k=1

where (.,.) means the Cauchy sesquilinear form (h, g) =, h(k)g(k), and (e)_, is the explic-
itly known Malmquist basis of the space Kp = H*OBH?, B = IT? by, being the corresponding
Blaschke product, by = 1’\_}2 (see [N1] p. 117 or Definition 1.1 below). Next, we use the complex
interpolation between Banach spaces, (see [Tr] Theorem 1.9.3-(a) p.59). Among the technical tools
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used in order to find an upper bound for ||>°,_; (f, ex) ex|| (in terms of ||f|| ), the most impor-
tant is a Bernstein-type inequality (used by induction) || f’Hp < ¢|B o Ifll, for a (rational)

function f in the star-invariant subspace H? N BzHP generated by a (finite) Blaschke product B,
(K. Dyakonov [Dyall&[Dya2]). For p = 2, it is given in [Z2] an alternative proof of the needed
Bernstein-type estimate.

The lower bound problem (for C, , (X, H*)) is treated by using the “worst” interpolation
n—tuple 0 = 0, » = {A, ..., A}, a one-point set of multiplicity n (the Carathéodory-Schur type
interpolation). The “worst” interpolation data comes from the Dirichlet kernels Zz;é 2F trans-
planted from the origin to A. We notice that spaces X = [P(wy) satisfy the condition X o by C X
when p = 2 | whereas this is not the case for p # 2 and this makes the problem of upper/lower
bound harder.

Before starting Section 1 and studying upper estimates for ¢ (o, X, H*), we give the follow-
ing lemma which is going to be useful throughout this paper, in particular in view of applying
interpolation between Banach spaces. Its proof is obvious.

Lemma 0. Let X be a Banach space of holomorphic functions in the unit disc D and
o =1{A1, A2, ..., \n} C D a finite subset of the disc . We define the Blaschke product
B, =11 by, where by = 1’\_{2. LetT : X — H*®/B,H®™ be the restriction map defined by

Tf={g9eH>: f—g€ B,X},

for every f € X. Then,
HTHX—>H°°/BJH°° =c(o, X, H).

The paper is organized as follows. In Section 1 we prove the upper bounds from Theorem B.
Sections 2&3 are devoted to the proof of Theorem C, and Sections 4&5 to the proof of Theorem D.
Theorem E is proved in Section 6. Finally, in Section 7 we prove the lower bounds from Theorem
B.

1. An upper bound for ¢ (a, 12 (wy) , HOO)

In this Section, we prove the right-hand side inequalities from Theorem B. That is to say that
we give an upper bound for C,, . (X, H*) where X = 2 ((k+1)*), a < 0. We recall also that

H?>=1*1)and L2 = I? o 11)% . As it is mentionned in the paragraph 4 of the introduction, the
+

main technical tool used in the proof of the upper estimate for
Cor (I (R + 1)), HX)

is a Bernstein-type inequality applied to a rational function.
In Definitions 1.1, 1.2, 1.3 and in Remark 1.4 below, 0 = {A1, ..., A\, } is a sequence in the unit

disc D, B, = II" ,b,, is the finite Blaschke product corresponding to o, where by = 1’\_}2 is an
elementary Blaschke factor for A € .
Definition 1.1. Malmquist family. For k € [1, n], we set f,, = ——, and define the family

1-Ap2’
(ex)r—y, (which is known as Malmquist basis, see [N1] p.117), byanlzi
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for k € 2, n], where || fi|l, = (1 — [\]?)
Definition 1.2. The model space Kp,. We define Kp_ to be the n-dimensional space :

i
| filly

(1.1) e = and e, = (Hf;llb,\j)

~1/2

(1.2) Ky

., = (B,H*)" = H*©B,H.
Definition 1.3. The orthogonal projection Pp_ on Kp, . We define Pg_, to be the orthogonal
projection of H? on its n-dimensional subspace Kp, .

Remark 1.4. The Malmquist family (ej),_, corresponding to o is an orthonormal basis of Kp, .
In particular,

n

(1.4) Pp, = Z (., k)2 €k s

k=1

where (., .);;» means the scalar product on H2.

1.1. Bernstein-type inequalities for rational functions

Bernstein-type inequalities for rational functions were the subject of a number of papers and
monographs (see, for instance, [L], [BoEr|, [DeLo], [B]). Perhaps, the stronger and closer to the
one we need here (Lemma 1.1.1) of all known results are due to K.Dyakonov [Dyal]&[Dya2]. First,
we recall the following lemma (proved in Proposition 4.1 of [Z2] ).

Lemma 1.1.1. Let B =II7_,by,, be a finite Blaschke product (of order n), r = maz;|\;|, and

f € Kg. Then,

’ 5 n

1710 = 5725 1

Lemma 1.1.1 is in fact a partial case (p = 2) of the following K. Dyakonov’s result [Dyal] (which
is, in turn, a generalization of M. Levin’s inequality [L] corresponding to the case p = 00) : it is
proved in [Dyal] that the norm ||D|| k7, pv Of the differentiation operator D f = f" on the

star-invariant subspace of the Hardy space H?, K%, :== H? N BzHP, (where the bar denotes
complex conjugation) satisfies the following inequalities

B <IIDllx

C;, SHr S G B/H ]

for every p, 1 < p < oo where ¢, and c;, are positives constants depending on p only, B is a finite
Blaschke product and ||.||, means the norm in L*°(T). For the partial case considered in Lemma
1.1.1 above, the constant g is slightly better. More precisely, it is proved in [Dyal] that 0/2 = ﬁ,
cr = 3¢ and ¢ = 2v/37 (as one can check easily (c is not precised in [Dyal])). It implies the
inequality of Lemma 1.1 with a constant about % instead of g

The sharpness of the inequality from Lemma 1.1.1 is discussed in [Z3]. Here we use it by
induction in order to get the following corollary.
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Corollary 1.1.2. Let B =1I"_,by,, be a finite Blaschke product (of order n), r = max; |\;|, and

f € Kg. Then,
N n )
1790 <1 (5) (52 17l

Indeed, since 2*~1 f*=1 € K., we obtain applying Lemma 1.1.1 for B instead of B,

for every k=0, 1, ...

5 k 5 k
4710+ (= )20 < o = 2= 17 e
since [2"7!| =1, Vz € T. In particular,
5 k
1570 5= =276 ) < S
which gives, since |2F7! = [2#72| =1, V2 € T,
5 k
179 e < 577 14 + (k= DSV e <

~ 21—
5 n _ 5 kn 21—
s@;;+0mwwmfib_@+ D <

5 kn 2 k 7 kn (e
< S (1 D) Il = F 1

1790 < (3 ) e T

1.2. The proof of Theorem B (the upper bound only)

By induction,

The first consequence of Corollary 1.1.2 in the following one.
Corollary 1.2.1. Let N > 0 be an integer. Then,

2N 41
Cor (B ((k+ 1)), H) < A (1 " T) ,

for all v € [0, 1[, n > 1, where A = A(N) is a constant depending on N (of order N*V from the
proof below).
Indeed, let H = I? ( (k+1)~N ) and B = B, the finite Blaschke product corresponding to o. Let

ID; be the orthogonal projection of H onto Ky = Kg(H?). Then ﬁ;mz Pz, Where Pg is defined

in 4.3. We notice that PB H — H is a bounded operator and the adjoint PB : H* — H”* of
PB relatively to the Cauchy pairing (., .) satisfies PB S Png = Pgyp , Vo € H* C H? where
= [? ((k+ 1) ) is the dual of H with respect to this pairing. If f € H, then ’PBf ‘ =

’<E3f’ k<>‘ = ‘<f, ﬁ];*k‘g> , with ke = (1 —Zz)_l c H? and
)
H

Bof Q] < 17 1Pokcllge < 17 o (11 Pakell e + || (Pok)™)
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where

B . (k+ 1)V _
Ky = max {N ) Supksz(k ~1)..(k—=N+1)f

B v (N+D)V NYif N =3
_maX{N CUONT [T @ N =12

(k+1)N

(Indeed, the sequence (m

>k is decreasing since (1+z)™" > 1— Nz for all z € [0, 1],
>N

and [NN > (NEPN} <= N > 3). Since Pk, € Kp, Corollary 1.1.2 implies

7 n \V
Pof(Q)| < 11l K (npgkgnHﬁN(m_T) ||PBk<||H2)s

n N+3
<am) (72) el

where A(N) = V2Ky (1 + N! (%)N) , since || Pgkel|, < \/ﬁ O

Proof of Theorem B (the right-hand side inequality only). Applying Lemma 0 with
X =12((k+1)"), we get

1T M2 (e 1)y 100, 11 = € (05 L (K +1)%) , H)
where T and B, are defined in Lemma 0. Moreover, there exists an integer N such that N — 1 <
—a < N. In particular, there exists 0 < § < 1 such that —a= (1 —0)(N —1) 4+ 60N. And since (as
in the proof of Theorem C of [Z2], we use the notation of the interpolation theory between Banach
spaces see [Tr] or [Be])

) et (et ) )

1
_J2 72 @
=l <(k + 1)(1—6)(N—1)+6N) =L ((k+1)%),
this gives, using Corollary 1.2.1 and [Tr] Theorem 1.9.3-(a) p.59,

| T {12 (k1) )= oo By Hoo <

e <m> Hw»l” (- ww»z

21N ¢
1 —r
(EN-1)(1-0) | @N+1)0
= AN — )" AN ( :
It remains to use § = 1 — a — N and set A(a) = A(N — 1)1 A(N)°.
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2. An upper bound for ¢ (0, 1L (wy) , HOO)

The aim of this Section is to prove the right-hand side inequality of Theorem C for the partial

1-2a
case p = 1, in which the upper bound ( &) 2 isnot as sharp as in Section 1. We suspect ( 1"?)

is the sharp bound for the quantity C, . (I} ((k+1)®), H>) . First, we recall the following lemma
already proved in [Z2] (see Lemma 1.1.5 of [Z2]).

Lemma 2.0. Let 0 = {\1, ..., A\, } be a sequence in the unit disc D and (ey),_, the Malmquist
family (see 4.1) corresponding to o . The map ® : Hol(D) — Y C Hol(D) defined by

O f Y <Z f(j)e}(j)) a8
k=1 \j>0
is well defined (if h € Hol(D) and k € N, h(k) stands for the k™ Taylor coefficient of h) and has
the following properties :

(CZ) ®|H2 = PBU?
(b) ® is continuous on Hol(D) for the uniform convergence on compact sets of D,

(c) Let U = Id|x — ®|x, then Im (¥) C B, X,

where B = B, s the finite Blaschke product corresponding to o and Pg_is defined in 1.35.
Now we prove the following partial case of Theorem C.
Lemma 2.1. Let N > 0 be an integer. Then,

-

n N+3
Cur (B (40 1) <4 (1)

for allr €0, 1], n > 1, where A; = A;(N) is a constant depending only on N (of order N*V from
the proof below).
Indeed, the proof is exactly the same as in Corollary 1.2.1 : if ¢ is a sequence of D with #0 < n,

and f €1} (%) = X, then

k+1)N

n

B(f)(C) =Y (fs ex)enl(() = <f, Z@c—(oﬁ’k> ,

k=1
where (.,.) means the Cauchy sesquilinear form (h, g) = >, h(k)g(k). In particular,

[2(F) (O] = IS, Pke)l
where B = B, is the finite Blaschke product corresponding to o, Pg is defined in 1.3 and k; =

(1- Zz)_l . Denoting X* the dual of X with respect to this pairing, X* = 2 ((k + 1)V), we get,
1RO < Mfllx 1PBE xo = 1 fllx 1 PBEc] o <

< || f]lx K nmax {SUPO<k<N—1 }FB\kC(k’) (Pgke)™ (k — N)H <

HZ}’

, SUPE>N

< Wl Knma {1 Pokcll e || (Pokic) ™|
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where K is defined in the the proof of Corollary 1.2.1. Since Pk € Kp, Corollary 1.1.2 implies

N N
BN < Il K (HPBkCHHﬁN! ) (+%) ||PBI<:<HH2> <

7 N N 2 % 7 N N
< Ko 1okl (1+N! ) (%) )SKNHfHH(l_nr) (H—N! () (=) )

which completes the proof setting A;(N) = 2v/2N! (%)N K.

O

Proof of Theorem C for p =1 only (the right-hand inequality only). This is the same reasoning as
in Theorem B. Applying Lemma 0 with X = [} ((k + 1)%), we get

1T i3 (192 )s oo 3, e = € (0, 1 (R +1)%), H)
where T" and B, are defined in Lemma 0. It remains to use Lemma 2.1 and (again) [Tr] Theorem

1.9.3-(a) p.59 to complete the proof.
O]

3. An upper bound for ¢ (o, I (wy), H®), 1 <p <2

The aim of this section is to generalize the result of Section 2 to the case p € [1, 2|. In other

1—2a
words we prove Theorem C, in which again, the upper bound (&) 2 is not sharp as sharp as
in Section 1. We suppose that the sharp upper (and lower) bound here should be of the order of

()

Proof of Theorem C. We first prove the right hand side inequality. The scheme of the proof is
completely the same as in Theorem B, but we simply use interpolation between I and I? (the
classical Riesz-Thorin theorem). Applying Lemma 0 with X =2 ((k + 1)%), we get

1T Wiz 1)y o0 3y e = € (0, 1 (R + 1)), HY),
where T" and B, are defined in Lemma 0. It remains to use both Theorem B, Theorem C for
the special case p = 1 (already proved in Section 2), and (again) [Tr] Theorem 1.9.3-(a) p.59 to
complete the proof of the right hand side inequality.
Now, we prove the left hand side one. First, it is clear that

Coae (B + 1% ) 2 nll 1y =

— (a—1)p’ 7m/ F pl/
(;WD ( )) |

where ¢, is the evaluation functional

er(f) = f(r), feX,
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and p’ is the conjugate of p : 1—1) + i = 1. Now, since
Z kSah ~ / tirtdt ~T(s+1)(1 —x) "' asx — 1,
1

k>1

for all s > —1, where I' stands for the usual Gamma function, I'(z) = [;"” e™*s*"'ds, we get

~(a—1)p' 1

S (k4 1) (rp')k ~T ((a —1)p + 1) (1 - rp'> asr o 1.

k>0

G A B AN A A TS I
(l—rp) =(——7 ~ | = ,asr — 1.
P —11—r pl—r

As a result,

But,

, Nk F _1 ’+1 1 (Oc—l)p,"rl
Z(k+1)(a—1)p <TP> ~ ((a )p ) < ) ,asr — 1,

a—1)p’+1 _
k>0 plemrs L=
and
R\ 1 e , 3 a1
Z(k + 1)le=brp <rp ) ~ (—,) <F ((a —1p + 1)) P (1—=r) v asr — 1.
k>0 p
This completes the proof since z% =1- %. O]

4. An upper bound for c (o, I2° (wy), H™)

In this Section, we prove the right-hand side inequality from Theorem D for p = oo only, in

3—2a

which -again- the upper bound (&)T is not as sharp as in Section 1. We can suppose here

that the constant (1"?)1_0‘ is the sharp bound for the quantity C,, , (I3° ((k +1)*), H>). First we
prove the following partial case of Theorem D.

Corollary 4.1 Let N > 0 be an integer. Then,

n N+3
Cor (1 (6 7). 1) < ()

- T

for all v € [0, 1[, n > 1, where Ay, = A (N) is a constant depending on N (of order N*V from
the proof below).

Proof. We use literally the same method as in Corollary 1.2.1 and Lemma 2.1. Indeed, if f €
[ ) — X, then

@
[2(F) (O] = IS, Pkl

where @ is defined in Lemma 2.0, B = B, is the finite Blaschke product corresponding to o, Pg is

defined in 1.3, k; = (1 — Zz)_l and (., .) means the Cauchy pairing. Denoting X* the dual of X
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with respect to this pairing, X* =1L ((k 4+ 1)V) , we get
RO < Ly I1Pskell. < 11l K (I1Pskelly +|(Pok ™| ).

where W = {f = k>0 f(k)2F £l = 2 k0 ‘f(k)‘ < oo} stands for the Wiener algebra, and
Ky is defined in Corollary 1.3. Now, applying Hardy’s inequality (see [N2] p.370, 8.7.4 (c)),

NN < Il Ko (x| (Poke) ||+ 1(Poke) )]+ [[(Poke) 4

o Bk (0)]) <

< Sl Ko (7 |[(Pake) ||+ 1(Poke) )1+ 7 [ (Pok) 2|+ [(Pak)™ 0)])
which gives using both Lemma 1.1 and Corollary 1.2,

5(7)(0)] <
< Il v (5175 ) WPl + [(Pake) 0]+

(V1) (;%)N I Pokel e + [(Pok) ™ <o>)) <

5 n
< Ifllx K ((— ) | Pakel o + 1| Pakcl o +

21 —r
7 \ N
1
This completes the proof since || Pgk¢|| ;2 < (%) . -

Proof of Theorem D for p = oo (the right-hand side inequality only). This is the same application
of interpolation between Banach spaces, as before (Theorem 1.0&2.0) excepted that this time we
apply Lemma 0 with X = [2° ((k + 1)*) to get

||T||lg°((k+l)a)—>H°°/BaH°° =c(o, 7 ((k+1)%),H),
where T and B, are defined in Lemma 0.

Applying Lemma 4.1 and using (again) [Tr] Theorem 1.9.3-(a) p.59, we can complete the proof.
U

5. An upper bound for ¢ (o, I (w;), H*), 2 <p < 0

g2 .
The aim of this section is to prove Theorem D. As before, the upper bound (&) 2 7 ?isnot

—a_l
as sharp as in Section 1. We can suppose here the constant (I"j)l rshould be a sharp upper
(and lower) bound for the quantity C,, , (&2 ((k+1)%), H*®), 2 <p < 4o00.

Proof of Theorem D. We first prove the right hand side inequality. The proof repeates the scheme

from previous theorems and from Theorem C in particular. We have already seen (in Theorem
C) that
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||T||l§((k+1)a)—>H°°/BgH°° =c(o, [ ((k+1)%),H>),
where T and B, are defined in Lemma 0. Now, using both Theorem B, Theorem D for the
particulat case p = oo (already proved in Section 4), and [Tr] Theorem 1.9.3-(a) p.59, we complete
the proof. The proof of the left hand side inequality is exactly the same as in Theorem C. O

6. Carathéodory-Schur Interpolation in weighted Bergman
spaces

We suppose that X = L ((1 — |z|2)BdA>, B> —1and 1 < p <2 Our aim in this section is

to give an estimate for the constant for a generalized Carathéodory-Schur interpolation, (a partial
case of the Nevanlinna-Pick interpolation),

C(UTLJH X, Hoo) = Sup{HfHH"O/bﬁH‘X’ : f € X, ||f“X < 1}7

where || f||ze oy~ = inf{||f + 09l : g € X}, and 0, 5 = {A, A, ., A}, A € D. The
corresponding interpolation problem is: given f € X, to minimize ||hl|_ such that
R (A) = f9(A),0<j <n.

For this partial case, we prove Theorem E which is a generalization of the estimate from Theorem
B.

We first need a simple equivalent to I(8) = [; r**™(1 —r?)?dr, g > —1.
Lemma 6.1. Let k>0, 3> —1 and I(B) = fol P2k (1 — r2)Bdr. Then,
1T(B+1)
Ii(B) ~ SR

for k — 0o, where I' stands for the usual Gamma function, I'(z) = 0+°O e *s*lds.

Proof. Let a = \/kl_+1’ b =max(1, a®). Since 1 —e " ~ u as u — 0, we have

1 o
Iu(B) = / P — ) Pdr = / e~ @R _ 2Bty —
0 0

_ /a e—2(k+1)t(1 B 6_2t)5dt 4 /OO e—2(k+1)t(1 . €—2t)ﬁdt _
0 a

“ b
_ —2(k+1)t(1 . —2t)5dt +0 ( —2a(k+1)) _
€ (& —€
/0 k1

“ b
— 1 1 —2(k+1)t 2 B —2a(k+1) —
(1+o( ))/e (2t)7dt + O 1

0

2(k+1)a s B ds b
et 1 1 —S - —2a(k+1) —
(140 ))/0 ‘ <k:+1> 2(k+1)+0<k+16 )

1 1

2(k+1)a 5 b 2a(k+1)
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- 1 F(5‘+'1) b —2a(k+1 —
_§W(1+0(1))+0<k—+16 ( )) =
1 T(B+1) 1T(B+1)

=—-————"(1 1)) ~vo——=
20+ 1yper o) ~ g
which completes the proof. []
Proof of Theorem E. Step 1. We start to prove the Theorem for p = 1.

Let fe X =1L} ((1 - |z|2)BdA> such that || f||y < 1. Since X o by = X, we have

foby=2> 10 apz® € X. Let p, = Zz;é apz® and g = p, o by. Then, foby — p, € 2" X and
f—pnoby € (2"X)oby=b1X. Now, p,oby = ZZ;; apbh and

Hpn o b,\Hoo = Hanoo < A, Hf © b>\||X7

where A, = |35 a2 = 2 o ax? HX—)HOO Now

I£ bl < [ 1F (] (112" a4 = /u (1= a(w))’
szﬁ/D\f(w)\ <(1_ |‘i‘?§l}—2|w\2)> (W)zm
/fwwwwWTf;§QMWK
Swm@QﬁfL> 15w rwams<%3%Q%%mp

which gives,

)| dA =

14 A\
Ifobils < (T55) Ml

We now give an estimation for A,. Let g(z) = 3,50 9(k)2" € X, then

n—1 n—1
Dokl <D gk
k=0 o k=0
Now, noticing that
1 2m
/g (w)w” (1 - \w|2)5 dA = (re’)rfe ™ (1 )" rdtdr =
D o Jo
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where g,(2) = g(rz), gr(k) = r*g(k). Setting I,(8) = fol r2 (1 — r2)Bdr, we get
—/g(w)@k (1— |w|2)BdA.
D

Then,
1

I(B)

5k)| = \ [otwat - |w|2>6dA\ < sl

which gives

n—1
> gk
k=0

n—1 1
N < (kz:% m) 9l x -

Now using Lemma 6.1,

i
L

n—1

1 2 2c
~n—oco kﬁ—i—l ~ 2 nﬁ+27

L(B) "TTT(B+1) ,;O T(6+1)

e
i

0

where cg is a constant depending on /3 only. This gives
n—1
> ak)*
k=0

where Cj is also a constant depending on 3 only. Finally, we conclude that A, < Csn®*2, and as

a result,
1 A 2+p
Ipao bl < G (TR 7

< Con* gllx

o0

which proves the Theorem for p = 1.
Step 2. This step of the proof repetes the scheme from Theorems C&D. Let T": L ((1 — |z|2)5 dA) —
H> /b H* be the restriction map defined by
Tf = {g EH®: f—gebiLP ((1 - |z|2)BdA)},

for every f. Then applying Lemma 0,

HT”LQ((1—|z|2)BdA)—>Hoo/b§Hoo =c (‘7> Ly ((1 - |Z|2)BdA) >H°°> :

Now, let v > 8 and P, : L? ((1 — \z|2)BdA> — LP ((1 — \2\2)ﬁdA> be the Bergman projec-
tion, (see [H], p.6), defined by
1— |w|2 Y
Pf =+ 1)/ (7_)21713(“1)6114(?0)7

]]])(I—Z’w
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for every f. P, is a bounded projection from L? ((1 - |z\2)ﬁ dA) onto L? ((1 - \z\2)ﬁ dA) (see [H],
Theorem 1.10 p.12), (since 1 < p < 2). Moreover, since L? ((1 — |z\2)ﬁ dA) C Lr ((1 — \2\2)7 dA) ,
we have P, f = f for all f € L2 ((1 — |z|2)ﬁdA> , (see [H], Corollary 1.5 p.6). As a result,

~ SITE

||THL5 ((1—\2\2)%,4) S H /b0 H LP ((1—|z\2)’8dA>—>H°°/b§H°° ’

for all 1 < p < 2. We set

ci(B) = [P

Li ((1—\z\2)ﬁdA) L ((1—|z|2)ﬂdA) ’

for i =1, 2. Then,

HTPVHLI((1—|z\2)ﬁdA)—>Hoo/b§Hoo <

< |17 15 ’ fa) =

L1<(1—\z\2) dA)—)L}l((l—|z|2) dA

Lg((1—\z\2)5dA)—>Hoo/b§Hoo

=c (a, L! ((1 — |z|2)BdA> ,H°°> a(B) <

<Ay (o) @)

using Step 1. In the same way,

HTP’YHLZ((1—\z\z)ﬂdA)—>Hoo/b§Hoo = HTHL%((1—|z|2)ﬂdA>—>H°°/b§H°° c2(6).

Now, we recall that
L2 ((1 - |z|2)6dA> =2 ((k:+ 1)" ) 8> 1.

As a consequence,

170 (1o an) ot e = (‘7’ l <(k U ) HOO>

and, applying Theorem B,

2ﬂ+1 +1

B+1 _
HTPWHLz((1_‘Z|2)5dA>—>Hoo/b§Hoo < (B) < ) <1 - |)\|> —
RS

= () A (5;1’ 2) (1—n|A|)
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We finish the reasoning applying Riesz-Thorin Theorem, (see [Tr] for example), to the operator
TP, If pe[l, 2], there exists 0 < # < 1 such that

%:(1—9)%+9%:1—g,
and then,
2 (=121 da) 12 (= 12P) aa)| = o (1= 12P)" da),
and

1-0 0
< <HTP7HL1((1—z|2)BdA)—>Hoo/b§Hoo) <||TP7||L2<(1—zz)’gdA>—>H°°/b§H°°> <

- <Cl(5)‘4/(5’ (s —nw)w) <CQ(5)A/ (52)( nA)) i

— (a@A@ )" (CM A (% | 2)) (1 _nm)wwm_w%

f+2
2

Now, since § = 2(1 — 1), (B+2)(1—0) + 022 =5 - (1-1)3+2-2+2

% , and

we complete the proof. [
7. A lower bound for C, , (lg(wk), HOO)

Here, we consider the weighted spaces H = [2(wy) of polynomial growth and the problem of
lower estimates for the one point special case o, » = {\ A, ..., A}, (n times) A € D. Recall the
definition of the interpolation constant

c(onr Hy H) = sup { || fll o gzt € H 1l <1}

where Hf||Ho<,/b§Hoo =inf{||f + WYyl : g € H}. In particular, our aim is to prove the sharpness
of the upper estimate for the quantity
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Ch,r (lﬁ <;> , H°°> :
(k+1)7=

(where N > 1 is an integer), in Theorem B.

In the proof, we use properties of spaces X = [?(wy). As it is mentionned in the Introduction,

() = {f S f(k): ||f||p=Z|f(k)|pr<OO},

k>0 k>0

with a weight w satisfying wy > 0 for every k > 0 and hmk(l/wl/k) = 1. In this section, we
study the case p = 2, so that [2(wy,) is a reproducing kernel Hilbert space on the disc . The
reproducing kernel of I2(wy), by definition, is a 2 (wy,)-valued function A — k¥, A € D, such that
(f, k) = f(X) for every f € I2(wy), where (.,.) means the scalar product

(fs 9) =2 k0 h(k)g(k)w?. Since one has f(\) = > k>0 f(k;))ka%%w,% (A € D), it follows that

X'k
k;\U(Z) = 27, z € D.
0 k

k>
In particular, for the Hardy space H? = [2(1), we get the Szego kernel
ka(z) = (1=22)7

for the Bergman space L2 = [> <(k 11)%) - the Bergman kernel ky(z) = (1 — \z)~2
+

Conversely, following the Aronszajn theory of RKHS (see, for example [A] or [N2] p.317), given
a positive definit function (A, z) — k(A,2) on D x D (i.e. such that »_,  a@;a;k(N;, A;) > 0 for
all finite subsets (\;) C D and all non-zero families of complex numbers (a;)) one can define the
corresponding Hilbert spaces H (k) as the completion of finite linear combinations ) a@;k(\;, )
endowed with the norm
‘ Zala] (N ).

When £ is holomorphic with respect to the second Varlable and antiholomorphic with respect to
the first one, we obtain a RKHS of holomorphic functions H (k) embedded into Hol(ID).

For functions k of the form k(A z) = K(A\z), where K € Hol(D), the positive definitness is
equivalent to K (j) > 0 for every j > 0, where K (7) stands for Taylor coefficients, and in this

case we have H (k) = (2(w;), where w; = 1/1/K(j), j > 0. In particular, for K(w) = (1 — w)~?,
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ka(z) = (1 = X2)7#, B > 0, we have K(j) = (gf{_l) (binomial coefficients), and hence w; =

[NIES

( EEESY) (ﬁ 5T ) Indeed, deriving 1%, we get by induction
(1—2)7" !Zj+ﬁ—1 (4 1)2F —Z(gﬂ_l)zj.
Jj=0
Clearly, w; ~ 1/ j%, where a; ~ b; means that there exist constants ¢; > 0, c; > 0 such that
cra; < bj < caa; for every j. Therefore, H(k) = [2 (%) (a topological identity: the spaces
(k+1)7 2

are the same and the norms are equivalent).

We will use the previous observations for the following composed reproducing kernels (Aronszajn-
deBranges, see [N2] p.320): given the reproducing kernel k of H? and ¢ € {z" : N € N\ {0}},
the function ¢ o k is also positive definit and the corresponding Hilbert space is

Hy = o(H?) =2 ((k+1)7") .
It satisfies the following property : for every f € H?, po f € p(H?) and [|p o f“i(m) < (1 f1132)
(see [N2] p.320). In particular, if ¢ is a polynomial of degree N and k is the Szego kernel then
poka(2) = Xis0 c; N 20 with ¢, =~ (k+1)V~!, and hence

9 1
(7.0 Hy =1 (7@ . 1)N21> ,

(a topological identity: the spaces are the same and the norms are equivalent). In particular

9 1
- T

for all N € N\ {0} . The link between spaces of type [> L— ) and of type ¢(H?) = H, being

(k+1)"Z

established, we give the proof of the left-hand side from Theorem F.

Proof of Theorem B (the left-hand side inequalities only).
0) Setting N =1 —2a € N\ {0}, a = 5% and

2

2 ay _ 72 1
L(k+1)Y) =1 (7(k+1)N21> .

1_ 1/2
- L n T s oo

1) We set

v =0H,.
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Then ||@Q,||3 = n, and hence by the Aronszajn—deBranges inequality, see [N2] p.320, point (k) of
Exercise 6.5.2, with ¢(z) = 2 and K(\, 2) = ky(2) = and noticing that H(p o K) = H,

et ¢

12117, <% (I1Qull3) = b*¢(n).

Let b > 0 such that b*p(n) = 1.

2) Since the spaces H,, and H are rotation invariant, we have ¢ (o, 5, H,, H*) = c(0y, 4, Hy, H®)
for every A, pu with [A[ = |u| = 7. Let A = —r. To get a lower estimate for ||V|| g, ppz, consider G
such that ¥ — G € by Hol(D), i.e. such that bH,, oby — G o by € z"Hol(D).

3) First, we show that
’I/J:: \Ifob)\: anOb)\
is a polynomial (of degree nN') with positive coefficients. Note that

n—1 . 1/2
ob_zkl AR
—ba(2)

n—1
=(1-[AP) > (1 +(1— sz Xz")
k=1

n—1

= (1 _ Tz)—l/z (1 + (1 + r) S + TZn) — (1 . 7,2)—1/2%.

k=1

Hence, 1) = W o by = bH, o by = by o ((1 — 7‘2)_% 1P1> and

N
poth =Y apf(z)
k=0

|

(In fact, we can simply assume that ¢ oy = ¢ (z) since H, = [? ((k ;N, ) = H_.~). Now, it
Tz
is clear that 1 is a polynomial of degree Nn such that

— Z@E(]) = by ((1 — 7~2)—1/2(1 + r)n) = by ( 1 j:n> > 0.
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4) Next, we show that there exists a constant ¢ = ¢(p) > 0 (for example, ¢ = a/22V (N — 1)!, «

is a numerical constant) such that
m Nn

Do) =Y 60) = e 0 = (L)

J=0

where m > 1 is such that 2m = n if n is even and 2m — 1 = n if n is odd.

Indeed, setting

3

Sp = 2,
§=0
we have
m m n—1 k m
Z( f) :Z <1+(1+r) zk—l—rz") ZZ(Sﬁ_l)
k=1

Next, we obtain

j=0
- Z C,gﬂ_lzf) - Zq’iﬂ—l = Z (j(k _)1)1 =
>0 =0 =0
> m*
= a(k — 1),>
where a > 0 is a numerical constant. Finally,
m k k
! m (n/2)
> > =
2. (W) zag =y 2 ey,
o 14 7r)n)k @
- (CAon) _ (D)

TRk -1 (L+r)k 281+ )Rk — 1)
a

> - (1 ()R

Summing up these inequalities in 32" (1) = b3 (@ o 41) = b3S ax (1 —72) “*2 3™ (4F) (or

simply taking k = N, if we already supposed ¢ = z%), we obtain the result claimed.

5) Now, using point 4) and the preceding Fejer kernel argument and denoting F,, = ®,, + 2" ®,,,
where ®;, stands for the k-th Fejer kernel, we get
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1 I -
1 e pigroe = [l 1o pon i 2 Sll00 % Falloo 2 52 V(j) >

J=0

1+4+7r
c 1+7r c v < 1— Tn)
ve 56@( n) RO

(assuming that ¢ = 2)

6) In order to conclude, it remains to use (7.1).
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