林原Forum97：　Representation Theory and Homogeneous Spaces (表現論と等質空間)

Organizing Committee: Masaki Kashiwara, Toshio Oshima, Toshiyuki Kobayashi, Kyo Nishiyama

Period:  July 27th - August 1st, 1997

Participants:  50 participants including 15 foreign mathematicians.

[Summary] Hayashibara Forum “Representation Theory and Homogeneous Spaces” took place in Okayama in 1997, aiming at understanding and clarifying the theoretical structure of symmetries which occur in mathematics and mathematical physics. We invited outstanding mathematicians who had achieved remarkable original research from the world and young researchers from Japan.

In view of an increasing role of Representation Theory in interacting various areas of mathematics, we sent invitation letters in the fall of 1996 to distinguished mathematicians of different areas including number theory and discontinuous groups, so that fruitful discussions on Representation Theory were expected to be done from a wider scope than usual.  Our preparation for Hayashibara Forum 97 was linked up by RIMS International Research Project 1997 on “Analysis on Homogeneous Spaces and Representations of Lie Groups”.

[Academic achievements thereafter] First, associated varieties and wave front sets were introduced by Vogan et. al as important invariants of infinite dimensional representations of semisimple Lie groups. The former is an algebraic notion, while the latter is analytic. These two notions have been proved to be equivalent by Schmid and Vilonen (Ann.Math. 2000), after Hayashibara Forum 97.  Their proof uses the Kostant-Sekiguchi correspondence, D-module theory developed by Masaki Kashiwara and others, and micro-localization of the Matsuki duality, all of which had been developed by the participants of Hayashibara Forum 97.

Second, “breaking symmetry” is described by means of “branching laws of unitary representations”.  Toshiyuki Kobayashi reported in Hayashibara Forum 97 his theory on when continuous spectrum occurs in branching laws.  Since then, branching laws of unitary representations have found their new applications in three different areas of mathematics:

  1. An affirmative solution to a conjecture by Takayuki Oda (number theory) on Hodge components of modular varieties.

  2. Construction of new discrete series representations for non-symmetric homogeneous spaces.

  3. New method in the theory of discontinuous groups due to Margulis and Oh by applying of unitary representation theory to “tessellation of non-Riemannian homogeneous spaces”.

These new theories are just a part of developments born from the interaction of participants in Hayashibara Forum 97.

Furthermore, a specific case of the Penrose transform reported by H.Sekiguchi in Hayashibara Forum 97 has become a lodestar to algebraic research on the Capelli type identity in the universal enveloping algebra (Oshima-Shimeno) and a D-module approach to integral geometry (Tanisaki-Marastoni) in a more general setting.  Last but not least, joint research on nilpotent orbits and the theta lift has set forth by Nishiyama, Ochiai, Zhu (Singapore) and others just after Hayashibara Forum 97.

[Publications] The proceedings of Hayashibara Forum 97 “Analysis on Homogeneous Spaces and Representation Theory of Lie Groups” was published (approx. 400 pages) from the Mathematical Society of Japan in 2000.  Overseas distribution was made by the American Mathematical Society.

In this volume, R.Howe studied the composition series of principal series representations and pointed out difficulties by examples where previous methods are not applicable if K-multiplicity is not free.  Building on the theory of discretely decomposable branching laws, Lee and Loke (2003) have overcome these difficulties in a certain family of representations.  Further, the finite multiplicity conjecture on discretely decomposable branching laws was posed in this proceedings, and its affirmative solution has been very recently announced by Huang and Vogan.  Its “classical limit” as a counterpart of “discretely decomposable branching laws (quantization)” has been formulated by Duflo and Vargas by using Weinstein's theory on symplectic geometry.

Opdam published a monograph on his series of lectures in Japan from the Mathematical Society of Japan (2000).

[International Exchanges afterwards] Foreign participants including Vilonen and Opdam have visited Japan more than once and their research has become more connected with Japanese mathematicians.  On the other hand, T. Kobayashi was invited to Harvard University from 2000 to 2001, and H. Nakajima to the Institute for the Advanced Study at Princeton in 1999 to make further research abroad.
