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ESTIMATES FOR SOLUTIONS OF THE 0-EQUATION AND APPLICATION TO THE CHARACTERIZATION OF
THE ZERO VARIETIES OF THE FUNCTIONS OF THE NEVANLINNA CLASS FOR LINEALLY CONVEX
DOMAINS OF FINITE TYPE

PHILIPPE CHARPENTIER, YVES DUPAIN & MODI MOUNKAILA

ABSTRACT. In the late ten years, the resolution of the equation du = f with sharp estimates has been intensively studied for convex domains
of finite type in C" by many authors. Generally they used kernels constructed with holomorphic support function satisfying “good” global
estimates. In this paper, we consider the case of lineally convex domains. Unfortunately, the method used to obtain global estimates for the
support function cannot be carried out in that case. Then we use a kernel that does not gives directly a solution of the é—equation but only a
representation formula which allows us to end the resolution of the equation using Kohn’s L? theory.

As an application we give the characterization of the zero sets of the functions of the Nevanlinna class for lineally convex domains of finite

type.

1. INTRODUCTION

The general notion of extremal basis and the class of “geometrically separated” domains has been introduced in [CDO8]. For
such domains it is proved that if there exist “good” plurisubharmonic functions, in which case the domains are called “completely
geometrically separated”, then sharp estimates on the Bergman and Szeg6 projections and on the classical invariants metrics can be
obtained.

Moreover, using the description of the complex geometry of lineally convex domains of finite type initiated in [Con02] and the
construction of a local support function described in [[DEFO3], it is shown, already in [CDOS]], that every lineally convex domain of
finite type is completely geometrically separated.

The present paper is a continuation of the study of complex analysis in such domains. We are now interested in the problem of the
characterization of the zero sets of functions in the Nevanlinna class. The main result obtained concerns the class of lineally convex
domains of finite type and generalizes the results obtained in the case of convex domains ([BCD98, (Cum01b, DMO1]):

Theorem 1.1. Let Q be a bounded lineally convex domain of finite type in C" with smooth boundary. Then a divisor in Q can be
defined by a function of the Nevanlinna class of Q if and only if it satisfies the Blaschke condition.

The general scheme of the proof is identical to the one used in the convex case and consists in three steps. First, for the general
case of geometrically separated domains, we prove some ‘“Malliavin conditions” on closed positive (1, 1)-currents ® and then we
solve the equation dw = ® with good estimates. The third step, which solves the é-equation for (0, 1)-form with L! estimates on the
boundary, is only done in the case of lineally convex domains of finite type:

Theorem 1.2. Let Q be a bounded lineally convex domain of finite type in C" with smooth boundary. Let f be a (0,1)-form in Q
whose coefficients are €1 (Q) functions and which is d-closed. Then there exists a solution of the equation du = f, smooth on Q and
continuous on Q such that ||ul|;1 50y < C||f|lk (see Section2.1lformula 2.3)), the constant C depending only on &. In other words,

there exists a solution of the equation dyu = f, in the sense of [Sko76], in L' (9Q).

2. SOLUTIONS FOR THE @-EQUATION FOR LINEALLY CONVEX DOMAINS OF FINITE TYPE
First of all, we recall the definition of lineally convex domain:

Definition 2.1. A domain Q in C", with smooth boundary is said to be lineally convex at a point p € dQ if there exists a neighborhood
W of p such that, for all pointz € dQNW,

(z+T°)Yn(DNW) =0,
where TZ'O is the holomorphic tangent space to d< at the point z.

Furthermore, we always suppose that dQ is of finite type at every point of JQNW. Shrinking W if necessary, we may assume
that there exists a €¥*defining function p for Q and a number 1 > 0 such that Vp(z) # 0 at every point of W and the level sets
{z € W such that p(z) =1}, —1m0 < 1 < 7o, are lineally convex of finite type.

As we want to obtain global results, we need these properties at every boundary point. Thus, in all our work, by “lineally convex
domain” we mean a bounded smooth domain having a (global) defining function satisfying the previous hypothesis at every point of
Q.

In Section[2.J]we define a punctual anisotropic norm for forms, ||.|,, related to the geometry of the domain (formula (2.2)). With
this notation, the main goal of this Section is to prove the following reformulation of Theorem[L.2]for (0,g)-forms:
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2 P. CHARPENTIER, Y. DUPAIN & M. MOUNKAILA

Theorem 2.1. Let Q be a smooth bounded lineally convex domain of finite type in C". Then there exists a constant C > 0 such that,
Sor any smooth d-closed (0,q)-form f, 1 < q<n—1, on Q there exists a solution u of the equation du = f, continuous on Q, such
that

| u@ldo) <c [ 1@ ave).

Except for the case of finite type domains in C> where such an estimate was proved by D. C. Chang, A. Nagel and E. M. Stein
([CNS92]) for the -Neumann problem, this kind of result was always proved using explicit kernels solving the d-equation. The first
result was obtained, independently, by G. M. Henkin and H. Skoda for strictly pseudo-convex domains ([Hen75,|Sko76]). Afterward,
some generalizations to special pseudo-convex domains of finite type (in dimension n > 3) were obtained by several authors. For
example, the case of complex ellipsoids was obtained by A. Bonami and Ph. Charpentier ([BC82[]), and, probably the most notable
result, the case of convex domains of finite type by J. Bruna, Ph. Charpentier & Y. Dupain, A. Cumenge and K. Diederich & E.
Mazzilli ([BCDO98}, [CumO1bl, [DMOT]).

Here, we consider the more general case of lineally convex domains of finite type. Our starting point is similar to the one used in
[Cum01b] and [DMO1]]. We try to construct a kernel solving the d-equation following the method described in the classical paper of
B. Berndtsson and M. Andersson [BA82]]. Such kernel is constructed using two forms, s(z, §) and Q(z, {) satisfying some conditions.
In particular Q(z,{) is supposed to be holomorphic in z. In many works using these constructions, the forms s and Q (or only Q)
are constructed using a holomorphic support function for the domain. In the case of lineally convex domains of finite type such
support functions have been constructed by K. Diederich and J. E. Fornaess in [DF03]. Let us denote by So = ¥, 0%(z, &) (z; — ;) this
support function. If we want to use Sy to define s and/or Q, a problem appears immediately: some precise global estimates of Sy are
necessary since this function appears in the denominators of the kernels, and Diederich and Fornaess result gives only local estimates
(i.e. when the two points z and { are close and close to the boundary of the domain). This problem has been noticed previously in
the case of convex domains by W. Alexandre in [Ale0O1]] where a modification of the support function is done. Unfortunately, this
modification cannot apply for lineally convex domains, the convexity being strongly used to solve a division problem with estimates.
Another way to construct a kernel without support function, introduced by A. Cumenge for convex domains in [CumO1b], is to use
the Bergman kernel with the estimates obtained in [McN94|]. These needed estimates on the Bergman kernel have been obtained
for lineally convex domains in [CDOS]| but, once again, the method cannot be carried out for lineally convex domains for the same
reason.

Thus we start with the method of Berndtsson and Andersson with Q constructed with Sy, but the form Q being holomorphic in
z only when the two points z and { are close (and close to the boundary). Then the construction does not give a kernel solving the
d-equation but a representation formula of the following form: if f is a (0, ¢)-form smooth in Q, there exist kernels K (z, {), K (z, &)
and P(z,{) such that

10 =3 ([ HOAKGD) + [ IO AKG0+ [ FOAPED:

In this formula one important point is that, by construction, the kernel P is €~ (Q x Q). If f is d-closed then the form g =
Jo f(&) AP(z,8) is also d-closed, and, by the regularity of P (Lemma[2.2), for all integer r, the Sobolev norm ||g||,, of order r is
controlled by C, || f|| . ()- Then, using Kohn’s theory ([Koh73]), it is possible, using a linear operator, to solve the equation ov=g
with an estimate of the form [|v||y,r < C;||f||;1(q) (Lemma[2.3). By Sobolev Lemma, choosing r sufficiently large (depending only
on the dimension), there exists a constant C such that, if f € L!(Q), this solution v is continuous on Q and |||, 09) <Cllfll -

Finally, to obtain a solution of the equation du = f, given by a linear operator, satisfying the desired estimate it suffices to estimate
the integral [, f({) AK(z,{) which can be done, as we will see, using only the local estimates of the support function Sy given in
[DEO3].

2.1. Geometry and local support function.

2.1.1. Geometry of lineally convex domains of finite type. Adapting the construction made by J. McNeal for convex domains
([McN94]) to the case of lineally convex domains of finite type, M. Conrad defined, in [[Con02], the geometry of these domains
and, in particular, the notion of extremal basis in this context (note that in his construction the basis are not maximal but minimal, see
[HefO4, INPTOQ9] for more details). Here we will only recall the results which are useful for our purpose. A more detailed exposition
is given in [DFO6].

For ¢ close to dQ and € < g), & small, define, for all unitary vector v,

(L, v,€) = sup {c such that |p ({ +Av) — p({)| < &, YA €C, |A| < c}.

Note that, if v is tangent to the level set of p passing through &, 7(&,v,€) > €'/ (with uniform constant in ¢, v and €) and that, Q
being of finite type < 2m, T (&,v,&) < €'/

Let ¢ and € be fixed. Then, an orthonormal basis (vi,v,,...,v,) is called (£, €)-extremal (or e-extremal, or simply extremal) if v,
is the complex normal (to p) at , and, for i > 1, v; belongs to the orthogonal space of the vector space generated by (vi,...,v;_1)
and minimizes 7 ({,v,€) in that space. In association to this extremal basis, we denote

(&,vi,e) =1(L,€).

Note that there may exist many ({, €)-extremal bases but they all give the same geometry we recall now.
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With these notations, one defines polydiscs AP: (&) by

APS(C) = {Z = C+ i /'Lkvk such that |)Lk| < C()AT/((C,E)} ,

¢o depending on Q, P.({) being the corresponding polydisc with A = 1 and we also define
d({,z) =inf{e such thatz € P:({)}.
The fundamental result here is that d is a pseudo-distance which means that, V& > 0, there exist constants ¢(¢t) and C(a) such that

(2.1) c(0)Pe(8) C Pae(§) C C(a)Pe(8) and Pr(g)e(E) C aPe(8) C Pe(aye(§)-

We insist on the fact that this pseudodistance is well defined and is independent of the choice of the extremal bases.
We will make use of the following properties:

(1) Letw = (wy,...,w,) be an orthonormal system of coordinates centered at {. Then

I Plp(§) | _
Iwe Iwh

&
YL TG wi ) R
Af )M':O. Then

aéﬁ(@)‘T(va,S)‘HB ~ €.

a+Bl > 1.

aa+ﬁ

(2) Let v be a unit vector. Let a;ﬁ(é’) = amaxﬁ (&+

1<|a+B|<2m
(3) If (vi,...,v,) is a (£, €)-extremal basis and y = ):” ajvj#0, then

n

(C - Z |a,‘

=t

(4) If v is a unit vector then:
(@) z=C+Ave Ps(&) implies |A] < 7(&,v,0),
(b) z=C+ Avwith |A] <7({,v,6) implies z € CP5({).
(5) ©({,e) =¢,and, for j > land A > 1, 1/"7;({,e) < (8, 1e) SAVPT(L€).

Remark. Every lineally convex domain of finite type is completely geometrically separated and the pseudo-distance defined here is
equivalent to the one defined in [[CDOS] using tangent complex vector fields (see Section 7.1 of [CDOS]| for some details).

With these notations, we define a punctual anisotropic norm ||.||, for (0,g)-forms with functions coefficients f by

|<f;v17"' avq> (Z)|
(2.2) 1F@llx = sup ,
Cmer XL k(zw)
where k (z,v) = (fsvaT 0y0(z) being the distance of z to the boundary of Q. Note that this definition generalizes the definition
given in [CDOS] for (0,1)-forms. Moreover, in the coordinate system associated to an (z,8(z))-extremal basis, we have ||dZ|| =
minje; % and, if f = ¥, ardz,
% (2,60(2))
11l = sup |a1|m1n7.
£ e 8a(z)
If fisa (0,q)- fz )Hk is also continuous and we define it’s |||.|||x norm by
23 1= [ 1@V )

2.1.2. The holomorphic support function. In [DFO3|| the following result is proved:

Theorem 2.2 (K. Diederich & J. E. Fornaess). Let Q be a bounded lineally convex domain in C" of finite type 2m with €* boundary.
Then there exist a neighborhood W of the boundary of Q and, for any € > 0 small enough a function Sy(z,§) € € (C",Wy) which is
a holomorphic polynomial of degree 2m in z for any § € Wy fixed, such that So(§,§) =0, satisfying the following precise properties:

Let M, K > 0 be chosen sufficiently large and € > 0 sufficiently small. Choose l; a family of affine unitary transformations on
Wy translating € to 0 and rotating the complex normal ne to p at € to the vector (1,0,...,0). Then there exists, on Wy, a family of

holomorphic polynomials A¢, A¢(0) = 0, such that, if P is defined by CI>E1 ()1 =21 (1 -A¢(2)), CI>E1 (k=21 k=2,...,n, then

4 So(lpoe(E),0) — & ke ey ars, Y 2P0
=2 o @ 967

where pe (&) = p (g 0 (€)) — p(£) and
1 for j=0mod4
cj=¢ —1 forj=2mod4 .
0 otherwise
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Moreover, there exist d = d(€) > 0 and ¢ > 0 such that, if n; is the unit real exterior normal to p at C, for (wi,w2) € C?andta
unit vector in the holomorphic tangent space to p at , for |w| < d, the following estimate holds

(2.5) ReSo (& +wing +wat, §) < [p (E+wing +wat) —p(E) | h (E+wing +wat) —ec ) HPj‘t lwal,
=

where h is a positive function bounded away from 0, P’ (W) = Pj (& +wing +wat), with

1 ip()
PITIEEEE:

Pi(z) = (-0 (z-0)°

o+ |Bl=j
and, for any polynomial P = Zaaﬁzazﬁ, IPI=X ‘aaﬁ |

Remark. In the above Theorem the function Sy is globally defined for { € Wy, and (2.4) is independent of the choice of ;. In
particular, as it is stated in [DFO3], if we restrict { to a small open set in Wy, the functions ZC’ h and AC can be chosen € in that set
(with respect to the two variables § and z).

2.2. Koppelman formulas. With the notations used for the holomorphic support function Sy, we choose R < d such that ‘AC (z)’ <
1071 if |z — {| < R and, reducing 1y if necessary, we may suppose that ;¢ ({) < 1o implies { € W.

Let us define two €™ functions ¥ (z, &) = X (Jz— &|) and x2(z) = ¥ (89q(z)) (Where 8¢ denotes the distance to the boundary of
Q) where x and ¥ are ¥ functions, 0 < , ¥ < 1, such that ¥ = 1 on [0,R/2] and § =0 on [R,+ec[ and ¥ =1 on [0,70/2] and ¥ =0
on [1g,+o<[. Then we define

2(z,8) = x1(z,8)x2(8)

and
$(2,8) = 2z, 0)80(z,8) — (1 — x(2.0)) |z — ¢ = ;Qi(LC)(Zi—Q)-

Now we define the two forms s and Q used in [BA8&2] in the construction of the Koppelman formula by

Z( —zl) Gi—zi)

and
1 n
Q(Zv C) = KOP(C) Z Qi(za C)d (Cl - Zi) )
i=1
where K| is a large constant chosen so that
26 e (p(0) 50 0) ) < 2.

Notice that ReS < yReSy < —Cp (&), by @3, so it suffices to take Ky > 2C . Remark also that, if { € dQ, @2.3) implies ReS(z,§) <
0 forz € Q.
We point out also that Q is not holomorphic in z and that s satisfies
= ¢P =l(s,z= ) <Clz—¢l,z. 0 € Q.

Following the construction done in [BA82]], with G(§) = %, we obtain two kernels

=) 5(z,4) A (dQ)" (ds)"*"*1
2.7 K(Z,C)—an; a0 (Kop(C)S(z,C)Jrl) o
and
—cem (1 n
(2.8) P(z,{)=C.G <Kop(c)S(Z,C)+1>(dQ)

giving the following Koppelman formula:

For all (0,q)-form f, with €' (Q) coefficients, we have, for z € Q,
@9 f@)= [ FONEO+E [ AR @O+ (1 [ AR~ [ ) nPE

where K (resp. K', resp. K?, resp. P) is the component of K of be-degree (0,q) in z and (n,n —q—1) in  (resp. (0,q — 1) in z and
(n,n—q)in &, resp. (0,q) inzand (n,n—q—1)in g, resp. (0,q) in zand (n,n—q) in §).

Moreover, by definition of S, G®) (S(z,{) +1) = ﬁ, and, for ¢ € dQ, K%(z,{) = 0 so that the first integral in the
Ki() 2,6)t+p

Koppelman formula disappears, and if f is d-closed ([2.9) becomes
210 1) = (0713, [ fOAK .5~
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with
g= [ FOAPEY)
and g is d-closed.
To be able to estimate the kernels K' and P, we need a fundamental estimate for |p () + KLOS (z,0)|-

Lemma 2.1. There exists Ko such that, for { € Pi(z) = Py-ip(2) \ Py-i-1,(2), we have:

M) [p(&)+ &5 0)| 227 (2.0) e 2 x D

@ |Es(6.0| 227 (0 e a0 x 0

Proof. Clearly (2) is a special case of (1) (because d(z,§) ~ d({,z)). Let us prove (1).
First note that, by (2.3), if z = { + wing +wat,

wal/

e (p(6)+ 456 0)) <26 8) [e1p @)+ 3p(6)]| - (12O P - o £

and then, if |z — §| > &), Re (p(C) + ,(iOS(z7 C)) < —co (&), and it is enough to prove the Lemma for € < & small enough.

Let us denote € = 2~""'¢ and let (wy,...,w,) be an &’-extremal basis at . Let us write z = CH+YL Awi=C+Awi +v =
&+ Aiwq + ||v1]| v. Remark that, by (2.6), the result is trivial if [p(&)| = €. Let us suppose |p(§)| < €.

Let 0 < ky < 1 be a real number which will be fixed later.

Suppose first that, Vi > 2, |A;| < ko7;(§,€"). Then |A1| = €' (property @) of Section 2Z.1.T), and, as

Farro 3 B0 fario 2D
‘(Z‘ 0 - O!|§(j)

by () of Section[Z.I.1l we have

\a\
Using formula (2.4)), this gives
M (1 A2 (1 ?
p(6)+ gsued)| 2 [prg) AUSA I UALD |
> ‘P(C)-f—)“ (1AC(Z))‘ ngl(k(z)+8)

the last inequality following the fact that || < € (property (@) of Section2ZIT). As |A¢(z)| < 107, it follows that

'p<c>+ Kiosom\ >

if ko and &y are chosen sufficiently small.
We now fix g. As Re (p(C) + %OSO(Z7 C)) < 0, we have

\p<c>+ 5(2.0)

zx<z,c>\p<c>+,(ioso<z,c>\ - ) - CF,

and the inequality [z — [* > [vi]]> = ©(¢,v,€)? > € (properties (3) and (3) of SectionZ.I.I) proves the Lemma in that case.
Suppose then there exists i > 2 such that |4;| > ko7;({,€’). By @) of Section 22111 we have ||v;]| ~ ({,v,€’), and by @) of
Section 2.1} we get (v being tangent to p = p({) at §)

)y ‘aaﬁ@)‘T(CMS)Mﬁ: ) ‘a;ﬁ(é)‘r(é,v,s)”ﬁ:e',

2<|a+B|<m 1<|a+B|<m

and (2.3) implies
ReSo(z,4) SCp(§) — 1€,

and we conclude by the same argument on |z — § |2. O

Lemma 2.2. If g > 1, all the derivatives, in z, of P(z,{) are uniformly bounded in Q x Q.
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Proof. Recall P(z,{) = cn% (dQ)". Tf 830(&) > mo/2, this is clear by 2.6). Suppose 5o (8) < Mo/2. If |z — | < R/2
%S@8)+p(8)
Ko

then Q is holomorphic in z and the component of (dQ)" of be-degree (0,q) in z (recall we suppose g > 1) is identically 0 which
implies P = 0. If |z— {| > R/2, the preceding Lemmas, give ’KLOS(z, &) +p(8)| = (R)*™ (because, for unitary v, T(z,v,€) < €'/2m),
and the Lemma follows easily. (|

Lemma 2.3. For each positive integer s there exists a linear operator Zs and a constant C(s) such that, if g = [, f(§) ANP(z,8) is
the d-closed form of R.1Q) there exists a solution vy = 4(g) to the equation dvs = g satisfying the estimate

vslls < C() 11121 ()

where ||.||; denotes the Sobolev norm of index s in Q.

Proof. This is an immediate consequence of the preceding Lemma and the results on the weighted d-Neumann problem obtained by
J. J. Kohn in [Koh73]. O

As explained at the end of the introduction of Section [l this last Lemma shows that to obtain sharp estimates for solution of
the d-equation in lineally convex domains of finite - type, like the one stated in Theorem 2.1 it is enough to prove that the form
20 [o f(§) AK'(z,8) (c.£.@2T0)) is continuous on Q and that

c>AK'<z,c>H <ClIfll.
L1(99)

This will be done in the next section.

2.3. Proof of Theorem[2.1l By formulas (2.7) and (2.9), we have
nq —n n—k—
wt PO (3:0)" A (30 A (Bes) !

k 8]
A 2(n—k
g 2= ¢ (£:5(2.6) +p(0))
A priory, formula (2.9) is only valid for z € Q. But, as noted by H. Skoda in [Sko76]], the form

LK)

is continuous in Q if the kernel K! satisfies a condition of uniform integrability:

@.11) /mps K'(z, )]dv(g):o(e‘/'"),

uniformly for z satisfying 8y (z) < € and € small enough
Under these hypothesis (§ € P:(z)), Q(z,§) =

Kop ', Qi(z,8)d (& — z;) is holomorphic in z and K is reduced to

gy PO A (30) @
k (Z’C) =¢ 2 n—q+1 °
2= ¢ (%50 +p(0))

To prove (Z.11)), we use the coordinate system (i, .. ., §,) associated to the (z, 850 (z))-extremal basis and the following estimates:

Lemma 2.4. For z close to I, € small and § € Ps(z), we have:
(1) |8(0)| S 5 (@ of Section 2ZLT);
(2) Qi(z,0)| +10i(€,2)| S % (see [DEO6]);
3) ‘9Q’ o C’ ’ (see [DEOG] ).

N 7(z, e)rj(z €

A straightforward calculus shows that

@) = (), I T2 Aea g

..... ) k=1 aC/k iel  jel
J*(jl ----- ]n—q)
1 n—q+1 p) an
() Yy oy 2% o [ 2L pag
p I=(i1,.esin—g) k0€{1,en—q} aCjko 1<k<n—q aCJk iel  jeJ
T k+#ko
J:(le---,lnfq)

where Z/ means that the i, (resp. j,) are all different.
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n—q+1
Suppose ¢ € P? = P¢(z) \ P.;,(z). Then, by Lemma 21} |z — ¢|* (KLUS(Z, <) +P(C)) 4 > gn=a+1|z— ¢, and, by Lemma
24
X / (p(8)+e)e"
K'(z,0)] < Y n—q g+l 2¢-1
I (iriny) T T i lz— ¢
T=(j1,rdn—q)

Z/ 1

- 2 1°
1= (irin-g) et BT lz = &1
I=(j1srdn—q)

because 830 (z) < € and using (I of Section 21,1
The 7; being supposed ordered increasingly, it is easy to see that

A

1 1 g

’ S Tn—gq+1 (Za 8) H Tiz (ng)a

<
A i

/PO|1<1 O] AV(E) S Tugr1(z,8) =0 (7)),

and, if we denote P} = Pi(z) = P (z,27¢) \ P (1,2*(i+1)g)’

| K @Ol avio) -

which ends the proof of Z.11)).
To finish the proof of Theorem[2.]l by Fubini’s Theorem, we have to prove that

| K GOAL©)] do) S 15D

and, by Lemmal[2.]] it is enough to see that, for { near the boundary and 1 small enough (to have the reduced form of K'),

./;mp,,@ K (@) A F(Q)] do() S £k

To see it, let us denote € = 8§30 (&), Q2(¢) = Pe(§) and QL(E) = Pyip(§) \ Pyi-1,($), i > 1, and let us estimate

‘ 1
'/angé(C) ’K (z,¢) /\f(C)’ do(z)

using the coordinate system associated to the ({,2¢)-extremal basis. By the properties of the norm ||. |, it is enough to prove

and we obtain

Olavig) < io( e2)") =0 (&),
=0

N
the estimate when the form f is (in the extremal coordinate system) f = (dC ) , with |I| = ¢g. Then, denoting I = (iy,...,i,) and
J=(j1seesinagq), TUI ={1,...,n}, K" (z,{) A f(&) is a sum of expressions of the form %, i=1,2, with

n—qg+1
D(Z.0) = |z~ L (Kios<z, &) +p<c>) '

and
400, " — _
Wi = (G p(e) [] 2222 A (agndG) A\ a
k=1 Clk i=1 leL
|L|=¢—1
and,if 1 ¢ 1,
ap () 20;,(z,8) a -
W, = Cm—zm Qi C dC,'/\dC,’ dz;.
? ( ) ac kO( )lﬁlgl*q aC]k l/:\l( ) l/€> l
k£k |L|=g—1
Now, remarking that
do(z) ; nz ;
/;;(cmaszw S2enen (679) ,HT’Z (2%,

we get, using property (@) of Section 2. 1.1}

" Wi(€,z2)
Loon | s aota
and, because 1 ¢ 1,

/g(g)mag

_p©) 562 _p@) . HEe) _ . 5(E.50(b)

~ i el 2ie 2ie el e~ el 2i850(8)

W) (&,2)
D({,z)

5 (6:2%) . 7(8 8a(l)

jer 2ie Nje] 212856(8)

and the proof is complete.
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3. NONISOTROPIC ESTIMATES OF CLOSED POSITIVE CURRENTS ON GEOMETRICALLY SEPARATED DOMAINS

In this Section, Q is a pseudo-convex domain in C" with € boundary which is geometrically separated at a point py € dQ. To
state the main result of this Section we fix some notations.

We denote by p a defining function of Q and N = W;‘z Y. g—gdz,- the unit normal defined in a neighborhood U of dQ. Recall

(see [CDOS]) that the hypothesis made on Q means that there exists a constant K > 0, a neighborhood V =V (pg) C U of py and
a (n— 1)-dimensional complex vector space E° of (1,0)-vector fields € in V, tangent to p (i.e. L(p) =0 in V for L € E°) such
that, at every point p of V N Q and for every 0 < § < & there exists a (K, p, §))-extremal (or (p, §)-extremal) basis whose elements
belong to E°. We will denote by E! the complex vector space generated by E° and N.

ForL€E' 0 < e < & andz e VN, in [CDOS| we defined the weight F(L,z,¢) as follows:

If L= L;+ a,N, the weight is defined by

2/1Z| |2

Z(9p)(2)
€

|an
ez’

F(Lze)= )

ngM(L)

where M is an integer larger than the type, %£s(L) denotes the set of lists (Ll, .. .Lk) ,of length k < M, Lie {LT,L_T}, and

L(9p)(z) =L'...[F2 (<ap, [L’H,Lk} >) ().

Remark. To keep the same notations as in [CDOS]], the normal is denoted by L, in opposite of the preceding Section where it was
denoted by L.

Now we denote t(L,z,€) = F (L,z, 8)7]/2. If v is any non zero vector in C", and z € V N Q, there exists a unique vector field
L =L, in E' such that L(z) = v. Then we denote

%a(2)

T(Z,V,E) = T(L,Z,g) andk(z,v,e) = m,

where 83q(z) is the distance from z to the boundary of Q. When € = 83q(z) we denote 7(z,v) = 7(z,v,050(z)) and k(z,v) =
k (Z,V, 539(2))' _
To simplify the exposition, we will also use the following terminology. For each pointz € VN & and each 0 < 8 < &y, if (vi); <<,
is a basis of C" such that v, = N(z) and (L;),-;-,_; (Li € E®) is a (z, 8)-extremal basis such that L;(z) = v; we will say that (Vi)1;';
is a (z,0)-extremal basis. o o
Suppose now that ® is a € (1,1)-form defined in V N Q. Then, following [BCD98], we define, forz € VN Q,

o p 120
1802, = 1®@)II° = M,Svlé%* k(z,u)k(z,v)

n

and

ot = sup SEE

u,veC*

where ||.|| denotes the euclidean norm.

Similarly, with the above notations, we extend the notations defined in formulas 2.2)) and 2.3) for (0, g)-forms to forms defined
in a geometrically separated domain.

The aim of the Section is to prove the following result:

Theorem 3.1. Let Q be a pseudo-convex domain in C" which is geometrically separated at a boundary point py. Then there exist
two neighborhoodsV and W C'V of pg and a constant C > 0 such that, if ® is a smooth positive closed (1,1)-form defined in'V then

| 82101V <€ [ 010G ¢dV ().

If Q is a bounded pseudo-convex domain which is geometrically separated at every point of it’s boundary, we choose a finite
number of points p;, 1 <i <N, in dQ such that the set of the neighborhoods V; =V (p;) is a covering ¥'of dQ, Vo = Q\ U;> Vi,
and we define

10 = max||©(z)][;

i g 0
where, [|0(2)[[; = [©(z)[;" if i > 1 and [©(2) [ = [©(2)]|-
With this notation, the local result immediately implies a global one:

Theorem 3.2. If Q is a pseudo-convex domain in C" which is geometrically separated at every point of it’s boundary, a covering v
of dQ being chosen, there exists a constant C > 0 such that

| &a@Ie@I V) <¢ [ &al) 0@ av()

for all smooth closed positive (1,1)-form © in Q.
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In fact the two statements are equivalent. In [CDOS] it is proved that if Q is geometrically separated at py € dQ then there
exists a bounded pseudo-convex domain D with 4> boundary contained in  which is geometrically separated at every point of it’s
boundary and whose boundary contains a neighborhood of pg in the boundary of Q. Thus, Theorem 3.1l for Q follows immediately
Theorem

We now prove the Theorems. As it is very similar to the proof of the same result for convex domains given in Section 2 of
[BCD98|, we will refer to that paper for many details. Precisely, we will only give the mains articulations and the proof of Lemmas
where the differences due to the fact that the weights F are defined with vector fields instead of coordinates systems are relevant.

We still use the previous notations for the defining function p of Q, the point py € dQ, the neighborhood V of py and W a
neighborhood of pg relatively compactin V.

In Section 3.3 of [CDOS] it is shown that there exists a (z,€)-adapted coordinate system (&;); used, in particular, to define
“polydiscs” centered at the point z by

Pe(z) = P(z,€) = {g = (&), such that |&] < ct(z,vi,€)},

where v; = Li(z), 1 <i<n, (L;),,, being the (z, €)-extremal basis, and ¢ a sufficiently small constant (depending on Q). Moreover,
the set of these polydiscs are associated to a pseudo-distance. With these notations we have

Lemma 3.1. Forz€VNQandve C" v#0, ifw € Pe(z) we have T(w,v,€) ~ T(z,,€).

Proof. Let L, (resp. L) the vector field belonging to E; such that L,(z) = v (resp. L,,(w) =v). Let (L;),,, be the (z,€)-extremal
basis and let us write L, = Y b;L; and L,, = Y1 biL;, bi, b € C. If (&), ;<,, is the (z,€)-adapted coordinate system let us write
Li()= zia;(.)a%, with ai(z) = &/ so that

n

L.(z) = Zbi% and L, (w) = zn:l ( 1b9a;(W)> ai{:l
i= J=

i=1

In [CDO8] we proved (Proposition 3.6) that,if w € Pe(z),
@ w)| S F (. 0)F (2 8).

The basis (L;) being (z,€)-extremal we have immediately that F(L;,z,€) ~ F(L,,z, €), and, using another time Proposition 3.6
of [CDO8], that F(Ly,,z,€) ~ F (L, w,¢€) finishing the proof of the Lemma. O

The proof of the Theorems is done in three steps.

First step: definition of a family of polydiscs. As the polydiscs Pg(z) are associated to a pseudodistance, there exists a constant
M such that, for 6 and € sufficiently small, there exists points z;, 1 <i < n(8,€) belonging to the set {p = —38} such that, if
Ss.e(2) = Se(z) = Pe(z) N{p = —6} and S (z) = Sg(z) =2Pe(z) N {p = —&} then

(1) {Se(zi)};is acoveringof WN{p = —35};
(2) forall i, Si(z;) is contained in VN {p = —6};
(3) forall z € {p = —38}, there exist at most M index i such that r € S%(z;).

Let o € ]0, 1 be a parameter that will be fixed later. For p = ok, k> ko, let (zf‘) ' be a family of points satisfying these

1<i<n,
properties for § = o and & = o/2. The family Uy, {zF, 1 <i < i} will be denoted by (z;),;.

For z close enough to dQ and 6 > 0 sufficiently small, let 7t5(z) denote the point where the integral curve of Vp passing through z
meets the set {p = —J}. V being small enough, 5 is ¢ in V and any finite number of derivatives of 75 is bounded independently
of 8.

For all z; belonging to (z;),, if —p(z;) = a*

we set ;= Sak/z(Zj), S; = SZk/z(Zj)’

Q= {w € Q such that af > —p(w) > ¥ 15(w) € Sj},
and

Q; = {w € Q such that a*! >—p(w) > ak+27 ms(w) € Sj}

We suppose ko chosen sufficiently large so that |J; Q}‘- C V. Moreover, note that there exist at most 4M index j such that z € Q}‘-.

Second step: some estimates related to the radius T;.

Lemma 3.2. Let 7€ VNQ, vEC", v+#0, and m an integer larger than the type of p.

1/2 l/m
(1) Ife > &, (i—;) T(z,v,8) 2 T(z,v€) 2 (i—;) 7(z,v,8).
2) Ifv=Y" wiLi(z), where (L;, 1 <i<n) is the (z,€)-extremal basis, then

n
Z|Wi|k(zavi78) Zk(z,v,&‘).
i=1

Lemma 3.3. If z = m5(w), then

w 1/2 W 1/m
(1) if Sra(w) < Sra(2). 7(zv) (T4 ) S my) S tle) (209) 7
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. S9er (w) ) S )\ V2

@) if Spa(w) = 8a(2), T(zv) (T ) S wlmy) S vz (209)
Proof. We only need to prove 1., and, by Lemma[3.2](1), it is enough to prove that
T (z,v,%0()/2) ~ T (w,v,%0(2)/2).

This follows the fact that, if L, = ¥; ;LY and L,, = ¥; ;LY are so that L(z) = L,,(w) = v, then L, = L,, + O (85q(z)), and, thus

F (L;,z,%0(2)/2) = F (Ly,z,%0(2)/2) + O(1) and F (L,y, w, %0 (2)/2) = F (Ly,z,%(@)/2) + O(l ). O
Lemma 3.4. If (vi),<;<, is a (z;,%a(2)/2)-extremal basis then, for w € S}, sup,, k‘(G( ~¥r t :j )
Proof. The proof is exactly the same as in [BCD9S]. It follows Lemma[3.2](2) and Cauchy—Schwarz inequality. (]

Lemma 3.5. Let w be a point in O and (W;); be the coordinates of T_p ;) (w) in the (z;,%(z))/2)-adapted coordinate system (z’]) P
1
Then

a—M)lr(‘/v) N T(Zj7Vr),r§n_ 1al<n7
9z; T(z;v)
where (vi) <<, is (zj,%0()/2)-extremal, and
23m(in) | _ alz))
325 T(zj,v1)

the constants depending on Q and Q.

Proof. As in [BCD98], the proof is reduced to the case where p(w) = p(z;), then one consider a (w, %q(z))/2)-extremal basis and
uses Lemma[3.1} O

Third step: proof of TheoremHd. Il and Theorem[32] Let @y be a € function supported in [—2,2] and identically equal to 1 in [—1,1],
0< ¢ <1 Let¥=W,bea?" function supportedin [o?, o' | equal to 1 on [a,1],0 < W < 1.
With the notations of Lemma[3.3] we define, for w € Q*,

ot = (2200 ) g (1m0 g (1Y,

Applying Stokes’s formula to the form (—p)z/"’ 0O A1, where 1y = i""dz;? /\;:;}l dz; /\dz_;, on Q, using the previous Lemmas

and a convenient function Wy, (see [BCD98,|CD97])), for all & > 0, the calculus made p. 404-408 in [BCD9§] leads to the following
estimate

|, Baln) @0V (w) < [B(@)+Om@:)ateC(@)] || 830 (w) O V()
@) | a0 [00w) gV (v),

with limg_0 B () = 0.

To finish the proof of the Theorems choose points p;, 0 < i < N such that the neighborhood Vy(p;) is a covering of dQ. Then
choosing o small enough so that f(a)MN is small, then € small enough so that eC(o)MN is small and finally k¢ large enough so
that O(diam(Q;)/ is small, we get a 8 > 0 such that

8 O(w)|| dV (w / 5 v
./Wﬂ{ﬁaﬂ(w)gﬁo} 2a(W) [©(w)]x 0o (W) |O(W)]|gdV (w)

and
0, Q) dv(w /5 av
/ﬁ{ﬁag <6} B.Q(W)” ( Hk B.Q H HE ( )

which proves the Theorems. O

4. NON ISOTROPIC ESTIMATES FOR THE d-OPERATOR FOR GEOMETRICALLY SEPARATED DOMAINS

Theorem 4.1. Let Q be a pseudo-convex domain in C" which is geometrically separated at a boundary point py. Then there exist
two neighborhoods of po, W € V such that there exists a constant C > 0 such that, for any smooth closed (1,1)-form ® in'V, there
exists a smooth solution w of the equation dw = O satisfying the following estimate

| wldv <c [ 802 10G) v ().

The proof of this result is quite standard and we will just adapt the proof made in Section 3 of [BCD9§|.
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Proof. We choose for V a neighborhood contained in the neighborhood V (pg) defined in Section 3 and sufficiently small so that
there exists a neighborhood W € V of p and a point P € V such that there exists an open set U C Q containing (W NQ)U{P} which
is starshaped with respect to P. Solving the equation dw = @ in U, we can assume, without loss of generality, that the support of @
does not contain P. By translation, we can also assume that P is the origin in C".

Now, for z € WNQ, M; : z+— tz being the homotopy between 0 and z, Poincaré’s formula

we [0 iy (@)
0

where i, (®) denotes the inner contraction of ® with the field Z; = % and M;" the pull-back operator, gives a solution w of the equation
dw=0in WNQ.

To finish the proof, we have to estimate this solution, and, for this, following the calculus made in [BCD98] p. 409, we only have
to verify the following Lemma:

Lemma. There exists a constant o > 0 such that, for 0 <t <1 andv € C*,

8ya(tz)
%50(2)
Proof of the Lemma. By definition of the polydiscs, there exists a constant K’ (depending only on ¢) such that z € Pgs, , (2) (tz). Then,

by Lemmal[3.1l 7 (¢z,1v, K8y (1z)) ~ T (z,tv,K 890 (tz)), and thus T (1z,1v, 83q(t2)/2) ~k T (z,tv,89q(tz)) > T(z,v,0yq(tz)), because
t <1, and the Lemma follows Lemma 3.2 d

1
T (12,1v, 850(t2)/2) > a ( ) 7(z,,830(2)/2).-

O

From Theorem[d.] the following global result is easily deduced:

Theorem 4.2. Let Q be a bounded pseudo-convex domain in C" which is geometrically separated at every point of it’s boundary.
There exists a constant C > 0 such that, for any smooth closed (1,1)-form ® in Q whose cohomology class in H*(Q,C) is 0, there
exists a smooth solution of the equation dw = © in Q satisfying

liwlle < CllO]l-

Here, the ||.||[x norm of a smooth (1, 1)-form @ is defined using the covering V; defined before the statement of Theorem 3.2

v [(©;u,v)|
ll®llk = 12()/‘/1 <M,Svlé%* m) 09a(2)dV (2),

with ko(z,u) = ko(z,v) = 1.

5. CHARACTERIZATION OF THE ZERO-SETS OF THE FUNCTIONS OF THE NEVANLINNA CLASS FOR LINEALLY CONVEX
DOMAINS OF FINITE TYPE

It is a well-known fact that if X is the zero-set of a function f of the Nevanlinna class N(Q), then it satisfies the Blaschke
condition: if X; are the irreducible components of X and n; the multiplicity of f on X}, then

an/ Ggq diy < +oo,
koo %

where Ll is the Euclidean measure on the regular part of X;. Classically the data {Xj,ny } is called a divisor.
If @ is the (1, 1)-positive current classically associated to the divisor {Xy,n;}, this condition is

/ Oyad <Z‘®jvk|> < H-oo.
Q j.k
For more details we refer to [BCD98]].

To prove Theorem[I.1] Q satisfying automatically some topological condition, by a standard regularization process, it is sufficient
to prove that there exists a constant C > 0 such that if ® is a (1, 1)-closed positive current, €* in Q, there exists a function u in Q
solution of the equation iddu = © satisfying the estimate

uldo < (?/ 1) ..
/3 | | = 0Q H ||E
For details see [BCD98|| and [Sko76].

As usual, the main part of the proof is done in two steps: resolution of the d-equation and, then, resolution of the d-equation. The
second step is done in Section[2l For the first one we use the results of SectionsBland@l As this two Sections are written for general
geometrically separated domains and in a local context, we give some precisions (see also [Con02]).
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5.1. Non isotropic estimates on closed positive currents in lineally convex domains. Q being lineally convex of finite type it
is completely geometrically separated ([[CDO8]). On the other hand, the proof of the Corollary at the beginning of Section 7.1 of
[CDO8] shows that the radius 7(z,v, €) defined for general geometrically separated domains are equivalents to the ones defined by
M. Conrad in [Con02]] (and used in Section [2))

Then, the norm ||®(z)||; used in Theorem 3.2is equivalent to the norm [|©(z)||, defined with the radius 7; of [Con02] (and is
independent of v). Thus, Theorem[3.2l means that there exists a constant C; such that

[ 0@ 110G v <€ [ S0 105 av.

5.2. Resolution of the d equation in lineally convex domains. As Q is lineally convex we have H>(Q,C) = 0 (see for example
[Con02]). Thus, by Theorem@.2] there exists a smooth form w such that dw = ® in Q and [, ||w(z)|, < G2 [o 020(2) [|O(2)|, dV.

6. REMARKS

The method of resolution of the equation du = f presented in Section 2 can be used to obtain various other estimates.
For example, the estimates obtained for convex domains of finite type in [CumO1al IDFE99, [Fis04, [Hef04) |Ale0S, |Ale06] can be
proved for lineally convex domains using our method (see also [DEO6]).
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