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Complex Dynamics
RIMS, April 2003-March 2004

This volume is the proceedings of the special year "Complex dynamics”
held at the Research Institute for Mathematical Sciences (RIMS), Kyoto
University, from Aprit 2003 through March 2004. This project was generously
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21COE Program "Formation of an lnternatnonal Center of Excellence in the
Frontiers of Mathematics and Fostering of Researchers in Future
Generations;"

Japan Society for the Promotion of Science, Grants-in-Aid for Scientific
Research #15340055, 2003-2006.

We would like to express our gratitude to the institutions which provided the
support.

As one of the main activities of the project, we had the following
conferences
all held at RIMS, except the mini-workshop.

"One-dimensional ("n_mnlpx I')\mﬂmlr'c. and Related Topics"

L AR

July 1-4, 2003, Organizer: Mitsuhiro Shishikura (Kyoto University)

uomp EX Gyf!d[IllLb in H gner Ul'ﬂler!blurl
December 1-5, 2003, Organizer: Tetsuo Ueda (Kyoto University)

"Topological and geometrical methods of complex differential equations”
January 19-23, 2004, Organizer: Toshikazu [to (Ryukoku University)

Mini-workshop "Topics in Complex Dynamics” held at Department of
Mathematics, Kyoto University, February 12-13, 2004,
Organizer: Mitsuhiro Shishikura (Kyoto University)
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February 16-20, 2004, Organizer: Mitsuhiro Shishikura (Kyoto University)

This volume contains contributions from the participants of these conferences.



Supported by RIMS, there were visitors for extended periods.

Charles Favre (CNRS and Universite de Paris VI, France)
April 21-August 5, 2003

Eric Bedford (Indiana University, USA)
October 1-December 31, 2003

John Smillie (Cornell University, USA)
October 1-December 31, 2003

Xavier Gomez-Mont (Centro de Investigacion en Matimaticas, Mexico)
January 5-April 4, 2004

Michael McQuillan (University of Glasgow, Scotland)
Jan. 19-Feb. 21, 2004

Weixiao Shen (University of Warwick, UK)
Feb. 4-Mar. 12, 2004

A regular seminar on complex dynamics (including lectures by these
visitors) was held in RIMS every Friday throughout the special year.

As a part of 21st Century COE program, an "Open School” was held in the
Department of Mathematics, Kyoto University. It was aimed at undergraduate
and graduate students and lectures were given by the participants of the
Project, John Milnor (SUNY Stony Brook), Eric Bedford (Indiana University), John
Smillie (Cornell University) and Mitsuhiro Shishikura.

Finally the organizers would like to thank all the participants of the
activities of the project.

Organizers
Mitsuhiro Shishikura (Kyoto University, Chair)
Shigehiro Ushiki (Kyoto University)
Tetsuo Ueda (Kyoto University)
Masahiko Taniguchi (Kyoto University)
Isao Nakai {Ochanomizu University)
Masato Tsujii (Hokkaido University)
Masashi Kisaka (Kyoto University)
Kyoji Saito (RIMS, Kyoto University)
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7H1H (k) Tuesday, July 1
130~14:30 Shaun BULLET (Onpen Mary, University of London, UK’)
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Dynamics of holomorphic correspondences
14:45~15:45 £ K (FEIEKYE-#) [Hiroki SUMI (Tokyo Institute of Tech-

nology)]
Dynamics of polynomial semigroups with bounded postcritical set in

thn nlana
vy pAouiae

16:00~17:00 HI ZE FEERTERY-EHL) [Ege FUILKAWA (lokyo Institute

of Technology)]
Iteration of an element of the Teichmiiller modular group

7H28 (&) Wednesday, July 2

9:45~10:45 Shaun BULLET (Queen Mary, University of London, UK)
Mating Chebyshev polynomials with Hecke groups
11:00~12:00 Xavier BUFF (Université Paul Sabatier, Toulouse, France)
The size of quadratic Sicgel disks

13:30~14:30 KR %0 EEAYH) [Yusuke OKUYAMA (Shizuoka University)]
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Nevanlinna and umpnd.umut: theot y in compiex uy Tainics

14:45~15:45 /4 BT (FEKE-H) [Hiroyuki INOU (Kyoto University)]

Homeomornhisme from Julia getg into connectedness loci
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16:00~17:00

7H3H (R)
9:45~1
11:00~1
13:30~1
14:45~1
16:00~1
7TH4H (&)
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11:00~1
13:30~1
14:45~1
16:00~1

degr WIh (GUEPA: - #) [Mitsuhiro SHISHIKURA (Kyoto Univer-

sity)]
A priori bounds for parabolic renormalization

Thursday, July 3
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148
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Xavier BUFF (Université Paul Sabatier, Toulouse, France)
Quadratic Siegel Disks with Smooth Boundaries

Charles FAVRE (CNRS, Univ. de Paris VII and RIMS)

Dynamical degree for rational maps [

JIE K GRERAY: - #) [Tomoki KAWAHIRA (Kyoto University))
Jeometric limit and lamination

s  Z# (University of Toronto, Canada) [Yasuhiro TANAKA]
Cayley graphs in Laminations

s EE (ORAE0ASE - AW - BEI) [Shigehiro USHIKI (Kyoto Uni-

versity)|
Eigenfunctions of complex Ruclle-operators for hyperbolic rational

maps and Artin-Mazur’s zeta-function

Friday, July 4
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Charles FAVRE (CNRS, Univ. de Paris VII and RIMS)

Dynamical degree for rational maps II

Adam EPSTEIN (University of Warwick, UK)

Polynomials with Parabolic Fixed Points: Ecalle-Voronin Invariants
and Parameter Space Discontinuities 1

5t SRR (TIELERY - EHRMY) [Hideaki IZUMI (Chiba Institute

of Technology)|
Iterative roots of exponential functions

HE B (BEAE - H) [Shunsuke MOROSAWA (Kochi Univer-

sity)]
Dynamics of transcendental entire functions with two singular values

Adam EPSTEIN (University of Warwick, UK)
Polynomials with Parabolic Fixed Points: Ecalle-Voronin Invariants
and Parameter Space Discontinuities II

This conference is a part of RIMS project ” Complex Dynamics”.



Complex dynamics in higher dunension

CHEETRE SIS

AT HERETM AR OLAREFEEO 2L LT, TROLIKHRELESLEL ITOT,

CHRABL LPET. COFRERR. TR 5 EEREBIMTRRT Fo e s b TREER
DBTY,
BEfARE LH % (HERE REREAyas)
BIREE KRB ME GREARE R¥EREZLTRAR)
AF: 20034124 1H(H) 14:30~
120 5B (&) 11:45
AT  EEAP BT AR 1R 1 1 555

RAPT AR RALE B RT (/32 AT £ 70 bRl TH)

72 7% 5 PROGRAM

128 1H (H) Monday, December 1

14:30~15:30

16:00~17:00

Eric Bedford (Indiana University, USA & RIMS)
Complex methods for real polynomial diffecmorphisms of the plane

AH B GuKRY - 508) [Yutaka Ishii (Kyushu University))
Hyperbolic polynomial diffeomorphisms of C2

12A2H (k) Tuesday, December 2

9:30~10:30
10:45~11:456
13:30~14:30
14:45~151:45
16:00~17:00

Chrales Favre (CNRS & Université de Paris VII, France)
Asymptotic degrees of rational maps

Romain Dujardin {Université de Paris VLI, France)

Laminar currents and birational mappings [

John H. Hubbard (Cornell University, USA & Université de Provence,

France)
Newton’s method in 2 complex variables and matings

B AR OREEARZE - ABR) [Kazutoshi Maegawa (Kyoto University)]
Effects of indeterminacy points on Fatou sets
B #H4E (THRE - B) [Tetsuo Ueda (Kyoto University))

Simultaneous linearization of attracting and semi-attracting maps



1 2H3H (&K Wednesday, December 3

9:30~10:30

10:45~11:45

13:30~14:30

14:456~15:45

16:00~17:00

18:00~

John Milnor (State University of New York at Stony Brook, USA)
Modified Desboves maps of P2, [. Dynamics

Araceli Bonifant {State University of New York at Stony Brook, USA)
Modified Desboves maps of P2, I1. The transverse Lyapunov exponent

Jeff Diller {Notre Dame University,USA)
Birational surface maps with sparse post-critical sets

# EAN (A - ) [Teisuke Jin (Kyolo University)]
Yoceoz inequality for complex Hénon mappings
T (FT K% - B - WEE) [Akira Shudo (Tokyo Metropolitan Uni-

versity))
Julia set describes quantum tunneling in the presence of chaos

Reception #3A 2 FiE/1]. 2834 (at Ganko Takasegawa Nijyoen)

12848 (K) Thursday, December 4

9:30~10:30
10:45~11:45

13:30~14:30

14:45~15:45

16:00~17:00

12H5H (&) Friday,
9:30~10:30

10:45~11:45

Jean-Yves Briend (Université de Provence)

The linearity of the exceptionnal set

Marco Abate (Universita di Pisa, Italy)

Index theorems for holomorphic self~maps

BRI AT (#32EH) [Tomoko Shinohara (Tokyo Metropolitan College

of Technology)]
Horse shoe structure at a periodic indeterminate point of some bira-

tional mapping
=i B (EEITHEARZE) [Atsuro Sannami (Kitami Institute of Tech-

nology)]
Non-existence of finite-to-one symbolic representation for area pre-

serving Henon map

A KHE (RTK - #) [Hiroki Sumi (Tokyo Institute of Technology)]
Uniform perfectness of fiberwise Julia sets of fibered rational maps

December 5

John Smillie (Cornell University, USA & RIMS)
Puzzles in two dimemsions?

Romain Dujardin (Université de Paris VII, France)
Laminar currents and birational mappings 11
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Topological and geometrical methods of complex differential equations
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1H19H (H) Monday, January 19
11:00~12:30 Xavier GomezMont {(CIMAT, México & RIMS)
Geometry and dynamics of holomorphic flows I
l a N ﬂ'\al 5 2 3 @ Tnvg"n Pereirs (TTnnrﬁrcifn de Renneg 1 Wrance)

Fibrations, divisors and transcendental leaves

16:00~17:30 Adolfo Guillot Santiage (UNAM, México)

1H208

‘The geometry of Halphen’s equations

(k) Tuesday, Jarmary 20

9:30~11:00 Xavier GomezMont (CIMAT, México & RIMS)

Geometry and dynamics of holomorphic flows II

11:30~12:30 Isao Nakai (Ochanomizu Univ., Japan)

Remark on a formula to compute holonomy

14:00~15:30 Alexey Glutsyuk (ENS Lyon, France)

Instability of nondiscrete free subgroups in Lie groups

16:00~17:30 Frank Loray (Universite de Rennes 1, France)

Algebraic Reduction Theorem for cowmplex codimension one singular

foliations



1A210 (/K) Wednesday, January 21

9:30~11
11:30~12
14:00~15

16:00~17:30

00

:30

:30

Marco Brunella (Universite de Bourgogne, France)

Entire curves tangent to a foliation

Taro Asuke (Kyoto Univ., Japan)

Existence of transversely holomorphic structure of complex codimen-
sion one

Free discussion

Kazuo Okamoto (Univ. of Tokyo, Japan)

Introduction to theory of the Painlevé equations I

1H2 2H (K) Thursday, January 22

9:30~11

—_

1:30~12

—t

4:00~15

16:00~17

100

:30

30

130

Kazuo Okamoto (Univ. of Tokyo, Japan)
Introduction to theory of the Painlevé equations II

Kana Yanai (Ochanomizu Univ., Japan)

Relations in Diff(C, 0)

Toshikazu Ito (Ryukoku University)

A Poincaré-Hopf type theorem for holomorphic one-forms and its ap-
plications

Jorge Mozo (Univ. Valladorid, Spain)

Multisummability for a class of singularly perturbed differential equa-

tions

1B 230 (&) Friday, January 23

9:30~11

11:30~12:

14:00~15":

16:00~17:

00

30

30

30

Masatoshi Noumi (Kobe Univ., Japan)
Discrete Painlevé equations and special functions

Tatsuo Suwa (Hokkaido Univ., Japan)

Intersections, residue theorems on singular surfaces and applications
Filippo Bracci (Univ. di Roma “Tor Vergata”, Italy)

Splittings, Comfortably embedded subvarieties and index theorcms
Michael McQuillan (University of Glasgow, Scotland)

The importance of being Gorenstein



Mini-workshop:

Topics in Complex Dynamics
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Room 130, Department of Mathematics, Kyoto University
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The workshop consists of two scries of lectures:

e Arnaud Chéritat (Université Paul Sabatier, Toulouse, France)

“Douady’s plan for a Julia set with positive measure”

e Weixiao Shen (University of Warwick, UK)

“Puzzle geometry and rigidity for real polynomials”
PROGRAM
10:00 — 11:00 | 11:30 — 12:30 | 14:30 — 15:30 | 16:00 - 17:00
Thursday, Feb. 12 Shen Chéritat Shen Chéritat
Friday, Feb. 13 Shen Chéritat Shen Chéritat

This conference is a part of RIMS project “Complex Dynamics”. There will be a conference on
next \}rnnb in RIMS
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Complex Dynamics
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2H16H (A) Monday, February 16

10:30~11:30 Adrien Douady (Université de Paris-Sud, France)
Conjectures about the Branner-Hubbard motion for an (almest) arbi-
trary Cantor set in C

13:30~14:30 Arnaud Chéritat (Université Paul Sabatier, Toulouse, France)
Boundaries of quadratic Siegel disks

14:45~15:45 £ Kl (BETK - ) [Hiroki Sumi (Tokyo Institute of Technology)]
Dynamics of posteritically bounded polynomial semigroups and inter-
action cohomology

16:00~17:00 Peter Haissinsky (Université de Province, France)
Uniformization of rational maps

2A17H (k) Tucsday, February 17

9:30~10:30 Jacek Graczyk (Université de Paris-Sud, France)
On the Schwazian derivative
10:45~11:45 Weixiao Shen (University of Warwick, UK)
Existence of SBR. measure is typical in the family of unimodal poly-
nomials
13:30~14:30 Konstantin Khanin (Newton Institute for Mathematical Sciences &

Heriot-Watt University, UK)
Renormalizations and rigidity for circle diffeororphisms with singu-

larities
14:45~15:45 BElI#A (ERK#) [Yusuke Okuyama {Kanazawa University))
The value distributions and dynamics of rational iteration sequences
16:00~17:00 AKIER (5K - AR - RHE) [Masashi Kisaka (Kyoto University))

Construction of doubly-connected wandering domains
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Carsten Petersen (Roskilde University, Denmark)
Rebirth of Receeding limits

FHEE (A - AR - BRIE) [Shigehiro Ushiki (Kvoto University)]
Eigenfunctions of complex Ruelle-operators for hyperbolic rational
maps and Artin-Mazur’s zeta-function

Xavier Gomez-Mont (Centro de Investigacion en Matimaticas, Mexico

Brolin-Lyubich like asymptotic measures for some Holomorphic Flows

Hossein Movasati (Georg-August-Universtit Gottingen, Germany)
Holomorphic foliations with a center singularity

Michael McQuillan (University of Glasgow, Scotland)
Residue estimates & linear systems

Dinner at Ganko Takasegawa Nijoen (#3A.Z Rl ~4&7E)

9H (&) Thursday, February 19

130~10:

t456~11

30

145

Feliks Przytycki (Polish Academy of Science, Poland)
Pressurc and dimensions for rational maps

Genadi Levin (Hebrew University of Jerusalem, Israel)

Estimates of the Hausdorff dimension of Julia sets of unimodal poly-
nomials with highly degenerate critical points (joint work with Greg
.q“ﬁu ﬂl’\

L L]

FR4&E BT (FUA - #) [Hiroyuki Inou (Kyoto University))
limits of renormalizable polynomials
thid #5 ERL3EK%) [Shizuo Nakane (Tokyo Polytechnical Uni-

versity)]
Non-landing of stretching rays for real cubic polynomials (Joint work

with Yohei Komori)

——

i 4T (BEIA « ) [Shunsuke Morosawa (Kochi University)]
Dynamics of complex error functions

2H20H (&) Friday, February 20
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Mariusz Urbanski (University of North Texas, USA)

Geometric and Invariant Measures for the Exponential Maps
M ZA (BEEBEX - B) [Tomoki Kawahira (Nagoya University)]

QC-perLurbatmns of geometrically finite rational maps

Manfred Denker (Georg-Augnst-Universtit Gdttingen, Germany &

Kyoto University)
Stochastic laws for rational maps
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12888 (H) Monday, December 8

1

1

0:00~11:00

1:30~12:30

4:00~15:00

5:30~16:30

KB A A REREETZER

BENERAM

John H. Hubbard (Cornell University & Université de Provence)
The combinatorics of polynomials and the spider algorithm

John Milnor (State University of New York at Stony Brook)
Generalized Lattes maps and mating

John H. Hubbard {Cornell University & Université de Provence)
Exploring the parameter space of Hénon maps by software “Saddle-
Drop”

2H9H (k) Tuesday, December 9

0:00~11:00

1:30~12:30

4:00~15:00

5:30~16:30

RE A (HELRSE R FOTRER
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John Milnor (State University of New York at Stony Brook)
Dynamical models for evolution

Eric Bedford (Indiana University & ZFERENTHTZEAT)

Cormnplex Dynamics in one and two dimensions

John Smillie (Cornell University & #EBAFTHZEAT)
‘The role of potential theory in complex dynamics in dimensions 1

and 2
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Complex Dynamics
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Holomorphic classification of 2-dimensional quadratic maps tangent to the identity ------ 1

Univ. di Pisa Marco Abate

. ON EXISTENCE AND QUASICONFORMAL DEFORMATIONS OF

TRANSVERSELY HOLOMORPHIC FOLIATIONS 15
R - J2B) KHB (Taro Asuke)
The Foliated Geodesic Flow on Riccati Equations 20
CNRS Christian Bonatti
CIMAT Xavier Gémez-Mont
1 Ricardo Vila-Freyer
. A NOTE ON INDICES THEOREMS 39
Univ. di Roma “Tor Vergata” Filippo Bracci
Markov partitions for fibre expanding systems 46
Univ. Goéttingen Manfred Denker
H Hajo Holzmann
BIRATIONAL MAPS WITH SPARSE POST-CRITICAL SETS 56
Univ. of Notre Dame Jeffrey Diller
. - Properties of limit sets of Teichmiiller modular groups 66
K« BFuat PEJIl  HZE (Ege Fujikawa)
. Instability of nondiscrete free subgroups in Lic groups 72
ENS Lyon Alexey Glutsyuk
A survey of real transverse sections of holomorphic foliations 86
AKX - B {*#E  #0fn (Toshikazu Ito)
Univ. Federal do Rio de Janeiwro Bruno Azevedo Scérdua
Note on dynamically stable perturbations of parabolics 90
&K - BTEERZ JIIE . &3 (Tomgki Kawahira)
CONSTRUCTION OF DOUBLY-CONNECTED WANDERING DOMAINS --------- 108
K- A -REZR A IE5E (Masashi Kisaka)
K- #BF S2fr  YJA (Mitsuhiro Shishikura)
On the complex basin of real attractors 124
Hebrew Univ. Genadi Levin
Dynamics of entire functions with two singular values 130
‘A - H #1224 (Shunsuke Morosawa)
K- HE A0 FEZ (Masahiko Taniguchi)
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24.

25.

Center conditions for polynomial differential equations:

discussion of some problems 138
Georg-August-Univ. Hossein Movasati

Relations of formal diffeomorphisms 145

BEOKELTR - B /K - HEH g Zh(Isao Nakai)

BHEROKEZFR - AL M fE7% (Kana Yanai)

Non-landing of stretching rays for real cubic polynomials and

real biquadratic polynomials 164
BERIZEKR-T F# ¥ 3 (Shizuo Nakane)

A generalization of the Cremer theorcm by the Nevanlinna theoretical argument —------ 170
&IRK - H Hily #4r (Yasuke Okuyama)

The identity of various exceptional sets in complex dynamics and

the Nevanlinna theory and its application to the potential theory 176
SRK-H B #B4r (Yisuke Okuyama)

Hyperbolic Hausdorff dimension is equal to the minimal exponent of

conformal measure on Julia set. A simple proof. 182
Polish Academy of Science Feliks Przytycki

Julia set describes quantum tunneling in the presence of chaos 187
EFHARHE - WEFEHE H# 7% (Akira Shudo)

Dynamics of polynomial semigroups with bounded posteritical set in the plane --------- 198
HIK-BL% A X (Hiroki Sumi)

Uniform perfectness of fiberwise Julia sets of fibered rational maps --=---nnmmmmr-mnonsees 216
RLK-EL% 48 R (Hiroki Sumi)

Dynamics of postcritically bounded polynomial semigroups

and interaction cohomology 227
RIK-BTRE £ K (Hiroki Sumi)

INTERSECTIONS, RESIDUE THEOREMS ON SINGULAR SURFACES

AND APPLICATIONS 239
ek - B e S7HE (Tatsuo Suwa)

Cayley Graphs in Laminations 246
Univ. of Toronto A Z&¥ (Yasuhiro Tanaka)



