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On some extremal problems in Bergman spaces in
weakly pseudoconvex domains

Romi F. Shamoyan, Olivera R. Mihi¢ *

Abstract. We consider and solve extremal problems in various bounded
weakly pseudoconvex domains in C™ based on recent results on boundedness
of Bergman projection with positive Bergman kernel in Bergman spaces A%,
in such type domains. We provide some new sharp theorems for distance
function in Bergman spaces in bounded weakly pseudoconvex domains with
natural additional condition on Bergman representation formula.

1 Introduction and preliminaries

This paper deals with certain new applications of recent deep results on Berg-
man projection with positive Bergman kernel in Bergman type spaces in general €2
domains like smoothly bounded pseudoconvex domains of finite type m in C" with
Levi form which has at least n—2 positive eigenvalues at each point of the boundary
0f) and related domains to extremal problems related with distance function. This
paper can be also considered as direct continuation of our previous recent papers
on this topic (see [2], [14], [15], [16], [17]).

To make the exposition easier and convenient for readers in this section we
provide basic preliminaries on general pseudoconvex domains we consider in this
paper taken from [1]-[9], [10], [18], [19].

As the simplest model case we provide below a unit disk case with a complete
proof, then to pass to more difficult cases. In particular, among the other things,
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we provide a new sharp theorem for dist function for Hilbert A% weighted Bergman
spaces for bounded pseudoconvex domains whose boundary points are all of finite
type and with locally diagonalizable Levi form.

Throughout this paper constants are denoted by C' and Cj, i € N or by C' with
other indexes. They are positive and may not be the same at each occurrence.

We will use the notation A < B, for functions A and B of several variables, to
denote that A < C'B for a constant independent of certain parameters which will
be clear in the context. The sentence A ~ B will mean A < B and B < A.

The exposition in this paper is specific. We don’t move into all the details of
all objects referring the reader to concrete papers, but use some vital results from
those papers as tools to prove our theorems.

Now we collect some information on the Bergman projection with positive
Bergman kernel in various domains in higher dimension. We also provide pre-
liminaries on various types of weakly pseudoconvex domains and discuss the action
of the Bergman projection with positive Bergman kernel in Bergman spaces and
some related issues.

We provide some known facts on this function for completeness related with
so called Levi polynomial. The most natural way to define more general classes
of general domains than strongly pseudoconvex (weakly pseudoconvex domains) in
higher dimension is to put some condition on Levi form of that domain, namely
various natural conditions on that form. We add some basic facts and definitions
of Levi form now.

Let D be an open set. A domain D C C" is said to be pseudoconvex if the func-
tion ¢(z) = —logdist(z, bD) is plurisubharmonic on D. Note that ¢ is a continuous
function which tends to co as z — bD. We denote below everywhere by H(D) the
space of all analytic functions in D. We denote by dv or d\ the Lebesgues measure
on D.

Let now D be a bounded domain in C" which is with C? boundary and is
strongly pseudoconvex. Thus there is a defining function p € C*°(C") for D =
{p < 0} and |Vp| > 0 on bD, with p strictly plurisubharmonic. Define P, (z), the
Levi polynomial at w by

w 2p(w
Pw(Z):ZM(Zj—wj)-F%Za P.( )(zj—wj)(zk—wk),
Jk

ow,;
j J

which is a quadratic (holomorphic) polynomial in z. A basic property of P, is that

p(w)_‘_QRePw(z)_FLw(z_w):% (1)
is the second-order Taylor expansion of p(z) about w.
Here 52 ()
p(w
Ly(z —w) = Jzk dw, Ty, ( j—w;)(Zk — wy,)
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by the strict plurisubharmonicity we assumed. So we can write the above as

2Re(—p(w) = Pu(2)) = —p(2) = p(w) + L (z —w) +o(|z —wf*)  (2)

as |z — w| — 0. Now to extend the above when z — w is not small, we define the
function g(w, z) by

g(w,z) = =Py (2)x + |z — w|*(1 — x) — p(w). (3)

Here x = x(|z —wl|?) is a C™ function which is 1 when |z —w| < & and vanishes
when |z —w| > p. We take p to be a small constant, fixed so that (2) and the strict
positive of L guarantee that we have

—p(w) = p(z) + clw — 2*, if jw— 2| < p

2Re g(w,z) > { (4)

¢, iflw—2z>p
for some constant ¢ > 0.
We need some basic facts from [4] on weakly pseudoconvex domains with diag-

onalizable Levi form. We refer the reader to [4] for definitions of complex tangent
bundle 779 of a domain.

Definition 1. Let 2 be a bounded pseudoconvex domain in C” with smooth C'*
boundary. Let p be a point on the boundary of 2. We say that the Levi form is
locally diagonalizable at p if there exist a neighbourhood V' of p and a smooth basis
B of sections of the complex tangent bundle 70! in V N O which diagonalizes the
Levi form. When this property holds at every point of the boundary, we say that
Q has a locally diagonalizable Levi form.

Definition 2. A function K (z,w) € L®(Q2 x Q) is called a B-type kernel if there
exist two constants C' and C’ such that, for (z,w) € Uy x Uy,

K (z,0)] < CT[ FP (2, 60),
i=1
where & = |p(2)|+|p(w)|+7& (2, w) and for (z,w) ¢ U]kvzl Up X U, |K(z,w)| < C".

We refer the reader to [4] for definitions of Uy, sets and FF functions and v (z, w)
functions.

Remark 1. Note that the notion of B-type kernel does not depend neither on the
choice of the basis diagonalizing the Levi form nor on the choice of m and the Uy.

The following assertion is vital for our next section.

Proposition 1. (see [4]) Let K(z,w) be a B-type kernel. Let |P| be the opera-
tor associated to |K(z,w)| (Bergman type projection with positive Bergman type
kernel). Then |P| maps continuously LP(Q) into itself for 1 < p < +o0.
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Note in [4] the Forelly-Rudin type estimate can also be found for this domains.
Namely

/Q K (2 w)|r(w)|~do(w) < |r(2)] 5, =€,

where € € (0,1), for all B type kernels.

We assume that in this type domains in this paper the Bergman kernel is B
type kernel. Then the Bergman projection with positive kernel is bounded. This
follows directly from Schur test and estimates of Forelly-Rudin type, (see also [4]).

We also need some facts for pseudoconvex domains whose boundary Levi form
has at most one degenerate eigenvalue.

In [7], the author shows that the Bergman kernel function, associated to pseudo-
convex domains of finite type with the property that the Levi form of the boundary
has at most one degenerate eigenvalue, is a standard kernel of Calderiin-Zygmund
type with respect to the Lebesgue measure. As an application, author shows that
the Bergman projection with positive Bergman kernel on these domains preserves
some of the Lebesgue classes.

Let Q C C™ be a bounded domain. The Bergman projection P on Q is the
orthogonal projection.

P:L*(Q) — H(Q)NL*(Q) = A%(Q),

where H () denotes the set of holomorphic functions on . There is a corresponding
kernel function Kq(z,w), the Bergman kernel function, such that

Pf(z) = /QKQ(z,w)f(w)dw, z €.

Theorem A. (see [7]) Let Q be a pseudoconvex domain of finite type with the
property that the Levi form of the boundary has at most one degenerate value. Let
P be the Bergman projection or the Bergman projection with positive Bergman
kernel associated to the domain Q). Then P maps LP(2) to LP(?), boundedly, for
all 1 < p < o0.

We need for proof the Forelly-Rudin type estimate for bounded symmetric do-
main (see [9] and references there). The weighted Bergman projection is bounded
in these domains, see [9], [10], [18], [19]. We refer the reader to [9] for the Forelly-
Rudin type estimate in these domains.

This lemma leads to a boundedness of the Bergman projection with positive
Bergman kernel in these types of domains (see [9], [10], [18], [19]).

Lemma A. (see [8]) Let Q be a bounded symmetric domain, t > —1 and ¢ € R
such that ¢ > # Then

h(w,w) .
Icﬂg(Z) = /Q de(w) ~ h(Z,Z) .

Let D C C be a bounded, strongly Levi-pseudoconvex domain with minimally
smooth boundary. In [11] authors proved LP(D)-regularity for the Bergman projec-
tion P, and for the operator | P| whose kernel is the absolute value of the Bergman
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kernel with p in the range (1, 400). As an application, in [11] authors shows that
the space of holomorphic functions in a neighborhood of D is dense in ¥ LP(D).

Paper [11] is the first in a series of papers dealing with the LP-theory of reproduc-
ing operators such as the Cauchy-Fantappié integrals and the Szegé and Bergman
projections for domains in C™ whose boundaries have minimal smoothness. In the
paper [11] authors study the Bergman projection with positive Bergman kernel on
domains in C" that are strongly pseudoconvex and have C? boundaries.

Let further Q be smoothly bounded pseudoconvex domain of finite type m in
C™, and the Levi form of b2 has at least n — 2 positive eigenvalues at each z € bS).
The Bergman projection, as usual, is the orthogonal projection

P: L*(Q) — H*(Q),

with corresponding kernel function K(z,w) called, as usual, the Bergman kernel
function. We set

LY(Q) = {f € LP(Q) : D°f € L7, |a| < k},

and let A, (92) be the Lipschitz space of order o > 0. If Q is strongly pseudoconvex,
Phong and Stein (see [13]) proved continuity results of P in the spaces mentioned
above. For weakly pseudoconvex domains in C”, however, much less is known.
When (Q is a smoothly bounded convex domain of finite type in C™, McNeal and
Stein (see [12]) proved the continuity results in L (), 1 < p < o0, k > 0, and in
An(Q), a > 0.

In [1] authors assumed that §2 is a smoothly bounded pseudoconvex domain of
finite type m in C™ and the Levi-form of b2 has at least n — 2 positive eigenvalues
at each z € bQ), and in this paper [1] the authors proved sharp Sobolev space and
Lipschitz space estimates for the Bergman projection operator P, associated to €.
We refer to [1] for definitions of functional spaces BMO and Lipschitz class.

In [1] authors proved the following theorem:

Theorem B. (see [1))

1. The Bergman projection operator associated to Q, P, maps L% () to L% (),
boundedly, for 1 < p < oo and k € N.

2. P maps A, () to A, (), boundedly, for all 0 < a < co.
3. P maps L>(Q) to BMO(Q), boundedly.

To prove this theorem, the authors used a detailed analysis of the local geometry
of b2, and use estimates of the Bergman kernel function and its derivatives near bS2.

We refer the reader for definitions of important 7; and M functions to [1], [7]
to formulate next proposition.

Definition 3. A smooth function, K(z,w), defined on Q x ) is said to be a kernel

of B-type if there is an independent constant C' > 0 so that for every z,w € €,

K (z,w)| < ][ il 0)2,

i=1
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where 6 = |r(2)|+|r(w)|+ M (z,w) and where r is a defining function of our domain
(see [1], [7]).

Note that the Bergman kernel function K(z,w) is a kernel of B-type, (see [1],
[7] for this fact).

Let again © be smoothly bounded pseudoconvex domain of finite type m in C”,
and the Levi form of bQ2 has at least n — 2 positive eigenvalues at each z € 0.

Theorem C. (see [1]) Let K(z,w) be a kernel of B-type on ). If | P| is the operator
associated to |K(z,w)| (Bergman projection with positive Bergman kernel), then
|P|: LP(Q) — LP(Q), 1 < p < 0o, boundedly.

The proof is based on Proposition 3.1 of [1].

Proof. (Sketch) Let 0 < ¢ < 1 be arbitrary and let Uy, Uy, ...,Un be the open sets
as in the proof of Proposition 3.1 of [1], then we have (Forelly-Rudin type estimate)

z,w)||r(w)| " fdv(w rw_gnriz7 “2dv(w),
@) S [ [tz

where 4 is defined as in [1]. Since 0 < £ < 1, we may apply integrations similar to
those in the proof of Proposition 3.1 of [1] to find that

[ 1K G w)lrw)| o) £ (2]
JQ

The authors also obtain analogous estimates when the integration variable is z
instead of w. If ¢ is the conjugate exponent of p and f € LP(Q), then Hélder’s
inequality implies

p/q
PGP < ([ kGl ) ([ Kol )
< ([ Gl Pl s ) o).
Thus it follows that
2)|Pdz 2, W W) P (w) |4 (2)| 7P Udu(w) dz
/Q|(IP|f)()|d 5/@/Q|K<, Y1 (@) () [P/ (2)| =P/ 2w () d
-/ ( / |K<z,w>||r<z>|-6p/qclz) () PP/ () P ()
< /Q | () Pdv(uw),

if e < q/p. O
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2 Main results

In this section we first formulate a result in the unit disk (see [15]) and then repeat
arguments we provided in proof of that theorem in various situations in higher
dimension to get results in weakly pseudoconvex domains. The core of all proofs is
the boundedness of the Bergman projection with positive Bergman kernel. These
type results we provided above in various weakly pseudoconvex domains. The next
important tool for our proofs is the Forelly-Rudin type estimates in these domains
which we also discussed in previous section (Forelly-Rudin type estimates in the
unit disk).

We add some preliminaries in the unit disk which will be needed for our main
results.

Let U be, as usual, the unit disk on the complex plane, dmsy be the normalized
Lebesgue measure on U. Let H(U) be the space of all analytic functions on the
unit disk U. For f € H(U) and f(z) = Y, ax2", define the fractional derivative
of the function f as usual in the following manner

Df(z) =Y (k+1)%arz*, a € R,
k=0

We will write D f(z) if & = 1. Obviously, for all « € R, D*f € H(U) if f € H(U).
For k > s, 0 < p,q < 00, the weighted analytic Besov space A??(U) is the class
of analytic functions satisfying

: :
q — k P —r (k—s)g—1 r
1 = [ (L0t seapde)” 0 -0t <.

where T = {{ : |§] = 1} be circle and d¢ be the Lebesgue measure on the circle T
and with standard modification for p = 0o or ¢ = oc.

We denote by A%(U) the A29(U) analytic Besov spaces in the unit disk for all
real numbers s. Note also that for s < 0 we have that these spaces are A, (U)
Bergman spaces according to definition above for unit ball and we will use this
notation below for all negative s numbers in Besov spaces.

It is well-known that A% (U) C AX,(U), t = s — %, t<0,s<0.

Let further

Of_;={2€U:[D"f(2)|(1 —|2[*)° > ~t},

e>0,t<0, Slg,_t =0 4.
In the following sharp theorem we calculated distances from a weighted Bloch
class to Bergman spaces for ¢ < 1.

Theorem D. (see [15]) Let 0 < ¢ <1<, s <0,t <s— 4, 3> %—und
8> —1—t. Let f € A>,. Then the following are equivalent:

1. ll = diStAiot (f, Aq—sq—l);

B+t

—|w q —sg—
2.1y = inf{s >0: [y (er,—t(f) |}_szl‘z%ﬂdmg(w)) (1—]z])7%1 tdma(2) < oo}.
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Proof. First we show that I; < Cly. For > —1 — t, we have

_ f) (@ —Jwp)® fw)(@—Jwph?®
f(z)=C(B) (/U\Qm ([~ mmypredma( )+/Q€’_t [ maypre dmal ))
= f1(2) + f2(2),

where C'(8) is a well-known Bergman representation constant.
For t <0,

" w — |lw))?
nesef T

(1 — Jw])P**
éCE/IJ deQ(U))

1
<(Ce———.
(1 —=1[=))~*

So sup,cy |f1(2)I(1 — [2])~" < Ce.
For s < 0, t < 0, we have

/ 21— |2) = dma(z)
U

A=lwD™ N et g s
SC/U (/stt |1—mz|ﬁ+2d 2 )) (1—lz)) dma(z) < C.

So we finally have
distas, (£, A% y_1) < CIf — fallax, = Cllfillam, < Ce.

It remains to prove that lo < [;. Let us assume that l; < l;. Then we can
find two numbers e, €; such that ¢ > ¢; > 0, and a function f., € Aq_sq_l,
||f - fEl ||A°,°t < e, and

— |w|)B+t q
/U</Q %dmﬂw)) (1 [2)) = dm(2) = oc.

Hence as above we easily get from || f — fc, [|ax < &1 that

(e —e)xa. _.(n) ()AL = |2])" < C|fe, (2)],

and hence

_ Xa. () (2)(1 = |w])PT 1 s
M = /U (/U o dmz(w)> (1—1z]) dmo(z)

<o [ ([ B0 b g 0 oot
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Since for ¢ <1,

(gt ) <o | e, ©

wz|t |1 — wz|te

where o > 1—;‘1, t>0, f., € H(U), z € U and the Forelly-Rudin type estimate

(1—[z))7a! C
u |1 —wz|96+2) dma(z) < (1 — [w|)a(B+D+sq=17 ©)

where s < 0, 8 > 1;;‘1 —2, w € U, (Forelly-Rudin type estimates in the unit disk).
We get

M <C [ 1@ = ) dma(e).
So, we arrive at a contradiction. The theorem is proved. O

The following theorem is a version of Theorem D for the case ¢ > 1. The core of
the proof of Theorem E as we see from the proof of Theorem D is the boundedness
of the Bergman projection with positive Bergman kernel and the Forelly-Rudin
type estimates. This simple observation will be heavily used by us below.

Theorem E. (sce [15]) Let ¢ > 15 <0,t <s—, 3> % and 3> —1—t. Let
f € A%,. Then the following are equivalent:

1. ll —dlStA“’ (fa —sq 1)

q
2. 1= 1nf{€ >0: [y (fﬂa ) %dﬂm(ﬂ/)) (1—|2]) =4 dma(z) < oo}.

The proof of Theorem E is the same actually as the proof of Theorem D. The
only difference is the boundedness of Bergman type projection operator but with
the positive Bergman kernel. This fact will be heavily used by us below.

Indeed the close inspection of the proof of Theorem D shows the proof of The-
orem E is the same as the proof of Theorem D but here we will use (7) (see below)
instead of (5). Fore >0,¢>1, >0, a > -,

(/ |f|1 - 1 — |Z|) dm 2(2)) <C |f( )| (1 — ‘Z|)aqdm2(z)(l_|w|)—sq7w c U,

wz|5+2 u I1— wz|ﬁq—8q+2
(7)

which follows immediately from Holder’s inequality and (6).
Now we will add a new results. Since all proofs are short repetitions of argu-

ments which are needed in higher dimension, they will be partially omitted. Let
D be a bounded domains (domain) in C™. We put for f € H(D)

0. = {z € D : |f(2)] (dist(z,0D)) % > g} .
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For a bounded domain D with C? boundary we define Bergman spaces AP, and
A%O as follows

AP (D) = {f € HD): /D |f(2)|P dist(z,0D)%dv(z) < oo}, a>—1,

AT (D) = {f € H(D) : sup ()| dist(,9D)” < oo}, 5>0,

because of known embedding between these two spaces (see [6]) for such type
domains dist problem can be posed and more generally we arrive at problem of
estimates of dist x (f,Y") if X, Y are quazinormed spaces, subspaces of H(D), f € X
and Y is embedded in X.

We deal with bounded domains with C? boundary at least below so the dist
problem can be always posed. The core of all our proofs are so called Forelly-
-Rudin type estimates and boundedness of Bergman type projections with positive
Bergman kernel for various types of domains discussed in previous section. The
rest follows from the proof of the unit disk case which we provided above. The
short proofs in more complicated domains hence will be partially omitted.

We assume that in our Theorems 1, 2 the following condition holds: p(z) is
equivalent to dist(z,0D), z € D, where p is a defining function of D domain. We
also assume that for each F, F' € A‘(’Z +1)/p the Bergman reproducing formula with
kernel K is valid that is

F(w) = /DK(z,w)F(z)dv(z), w e D.

Note as we can check (see [3]) these both conditions are valid for bounded
strongly pseudoconvex domains with smooth boundary.

Namely for example for bounded strongly pseudoconvex domains and for defin-
ing function of a domain p(z) it is known p(z) is equivalent to dist(z,0D), (see [4],
(7))

Moreover the second condition is valid in homogeneous Siegel domains, in tubu-
lar domains of second type, and bounded symmetric domains (see [14], [15], [16],
[17]).

Similar condition on defining function of a general pseudoconvex domain can
be seen in [5].

Theorem 1. Let D be a bounded pseudoconvex domains with C? boundary whose
boundary points are all of finite type and with locally diagonizable Levi form,

n+1 [eS)
% <1,1<p<oocandlet f €AY, (D) Then

distax (/. A(D))

xinf{e >0 /D </D XQE,f(z)|K(z,w)|dist(z,ap)—TdA(z))pdA(w) < oo}.
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Proof. Let us show first that
L(f) =distax, = (f, A7)
p
< Cinf {5 >0: / </ xa. ; (2)| K (z,w)] dist(z,(f?D)_n;ld)\(z)> dA\(w) < oo}
D \JD
= Cla(f).
We repeat unit disk arguments now. According to our assumptions we have

F(w) = /D K(z,w)F(z)d\(z), weD

(for bounded symmetric domains this is valid automatically).
Then following unit disk case we have

F(w) = Fi(w) + Fy(w), we D
Fy(w) = /D\Q K (z,w)F(z)d\(2), weD
Fy(w) = /ﬂ K (2, w)F(2)dA(2), we D.

Note again using the Forelly-Rudin estimate

1
[Faw)| < = (p(w) ™) 7=""=. weD,

and also obviously, since dist(z, D) =< p(z),

[rwraws=e [ ([ sz,f<z>|K<z,w>|dist(z,aDr’TdA(z))pdA(w)sc,

wherel<p<oo,"TT1<1.

We used that (see previous section)

/D | K (z,w)| p(z)"7dA(z) < p(w)™7, weD, 71e€(0,1).

The rest follows similarly as above in case of the unit disk. Let us show now the
reverse that is la(f) < 1;(f). We again repeat arguments of the unit disk case using
the Bergman projection theorem.

For some ¢, &1 > 0, € > €1, f., € Af(D) and assuming the reverse that i} < Iy,
we have now

I(f = fellase,  <e1 (8)

(n+1)/p

and

win=[ ([ XQe,f<z>|K<z,w>|dist(z,aDerA(z))pdA(w)—oo.
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Hence from (8) we have
n+1

(e —exa.; (2)p(2)" < Clfaa(2)], 2€ D, 7= —

From here we have that obviously

¢ [ ([ @K ) dw <l Ly

for 1 <p < 0.

Since the Bergman projection with positive kernel is bounded (see previous
section) we got contradiction.

The proof is complete. O

Note, the proof of the Theorem 1 is based fully on estimates from [4] and remarks
we made above. This result is sharp under certain natural additional conditions.

We always assume below that € is bounded domain with C? boundary (at
least), so dist problem can be posed.

Based on our discussion and results of Ahn-Cho we can now formulate the
following result.

Theorem 2. Let Q be C* smoothly bounded with defining function r pseudocon-
vex domain of finite type m in C™ and the Levi form on 9S) has at least n—2 positive

eigenvalues at each z € 0f). Let ”+1 <1, 1<p<ooandlet fe Az, /p(D)
Then
distaz, (f, AL(D))
P
=< inf {6 >0: < 2)| K (z,w)]| dist(z, 8D)_Td/\( )) dA\(w) < oo} .

Proof. Let us show first that

L(f)=distax, (/. AD)

< Cinf {5 >0: /D (/D xa..; (2)| K (z,w)] dist(z,@D)_n;ld)\(z))pd)\(w) < oo}
= Cla(f).

We repeat unit disk arguments again. According to our assumptions we have
/ K(z,w)F(z)d\(z), we€D

(for bounded symmetric domains this is valid automatically).
Then following unit disk case we have

F(w) = Fi(w) + Fa(w), weD

Fr(w) = / K(z,w)F(2)d\(2), weD
D\ Qe ¢
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Note again using the Forelly-Rudin estimate

1
[Fo(w)] < Ce (p(w) "), 7=""=, weD,

and also obviously, since dist(z,0D) < p(z),
n+41 p
/ |F1(w)|PdA(w) < C/ (/ XQE.’f(Z)|K(Z,U})|diSt(Z,aD)_Pd}\(Z)) d\(w) < C,
D p \Jp

where1<p<oo,"Tf1<1.
We used that

/D | K (z,w)| p(z) " "d\(z) < p(w)™", weD, 7€(0,1).

The rest follows similarly as above in case of the unit disk. Let us show now the
reverse that is lo(f) < I1(f). We again repeat arguments of the unit disk case using
the Bergman projection theorem.

For some ¢, e; > 0, ¢ > &1, f., € A5(D) and assuming the reverse that I; < lo,
we have now

I = fedllase, < e 9)

(n+1)/p —

and
() = [ ([ xa, @G 0 as(e00) ) drw) -

Hence from (8) we have

(e —e1)xan, ()p(x) 7 < Clfa(2)], zeD, 7="122

From here we have that obviously

M(f) < C /D ( /D |f81<z)||K<z,w>|dA<z>)pdA<w> < Cllfell g

for 1 <p < .

Since the Bergman projection with positive kernel is bounded (see previous
section) we got contradiction.

The proof is complete. O

From [9] taking into account our discussion above and repeating arguments of
the unit disk case we have another sharp theorem (without additional assumption
needed for other two theorems):
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Theorem 3. Let Q be bounded symmetric domain with C? boundary, 1 < p < co.
Then we have

dist goo

oo (1 AR(S)

= inf{s >0: /Q(/Q XQE,f(Z)W(h(Z,z))_t+Bd5(Z))p

for all B > By, for all t = % < 1 and for some large enough fy.

Similar results with similar proofs are valid based on discussion above for pseu-
doconvex domains of finite type with the property that the Levi form of the bound-
ary has almost one degenerate eigenvalue. We leave this to interested readers.
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