
FACULTY OF SCIENCE
SCHOOL OF MATHEMATICS AND

STATISTICS

Workshop
‘Spectral analysis in
quantum theory’

23-27 July 2018
Red Center Building, RC4082,
University of New South Wales

Organisers:
Professor Alan Carey
Dr Galina Levitina

Dr Steven Lord

Sponsors:



2

Aim of the workshop
The workshop is dedicated to spectral analysis of Dirac type opera-

tors, specifically zero modes/zero resonance of Dirac type operators and
also self-adjointness of first order differential operators. The workshop
aims in informing the participants about the present state of research
and initializing new research. Thus we aim to have a limited number
of talks, concentrating on the most important developments, in order
to have enough time for research activities among the participants.

Workshop webpage
https://www.maths.unsw.edu.au/events/2018-07/spectral-analysis-quantum-

theory

Speakers
Alexander Balinsky (Cardiff University)
Chris Bourne (Tohoku University)
Vincent Bruneau (University of Bordeaux)
Robin Deeley (University of Colorado)
Matthias Lesch (University of Bonn)
Mathai Varghese (University of Adelaide) (TBA)
Georgi Raikov (Pontifical Catholic University of Chile)
Adam Rennie (University of Wollongong)
Tomio Umeda (University of Hyogo)

Other registered participants
Fedor Sukochev (University of New South Wales)
Denis Potapov (University of New South Wales)
Antown Fadi (University of New South Wales)
Bhavnagri Burzin
Dauitbek Dostile (Al-Farabi Kazakh National University)
Donovan Peter (University of New South Wales)
Jackson Nathan (University of New South Wales)
MacDonald Lachlan (University of Wollongong)
McDonald Edward (University of New South Wales)
Mundey Alexander (University of Wollongong)
Scheckter Thomas Tzvi (University of New South Wales)
Tulunay Ilknur (University of Technology Sydney)
Vella Dominic (University of New South Wales)
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Timetable

Monday Tuesday Wednesday Thursday Friday
9:00-9:50 Registration
9:50-10:00 Welcoming speech
10:00-11:00 Balinsky Bruneau Lesch Raikov Umeda
11:00-11:30 tea break tea break tea break tea break tea break
11:30-13:00 Discussions Discussions Discussions Discussions Discussions
13:00-14:00 Lunch break Lunch break Lunch break Lunch break Lunch break
14:00-15:00 Bourne Rennie Deeley
15:00-15:30 tea break tea break tea break tea break
from 15:30 Discussions Discussions Discussions Discussions

18:00 Dinner
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Monday
• 10:00-11:00 Alexander Balinsky (Cardiff University)

– Title: The Analysis and Geometry of Hardy type Inequal-
ity and Applications

– Abstract: In this talk we present advances that have been
made over recent decades in areas of research featuring
Hardy’s inequality and related topics. The inequality and
its extensions and refinements are not only of intrinsic in-
terest but are indispensable tools in many areas of math-
ematics and mathematical physics. We will also discuss
Hardy-type inequalities involving magnetic fields, zero modes
and Hardy, Sobolev and Cwikel-Lieb-Rosenblum inequali-
ties for Pauli and Dirac operators.

• 11:00-11:30 Morning tea at the Staff Common Room (RC3082)

• 11:30-13:00 Discussions. Available rooms are RC2060 and RC1042

• 13:00-14:00 Lunch break

• 14:00-15:00 Chris Bourne (Tohoku University)

– Title: Topological phases, index theory and localisation of
random magnetic Schrdinger operators

– Abstract: Crossed product C*-algebras are a useful tool to
study topological properties of disordered/random Hamil-
tonians. The existing literature largely focuses on discrete
(tight-binding) models of Hamiltonians; here we consider
continuous models and random Schrdinger operators. Of
particular importance is when the spectrum of the random
Hamiltonian possesses a ‘mobility gap’ (region of almost
surely dense pure point spectrum), where we present par-
tial results on characterising topological phases and index
pairings within this region. This is joint work with Adam
Rennie.

• 15:00-15:30 Afternoon tea at the Staff Common Room (RC3082)

• 15:30-onwards Discussions. Available rooms are RC1041 and
RC1042
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Tuesday
• 10:00-11:00 Vincent Bruneau (University of Bordeaux)

– Title: Spectral Shift Function and resonances near thesh-
olds of some 3D Dirac operators

– Abstract: We will consider the Spectral Shift Function
(SSF) for electromagnetic perturbations of two types of 3D
Dirac operators: the free Dirac operator and the magnetic
Dirac operator. Singularities of the SSF and existence of
resonances near thresholds will be discussed.

• 11:00-11:30 Morning tea at the Staff Common Room (RC3082)

• 11:30-13:00 Discussions. Available rooms are RC2060 and RC1042

• 13:00-14:00 Lunch break

• 14:00-15:00 Adam Rennie (University of Wollongong)

– Title: Shift-tail equivalence and the extension class of cer-
tain Cuntz-Pimsner algebras

– Abstract: In this talk I will discuss how the extension
defining the Cuntz-Pimsner algebra of a C*-bimodule (sat-
isfying some mild technical assumptions) can be repre-
sented by an explicit unbounded KK-cycle. The construc-
tion is inspired by the case of Cuntz-Krieger algebras, in
which the underlying shift dynamics encodes the relevant
K-homological information. In earlier work of Rennie-Robertson-
Sims a bounded representative of the extension class is
defined on a C*-module over the base. By creating an
abstract ”dynamical picture” of this C*-module, its fine
structure can be uncovered, leading to a selfadjoint regu-
lar operator representing the extension class. This is joint
work with M. Goffeng and B. Mesland.

• 15:00-15:30 Afternoon tea at the Staff Common Room (RC3082)

• 15:30-onwards Discussions. Available rooms are RC1041 and
RC1042
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Wednesday
• 10:00-11:00 Matthias Lesch (University of Bonn)

– Title: The resolvent expansion of geometric operators on
singular spaces

– Abstract: In this overview talk I will review the “direct”
approach to the resolvent expansion of Laplace type op-
erators on certain singular spaces. The paradigm is that
on the model singularity one has a second order Sturm-
Liouville operator with operator valued coefficients. This
point of view has the advantage of being very elementary,
microlocal analysis is only needed in the smooth interior.
In an outlook I will sketch a programme for proving the
resolvent expansion on a general stratified space with it-
erated cone-edge singularities. This is an ongoing project
with Boris Vertman and Luiz Hartmann.

• 11:00-11:30 Morning tea at the Staff Common Room (RC3082)

• 11:30-13:00 Discussions. Available rooms are RC2060 and RC1042

• 13:00-14:00 Lunch break

• Free afternoon

• 18:00-22:00 Workshop dinner at Seahorse Restaurant Randwick

www.seahorserestaurant.com.au
26 St Pauls Street, Randwick, Sydney 2031
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Thursday
• 10:00-11:00 Georgi Raikov (Pontifical Catholic University of

Chile)

– Title: Pauli operators with almost periodic electromag-
netic fields

– Abstract: I will consider the two-dimensional Pauli oper-
ator H with almost periodic electromagnetic field. First,
I will discuss the general ergodic properties of H. Further,
assuming that the electric potential vanishes, I will dis-
cuss the zero modes of H. Special attention will be allo-
cated to the case of a vanishing mean value of the magnetic
field. The talk is based on a joint work with J.-F. Bony
(Bordeaux) and N. Espinoza (Tokyo). The partial support
by the Chilean Science Foundation Fondecyt under Grant
1170816 is gratefully acknowledged.

• 11:00-11:30 Morning tea at the Staff Common Room (RC3082)

• 11:30-13:00 Discussions. Available rooms are RC2060 and RC1042

• 13:00-14:00 Lunch break

• 14:00-15:00 Robin Deeley (University of Colorado)

– Title: Relative constructions in K-homology and KK-bordism

– Abstract: The Baum-Douglas model for K-homology pro-
vides a geometric counterpart to the analytic construction
of Kasparov. In the framework of index theory, the former
is more related to the topological index, while the latter is
more related to the analytic index. I will discuss various
relative constructions in geometric (i.e., Baum-Douglas)
K-homology and then move to some more analytic con-
structions involving Hilsum’s notion of KK-bordism. The
results in this talk are (in part) joint work with Magnus
Goffeng and Bram Mesland.

• 15:00-15:30 Afternoon tea at the Staff Common Room (RC3082)

• 15:30-onwards Discussions. Available rooms are RC1041 and
RC1042
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Friday
• 10:00-11:00 Tomio Umeda (University of Hyogo)

– Title: Space-time decay estimates for strongly propagative
systems: From Maxwell to Dirac equations

– Abstract: Spectral theory for general classes of first order
systems has been less popular since 1990’s. In this talk,
I would like to propose a new class of first order systems
which generalize both Maxwell and Dirac equations. In
this new class, we can treat these two equations in a uni-
fied manner, although their physical backgrounds are very
different from each other. The main point of my talk is
space-time decay estimates for the new class of first order
systems. The essential part of the idea is to derive uniform
boundedness of the spectral densities.
This talk is based on joint work with Matania Ben-Artzi
(Hebrew University).

• 11:00-11:30 Morning tea at the Staff Common Room (RC3082)

• 11:30-13:00 Discussions. Available rooms are RC2060 and RC1042

• 13:00-14:00 Lunch break

• 14:00-15:00 Discussions. Available rooms are RC2060, RC1041
and RC1042

• 15:00-15:30 Afternoon tea at the Staff Common Room (RC3082)

• 15:30-onwards Discussions. Available rooms are RC2060, RC1041
and RC1042


