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Program
March 26 (Monday) (All presentations will take place in room 3-110.)
9:45―10:15

Registration

10:15―10:30

Opening

10:30―11:00

Takamichi Sushida: Geometrical study of phyllotactic patterns by Bernoulli spiral
lattices

11:00―11:30

Rhodri Nelson: Steadily rotating hollow vortex pairs

11:30―13:30

Lunch

Focus session
13:30―14:30

Michio Jimbo: Integrals of motion, Bethe ansatz, and quantum toroidal algebras

14:30―14:45

Tea / Coffee Break

14:45―15:15

Bruno Carneiro da Cunha: The isomonodromic approach for constructing conformal maps

15:15―15:45

Oleg Lisovyi: Explicit representations of Painlevé functions

15:45―16:00

Tea / Coffee Break

16:00―16:30

Hajime Nagoya: On Fourier expansions of q-Painlevé tau functions

16:30―17:00

Tiago Anselmo da Silva: Schwarz-Christoffel accessory parameter via the
isomonodromic tau function for Painlevé VI

18:00―

Banquet

March 27 (Tuesday) (All presentations will take place in room 3-110.)
10:00―10:30

Samuel Brzezicki: The effect of shear-thinning on low-Reynolds-number swimming near walls

10:30―11:00

Yuuki Shimizu: Mathematical analysis of point vortex dynamics on surfaces

11:00―11:30

Jordan Hauge: New methods for diffusion-wave field theory

11:30―13:30

Lunch

13:30―14:00

Koya Sakakibara: Numerical analysis of point vortex dynamics by the method of
fundamental solutions

14:00―14:30

Christopher Green: Using the Schottky-Klein prime function to compute harmonic
measure distribution functions of a class of multiply connected planar domains

14:30―15:00

Takaaki Nara: Application of the Cauchy-Pompeiu formula for electrical property
imaging

15:00―15:15

Closing
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Abstracts
Takamichi Sushida (Hokkaido University)
”Geometrical study of phyllotactic patterns by Bernoulli spiral lattices”
Phyllotaxis is arrangements of leaves and other organs of plants such as sunflower and pine cone.
Phyllotactic patterns are classified by the number of spirals called the parastichy and angles of two successive elements called the divergence angle. In particular, they are intimately related to the golden
section, Fibonacci numbers, and continued fraction. As a typical geometrical model of phyllotactic patterns, there is a Bernoulli spiral lattice (a complex sequence) which is generated by a single complex
number. In this study, we study Voronoi tilings and disk packings by Bernoulli spiral lattices. Here we
show bifurcation processes of parastichy numbers defined for each geometrical model and discuss graphtheoretical duality of their phase diagrams [1, 2, 3]. Moreover, we study triangular spiral tilings that a
vertex set is Bernoulli spiral lattice [4]. A starting point of triangular spiral tilings is geometrical architectures (Fibonacci Tornado and Real Tornado) which are produced by Akio Hizume who is a Japanese
plastic artist. Triangular spiral tilings can be classified as phyllotactic tilings and non-phyllotactic tilings.
In particular, phyllotactic tilings are intimately related to continued fractions of the divergence angle. A
set of generators of phyllotactic tilings is described as a family of real algebraic curves parameterized
by the divergence angle. Conversely, a set of generators of non-phyllotactic tilings is described as a
family of curves parameterized by the plastochrone ratio, and its set gives a dense subset of the unit
disk. By considering the shapes of triangles which admit spiral tilings, we ca obtain examples of spiral
tilings by typical triangles. Furthermore, we give crease patterns for producing origami developments
of triangular spiral tilings and describe folding processes of crease patterns as a one-parameter family of
discrete surfaces [5]. In this presentation, we will introduce our results for geometrical models of phyllotactic patterns by Bernoulli spiral lattices. This presentation is based on joint works with Assoc. Prof.
Yoshikazu Yamagishi (Ryukoku University) and Akio Hizume (Plastic artist / Ryukoku University). Our
studies are inspired by geometrical architectures produced by Akio Hizume.
[1] Yoshikazu Yamagishi, Takamichi Sushida and Akio Hizume, Voronoi spiral tilings, Nonlinearity,
28(4), pp. 1077-1102, 2015.
[2] Yoshikazu Yamagishi and Takamichi Sushida, Spiral disk packings, Physica D: Nonlinear Phenomena, 345, pp. 1-10, 2017.
[3] Takamichi Sushida and Yoshikazu Yamagishi, Geometrical study of phyllotactic patterns by
Bernoulli spiral lattices, Development, Growth and Differentiation, Special Issue: Mathematics,
physics and engineering in biology, 59(5), pp. 379-387, 2017.
[4] Takamichi Sushida, Akio Hizume and Yoshikazu Yamagishi, Triangular spiral tilings, Journal of
Physics A: Mathematical and Theoretical, 45(23), 235203, 22pp, 2012.
[5] Takamichi Sushida, Akio Hizume and Yoshikazu Yamagishi, Design methods of origami tessellations for triangular spiral multiple tilings, Origami6: I. Mathematics, pp. 241-251, 2015.

Rhodri Nelson (Imperial College London)
”Steadily rotating hollow vortex pairs”
A numerical scheme for determining the shapes of steadily rotating hollow vortex pairs is introduced.
The formulation makes use of a transcendental function known as the Schottky-Klein prime function to
form suitable Modified Schwarz problems which are solved iteratively in order to ensure the vortex sheet
condition is satisfied to a desired numerical tolerance. Families of solutions are presented and then a
generalization to the N-vortex case is discussed.
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Michio Jimbo (Rikkyo University)
”Integrals of motion, Bethe ansatz, and quantum toroidal algebras”
Conformal field theory in two dimensions admits a remarkable system of commuting Hamiltonians
known as quantum KdV system and generalizations. We revisit their q-deformation introduced earlier
by Feigin et al. With the aid of quantum toroidal algebras we explain the origin of these Hamiltonians,
and describe their spectra in terms of Bethe ansatz equations.

Bruno Carneiro da Cunha (Universidade Federal de Pernambuco)
”The isomonodromic approach for constructing conformal maps”
We show that the isomonodromic tau function defined for isomonodromic flows can be used to find
the accessory parameters of the Fuchsian differential equation satisfied by the uniformizing map of
a wide class of domains in the complex plane. The conditions are stated in terms of the geometric
information obtained from the graphical representation of the domain. Moreover, a systematic algorithm
for construction of these maps can be implemented from the proposed expansion of the relevant tau
function. Specializing to domains with four vertices linked by circular arcs, we find a novel application
for the Painlevé VI tau function.

Oleg Lisovyi (Université de Tours)
”Explicit representations of Painlevé functions”
We will associate a tau function to the Riemann-Hilbert problem set on a union of non-intersecting
smooth closed curves with generic jump matrix. The main focus will be on the one-circle case, relevant
to the analysis of Painlevé VI equation, its degenerations to Painlevé V and III as well as its extension to
Fuji-Suzuki-Tsuda system. The tau functions in question will be defined as block Fredholm determinants
of integral operators with integrable kernels. If time allows, I will show that they can also be represented
as combinatorial sums over tuples of Young diagrams.

Hajime Nagoya (Kanazawa University)
”On Fourier expansions of q-Painlevé tau functions”
In conformal field theory(CFT), conformal blocks play central roles. Gamayun, Iorgov, and Lisovyy
found Fourier expansions of Painlevé tau functions in terms of conformal blocks. Their conjecture was
proved by Iorgov, Lisovyy, and Teschner using CFT. As a q-analog of their result, we give Fourier
expansions of tau functions of q-difference Painlevé equations.
This is based on joint works with M. Jimbo, H. Sakai, and Y. Matsuhira.

Tiago Anselmo da Silva (Universidade Federal de Pernambuco)
”Schwarz-Christoffel accessory parameter via the isomonodromic tau function for Painlevé
VI”
Conformal mappings from the upper half plane to the interior of simply connected polygons – also
known as Schwarz-Christoffel mappings – are recognized for their wide range of applications. Yet,
their use strongly relies on the calculation of some accessory parameters, and, until recently, this was
accomplished in most cases only through numerical approximation schemes. In this talk, we discuss the
adaptation of a new a method, which was developed to tackle a related problem – the determination of
accessory parameters associated to conformal mappings to circular arc quadrilaterals –, to deal with the
simplest nontrivial Schwarz-Christoffel mappings, where the target domains are four-sided polygons. In
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such settings, the Painlevé VI tau function plays a prominent role in relating the accessory parameter to
the geometry of the target domain. [Joint work with R. Nelson, B. Carneiro da Cunha, and D. Crowdy]

Samuel Brzezicki (Imperial College London)
”The effect of shear-thinning on low-Reynolds-number swimming near walls”
This talk is concerned with the motion of small organisms at low Reynolds numbers, a subject of great
current interest in biology and medicine. In many physical situations the fluid in which microorganisms
exist is non-Newtonian in nature (e.g. blood or mucus). There is therefore great interest in understanding
more about the dynamics of such organisms in these environments.
We will demonstrate use of a perturbation analysis based on a generalised form of the reciprocal
theorem of Stokes flow to find analytical formulas for the first order corrections to the dynamics of a
microorganism when the surrounding fluid is weakly shear thinning and when the swimmer is located
near a no-slip surface. The model is two-dimensional and we employ a Carreau-Yasuda model of the
fluid. Implications of the analysis will be discussed. [Joint work with Darren Crowdy].

Yuuki Shimizu (Kyoto University)
”Mathematical analysis of point vortex dynamics on surfaces”
In fluid dynamics on curved surfaces, the shape of the flow field is a primary factor in determining
the dynamics of the fluid flow. Incompressible and inviscid flows on surfaces with pointwisely distributed vorticities, called point vortex dynamics, has been used to qualitatively understanding the flow.
Point vortex dynamics is formulated as a Hamiltonian system associated with the hydrodynamic Green’s
function, which is a fundamental solution of the Laplace-Beltrami operator. The more we seek to deeply
understand the dynamics, the more detailed information about the hydrodynamic Green’s function. In
this reason, a computable and analytic formula of the hydrodynamic Green’s function on various curved
surfaces has been used in order to derive an explicit representation of the evolution equation for point
vortex dynamics. Such surfaces include simply connected flat surfaces and certain surfaces of revolution.
Though the dynamics has been investigated well on individual surfaces, it is necessary to construct a
unified framework for understanding point vortex dynamics in terms of the shape of the flow field. As
the framework, we consider surfaces associated with non-trivial Killing vector fields. The Killing vector
field is a steady solutions of the Euler equations on Riemannian manifolds and preserves the metric. In
this sense, the Killing vector field is a generalization of the uniform flow on a plane. Since the simply
connected flat surfaces and the certain surfaces of revolution have a non-trivial Killing vector field, the
past results on their surfaces can be comprehensively examined. We give the method of mathematical
analysis on surfaces associated with non-trivial Killing vector fields and as its application, a computable
and analytic formula of the hydrodynamic Green’s function on the surfaces.

Jordan Hauge (Imperial College London)
”New methods for diffusion-wave field theory”
This talk will demonstrate how the unified transform method developed by Fokas and collaborators
can be extended to provide new solution methods for a class of boundary value problems arising in an
area known as diffusion-wave field theory. The new techniques will be demonstrated in the context of
specific example applications. [Joint work with Darren G. Crowdy].
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Koya Sakakibara (The University of Tokyo)
”Numerical analysis of point vortex dynamics by the method of fundamental solutions”
In this talk, we consider point vortex dynamics and analyze it from numerical point of view. The
method of fundamental solutions (MFS for short), which is a meshfree numerical solver for linear homogeneous partial differential equations, plays essential roles in our analysis. The hydrodynamic Green
function and the Robin function (as a result, the Hamiltonian) are approximated by MFS. We consider
point vortex dynamics in multiply-connected regions and on surfaces, and present several numerical
results in the talk. This talk is based on a joint work with Mr. Yuuki Shimizu (Kyoto University).

Christopher Green (Macquarie University)
”Using the Schottky-Klein prime function to compute harmonic measure distribution functions
of a class of multiply connected planar domains”
Consider releasing a Brownian particle from a basepoint z0 in a planar domain Ω ⊂ C. What is the
chance, denoted hΩ,z0 (r), that the particle’s first exit from Ω occurs within a fixed distance r > 0 of z0 ?
The function of r suggested by this question, denoted hΩ,z0 : [0, ∞) → [0, 1], is called the harmonic
measure distribution function, or h-function, of Ω with respect to z0 . We can think of the h-function as
a signature that encodes the geometry of the boundary of Ω. In the language of PDEs, the h-function
can also be formulated in terms of a suitable Dirichlet problem on Ω. For simply connected domains,
the theory of h-functions is now quite well developed and several explicit results are known. However,
until recently, for multiply connected domains the theory of h-functions has been almost entirely out of
reach.
We will show how to construct explicit formulae for the h-functions of symmetric multiply connected
slit domains Ω′ whose boundaries consist of an even number of colinear slits. We will employ the special
function theory of the Schottky-Klein prime function ω(ζ, γ) and its associated constructive methods in
conformal mapping to build explicit formulae for the h-functions of domains Ω′ with any finite even
number of slits.

Takaaki Nara (The University of Tokyo)
”Application of the Cauchy-Pompeiu formula for electrical property imaging”
Imaging of the electrical properties inside the human body provides us with significant information for diagnosis of cancers and tumors. Recently, magnetic resonance electrical property tomography
(MREPT) has attracted attention in which the electrical conductivity and permittivity are reconstructed
from the magnetic field measured by an MRI scanner. In this talk, we first derive Dbar equations from
the two-dimensional time-harmonic Maxwell equations. Then, by applying the Cauchy-Pompeiu formula, we express the electric field inside the human body in terms of the magnetic field, from which
an explicit reconstruction formula for the electrical conductivity and permittivity is derived. It is shown
that regularization methods can be easily incorporated to our formula. Extension to the thee-dimensional
problem is also presented. The method is verified by numerical simulations and phantom experiments.
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Venues

Presentations:
Room 3-110 Department of Mathematics, Kyoto University
Located in the north campus of Kyoto University
(number 5 in the map below).

Banquet:
Japanese restaurant Mon (see map on the next page)
Kyoto-shi, Sakyo-ku, Tanaka Monzen-cho 8, TEL: 075-721-3301,
Time: March 26, 6 pm.
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