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Abstracts

1. Jussi Behrndt
Title: Spectral theory of two-dimensional Laplacians with oblique Robin boundary conditions
Abstract: A new type of Robin boundary conditions for the two-dimensional Laplacian is
introduced, where besides the normal derivative also the tangential derivative along the
boundary is taken into account. This leads to unexpected spectral and regularity properties
of the corresponding self-adjoint operators. This talk is based on joint work with Markus
Holzmann.

2. Lyonell Boulton

Title: Pseudospectrum and pseudo-modes: symmetries and asymmetries
Abstract: The pseudospectrum of a linear operator encodes information about the stability
of its spectrum. When the latter is real, the pseudospectrum characterises departure from
selfadjointness and well-posedness of the associated time-evolution equation. For unbounded
operators, this realises in concrete manner through the shape of the pseudospectrum at in-
finity and the corresponding resolvent norm asymptotics. Most rigorous results concerning
these asymptotics for differential operators depend upon the construction of pseudo-modes.
Broadly, the systematic construction of these has been either semi-classical or via an evolved
form of the WKB method. Unfortunately, both approaches lead to pseudo-modes which are
localised and therefore blind to boundary conditions. In this talk we will discuss resolvent
norm asymptotics for highly symmetric differential operators, when an interaction of bound-
ary and transmission conditions is the reason for ill-posedness of the time-evolution. We
will see how, for operators with a dislocation, pseudo-modes are created by breaking the
symmetry of this interaction.

During the talk I will report on joint work conducted with M. Marletta (Cardiff Uni-
versity) in 2024, and more recently with R. Constable (Heriot-Watt University) and C.
Drysdale (Lancaster University).

3. Tomas Dohnal
Title: Mazwell Equations for a Flat Interface between Dispersive Media
Abstract: The study of time harmonic electromagnetic waves at the interface of dispersive
(i.e. frequency dependent) media leads to the non-self-adjoint operator pencil problem

V xV x E—wuge(r,w)E =0, V-(eE)=0, x €R"

where €(z1,w) € C is the dielectric function and n € {1,2,3}. A classical application is to
surface plasmon polaritons at the interface of a metal and a dielectric. We assume that the
interface is located at z1 = 0, i.e. €(-,w) jumps at 1 = 0 and the media in the two half
spaces are either homogeneous or depend only on x;. The dependence of € on the spectral
parameter w (frequency) is arbitrary and generally nonlinear.

For the case of homogeneous half spaces we describe the spectrum of the pencil L, with
L(w)E := V x V x E —w?uge(-,w)E, completely. The functional setting is such that the
operator domain is not a subset of the range which brings about a difficulty in defining the
discrete spectrum. We study the reductions to 1D, 2D, as well as the full 3D setting.

This work is in collaboration with M. Brown (Cardiff), M. Plum (Karlsruhe), K. M.
Schmidt (Cardiff) and I. Wood (Kent).

We briefly discuss also an application to a time dependent nonlinear Maxwell problem
and the existence of localized polychromatic solutions. This is in collaboration with Max
Hanisch (Halle) and Runan He (Madrid).
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4. Patrick Ebnicher

Title: A Neumann Trace for Arbitrary Open Domains

Abstract: We extend the well-known notion of the Neumann trace on bounded Lipschitz
domains to arbitrary open subsets of R%. The construction is based on an abstract Dirichlet
trace and therefore does not require any regularity of the boundary. At the same time,
whenever a concrete realization and mapping properties of the Dirichlet trace are available
for a particular class of domains, the abstract construction yields a corresponding realization
of the Neumann trace and identifies its target space.

Moreover, we enlarge the domain of the Neumann trace by replacing the usual assumption
Au € L*(Q2) with Au € U(Q). Here, U(£2) is a broad class of functionals in (H!(Q))* which
are uniquely determined by their action on test functions, ensuring that the corresponding
extension of the distributional Laplacian is unique. In particular, U (€2) contains various LP-
and H°®-spaces.

Joint work with J. Behrndt, M. Holzmann, P. Schlosser and P. Siegl.

5. Borbala Gerhat
Title: Schrodinger operators with accretive potentials in weighted spaces
Abstract: This talk concerns the construction and analysis of Schrodinger operators with
accretive potentials in weighted spaces. Conditions on potentials and weights are established
for which the Dirichlet realisation, introduced by generalised form methods, has non-empty
resolvent set. A domain and graph norm separation property and sufficient conditions for
the compactness and Schatten class of the resolvent are discussed, as well as a relation
between discrete spectra and eigenfunctions of operators in standard and weighted spaces.
Based on joint work with P. Siegl.

6. Jan Havel
Title: Local density of states for two-dimensional Schrédinger operators with delta-point
interactions
Abstract: In physics, the local density of states is a quantity that measures the density of
quantum states per unit of energy at a given point in space. The formal definition is as
follows:

LDOS(x,A) = > [thn(2)[?6(X = Ap),

where

Hy, = Mty
For two-dimensional Schrodinger operators with delta-point interactions, we provide a rig-
orous definition using the integral kernel of the spectral measure E(\):

E(z,z;:{\}), A€ op(H),
LDOS(:E, >‘) = dE(z,z;)\) ’
a0 AeUaC(H)\{O}
We also derive formulas showing that the local density of states for energies in the absolutely
continuous spectrum can be computed from either the Green’s function, via the limiting ab-
sorption principle, or generalised eigenfunctions, using the eigenfunction expansion theorem.

7. David Krejcirik
Title: Hardy inequalities for magnetic p-Laplacians
Abstract: We establish improved Hardy inequalities for the magnetic p-Laplacian due to
adding nontrivial magnetic fields. In particular, for Aharonov-Bohm potentials, we show
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that the sharp constant in the Hardy inequality becomes strictly larger than in the case of
a magnetic-free p-Laplacian. We also post some remarks with open problems.

The talk is based on joint work with Cristian Cazacu, Nguyen Lam and Ari Laptev
published in Nonlinearity.

Mikulas Kucera

Title: Weakly coupled eigenvalues of non-self-adjoint Dirac operators in two dimensions
Abstract: We study weakly coupled eigenvalues of two-dimensional Dirac operators with
non-Hermitian matrix-valued potentials and complex coupling parameter. We develop a
Birman-Schwinger framework adapted to the Dirac operator under consideration. Under
LP integrability and Rollnik-type assumptions, we derive essentially sharp conditions that
determine the existence or absence of isolated eigenvalues near the spectral thresholds. In
the regime of existence, we prove uniqueness and algebraic simplicity of the eigenvalues
and obtain a second-order asymptotic expansion in the weak coupling limit. Our results
extend classical weak coupling theory for Schrodinger and one-dimensional Dirac operators
to two-dimensional relativistic systems and reveal genuinely new non-self-adjoint spectral
effects.

Graz) and Nicolas Weber (TU Graz).

Albert Mas

Title: Spectral inequalities for quantum dot Dirac operators

Abstract: In this talk, we will address sharp inequalities for the smallest positive eigenvalue
of quantum dot Dirac operators with nonnegative mass on sufficiently regular, bounded,
simply connected domains in R?. On the one hand, we will discuss asymptotic Faber-Krahn
type inequalities, which refer to lower bounds; on the other hand, we will show Payne-
Weinberger type inequalities, which refer to upper bounds. This talk is based on joint work
with Joaquim Duran and Tomas Sanz-Perela.

Olaf Post

Title: Distances between operators acting on different Hilbert spaces

Abstract: In this talk we will define and compare several distances (or metrics) between
operators acting on different (separable) Hilbert spaces. We consider here three main cases
of how to measure the distance between two bounded operators: first by taking the distance
between their unitary orbits, second by isometric embeddings (this generalises a concept of
Weidmann) and third by quasi-unitary equivalence (using a concept of the speaker).

Our main result is that the unitary and isometric distances are equal provided the opera-
tors are both self-adjoint and have 0 in their essential spectra. Moreover, the quasi-unitary
distance is equivalent (up to a universal constant) with the isometric distance for any pair of
bounded operators. The unitary distance gives an upper bound on the Hausdorff distance of
their spectrum. If both operators have purely essential spectrum, then the unitary distance
equals the Hausdorff distance of their spectra. Using a finer spectral distance respecting
multiplicity of discrete eigenvalues, this spectral distance equals the unitary distance also for
operators with essential and discrete spectrum. In particular, all operator distances men-
tioned above are equal to this spectral distance resp. controlled by it in the quasi-unitary
case for self-adjoint operators with 0 in the essential spectrum. We also show that our results
are sharp by presenting various (counter-)examples (joint work with Sebastian Zimmer).

Peter Schlosser
Title: Fractional powers of the gradient (using quaternionic functional analysis)
Abstract: The gradient, considered as an operator in a real or complex Hilbert space,
consists of three components.
- o 0 0
v = <77 a. ' o
8951 8332 6.133
This makes the application of some functional calculus (or even simpler, the computation
of the spectrum) a difficult task.

However, instead of treating the gradient as a vector operator, we can consider it as a
scalar operator in a Hilbert space over the skew field of quaternions H. By multiplying each

) - L2(Q,R) — L2(Q,R?).
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partial derivative with the corresponding imaginary unit, the gradient becomes the scalar
operator
V= 618%1 + 628%2 + 638%3 D L2(Q,H) — L?(Q,H).
Using the spectral theory of quaternionic Hilbert spaces (the S-functional calculus), we are
then able to calculate functions of the gradient.
As an application, we are particularly interested in fractional powers of the gradient. In
the context of Fourier’s law of heat conduction,

q=—-kV°T,

fractional powers describe a nonlinear diffusion of temperature.

Petr Siegl
Title: Resolvents estimates for operators with compact resolvent
Abstract: We discuss the abstract resolvent estimates and their sharpness in applications to

differential operators. In particular, we focus on the new bounds obtained with J.C. Cuenin
(Loughborough).

Eduard Stefanescu
Title: Resolvent bounds and eigenvalue estimates of generalized Schrodinger operators with
complex potentials on compact manifolds
Abstract: We extend Cuenin’s compact-manifold spectral bounds for Schrédinger operators
with complex potentials to a general pseudodifferential setting. More precisely, we study op-
erators P+ V', where P is a positive self-adjoint elliptic classical pseudodifferential operator
of positive order and V is complex-valued.

The main analytic input is a resolvent principle showing that spectral cluster estimates for
P imply LP-L?" resolvent estimates along suitable complex curves. Combined with Sogge’s
spectral cluster bounds, this yields exterior-region resolvent estimates extending those of
Krupchyk and Uhlmann; we also prove direct resolvent bounds in the interior region. On
Zoll manifolds, we discuss the sharpness of the resulting spectral bounds.

Mateéj Tusek

Title: Continuum limit of discretized matriz-valued Fourier multipliers

Abstract: Building upon a recent result by H. Cornean, H. Garde, and A. Jensen concerning
continuum limits of discrete Dirac operators, we extend the analysis to a wide class of block
operator matrices. This class includes, among others, the bilayer graphene Hamiltonian.
Our main goal is to find norm estimates for the difference between the resolvents of con-
tinuous operators and their discrete counterparts embedded in the continuum in a specific
way. While some discretization schemes lead directly to convergence in the generalized norm
resolvent sense as the mesh parameter tends to zero, others require the addition of a suitable
correction term to ensure the convergence. In all cases considered, the correction term is
not needed to get convergence in the generalized strong resolvent sense or convergence of
resolvents in the sense of Barker. In fact, one can show that these notions of convergence
are equivalent in the self-adjoint setting.

Carsten Trunk

Title: Schridinger operator on a star graph with nondefinite weight function

Abstract: We investigate the indefinite Laplacian on a star graph G with n = ny +n_ edges,
where the differential operator acts as minus second derivative on n edges and plus second
derivative on n_ edges. The operator is subject to Dirichlet conditions at the outer vertices
and Kirchhoff conditions at the central vertex. We establish that this operator is similar to
a self-adjoint operator in the Hilbert space L?(G) and that its eigenfunctions constitute a
Riesz basis. Additionally, we provide a complete characterization of its point spectrum.

Nicolas Weber

Title: Kinetic Schrodinger operators in the weak coupling regime

Abstract: Let ¢ > 0, k > 1, and let d > 3 be the spatial dimension. We study the weakly
coupled eigenvalues of the kinetic operator

H.=|A+1F —eV in L*R%),



which emerge from the threshold of the essential spectrum as € — 04. In the self-adjoint
setting, Hainzl and Seiringer [1] showed for a broad class of kinetic energies that the weakly
coupled eigenvalues are governed by a compact operator Vg acting on the zero set of the
kinetic symbol.

To extend this picture beyond the self-adjoint setting, we use an abstract reduction for
analytic Birman-Schwinger families together with the operator Rouché theorem. This leads
to a contour method which does not rely on self-adjoint spectral theory and is applicable
to a broad class of weak-coupling problems. In the present setting, it allows us to compare
the discrete eigenvalues of H., including their algebraic multiplicities, with the eigenvalues
of the surface operator Vg, even for complex-valued potentials.

This talk is based on joint work with J. Behrndt and P. Siegl.

[1] HaNzL, C., AND SEIRINGER, R. Asymptotic behavior of eigenvalues of Schrodinger
type operators with degenerate kinetic energy. Math. Nachr. 283, 3 (2010), 489-499.



	

