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THE PROGRAMME

Day I: Sunday, July 12, 2015

Venue: Colegio Mayor Deusto, Camino Ugasko, 7, 48014 Bilbao.

11.00-11.30 Welcome and Registration.

11.30-13.00 Current trends in Quantum Reactive Scattering. Future joint research
projects and external funding. Discussion.

13.00-15.00 Lunch Break.

15.30-16.00 Meeting of the Scientific Committee of the “Quantum Days in Bilbao”
series of workshops.

Day II: Monday, July 13, 2015

Venue: Basque Center for Applied Mathematics (BCAM),
Alameda Mazarredo, 14, 48009 Bilbao.

Chairman: William H. Miller

10.00-10.10 Welcome Address (D. Sokolovski).

10.10-10.50 George C. Schatz: Exciton diffusion, exciton splitting and exciton-
plasmon interactions.

10.50-11.30 J.N.L. Connor: Some techniques from applied mathematics useful for
understanding the dynamics of chemical reactions and molecular colli-
sions.

11.30-12.00 Coffee Break (BCAM).

Chairman: George C. Schatz

12.00-12.40 Annalisa Marzuoli: Faceting spacetimes: Regge’s view of geometry.

12.40-13.20 Vincenzo Aquilanti: Angular Momentum, Spin Networks and Desar-
guesian Geometry.

13.20-15.20 Lunch Break.
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Chairman: J.N.L Connor

15.20-16.00 Miguel González: Quantum dynamics of physicochemical processes in-
volving atoms or molecules and superfluid 4He nanodroplets.

16.00-16.40 Octavio Roncero: Reactions involving the formation and transformation
of H+
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16.40-17.00 Coffee Break (BCAM).

Chairman: Miguel González

17.00-17.40 Dario De Fazio: Benchmarking reaction kinetics astride the transition
between the moderate and deep tunnelling regimes.

20.30 Conference Dinner at Bordatxo Restaurant (Calle Ramón y Cajal 24).

Day III: Tuesday, July 14, 2015

Venue: Basque Center for Applied Mathematics (BCAM),
Alameda Mazarredo, 14, 48009 Bilbao.

Chairman: Hans-Dieter Meyer

10.00-10.40 William H. Miller: Symmetrical Quasi-Classical Model for Classical
Molecular Dynamics Simulations of Electronically Non-Adiabatic Processes.

10.40-11.20 Ángel S. Sanz: Numerical investigation of effective models based on the
concept of quantum-phase dynamics.

11.20-12.00 Coffee Break (BCAM).

Chairman: Octavio Roncero

12.00-12.40 Hans-Dieter Meyer: The Multiconfiguration Time-Dependent Hartree
(MCTDH) Method and its Multi-Layer (ML-MCTDH) Extension.

12.40-13.20 Jean-Pierre Puel: Control problems for Schrödinger equations and Hartree-
Fock systems.

13.20-15.20 Lunch Break.
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Chairman: Dario De Fazio

15.20-16.00 Mauro Carfora: Entropy, polymerization and the emergence of geomet-
rical structures.

16.00-16.40 Elena Almaraz: Markov-modulated interactions in SIR epidemics.

16.40-17.00 Coffee Break (BCAM).

Chairman: D. Sokolovski

17.00-17.40 Jens Siewert: Negativity as a counter of entangled dimensions.
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CONFERENCE VENUES

Colegio Mayor Deusto

Colegio Mayor Deusto Camino Ugasko, 7

48014 Bilbao Biscay (marked by a ”star” on the map below)
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BCAM - Basque Center for Applied Mathematics

Venue: BCAM - Basque Center for Applied Mathematics

Alameda de Mazarredo 14

48009 Bilbao, Bizkaia - (Basque-Country, Spain)

BCAM is located in the City Center of Bilbao (Bizkaia - Basque Country -
Spain), in Mazarredo 14 (close to Isozaki towers and Correos Post Office). More
precisely, in the ground and first floor of the brown building. The telephone
number is +34 946 567 842.
This research Center is located in the center of Bilbao, close to several technology-
based companies and R&D centers established in the region. The facilities of the
Center and, in particular, its parallel computation resources, provide a unique
setting for the development of interdisciplinary projects.
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ABSTRACTS
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Elena Almaraz∗1, Antonio Gómez-Corral2

1 Complutense University of Madrid
2 ICMAT – Instituto de Ciencias Matemáticas CSIC-UAM-UC3M-UCM

∗ ealmarazluengo@mat.ucm.es

Markov-modulated interactions in SIR epidemics

In this talk, a Markov-modulated framework is presented to incorporate
correlated events into the stochastic susceptible-infectious-recovered (SIR) epi-
demic model for a closed finite community. The resulting process allows us to
deal with non-exponential distributional assumptions on the contacts between
an infectious and a susceptible individual, and the duration of infectiousness,
but keeping the dimensionality of the underlying Markov chain model tractable.
The variability between SIR-models with distinct level of correlation is discussed
in some detail in terms of extinction times, quasi-stationarity, and the basic re-
production number R0, which is defined here as a random variable rather than
an expected value. The effects of the correlation structure on the dynamics of
various Markov-modulated variants are explored.
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Vincenzo Aquilanti

Dipartimento di Chimica, Biologia e Biotecnologie, Università di Perugia, Italy
vincenzoaquilanti@yahoo.it

Angular Momentum, Spin Networks and Desarguesian
Geometry

The relevance of the venerable Racah’s analytical and Wigner’s group-theore-
tical methods in the quantum theory of angular momentum transcends the tra-
ditional fields of atomic, molecular and nuclear spectroscopies and of quantum
chemistry. The related mathematics of spin networks is of interest also for recent
developments in quantum information and in quantum relativity. Desarguesian
aspects of the underlying geometry are currently being investigated and are ar-
gumented in this talk.

The approach generates uniformly the recurrence relationships which pro-
vide us with tools for exact calculations, for the asymptotic analysis and for
numerical applications. Studies of the semiclassical limits permit a unifying
vision, establishing properties and a comparative classification of orthogonal
polynomial families and of the sets of hydrogenoid and Sturmian orbitals of
atomic and molecular sciences.

Besides their exploit in the contexts mentioned, these ingredients are of
perspective use for numerical solutions of quantum mechanical problems by
discretization algorithms and for the formulation of discretized Hamiltonian
quantum dynamics. In general relativity, space-time is discretized by Regge
calculus; the concept of spin-networks originated from Ponzano-Regge asymp-
totics; Regge symmetries are crucial for our developments: this contribution is
dedicated to the memory of Tullio Regge (Torino, 1931-2014).
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Mauro Carfora

Dipartimento di Fisica, Università di Pavia, Italy
mauro.carfora@pv.infn.it

Entropy, polymerization and the emergence of geometrical
structures

A statistical approach to the study of triangulated surfaces is presented in
relation to the emergence of geometrical structures, ranging from crystals to
models of quantum gravity.
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J. N. L. Connor

School of Chemistry, The University of Manchester, Manchester M13 9PL, UK
j.n.l.connor@manchester.ac.uk

Some techniques from applied mathematics useful for
understanding the dynamics of chemical reactions and

molecular collisions

Some techniques in applied mathematics will be described that are also useful
for understanding the dynamics of chemical reactions and molecular collisions.

The following topics will be discussed:

• Uniform stationary phase integration for 2, 3,... coalescing stationary
phase points.

• “Hidden” rainbows in the angular scattering of chemical reactions.

• Pearcey, swallowtail, ..., canonical integrals and their numerical evalua-
tion.

• Bessoid canonical integral.

• Oddoid and evenoid canonical integrals.

• Forward glories in the angular scattering of chemical reactions.

• Complex angular momentum techniques applied to chemical reactions.
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Simonetta Cavalli1, Dario De Fazio∗2

and Vincenzo Aquilanti1,2,3

1 Dipartimento di Chimica, Biologia e Biotecnologie dell’Università, 06123
Perugia, Italy

2 Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche,
Rome, Italy

3 Instituto de Fisica, Universidade Federal da Bahia, Salvador, Brazil
∗ defazio.dario@yahoo.it

Benchmarking reaction kinetics astride the transition
between the moderate and deep tunnelling regimes

Recent attention to cold environments, either in the laboratory or under
astrophysical and other conditions, is putting at the forefront the tunnel ef-
fect, a principal source of deviations from the Arrhenius rate law. Progress in
theoretical chemical kinetics relies on accurate knowledge of potential energy
surfaces, as provided by advanced quantum chemistry and tested against exper-
iments. To generate accurate rate data, quantum scattering calculations involve
sophisticated algorithms to produce scattering matrix elements at given angular
momenta (to be summed to yield cross sections) and as a function of collision
velocities (to be integrated to give rate constants and temperature dependen-
cies). Here illustrated are these passages, a milestone having been benchmark
temperature dependent rate constants for the prototypical F + H2 reaction [1],
recently validated by experiments in the moderate tunnelling regime [2]. The F
+ HD variant permits exploring tunnel as well as isotopic effects [3] and devel-
oping a phenomenology and interpretive ingredients down to the deep tunnelling
regime [4-6]. Accurate data are becoming available for other reactions [7,8].

References

1. V. Aquilanti, S. Cavalli, D. De Fazio, A. Volpi, A. Aguilar, J. M. Lucas,
Benchmark rate constants by the hyperquantization algorithm. The F +
H2 reaction for various potential energy surfaces: features of the entrance
channel and of the transition state, and low temperature reactivity, Chem.
Phys. 308, 237-253 (2005).

2. M. Tizniti, S. D. Le Picard, F. Lique, C. Berteloite, A. Canosa, M. H.
Alexander, I. R. Sims, The rate of the F + H2 reaction at very low tem-
peratures, Nature Chemistry, 6, 141145 (2014).

3. D. De Fazio, V. Aquilanti, S. Cavalli, A. Aguilar, J. M. Lucas, Exact
quantum calculations of the kinetic isotope effect: Cross sections and rate
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constants for the F + HD reaction and role of tunnelling, J.Chem. Phys.
125, 133109 (9 pages) (2006).

4. V. Aquilanti, K.C. Mundim, S. Cavalli, D. De Fazio, A. Aguilar, J. M. Lu-
cas, Exact activation energies and phenomenological description of quan-
tum tunneling for model potential energy surfaces. The F + H2 reaction
at low temperature, Chemical Physics, 398,186-191 (2012).

5. V. H. C. Silva, V. Aquilanti, H. C. B. de Oliveira, K. C. Mundim, Uniform
description of non-Arrhenius temperature dependence of reaction rates,
and a heuristic criterion for quantum tunneling vs classical non-extensive
distribution, Chem.Phys.Letters, 590, 201-207 (2013).

6. S. Cavalli, V. Aquilanti, K. C. Mundim, D De Fazio, Theoretical reac-
tion kinetics astride the transition between moderate and deep tunneling
regimes: the F + HD case, J Phys Chem A, 118, 66326641 (2014).

7. M. B. Krasilnikov, R. S. Popov, O. Roncero, D. De Fazio, S. Cavalli, V.
Aquilanti, O. S. Vasyutinskii, Polarization of molecular angular momen-
tum in the chemical reactions Li+HF and F+HD, J. Chem. Phys. 138,
244302 (2013).

8. D. De Fazio, M. de Castro-Vitores, A. Aguado, V. Aquilanti, S. Cavalli,
The He + H+

2 → HeH+ + H reaction: Ab initio studies of the potential
energy surface, benchmark time-independent quantum dynamics in an ex-
tended energy range and comparison with experiments, J. Chem. Phys.
137, 244306 (2012).
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Arnau Vilà1, Miguel González∗1 and Ricardo Mayol2

1 Dept. Qúımica F́ısica i IQTC
2 Dept. d’Estructura i Constituents de la Matèria, Univ. Barcelona,

c/ Mart́ı i Franqués, 1, 08028 Barcelona, Spain
∗ miguel.gonzalez@ub.edu

Quantum dynamics of physicochemical processes involving
atoms or molecules and superfluid 4He nanodroplets

Here we will present the most recent and interesting results obtained by us on
the quantum dynamics of relevant chemical and physical processes involving su-
perfluid 4He nanodroplets (ND), T ≈ 0.37 K, and atomic or molecular dopants.
Photodissociation, ND relaxation, pick up, and vdW reaction processes were
studied, using our hybrid quantum mechanical theoretical approach [time de-
pendent DFT (helium) and QM dynamics (dopant)]. This work was supported
by the Spanish Ministry of Science and Innovation (projects CTQ2011-27857-
C02-01 and FIS2011-28617-C02-01). Thanks are also given to the Autonomous
Government of Catalonia (A. V. predoctoral fellowship and projects 2009SGR
17, 2014SGR 25 and XRQTC).

References

1. S. Yang, A. M. Ellis, Chem. Soc. Rev. 42, 472 (2013).

2. A. Vilà, M. González and R. Mayol, J. Chem. Theory Comput. 11, 899
(2015).

13



Annalisa Marzuoli

Dipartimento di Matematica Università di Pavia, Italy
annalisa.marzuoli@pv.infn.it

Faceting spacetimes: Regge’s view of geometry

In 1961 Tullio Regge in a paper titled “General Relativity without coordi-
nates” introduced a new characterization of the geometry of Einstein’s space-
times based on simplicial dissections, i.e. triangles in 2D, tetrahedra in 3D, etc.
Regge Calculus, as Wheeler called this approach, besides its straightforward
applications to the study of solutions of interest for relativistic astrophysics and
cosmology, has been extended since the 1980s to dealing with ‘quantum’ ge-
ometries. According to the mainstream view of modern theoretical physics, the
machinery of quantum field theory (QFT) based of Feynman path integral has
been called into play for the search of consistent discretized ‘quantum gravity’
models. A parallel implementation of the deep interconnection between geom-
etry and the quantum is based upon another seminal paper (G Ponzano and T
Regge “The semiclassical limit of Racah coefficients”, 1968) where the quantum
theory of angular momentum plays a prominent role and Regge-like geometries
emerge in the asymptotic regime. Leaving aside the technical approaches in-
volving QFT, in this talk I shall give an overview of the foundations of Regge
Calculus and a hint about the geometric content of the Ponzano-Regge formula.
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Hans-Dieter Meyer

Theoretische Chemie, Universität Heidelberg,
Im Neuenheimer Feld 229, D–69120 Heidelberg, Germany

Hans-Dieter.Meyer@pci.uni-heidelberg.de

The Multiconfiguration Time-Dependent Hartree
(MCTDH) Method and its Multi-Layer (ML-MCTDH)

Extension

The Multiconfiguration Time-Dependent Hartree (MCTDH) is introduced.
Various aspects like equations of motion, mode combination, the sum of prod-
ucts form of operators, etc are discussed. Then, the recently implemented Multi-
Layer form (ML-MCTDH) is introduced and analyzed. Finally, the power of
the MCTDH approach is demonstrated by some applications.
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William H. Miller

Department of Chemistry and Kenneth S. Pitzer Center for Theoretical
Chemistry,

University of California, and Chemical Sciences Division, Lawrence Berkeley
National Laboratory, Berkeley, California 94720

millerwh@berkeley.edu

Symmetrical Quasi-Classical Model for Classical
Molecular Dynamics Simulations of Electronically

Non-Adiabatic Processes

A recently described symmetrical windowing methodology [J. Phys. Chem.
A 117, 7190 (2013)] for quasi-classical (SQC) trajectory simulations has been ap-
plied to the Meyer-Miller (MM) [J. Chem. Phys. 70, 3214 (1979)] model for the
electronic degrees of freedom in electronically non-adiabatic dynamics. Results
generated using this classical approach are seen [J. Chem. Phys. 139, 234112
2013); 141, 084104 (2014)] to be in very good agreement with accurate quan-
tum mechanical results for a variety of test applications, including cases where
quantum coherence effects are significant and also for the challenging asymmet-
ric spin-boson system, even describing the Marcus inverted region of electronic
transfer quite well. It has also been pointed out [J. Chem. Phys., in press]
that even though the MM classical vibronic Hamiltonian generates ‘Ehrenfest
dynamics’, when this is processed via the SQC windowing methodology detailed
balance is described correctly.
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Jean-Pierre Puel

Laboratoire de Mathématiques de Versailles, Université de Versailles
St Quentin, Versailles, France

jppuel@math.uvsq.fr

Control problems for Schrödinger equations and
Hartree-Fock systems

External action on a quantum system can be performed via an electric field
(or a magnetic field which will not be considered here) deriving from a potential.
Control problems ask the question whether we can choose the external potential
in order to obtain a “desired” behavior of the solution. We will present the
different notions of control for Schrödinger equations in two cases :

• the case of a linear equation for one electron.

• the case of a coupled system electron-nucleus with a nonlinear Schrödinger
equation following the Hartree-Fock formalism and the Newton dynamics
for the nucleus.

We will present some results of bilinear optimal control for these models.
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Octavio Roncero

Instituto de F́ısica Fundamental, CSIC, 28006 Madrid (Spain)
octavio.roncero@csic.es

Reactions involving the formation and
transformation of H+

3

The statistical mechanism of the H2 + H+
3 exchange reaction is addressed by

extending the statistical approach of Park and Light[1]. This is done perform-
ing quassiclassical trajectories, including an approximate method to account for
the zero point energy[2], to calculate the identity/hop/exchange probabilities are
used to modify the so called scrambling matrix, using a nine-dimensionpotential
energy surface[3]. This allows to describe the transition between full scrambling
statistical behavior, characteristic at low temperatures, and a more direct hop
mechanism at higher temperatures. Comparison with recent experimental re-
sults[4] will be also discussed.

A model for the coupled potential energy surfaces represented on Triatomic-
in-molecules formalism is presented for the H2 + H+

2 → H+
3 + H reaction. The

analytic non-adiabatic matrix elements among them are presented, as an exten-
sion of the description made for the ground electronic state[5]. On the ground
electronic state QCT calculations for this reaction are presented for several iso-
topologues and the results compared with experimental results[6]. The role of
non-adiabatic transitions as a function of collision energy and vibrational ex-
citation of the H2+ reagents is also simulated using the surface hopping with
fewest switches[7]

[1] K. Park and J. C. Light, J. Chem. Phys. 126, (2007), 044305.
[2] S. Gómez-Carrasco, et al, J. Chem. Phys. 137, (2012), 094303.
[3] A. Aguado, et al, J. Chem. Phys. 133, (2010), 024306.
[4] K. N. Crabtree, et al, J. Chem. Phys. 134, (2011), 194311.
[5] C. Sanz-Sanz, et al, J. Chem. Phys. 139, (2013), 184302.
[6] T. Glenewinkel and D. Gerlich, Israel J. Chem. 37, (1997), 343.
[7] J. C. Tully, J. Chem. Phys. 93, (1990), 1062.
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Ángel S. Sanz

Instituto de F́ısica Fundamental (IFF-CSIC)
Serrano 123, 28006 Madrid

asanz@iff.csic.es

Numerical investigation of effective models based on the
concept of quantum-phase dynamics

The quantum phase is not an observable in a strict sense. However, it plays a
fundamental role in quantum phenomena. Hence the development of very accu-
rate complex models is not enough to reach a better and deeper understanding
of quantum systems. Many times it is also necessary the aid of effective models
that allow us to analyze and understand the phase dynamics in configuration
space in a simpler and more intuitive manner. This issue will be tackled here,
where the outcomes rendered by numerical simulations of a series of such effec-
tive models are analyzed and discussed. Specifically, these models describe the
quantum dynamics of phenomena and processes strongly influenced by quantum
interference.
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George C. Schatz

Northwestern University, Evanston IL 60208 USA
g-schatz@northwestern.edu

Exciton diffusion, exciton splitting and exciton-plasmon
interactions

This talk describes three interconnected projects related to exciton dynam-
ics, and the description of these processes using the exciton Hamiltonian and
Fermis golden rule. These include: (1) exciton diffusion in metal-organic frame-
work (MOF) structures using an extension of Forster theory; (2) space sepa-
rated singlet fission (quantum cutting) of excitons in organic molecules such as
pentacene; and (3) plasmon-enhanced emission by dye excitons in nanoparticle
arrays that leads to subwavelength lasers and amplified spontaneous emission.
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Jens Siewert

Department of Physical Chemistry, Faculty of Sciences and Technology,
UPV/EHU, Leioa

jens.siewert@ehu.eus

Negativity as a counter of entangled dimensions

Among all entanglement measures negativity arguably is the best known
and most popular tool to quantify bipartite quantum correlations. It is easily
computed for arbitrary states, including mixed states, of a composite system
and can therefore be applied to discuss entanglement in an ample variety of
situations. We show that the negativity can be viewed as an estimator of the
number of degrees of freedom in which two subsystems are entangled. As it is
possible to give lower bounds for the negativity even in a device-independent
setting, it is the appropriate quantity to certify quantumness of both parties in
a bipartite system and to determine the minimum number of dimensions that
contribute to the quantum correlations. Unlike other methods to certify the
dimension of a system, it does not need an independent upper bound to the
number of dimensions in order to certify quatumness.
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