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Short C*

John Erik Fornaess

§1. Introduction

One of Oka’s main contributions was to solve the Levi problem.

There are various ways to generalize the Levi Problem. The Union
problem is one: Let Qg C Qy C -+ C UQ, = €. Suppose that each §;
is Stein. Is © Stein? To approach the Union Problem, one can try at
first to understand the simplest cases of 2.

Example 1.1. Long C2. Suppose that each Q; is biholomorphic
to C2. Then we call Q a long C2. It is an open question whether all long
C? are actually biholomorphic to C2.

Example 1.2. (Forness, ([F,1976])) In dimension 3 and higher
it can happen that Q is not Stein and that each €, is biholomorphic to
a ball.

This left open the question in dimension 2.

Theorem 1.3. (Forneess-Sibony, ([F'S,1981])) Suppose that each
Q; is biholomorphic to the unit ball in C?. If the (infinitesimal) Kobayashi
metric of Q) is not identically zero, then ) is biholomorphic to the ball
or to A x C, where A is the unit disc.

Recall that the (infinitesimal) Kobayashi metric of € vanishes identi-
cally if and only if for all p €  and any tangent vector £ to 2 at p and for
any R > 0, there exists a holomorphicmap f: A={z€ C;|z] <1} - Q
so that f(0) = p and f'(0) = R¢.

This theorem left still open the case when the Kobayashi metric
vanishes identically. The most obvious example of such a case is when
Q = C2. However, the question remaining was whether there was any
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other possibility (Diederich-Sibony ([DS,1979]). In this paper we show
that indeed there are other such €. In fact, such Qs occur quite naturally
in dynamics. In random iteration, basins of attraction can be such
domains. Under iteration of fixed maps, they occur as sublevel sets of
Green functions.

Fix an integer d > 2. For any n > 0, let Autg, denote the set of
polynomial automorphisms F' of C*.k > 2, of the form F(z, .. 2k) =
(2¢ + Pi(z1,-..,2), P2(21,.. ., 28), - - ., Pi(21, . . ., 2)) Where each Pjis
a polynomial of degree at most d — 1 and where each coefficient is at
most 7 in modulus.

An example is F(z) = (2¢ + nzk, 021, - . -, N2k—1)-

Suppose that F,, € Autg,, ,7n = aﬁ",n =12,....,1>a; > ay >
-+ limy o0 @ = G > 0, and set F(n) = Fy 0---0 Fy. Let Q denote the
set of points z = (zy,...,2k) € C* such that F(n)(z) — 0 as n — oo.

Theorem 1.4. The set Q2 has the following properties:
(i) Q is a nonempty, open, connected set in C¥,
(i) @ =U32,Q5 O - D QD -+ D Q. Each Q; is biholomorphic to
the unit ball B*(0,1).
(ii1) The infinitesimal Kobayashi metric of Q vanishes identically.
(i) There is a plurisubharmonic function ¢ : C* — [logase,o0) such
that Q = {¢ < 0} and ¢ is nonconstant on Q.

The reason that Q fails to be biholomorphic to C* is that there is
a nonconstant bounded plurisubharmonic function on . In some sense
this means that  is "too small” to be all of C*. So we might call such
an Q a _short CF.

Next, we mention some more details about the function 1.

Theorem 1.5 (=Theorem 3.4). The set U = {z € C*;¢(z) >
logac} is open and v is pluriharmonic on U.

Theorem 1.6. The function ¢ has no critical points on {¢ >
logaco}-

This shows that the level sets of 4 are foliated by complex hypersurfaces
3.

Theorem 1.7. Any leaf £(2°) of {) = ¢ > logac,} can be ex-
hausted by relatively open sets U biholomorphic to B*=1(0,1). Each
such U is Runge in C¥. Moreover the intrinsic infinitesimal Kobayashi
metric of ¥(2°) vanishes identically.
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Theorem 1.8. Each leaf ¥(2°) of {¢) = ¢ > loga} is dense in
{=c}.

It is a little harder to get good control on the set {¢ = logas}.
We investigate here only a special case with very rapidly decreasing
coeflicients where one can get pluripolar sets with only one singular
point.

Theorem 1.9 (=Theorem 3.10). Let F,,(z,w) = (2% + apw, a,2).
Suppose that |a,| \, 0 sufficiently rapidly. Then {¢p = —o0} =: P has
the following shape: P\ (0) is closed in €2\ (0) and is laminated by
Riemann surfaces.

On the contrary, when one lets the coefficients decrease at a slightly
slower pace than in Theorem 1.4, Q is biholomorphic to C2.

Theorem 1.10 (=Theorem 3.11). Let F,, = (2? + anw, a,2).
Suppose that 0 < |an| < ¢ < 1 and |apt1] = |an|t for some 1 <t < 2.
Then the basin of attraction of O is biholomorphic to C2.

Theorem 1.11 (=Theorem 3.7). For every ¢ > logas,, the sub-
level sets {1 < ¢} is a short CF.

The same result is valid for other maps, such as for example iter-
ations of any given fixed Hénon map. The next result shows also that
”short” CF, Q, might contain subsets biholomorphic to C*.

Theorem 1.12 (=Theorem 3.8). Let H be a Hénon map, and let
Gt be the pluricomplex Green function, GT(z) = lim, . log™ iﬁnv(z)”,
d = degree H. Then for every ¢ > 0, {GT < ¢} is a "short” C*.

The plan of the paper is to first prove Theorem 1.4 in Section 2.
Then in Section 3 we prove some of the other results above. Due to lack
of space the remaining theorems and also other results in this direction
will be published elsewhere.

The author would like to thank Dror Varolin for many discussions
during the preparation of this talk.

§2. Proof of Theorem 1.4.

Proof of Theorem 1.4.
(i): Let 7 denote the maximum possible number of terms of a polynomial
of degree d — 1 in k variables. Let A¥(0,c) denote the polydisc in c*
with center at the origin and polyradius (c,c,...,c),¢ > 0. Suppose
that z € A¥(0,¢),0 < ¢ < 1, and assume that F € Autg,, F = (2§ +
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Pi,...,P;). Then |P(z)| < 79,4 = 1,...k and |2§| < c? It follows
that F(A¥(0,¢)) ¢ AF(0,c? + 7n). Pick ¢,c/,0 < ¢ < ¢’ < 1 and set
ce = c(c)?. If £ > 0, we have that d° > ¢ + 1. We show that if n > ng,
no large enough and £ > 0, then F, 1 ,(A*(0,ce)) C A*(0,co41) :

log(Tnte) = log7+d " logan e
log7 + (£ + 1)d" log a;

IA

dar dr
log7 + (¢ + 1)—2- logai] + (£ + 1)7 log a;.

Ifn>ng:

log(Tnnte) < loge(l —c)+ (£+1)logc.
e < el - &)(e)H,
Tare < () = (e(¢))™.

G+ Tte < copa

It follows that if n>ng and £>0, then F,,, o(A*(0,¢,)) C A*(0, coq1).

Set Q,, := {z € C*; F(n)(z) € A*(0,¢)}. It follows that if n > ny,
Q, C Qp41 and that F(n + £)(z) — 0 uniformly on Q, when £ — oc.
Hence we have that Q@ D Up>n, 2, and the union is increasing. Suppose
next that z € Q. Then F(n)(z) — 0 and hence F(n)(z) € A¥(0,c) for
some n > ng. Hence 2z € Up>p,y. This proves (i).

(ii): We set U, = {z € C¥;|F(n)(2)|| < ¢}. Then U, C Q,. If
z € Qu,n > ng, then F(n + £)(z) € A¥(0,¢(c)*) € B(0,c) for a fixed
£>1,Yn > ng. Hence Q, C Uy, y4y. Therefore Q@ = Up>oUpggme D -++ D
Up,, writing Q as an increasing union of balls. This proves (ii).

(iii): Fix (p, ), p € © and £ a tangent vector to  at p. Pick R > 0.
Then p, = F(n)(p) — 0. Set F'(n)(&) = &,. Then &, — 0 also. Define
(o A ={7€C;|7| <1} = C% ¢u(7) = pn+TRE,. If 1 is large enough,
¢a(A) C AK(0,c). This implies that ¢ = F(n)™ 1o, : A — Q, C Q.
Moreover ¢(0) = p,(’(0) = F~1(n) (R¢,) = RE. Hence (iii) is proved.

(iv): We use a modification of the Green function construction in-
troduced by Hubbard ([H]). Write F(n) = (f{*,..., f}).
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We define ¢, : C* — R by ¢,(2) = max{|f}|,...,|fl],7}. Each
én is a continuous function on CF.
Lemma 2.1. ¢, := l—gﬁnﬁﬁ — 4, ¢ plurisubharmonic on CF.

Proof: We show first that ¢,4+1 < (7 +1)¢2.

(a): dn(z) < 1L:

max{|(f1)* + Pi(ffs- - )L | Palyo oo | Pl Mg}
max{¢% + Thui1, Tln+1, M1}

max{¢¢ + ¢, 7%}

(r+1)¢.

Pn+1(2)

ININ A

(b): Pn(z) > 1:

max{|(f1)% + PL(f7, - s S Pl - oo | Prly g
ma‘}({(bz + T77ﬂ+1¢;iz_1v T77ﬂ+1¢§lz_17 77n+1}

max{gy +7¢n ', 1}

(T +1)¢l.

o

3

+

A

o
|

IAIN A

Hence 105.,?:? L < ‘°§.(Jj” + log,‘f’ 2 which implies that the sequence

log ¢ log(T + 1
g T2 —gm !
i>n
is monotonically decreasing and the limit is a plurisubharmonic function
¥ > logae, (a priori it is possible that ¥ = —oco but we will show
that this cannot happen). For simplicity we say that {%} is almost
monotonically decreasing to the limit ).

Lemma 2.2. Q= {y <0}

Proof of the Lemma: Assume that 1 (z) < 0. Then for all large
n and some constant s < 0,

log ¢, (2)

gn < s<0.



100 J. E. Fornass

Hence ¢,,(z) < e?"* which implies that 17 (2)] < ed"s i =1,...k
and hence F(n)(z) — 0, so z € Q.

Next assume that z € Q. Then F(n)(z) € A(0,c) for all large n.
This implies that 1, (z) < 0 for all large n and hence that (z) <0

Next, let 2™ = F~1(n)(0). So for n > ng, 2" € Q. Then ¢, (") = Ny.
Therefore

n log ¢, (2" log(t + 1)
¥(=") < dn( )+Z ((1j+1
ji>n
log 11, log(t + 1)
= 5 Pl g
j>n
log(t + 1)
~ loga, + 30 B0 2D
ji>n
log(r + 1)
< loga1+z gdj+1
j>n
S logal + .lgg_(dTT"__.l_).
< 0

for all large enough n. Since ¥ < 0 on Q and ¥(z) < 0 at some point in
Q, it follows from the subaveraging principle that i < 0 everywhere on
Q.

It remains only to show the v is not constant on 2. Suppose that
Yo = a < 0. First note that (2 is not all of C?. For example, it is easy
to estimate that F(n)(z) goes to infinity for any z = (z,0,...,0),z >>
1 since the z; coordinate of the iterates grows much faster than any
of the other coordinates. Pick a point z® € Q. Then there exists a
number R > 0 so that the ball B(z°, R) C Q while there is a point
p € 0B(2°, R)NdQ. By the above lemma we know that ¥(p) > 0. By the
subaveraging property of plurisubharmonic functions, ¥(p) is bounded
above by the average on any small ball B(p,¢). Since ¥y = a < 0 on
almost half the ball and since 9 is upper semicontinuous, this leads to
a contradiction when e is small enough. This contradiction shows that
% is nonconstant on 2. This proves (iv). (We have also ruled out here
that ¢ = —o0, as promised.)



Short C¥ 101

83. Proofs of further results.

In this section we study in more detail the properties of Q2 and its
defining function ¢ as given in Theorem 1.4. Hubbard ([H]) introduced
a filtration of €% which has proved very useful in the investigation of
Hénon maps. We use the natural generalization of this filtration to C¥.

Definition 3.1 (Filtration). Set R := 27+ 2.

V. = A(0,R)
Vvt = {zeCF|n| >R max{|zl|,...,|&} <|al}
V™ = {zeC*max{|zl,...,|z|} > R,|z1| < max{|zl,...,|z=|}}

The basic properties of this filtration is given in the following Lemma.
Fix any integer n > ng, where ng is large enough. (More precisely, we

will need 37nZ;_11 < 1,7R4 2y, < 1,(x).) For z = (21,...,2), set 2’ =
(#1;-..,2,)=Fn(2). Set m=max{|za|,..., |2z|},m =max{|z5], ..., |2}

Lemma 3.2. Assume n > ng.
(i) Suppose z € V*. Then 2’ = F,,(z) € int(V*t) and |2}] > 2|z1].
(it) If z € V, then 2/ e VUV,
(i) If z € V—, then m’ < tm?~1n,.
(iv) Suppose that |z1| > 270 max{m,n,_1} for some o > 1. Then |z1| >
3romax{m’,n,} and ||z}| — |z1]|¢| < ™0, max{1, |z;]|9"1}.

The proof is straightforward and will be omitted.
We show next that no orbit can stay in V'~ forever.

Lemma 3.3. Suppose that z € CF. Then there exists an integer
n =n(z) so that F(n)(z) € VUV™ for all n > n(z).

Proof: By Lemma 3.2, (i) and (ii), it suffices to show that for
some n > ng, F(n)(z) € VUV™T. Suppose to the contrary that F(ng +
1)(2) =: 2%,...,F(ng + £)(z) =: 2¢,--- € V™ for all £ > 1. Let my :=

max{|z|,...,|zf|}. Then applying Lemma 3.2, (iii), we obtain
< d—1
Mer1 = TMy TMng+e
< Tm‘;_la‘fl
log mg41 logm logmy
—— < prES) + 7 + loga;

gt
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It follows that the sequence 13%# will eventually decrease by at least
1—952“—1 each step. This implies that eventually 1"—%—[@ < 0 which implies
that m, < 1, contradicting that m, > R. This proves the Lemma.

Theorem 3.4. The set U = {z € C*;1(z) > logac,} is open and
¥ is pluriharmonic on U.

Lemma 3.5. If1y(z) > logas then there exists n arbitrarily large
so that |27| > 21 max{|2%|,...,|z¢], 7}

Proof of the Lemma: Pick two constants «, 8, min{y(z),0} >
log @ > log B > log a,. There exists a large integer n; so that if n > ny
then a, < §. Suppose that for some ny > nj,

|27] < 27 max{|z%],..., |2k |, Mn}, Y > no.

Set m,, := max{|z%|,...,|z¢|}. Suppose that for some n > ng, we
have that m, > 1. Then |P;(z")| < T9n41(27my,)%"!. Hence mp41 <
Tdﬂd7"+1mﬁ2d‘1. Therefore,

logmp 41 log 7' og mn log 2
< og B + log ™ if ny is large enough

This easily implies that for some large n, logm, < 0 so m, < 1.
Now suppose that n > ny and that m, < 1. Then |P;(z")| < Thnpy1.
Hence

$nir = max{|ZFT, | g}
< 2rmax{|zgt, . |22 g}
< 2rmax{TNn+1,Mn+1}
= 27N

2 2
But then 1°§,ﬁ"1+ 1< k’gfffl ) 4 logant1 < log.,(,i"l ) 4 log 3. This con-
tradicts that ¥(z) > log a if ng is chosen even larger.
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Proof of the Theorem: Suppose that ¥(z) > logas. Then by
Lemma 3.5 there exists an arbitrarily large integer n; so that

|27 > 2r max{|z3"],..., |2¢* |, ny }-

By continuity this inequality holds for all w in some neighborhood V'
of z. But then by Lemma 3.2(iv) this inequality is still true for all n > ny
on V. Hence ¢,, = log|f]*| on V. Therefore the v, are pluriharmonic on V.
Moreover, they converge (almost) monotonically to a limit ¢y which has
a finite value at z. Hence the limit is pluriharmonic on V. In particular,
v is continuous on V so {¢ € CF;4(¢) > logas} contains an open
neighborhood of z.

Lemma 3.6. Let K OMPOCt « {4 < ¢}, 10gas < €1 < co. Then
there exists for any € > 0 an open set U C {¢ < ¢z} and an automor-
phism ® of C* so that ®(U) = B*(0,1), ®(K) C B*(0,¢).

Proof: Since ¥ < ¢; on K, there exists an integer N so that
Y < c1 forallnzN.Hencelofl# < cpon KV n > N. This
implies that |f}'| < e2?” on K,n > N,j = 1,...,k. Suppose next
that w € C* and IfF(w)] < Re4" for some n > N,j = 1,...,k.
Then ¢ (w) = max{|f|(w), ..., |f|(w), 7.} Hence ¢, = 08ealt) o

cpd™ ) dm
max{18He " B2, 3 We can assume that loga, < c;. Hence 1, (w) <

max{ lif,;@ +e1,¢1} < eg, nlarge. This completes the proof of the Lemma.

Theorem 3.7. For any ¢ > logas the sublevel set {y < c} is
connected and is a short C*.

Proof: We can write {¢ < c} = ugole,‘iompaCt, K, Cint(Kpt1)-

We next find a sequence of open sets U,, K, C U, CC Upy1 CC
{¢ < ¢} and biholomorphic maps &, : C¥ — C* so that ®,(U,) =
B(0,1), ®n41(Un) C B(0, ). If we have found Uy, set K = U, U Kp11.
Then there exists logas < ¢1 < ¢3 < ¢sothat K C {4 < ¢1}. We apply
Lemma 3.6 to find U,11 C {¢ < 2}
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In the same way we get:

Theorem 3.8. Let H be a Hénon map, and let G* ([H]) be the
pluricomplex Green function, G¥(z) = lim,_, 00 log™ d{{n(z)”, d = degree

H. Then for every ¢ > 0, {G* < ¢} is a "short” C>.

Next we discuss the nature of the set ¥ = logas when ao = 0.
Notice that any C* contained in a sublevel set {1/ < ¢} must be contained
in {¢ = logac}. Since {¢ = —oo} is a pluripolar set, there is no ck
contained in any sublevel set of v in this case.

Lemma 3.9. Let §,¢,R > 0 be given. If a € C, 0 < |a| small
enough, then l—og-l—z—;j’—ai"—l - log|z|‘ < e if |z|,|w| < R,|z| > §. Moreover

loglz*taul < 1og 5+ 1 on {|2| < 6, |w| < R}

Proof: Let |a| < %. Then if (z,w) € K := {6 < |z| < R,|w| < R},
|22 + aw| > |2]2 — |law| > 6% — |a|R > 0. We get, for (z,w) € K,
l—o—g—l%ﬂ-ﬂ —log|z| = %log ]1 +a§%] . Since |“;Ei’ < ]a|£— we can clearly
choose |a| small enough that |log |1+ 2%|| < €. The last part is obvious.

Theorem 3.10. Let F,(z,w) = (2% + apw,anz). Suppose that
lan| \ O sufficiently rapidly. Then {¢ = —oo} =: P has the following
shape: P\ (0) is closed in C?\ (0) and is foliated by Riemann surfaces.

Proof: Suppose that {a;};<, have been chosen. Set F(n)=(fT, f).
Let X,, = {f1 0}. Then X, is the pole set of ﬁn = 1°—g2|7f1—| Set
Up = {(z,w); £ < max{|z|,|w|} < n}. Set V;, = {(z,w); ¥n < —n}. Let
w—max{z/)n,—n} Then X, C V,. F(n)(X,) ={z =0} 1fd >0 is
small enough, then F(n)({max{|z|, |w|} < n} ) C A%(0, R) for some R >
0 and F(n){V,) D {|2| <4, |w| < R}. Set e = 1. We apply Lemma 3.9 to
find a constant @ = apt1, 0 < |any1| << |a,|? so that if Fyq(z,w) =
(22 4+ apy1w, Gni12) then

log 2% + ant1w|

5 —log|z|} < 1,0 < |z| < R,|lw| < R.

Moreover, log|z? + apt1w| < logd + 1 on {|z| < 6,|w| < R}. It
follows that
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log |f*!]  log /7|

1
<6< | SRIFISR,

2n+1 on
and
~ logd+1 n "
Vnt1 < —onii On {Iff1 <61/ < R}

Choosing § even smaller, we may assume that 1%5",‘i—"{1 < —-n-—1.

Suppose that |z|, |w| < n. Then |f](z,w)], | f3(z,w)| < R.

(i) [f7(z,w)| < 6. Then (z,w) € V, and hence ¢,(z,w) = —n.

~

Moreover, ¥ 41(z,w) = max{¥p41(z,w), —n —1} = —n — 1.

(i) |f7(z,w)| > 6. Then [Yn(z,w) — Yny1(z,w)| < 7. Hence,

/) 7 1

| max{y,, —n — 1} —max{,11,—n -1} < T

Suppose ¥, > —n. Then ¢, > —n 80 Py > —n — 1, 50 |thy, —
Yn+1| < 5= whenever ¢, > —n.

Next observe that {z? + a,,;w = 0} is a parabola of the form
ail' Hence on U,,, X,+1 consists locally of two graphs over X,

and these can be chosen arbitrarily close to X,,.

w= -

The above shows that 1 = —oc is the limit in the Hausdorff metric
of {X,,} and this has the desired laminar structure.

Theorem 3.11. Let F,, = (22 + a,w, anz2).
Suppose that 0 < |a,| < ¢ < 1 and |any1} = |an|t for some 1 <t < 2.
Then the basin of attraction of 0 is biholomorphic to C2.

Proof: We first estimate the rate of convergence towards the origin.
So assume that (zo,wp) € K€OMPACt « ) Set, (2,,wy,) = F(n)(z0,w0), on =
SUP (2, wo) ek M8X{ |2n|s|wn}-

Lemma 3.12. There exists an ng = no(20, 20) > 0 and a constant
a > 0 so that if n > ng, Ongk < |aniks1|c™® for all k > 0.

We omit the details of the proof.
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Set A, := F’(0). Then A,(z,w) = (anw,anz) and A l(z,w) =
(w/an,z/ay,). Hence, A loF,—Id = (%n—z, m)—(z,w) = (0, 2% /an).

a"‘l,
Next estimate A7 o - --A;_Il_l o Fyy10---F) for large n.
We get ||A1_10~-A;}rlan_I_lo---F1—Al‘lo---Aglano-'-Flll =

_ _ - a2
||A110"'Anl(Anj-10 n+1_Id)OF"'”F1H < |a1 1 an |a/n,-il

Now observe that for k > 0 we have 0n k1 < 02 +|anskt1|0ntk <
Snakl@nirs1l(c®® + 1). Hence, inductively, we have

Srtkt1 < Onlanikiallantel - |anga|mhoo(1 + 7).

We can also rewrite this estimate as d; < Cy|aiaz - - - ag| for a large
constant C; and for all £. Notice that by Lemma 3.12 we also have
¢ < Calaps1|et for all £ > 0.

HAIIO‘“A;}AOFnHO“'Fl —A7to- ATl oFyo---Fy
o

lag - Gny1]
on on

lay -+ an| [ani1]

C’lCze"‘”

AN

This implies uniform convergence on compact subsets of Q. Next we
show that the limit map is a biholomorphic map from Q onto C2.

First it is clear, since the Jacobian determinant at the origin is
always equal to one and never vanishes for any ®,, := A1_1 o---A-lo
F,, o.-. Fy, that the limit map ® : Q@ — C? has a Jacobian which never
vanishes. Hence ® is locally one-to-one. To show that ® is globally
one-to-one assume to the contrary that ®(p) = ®(g),q # p. Then two
small neighborhoods of p, ¢ are mapped onto the same neighborhood of
®(p). By the open mapping theorem it follows that the same holds for
small perturbations of ® and hence for ®,, for large n. This contradicts
that each ®,, is one-to-one.

It remains to show that ® is onto C2.



Short Ck 107

Lemma 3.13. Let Ry > 0. Then there exists a number ngy large
enough so that if 0 < R < Ry and n > nyg, then

Fri1(A2(0, Rlay -~ an])) D AX(0, Rlay - - anyq)e~ 2R,

Proof: Let j > 0 be the integer for which ¢t < |anq1] < .
One shows at first with a short calculation that |a; - - - an| < ¢™?|ap41]
if n.> ng.

To complete the proof of the Lemma, we show that if

(z,w) € dA%(0, R|ay - - - an|)

then (2, w') € €2\ A2(0, Rla; - - - api1]e~2Foc""?).
Assume at first that |z| = R|a; - - - a,|. Then

- n/2
|w'| = |an+1l/2l = Rlay - ant1| > Rlay -« - anqa]e”2f0°

so we are done. Assume next that |w| = Rla; ---anl,|z] < Rla;---anl.
Then

1] = 2%+ ans1w)|
> lapqallw] = (Rlay - ap))?
> Rlay- - an41l — Rlay - an|Re? |anyq]
> Rlay---ani1|(1 — Rc?)
> Rla;-- -an+1|e_2RC%,n > ng
> Rla; -~an+1|e“2R“°%.

Next, fix a number Ry > 0. We want to prove that ®(Q) O
AZ%(0, %) Fix ng large as in the above Lemma and define U := {(z,w) €
C%; F(no)(z,w) € A2(0,Rolas---an,|). Then U is compact in . Us-
ing the above Lemma, it folloyvs for any n > ng that F(n)(U) D
A2(0, Rolay - --an|e_2R“ 2nzng C%) D A%(0, %|a1 -++|ayn|) Hence it fol-
lows that ®,(U) D> A%(0,£0) for all n > ng. Hence () D &(U) D

A?%(0, —R-;ﬂ) Since Ry was arbitrary it follows that ®(Q) = C2.
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