ISSN 0012-9593

quatriéme série - tome 48 Jascicule 3 mai-juin 2015

ANNALES

SCIENTIFIQUES
de

I/ ECOLE
NORMALE
SUPERIEURE

Weiyuan QLU & Pascale ROESCH & Xiaoguang WANG & Yongcheng
YIN

Hyperbolic components of McMullen maps

SOCIETE MATHEMATIQUE DE FRANCE



Annales Scientifiques de I’Ecole Normale Supérieure

Publiées avec le concours du Centre National de la Recherche Scientifique

Responsable du comité de rédaction / Editor-in-chief

Antoine CHAMBERT-LOIR

Publication fondée en 1864 par Louis Pasteur Comité de rédaction au 1°¢* janvier 2015
Continuée de 1872 a 1882 par H. SAINTE-CLAIRE DEVILLE N. ANANTHARAMAN B. KLEINER
de 1883 a 1888 par H. DEBRAY E. BREUILLARD E. KOwALSKI
de 1889 a 1900 par C. HERMITE R. CERF P. LE CALVEZ
de 1901 a 1917 par G. DARBOUX A. CHAMBERT-LOIR M. MUSTATA
de 1918 a 1941 par E. PICARD I. GALLAGHER L. SALOFF-COSTE

de 1942 a 1967 par P. MONTEL

Rédaction / Editor

Annales Scientifiques de I'Ecole Normale Supérieure,
45, rue d’Ulm, 75230 Paris Cedex 05, France.
Tél : (33) 144 3220 88. Fax : (33) 144 32 20 80.
annales@ens.fr

Edition / Publication Abonnements / Subscriptions
Société Mathématique de France Maison de la SMF
Institut Henri Poincaré Case 916 - Luminy
11, rue Pierre et Marie Curie 13288 Marseille Cedex 09
75231 Paris Cedex 05 Fax:(33)0491411751
Tél. : (33) 01 44 27 67 99 email : smf@smf .univ-mrs.fr

Fax : (33) 01 40 46 90 96
Tarifs

Europe : 515 €. Hors Europe : 545 €. Vente au numéro : 77 €.

© 2015 Société Mathématique de France, Paris

En application de la loi du 1° juillet 1992, il est interdit de reproduire, méme partiellement, la présente publication sans ’autorisation
de I’éditeur ou du Centre frangais d’exploitation du droit de copie (20, rue des Grands-Augustins, 75006 Paris).

All rights reserved. No part of this publication may be translated, reproduced, stored in a retrieval system or transmitted in any form or
by any other means, electronic, mechanical, photocopying, recording or otherwise, without prior permission of the publisher.

ISSN 0012-9593 Directeur de la publication : Marc Peigné
Périodicité : 6 n° / an



Ann. Scient. Ec. Norm. Sup.
4 série, t. 48, 2015, p. 703 a 737

HYPERBOLIC COMPONENTS OF McMULLEN MAPS

BY WErYuaN QIU, PascaLe ROESCH, XiaoguaNng WANG
AND YONGCHENG YIN

ABSTRACT. — In this article, we completely settle a question raised by B. Devaney. We prove that
all the hyperbolic components are Jordan domains in the family of rational maps of McMullen type.
Moreover, we give a precise description of all the rational maps on the outer boundary. It follows that
the cusps are dense on the outer boundary.

REsUME. — Dans cet article nous résolvons complétement une question posée par B. Devaney.
Nous montrons que toutes les composantes hyperboliques sont des domaines de Jordan dans la famille
de fractions rationnelles de type McMullen. De plus nous donnons une description précise de toutes
les fractions du bord de la composante non bornée. Il en découle que les cusps sont denses dans le bord
de la composante non bornée.

1. Introduction

In his article [22], Curt McMullen presented a family of rational maps with the particu-
larity that, viewed as a dynamical system, it exhibits very rich dynamical behavior. Neverthe-
less, this family has a very simple form. It consists in a singular perturbation of the mono-
mial z — 2" acting on the Riemann sphere C = C U {o0} :

C-C
z = 2"+ A"
where A varies in C* = C\ {0} and n,m > 1.

The Julia set, which is the minimal totally invariant compact set of cardinality at least 3,

appears in this family under several various classic fractals. Namely, Curt McMullen pointed

out (in [22]) that when (n,m) = (2,3) and A € C* is small, the Julia set is a Cantor set of
circles. Moreover, in the hyperbolic case, the Julia set can also be homeomorphic to either
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the fourth author.
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a Cantor set, or a Sierpinski carpet as proven in [10]. A rational map is hyperbolic if every
critical point converges under iterations to an attracting cycle.

The parameters A € C* can then be divided into two classes, the hyperbolic ones and the
others (see Figure 1, where hyperbolic parameters are in blue and yellow). Conjecturally the
set of hyperbolic parameters (which is an open set) is dense in C*. In this article we study the
boundaries of the hyperbolic components of the McMullen maps:

Pz 2"+ 227" AeC', n>3.

FIGURE 1. Parameter plane of McMullen maps, n = 3, 4.

Bob Devaney has proven in [6] that the boundary of the hyperbolic component containing
the punctured neighborhood of the origin is a Jordan curve. He raised the question in 2004
at the Snowbird Conference (on the 25th Anniversary of the Mandelbrot set) whether all the
other hyperbolic components of escape type (the free critical orbits escape to co) are Jordan
domains.

The following Theorem 1.1 solves completely the question, it is the main result of the
paper.

THEOREM 1.1. — Fixanyn > 3. The boundary of every hyperbolic component of the family
fa(z) = 2"+ X/2", A € C* is a Jordan curve.

Moreover, we give a complete description of the dynamics of the McMullen maps lying at
the boundary of the unbounded hyperbolic component . In this component, the Julia sets
of the maps are Cantor sets, but at the boundary the Julia set is connected (see Section 2).
As a corollary we obtain our second main result :

THEOREM 1.2. — Cusps are dense in I .
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Here, according to McMullen [25], a parameter A € C* is called a cusp if the map f hasa
parabolic cycle. Geometrically, a cusp is a point where the bifurcation locus is cusp-shaped.

Let us recall that McMullen proved that cusps are dense on the Bers” boundary of Teich-
miiller space in [23]. The analogue of this result in the world of rational maps, as a conjecture
posed by McMullen [25], would be, in the space of degree d polynomials, the density of geo-
metrically finite parabolics on the boundary of the hyperbolic component 94 containing z¢.
This conjecture is verified by P. Roesch [32] in the one-dimensional slice z¢ 4 cz4~! (d > 3
and ¢ € C). It remains open in full generality. The result we prove here is, in the sprit, related
to this conjecture. But it has to be thought of as a phenomenon in some one-dimensional
slices of rational maps.

We would like to explain why we concentrate on the case m = n > 3 of the general
McMullen family z — 2™ + Az=™, X € C*, m,n > 1. This is because our proof rests on the
technical Yoccoz puzzle theory. When m = n > 3, we can succeed in applying this theory to
study both the dynamical plane and the parameter plane. However when m = n = 2, it is
impossible to find a non-degenerate critical annulus for the Yoccoz puzzle constructed in [28].
The existence of a non-degenerate critical annulus is technically necessary in this theory. In
the general case when m # n > 1, 0 and oo have different folds of symmetries. To the best of
our knowledge, whether the Yoccoz puzzle structure exists in this case is unknown.

1.1. Overview of the paper

Let us recall some definitions and give the basic notions to precise our results before to go
to the proof.

For any A € C*, the map f, has a fixed point at co which is superattracting since the
derivative is 0. The immediate attracting basin of oo denoted by B is the set of points
converging under iteration to co and lying in the connected component of co. The set of
critical points of fy is {0,000} U Cy, where Cy = {c € C;c*™ = \}. Hence, there is only one
free critical orbit (up to a sign) since besides oo, there are only two critical values: vj\' =2V
and v, = —2v/X (here, when restricted to the fundamental domain, vj\’ and v, are well-
defined, see Section 3).

A rational map is hyperbolic if all critical orbits are attracted by the attracting cycles (see
[27, 24]). Hence, a McMullen map f is hyperbolic if the free critical orbit is attracted either
by oo or by an attracting cycle in C. Every hyperbolic component is isomorphic to either the
unit disk D or D* = D — {0} (see Theorem 2.2). In particular, 5 is a topological punctured
disk. Assuming Theorem 1.1, one gets a canonical parameterization v : S — 9# o, where
v(0) is defined to be the landing point of the parameter ray £o(0) (see Section 6) in # . The
complete characterization of 87¢, we give is the following :

THEOREM 1.3 (Characterization of 84 and cusps). — We have
1. X € 0H if and only if OB, contains either C, or a parabolic cycle.
2. v(0) is a cusp if and only if n?0 = 6 mod Z for some p > 1.

Theorem 1.2 is an immediate consequence of Theorem 1.3 since the set
{6 | nP0 = 0 mod Z,p > 1} is a dense subset of the unit circle S.

The main part of the paper is to prove Theorem 1.1. We briefly sketch the idea of the proof
and the organization of the paper.
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