
III Escuela Orthonet
Bilbao, 19 al 23 de noviembre de 2018

Practical information

Venue: The school will take place at the Basque Center for Applied Mathematics
(BCAM). The address is Alameda de Mazarredo 14, 48009 Bilbao, Bizkaia and it is
located in the city center. For more information about the BCAM visit the web page
http://www.bcamath.org

Schedule: The courses will start on Monday 19, 2018. The opening will be at 9:15
am and the first course will star at 9:30 am. The schedule of the courses and seminars
are the following

1. From Monday to Friday

• 09:30-11:00 Course by A. Kuijlaars

• 11:00-11:30 Coffee-break

• 11:30-13:00 Course by S. Thangavelu

• 13:00-15:30 Lunch

• 15:30-17:00 Course by J. Christiansen

• 17:00-18:00 Research Seminar

• 18:00-19:00 Working session

2. Research seminars

• Monday 17:00-18:00. Seminar by J.L. López

• Tuesday 17:00-18:00. Seminar by R. Álvarez-Nodarse

• Wednesday 17:00-18:00. Seminar by M. Mañas

• Thursday 17:00-18:00. Seminar by L. Roncal

• Friday 17:00-18:00. Seminar by B. Eichinger

Organizing Committee Óscar Ciaurri (Director), Luz Roncal (Secretary) and Re-
nato Álvarez-Nodarse (web).

orthonet is supported by the grant MTM2017-90694-REDT from Ministerio de
Ciencia, Innovación y Universidades-Agencia Estatal de Investigación.

For more information about orthonet visit the web page http://euler.us.es/~orthonet/



Mini courses

Chebyshev polynomials

Jacob S. Christiansen (Lund University)

In the course, I’ll discuss the theory for Chebyshev polynomials of compact subsets
E ⊂ C (or R). These are the monic degree n polynomials, denoted Tn, that minimize
the sup-norm on E among all such polynomials. A particular goal is to describe the
asymptotics of Tn and its norm.

From Jacobi polynomials to tilings of a hexagon

Arno Kuijlaars (KU Leuven)

In the first part of the course I discuss the asymptotic behavior of Jacobi polyno-
mials with varying parameters. This is used as a toy model to illustrate the powerful
methods of potential theory and Riemann-Hilbert problems. The second part of the
course will cover a recent application of Jacobi polynomials with varying non-standard
parameters to a random tiling problem of a hexagon.

On Hermite polynomials of a compelx argument

Sundaram Thangavelu (Indian Institute of Science. Bangalore)

As is well known, the Hermite polynomials Hk(x) form an orthogonal system in

L2(R, e−x2

). Since they are polynomials Hk(z) are defined for complex z. It is natural
to ask if they still form an orthogonal system with respect to certain measure on
R2. In these lectures we investigate this problem using representation theory of the
Heisenberg group H1. We also consider the higher dimensional case and demonstrate
how the results can be used to study the heat kernel transform associated to the
Hermite operator.



Research talks

On some applications of Orthogonal Polynomials in
Mathematical-Physics

Renato Álvarez-Nodarse (Instituto de Matemáticas de la Universidad de
Sevilla)

The orthogonal polynomials (OP) are very useful tools in solving problems not
only in Mathematics but also in Physics and Engineering. Among them, the classical
orthogonal polynomials (COP) deserve a special attention. The main reasons are,
from my point of view, from one hand the fact that they are polynomials (therefore
are easy to handle with) and from the other, the orthogonality property that have a
lot of interesting consequences (for example, the three-term recurrence relations that
the OP satisfy that is the best way of numerically compute them). In this talk I will
discuss some of the application of classical orthogonal polynomials in several branches
of Physics and Mathematical-Physics from my own experience of the last 25 years.

Chebyshev Problems on Circular Arcs

Benjamin Eichinger (Lund University)

The nth Chebyshev polynomial associated to an infinite compact subset, K ⊂ C,
is the unique monic polynomial of degree n which deviates the least from zero on
K. In 1969, Widom gave a complete description of the asymptotics of the extremal
polynomials when K consists of finitely many Jordan regions. But, if K also includes
Jordan arcs, the asymptotics are still unknown. Exceptional are subsets of R. Re-
cently, Christiansen, Simon, Yuditskii and Zinchenko described the asymptotics of
Chebyshev polynomials associated to real sets which are homogeneous in the sense of
Carleson.

In order to develop the theory further for complex subsets, we propose to study a
more general problem. Namely, to investigate asymptotics of the upper envelope of
polynomials uniformly bounded on a given set. We have proven that in the case of
one arc of the unit circle, say E ⊂ T, the asymptotics of the extremal value can be
given as the diagonal of a certain reproducing kernel of analytic functions in C \ E.
A similar result holds for the so-called Ahlfors problem, which deals with maximizing
the first derivative at a given point (instead of the point evaluation). Results for
several arcs of the unit circle will also be discussed.

The talk is based on a joint work with P. Yuditskii



Approximation of integrals by means of divergent
series and two-point Taylor series.

José Luis López (Universidad Pública de Navarra)

Abstract: Parametric integrals play an important role in applied mathematics:
they are an important ingredient in the representation of solutions of boundary value
problems, in the representation of the special functions of mathematical physics, in the
formulation of integral equations, etc. We give an overview of the state of the art of
the approximation of parametric integrals by using two different techniques: divergent
series and two-point Taylor series. In the case of divergent series, we motivate the
use of divergent series and summarize the main classical technics for the asymptotic
approximation of integrals and also the modern methods. In the case of two-point
Taylor expansions, we briefly introduce the concept of two-point Taylor series and
give examples of their application to the approximation of parametric integrals.

Sobolev biorthogonal polynomials and the
Gauss-Borel factorization

Manuel Mañas Baena (Universidad Complutense de Madrid)

We explore the Gauss-Borel description of the Sobolev birothogonality. A theory
of deformations of Sobolev bilinear forms is proposed. We consider both polynomial
deformations and a class of transformations related to the action of linear operators
on the entries of a given bilinear form. Christoffel type formulae among new and old
polynomial sequences are determined. We also discuss generalized Hankel symmetries.



Convergence of expansions in Dunkl–Hermite series

Luz Roncal (Basque Center for Applied Mathematics)

The Dunkl operators were introduced by C. F. Dunkl in [2], where he built a
framework for a theory of special functions and integral transforms in several vari-
ables related to reflection groups. From the mathematical analysis point of view,
the importance of Dunkl operators lies on the fact that they generalize the theory of
symmetric spaces of Euclidean type.

In [3] M. Rösler studied the Dunkl–harmonic oscillator, that arises in connection
with the analysis of quantum many body systems of Calogero–Moser–Sutherland type.
The Dunkl–harmonic oscillator is given by

Hκ := −∆κ + |x|2,

where ∆κ stands for the Dunkl–Laplacian and κ is called a multiplicity function.
Rösler introduced the Dunkl–Hermite functions Φµ,κ as eigenfunctions of Hκ. When
κ is the null function, Φµ,κ reduce to the usual Hermite functions. The set {Φµ,κ}µ∈Nd

forms an orthonormal basis for L2(Rd, wκ dx), where wκ is a suitable weight function.

Given an orthonormal system and a function, we may consider its Fourier series
with respect to the system. Then, a natural problem that emerges is the study of the
convergence for Fourier expansions of functions in terms of Φµ,κ.

This talk is intended to briefly introduce the theory of Dunkl operators and the
associated special functions, and to discuss convergence results for the Dunkl–Hermite
expansions on Rd.

Joint work [1] with Pradeep Boggarapu (BITS Pilani - K. K. Birla Goa Campus,
India) and Sundaram Thangavelu (Indian Institute of Sciences in Bangalore, India).
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