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15.40-16.10CoffeebreakCoffeebreakCoffeebreakCoffeebreak

16.10-16.50MatrasulovArrizabalagaSmyshlyaev
17.00-17.40NojaMas



Naiara Arrizabalaga (University of the Basque Country):

The eigenvalue problem for the generalized MIT bag
model

In this talk we present some recent developments on the eigenvalue problem
for the generalized MIT bag model. This generalized MIT bag model is the
free Dirac operator, H = −iα · ∇ +mβ, defined on a smooth and bounded
domain Ω ⊂ R3 with the boundary condition φ = i

2
(λe − λsβ)(α · N)φ

on ∂Ω and λ2
e − λ2

s = −4. For λe = 0 and λs = 2, we recover the MIT
bag operator, which is the simplified model for the confinement of quarks
on hadrons. To study the above mentioned problem we need to introduced
some results and ideas gathered on the papers [1, 2, 3] for shell interactions
for the Dirac operators, in particular, for electrostatic and Lorentz escalar
potentials. This is a joint work with A. Mas, T. Sanz and L. Vega.
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Ram Band (Technion - Israel Institute of Technology):

The characteristic torus

We discuss a method which is useful for studying some spectral problems.
There are several systems whose spectrum can be described in terms of a
linear flow on some high dimensional torus. This characteristic torus pos-
sesses a co-dimension one manifold, called the secular manifold. The points
where the linear flow pierces the secular manifold represent eigenvalues of the
underlying system. Properties of those eigenvalues and their corresponding
eigenfunctions may be deduced from features of the secular manifold and
predefined functions on this manifold.

We demonstrate how this method is applicable for the following spectral
problems:

1. Compact quantum graph eigenfunctions and statistics of their
properties.

2. Band-gap structure of periodic quantum graphs.

3. Band-gap properties of wave propagation in elastic laminates.

The talk is based on joint works with Lior Alon, Gregory Berkolaiko and Gal
Shmuel.

Diana Barseghyan (Ostrava University):

Eigenvalue bounds for magnetic Schrödinger operators

The aim of the talk is to derive spectral estimates into several classes of
magnetic systems. They include three-dimensional unbounded regions with
Dirichlet boundary. We establish two-dimensional Berezin-Li-Yau and Lieb-
Thirring-typebounds in the presence of constant magnetic fields and, using
them, get three-dimensional estimates for the eigenvalue moments of the cor-
responding magnetic Laplacians. Another model concerns with the magnetic
Schrödinger operators on the two-dimensional unit disk with a radially sym-
metric magnetic field which explodes to infinity at the boundary. We prove
a bound for the eigenvalue moments and a bound for the number of negative
eigenvalues for such operators.



Gregory Berkolaiko (Texas A&M University):

Spectral estimates for Schrödinger operators on
periodic discrete graphs

Tight-binding approximation is frequently used in physics to analyze wave
propagation through periodic medium. Its Floquet–Bloch transform is a
compact graph with a parameter-dependent operator defined on it. The
graph of the eigenvalues as functions of parameters is called the dispersion
relation. Extrema (minima and maxima) of the dispersion relation give rise
to band edges: endpoints of intervals supporting continuous spectrum and
therefore allowing wave propagation. Locating the extrema can be difficult
in general; there are examples where extrema occur away from the set of
parameters with special symmetry. In this talk we will show that a large
family of tight-binding models have a curious property: any local extremum
is in fact the global extremum.

Based on a joint project with Yaiza Canzani, Graham Cox, Jeremy Marzuola.

Jens Bolte (Royal Holloway, University of London):

Many particles on metric graphs: interactions
and statistics

Quantum graphs describe particles in (quasi) one-dimensional structures with
a non-trivial topology. Single particle models have proven useful in many
theoretical and applied investigations. Introducing models of many (identi-
cal) particles on quantum graphs offers the opportunity to investigate two
aspects of many particle systems: interactions and statistics. In this talk
we will introduce two-particle contact interactions on general metric graphs
and discuss some of their properties. We will then address the question of
non-trivial statistics of identical particles. This problem has been studied in
depth for discrete graphs. Extending those results to metric graphs requires
to combine particle exchanges and contact interactions in a suitable way.



Raffaele Carlone (Università degli studi di Napoli):

On the nonlinear Dirac equation on metric graphs

In this talk I will review some recent results on the nonlinear Dirac (NLD)
equation on metric graphs. In the case of localized Kerr nonlinearities, with
Kirchhoff-type conditions at the vertices, we discuss existence and multiplic-
ity of the bound states. We also prove that, in the subcritical case, they
converge to the bound states of the nonlinear Schrödinger equation in the
nonrelativistic limit. In the second part we consider a Kerr-type nonlinearity
on non-compact metric graphs with a finite number of edges, in the case
of Kirchhoff-type vertex conditions. We prove local well-posedness for the
associated Cauchy problem in the operator domain and, for infinite N -star
graphs, the existence of standing waves.

This is a joint work with W. Borrelli and L. Tentarelli.

Biagio Cassano (Università degli Studi di Bari):

Self-adjoint extensions of the two-valley Dirac operator
with discontinuous infinite mass boundary conditions

The dynamics of low-energy electrons in graphene is effectively described by
a Hamiltonian associated to the matrix differential expression

M =

(
D 0
0 D

)
,

where D is the two-component Dirac differential expression in two dimen-
sions. In many applications the description is reduced to the study of an
operator associated to D only; however, interactions that mix the valleys,
namely that consider the full M, may indeed occur in graphene. We con-
sider the four-component two-valley Dirac operator M on a wedge in R2

with infinite mass boundary conditions, which enjoy a flip at the vertex: we
describe all its self-adjoint extensions, and we observe that there exists no
self-adjoint extension that can be decomposed into an orthogonal sum of two
two-component operators.

This is a joint work with Vladimir Lotoreichik.



Kirill Cherednichenko (University of Bath):

Functional model for extensions of symmetric operators
and applications to scattering theory

I shall discuss the functional model for extensions of symmetric operators and
its applications to the theory of wave scattering. In terms of Boris Pavlov’s
spectral form of this model, we find explicit formulae for the action of the
unitary group of exponentials corresponding to almost solvable extensions
of a given closed symmetric operator with equal deficiency indices. On the
basis of these formulae, we are able to derive a new representation for the
scattering matrix for pairs of such extensions. We use this representation to
explicitly recover the coupling constants in the inverse scattering problem for
a finite non-compact quantum graph with delta-type vertex conditions. This
is joint work with A. V. Kiselev and L. O. Silva.

Horia Cornean (Aalborg University):

Parseval frames of exponentially localized magnetic
Wannier functions

Motivated by the analysis of gapped periodic quantum systems in presence
of a uniform magnetic field in dimension d ≤ 3, we study the possibility
to construct spanning sets of exponentially localized (generalized) Wannier
functions for the space of occupied states. Our results are illustrated in
crystalline insulators modelled by 2d discrete Hofstadter-like Hamiltonians,
but apply to certain continuous models of magnetic Schrödinger operators
as well. This is joint work with Domenico Monaco (Sapienza) and Massimo
Moscolari (Aalborg), Commun. Math. Phys. 371(3), 1179-1230 (2019).



Pavel Exner (Doppler Institute, Prague):

Spectral optimization for singular Schrödinger
operators

Relations between geometry and spectral properties belong to trademark
topics of mathematical physics. Seeking optimization of eigenvalues, sym-
metry often provides a guide. In this talk we are concerned with finding
configurations of singular interactions that optimize the ground state of the
corresponding Schrödinger operator. Combining variational methods with
the generalized Birman-Schwinger principle we analyze the problem for sev-
eral families of interaction supports which can be roughly characterized as
loops, cones, and stars. Related results about point interactions and Robin
billiards will be also mentioned.



Bernard Helffer (Université de Nantes):

On Courant’s nodal domain property for linear
combinations of eigenfunctions

We revisit Courant’s nodal domain property for linear combinations of eigen-
functions. This property was proven by Sturm (1836) in the case of dimension
1. Although stated as true for the Dirichlet Laplacian in dimension > 1 in a
footnote of the celebrated book of Courant-Hilbert (and wrongly attributed
to H. Herrmann, a PHD student of R. Courant), it appears to be wrong.
This was first observed by V. Arnold in the seventies.

This talk has two parts:

In the first part, we present simple and explicit counterexamples to this so-
called ”Herrmann’s statement” for domains in Rd, S2 or T2. We also discuss
the existence of a counterexample in a C∞, convex domain Ω in R2 in relation
with the analysis of the number of domains delimited by the level sets of a
second eigenfunction for the Neumann problem. This work has been done in
collaboration with P. Bérard.

In the second part, we prove that there exists metrics g on T2 (resp. on S2)
which are arbitrarily close to the flat metric (resp. round metric), and an
eigenfunction f of the associated Laplace-Beltrami operator such that the
set {f ̸= 1} has infinitely many connected components. In particular the
Extended Courant property is false for these closed surfaces. These results
are strongly motivated by a recent paper by Buhovsky, Logunov and Sodin
(2019).

As for the positive direction, we prove that the Extended Courant property
is true for the isotropic quantum harmonic oscillator in R2. The results of
Part II have been proven in collaboration with P. Bérard and P. Charron.



Ilia Kamotski (University College London):

A homogenisation theory for a general class of singular
problems; asymptotics with error estimates

In this talk, we present a framework to study the asymptotic behaviour of
(a large class of) periodic ( non-uniformly elliptic) systems with respect to a
(small period) parameter. We determine, under very few readily verifiable as-
sumptions, the leading-order approximation of the solution and derive error
estimates, uniform in right-hand-side and additional parameters. Asymp-
totics for the spectrum with error estimates directly follow. This is joint
work with S. Cooper and V.P. Smyshlyaev.

Evgeny Korotyaev (Saint-Petersburg State University):

Inverse problem for Schrodinger operators on periodic
discrete and metric graphs

Firstly we discuss Schrödinger operatorsH = −∆+V on the periodic discrete
graph G, where the potential V is real and decreasing. We describe different
spectral properties of H. Moreover, for the case of the cubic lattice we solve
the inverse problem.

Secondly, we discuss Schrödinger operators H = −∆m + V on the periodic
metric graph G, where the potential V is real and decreasing. We describe dif-
ferent spectral properties of H. Moreover, for the case of the metric graphene
lattice we solve the inverse problem.

These results are obtained jointly with Ando, Isozaki, Morioka, Moller, Ras-
mussen, Slousch.

Our work was supported by the RSF grant No 18-11-00032.



Alexey Kostenko (Universität Wien):

Quantum graphs on radially symmetric antitrees

The talk is devoted to Laplacians on one particular class of infinite graphs,
namely radially symmetric antitrees. This class of metric graphs enjoys a rich
group of symmetries, which enables us to obtain a decomposition of the cor-
responding Laplacian into the orthogonal sum of Sturm-Liouville operators.
In contrast to the case of radially symmetric trees, the deficiency indices of
the Laplacian defined on the minimal domain are at most one and they are
equal to one exactly when the corresponding metric antitree has finite total
volume. In this case, we provide an explicit description of all self-adjoint
extensions including the Friedrichs extension. Furthermore, using the spec-
tral theory of Krein strings, we perform a thorough spectral analysis of this
model. In particular, we obtain discreteness and trace class criteria, criterion
for the Kirchhoff Laplacian to be uniformly positive and provide spectral gap
estimates. We show that the absolutely continuous spectrum is in a certain
sense a rare event, however, we also present several classes of antitrees such
that the absolutely continuous spectrum of the corresponding Laplacian is
[0,∞).

Based on joint work with Noema Nicolussi.



Hynek Kovař́ık (Università degli studi di Brescia):

Time decay of the wave functions for two-dimensional
Pauli and magnetic Dirac operators

Given a magnetic field B decaying at infinity, we consider two-dimensional
Pauli operator

P (B) =

(
(i∇+ A)2 +B 0

0 (i∇+ A)2 −B

)
,

in L2(R2,C2), where curlA = B. We study the large time behavior of the
evolution operators generated by the respective components of the Pauli
operator. In particular, we show how the corresponding decay rate depends
on the flux of the magnetic field. Analogous questions for the magnetic Dirac
operator will be discussed as well.



Pavel Kurasov (Stockholm University):

Inverse problems for quantum graphs

To solve the inverse spectral problem for the Schrödinger equation on a metric
graph one needs to determine:

• 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 under mild
restrictions on the vertex conditions. The main tool is a combination of the
boundary control andM -function approaches to inverse problems. These two
approaches are essentially equivalent 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 propose to use
magnetic boundary control and magnetic M-functions where spectral
data for a fixed potential are considered as functions of the magnetic fluxes
through graph cycles. To solve the inverse problem we use cycle opening
and cutting through cycles procedures mapping spectral data for arbitrary
graphs with cycles to spectral data for trees on the same edge set. The graph,
potential and vertex conditions at the internal vertices are reconstructed
assuming standard vertex conditions on the contact set.



Jǐŕı Lipovský (Universita Hradec Králové):

Spectral asymptotics of the Laplacian on Platonic solids
graphs

We investigate the high energy asymptotics of quantum graphs which have
the vertices and edges of five Platonic solids. We consider two types of
coupling conditions: the δ-condition and the so-called preferred-orientation
coupling proposed in [1]. Using the symmetry of the graphs we decompose
them into quotient graphs (for the full theory see [2]) and find the secular
equation and spectra for these quotient graphs.

We find that for the preferred-orientation coupling, the vertex parity is
important for the asymptotical properties (similarly to the results of [1]). The
octahedron graph (the only solid with even degree of the vertices) behaves
differently than the other graphs. Since for the tetrahedron, cube, dodec-
ahedron and icosahedron graphs the vertex-scattering matrix is asymptoti-
cally close to the identity matrix, the edges are for high energies effectively
disconnected and the spectrum approaches to the spectrum of Dirichet (or
Neumann) Laplacian on the interval. This is not the case for the octahedron.

The talk is based on the joint paper [3] with P. Exner.

References
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Albert Mas (Universitat Politècnica de Catalunya):

The MIT Bag Model as an infinite mass limit

We will discuss on the Dirac operator, acting in three dimensions, for which
a large mass m > 0 lies outside a smooth and bounded open set Ω ⊂ R3. We
will see that, as m → +∞, its spectrum approximates the one of the Dirac
operator on Ω with the MIT bag boundary condition. This later model is
used to describe the confinement of the quarks in the hadrons with the help
of an infinite scalar potential barrier outside a fixed set Ω. The bidimen-
sional equivalent of this model is also used in the study of graphene, where
the corresponding boundary condition is sometimes called infinite mass. As
the mass tends to infinity, we carry out the approximation by introducing
tubular coordinates in a neighborhood of ∂Ω and analyzing one dimensional
optimization problems in the normal direction. This is a joint work with N.
Arrizabalaga, L. Le Treust and N. Raymond.



Davron Matrasulov (Turin Polytechnic University in Tashkent):

Frenkel-Kontorova Model on graphs: modeling of
deformation propagation in branched solids

One of the models which successfully describes different complex phenomena in
solid materials, is the Frenkel-Kontorova (FK) model [1-7]. Within the framework
of this model and its various modifications, the propagation of deformation, cracks
and fracture in solids is described by a discrete and continuous sine-Gordon equa-
tion. The latter is obtained from the first variation of the FK Hamiltonian [].
Also, the stability analysis of the solution of the FK model requires using a vari-
ational approach. Therefore, studying nonlinear mechanical excitations in solid
materials using the FK model can be described as a combination of variational
methods with nonlinear PDE based models. The simplicity of the FK model and
its modifications is caused by the assumptions of the harmonic interatomic force
and the sinusoidal on-site (substrate) potential, as well as its surprising capability
to describe a broad spectrum of nonlinear, physically important phenomena in
solid materials. Thus, using this model for the description of mechanical waves
in solid materials can be considered as a passage from atomistic models to con-
tinuum models (RD: coupling of processes), models of nonlinear elasticity, finite
plasticity and phase transformations for the analysis of fracture, damage, motion
of dislocations and the formation of microstructures in solid materials.

In this research we propose a model for describing deformation propagation in
branched solid materials using Frenkel-Kontorova (FK) model on metric graphs.
Applying variational approach to FK Hamiltonian leads to sine-Gordon equation
on metric graphs, which have been considered earlier in [7]. An effect we are
considering in this context is reflectionless propagation of sine-Gordon solitons
(kinks, deformations) in branched solid structures. We do this by imposing so-
called transparent boundary conditions for sine-Gordon equation on metric graphs.

[1] Ya. Frenkel and T. Kontorova, Phys. Z. Sowietunion 13(1) (1938), 137-149.

[2] M. Peyrard and A.R. Bishop, Phys. Rev. Lett. 62 (1989), 2755.

[3] M. Peyrard and M. Remoissenet, Phys. Rev. B26 (1982), 2886.

[4] M. Peyrard and D.K. Campbell, Physica D9 (1983), 33-51. 27.

[5] B.A. Malomed and A. Milchev, Phys. Rev. B41 (1990), 4240.

[6] O.M. Braun and Y.S. Kivshar, Phys. Rep. 306 (1998), 1-108.

[7] Z. Sobirov, D. Babajanov, D. Matrasulov, K. Nakamura, H. Uecker, EPL
115 (2016), 50002.



Sergei A. Nazarov (St-Peterburg State University and Institute
of Problems in Mechanical Engineering RAS):

Threshold resonances and attendant diffraction
anomalies in quantum and other waveguides

A threshold resonance (TR) occurs in the quantum waveguide Ω = Π+ ∪Θ∪Π− at the threshold λ = Λm

of the continuous spectrum in the case when the problem

−∆xu(x) = λu(x), x ∈ Ω, u(x) = 0, x ∈ ∂Ω,

gets a non-trivial bounded solution ust which does not transfer energy to infinity (any bounded solution
in the case of the cutoff Λ1 of the continuous spectrum). TR is genuine (GTR) iff ust does not decay as
z → ∞, in other words, it is not a trapped mode utr. Here, Π± = {x = (y, z) : y ∈ ω,±z ≥ ℓ > 0} and
the “resonator” Θ is an open set in the layer {x : |z| < ℓ} such that Ω is a domain with a smooth (for
simplicity) boundary ∂Ω, and

0 < Λ1 < Λ2 ≤ Λ3 ≤ · · · ≤ Λm · · · ≤ → +∞

is the eigenvalue sequence of the Dirichlet Laplacian in the cross-section ω of the outlets Π±.

The Weinstein anomaly. Let Λm be a simple eigenvalue and let TR be met with multiplicity κ =
dim

(
Lst ⊖ Ltr

)
where the spaces Lst and Ltr are composed from solutions ust and utr respectively.

Clearly, k ≤ 2. Assuming the mirror symmetry of Ω over the plane {x : z = 0}, we consider the spectral
parameter λε = Λm + ε2, ε > 0 being small, and the wave wε

m(y, z) = eiεzUm(y), incoming in Π−. We
observe almost complete reflection of wε

m for k = 0, almost complete transition for k = 1 but again almost
complete reflection for k = 2. Here, the term “almost complete” means that all scattering coefficients
with exception of the indicated one get order ε.
An example of a waveguide with k = 2 is known in acoustics only.

The Wood anomaly. Let GTR with k = 1 appear at a simple threshold λ = Λm in Ω. The waveguide Ωε is
obtained from Ω by, e.g., regular perturbation of the boundary. If the increment of volume is positive, the
phenomenon of non-proportionally high rate of changes in the scattering matrix sε(λ) may emerge near
a point λ•

ε < Λm while λ•
ε → Λm − 0 as ε → +0. Procedures of sharpening and smoothing (eliminating)

this near-threshold anomaly are developed.

Embedded eigenvalues. The Wood anomaly surely vanishes in the case of a trapped mode utr
ε in Ωε gener-

ated by ust owing to GTR in Ω. In quantum and acoustic waveguides GTR can give rise to an embedded
eigenvalue only below the threshold Λm. Examples of elastic waveguides (an elliptic system of second-
order differential equations) and semi-infinite Kirchhoff plates (bi-harmonic equation of fourth order) are
constructed such that a specific small perturbation of the boundary leads to embedded eigenvalues above
the threshold.

Many questions about diffraction problems at near-threshold frequencies stay unsolved yet.

This work was supported by Russian Science Foundation (project 171101003).



Noema Nicolussi (Universität Wien):

Self-adjoint extensions of infinite quantum graphs

In the last decades, quantum graphs (Laplacians on metric graphs) have
become popular objects of study and the analysis of spectral properties relies
on the self-adjointness of the Laplacian. Whereas on finite metric graphs the
Kirchhoff Laplacian is always self-adjoint, much less is known about the self-
adjointness problem for graphs having infinitely many edges and vertices.
Intuitively the question is closely related to finding appropriate boundary
notions for infinite graphs.

In this talk we study the connection between self-adjoint extensions and the
notion of graph ends, a classical graph boundary introduced independently
by Freudenthal and Halin. Our discussion includes a lower estimate on the
deficiency indices of the minimal Kirchhoff Laplacian and a geometric char-
acterization of self-ajointness of the Gaffney Laplacian.

Based on joint work with Aleksey Kostenko (Ljubljana & Vienna) and Delio
Mugnolo (Hagen).

Diego Noja (University College London):

Nonlinear Schrödinger equation on metric graphs:
old and new results

The subject of Nonlinear Schrödinger equation on branched structures de-
scribed as metric graphs has gained a lot of attention in the last years. In
the talk the state of the art about the topic is summarized, and some new
results and open questions discussed. The especially meaningful example of
the so called tadpole graph will be treated with more detail.



Svetlana E. Pastukhova (Russian Technological University, Moscow):

Operator norm resolvent approximations in homo-
genization of composites and similar structures

It is widely acknowledged that novel artificial material structures acquire
desired properties as a result of a carefully designed microstructure. Very
often these are periodic composites with a sufficiently small periodicity cell.
In the simplest case, one can obtain a two-phase composite, distributing
impurity grain in a host material. If any holes, hollows or cavities are instead
of grains here, there appear perforated media. Similar structure is intrinsic
to porous media either. The mathematical apparatus involved to study or
to model such type heterogeneous media is the theory of homogenisation
which is destined, first, to find their effective(or homogenized) description
and, second, to evaluate the error of homogenization.

An elliptic equation with ε-periodic rapidly oscillating, as ε tends to zero,
coefficients is one of model examples in homogenization theory. It may de-
scribe various physical processes, say, in small-period composites. We are
concerned with approximations for the solutions to this equation with re-
mainder term of order ε and ε2. These approximations are to be constructed
in a regular way with a controlled error bound, besides,

(i) under minimal regularity assumptions on data of the equation;
(ii) with majorants in the estimates that admit operator presentation of the
approximations and estimates, namely, in terms of the resolvents of the orig-
inal and homogenized equations and maybe some correcting operators;
(iii) following more or less standard way of two-scale expansions depending
on a slow variable x and a fast variable x/ε.

In the talk we are going to discuss results on operator-type approximations
and corresponding estimates in homogenization of elliptic equations; part of
them are known, e.g., from the overview [1], others are new.

References

[1] V.V. Zhikov and S. E. Pastukhova, Operator estimates in homoge-
nization theory, Russian Math. Surveys 71 (2016), 417511.



Olaf Post (Universität Trier):

Some old and new results about norm resolvent
convergence

In this talk, we give an overview of norm resolvent convergence applied to
Laplacians on varying spaces. We comment on different results how to im-
plement the fact of varying spaces. We also illustrate the concepts in many
concrete situations such as shrinking domains, manifolds with holes and han-
dles and discrete graphs approximating metric spaces.

Natalia Saburova (Northern Federal University, Arkhangelsk):

Spectral estimates for Schrödinger operators on
periodic discrete graphs

We consider Schrödinger operators with periodic potentials on periodic dis-
crete graphs. The spectrum of the operators consists of a finite number of
bands separated by gaps. Some of the gaps may be degenerated. We esti-
mate the Lebesgue measure of the spectrum and the sum of gap lengths in
terms of geometric parameters of the graphs and the potentials. We show
that the obtained estimates are sharp, i.e., there exist periodic graphs for
which these estimates become identities. This is a joint work with Evgeny
Korotyaev from St. Petersburg State University.



Uzy Smilansky (Weizmann Institute of Science):

Systematics of spectral shifts in random matrix
ensembles

Given a N ×N Hermitian matrix randomly picked from a matrix ensemble
– a reference matrix. Perturbing it with a sequence of rank t matrices, with
t taking the values 1 ≤ t ≤ N , we study the expected difference between
the spectra of the perturbed and the reference matrices as a function of t,
and its dependence on the random matrix ensemble and the kind of rank
t perturbations. In particular, we consider a “mild” perturbation which
either permutes or randomizes t diagonal elements. We derive universal
expressions in the scaled parameter t/N for the expectations of the variance
of the spectral shift functions, and show that it behaves as (t/N)1/2 in the
limit of large N and t with fixed ratio τ = t/N .



Valery Smyshlyaev (University College London):

Schrödinger equation with a space-time linear potential
on half-line: an unsolved canonical problem

A particular problem of interest is that of a whispering gallery high-frequency
asymptotic mode propagating along a concave part of a boundary and then
scattering at a boundary inflection point. Like Airy ODE and associated Airy
function are fundamental for describing transition from oscillatory to expo-
nentially decaying asymptotic behaviors, the boundary inflection problem
leads to an arguably equally fundamental canonical boundary-value prob-
lem for a special PDE describing transition from a “modal” to a “scattered”
high-frequency asymptotic behaviors. This is a Schrödinger equation on a
half-line with a potential linear in both space and time. The latter problem
was first formulated and analysed by M.M. Popov starting from 1970-s. The
associated solutions have asymptotic behaviors with a discrete spectrum at
one end and with a continuous spectrum at the other end, and of central in-
terest is to find the map connecting the above two asymptotic regimes. The
problem however lacks separation of variables, except in the asymptotical
sense at both of the above ends.

Nevertheless, the problem asymptotically admits certain complex contour
integral solutions, see [1] and further references therein. Further, we ar-
gue that a non-standard perturbation analysis at the continuous spectrum
end can be performed, ultimately describing the desired map connecting the
two asymptotic representations. We also argue that the problem permits a
re-formulation as a one-dimensional boundary integral equation, whose reg-
ularization allows its further asymptotic and numerical analysis.

References

[1] D. P. Hewett, J. R. Ockendon, V. P. Smyshlyaev, Contour integral solu-
tions of the parabolic wave equation, Wave Motion, 84, 90–109 (2019).



Edgardo Stockmeyer (Pontificia Universidad Católica de Chile):

Magnetic Dirac operators on domains: Zig-zag
boundary conditions

I will introduce magnetic Dirac operators defined on bounded subsets of
the plane with so-called zig-zag boundary conditions. We will then discuss
their relation with the Pauli and the magnetic Cauchy-Riemann operators.
Finally, I will present the results from arXiv:1810.03344 (on the Pauli op-
erator, joint work with J.-M. Barbaroux, L. Le Treust, and N. Raymond)
and its consequences for these type of Dirac operators in the limit of strong
magnetic field.

Françoise Truc (Université de Grenoble):

The essential spectrum of the discrete Laplacian on
Klaus-sparse graphs

In 1983, Klaus studied a class of potential with bumps and computed the es-
sential spectrum of the associated Schrodinger operator with the help of some
localisations at infinity. A key hypothesis is that the distance between two
consecutive bumps tends to infinity at infinity. In this article, we introduce
a new class of graphs (with patterns) that mimics this situation, in the sense
that the distance between two patterns tends to infinity at infinity. These
patterns tend, in some way, to asymptotic graphs. They are the localisations
at infinity. Our result is that the essential spectrum of the Laplacian acting
on our graph is given by the union of the spectra of the Laplacian acting on
the asymptotic graphs.


