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Preface

We had a RIMS Symposium entitled “Developments of Cartan Geome-
try and Related Mathematical Problems” at RIMS Kyoto University from
October 24 to October 27, 2005. This is the proceedings of the symposium,
in which we collect the papers contributed after the symposium by all the
speakers.

The question what is Cartan geometry? may be first posed here. As well
known by the Erlangen program, in 1870’s Lie and Klein opened the vast area
of geometries of homogeneous spaces, so-called Klein geometries. After half
a century in 1920’s Cartan introduced the notion of new geometries, espaces
généralisés, more general than Klein geometry and Riemannian geometry,
and playing with respect to the different homogeneous spaces same role as
a Riemannian space plays with respect to an Euclidean space. In modern
terminology, un espace généralisé is a curved space modeled after a homo-
geneous space, or a principal fibre bundle with a Cartan connection. This
beautiful synthesis that Cartan achieved, however, has been long forgotten
except for a few specialists.

Recently there are increasing interests to Cartan connections in study-
ing various geometric structures, in particular, non-integrable distributions,
CR-structures, geometries of differential equations, etc., with the viewpoint
of nilpotent geometry and parabolic geometry. We might say it is these
geometries related with Cartan connections that Cartan geometries mean.

But we would like to use “Cartan geometry” in the broader sense to
signify the geometries which have developed after Cartan’s geometric spirit,
especially after the ideas behind his papers around 1899 - 1911. In fact, the
work of Cartan of this period on Pfaff systems, infinite groups, and differential
equations seems to be the core of his whole extensive work and containing
deep insights and ideas still to be developed.

Our symposium was a good opportunity to bring together in the spirit of
Cartan geometry many people hitherto working from different mathematical
origins, in different domains, or in different countries. We wish that this
volume not only be a testimony of the enthusiasm of exciting discussions
in the symposium but also become a source of new developments of Cartan
geometry.



Finally, I would like to express my sincere gratitude to the speakers and
the participants for their own contributions to make the symposium success-
ful and this volume rich in contents.

June, 2006
Tohru Morimoto
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9:30-10:20: Robert Bryant (Duke Univ.)
The geometry of real hypersurfaces in unimodular complex surfaces
10:30-11:20: Michail Zhitomirskii (Israel Institute of Technology)
Cartan prolongation, Legendrization and Monsterization
11:30-12:20:  Jiro Adachi (Hokkaido Univ.)
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14:00-14:50:  Goo Ishikawa (Hokkaido Univ.)
Extra singularities in geometric solutions to Monge-Ampére equations of
three variables
15:00-15:50: Nobutada Nakanishi (Gifu Keizai Univ.)
On Nambu-Lie groups
16:00-16:50: Hideya Hashimoto (Meijo Univ.)
On some projective bundles of 6-dimensional submanifolds of octomons

October 25 (Tuesday)

9:30-10:20: Soji Kaneyuki (Nihon Institute of Technology)
Causal structures and symmetric spaces
10:30-11:20:  Toshiyuki Kobayashi (RIMS)
Visible actions on complex manifolds and multiplicity-free representations
11:30-12:20: Tomoyuki Arakawa (Nara Women’s Univ.)
Infinite-dimensional Lie algebras, vertex algebras and W-algebras
14:00-14:50: Pawel Nurowski (Warsaw Univ.)
Differential equations and conformal geometry
15:00-15:50: Hajime Sato (Nagoya Univ.)
Differential equations and Schwarzian derivatives .
16:00-16:50:  Yoshinori Machida (Numazu Institute of Technology)
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October 26 (Wednesday)

9:30-10:20: Peter Greiner (Univ. of Toronto)
Subelliptic PDE’s and subriemannian geometry
10:30-11:20:  Keisuke Ueno (Yamagata Univ.)
Some asymptotic boundary behavior of a proper harmonic maps between
Carnot spaces
11:30-12:20:  Chisato Iwasaki ( Himeji Univ. of Technology)
Symbolic calculus of pseudo-differential operators and curvature of manifolds
14:00-14:50:  Kenro Furutani (Tokyo Science Univ.)
Heat kernel on nilpotent Lie groups
15:00-15:50:  Takao Akahori (Himeji Univ. of Technology)
D-branes of A-type from the point of view of CR structures
16:00-16:50: Sung Ho Wang (KIAS Seoul)
1-rigidity of CR submanifolds in spheres

October 27 (Thursday)

9:30-10:20: Andrei Agrachev (SISSA Trieste)
Differential invariants of control systems: a variational approach

10:30-11:20:  Igor Zelenko (SISSA Trieste)
On canonical frames for vector distributions

11:30-12:20:  Kazuhiro Shibuya (Hokkaido Univ.)
Drapeau theorem for differential systems

14:00-14:50:  Reiko Miyaoka (Kyushu Univ.)
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15:00-15:50:  Tohru Morimoto (Nara Women’s Univ.)
Nilpotent analysis and differential equations

Organized by T. Morimoto
Department of Mathematics,

Nara Women'’s University

Nara 630-8506, Japan

e-mail: morimoto@cc.nara-wu.ac.jp



10.

11.

12.

Developments of Cartan Geometry and Related Mathematical Problems
AN BMOECRERE L TNICEET S RFOERME
RIMS FERSHER
2005%10H24H~10A278H
HHRREE FHFAX M (Tohru Morimoto)

B X
. CONFORMAL GEOMETRY AND 3-PLANE FIELDS ON 6-MANIFOLDS -—---eeeeeee 1
Duke Univ. Robert L. Bryant
. EXACT NORMAL FORM FOR (2,5) DISTRIBUTIONS 16
Israel Inst. of Tech. Michail Zhitomirskii
. On classification of horizontal loops in the standard Engel space 29
X + ZCOE Y  ZRR(Jiro Adachi)
. Extra singularities of geometric solutions to Monge-Ampére equations
of three variables. . 41
BESEE: L %Il HIAR(Goo Ishikawa)
BRIEEE #HE J5M(Yoshinori Machida)
. NAMBU-LIE GROUPS ENDOWED WITH MULTIPLICATIVE TENSORS
OF TOP ORDER 54
B BAEHEK « EH 7 35 (Nobutada Nakanishi)
. Some twistor spaces of 6-dimensional submanifolds in the octonions. 60
AWK - BT A R (Hideya Hashimoto)
. BI-LAGRANGIAN AND CAUSAL STRUCTURES ON SYMMETRIC SPACES ------ 71
AARIK- T £&17 #t(Soji Kaneyuki)
Introduction to visible actions on complex manifolds and multiplicity-free
representations 82
K - B /NFR 24T (Toshiyuki Kobayashi)
INFINITE DIMENSIONAL LIE ALGEBRAS, VERTEX ALGEBRAS
AND W-ALGEBRAS 96
RELKTK-H )l &nZE(Tomoyuki Arakawa)
SPECIAL RIEMANNIAN GEOMETRIES MODELED ON THE DISTINGUISHED
SYMMETRIC SPACES 107
Univ. Warszawski Pawet Nurowski
Schwarzian Derivatives and Differential Equations 117
AKX - BREEPEF {cPk WE(Hajime Sato)
" g8k ¥EHiroshi Suzuki)
Goursat equations and twistor theory — two dualities — 125

BERIEEH #H IM(Yoshinori Machida)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ON INVERSES FOR DIFFERENTIAL OPERATORS 140
Univ. of Paris VI Bernard Gaveau
Univ. of Toronto Peter Greiner
Some asymptotic boundary behavior of a proper harmonic map
between Carnot spaces 148
11575 R L5 B (Keisuke Ueno)
Symbolic calculus of pseudo-differential operators and curvature of manifolds «------- - 160
RERYK - HWERBEZF W B (Chisato Iwasaki)
GRUSIN OPERATOR AND HEAT KERNEL OF NILPOTENT LIE GROUPS  ----m- 173
RREKX-H#T H#A  KHi(Kenro Furutani)
SHERMYK - WHEF A T E(Chisato Iwasaki)
On the deformation of A-branes in String theory 185
SRERYK - HEEE 7R MR (Takao Akahori)
CR immersions from §27+1 to S*r+1 192
| KIAS, Seoul Sung Ho Wang
NUROWSKI’S CONFORMAL STRUCTURES FOR (2,5)-DISTRIBUTIONS
VIA DYNAMICS OF ABNORMAL EXTREMALS 204
S.I.S.S.A., Trieste / Steklov Math. Inst. Andrei Agrachev
S.IS.S.A., Trieste Igor Zelenko
Drapeau Theorem for Differential Systems 219
tx - B% ¥4+ —M(Kazuhiro Shibuya)
Topology of the Bryant-Salamon G2-manifolds and some Ricci flat manifolds ---------- 230
LK - HEFE EM L+ Reiko Miyaoka)
Differential Equations Associated to a Representation of a Lie algebra
from the Viewpoint of Nilpotent Analysis 238

RELTK-B A M(Tohru Morimoto)



