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J. Alfaro (PUC, Chile)
Mysteries of the Cosmos 

Abstract:
I will review our knowledge of the Universe from the smallest components (Particle
Physics) to the largest scales(Cosmology)showing its mutual connections. In
particular, I will explore recent ideas to explain the mass of the neutrino in Particle
Physics, and the accelerated expansion of the Universe in Cosmology.

G. Landi (U. Trieste, Italy)
Line bundles and Morita equivalence

Abstract:
We give an pedagogical introduction to Morita equivalence and show how line
bundles (commutative or not) can be described as self-Mortita equivalence bimodules
over an algebra. There is an associated Pimsner algebra giving the algebra of a
(noncommutative) principal circle bundle over the algebra. As examples we define
noncommutative lens spaces as “direct sums of line bundles” and exhibit them as
“total spaces” of certain principal bundles over noncommutative weighted projective
spaces. For each quantum lens space one gets an analogue of the classical Gysin
sequence relating the KK-theory of the total space algebra to that of the base space
one. This can be used to give explicit geometric representatives of the K-theory
classes of the lens spaces. 



M. Lein (AIMR, Japan)
Taking Inspiration from Quantum Mechanics:

New Phenomena in Classical Waves

Abstract:
Quantum-wave analogies have served as a source for inspiration in the search for
novel phenomena in electromagnetic, spin and other classical waves. One recent
success was the prediction and experimental realization of an analog to the Quantum
Hall Effect with electromagnetic waves as well as coupled mechanical oscillators,
thereby showing that topological effects are not unique to quantum systems, but due
to the wave nature. The idea is that these phenomena are different manifestations of
the same underlying physical principles. Using spin and electromagnetic waves as
examples, I will explore the extent of this particular quantum wave analogy and
illustrate the utility of being able to formulate physical systems in different
mathematical frameworks, namely as classical Hamiltonian equations and in the form
of a Schrödinger equation. Viewing the same physical system in different
mathematical frameworks gives us access to the tools developed for classical and
quantum mechanics, allows us to systematically find commonalities between different
but similar physical systems, and suggests new avenues for research. Here, I will
adapt the Cartan-Altland-Zirnbauer classification scheme of topological insulators and
topological superconductors. In case of electromagnetic waves our analysis not only
makes first steps explaining existing experiments, but identifies another class of
electromagnetic materials that is a candidate for exhibiting new topological effects.
Lastly, because any Schrödinger equation can be seen as a particular case of a linear
Hamiltonian equation of motion, we propose a generalization of the Cartan-Altland-
Zirnbauer classification scheme to linear classical Hamiltonian systems. This would
potentially allow us to extend our symmetry classification to negative index materials
for electromagnetic waves and antiferromagnetically coupled spins, systems that are
not covered by the existing theory.

The talk is based on joint works with Giuseppe De Nittis, Koji Sato, and Kei
Yamamoto.



G. D. Raykov (PUC, Chile)
Resonances and SSF singularities for a magnetic

Schroedinger operator 

Abstract:
I will consider the 3D Schroedinger operator with constant magnetic field, perturbed
by a rapidly decaying electric potential. First, I will discuss the asymptotic behavior of
the corresponding Krein spectral shift function (SSF) near the Landau levels which
play the role of spectral thresholds. I will show that the SSF has singularities near
these thresholds, which admit a fairly explicit description in terms of appropriate
Berezin-Toeplitz operators. Further, I will introduce the resonances of the perturbed
Schroedinger operator, and will discuss their asymptotic distribution near the spectral
thresholds. I will show that under suitable assumptions on the perturbing potential,
there are infinitely many resonances near every fixed Landau level, and the main
asymptotic term of the corresponding resonance counting function is again related to
the Berezin-Toeplitz operators arising in the description of the SSF singularities.If
time allows, some extensions to Pauli and Dirac operators with non-constant
magnetic fields could be briefly outlined.

The talk is based on joint works with J.-F. Bony, V. Bruneau, C. Fernández, A.
Pushnitski, and S. Warzel.

Y. Schröder (UBB, Chile)
Computer-algebra tools for Feynman integrals

Abstract:
In the light of ongoing large-scale experimental effort to search for new particles at
the high- energy frontier, with the daunting task of filtering signals out of the
overwhelming Standard Model background processes, the importance of evaluating
the fundamental building blocks that enter high-precision perturbative expansions
cannot be overstated. One class of such fundamental building blocks are so-called
Feynman integrals, which arise in modern diagrammatic multi-loop calculations. In
order to optimize the theoretical effort that is invested in obtaining the necessary
high-precision determinations of physical observables, it is often desired to once and
for all tabulate universal elements (such as these integrals) that are required often,
but are difficult or time-consuming to obtain. I will introduce the main notions and
tools that are employed in this task, emphasizing algorithmic approaches, as well as
mathematical structure.



E. Sezgin (U. Texas A&M, U.S.A.)
E(11) equations of motion from tensor hierarchy algebra

Abstract:
We examine the West proposal of E(11) as hidden symmetry of 11D supergravity,
with particular emphasis on the issue of linearised gauge invariance and the duality
equation for gravity. We show the need for a section condition for the linearised
gauge invariance of the equations of motion, and for the introduction of a nine-form
potential for an appropriate duality equation for gravity, which is absent in E(11). We
describe an extended scheme based on an infinite dimensional algebra called the
tensor hierarchy algebra that incorporates and resolves the above points in one
structure. We describe the resulting linearised equations of motion in a level
expansion scheme.

S. Teufel (U. Tübingen, Germany)
Effective Hamiltonians for perturbed periodic quantum

systems and their geometry 

Abstract:
I first review a well known procedure for an approximate block decomposition of
perturbed periodic Hamiltonians. If the periodic system is time-reversal symmetric,
the block subspaces are spanned by localised (composite) Wannier functions and
each block of the Hamiltonian can be nicely represented by an effective Hamiltonian
obtained through Peierls substitution. If the periodic Hamiltonian is not time-reversal
symmetric, as in the presence of a constant magnetic field or in Chern insulators,
generically no localised (composite) Wannier functions exist and the geometry of the
underlying Bloch bundles, certain complex vector bundles over the torus, becomes
relevant for the construction of effective Hamiltonians in the spirit of Peierls
substitution. I will explain how effective Hamiltonians adapted to the geometry of the
Bloch bundle can be constructed and also numerically implemented.



R. Tiedra de Aldecoa (PUC, Chile)
Spectral properties of horocycle flows for compact surfaces

of constant negative curvature
Abstract:
We consider flows, called W^u flows, whose orbits are the unstable manifolds of a
codimension one Anosov flow. Under some regularity assumptions, we show that
W^u flows have purely absolutely continuous spectrum in the orthocomplement of
the constant functions. As an application, we obtain that time changes of the classical
horocycle flows for compact surfaces of constant negative curvature have purely
absolutely continuous spectrum in the orthocomplement of the constant functions for
time changes in a regularity class slightly less than C^2. This generalises recent
results on time changes of horocycle flows.



Mini Courses

M. Cambiaso (UNAB, Chile) 
Novel Uses of Chern-Simons Form in Physics.

Media with Topological Order and its Interaction
with Classical Electromagnetic Sources and Fields

E. Gasparim, B. Suzuki 
& F. I. Rubilar Arriagada (UCN, Chile)

Topics in Deformation Theory with
Applications to Mathematical Physics

The goal of this minicourse is to describe deformations of complex structures and
applications to Mathematical Physics. We will consider two types of deformations: 

i) Kuranishi Theory of complex structures on vector bundles 
ii) Kodaira Theory of complex structures on manifolds.

The topics are as follows:
Lecture 1: Moduli spaces of vector bundles and Kuranishi theory
Lecture 2: The effect of deformations on instanton moduli spaces
Lecture 3: Foundations of Kodaira Theory and classical deformations of surfaces
Lecture 4: Calabi-Yau threefolds and their intriguing deformation theory

K. Morand (UNAB, Chile)
The Konstevich’s Formality Theorem

We review Kontsevich’s formality theorem and its main corollary regarding
quantization of Poisson manifolds, with an emphasis on the algebraic structures at
hand.

Topics covered include an introduction to deformation theory, Hochschild
cohomology, the bar construction of L∞ algebras as well as Tamarkin’s interpretation
of the formality theorem. 

Program:
Lecture 1: Deformation theory
Lecture 2: Hochschild cohomology
Lecture 3: Formality theorem
Lecture 4: Tamarkin's interpretation



C. H. Sadel (PUC, Chile)
Challenges for Random Operators

In this course we will introduce the basic Anderson model with some motivations
from physics and give some overview of results and open questions.
So far unresolved are the conjectures for localization t small disorder in 2
dimensions and existence of absolutely continuous spectrum in 3 dimensions,
both on the lattice (Z^d).
In the course we will first repeat some basic mathematical concepts in spectral
theory and quantum mechanics and then give some proof of the localization
phenomenon for large disorder.
Then we will focus on transfer matrix methods for one-channel operators and give
some examples of absolutely continuous spectrum for Anderson modes on graphs
on finite dimensional growth. We will also discuss the transition from localization
to delocalization on anti trees depending on dimension (growth) of the graph.
If time permits we might also discuss some results towards random matrix
behavior (GOE statistics) for sequences of Anderson type models.

Tentative plan:
Lecture 1: Preliminaries, Overview
Lecture 2: Rank 1 perturbation and a proof of localization
Lecture 3: One-channel operators
Lecture 4: One-channel operators / From Anderson models to GOE


