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Propagation of foam-liquid fronts
in improved oil recovery

Stefan Berres *

Departamento de Ciencias Matemáticas y Físicas
Universidad Católica de Temuco

Resumen

A new mathematical model for foam-liquid front propagation in foam improved oil recovery
is introduced as an alternative to models developed previously (Grassia, P., Mas-Hernández, E.,
Shokri, N., Cox, S. J., Mishuris, G., and Rossen, W. R., Analysis of a model for foam improved
oil recovery, Journal of Fluid Mechanics, vol. 751, pp. 346–405, 2014). The conceptual model
establishes that the propagation is in the direction normal to the front. It also requires that at
the top boundary of the domain the net driving pressure is maximum and that at the bottom
boundary the net driving pressure is zero. These assumptions lead to the so called “pressure-
driven growth” model (Shan, D., and Rossen, W. R., Optimal Injection Strategies for Foam IOR,
Society of Petroleum Engineers Journal, vol. 9, pp. 132–150, 2004). The new model captures the
propagation of the front by the reformulation of the “pressure-driven growth” as a Hamilton-
Jacobi equation system. The propagation of the front is represented implicitly by the zero-level
set curve of a Hamilton-Jacobi solution φ, with φ < 0 to the left of the front, and φ > 0 to
the right (Osher, S., and Fedkiw, R, Level set methods and dynamic implicit surfaces, Springer
Science & Business Media, vol. 153, 2006). The numerical contour values are initially formed
to coincide with an early-time asymptotic analytical solution of the “pressure-driven growth”
model. Through simulation, numerical data are obtained from which graphical representations
are generated for the location of the propagation front, and the angle that the front normal makes
with respect to the horizontal and the front curvature. By analytical approximation approaches
It is possible to confirm the existence of a concavity in the front shape at small times.

Joint work with:
Carlos Torres-Ulloa & Paul Grassia Department of Chemical and Process Engineering, Univer-
sity of Strathclyde, Glasgow, Scotland.

*e-mail: sberres@uct.cl
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Integrability in the Skyrme model in (3+1)
dimensions from the Einstein-Skyrme system

Fabrizio Canfora*

Centro de Estudios Científicos
Valdivia, Chile

Resumen

It will be described how one can discover an integrable sector of the Skyrme model in (3+1)-
dimensions using known results in the Einstein-Skyrme system. As an application, it is shown
how to compute the number of bound states Skyrmion-AntiSkyrmion in a box as well as the
critical Isospin chemical potential

*e-mail: canfora@cecs.cl
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The non-commutative topology of dirty
superconductors:

the “case study” of the Spin Hall effect
Giuseppe De Nittis*

Departamento de Matemática Instituto de Física
Pontificia Universidad Católica de Chile

Santiago, Chile

Resumen

The BCS theory of superconductors leads to simple lattice models, known as BdG Hamiltonians.
The properties of these second-quantize Hamiltonians can be investigate just looking at their
first-quantized counterparts which turn out to be matrix-valued lattice models. The physics of
these operators is made more interesting by the presence of a discrete symmetries known as
particle-hole (PH). According to the parity of the PH-symmetry and to the presence of additio-
nal symmetries (spin-rotation, time-reversal, etc.), the (first-quantized) BdG Hamiltonians are
classified in classes which are parametrized by topological invariants.

Albeit the physics of these models is well understood in the pure periodic case, a systematic
study in the presence of disorder seems to be still missing. One of the main features of the physics
of the BdG Hamiltonians is the presence of topological protected states which allow quantized
bulk-currents (spin, thermal, etc) and related edge-currents. Such topological quantities have to
persist also in the presence of (at least weak) disorder. The aim of this talk is to present first
results in this directions.

As explained by Bellissard et co-workers during the 80’s - 90’s, the natural setting to com-
bine differential topology and randomness is the non-commutative geometry. In this talk I will
present the non-commutative (differential) topology associated to dirty BdG Hamiltonians. The
PH-symmetry adds to the usual algebraic structure and provides a natural notion of “Reality”
(á la Atiyah) which enters in the definitions of the relevant geometric objects. These general
results will be tested on the case study of the C-type BdG Hamiltonians in order to provide a
non-commutative explanation of the spin quantum Hall effect both in the bulk and on the edge.
The content of the talk is based on [1].

Joint work with:
Hermann Schulz-Baldes1, Department Mathematik, Friedrich-Alexander Universität, Erlangen,
Germany.

Referencias
[1] De Nittis, Giuseppe; Schulz-Baldes, Hermann, The non-commutative topology of two-

dimensional dirty superconductors. J. Geometry Phys. 124, (2018). 100-123.

*Partially supported by FONDECYT No.11150143, e-mail: gidenittis@mat.uc.cl
1e-mail: schuba@mi.uni-erlangen.de
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Relación entre las reglas de Pieri de los polinomios
de Jack en el superespacio y el modelo de 6-vértices

Jessica Gatica*

Facultad de Matemáticas
Pontificia Universidad Católica de Chile

Santiago, Chile

Resumen

Los polinomios de Jack en el superespacio son polinomios simétricos que dependen de un pará-
metro α. Estos polinomios son funciones propias de la versión supersimétrica del modelo CSM.
En esta charla mostraremos las reglas de Pieri para los polinomios de Jack en el superespacio y
su relación con el modelo de 6-vértices. [3]

Trabajo realizado en conjunto con:
Miles Jones1, Department of Computer Science, University of California, San Diego, USA.
Luc Lapointe2, Instituto de Matemática y Física, Universidad de Talca, Talca, Chile.

Referencias
[1] D. M. Bressoud Proofs and confirmations-The story of the alternating sign matrix conjecture.

Cambridge University Press. Cambridge, (1999).

[2] P. Desrosiers, L. Lapointe and P. Mathieu, Classical symmetric functions in superspace,
J. Alg. Combin 24, (2006). 209-238.

[3] J. Gatica, M. Jones and L. Lapointe, Pieri rules for the Jack polynomials in superspace
and the 6-vertex model, en revisión, (2017).

[4] A. G. Izergin, Partition function of a six-vertex model in a finite volume, Dokl. Akad. Nauk
SSSR 297, (1987). 331-333.

[5] I. G. Macdonald Symmetric functions and Hall polynomials. (2nd ed.). Clarendon Press,
(1995).

*Parcialmente financiado por Proyecto FONDECYT de Postdoctorado #3160595, e-mail: jegatiga@mat.uc.cl
1e-mail: mej016@ucsd.edu
2Parcialmente financiado por Proyecto FONDECYT Regular #1170924, e-mail: lapointe@inst-mat.utalca.cl
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Técnica de integración multivariable originada en los
diagramas de Feynman

Iván P. González G.
Instituto de Física y Astronomía

Universidad de Valparaíso
Valparaíso, Chile

Resumen

Presentamos un método heurístico destinado a la evaluación de integrales multivariables
cuyo intervalo de integración está definido por [0,∞[. Este método se denomina Método de
Brackets (MoB, su sigla en inglés) [1,2,3], el cual tiene su origen en los formalismos matemáticos
desarrollados en la teoría cuántica de campos para la evaluación de las integrales asociadas a
los diagramas de Feynman. En este trabajo presentaremos las reglas que conforman MoB y su
aplicación a diversos problemas de integración, tanto de una variable como multivariable.

Es importante mencionar que desde el punto de vista de la evaluación analítica de integra-
les, el uso de paquetes computacionales, tales como Mathematica o MAPLE, no resultan ser
suficientes para los problemas multivariables que aparecen en la matemática aplicada, bajo esta
perspectiva es que MoB resulta ser una poderosa herramienta de cálculo para estas integrales.
Desde el punto de vista de lo procedural, la tarea fundamental de MoB es convertir la integral
en una "serie"muy particular, denominada "serie de brackets", a partir de esta serie y a través
de la aplicación de un conjunto de reglas ad-hoc, la solución de la integral se obtiene al resol-
ver un sistema de ecuaciones lineales. A la pregunta: ¿qué es un bracket?, podemos por ahora
indicar que es una estructura matemática que representa a una integral divergente, la cual por
definición está representada por la siguiente ecuación:∫ ∞

0

xa1+...+an−1dx = 〈a1 + ...+ an〉 (1)

siendo {ai} (i = 1, ...n) índices arbitrarios y el símbolo 〈·〉, un bracket. Desde el punto de vista
de lo operacional, el comportamiento del bracket es similar al de una delta de Kronecker.

Las ideas relevantes que podemos indicar sobre esta técnica de integración (MoB), es que
posee varias ventajas respecto a otras técnicas avanzadas de integración:
• MoB resuelve N integrales múltiples de manera simultánea. Convencionalmente se evaluan

N integrales iteradamente.
•MoB no requiere herramientas de cálculo avanzado, solo elementos básicos de álgebra lineal.
• MoB se basa en reglas y procedimientos sistemáticos, un algoritmo. Estas características

hacen que esta técnica sea altamente automatizable.

Referencias
[1] I. González and V. Moll, Definite integrals by method of brackets. Part 1, Advances in Applied Mathe-

matics, Vol. 45, Issue 1, 50-73 (2010).

[2] I. González, V. Moll and A. Straub, The method of brackets. Part 2: examples and applications,
Contemporary Mathematics, Gems in Experimental Mathematics, Volume 517, 157-171 (2010).

[3] I. Gonzalez , K. Kohl , L. Jiu , V. H. Moll, An extension of the Method of Brackets. Part 1. Open
Mathematics, Volume 15 (2017), Issue 1, 1181–1211. (arXiv:1707.08942).
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Analytical solution to DGLAP integro-differential
equation

Igor Kondrashuk*
Grupo de Matemática Aplicada, Departamento de Ciencias Básicas,

Universidad del Bío-Bío,
Chillán, Chile

Resumen

We consider DGLAP integro-differential equation. This equation describes QCD dynamics. We
show how it may be solved analytically. We consider the case in which gauge coupling depends
on the energy scale. The solution is found by use of the Cauchy integral formula. The solution
restricts form of parton distributions as function of transfer momentum and of Bjorken variable.

Joint work with:
Gustavo Álvarez, II. Institut für Theoretische Physik, Universität Hamburg, Germany
Gorazd Cvetič, Departamento de Física, UTFSM, Valparaíso, Chile

Referencias
[1] Alvarez, Gustavo; Cvetic, Gorazd; Kniehl, Bernd; Kondrashuk, Igor; Parra Fe-

rrada, Ivan Analytical solution to DGLAP integro-differential equation in a simple toy-model
with a fixed gauge coupling, arXiv:1611.08787 [hep-ph].

[2] Allendes, Pedro; Kniehl, Bernd; Kondrashuk, Igor; Notte Cuello, Eduardo; Ro-
jas Medar, Marko, Solution to Bethe-Salpeter equation via Mellin-Barnes transform, Nuclear
Physics B870 (2013). 243-277.

[3] Gonzalez, Ivan; Kondrashuk, Igor, Box ladders in non-integer dimension, Theoretical and
Mathematical Physics 177 (2013). 1515-1540.

[4] Kniehl, Bernd; Kondrashuk, Igor; Notte Cuello, Eduardo; Parra Ferrada, Ivan,
Rojas Medar, Marko Two-fold Mellin-Barnes transforms of Usyukina-Davydychev functions,
Nuclear Physics B876 (2013). 322-333.

[5] Gonzalez, Ivan; Kniehl, Bernd; Kondrashuk, Igor; Notte Cuello, Eduardo; Parra
Ferrada, Ivan, Rojas Medar, Marko Explicit calculation of multi-fold contour integrals of
certain ratios of Euler gamma functions. Part 1, Nuclear Physics B925 (2017). 607-614.

*Partially supported by DIUBB (Chile) Grant No. GI 172409/C, e-mail: igor.kondrashuk@gmail.com
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From Desgaperis-Procesi peakons to Hermite-Padé
approximants and beyond...

Sergio Medina Peralta*

Instituto de Matemática y Física.
Universidad de Talca

Talca, Chile

Resumen

One of the most interesting questions in fluid theory is to describe the emergence of non-
smooth waves and the mechanism responsible for the breakdown of regularity. In the last decades
several models were proposed of non-smooth waves with integrable structure, the best known
of which are Camassa-Holm and Degasperis-Processi equations. These equations possess stable
non-smooth solutions, called peakons which, to a large extent, determine the essential properties
of solutions, in particular the breakdown of regularity and the onset of shocks (DP).

In this talk we will begin a trip from these peakons solutions of the Degasperis-Processi
equations to Hermite-Padé approximants. We will focus in this last stop but, we also will vi-
sit other places such as inverse string problems, multiple orthogonal polynomials and Cauchy
biorthogonal polynomials, random matrices models and Riemann-Hilbert problems.

Joint work with:
Guillermo López Lagomasino1, Departmento de Matemáticas, Universidad Carlos III de Ma-
drid, Madrid, Spain.
Jacek Szmigielski2, Department of Mathematics and Statistics, University of Saskatchewan, Sas-
katoon, Canada.

Referencias
[1] Marco Bertola and Thomas Bothner. Universality Conjecture and Results for a Model

of Several Coupled Positive-Definite Matrices. Communications in Mathematical Physics, 337,
(2015). 1077-1141.

[2] G. López Lagomasino and S. Medina Peralta. On the convergence of type I Hermite-
Padé approximants. Advances in Math, 273 (2015). 124-148.

[3] Hans Lundmark and Jacek Szmigielski. Degasperis-Procesi peakons and the discrete cubic
string. IMRP International Mathematics Research Papers, No.2, (2005). 53-116.

*Partially supported by Conicyt Fondecyt/Postdoctorado/ Proyecto 3170112, e-mail: smedina@math.uc3m.es
1Partially supported by research grant MTM2012-36372-C03- 01 of Ministerio de Economía, Industria y Compe-

titividad, Spain, e-mail: lago@math.uc3m.es.
2Partially supported by NSERC, e-mail: szmigiel@math.usask.ca
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A∞−álgebras y Teoría de Hodge Generalizada: una aplicación
de los Teoremas de Zhou y Merkulov sobre la existencia de

estructuras A∞ en Geometría Riemanniana

María José Moreno Silva*

Universidad de Santiago de Chile

Resumen

El teorema de Descomposición de Hodge nos dice que dada una variedad riemanniana, com-
pacta, sin frontera y orientadaM , el espacio de las k−formas diferenciales se puede descomponer
unicamente determinado por:

Ωk(M) = dΩk−1(M)⊕ δΩk−1(M)⊕Hk

Esto es, para ω ∈ Ωk(M), existen α ∈ Ωk−1(M), β ∈ Ωk+1(M) y γ ∈ Ωk(M) con ∆(γ) = 0, tal
que ω se escribe de manera única como ω = dα+ δβ + γ.

A fines de los 90’s, Zhou [Zh] y Merkulov [Me] probaron el siguiente resultado algebraico:
Teorema [Zhou-Merkulov]: Para toda dga (A, d, ◦) con métrica euclidiana o hermitiana tal que
d tiene un adjunto formal d∗ y A tiene descomposición de Hodge A = H⊕ img d⊕ img d∗, existe
una estructura de A∞−álgebra en H con multiplicaciones superiores m1 = d, m2 = ◦, y para
n ≥ 3 mn = (id− [d,Gdd

∗])λn, con Gd el operador de Green y λn los tensores λ de Merkulov.
Se sigue que el teorema de Hodge implica la existencia de una estructura de álgebra A∞

asociada naturalmente a una variedad Riemanniana compacta. Nosotros mostramos la existencia
de estructuras de A∞−álgebra sobre variendades Riemannianas compactas diferentes (a priori)
a la inducida via el teorema clásico de Hodge.

En la teoría desarrollada por Eiseman y Stone [E-S] en su artículo “A generalized Hodge
theory”, se tiene que si para una determinada 1−forma vectorial h se desvanece el tensor de Ni-
jenhuis, existe una derivada exterior dh que tiene un adjunto δh con respecto al producto interno
usual entre formas diferenciales de una variedad Riemanniana compacta. Este hecho permite
definir un operador diferencial ∆h que es una generalización del operador Laplace-DeRahm. Y
en consecuencia se puede obtener una generalización del teorema de la descomposición de Hod-
ge clásica y por lo tanto, usando el teorema de Zhou-Merkulov, una estructura de A∞−álgebra
diferente (a priori) a la canónica.

Trabajo realizado en conjunto con:
Enrique Reyes Garcia1, Universidad de Santiago de Chile.

Referencias
[E-S] P.R. Eiseman; A.P. Stone, A generalized Hodge theory, J. Differential Geom. 1974, No. 9,

169-176.

[Me] S.A. Merkulov, Strong homotopy algebras of a Kähler manifold, Internat. Math. Res. Notices
(IMRN) 1999, No. 3, 153-164.

[Zh] J. Zhou, Hodge Theory and A∞−Structures on Cohomology, Internat. Math. Res. Notices
(IMRN) 2000, No. 2, 71-78.

*Parcialmente financiado por CONCYT, e-mail: maria.morenos@usach.cl
1e-mail: enrique.reyes@usach.cl
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Stability of Sine-Gordon 2-solitons in the energy
space

José Manuel Palacios*
Departamento de Ingenería Matemática DIM

Universidad de Chile
Santiago, Chile

Resumen

In this talk we will prove that three different 2-soliton solutions of the sine-Gordon equation
(SG) are orbitally stable in the natural energy space of the problem [4]. We will prove this result
without using the inverse scattering technique for the equation nor the steepest descent method,
which allows us to work in the very large energy space H1(R)×L2(R). The three families which
we will study are called 2-kink, kink-antikink and breather of SG, described by Lamb [3]. To
prove this result we will use a well-chosen Bäcklund transformation which allow us to reduce
the stability question of these families to the zero solution case, in the same spirit as the result
of Alejo and Muñoz for the case of the modified Kortweg-de Vries equation [1]. However, we will
see that SG presents several new difficulties that we will have to solve appropriately. Possible
connections to asymptotic stability results will also be discussed. This work is in colaboration
with C. Muñoz and improves in several directions the results in [2].

Joint work with:
Claudio Muñoz1, CNRS and Departamento de Ingenería Matemática, Universidad de Chile.

Referencias
[1] M.A. Alejo, and C. Muñoz, Dynamics of complex-valued modified KdV solitons with applications

to the stability of breathers, Anal. and PDE. 8 (2015), no. 3, 629–674.

[2] M.A. Alejo, C. Muñoz, and J. M. Palacios, On the Variational Structure of Breather So-
lutions I: Sine-Gordon case, J. Math. Anal. Appl. Vol.453/2 (2017) pp. 1111–1138. DOI
10.1016/j.jmaa.2017.04.056.

[3] G.L. Lamb, Elements of Soliton Theory, Pure Appl. Math., Wiley, New York, 1980.

[4] C. Muñoz, and J.M. Palacios, Stability of the 2-soliton solutions of the SG equation in the energy
space, in preparation.

*Departamento de Ingenería Matemática DIM, Universidad de Chile, e-mail: jpalacios@dim.uchile.cl. Partially
supported by Nucleo Milenio CAPDE, CMM Fondo Basal and Fondecyt 1150202.

1CNRS and Departamento de Ingenería Matemática DIM-CMM UMI 2807-CNRS, Universidad de Chile, e-mail:
cmunoz@dim.uchile.cl
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Nonlinear fractional Schrödinger equation
with a Hartree type of nonlinearity

José Ramírez M.*
Departamento de Matemática y Ciencia de la Computación

Universidad de Santiago de Chile
Santiago, Chile

Resumen

We study qualitative properties of the following time fractional nonlinear Schrödinger equation
on the Sobolev space Hβ(Rn){

iαDα
t u(t, x) = (−∆)β/2u(t, x) + µJ1−α

t Kγ(|u|2)(x)u(t, x), (t, x) ∈ [0, T ]× Rn,
u(0, x) = u0(x), u0 ∈ Hβ(Rn),

(1)

in which α ∈ (0, 1), β ∈ (0, 2), µ ∈ R\{0}. The above equation (1) is investigated under the
assumption that Dα

t is the fractional Caputo derivative of order α, and J1−α
t is the fractional

integral of Riemann-Liouville; see e.g. [1]. Moreover, we consider the nonlocal operator (−∆)β/2

to be defined as a pseudo-differential operator on Rn (see e.g. [2]). The non-linear term of Hartree
type, is given by the convolution operator

Kγ(u)(x) := (| · |−γψ ∗ u)(x), u ∈ Hβ(Rn),

in which ψ is a fixed but arbitrary, positive and bounded function, 0 < γ < n. Then, for suitable
choices of the parameters α, β, γ, ψ, n, we prove existence, uniqueness, and regularity properties
of solutions for the non-local equation (1).

Joint work with:
H. Prado1, USACH.

Referencias
[1] E. Bazhlekova. Fractional Evolution Equations in Banach Spaces, Doctoral Thesis, Technis-

che Universiteit Eindhoven, 2001.

[2] E. M. Stein. Singular Integrals and Differentiability Properties of Functions, Princeton Uni-
versity Press, 1971.

[3] T. Cazenave. Semilinear Schrodinger equations. Courant Lecture notes in Mathematics, vol.
10. Courant Institute of Mathematical Sciences. American Mathematical society, 2003.

*Partially supported by FONDECYT grant # 1170571, e-mail: jose.ramirezm@usach.cl
1e-mail: humberto.prado@usach.cl
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Simetrías no-locales e integrabilidad
Enrique G. Reyes*

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

Santiago, Chile

Resumen

Esta charla es una introducción a la teoría de simetrías no-locales de ecuaciones diferenciales
y sus aplicaciones. Esta teoría fue propuesta originalmente por matemáticos rusos hace más de
veinte años y ha sido desarrollada en profundidad sólo en el último tiempo. Referencias relevan-
tes son [1, 2, 3, 5, 6] y el texto ya clásico [4].

Referencias
[1] Marianna Euler, Norbert Euler, Enrique G. Reyes, Multipotentializations and nonlocal sym-

metries: Kupershmidt, Kaup-Kupershmidt and Sawada-Kotera equations. Journal of Nonlinear
Mathematical Physics 24 (2017), 303–314.

[2] Rafael Hernández-Heredero and Enrique G. Reyes, Nonlocal symmetries, compacton equations,
and integrability. International Journal of Geometric Methods in Modern Physics 10 (2013),
1350046 (24 pages).

[3] Rafael Hernández-Heredero and Enrique G. Reyes, Geometric integrability of the Camassa-
Holm equation II. International Mathematics Research Notices Volume 2012 (2012), 3089–3125.

[4] I.S. Krasil’shchik, and A.M. Vinogradov (Eds.). Symmetries and conservation laws for differen-
tial equations of mathematical physics (1999). Translations of Mathematical Monographs Vol.
182, AMS, Providence.

[5] Enrique G. Reyes, Equations of pseudo-spherical type (after S.S. Chern and K. Tenenblat).
Results in Mathematics 60 (2011), 53–101.

[6] Enrique G. Reyes, Nonlocal symmetries and the Kaup-Kupershmidt equation. Journal of Mat-
hematical Physics 46 (2005), no. 7, 073507, 19 pp.

*Parcialmente financiado por Proyecto FONDECYT # 1161691.
e-mail: e_g_reyes@yahoo.ca ; enrique.reyes@usach.cl
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Asymptotic dynamics for certain 2-D magnetic
quantum systems

Edgardo Stockmeyer*
Instituto de Física

PUC
Santiago, Chile

Resumen

In this talk I will present new results concerning the long time localisation in space (dynamical
localisation) of certain two-dimensional magnetic quantum systems. The underlying Hamiltonian
may have the form H = H0 +W , where H0 has dense point spectrum and rotational symmetry
and W is a perturbation that breaks the symmetry.

Joint work with:
E. Cárdenas, Instituto de Física, PUC, Chile.
I. Anapolitanos, D. Hundertmark, S. Wugalter, Institute of Analysis, KIT, Karlsruhe, Ger-
many.

*Partially supported by Fondecyt # 1180355 , e-mail: stock@fis.puc.cl
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On the current-current correlation measure for
random Schrödinger operators

Amal Taarabt*
Facultad de Matemáticas

Pontificia Universidad Católica
Santiago de Chile, Chile

Resumen

We review various properties of random Schrödinger operators and recall formulations of
conductivity and current-current correlation measure. In this talk we will present a panoramic
view and recent results on localized regime. We will focus in particular on the diagonal behaviour
problem of the ccc-measure and explain how it is related to the localization length. This is a
work in progress with J. Bellissard and G. De Nittis.

Joint work with:
J. Bellissard1, School of Mathematics, Georgia Institute of Technology, Atlanta GA, USA.
G. De Nittis2, Facultad de Matemáticas, Pontificia Universidad Católica, Santiago de Chile, Chile.

*e-mail: amtaarabt@mat.uc.cl
1e-mail: jeanbel@math.gatech.edu
2e-mail: gidenittis@mat.uc.cl
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Quantum time delay for unitary propagators
Rafael Tiedra de Aldecoa*

Faculty of Mathematics
Pontifical Catholic University of Chile

Santiago, Chile

Resumen

We give the definition of quantum time delay in terms of sojourn times for unitary propagators
in a two-Hilbert spaces setting. We prove that this time delay defined in terms of sojourn times
(time-dependent definition) exists and coincides with the expectation value of a unitary analo-
gue of the Eisenbud-Wigner time delay operator (time-independent definition). Our proofs rely
on a new summation formula relating localisation operators to time operators and on various
tools from functional analysis such as Mackey’s imprimititvity theorem, Trotter-Kato Formula
and commutator methods for unitary operators. Joint work with Diomba Sambou (PUC).

*Partially supported by Chilean Fondecyt Grant 1170008, e-mail: rtiedra@mat.uc.cl
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SO-flat manifolds
Jorge Zanelli*

Centro de Estudios Científicos
Valdivia, Chile

Resumen

Manifolds endowed with a flat SO(p, q) connection have exceptional features. Minkowski space-
time, for example, is Lorentz-flat, which means that inertial frames can be consistently defined
in an open region and therefore Special Relativity holds on extended regions. We want to point
out that Minkowski space is not unique: in particular, three-dimensional anti-de Sitter space-
time is also Lorentz-flat. We discuss other possibilities of SO-flat manifolds, and we suggest a
relation with Adams theorem.

*e-mail: z@cecs.cl
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