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Instituto de Investigaciones en Matemáticas
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Preface

The OTAMP conferences have been organized every second
year from 2002 to 2016 in various European cities: Bedlewo
(2002, 2004, 2008, 2010), Lund (2006), Barcelona (2012), Stock-
holm (2014), Saint Petersburg (2016).

The main aim of the conference is to bring together lead-
ing experts and young promising researchers from all over the
world working on mathematical problems within the framework
of mathematical physics. The idea is to facilitate exchange of
ideas, and develop future and already existing collaborations.

This edition of the conference will honor Ricardo Weder, his
influential work on mathematical physics, and his crucial role
in the foundation and development of the mathematical physics
community in Mexico.

Ricardo Weder obtained his undergraduate degree at Uni-
versidad Nacional de Rosario, Argentina, in 1970, and his PhD
at the K U Leuven, Belgium, in 1974. After postdoctoral stays
at the Universities of Harvard and Princeton, he joined in 1978,
the Instituto de Investigaciones en Matemáticas Aplicadas y en
Sistemas and the Facultad de Ciencias, both of Universidad Na-
cional Autónoma de México (UNAM). He has been a visiting
professor at numerous universities and research institutes in Ar-
gentina, Europe, Japan, and the United States. He has of-
fered plenary lectures at many international conferences. He was
awarded the Premio Alejandrina of research and the Silver Medal
of Sociedad Matemática Mexicana, among other distinctions. He
organized several international conferences , schools, and work-
shops. He is a member of several professional societies, in partic-
ular of International Association of Mathematical Physics and of
Sociedad Matemática Mexicana. He initiated in Mexico the re-
search in mathematical physics and he played a crucial role in the
foundation and on the development of the mathematical physics
community in México. His area of research is functional analysis
and mathematical physics. In particular, direct and inverse spec-
tral and scattering theory, quantum mechanics and classical wave
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propagation. He has taught courses in analysis and on mathe-
matical physics to many generations of students at UNAM. He
has been the thesis advisor of many students, at the undergrad-
uate and graduate levels.
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CAUCHY – DE BRANGES SPACES AND RANK
ONE PERTURBATIONS OF COMPACT NORMAL

OPERATORS

Evgeny Abakumov

University Paris-Est
LAMA (UMR CNRS 8050)

Marne-la-Vallée, France

evgueni.abakoumov@u-pem.fr

Abstract

I will discuss how the classical de Branges theory of Hilbert spaces
of entire functions can be extended to a more general setting
of Cauchy – de Branges spaces. In particular, new versions of
de Branges Ordering Theorem for nearly invariant subspaces in
Cauchy – de Branges spaces will be reviewed. Also, I plan to talk
about how the obtained results can be applied to the study of
rank one perturbations of compact normal operators via a func-
tional model.
This is joint work with A. Baranov and Yu. Belov.

THE INVERSE SCATTERING FOR THE
MATRIX SCHRÖDINGER OPERATOR ON THE

HALF LINE

Tuncay Aktosun

Department of Mathematics
University of Texas at Arlington
Arlington, TX 76019-0408 USA

aktosun@uta.edu

Abstract

The matrix Schrödinger equation is considered on the half line
with the general selfadjoint boundary condition. It is assumed
that the matrix potential is integrable, selfadjoint, and has a
finite first moment. The corresponding scattering data set is
constructed, and such scattering data sets are characterized by
providing a set of necessary and sufficient conditions assuring the
existence and uniqueness of the one-to-one correspondence be-
tween the scattering data set and the input data set containing
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the potential and the boundary condition. The work presented
here provides a generalization of the classical result by Agra-
novich and Marchenko from the Dirichlet boundary condition to
the general selfadjoint boundary condition. The research is based
on the joint work with Ricardo Weder of National Autonomous
University of Mexico.

HIGH-VELOCITY ESTIMATES FOR THE
SCATTERING OPERATOR AND

AHARONOV-BOHM EFFECT IN THREE
DIMENSIONS

Miguel Ballesteros

Departamento de F́ısica Matemática
IIMAS-UNAM

Ciudad de México, México

miguel.ballesteros@iimas.unam.mx

Abstract

We obtain high-velocity estimates with error bounds for the scat-
tering operator of the Schrödinger equation in three dimensions
with electromagnetic potentials in the exterior of bounded obsta-
cles that are handlebodies. A particular case is a finite number
of tori. We prove our results with time-dependent methods. We
consider high-velocity estimates where the direction of the veloc-
ity of the incoming electrons is kept fixed as its absolute value
goes to infinity. In the case of one torus our results give a rigorous
proof that quantum mechanics predicts the interference patterns
observed in the fundamental experiments of Tonomura et al. that
gave conclusive evidence of the existence of the Aharonov-Bohm
effect using a toroidal magnet. We give a method for the recon-
struction of the flux of the magnetic field over a cross-section
of the torus modulo 2π. Equivalently, we determine modulo 2π
the difference in phase for two electrons that travel to infinity,
when one goes inside the hole and the other outside it. For this
purpose we only need the high-velocity limit of the scattering op-
erator for one direction of the velocity of the incoming electrons.
When there are several tori-or more generally handlebodies-the
information that we obtain in the fluxes, and on the difference
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of phases, depends on the relative position of the tori and on
the direction of the velocities when we take the high-velocity
limit of the incoming electrons. For some locations of the tori
we can determine all the fluxes modulo 2π by taking the high-
velocity limit in only one direction. We also give a method for
the unique reconstruction of the electric potential and the mag-
netic field outside the handlebodies from the high-velocity limit
of the scattering operator.
The talk is based on a joint work with R. Weder.

ON THE RESONANCE STATES OF
ONE-DIMENSIONAL SCHRÖDINGER
OPERATORS WITH FINITE POINT

INTERACTIONS

Vı́ctor Barrera-Figueroa

Instituto Politécnico Nacional
Sección de Estudios de Posgrado e Investigación, UPIITA

Ciudad de México, México

vbarreraf@ipn.mx

Abstract

In this talk we consider the formal one-dimensional Schrödinger
operator

(1) Squ (x) =

(
− d2

dx2
+ q (x)

)
u (x) , x ∈ R,

with a potential q = q0 + qs consisting of a regular part q0 ∈
L∞ (R) and a singular part

qs (x) =

N∑
k=1

(
αkδ (x− xk) + βkδ

′ (x− xk)
)
, αk, βk ∈ R,

with support on a finite set of points X = {xk}Nk=1. We construct
an extension H of operator (1) given in terms of only the regu-
lar potential q0 and certain matrix conditions at every point of
X . We analyse the resonance states of the Schrödinger equation
Hψ = εψ for quite arbitrary regular potentias q0, and derive a
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characteristic equation κ (ε) = 0 that defines the complex ener-
gies εn = En − iΓn/2, Γn ≥ 0, associated with resonances. We
show that the characteristic function κ is an analytic function of
the complex energy ε and determine its Taylor series.

EXISTENCE AND NON-EXISTENCE OF
MINIMIZERS FOR POINCARÉ-SOBOLEV

INEQUALITIES

Rafael Benguria

Faculty of Physics
Pontificia Universidad Catlica de Chile

Santiago, Chile

rbenguri@fis.uc.cl

Abstract

In this talk I discuss the existence and non-existence of mini-
mizers for a type of (critical) Poincaré-Sobolev inequalities. We
show that minimizers do exist for smooth domains in Rd, and
also for some polyhedral domains. On the other hand, we show
the non-existence of minimizers in the rectangular isosceles tri-
angle in R2. This is joint work with Cristobal Vallejos (PUC,
Chile) and Hanne Van Den Bosch (U. de Chile)

THE ESTIMATES L1 − L∞ FOR THE REDUCED
RADIAL EQUATION OF SCHRÖDINGER

Herminio Blancarte

Facultad de Ingeniera
Universidad Autónoma de Querétaro

Centro Universitario, Santiago de Querétaro, México

herbs@uaq.mx

Abstract

Estimates of the type L1−L∞ for the Schrödinger equation on the
line and on half-line with a regular potential V express the dis-
persive nature of the Schrödinger equation and are the essential
elements in the study of initial value problems, the asymptotic
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times for large solutions and scattering theory for the non linear
Schrödinger equation in general and for other equations of non-
linear evolution. The estimates Lp − Lp′ express the dispersive
nature of this equation.

We provide a transformation operator W that transforms
the Reduced Radial Schrödinger Equation (RRSE) (whose main
characteristic is the addition a singular term of quadratic order to
a regular potential) into the Schrödinger Equation on Half-Line
(RSEHL). Thus, W eliminates the singular term of quadratic or-
der of potential in the asymptotic development towards zero and
adds to the potential a bounded term and a term exponentially
decrease fast enough in the asymptotic development towards in-
finity, which continues guaranteeing the uniqueness of the poten-
tial in the condition of the infinity boundary. The L1 − L∞ for
the (RRSE) are preserved under the transformation operator as
in the case of (RSEHL).

EIGENVALUE ASYMPTOTICS FOR THE
QUANTUM RABI MODEL

Anne Boutet de Monvel

Institut de Mathématiques de Jussieu-Paris Rive Gauche
Université de Paris

Paris, France.

anne.boutet-de-monvel@imj-prg.fr

Abstract

The quantum Rabi model is a quantum optics model describ-
ing the interac- tion of a two-level atom with a single quantized
mode of an optical cavity’s electromagnetic field. It depends on
three parameters. It is also called Jaynes–Cummings model with-
out the rotating-wave approximation. I will first explain how its
spectral analysis reduces to that of some particular Jacobi matri-
ces whose spectrum is discrete. Then I will present a three-term
asymptotics expansion for the nth eigen- value of such a Jacobi
matrix. This asymptotics transfers to the quantum Rabi model
and allows to show that all the parameters of the model can be
recovered from its spectrum.
This is joint work with Lech Zielinski.
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INVERSE PROBLEMS FOR FRACTIONAL
PARTIAL DIFFERENTIAL EQUATIONS. AN

APPLICATION FOR THE PETROLEUM
INDUSTRY

Fernando Brambila Paz

Departamento de Matemáticas
Facultad de Ciencias

UNAM Ciudad de México, México

fernandobrambila@gmail.com

Abstract

At 2010 there was a gigantic oil spill in the Gulf of Mexico caused
by an accident on a British Petroleum (BP) deep-sea exploration
rig. The worst environmental disaster in America. Then all the
petroleum companies revised the mathematical models. PEMEX
asked us for a model to obtain the pressure deficit for future ex-
ploration with fractional partial diferenctial equation. We will
present the solution.

ESSENTIAL SPECTRUM FOR MAXWELL’S
EQUATIONS

Malcolm Brown

Cardiff School of Computer Science and Informatics
QueensBuildings, 5 The Parade

Cardiff, CF24 3AA, UK

BrownBM@cardiff.ac.uk

Abstract

We study the essential spectrum of operator pencils associated
with anisotropic Maxwell equations, with permittivity ε, perme-
ability µ and conductivity σ, on finitely connected unbounded
domains. The main result is that the essential spectrum of the
Maxwell pencil is the union of two sets: namely, the spectrum
of the pencil ÷((ωε+ iσ)∇ · ), and the essential spectrum of the
Maxwell pencil with constant coefficients.
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A REGULARITY RESULT INFLUENCED BY
GEOMETRY

Judith Campos Cordero

Departamento de Matemáticas
Facultad de Ciencias

UNAM Ciudad de México, México

judithcc@gmail.com

Abstract

In this talk we will present a regularity result for local minimizers
of integral functionals. Motivated by Taheri’s work (2003), we
will establish bounds for the energy of local minimizers for which
the geometry of the domain plays an important role. Further-
more, these bounds allow us to obtain full regularity up to the
boundary for local minimizers under certain smallness conditions
on the boundary datum.

ON ABSTRACT DIFFERENTIAL EQUATIONS
OF ELLIPTIC TYPE WITH NONLOCAL
BOUNDARY COEFFICIENT-OPERATOR
CONDITIONS IN THE FRAMEWORK OF

HÖLDERIAN SPACES: NONCOMMUTATIVE
CASES

Mustapha Cheggag

National Polytechnic School of Oran
Oran, Algeria

mustapha.cheggag@enp-oran.dz

Abstract

This work is devoted to the abstract study of operational sec-
ond order differential equations of elliptic type with nonregular
coefficient-operator boundary conditions in a non commutative
framework. The study is performed when the second member f
belong to Cθ([0, 1] ;X), with general 0 < θ < 1, X being a Ba-
nach space. We give some new results by using semigroups and
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interpolation theory. Necessary and sufficient conditions of com-
patibility are established to obtain the classical solution. Maxi-
mal regularity properties are also studied.

Let X be a complex Banach space. We consider the following
operational second order differential equation of elliptic type

(2) u′′ (x) +Au (x) = f (x) , x ∈ [0, 1] ,

together with the following nonlocal coefficient-operator bound-
ary conditions

(3)

{
u (0) = u0
u (1) +Hu′ (0) = u1,0,

where A is a closed linear operator with domain D (A) not
necessarily dense in X and H is a closed linear operator with
domain D (H), f ∈ Cθ ([0, 1] ;X) with 0 < θ < 1 and u0, u1,0 are
given elements of X. As we will see, equation (2) is the abstract
writing of ∆u = f for instance.

Our main goal is to seek a classical solution of the problem
(2)-(3), that is a function u such that i) u ∈ C2([0, 1] ;X) ∩ C([0, 1] ;D(A))

ii) u(0) ∈ D(H)
iii) u satisfies (2)-(3).

We can also seek for a classical solution u satisfying the max-
imal regularity property u′′, Au ∈ Cθ([0, 1];X).

PERIODIC PDES WITH CRITICAL CONTRAST:
UNIFIED APPROACH TO HOMOGENISATION

AND LINKS TO TIME-DISPERSIVE MEDIA

Kirill Cherednichenko

Department of Mathematics
University of Bath
Bath BA2 7AY UK

K.Cherednichenko@bath.ac.uk

Abstract

I shall discuss a novel approach to the homogenisation of high-
contrast periodic PDEs, which yields an explicitly construction
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of their norm-resolvent asymptotics. A practically relevant out-
come of this result is that it interprets composite media with
micro-resonators as a class of time-dispersive media.
This is joint work with Yulia Ershova and Alexander Kiselev.

INVERSE PROBLEM WITH TRANSMISSION
EIGENVALUES FOR THE JACOBI SYSTEM

Abdon Choque Rivero

Instituto de F́ısica y Matemáticas
Universidad Michoacana de San Nicolás de Hidalgo

Morelia, Mich., México

abdon.ifm@gmail.com

Abstract

The Jacobi system with the Dirichlet boundary condition is con-
sidered on a half-line lattice when the coefficients are real valued.
The inverse problem of recovery of the coefficients from various
data sets containing the so-called transmission eigenvalues is ana-
lyzed. The Marchenko method and the Gel’fand-Levitan method
are utilized to solve the corresponding inverse problem.
This is a joint work with Tuncay Aktosun and Vassilis G. Pa-
panicolaou.

PHASE SEPARATION, OPTIMAL PARTITIONS
AND NODAL SOLUTIONS TO THE YAMABE

EQUATION ON THE SPHERE

Mónica Clapp

Instituto de Matemáticas
Universidad Nacional Autónoma de México

Ciudad de México, México

monica.clapp@im.unam.mx

Abstract

We study a weakly coupled nonlinear elliptic system that arises
as a model in many physical phenomena, for example, in the
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study of standing waves for a mixture of Bose-Einstein conden-
sates of M -hyperfine states which overlap in space. In the com-
petitive case (where the interaction of the particles within each
single state is attractive and the interaction between particles
in any two different states is repulsive) the condensates separate
spatially, giving rise to a partition into M disjoint domains.

Apart from its physical relevance, this phenomenon has inter-
esting geometrical applications. The one we present in this talk
concerns a fundamental question in conformal geometry, known
as the Yamabe problem. Through the analysis of the limit profiles
of the components of solutions to suitable competitive elliptic
systems, we obtain the existence of an optimal M -partition for
the Yamabe equation on the round sphere. We show that there
is a one-to-one correspondence between such partitions and sign-
changing solutions to the Yamabe equation on the sphere with
precisely M nodal domains, having certain symmetry properties.

This is an example of how ideas coming from physics can be
applied to tackle mathematical problems.
These results are joint work with Alberto Saldaña (IM-UNAM)
and Andrzej Szulkin (Stockholm University).

QUANTUM GRAPH MODELS OF BILAYER AND
TRILAYER GRAPHENE

Cesar R. de Oliveira

Department of Mathematics
Federal University of Sao Carlos
Rod. Washington Luis, km 235

São Carlos, SP, 13565-905 Brazil

oliveira@dm.ufscar.br

Abstract

A quantum graph model is extended to include bilayer and tri-
layer graphene. We rigorously derive some basic properties ob-
served by physicists, e.g., the presence or absence of Dirac cones
in their valence and conducting bands.
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ON THE EXACT CONTROLLABILITY OF
COUPLED ONE DIMENSIONAL WAVE

EQUATIONS

Luz de Teresa

Instituto de Matemáticas
Cd. Universitaria, Coyoacan 04510

Ciudad de México, México

deteresa@matem.unam.mx

Abstract

The focus of this conference is the exact controllability of a sys-
tem of N one-dimensional coupled wave equations when the con-
trol is exerted on a part of the boundary by means of one control.
We give a Kalman condition (necessary and sufficient) and give
a description of the attainable set. In general, this set is not
optimal, but can be refined under certain conditions.

ON SOME FAMILIES OF EXACTLY SOLVABLE
SCHRÖDINGER OPERATORS

Jan Dereziński

Department of Mathematical Methods in Physics
Faculty of Physics, University of Warsaw

Pasteura 5, 02-093 Warszawa, Poland.

jan.derezinski@fuw.edu.pl

Abstract

I will discuss various realizations of one-dimensional Schrödinger
operators with 1/x2 and 1/x potentials as closed operators on
L2[0,∞[. It is natural to organize them into holomorphic fam-
ilies, allowing for complex coupling constants. Their proper-
ties are sometimes quite surprising: they undergo “phase tran-
sitions”, they show various patterns of the action of the “renor-
malization group”, singularities appear unexpectedly.
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BISPECTRALITY OF LAGUERRE AND JACOBI
TYPE POLYNOMIALS

Manuel Domı́nguez de la Iglesia

Instituto de Matemáticas
Cd. Universitaria, Coyoacan 04510

Ciudad de México, México

mdi29@im.unam.mx

Abstract

We study the bispectrality of Laguerre and Jacobi type polyno-
mials, which we define by taking linear combinations of a fixed
number of consecutive Laguerre or Jacobi polynomials, respec-
tively. These polynomials are eigenfunctions of higher-order dif-
ferential operators and include, as particular cases, the Krall-
Laguerre and the Krall-Jacobi polynomials. We show that these
polynomials always satisfy higher-order recurrence relations (i.e.,
they are bispectral). We also prove that the Krall-Laguerre and
the Krall-Jacobi families are the only Laguerre and Jacobi type
polynomials which are orthogonal with respect to a measure in
the real line. This is a joint work with Antonio J. Durán.

A NEW APPROACH TO HOMOGENISATION OF
PERIODIC QUANTUM GRAPHS

Yulia Ershova

Department of Mathematics
St. Petersburg State University of Architecture and Civil

Engineering
4 Vtoraya Krasnoarmeiskaya Street

Saint Petersburg, 190005 Russia

julija.ershova@gmail.com

Abstract

We will discuss the homogenisation problem on periodic quan-
tum graphs embedded into a d-dimensional space. We will show
how the results pertaining to high-contrast graphs periodic along
a single axis (Cherednichenko, Ershova, Kiselev, SIAM J. App.
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Math., 2019) extend to the general periodic context. In so do-
ing, we will further develop the general operator-theoretical ap-
proach to high-contrast homogenisation which transparently es-
tablishes the connection of high-contrast composites with time-
dispersive and spatially dispersive media (and thus with meta-
materials). This further allows to suggest a new approach in the
study moderate-contrast homogenisation, leading to a concept of
a generalised spectral germ and allowing to drop an important
restriction imposed by Birman and Suslina.

RICH SPECTRAL PROPERTIES OF PERIODIC
QUANTUM GRAPHS

Pavel Exner

Department of Theoretical Physics
NPI Czech Academy of Sciences &

Department of Physics
FNSPE Czech Technical University
CZ-11519 Prague, Czech Republic

exner@ujf.cas.cz

Abstract

Rich spectral properties of periodic quantum graphs Pavel Exner
Doppler Institute for Mathematical Physics and Applied Math-
ematics, Prague Spectra of periodic quantum systems are usu-
ally expected to be absolutely continuous, consisting of bands
and gaps, the number of the latter being determined by the di-
mensionality. If the configuration space topology is nontrivial,
however, other possibilities may arise as it will be illustrated us-
ing simple examples. In particular, the spectrum may then have
a pure point character, and also that it may have only a finite
but nonzero number of open gaps. Furthermore, motivated by
recent attempts to model the anomalous Hall effect, vertex cou-
plings that violate the time reversal invariance will discussed and
it will be shown that their spectral properties are influenced by
the vertex degree parity. Finally, we will consider the situation
when some graphs links shrink to a point and show that even if
the spectra converge as sets, the convergence may be rather non
uniform.
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GAUGE INVARIANT HELICITY CONTINUITY
EQUATION

Manuel Fernández Guasti

Lab. de Óptica Cuántica, Depto. de F́ısica
Universidad A. Metropolitana - Iztapalapa

09340 Ciudad de México, México

mfg@xanum.uam.mx

Abstract

The derivation of the helicity continuity equation in electromag-
netic theory is performed without specifying a gauge. In contrast
with previous proposals, the form of this equation is shown to
be gauge invariant without invoking a Helmholtz decomposition.
The helicity and its flow, the latter associated with the spin in
quantized fields, involve two sets of a vector and a scalar poten-
tial, where each set can independently undergo a gauge transfor-
mation. There are alternative definitions of the helicity and flow
densities that arise from different grouping of terms in the con-
tinuity differential equation. The various definitions acquire an
unambiguous meaning, depending on the gauge and the physical
context. The helicity density, defined as

%(2)
AC

:=

√
ε

µ
(A ·B−C ·E)

and flow density

J
(2)
AC :=

√
ε

µ
(E−∇φA)×A +

1

µ
√
µε

(B−∇φC)×C ,

include all the rotational content of the free fields regardless of
the gauge. In free space, these quantities satisfy a gauge invariant
conservation equation without gauge-fixing source terms. A fur-
ther asset of the present formulation is that charge and current
source terms can be readily incorporated. The helicity source
terms are of the form

1
√
µε

(
B ·
∫

Jdt−
∫

Bdt · J
)

An helicity continuity equation in terms solely of transverse fields
is derived in the Coulomb gauge.
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RESULTS ON THE ENTANGLEMENT ENTROPY
IN THE XXZ SPIN MODEL

Christoph Fischbacher

Department of Mathematics
University of California
Irvine CA, 92697, USA

fischbac@uci.edu

Abstract

In this talk, we will discuss recent progress on the entanglement
entropy for the XXZ spin model. For the finite chain Λ, Beaud
and Warzel showed that the entanglement entropy of a generic
state ψ from the low-energy (“droplet”) regime satisfies a loga-
rithmically corrected area law S(ψ) ≤ C log |B| with respect to a
bipartition Λ = B ∪Bc. In a joint work with H. Abdul-Rahman
(U of Arizona) and G. Stolz (U of Alabama at Birmingham),
we showed how to extend this result to higher–energy states. In
another joint project with R. Schulte (LMU Munich), we are cur-
rently trying to show that these bounds are optimal. To this end,
we study low-energy states of the free XXZ Hamiltonian on the
ring.

RESEARCH ON NORMAL STRUCTURE IN A
BANACH SPACE VIA SOME PARAMETERS IN

ITS DUAL SPACE

Ji Gao

Department of Mathematics, Community College of
Philadelphia

Philadelphia, Pa 19130-3991 USA

jgao@ccp.edu

Abstract

Let X be a Banach space and X∗ be its dual. In this talk, we
show relationships among some parameters inX∗: ε-nonsquareness
parameter, J(ε,X∗); ε-boundry parameter, Q(ε,X∗); the modu-
lus of smoothness, ρX∗(ε); and ε-Pythagorean parameter, E(ε,X∗)),
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and weak orthogonality parameter, ω(X) in X that imply uni-
form norm structure in X. Some existing results in Fixed Points
Theory are extended.

SPECTRAL TRANSFORMATIONS OF MATRIX
ORTHOGONAL POLYNOMIALS: ALGEBRAIC

PROPERTIES

Luis E. Garza Gaona

Facultad de Ciencias
Universidad de Colima
Colima, Col., México

luis garza1@ucol.mx

Abstract

In this contribution, we present recent results related to spectral
transformations of matrix orthogonal polynomials. In particular,
we will focus our attention in the so-called Uvarov and Christoffel
transformations of orthogonality matrix measures supported on
the unit circle, and study algebraic properties such as connection
formulas and factorizations of the associated CMV and Hessen-
berg block matrices, that represent the multiplication operator
with respect to the corresponding orthogonal basis.

LEVINSON THEOREM FOR A DISCRETE
SYSTEM

Guillermo Garro

Departamento de F́ısica Matemática
IIMAS-UNAM Ciudad de México, México

memogarro@ciencias.unam.mx

Abstract

A discrete matrix Schrödinger equation with short-rank poten-
tial on the line is considered, explicit formulas for the Scattering
Matrix are derived and an analysis of the Scattering Matrix is
developed in order to prove the continuity of the Matrix at the
thresholds, this analysis allows us to derive a formula that counts
the eigenvalues of the associated operator in terms to the change
in the argument of the determinant of the scattering matrix, that
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formula is known as Levinson Theorem.

EXISTENCE OF QUEER POISSON BRACKETS
ON BANACH SPACES

Tomasz Goliński

University of Bialystok
Institute of Mathematics

Ciolkowskiego 1M, 15-245 Bialystok, Poland

tomaszg@bialan.pl

Abstract

There are many pitfalls in the differential geometry of infinite di-
mensional manifolds. Even in the most regular Banach (or even
Hilbert) case many results from finite dimensions do not hold.
For example not every symplectic form defines an isomorphism
between tangent and cotangent bundle and it leads to difficul-
ties in definition of Poisson structures. Another problem comes
from the fact that twice dual of a Banach space is not in gen-
eral canonically isomorphic to the original space. In this talk I
will discuss two other kinds of problems – one originating from
the lack of bump functions and the other from inequivalence of
various method of defining a tangent vector. It will lead to the
existence of Poisson brackets which do not come from Poisson
tensors.

The talk is based on the paper: Queer Poisson brackets, J.
Geom. Phys. 132 (2018), 358-362.DOI:10.1016/j.geomphys.2018.06.013

(with D. Beltita, A.-B. Tumpach).

REDUCIBILITY OF THE SCHRÖDINGER
EQUATION ON A ZOLL MANIFOLD WITH

UNBOUNDED POTENTIAL

Benoit Grebert

Laboratoire de Mathématiques Jean Leray
Université de Nantes

Nantes, France

benoit.grebert@univ-nantes.fr

Abstract
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In this talk I will present some recent results on reducibility for
linear Schrödinger equations with quasi-periodic in time poten-
tial in different physical context: on the d-dimensional torus, on
the whole euclidian space with a confining potential and on a Zoll
manifold. Reducibility consists in proving that the original non-
autonomous system (i.e. with a time dependent Hamiltonian)
can be conjugated to an autonomous one. I will focus mainly on
Zoll manifold and I will explain why we can manage unbounded
perturbations, namely quasi-periodic in time pseudo-differential
perturbation of order less or equal than 1/2.

SPECTRAL GAPS IN GRAPHENE STRUCTURE

Rui Han

School of Mathematics
Georgia Institute of Technology

Atlanta GA30332, USA

rui.han@math.gatech.edu

Abstract

I will report on recent results on the spectral analysis of a model
of graphene in magnetic fields with constant flux through every
hexagonal comb. In particular, we provide a rigorous foundation
for self-similarity by showing that for irrational flux, the spec-
trum of graphene is a zero measure Cantor set. I will also talk
about Hausdorff dimension of the spectrum, spectral decompo-
sition and Dirac points. This talk is based on joint works with
S. Becker, J. Fillman and S. Jitomirskaya.

WAVES IN PLASMAS: SOME MODELS AND A
SINGULARITY

Lise-Marie Imbert-Gérard

Department of Mathematics
University of Maryland

College Park, MD 20742 USA

lmig@umd.edu
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Abstract

In this talk, I will first discuss some models for wave propagation
in a plasma. I will then discuss two methods to the study a sin-
gularity at a so-called upper hybrid resonance. The first method
was introduced in a joint project with Ricardo Weder, and is
based on an integral formulation, while the second one relies on
a differential formulation.

RESONANCES IN THE PAULI-FIERZ MODEL

Diego Alejandro Iniesta Miranda

Departamento de F́ısica Matemática
IIMAS-UNAM Ciudad de México, México

diegoiniesta@ciencias.unam.mx

Abstract

In recent years, spectral properties of nonrelativistic atoms min-
imally coupled to the quantized electromagnetic field (studied
through the Pauli-Fierz Model) have been investigated. Results
such as the existence of ground states and resonances in the case
of singular coupling have been proved using the spectral renor-
malization group technique. In this talk, we present an alterna-
tive proof of the existence of resonances for the Pauli-Fierz model
applying multi-scale analysis.

QUANTUM FIELD THEORY WITH DYNAMICAL
BOUNDARY CONDITIONS AND THE CASIMIR

EFFECT

Benito A. Juárez Aubry

Departamento de F́ısica Matemática
IIMAS-UNAM

Ciudad de México, México

benito.juarez@iimas.unam.mx

Abstract

We discuss the quantization of a Klein-Gordon field in a region
with boundary with dynamical boundary conditions, which are
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prescribed by a boundary field equation. We then appropriately
define the local energy of the field, which allows us to study the
Casimir effect in this model.

STOCHASTIC SCHRÖDINGER EQUATION
WITH DIRICHLET BROWN-NOISE BOUNDARY

CONDITIONS

Elena Kaikina

Centro de Ciencias Matemáticas
UNAM Campus Morelia
Morelia Mich., Mexico

ekaikina@matmor.unam.mx

Abstract

We consider the stochastic nonlinear Schrödinger equations on
a half-line with Dirichlet brown-noise boundary conditions. We
establish the global existence and uniqueness of solutions to the
initial-boundary value problem with values in H1. We are also
interested in the regularity behavior of solutions near the origin,
where the boundary data are highly irregular.

MELLIN PSEUDODIFFERENTIAL OPERATORS
WITH NON-REGULAR SYMBOLS AND THEIR

APPLICATIONS

Yuri Karlovich

Universidad Autónoma del Estado de Morelos
Cuernavaca, Mor., México)

karlovich@uaem.mx

Abstract

The talk is devoted to applications of Mellin pseudodifferential
operators with non-regular symbols to studying singular integral
operators with piecewise quasicontinuous coefficients on weighted
Lebesgue spaces with Muckenhoupt weights. A localization of a
class of Muckenhoupt weights to power weights, which is related
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to the Allan-Douglas local principle, is elaborated by using qua-
sicontinuous functions and Mellin pseudo-differential operators
with non-regular symbols. A Fredholm symbol calculus for Ba-
nach algebras of singular integral operators with piecewise quasi-
continuous coefficients on weighted Lebesgue spaces with a sub-
class of Muckenhoupt weights is con- structed and a Fredholm
criterion for the operators in these algebras is obtained. Appli-
cations to convolution type operators with non-regular symbols
are also considered.

ON THE INSTABILITY OF THE ESSENTIAL
SPECTRUM FOR BLOCK JACOBI MATRICES

Stanislas Kupin

Université de Bordeaux
351 Ave. Libération

33405, Talence Cedex, France

Stanislas.Kupin@math.u-bordeaux.fr

Abstract

We are interested in the phenomenon of the essential spectrum
instability for a class of unbounded (block) Jacobi matrices. We
give a series of sufficient conditions for the matrices from certain
classes to have a discrete spectrum on a half-axis of a real line.
An extensive list of examples showing the sharpness of obtained
results is provided.

This is a joint work with S. Naboko.

INVERSE PROBLEMS FOR QUANTUM GRAPHS

Pavel Kurasov

Department of Mathematics
Stocholm University

kurasov@math.su.se

Abstract

To solve the inverse spectral problem for the Schrödinger equa-
tion on a metric graph one needs to determine:
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• the metric graph;
• the potential in the Schrödinger equation;
• the vertex conditions (connecting the edges together).

The inverse problem is solved completely in the case of trees un-
der mild restrictions on the vertex conditions. The main tool is a
combination of the boundary control and M -function approaches
to inverse problems. These two approaches are essentially equiv-
alent in the case of single interval, but their different features may
be effectively exploited to solve different partial inverse problems
for trees. The bunch cutting procedure allows one to reduce
the tree step-by-step by removing edges and vertices close to the
boundary.

To solve the inverse problem for graphs with cycles we pro-
pose to use magnetic boundary control and magnetic M-
functions where spectral data for a fixed potential are consid-
ered as functions of the magnetic fluxes through graph cycles.
To solve the inverse problem we use cycle opening procedure
mapping spectral data for arbitrary graphs with cycles to spec-
tral data for trees on the same edge set. The graph and potential
are reconstructed assuming so far standard vertex conditions.

THE ESSENTIAL NUMERICAL RANGE OF
OPERATORS AND PENCILS

Marco Marletta

School of Mathematics
Cardiff University

Cardiff UK

MarlettaM@cardiff.ac.uk

Abstract

We discuss several alternative characterisations of the essential
numerical range for an unbounded operator on a domain in a
Hilbert space. Unlike the bounded case, studied by Stampfli and
Williams in the 1960s, these definitions are no longer equivalent.
We examine how they differ and which one(s) are of greatest use
for applications. One of these definitions turns out to be the
natural non-selfadjoint replacement for the extended essential
spectrum used by Davies, and by Levitin and Shargorodsky, to
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analyse spectral pollution when approximating self-adjoint oper-
ators using projection methods. We also examine generalisations
to linear operator pencils and generalised Morawetz tricks. These
allow us to establish, e.g., substantial improvements of a result
of Lewin and Sere on spectral pollution for Dirac systems.

Nota: This is joint work with Sabine Boegli (Durham) and
Christiane Tretter (Bern).

TIME-DEPENDENT APPROACH TO THE
DIFFRACTION PROBLEM BY WEDGES

Anatoli Merzon

Instituto de F́ısica y Matemáticas
Universidad Michoacana de San Nicolás de Hidalgo

Morelia, Mich., México

anatolimx@gmail.com

Abstract

We consider time-dimensional diffraction of the plane wave eik0x

by ideal wedges Q of magnitude φ ∈ [0, π) with DD, NN and DN
boundary conditions. In the case when φ = 0 this problem is
the famous Sommerfeld diffraction problem by a half-plane. We
call this type of diffraction stationary diffraction in contrast to
nonstationary diffraction.

Stationary diffraction problems are described, generally speak-
ing, by ill-posed BVP for the Helmholtz equation in the comple-
ment of Q. The ill-posedness consists, in particular, in the fact
that these problems admit an infinity of solution and in order to
choose the ”right” solution, physical ideas are needed. There are
many ways to make these problems well-posed, for example using
the operator methods [1]. Our approach is based on the represen-
tation of stationary diffraction as the limit of the nonstationary
one. In this case the incident plane wave is a nonstationary one
depending on time t: e−iω0t−k0xF (ω0t− k0x), where F (s) is the
profile function which determines the form of such incident wave
and F (s) → 1, as t → ∞. The last condition means that the
amplitude of the incident nonstationary wave tends to the sta-
tionary incident wave. The goal of this approach is to prove that
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for solutions of the nonstationary diffraction problems the fol-
lowing also holds: their amplitudes tend to the solutions of the
corresponding stationary problems. This is the Limiting Ampli-
tude Principle, and it gives another way to choose the ”right”
solution. It turns out that the nonstationary initial boundary
problem is well-posed in some functional class. This is partly
due to the fact that the nonstationary problem is reduced (after
the Fourier-Laplace transform in t) to the stationary one with
strictly elliptic Helmholtz equation, whose wave number is com-
plex.

To prove the well-posedness for the nonstatinary diffraction
problem and to solve it in a explicit form, we use the Method of
Automorphic functions on Complex Characteristics [2].

[1] Castro LP, Kapanadze D. Wave diffraction by wedges having
arbitrary aperture angle. J Math Anal Appl. 2015;421(2):1295-
1314.

[2] A. Komech, A. Merzon, (2019) Stationary diffraction by wedges.
In: Lecture Notes in Mathematics, vol 2249. Springer, Cham.

Maxwell’s equations and the (D +Malpha)
operator

Pablo Enrique Moreira Galván

Departamento de Matemáticas
CINVESTAV, México

paenmoga@gmail.com

Abstract

In [1] it was shown that, when the vectors of the electromagnetic
field do not depend on time the Maxwell system is equivalent to
Moisil-Teodorescu system

(D +M~ε)~E = − ρ√
ε

(D +M~µ) ~H = −
√
µ

j

Using the ideas presented in [2], one can construct operators T

and T̃ such that the Moisil-Teodorescu system can be written as

(D +Mα)T = T̃D
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whenever ε and µ are functions admitting separation of vari-
ables. A similar transformation is also valid for free force mag-
netic fields.
Joint work with M. Porter and V. Kravchenko

[1] V.V Kravchenko Applied Quaternionic Analisis. Heldermann
Verlag, 2003.

[2] H. Campos, V.V Kravchenko and S. Torba Transmutations
L-bases and complete families of solutions of the Stationary
Schödinger equation in the plane. Journal of Mathematics
Analysis and Applications, 389, 2012.

INFINITE QUANTUM GRAPHS

Delio Mugnolo

Fakultät für Mathematik und Informatik
FernUniversität in Hagen
58084 Hagen, Germany

delio.mugnolo@fernuni-hagen.de

Abstract

We consider the Laplacian operator with continuity and Kirch-
hoff conditions on infinite metric graphs, whose restriction to
the space of all compactly supported L2-functions is symmet-
ric and positive semi-definite, but need not be essentially self-
adjoint. We present conditions of geometric-combinatorial flavor
that guarantee the uniqueness of self-adjoint extensions. Under
a thinness assumption of the graph at infinity, we can fully char-
acterize those extensions that generate a Markovian semigroup;
conversely, we can describe those graphs for which such an ex-
tension is unique.

THE TRANSMISSION TIME AND LOCAL
INTEGRALS OF MOTION FOR DISORDERED

SPIN CHAINS

Bruno Nachtergaele

Department of Mathematics
Center for Quantum Mathematics and Physics

University of California, Davis
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Davis CA, 95616, USA.

bxn@math.ucdavis.edu

Abstract

We investigate the relationship between the zero-velocity Lieb-
Robinson bounds and the existence of local integrals of motion
(LIOMs) for disordered quantum spin chains. We also study the
effect of dilute random perturbations on the dynamics of many-
body localized spin chains. Using a notion of transmission time
for propagation in quantum lattice systems we demonstrate slow
propagation by proving a lower bound for the transmission time.
This result can be interpreted as a robustness property of slow
transport in one dimension. (Joint work with Jake Reschke)

LONG-RANGE SCATTERING FOR THE NLS
WITH EQUIATION POTENTIAL

Ivan Naumkin

Departamento de F́ısica Matemática
IIMAS-UNAM

Ciudad de México, México

ivan.naumkin@iimas.unam.mx

Abstract

In this talk, we consider the cubic nonlinear Schrödinger equation
with an external potential. We prove the existence of modified
scattering for this model, that is, linear scattering modulated by
a phase. Our approach is based on the spectral theorem for the
perturbed linear Schrödinger operator and a factorization tech-
nique, which allows us to control the resonant nonlinear term.
This approach requires a detailed and subtle study of the low-
energy properties of the scattering data. Therefore, we study the
cases of generic and exceptional potentials separately. The ex-
ceptional case is more delicate: we need some parity assumptions
in order to control the small-energy behavior of the scattering co-
efficients and of the wave functions.
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HERGLOTZ FUNCTIONS, THE FOURIER
EXTENSION OPERATOR AND

CHARACTERIZATIONS OF FUNCTIONS IN THE
SOBOLEV SPACES ON THE SPHERE

Salvador Pérez Esteva

Instituto de Matemáticas
UNAM, Cuernavaca, Mor., México

spesteva@im.unam.mx

Abstract

The classical Fourier extension operator W (f) in the sphere is
well defined for any distribution in the sphere and it is a solution
of the Helmholtz equation in the entire Euclidean space. A natu-
ral and very used situation is when f belongs to L2 of the sphere,
then W (f) is called a Herglotz wave function. There are sev-
eral characterizations of solutions of the Herglotz wave functions,
starting with the classical one proved by Hartman and Wilcox in
the 60’s. In this talk I will speak about the characterizations of
solutions of the Helmholtz arising from the Fourier extension op-
erator spaces of distributions in the unit sphere and in particular
from elements in the Sobolev spaces in the sphere. The results
presented in this talk require non-differential characterizations of
the Sobolev spaces in the sphere. This is done using multivari-
able square functions in the flavor of the Littlewood-Paley theory.

ORBITAL STABILITY OF STANDING WAVES
FOR A NONLINEAR SCHRÖDINGER EQUATION
WITH ATTRACTIVE DELTA POTENTIAL AND
DOUBLE POWER REPULSIVE NONLINEARITY

Ramón G. Plaza

Instituto de Investigaciones en Matemáticas Aplicadas y en
Sistemas Universidad Nacional Autónoma de México

plaza@mym.iimas.unam.mx

Abstract
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A nonlinear Schrödinger equation with an attractive (focusing)
delta potential and a repulsive (defocusing) double power non-
linearity in one spatial dimension is considered. It is shown, via
explicit construction, that both standing wave and equilibrium
solutions do exist for certain parameter regimes. In addition, it
is proved that both types of wave solutions are orbitally stable
under the flow of the equation by minimizing the charge/energy
functional. This is a collaboration with C. Hernández Melo (Mar-
ingá) and J. Angulo Pava (Sao Paulo).

INVERSE SPECTRAL PROBLEMS VIA
TRUNCATED TOEPLITZ OPERATORS

Alexei Poltoratski

Department of Mathematics
Texas A&M University

College Station, TX 77843, USA

alexeip@math.tamu.edu

Abstract

Recently found methods based on the use of truncated Toeplitz
operators produce new examples and algorithms in the area of
inverse spectral problems for differential operators. In my talk
I will discuss applications of these methods to canonical Hamil-
tonian systems.
The talk is based on joint work with Nikolai Makarov

FREDNOLM THEORY OF DIFFERENTIAL
OPERATORS ON INFINITE GRAPHS

Vladimir Rabinovich

Instituto Politécnico Nacional
ESIME Zacatenco

Gustavo A. Madero 07738, Ciudad de México, México

vladimir.rabinovich@gmail.com

Abstract
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Let Γ be an infinite metric oriented graph embedded in Rn, and
E , V be infinite countable sets of edges e ∈ E and vertices v ∈ V
of Γ. The graph is equipped with a differential operator

Au(x) =
r∑
j=0

aj(x)u(j)(x) , x ∈ Γ \ V.

with piece-wise smooth coefficients aj , j = 0, . . . , r, and general
connection operators at the vertices v ∈ V

Bku(v) =

mk∑
j=0

bjk(v)u
(j)
Ev (v) ∈ Cd(v) .

with v ∈ V, k = 1, . . . ,m, where d(v) is the number of edges
incident to v; bjk are d(v)× d(v) complex matrices,

u
(j)
Ev (v) = (u

(j)
1 (v), . . . , u

(j)
d(v)(v)) ∈ Cd(v).

where u
(j)
k are the limit values at the vertex v ∈ V of the deriva-

tives of u
(j)
k taken along the edges ek ∈ EV according to their

orientation.We associate with the operator A and the operators
Bk, k = 1, . . . ,m an operator A = (A,B1, B2, . . . , Bm) acting
from the Sobolev space Hs(Γ) to the space Hs−r(Γ) ⊕ L2(V)m,

where L2(V) = ⊕v∈VCd(v). We study the smoothness, and ex-
ponential behavior at infinity of solutions of the equation Au =
(f, φ1, . . . , φm) and for periodic graphs we obtain the necessary
and suffcient conditions of the Fredholmness of A, and a descrip-
tion of the essential spectrum of the realization of A in L2(Γ).
We give applications of these results to the Schrödinger operators
on periodic graphs with general conditions at the vertices.

[1] V.Rabinovich, Fredholm theory of differential operators on
periodic graphs, Mathematiclal Problems in Quantum Physics,
October 8-11, 2016, Atlanta, Georgia, Contemp. Math., 717,
AMS, 2018

[2] V.Rabinovich, On the essential spectrum of quantum graphs,
Integr. Equ. Oper. Theory 88, 339–362, 2017

ANALYTICITY PROPERTIES OF THE
SCATTERING MATRIX FOR

QUASI-ONE-DIMENSIONAL DISCRETE
SCHRÖDINGER OPERATORS
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Hermann Schulz-Baldes

Department Mathematik
Friedrich-Alexander-Universität
Erlangen-Nürnberg, Germany

schuba@mi.uni-erlangen.de

Abstract

Explicit formulas for the scattering matrix and the time delay
of a quasi-one-dimensional discrete Schroedinger operators with
a potential of finite support are derived. By a careful analysis
of the band edge singularities, it is shown that the scattering
matrix has an analytic extension at the band edges. This allows
to prove a Levinson-type theorem. The main algebraic tool is a
new plane wave representation of the transfer matrices.
Based on a joint work with M. Ballesteros and G. Franco.

A FORMULA FOR THE SPECTRAL DENSITY
FOR A CLASS OF JACOBI MATRICES IN THE

CRITICAL CASE

Sergey Simonov

St. Petersburg Department of
V. A. Steklov Institute of Mathematics

of the Russian Academy of Sciences
Fontanka 27, St. Petersburg 191023, Russia

sergey.a.simonov@gmail.com

Abstract

For a class of Jacobi matrices with unbounded entries in the
so called critical (double root, Jordan box) case we establish a
formula for the spectral density of the matrix in terms of the
asymptotics of orthogonal polynomials associated with it. The
talk is based on a joint work with Sergey Naboko.For a class of
Jacobi matrices with unbounded entries in the so called critical
(double root, Jordan box) case we establish a formula for the
spectral density of the matrix in terms of the asymptotics of or-
thogonal polynomials associated with it.
The talk is based on a joint work with Sergey Naboko.
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SPECTRAL PORTRAITS IN THE
SEMI-CLASSICAL APPROXIMATION OF THE

STURM-LIOUVILLE PROBLEM WITH A
COMPLEX POTENTIAL

Andrey A. Shkalikov

Department of Mechanics and Mathematics
Lomonosov Moscow State University

Moscow, Russia

shkalikov@mi.ras.ru

Abstract

We study the problem on the limit behavior of the discrete spec-
trum of the Sturm–Liouville problem

−εy′′(x) + P (x, λ)y(x) = 0, y(a) = y(b) = 0,

provided that the physical parameter ε tends to zero. It is as-
sumed that λ is the spectral parameter, the function P is poly-
nomial on x with analytic coefficients on λ varying on a do-
main G in the complex λ-plane C. The case P (x, λ) = p(x)− λ
with complex valued polynomial p corresponds to the usual linear
spectral problem. Boundary conditions are formed by arbitrary
complex numbers a, b or ±∞. The cases of finite segment [a, b],
semi-axis and the whole line are considered separately. We shall
show that in all cases the eigenvalues are concentrated along the
so–called limit spectral graph as ε → 0. We define three type
of curves, forming this graph and find the asymptotic formulae
for the eigenvalue distribution along the curves of various types.
For the case P (x, λ) = p(x) − λ with real polynomial p(x) and
(a, b) = R these formulae coincide with the well known Bohr-
Sommerfeld quantization formulae. In all other cases the formu-
lae are new. Non-self-adjoint Sturm-Liouville problems are often
found in mathematical physics. We demonstrate this consider-
ing the well-known in hydromechanics Orr-Sommerfeld spectral
problem.
The talk is based on the joint works with S.N.Tumanov.
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ESTIMATES AND ASYMPTOTIC BEHAVIOR OF
THE DISCRETE SPECTRUM

OF A DISCRETE PERIODIC SCHRODINGER
OPERATOR

PERTURBED BY A DECREASING POTENTIAL

Vladimir Sloushch

St. Petersburg State University
St. Petersburg, Russia

vsloushch@list.ru

Abstract

in collaboration with E. L. Korotyaev

Consider a discrete periodic Schrodinger operator H := ∆+Q on
a locally finite connected Zd-periodic graph Γ, embedded in Rd;
here ∆ is the discrete Laplace operator on Γ, Q — real bounded
Zd-periodic potential on Γ. The operator H is perturbed by a
sign-definite decreasing potential V defined on the graph Γ. The
potential V has a power-like asymptotics at infinity

(4) 0 ≤ V (x) ∼ ϑ(
x

|x|
)|x|−d/p, |x| → ∞, p > 0.

We are interested in the spectrum of operators H±(t) := H ±
tV , t > 0, arising in spectral gaps of the operator H. Sup-
pose the spectrum of the operator H contains the gap (Λ+,Λ−)
(possibly semi-infinite). Since the potential V decreases on in-
finity, the spectrum of operators H±(t), t > 0, is discrete in
the gap (Λ+,Λ−). Eigenvalues of the operators H±(t) move
monotonously with increasing t. The main objects of study are
counting functions N±(λ, τ, V ), λ ∈ [Λ+,Λ−], τ > 0, equaled to
the number of eigenvalues of the operators H±(t) passing through
the pointλ with increasing t from 0 to τ .

The main result of the work is as follows: if the perturba-
tion satisfies the condition (4), then the counting functions have
power-like asymptotics with respect to large coupling constant for
all λ ∈ (Λ+,Λ−)

(5) N±(λ, τ, V ) ∼ Γ±p (λ,H, V )τp, τ → +∞.
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The coefficients Γ±p (λ,H, V ) can be calculated in terms of the op-
erator H and the perturbation V . Under the certain conditions
the asymptotics (5) holds at the edges of the gap.

TWO NEW TRACE FORMULAE FOR
HERMITIAN MATRICES

Uzy Smilansky

Department of Physics of Complex Systems
Weizmann Institute of Science

Rehovot 7610001, Israel

uzy.smilansky@weizmann.ac.il

Abstract

Trace formulae are important tools in spectral geometry since
they connect between spectral information and geometric or dy-
namical information pertaining to the operator under study. Typ-
ically the spectral information is expressed in terms of the spec-
tral density or the spectral counting function. The geometrical
information resides in the properties of periodic structures or
orbits such as closed walks on graphs, periodic geodesics, etc.
Here, two distinct and new trace formula will be presented and
discussed, where the “geometric information” stored in the Her-
mitian matrices are the traces of powers of the matrix, considered
as sums over periodic orbits in the matrix entries. Some appli-
cations and relations to classical results will be reviewed.

Joint work with Sven Gnutzmann)

TOEPLITZ QUANTIZATION OF ALGEBRAS
AND ITS APPLICATION TO THE QUANTUM

GROUP SUq(2)

Stephen B. Sontz

Centro de Investigación en Matemáticas, A.C.
(CIMAT)

Guanajuato, Mexico

sontz@cimat.mx
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Abstract

First, I will outline a way to define Toeplitz operators and their
corresponding Toeplitz quantization where the symbols come
from a not necessarily commutative algebra. Then this will be
applied to the special case where the symbols are elements of the
quantum group SUq(2).

Homogenization of hyperbolic equations with
periodic coefficients

Tatiana Suslina

St. Petersburg State University
St. Petersburg, Russia

t.suslina@spbu.ru

Abstract

We give a survey of the results on operator error estimates in
homogenization of hyperbolic equations with periodic rapidly os-
cillating coefficients (Birman and Suslina, 2008; Meshkova, 2017;
Dorodnyi and Suslina, 2018, 2019).

In L2(Rd;Cn), we consider a selfadjoint matrix strongly el-
liptic operator Aε, ε > 0, given by the differential expression
b(D)∗g(x/ε)b(D). Here g(x) is a periodic bounded and positive
definite matrix-valued function, and b(D) is a first order differen-

tial operator. We study the behavior of the operators cos(tA
1/2
ε )

and A
−1/2
ε sin(tA

1/2
ε ), t ∈ R, for small ε. It is proved that, as ε→

0, these operators converge to cos(tA
1/2
0 ) and A

−1/2
0 sin(tA

1/2
0 ),

respectively, in the norm of operators acting from the Sobolev
space Hs(Rd;Cn) (with a suitable s) to L2(Rd;Cn). Here A0 =
b(D)∗g0b(D) is the effective operator. We prove sharp-order er-
ror estimates and study the question about the sharpness of the
results with respect to the norm type and with respect to de-
pendence of estimates on t. The results are applied to study
the behavior of the solution uε(x, t) of the Cauchy problem for
hyperbolic equation ∂2t uε(x, t) = −(Aεuε)(x, t). Applications to
the nonstationary equations of acoustics and elasticity are given.
The method is based on the scaling transformation, the Floquet-
Bloch theory and the analytic perturbation theory.
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OVERSAMPLING AND UNDERSAMPLING IN
DE BRANGES SPACES

Julio H. Toloza

Departamento de Matemática
Universidad Nacional del Sur

Bah́ıa Blanca, Argentina

julio.toloza@uns.edu.ar

Abstract

Let B be a de Branges space of entire functions, whose repro-
ducing kernel is denoted KB(z, w). Let SB denote the (maximal)
operator of multiplication by the independent variable in B.

A de Branges space B has the oversampling property if, for
every de Branges subspace A ( B, there exists a function JAB :
C× C→ C such that:

(o1) For all w ∈ C, JAB(·, w) ∈ B; moreover, JAB(z, w) =
JAB(w, z)∗ = JAB(w∗, z∗).

(o2) For some selfadjoint extension SB,γ of SB, the identity

F (z) =
∑

λ∈σ(SB,γ)

JAB(z, λ)

KB(λ, λ)
F (λ)

holds true for every F ∈ A, where the convergence is
absolute and uniform in compact subsets of C.

(o3) The series ∑
λ∈σ(SB,γ)

|JAB(z, λ)|√
KB(λ, λ)

converges uniformly in compact subsets of C.

On the other hand, B has the undersampling (or aliasing)
property if given any de Branges subspace A ( B, there exists a
selfadjoint extension SA,γ of SA such that:

(u1) For every F ∈ B, the series

F̃ (z) =
∑

λ∈σ(SA,γ)

KA(z, λ)

KA(λ, λ)
F (λ)

converges absolutely and uniformly in compact subsets
of C.
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(u2) Given a compact subset K ⊂ C, there exists C(K) > 0
such that∣∣∣F̃ (z)− F (z)

∣∣∣ ≤ C(K) ‖(I − PAB)F‖B

for all F ∈ B, where PAB : B → B denotes the orthogo-
nal projector onto A.

The notions of oversampling and aliasing stem from the the-
ory of Paley-Wiener spaces. Since Paley-Wiener spaces are par-
ticular instances of de Branges spaces, it is natural to ask whether
these properties are present in some other classes of de Branges
spaces, maybe in all of them. In this talk, we present some results
about oversampling and aliasing in de Branges spaces associated
with some classes of Schrödinger operators, thus providing a par-
tial answer to the aforementioned question.

This talk is based on joint works with L. O. Silva and A.
Uribe.

SERIES REPRESENTATION OF INTEGRAL
KERNELS OF TRANSMUTATION OPERATORS

AND APPLICATIONS TO EFFICIENT
SOLUTION OF SPECTRAL PROBLEMS

Sergii Torba

CINVESTAV Querétaro
Querétaro 76230, Qro. México

storba@math.cinvestav.edu.mx

Abstract

Solutions to a one-dimensional Schrödinger equation−y′′+q(x)y =
ω2y considered on a segment [−b, b] can be represented as images
of the solutions to the simplest equation −y′′ = ω2y under the
action of a transmutation operator T having the form

Tu(x) = u(x) +

∫ x

−x
K(x, t)u(t) dt, x ∈ [−b, b].

We consider the expansion of the integral kernel K into a series
with respect to the system of orthogonal polynomials, present
formulas for the coefficients and show that truncated sums can be
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used for efficient numerical solution of initial value and spectral
problems.

Similar results are presented for the perturbed Bessel equa-

tion −y′′ + `(`+1)
x2

+ q(x)y = ω2y.
The talk is based on the results obtained with V. V. Kravchenko,
Luis J. Navarro and R. Castillo-Perez.

ALGEBRAS GENERATED BY TOEPLITZ
OPERATORS WHOSE SYMBOLS ARE

INVARIANT UNDER A GROUP ACTION

Nikolai Vasilevski

CINVESTAV del I.P.N.
Ciudad de México, México

nvasilev@math.cinvestav.mx

Abstract

Let A2
λ(Bn), λ ∈ (−1,∞), be the standard weighted Bergman

space on the unit ball Bn in Cn. And let T λa denote the Toeplitz
operator, with symbol a ∈ L∞, acting on A2

λ(Bn). Given an
(Abelian) subgroup G of biholomorphisms of Bn, we are looking
for a Bargmann type unitary transform of A2

λ(Bn) onto a direct
sum (or direct integral) of Hilbert spaces

RG : A2
λ(B)n →

⊕
α

Hα

(∫ ⊕
α
Hαdα

)
and a set of G-invariant symbols

SG = {a ∈ L∞(B) : a = a ◦ g for all g ∈ G}
such that, for each a ∈ SG, the operator RGT

λ
aR
∗
G leaves in-

variant each Hilbert space Hα in the above direct sum (direct
integral) decomposition. In that way a problem of the character-
ization of the algebra generated by Toeplitz operators T λa , with
a ∈ SG, reduces to the description of the algebras generated
by the operators RGT

λ
aR
∗
G‖Hα in each of the spaces Hα. Fur-

thermore certain quantization effects (caused by α tending to
infinity) have to be taken into account. In the talk we present
several examples of the above approach characterizing various
commutative C∗, commutative Banach, and non commutative
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C∗-algebras generated by Toeplitz operators for the case of the
two-dimensional unit ball. The talk is based on a joint work with
Wolfram Bauer.

NON LINEAR-FOURIER TRANSFORM USING
LARGE TRANSMUTATION OPERATORS AND SPPS

REPRESENTATIONS

Ulises Velasco Garćıa

Universidad Autónoma de Querétaro
Querétaro Qro. México

uvelasco@im.unam.mx

Abstract

In this talk we focus on the direct non-linear Fourier transform
for the Non Linear Schrödinger Equation, which reduces to the
study of the Zakharov-Shabat (Z-S) system [1,4,5] of the form(

v′1(x)
v′2(x)

)
=

(
−iλ q(x)
−q∗(x) iλ

)(
v1(x)
v2(x)

)
,

where v1,2(x) are unknown complex functions, λ is the spectral
parameter, the complex-valued function q(x) is the potential,
the simbol ∗ represents the complex conjugation and i is the
imaginary unit. Since the Z-S system reduces to Sturm-Liouville
equations we show, under a few restrictions for the potential, the
spectral parameter power series [2] and the analytic approxima-
tion of transmutations operators [3] representations for the solu-
tions of the Z-S system and the corresponding nonlinear Fourier
coefficients. Finally we show numerical experiments, properties
and numerical advantages of each method.

[1] Mark J Ablowitz and Harvey Segur. Solitons and the inverse
scattering transform, volume 4. Siam, 1981.

[2] Vladislav V Kravchenko and R Michael Porter. Spectral pa-
rameter power series for Sturm–Liouville problems. Math-
ematical Methods in the Applied Sciences, 33(4): 459–468,
2010.

[3] Vladislav V Kravchenko and Sergii M Torba. Analytic ap-
proximation of transmutation operators and applications to
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highly accurate solution of spectral problems. Journal of
Computational and Applied Mathematics, 275: 1– 26, 2015.

[4] JK Shaw. Mathematical principles of optical fiber communi-
cations, volume 76. Siam, 2004.

[5] Mansoor I Yousefi and Frank R Kschischang. Information
transmission using the nonlinear fourier transform, part i:
Mathematical tools. IEEE Transac- tions on Information
Theory, 60(7): 4312–4328, 2014.

TRANSMUTATION OPERATORS AND
COMPLETE SYSTEMS OF SOLUTIONS FOR

THE D-DIMENSIONAL RADIAL SCHRÖDINGER
EQUATION

Vı́ctor Alfonso Vicente Beńıtez

Department of Mathematics
Cinvestav, Unidad Querétaro

Querétaro, Qro. México

vavicente@math.cinvestav.mx

Abstract

The aim of this talk is to present an explicit construction of an or-
thogonal complete system of solutions for the radial Schrödinger
equation. We consider in a star-shaped domain Ω of the Eu-
clidean space Rd (with d > 2) the equation of the form

(6) Su(x) := (4d − q (‖x‖))u(x) = 0 for x ∈ Ω,

where q is a C1 function that only depends of the radial compo-
nent r = ‖x‖.

Using the approach of transmutation operators theory, we
consider the fact of any solution of (6) can be written in the
form

(7) T f(x) = f(x) +

∫ 1

0
σd−1G(r, 1− σ2)f(σ2x)dσ,

where h is an harmonic function in Ω [1]. We show that T is

a transmutation operator for the pair Ŝ := r2S and L̂ := r24d

and that it is continuous and invertible.
Employing the properties of T , we obtain a complete system

of solutions S for (6), that generalizes the concept of harmonic
homogeneous polynomial. The completeness of the system S in
the sense of the uniform convergence on compact subsets of Ω is
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established, with the Runge property in term of it. In addition,
we develop the explicit construction of the system, and for the
case that the domain is an open ball centered at the origin, we
obtain an orthogonal basis for the Bergman space of L2-solutions.

[1] R. P. Gilbert, K. Atkinson, Integral operator methods for
approximating solutions of Dirichlet problems. ISMN Vol. 15,
Birkhäuser, Basel, 1970.

This is a joint work with Vladislav V. Kravchenko

ON LIMITING EIGENVALUE OR RESONANCE
DISTRIBUTION THEOREMS IN

MATHEMATICAL PHYSICS

Carlos Villegas

Instituto de Matemáticas
UNAM, Cuernavaca, Mor., México

carlos.villegas@im.unam.mx

Abstract

We will describe several cases where we can state a semiclassical
limiting eigenvalue or resonance distribution theorem for clusters
of either eigenvalues or resonances after introducing a perturba-
tion of an initial system whose eigenvalues are both degenerated
and isolated. This includes the initial result by A. Weinstein on
perturbations of the Laplacian on a Riemannian compact mani-
fold all of whose geodesics are closed. We will mainly concentrate
on the system given by perturbations of the Landau problem con-
sidering the semiclassical limit in two different ways.

SPECTRAL THEORY FOR SYSTEMS OF
ORDINARY DIFFERENTIAL EQUATIONS WITH

DISTRIBUTIONAL COEFFICIENTS

Rudi Weikard

Department of Mathematics
University of Alabama at Birmingham

Birmingham, AL 35294-1241 USA
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weikard@uab.edu

Abstract

We discuss the spectral theory of the first-order system Ju′+qu =
wf of differential equations on the real interval (a, b) when J is
a constant, invertible skew-Hermitian matrix and q and w are
matrices whose entries are distributions of order zero with q Her-
mitian and w non-negative. We do not require the definiteness
condition often made on the coefficients of the equation. Specif-
ically, we construct associated minimal and maximal relations,
and study self-adjoint restrictions of the maximal relation. For
these we construct Green’s function and prove the existence of a
spectral (or generalized Fourier) transformation.

This is joint work with Kevin Campbell, Ahmed Ghatasheh,
and Minh Nguyen

ESTIMATES FOR EIGENVALUES IN GAPS OF
THE ESSENTIAL SPECTRUM

Monika Winklmeier

Departamento de Matemáticas
Universidad de Los Andes
111711 Bogotá, Colombia

mwinklme@uniandes.edu.co

Abstract

In this talk I will show how bounds for eigenvalues in gaps of
the essential spectrum of a linear operator can be obtained. We
will apply these results to a one-dimensional Dirac type operator.

ASYMPTOTIC BEHAVIOR OF ORTHOGONAL
POLYNOMIALS

WITHOUT THE CARLEMAN CONDITION

Dmitri Yafaev

Univ Rennes, CNRS, IRMAR-UMR 6625, F-35000 Rennes,
France and SPGU, Univ. Nab. 7/9, Saint Petersburg, 199034

Russia
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yafaev@univ-rennes1.fr

Abstract

Our goal is to find an asymptotic behavior as n → ∞ of or-
thogonal polynomials Pn(z) defined by the Jacobi recurrence co-
efficients an, bn. We suppose that the off-diagonal coefficients
an grow so rapidly that the series

∑
a−1n converges, that is, the

Carleman condition is violated. With respect to diagonal coef-
ficients bn we assume that −bna−1n → 2β∞ for some β∞ 6= ±1.
The asymptotic formulas obtained for Pn(z) are quite different
from the case

∑
a−1n = ∞ when the Carleman condition is sat-

isfied. In particular, if
∑
a−1n < ∞, then the phase factors in

these formulas do not depend on the spectral parameter z ∈ C.
The asymptotic formulas obtained in the cases |β∞| < 1 and
|β∞| > 1 are also qualitatively different from each other. These
results imply, in particular, that the corresponding Jacobi op-
erator has deficiency indices (1, 1) in the first case, while it is
essentially self-adjoint in the second case.

LIEB-THIRRING INEQUALITIES FOR FINITE
AND INFINITE GAP OPERATORS

Maxim Zinchenko

Department of Mathematics and Statistics
University of New Mexico

Albuquerque, NM 87106, USA

maxim@math.unm.edu

Abstract

In this talk I will overview classical results as well as recent ad-
vances on Lieb-Thirring bounds (i.e. eigenvalue power bounds)
for discrete eigenvalues of either Jacobi or Schrödinger operators
with periodic or almost-periodic background potentials and self-
adjoint and non-self-adjoint Lp class perturbations.

A NEW APPROACH TO PROOF THE RIEMANN
HYPOTESIS USING A NEW OPERATOR
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Rafik Zeraoulia

University of Batna 2 Fedis, Algeria

r.zeraoulia@univ-batna2.dz

Abstract

In this note we present a new approach to proof the Riemann
hypothesis one of the most important open problem in pure
mathematics using a new operator derived from unitary operator
groups acting on Riemann-Siegal function and it uses partition
function for Hamiltonian operator.
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DISPERSIVE PROPERTIES OF RESONANT
STARTIFIED ELASTIC MEDIA

Reynaldo Castaneira Ramı́rez

Instituto Tecnológico de Oaxaca
Oaxaca, Oax., México

r.castaneira02@gmail.com

Abstract

Motivated by the novel approach proposal in [2] to critical-contrast
homogenisation for periodic PDEs. We aplied and develop the
tecniques adopted in [2] to the theory of linear elasticity for con-
tinuous media in the vector case. Specifically, to isotropic ma-
terials. It is important to note that although [1, 2, 3] concrete
examples of application of this new perspective have been pre-
sented, which have been made in the scalar case, however model-
ing and application of the theory in other problems is not trivial
because the implementation depends strongly on the microstruc-
ture properties of the medium.

[1] Cherednichenko, K., Ershova, Yu., Kiselev, A. V., 2018. Time-
dispersive behaviour as a feature of critical contrast media.
arXiv: 1803.09372

[2] Cherednichenko, K., Ershova, Yu., Kiselev, A. V., 2018. Ef-
fective behaviour of critical- contrast PDEs; Micro-resonances,
Frequency conversion, and time-dispersive media. I. In prepa-
ration.

[3] Cherednichenko, K., Ershova, Yu., Kiselev, A. V.,and Naboko,
S., 2018. Unified ap- proach to critical-constrast homogeni-
sation with explicit links to time-dispersive media. arXiv:
1805.00884.

On the Path Integral for Non-Relativistic
Quantum Electrodynamics

Fedro Guillén

Facultad de Ciencias
Universidad Nacional Autónoma de México

Cd. Universitaria Ciudad de México, México

fedguigar@ciencias.unam.mx

Abstract
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Based on previous work done by W. Ichinose, a rigorous model
for the path integral in the context of nonrelativistic quantum
electrodynamics is studied. We begin with a Lagrangian that
corresponds to the classical theory of electromagnetism, which
allows us to define a classical action. We restrict the theory to
a box with periodic boundary condition in order to expand the
electromagnetic potential as Fourier series. The integral is de-
fined as a limit of integrals over picewise constant paths which
go over the possible positions of the particle and the possible
Fourier coefficients. We prove that this limit is a solution of the
Schrödinger equation for the respective quantum Hamiltonian.

ON THE LOCATION OF THE ZEROS OF
MATRIX ORTHOGONAL POLYNOMIALS

Rafael Morales Jiménez

Facultad de Ciencias
Universidad de Colima
Colima Col. México.

rmorales2@ucol.mx

Abstract

In this contribution, we review some properties related to the lo-
cation of the zeros of matrix orthogonal polynomials on the unit
circle. In particular, we are interested in the location of the ze-
ros of their derivatives. This can be helpful to determine relative
asymptotic results of families of matrix polynomials associated
with spectral transformations of matrix measures

DIFFERENTIAL OPERATORS WITH
WHITE-NOISE

Carlos G Pacheco

CINVESTAV
Ciudad de México, México

cpacheco@math.cinvestav.mx

Abstract
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We study differential operators with random coefficients in terms
of the white noise; this includes an operator with a random po-
tential. Using bilinear forms we propose finding explicitly the
Green kernel of these operators. To do so we appeal to theory of
Sturm-Liouville.

INVERSE SPECTRAL ANALYSIS FOR A CLASS
OF BAND SYMMETRIC MATRICES

Sergio Palafox

Instituto de F́ısica y Matemáticas
Universidad Tecnológica de la Mixteca

Huajuapan de León, Oax., México

sergiopalafoxd@gmail.com

Abstract

An inverse spectral problem is solved for a class of band sym-
metric matrices. We give the necessary and sufficient conditions
so that a matrix-valued function to be a spectral function of the
corresponding operator. Additionally, we give an algorithm for
recovering the matrix from the spectral function. The class stud-
ied corresponds to operators arising from difference equations
with usual and inner boundary conditions. This work was done
in collaboration with Mikhail Kudryavtsev and Luis O. Silva.

Henstock-Kurzweil Sobolev space

Tomás Pérez Becerra

Instituto de F́ısica y Matemáticas
Universidad Tecnológica de la Mixteca

Huajuapan de León, Oax., México

tompb55@hotmail.com

Abstract

Sobolev spaces, defined as integrable functions whose weak deriv-
ative is integrable, are useful to ensure the existence and unique-
ness of weak solutions to problems in ordinary differential equa-
tions. In this talk, we will show some properties of these spaces
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if we consider the integrable functions in the sense of Henstock-
Kurzweil, which allows generalizing some classic results of the
Lebesgue integral.

STURM-LIOUVILLE DIFFERENTIAL
EQUATIONS WITH HENSTOCK-KURZWEIL

INTEGRABLE FUNCTIONS

Salvador Sánchez-Perales

Instituto de F́ısica y Matemáticas
Universidad Tecnológica de la Mixteca

Huajuapan de León, Oax., México

es21254@yahoo.com.mx

Abstract

We give sufficient conditions for existence and uniqueness of
solutions of the Sturm-Liouville equations involving Henstock-
Kurzweil integrable functions as coefficients, these results con-
sider highly oscillatory functions not Lebesgue integrable. Ex-
amples in the sense variational and in the numerical framework
are provided.
This work was done in collaboration with Tomás Pérez Becerra.


