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Factorization of group determinant in some group algebras
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Non-commutative harmonic oscillators and the Rabi model
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Cluster variables on double Bruhat cells and monomial realizations of crystal
bases

I will show the relations between the generalized minors and the monomial realization of
crystal. For semi simple simply connected algebraic group GG and elements u, v of its Weyl
group W, it is known that the coordinate ring C[G""] of the double Bruhat cell G*" has
a structure of an upper cluster algebra and the generalized minors A(k;i) are the cluster
variables of C[G™"] (|A.Berenstein, S,Fomin, A,Zelevinsky, 2005]). On the other hand, it is
known that a Zariski open set of G*" is biregular isomorphic to H x (Ci%) ) {i
and A. Zelevinsky, 1998]). Here, H is a maximal torus of G.

In this talk, for G = SL,;(C), we consider A(k;i) as the functions on H x C/w+(),

Then we can express each monomial in those polynomials in terms of monomial realization

S. Fomin,

of crystal.
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Group-Subgroup pair graphs

Cayley graphs have been used in numerous applications in distinct areas of mathematics
and engineering, for example, the families of Ramanujan graphs by Sarnak, Phillips and
Lubotzky[2] consisted of Cayley graphs on projective linear groups over finite fields. Proper-
ties of the underlying group and generating subset of the Cayley graphs are used to determine
structural properties of the graph. From this point of view of applications, it would be desir-
able to have a generalization of the Cayley graph concept that could be applied to a broader
set of situations.

Following the recent developments of extending the group determinant for a pair of group
and subgroup [1], we propose the Group-Subgroup pair graph as a generalization of the
Cayley graph. In this talk we present the definition of the group-subgroup pair graph and
how such definitino can be related to the wreath determinant for group and subgroup pairs,
and show how some the basic properties of the graph can be determined from the group,
subgroup and generating set in analogy to the Cayley graph case. It is important to notice
that for most choices of group and subgroup and generating set, the resulting graph can not
be realized as a Cayley graph.

When the group-subgroup pair graph results in a regular graph, we consider some relations
in the spectra for graphs generated by different choices of generating sets, this allows us to
provide some bounds for the second eigenvalue of this type of graphs and in turn a sufficient
condition for these graphs to be Ramanujan. The results extends naturally to certain Cayley
graphs generated in a similar way.

[1] Kei Hamamoto, Kazufumi Kimoto, Kazutoshi Tachibana and Masato Wakayama. Wreath
determinants for group-subgroup pairs. Preprint.
[2] A. Lubotzky, R. Phillips and P. Sarnak. Ramanujan graphs. Combinatorica, 8:2617-277, 1988.
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The Dynkin index and parabolic subalgebra of Heisenberg type

In this talk we give uniform and explicit expressions of certain two constants, that are
associated with the complex parabolic subalgebra with Heisenberg nilpotent radical. A
version of some formula on the Dynkin index of a finite dimensional representation of a
complex simple Lie algebra plays a key role.
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Let G be the split orthogonal group of degree 2n+1 over an arbitrary field F of char F # 2.
In this talk, we classify multiple flag varieties G/ Py X - - - X G/ Py, of finite type. Here a multiple
flag variety is called of finite type if it has a finite number of G-orbits with respect to the
diagonal action of G when |F| = occ.
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Quantization of the moment map on symplectic vector space and the oscillator
representation
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The canonical quantization of the moment maps on symplectic vector spaces naturally
leads to the oscillator representations. More precisely, let (W, w) denote a real symplectic
vector space, on which a Lie group G acts symplectically from the left. We consider the
cases where G is a real reductive Lie group Sp(n,R), U(p,q) or O*(2n). Then we quantize
the moment map p : W — g;, where g denotes the dual space of the Lie algebra gy of
G. Namely, after taking a complex Lagrangian subspace V' of the complexification of W,
we assign an element of the Weyl algebra of V' to (i, X), which we denote by (i, X), for
each X € go. It is shown that the map X — +/—1 (i, X) gives a representation of g, which
extends to the one of g, the complexification of gg, by linearity. With a suitable choice of the
complex Lagrangian subspace V' in each case, the representation coincides with the oscillator
representation of g. Taking the direct sum of k£ copies of W produces the Howe duality in
the cases of the reductive dual pairs (Sp(n,R),O(k)), (U(p,q),U(k)) and (O*(2n),Sp(k))
respectively.
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Multivariate Meixner, Charlier and Krawtchouk polynomials
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Zeta function of the braid group, and the Alexander polynomial
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