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Spectral Properties of Rank one Perturbations of
Unitary operators.
María A. Astaburuaga *

Facultad de Matemáticas
Pontificia Universidad Católica de Chile

Santiago, Chile

Resumen

We analize spectral properties of some rank one perturbations of unitary operators with a
cyclic vector. We also give conditions for unitary operators with a simple eigenvalue , in order
to exhibit an almost exponential decay for the associated resonant state under perturbations.
Main tools are the Aronszajn-Donoghue theory for rank one perturbations,and the reduction of
the resolvent based on a unitary version of Feshbach-Livsic formula.

Joint work with:
O. Bourget and V.H. Cortés,Facultad de Matemáticas
Pontificia Universidad Católica de Chile
Santiago, Chile.
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Funciones zeta locales de Igusa y operadores
pseudo-diferenciales sobre campos p-ádicos

Víctor Burgos Guerrero*

Departamento de Matemática
Universidad de Concepción

Concepción, Chile

Resumen

En ésta charla se abordará una parte de la teoría de operadores pseudo-diferenciales p-ádicos
relacionados con la función zeta local de Igusa. El objetivo es encontrar y estudiar las soluciones
fundamentales de ecuaciones pseudo-diferenciales asociadas a estos operadores. Para ello, intro-
duciremos la teoría preliminar en Qp y, veremos además que, como consecuencia importante de
un resultado de geometría algebraica, la función zeta local de Igusa admite una continuación
analítica a todo el plano complejo. Esto último implica la existencia de soluciones fundamentales
para operadores diferenciales p-ádicos con coeficientes constantes. Mostraremos también algunos
operadores importantes y una técnica que se utilizará para hallar las soluciones fundamentales
a las ecuaciones mencionadas.

Trabajo realizado en conjunto con:
José Aguayo G.1, Departamento de Matemática, Universidad de Concepción, Concepción, Chile.
Wilson Zúñiga-Galindo2, Departamento de Matemática, Cinvestav del Instituto Politécnico Na-
cional, Santiago de Querétaro, México.

Referencias
[1] J. Igusa, An Introduction to the Theory of Local Zeta Functions, AMS/IP Studies in Advanced

Mathematics, 2000.

[2] A. Khrennikov, S. Kozyrev and W. Zúñiga-Galindo, Ultrametric Pseudodifferential
Equations and Its Applications, Encyclopedia of Mathematics (161), Cambridge University
Press, 2018.

[3] A. Kochubei, Pseudo-Differential Equations and Stochastics over non-Arquimedian Fields,
Pure Appl. Math. 244 (Marcel Dekker, New York, 2001).

[4] M. Taibleson, Fourier Analysis on Local Fields, Princeton University Press, 1975.

[5] V. Vladimirov, I. Volovich y E.Zelenov, P-adic Analysis and Mathematical Physics,
Series on Soviet and East European Mathematics 1, World Scientific, River Edge, NJ, 1994.

[6] W. Zúñiga-Galindo, Fundamental Solutions of Pseudo-differential operators over p-adic
fields, Rend. Sem. Mat. Univ. Padova 109, 241-245, 2003.

*Parcialmente financiado por el Departamento de Matemática de la Universidad de Concepción, e-mail:
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Difference Equations of type Volterra: A Qualitative
Study

Mario Choquehuanca*

Department of Mathematics and Statistics
University of La Frontera

Temuco, Chile

Resumen

Let X be an arbitrary Banach space. We will study qualitative properties of the Volterra
difference equation given by

u(n+ 1) = λ

n∑
j=−∞

a(n− j)u(j) + g(n, u), n ∈ Z, (1)

where λ is a complex number, a : N→ C, and g are appropriate functions.
For this purpose we present a result of lp-boundedness of the solution for linear Volterra

difference equations, show a solution existence result lp-boundedness of the Volterra functional
difference equation given by

u(n+ 1) = λ

n∑
j=−∞

a(n− j)u(j) + f(n, un), n ∈ Z, (2)

where f : Z× B → X is an appropriate function and un : Z− → X is the pre-history function
We conclude by mentioning some qualitative properties of the set of solutions of the equation

(1) as: Asymptotic behavior, continuity and compactness, also the adaptation of this theory to
the Turelli-Hoffman-Schofield model for propagation of Wolbachia bacteria.

Joint work with:
Claudio Cuevas, Departamento de Matemática, Universidade Federal de Pernambuco, Recife-PE,
Brasil.
Herme Soto, Departamento de Matemática y Estadística, Universidad de la Frontera, Temuco,
Chile.

Referencias
[1] Granas A. and Dugundji J., Fixed Point Theory, Springer Monographs in Mathematics.

New York, 2003.

[2] Hino Y., Murakami S., Naito T., Functional Differential Equations with Infinite Delay,
Springer-Verlag, (1991).

[3] Schofield P., Spatially explicit models of Turelli-Hoffmann Wolbachia invasive wave fronts.
J. Theor. Biol. 215, (2002), 121-131.

*is partially supported by DIUFRO (Universidad de La Frontera) under Grant DI17-0129, e-mail:
mario.choquehuanca@ufrontera.cl
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Linear Response Theory:
An Analytic-Algebraic Approach

Giuseppe De Nittis*
Departamento de Matemática Instituto de Física

Pontificia Universidad Católica de Chile
Santiago, Chile

Resumen

Linear response theory (LRT) is a tool with which one can study the response of systems that
are driven out of equilibrium by external perturbations. In this talk I present a modern and
systematic approach to LRT by combining analytic and algebraic ideas. The theory is robust
and provides a tool to implement LRT for a wide array of systems like periodic and random
systems in the discrete and the continuum. The mathematical framework of the theory is outli-
ned firstly: the relevant von Neumann algebras, non-commutative Lp- and Sobolev spaces are
introduced; the notion of isospectral perturbations and the associated dynamics and commuta-
tors are studied; their construction is then made explicit for various physical systems (quantum
systems, classical waves). The final part is dedicated to a presentation of the proofs of the Kubo
and Kubo-Streda formulas. The content of the talk is based on [1].

Joint work with:
Max Lein1, AIMR, Tohoku University, Sendai, Japan.

Referencias
[1] De Nittis, Giuseppe; Lein, Max, Linear Response Theory: An Analytic-Algebraic Approach.

SpringerBriefs in Mathematical Physics, Vol. 21. Springer, Cham, (2017). x+138 pp.

*Partially supported by FONDECYT No.11150143, e-mail: gidenittis@mat.uc.cl
1e-mail: max.lein@tohoku.ac.jp
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A class of Weierstrass-Enneper lifts of
harmonic mappings

Iason Efraimidis*
Facultad de Matemáticas

Pontificia Universidad Católica de Chile
Santiago, Chile

Resumen

Bounds on the Schwarzian derivative of a holomorphic locally univalent function are known
to imply the global univalence of the function and its quasiconformal extension to C. This theory
has been extended to harmonic mappings and their associated minimal surfaces in the works [1]
and [2].

Assuming that the holomorphic part of a harmonic mapping has small Schwarzian deriva-
tive we find conditions on its dilatation which, in view of a criterion from [2], imply that the
Weierstrass-Enneper lift of the mapping is univalent. A similar theorem is proved for harmonic
mappings which are shears of holomorphic functions with small Schwarzian derivative and, in
this case, tools from [3] allow us to deduce the univalence of the planar harmonic mapping,
along with its quasiconformal extension to C. We note that, more generally, the conformal map
of any quasidisk admits shearings with sufficiently small dilatations.

Joint work with:
Martin Chuaqui 1, Facultad de Matemáticas, Pontificia Universidad Católica de Chile, Santiago,
Chile.

Referencias
[1] M. Chuaqui, P. Duren, B. Osgood, The Schwarzian derivative for harmonic mappings, J. Anal.

Math. 91 (2003), 329-351.

[2] M. Chuaqui, P. Duren, B. Osgood, Univalence criteria for lifts of harmonic mappings to minimal
surfaces, J. Geom. Anal. 17 (2007), no. 1, 49-74.

[3] M. Chuaqui, P. Duren, B. Osgood, Quasiconformal Extensions to Space of Weierstrass-Enneper
Lifts, to appear in J. Anal. Math. (arXiv: 1304.4198).

*e-mail: iason.efraimidis@mat.uc.cl
1Partially supported by Fondecyt Grant 1150115, e-mail: mchuaqui@mat.uc.cl
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Systems of Schrodinger equations
Claudio Fernández*

Departmento de Matemática
Universidad católica de Chile

Santiago, Chile

Resumen

We consider a time-dependent coupled system of Schrödinger equations,

i ut = −∆u+ V (x)u+ g(x)v

i vt = −∆v +W (x)v + g(x)u

both equations in the half line x > 0, with Dirichlet boundary condition at the origin. We
assume that the potential V and W and the coupling term g are real valued bounded functions
with compact support.

Let k0 be a resonance for above system, that is =k0 < 0, and k20 = λ − iε, with λ and ε
positive, are such that the corresponding stationary system has a non trivial outgoing solution,
the so called resonant solution.

The resonant solution ϕ is increasing at ∞ so we truncate it to an interval [0, R] containing
the supports of the functions V,W and g. After normalization, we obtain a function ψ which
should manifest the resonance phenomenon.

We prove that this is the case from the dynamical point of view, obtaining an approximate
exponential decay for the expression,

〈ψ, u(t)〉,
where u(t) is the solution with initial value ψ. We follow a method due to Lavine, who studied
resonances for a quantum particle in the half line

Joint work with:
M.A. Astaburuaga, PUC, Chile.
R. Coimbra Charao, U. Santa Catarina, Brasil.
G. Perla Menzala, LNCC, Brasil.

*Partially supported by Fondecyt 1141120, e-mail: cfernand@mat.uc.cl
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Lebesgue regularity for nonlocal time-discrete
equations with delays

Claudio Leal
e-mail: claudio.leal@usach.cl

Departamento de Matemática y Ciencia de la Computación
Universidad de Santiago de Chile

Santiago, Chile

Resumen

In this talk, we provide a new and effective characterization for the existence and uniqueness
of solutions for nonlocal time-discrete equations with delays, in the setting of vector-valued
Lebesgue spaces of sequences.
This characterization is given solely in terms of the R-boundedness of the data of the problem,
and in the context of the class of UMD Banach spaces.

Joint work with:
Carlos Lizama1, Departamento de Matemática y Ciencia de la Computación, Universidad de
Santiago de Chile, Santiago, Chile.
Marina Murillo-Arcila2, Departament de Matemàtiques, Universitat Jaume I, Castelló de la
Plana, Spain.

Referencias
[1] Blünck, Sönke, Maximal regularity of discrete and continuous time evolution equations, Stu-

dia Math. 146 (2), 157–176.

[2] Denk, Robert; Hieber, Matthias; Prüss Jan, R-boundedness, Fourier multipliers and
problems of elliptic and parabolic type, Mem. Amer. Math. Soc. 166 (788) 2003.

[3] Leal, Claudio; Lizama, Carlos; Murillo-Arcila, Marina, Lebesgue regularity for non-
local time-discrete equations with delays, Submitted.

[4] Lizama, Carlos; Murillo-Arcila, Marina, Well posedness for semidiscrete abstract frac-
tional Cauchy problems with finite delay, J. Comput. Appl. Math. To appear.

1Partially supported by CONICYT-PIA-Anillo ACT1416 and FONDECYT grant 1140258.
e-mail: carlos.lizama@usach.cl

2Supported by MEC, grant MTM2016-75963-P. e-mail: murillom@uji.es
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Resonancias en guías de ondas torcidas
Pablo Miranda*

Departamento de Matemática y Ciencia de la Computación
Universidad de Santiago

Santiago, Chile

Resumen

En esta charla consideraremos el Laplaciano para una guía de ondas recta, la cual será torcida
localmente. Se sabe que tal perturbación no crea nuevos valores propios. Sin embargo, es posible
definir una extensión meromorfa de la resolvente del Laplaciano perturbado, la que nos permite
mostrar que existe exactamente una resonancia cerca del ínfimo del espectro esencial. Calcu-
laremos también el comportamiento asintótico de esta resonancia, en función del tamaño del
torcimiento. Por último daremos una idea de como extender estos resultados para los “umbrales”
superiores en el espectro del Laplaciano no perturbado

Trabajo realizado en conjunto con:
Vincent Bruenau1 Nicolas Popoff2

*Parcialmente financiado por Fondecyt 11150865, e-mail: pablo.miranda.r@usach.cl
1Universidad de Burdeos
2Universidad de Burdeos
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Radial Solutions for a Class of Non-Local Equations
H. Prado*

Departamento de Matemática y Ciencia de la Computación
Universidad de Santiago de Chile

Santiago, Chile

Resumen

The scope of this talk is to show existence of radial solutions and regularity properties for a
class of non local equations. We use the theory of Fourier multipliers for constructing suitable
domains of the pseudo-differential operators naturally associated to the corresponding equations
under consideration. On these domains the operators can be rigorously defined, and we prove
existence of solutions belonging to these domains. We also include applications of the theory to
equations of physical interest involving the fractional Laplace operator such as the Allen-Cahn
equation.

Joint work with:
M. Bravo, USACH.
E.G. Reyes, USACH.

*Partially supported by FONDECYT grant # 1170571, e-mail: humberto.prado@usach.cl
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The generalised quantum Harmonic oscillator and its
decoherence-free sub-algebra

Rolando Rebolledo Berroeta*

CIMFAV
Facultad de Ingeniería

Universidad de Valparaíso

Resumen

We consider the definition of the generalised Quantum Harmonic Oscillator (QHO) introduced
by Bath and Parthasarathy in [2]. It is well-known (see [1]) that all QMS suffers decoherence in
its evolution. Loosely speaking, one says that “the quantum evolution becomes classical,” this
means that after some time, the dynamics concentrates on a commutative sub-algebra of ob-
servables. In [3] we characterized decoherence-free subalgebras where the evolution preserves its
quantum structure. In general, these sub-algebras are trivial, nevertheless some physical systems
do contain non trivial decoherence sub-algebras. More precisely, the decoherence-free subalgebra
is the biggest (non commutative) where the semigroup act as a group of endomorphisms. The
conference will show that the generalised QHO has a non trivial decoherence-free subalgebra.

Referencias
[1] Blanchard, Ph.; Olkiewicz, R. Decoherence induced transition from quantum to classical dyna-

mics. Rev. Math. Phys. 15 (2003), no. 3, 217-243.

[2] B.V.R. Bhat and K.R. Parthasarathy, Generalized harmonic oscillators in quantum probability,
Sém. Probab. XXV (1991) 39-51.

[3] A. Dhahri, F.Fagnola and R. Rebolledo: The Decoherence-free Subalgebra of a QuantumMarkov
Semigroup with Unbounded Generator. Infin. Dimens. Anal. Quantum Probab. Relat. Top. 13
(2010), no. 3, 413-433.

[4] F.Fagnola and R.Rebolledo: Entropy Production for Quantum Markov Semigroups, Commun.
Math. Phys. 335, 547-570. ISSN: 0010-3616.(2015)

*e-mail: rolando.rebolledo@uv.cl
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One-channel operators and a radial transfer matrix
approach to spectral theory

Christian Sadel*
Department of Mathematics

Pontificia Universidad Catolica de Chile
Santiago, Chile

Resumen

We introduce the notion of a one-channel operator as a generalization of Jacobi operators and
show how solutions to the formal eigenvalue equation and the spectral theory can be completely
described by analyzing products of 2 × 2 transfer matrices. We use this technique to show
existence of absolutely continuous spectrum for Anderson models on certain (partial) antitrees
of more than 2-dimensional growth [1, 2]. Inspired from the specific form of these transfer
matrices we introduce a general radial transfer matrix approach for finite-hopping Hermitian
operators [3]. Instead of solving the eigenvalue equation the transfer matrix products serve as
a linearization of a semi-group structure for Greens-function boundary data along ’spheres’
starting from some root point. We hope that this technique can help to advance in some of the
open problems of spectral theory for disordered systems.

Referencias
[1] Sadel, Christian, Anderson Transition at Two-Dimensional Growth Rate on Antitrees and

Spectral Theory for Operators with One Propagating Channel, Annal. Henri Poincare 17 (2016),
1631-1675, DOI: 10.1007/s00023-015-0456-3

[2] Sadel, Christian, Spectral theory of one-channel operators and application to absolutely con-
tinuous spectrum for Anderson type models, J. Funct. Anal. 274 (2018), 2205-2244, DOI:
10.1016/j.jfa.2018.01.017

[3] Sadel, Christian, A radial transfer matrix approach for spectral analysis on higher dimen-
sional graphs, work in progress

*Partially supported by CONICYT, Fondecyt 1161651 and Iniciativa Científica Milenio NC120062
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Asymptotic formulae for solutions of impulsive
differential equations with piecewise constant

argument of generalized type
Ricardo Torres Naranjo.*

Instituto de Ciencias Físicas y Matemáticas, U. Austral de Chile.
Valdivia, Chile.

Resumen

In the late 70’s, A.D.Myshkis noticed that there was no theory for differential equations with
discontinuous argument of the form x′(t) = f(t, x(t), x(h(t))); where, for example, h(t) = [t],
and he called these equations Differential equations with deviating argument. The systematic
study of problems related to piecewise constant argument began early in the 80’s with the
works of Cooke, Wiener and Shah. They called these type of equations Differential Equations
with Piecewise Constant Argument (in short DEPCA).
S. Busenberg and K.L. Cooke were the first to introduce a mathematical model that involved
such types of deviated arguments in the study of models of vertically transmitted diseases,
reducing their study to discrete equations. Since then, these equations have been deeply studied
by many researchers of diverse fields like biomedicine, chemistry, biology, physics, population
dynamics and mechanical engineering (see [4, 6]).
M. Akhmet considered the equation

x′(t) = f(t, x(t), x(γ(t))),

where γ(t) is a piecewise constant argument of generalized type, that is, given (tk)k∈Z and (ζk)k∈Z
such that tk < tk+1 , ∀k ∈ Z with ĺımk→±∞ tk = ±∞, tk ≤ ζk ≤ tk+1 and γ(t) = ζk if
t ∈ Ik = [tk, tk+1) . These equations are called Differential Equations with Piecewise Constant
Argument of Generalized Type (in short DEPCAG). They have continuous solutions, even when
γ(t) is not. In the end of the constancy intervals they produce a recursive law, i.e, a discrete
equation. That is the reason why these equations are called hybrids, because they combine
discrete and continuous dynamics (see [9]).
In the DEPCAG case, when continuity at the endpoints of intervals of the form Ik = [tk, tk+1) is
not considered, gives rise to Impulsive Differential Equations with Piecewise Constant Argument
of Generalized Type (in short IDEPCAG)

x′(t) = f(t, x(t), x(γ(t))), t 6= tk

∆x(tk) = Qk(x(t−k )), t = tk (1)

where x(τ) = x0 (see [5, 11]).
This time we study the existence of an asymptotic equilibrium for (1). I.e, strongly based on
certain integrability conditions, Gronwall-Bellman type inequality and the Banach’s fixed point
theorem, we prove that every solution of (1) with initial condition x (a) = x0 where a ≥ τ
satisfies has the asymptotic formulae

x(t) = ξ +O

 3∑
i=1

∫ ∞
t

λi(s)ds+
∑

t≤tk<∞

(
µ1
k + µ2

k

) . (2)

*Partially supported by FONDECYT grant N◦ 1120709, e-mail: ricardo.torres@uach.cl
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for some ξ ∈ Rn, where λ and µ are Lipschitz constants related to f and Qk respectively.
Furthermore, if we consider the systems

y′(t) = A(t)y(t) + g(t, y(t), y(γ(t))), t 6= k

∆y(tk) = Jky(t−k ) + Ik(y(t−k )), t = k ∈ N (3)

z′(t) = A(t)z(t), t 6= k

∆z(tk) = Jkz(t
−
k ), t = k ∈ N (4)

then, under some conditions, any solution y of (3) satisfies the asymptotic formulae

x(t) = Φ(t) [ν + ε(t)] , ν ∈ Rn, ε(t)→ 0 as t→∞, (5)

where Φ is the fundamental matrix of (4). I.e systems (3) and (4) are asymptotically equivalent
and

y(t) = z(t) + ε0(t), ε0(t)→ 0 as t→∞.
Moreover, asymptotic equivalence includes the case of unbounded solutions.
The results are an extension of [7, 8] for the IDEPCAG case and, in particular, generalize the
work done by Bereketoglu in [3] for a general piecewise constant argument. An example of a
second order IDEPCAG will be shown.

Joint work with:
Manuel Pinto1, Departamento de Matemáticas, Facultad de Ciencias, Universidad de Chile. San-
tiago, Chile.
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