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PROGRAM

Quantum Reactive Scattering
Tuesday, July 15, 2014

Chairman: Vincenzo Aquilanti, Università di Perugia, Italy.

10.00-10.10 Welcome Address (D. Sokolovski).

10.10-10.55 Jonathan Connor: Mathematical Methods for Understanding Reactive
Angular Scattering.

10.55-11.40 Miguel González: Quantum Reaction Dynamics in Gas Phase and in a
Quantum Solvent (4He Nanodroplets).

11.40-12.00 Coffee Break (BCAM).

Chairman: Jonathan Connor, University of Manchester, UK.

12.00-12.45 Vincenzo Aquilanti: Directions of Change: Stereodynamics of Chemical
Processes.

12.45-13.30 Carlo Petrognolo: Conical-Intersection Quantum Dynamics of the N(4S)
+ O2(X3 Σ−

g ) and N(4S) + O2(A3 ∆u) Reactions.

13.30-15.30 Lunch Break.

Chairman: Miguel González, University of Barcelona, Spain.

15.30-16.15 Dario De Fazio: Threshold Resonance Dynamics of the F+HD Reaction.

16.15-17.00 Dmitri Sokolovski & Elena Akhmatskaya: Resonance Effects in
State-to-State Reactive Integral Cross Sections: a Simple Program for Nu-
merical Complex Angular Momentum (CAM) Analysis.

17.00-17.30 Coffee Break (BCAM).

Chairman: Dmitri Sokolovski, IKERBASQUE, UPV/EHU, Basque Coun-
try.

17.30-18.15 Dimitris Skouters: A Single and Multilayer G-MCTDH Algorithm for
Use in Quantum Dynamics Calculations.

18.15-19.00 Carla Maria Coppola: Chemical Data for Astrophysical Applications:
an Overview.

20.30 Conference Dinner at Bordatxo Restaurant (Calle Ramón y Cajal 24).
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Mathematical Methods in Atomic and Molecular Physics

Wednesday, July 16, 2014

Chairman: Íñigo Luis Egusquiza, UPV/EHU, Basque Country.

10.00-10.45 Luis Vega: Remarks on the Uncertainty Principle from a Mathematical
Point of View.

10.45-11.30 Jean-Bernard Bru: Brocket-Wegner Flow and Diagonalization of Quadratic
Operators in Boson Quantum Field Theory.

11.30-12.00 Coffee Break (BCAM).

Chairman: Luis Vega, BCAM, UPV/EHU, Basque Country.

12.00-12.45 Íñigo Luis Egusquiza: Adiabatic Expansions.

12.45-13.30 Fabrizio Esposito: Quantum is Better than Classical. Or is it not?

13.30-15.30 Lunch Break.

Chairman: Jens Siewert, IKERBASQUE, UPV/EHU, Basque Country.

15.30-16.15 Michele Modugno: Tight Binding Models for Ultracold Atoms in Optical
Lattices.

16.15-17.00 David Casanova: Singlet Fission for Solar Energy Conversion: a The-
oretical Insight.

17.00-17.30 Coffee Break (BCAM).

Chairman: Elena Akhmatskaya, IKERBASQUE, UPV/EHU, Basque Coun-
try.

17.30-18.15 Simone Rusconi: Mathematical Modeling of Chemical Reactions Kinet-
ics.

18.15-19.00 Jens Siewert: Qubit entanglement obeys various exact monogamy rela-
tions.
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ABSTRACTS
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Vincenzo Aquilanti

Dipartimento di Chimica, Biologia e Biotecnologia,
Università di Perugia, Italy;

Istituto di Struttura della Materia, CNR, Rome, Italy;
Departamento de Fisica, Universidade Federal da Bah́ıa, Salvador, Brazil.

vincenzoaquilanti@yahoo.it

Directions of change: stereodynamics
of chemical processes

Rigorous quantum mechanical reaction theory [1] and the theoretical descrip-
tion of polarization, orientation and alignment in molecular dynamics [2,3] are
vigorously assisting experimental progress involving advanced molecular beams
techniques, combined with tools for specific state preparation, mode selection
and detection, and are permitting to explore new trends on chemical reactivity
[4]. In our recent and current work, evidence is presented of novel paths in reac-
tion dynamics and in photodissociation [5], involving nonadiabatic transitions
at a conical intersection. Also, attention is being addressed specifically to new
aspects of reaction stereodynamics, namely chirality effects in collisions [6] and
the non-linear Arrhenius behavior in temperature dependence [7]. In this talk
these topics will be selectively illustrated, as time will permit.

References

1. S Cavalli, V Aquilanti, K C Mundim, D De Fazio, Theoretical reaction ki-
netics astride the transition between moderate and deep tunneling regimes:
the F + HD case, J Phys Chem A, 394. dx.doi.org/10.1021/jp503463w
(2014), and references therein.

2. 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).

3. F. Palazzetti, G.S. Maciel, K. Kanda, M. Nakamura, D.-C. Che, T. Kasai,
K.-C. Lin, V. Aquilanti Control of Conformers Combining Cooling by
Supersonic Expansion of Seeded Molecular Beams with Hexapole Analysis
and Selection: Experiment and Theory on 2-Butanol Phys. Chem. Chem.
Phys.,16, 9866-9875 (2014), and related previous papers.

4. T. Kasai, D.-C. Che, M. Okada, P.-Y. Tsai, K.C. Lin, F. Palazzetti, V.
Aquilanti. Directions of chemical change: experimental characterization
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of the stereodynamics of photodissociation and reactive processes: Phys.
Chem. Chem. Phys. 16, 9776-9790 (2014), a perspective article.

5. Po-Yu Tsai, Meng-Hsuan Chao, Toshio Kasai, King-Chuen Lin, Andrea
Lombardi, Federico Palazzetti, Vincenzo Aquilanti Roads leading to roam.
Role of triple fragmentation and of conical intersections in photo-chemical
reactions: Experiments and theory on methyl formate.Phys. Chem. Chem.
Phys., 16, 2854-2865 (2014)

6. F. Palazzetti, Po-Yu Tsai, A. Lombardi, M. Nakamura, D.-C. Che, T.
Kasai, K.-C. Lin, V. Aquilanti Aligned molecules: chirality discrimination
in photodissociation and in molecular dynamics Rend. Fis. Acc. Lincei,
24,299-308 (2013)

7. Valter H. C. Silva, Vincenzo Aquilanti, Heibbe C. B. de Oliveira, Kleber 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), and
papers cited in this reference.
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Jean-Bernard Bru

UPV-EHU & Ikerbasque & BCAM
jb.bru@ikerbasque.org

Brocket-Wegner Flow and Diagonalization of Quadratic
Operators in Boson Quantum Field Theory

The Brocket-Wegner flow, which has been invented to diagonalize operators,
will be presented via the mathematically rigorous study of quadratic Hamilto-
nians acting on Boson Fock spaces.
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David Casanova

Kimika Fakultatea, Euskal Herriko Unibertsitatea (EHU), Donostia Physics
Center (DIPC), and IKERBASQUE, Basque Foundation for Science.

david.casanova@ehu.es

Singlet fission for solar energy conversion:
a theoretical insight

Conversion of the solar energy is one of the most appealing energy solutions.
But at present, the cost-efficiency of the photovoltaic technologies cannot yet
compete with the non-renewable energy sources. One of the energy losses of pre-
venting the single junction devices to reach higher conversions is their inability
to harvest the short wavelength part of the solar spectrum and the thermal losses
of hot carriers. Singlet fission (SF) materials present a promising possibility to
recover these losses and improve the overall efficiencies of solar cells. In this talk
I will present and describe the singlet fission phenomenon and its possible use
in the energy to electricity conversion of solar photons. I will explore several
theoretical aspects at the microscopic level and the difficulties that standard
electronic structure approaches face in the description of SF and how they can
be overcome. Finally, I will show the application of new quantum chemistry
methods in the computational study of SF materials, and I will describe useful
computational tools to explore the viability of SF in organic chromophores and
molecular materials.
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Carla Maria Coppola

Università degli Studi “Aldo Moro”, Bari, Italy
INAF-Osservatorio Astrofisico di Arcetri, Italy

cpcr01ch@gmail.com

Chemical data for astrophysical applications: an overview

Modeling astrophysical systems often requires chemical information such as
reaction rates or cross-sections of the most important processes taking place in
the environment under analysis or the linelists of atomic and molecular species
included in the model. In this contribution an overview of the accuracy of
the most relevant chemical routes for some astrophysical applications will be
discussed and a list of the most delicate data still needed will be provided.
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D. De Fazio∗1, T. V. Tscherbul2,
S. Cavalli3, and V. Aquilanti3

1 Istituto di Struttura della Materia C.N.R., 00016 Roma, Italy
2 Department of Chemistry, University of Toronto, M5S 3H6, Canada

3 Dipartimento di Chimica dell’ Università, 06123 Perugia, Italy
∗ defazio.dario@yahoo.it

Threshold resonance dynamics of the F+HD reaction

The temporary trapping of the energy in internal degrees of freedom of the
reaction complex gives rise to the resonance phenomenon which manifests it-
self in various ways in experimental observables: signatures have been found in
the integral and differential cross sections of the F+H2 → HF+H and F+HD
→ HF+D reactions. The dynamics of these reactions has been investigated
theoretically using quantum scattering calculations. The analysis of scattering
resonances has been approached from two main perspectives. One relies on
collision time-delay formalism and partial wave analysis [1,2]. In fact, the prop-
agation of the energy derivative of the hyperradial solutions of the Shrodinger
equation permit the direct calculations of the Smith’s lifetime Q-matrix of the
system [3]. From the analysis of the eigenvalues of this matrix as functions of
the total angular momentum J, the energy poles of the system can be extracted.
This talk will focus mainly on the specific insight obtained by this methodology
.The other one uses the poles of the scattering matrix in the first quadrant of
the complex angular momentum plane, better known as Regge poles, presented
in detail in the Sokolovski presentation. The two methodologies are, of course,
strictly related giving often complementary information so that a joint study
give a very clear picture of the physics of the reactions studied. For the F + HD
chemical reaction, we show that most of the resonances are due to van der Waals
states in the entrance and exit reaction channels, deeply affecting the reaction
dynamics in different collision regimes. Although resonance effects are relevant
for the reactivity of the system, they are often not trivial to understand. The
study of the J -behaviour of the resonance properties permits the identification
of several unexpected effects such as splitting, interaction and crossing of res-
onances with different local modes. Inelastic as well as hyperspherical models
have been used to identify such effects and to properly understand the numerical
results. In order to provide an insight on the decay mechanism, the Q-matrix
eigenvectors are analyzed and the dominant channels populated during the de-
composition of metastable states are determined. Effects of the resonances on
reactive observables have been also deeply investigated and compared with re-
cent state resolved molecular beam experiments. Different Potential Energy
Surfaces have been employed to investigate the role of the Van der Waals well
features on the reaction dynamics of the system.
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Íñigo Luis Egusquiza

UPV/EHU, Basque Country
inigo.egusquiza@ehu.es

Adiabatic expansions

The idea of adiabatic approximation, justified by scale separation, is widespread
in physics. In some contexts some systematic expansions have been proposed,
whose adiabatic character is well known only to specialists. In others there are
still many discussions in the literature regarding, for instance, the hermiticity
or otherwise of the effective hamiltonian. I will present an overview of methods,
relating them to the adiabatic approximation, and I will present a systematic
procedure to go beyond the adiabatic approximation, which will illuminate some
of the dilemmas present in the literature. The approach is mostly addressed at
quantum optics, but has wider implications.

References

http://arxiv.org/abs/1309.0628
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Fabrizio Esposito

CNR, Bari, Italy
fabrizio.esposito@ba.imip.cnr.it

Quantum is better than classical. Or is it not?

It is common in literature to read papers in which the need for quantum-
mechanical treatment of molecular collisions is stressed, presenting it as a guar-
antee of accuracy. Often the same authors consider the quasiclassical trajectory
method as only suited for qualitative results, or relegated to very high energy
ranges. While the use of quantum mechanics in certain conditions is mandatory,
its generalized application can bring to paradoxical situations, with expensive
quantum mechanical calculations used for obtaining results clearly in the qua-
siclassical realm without great success, due to the approximations introduced
in the quantum procedure for computational economy. Some examples will be
shown and discussed, taken from personal experience of the author in the field
and from literature, including light chemical species. The aim is to reconcile
the use of both quantum-mechanical and quasiclassical calculations, with par-
ticular attention to the assessment of the suited ranges of applicability of the
methodologies. Exploiting this complementarity can result in an optimal bal-
ance between accuracy and computational resources required.
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Miguel Gonzáleza,∗, Arnau Vilàa, Ricardo Mayolb,

Pablo Gamalloa, Miguel Paniaguac and Carlo Petrongolod

a,∗ Dept. Qúımica F́ısica i IQTC, Univ. Barcelona,
C/ Mart́ı i Franquès 1, 08028 Barcelona, Spain
b Dept. Estructura i Constituents de la Materia,
C/ Mart́ı i Franquès 1, 08028 Barcelona, Spain

c Depto. Qúımica F́ısica Aplicada, Univ. Autónoma de Madrid,
C/ Francisco Tomás y Valiente 7, 28049 Cantoblanco, Spain

d Istituto per i Processi Chimico Fisici, C.N.R.,
Via G. Moruzzi 1, 56124 Pisa, Italy

∗ miguel.gonzalez@ub.edu

Quantum reaction dynamics in gas phase and in a
quantum solvent (4He nanodroplets)

The first part of this contribution is dedicated to the Born-Oppenheimer
(BO) and Renner-Teller (RT) coupled-channel (CC) quantum dynamics of O(3P)
+ H+

2 ( X2 Σ+
g ) (vo=0, jo=0,1) → OH+ ( X3 Σ− ) + H(2S), OH(X2 Π) + H+

((H) and (H+) channels, respectively). This is the first investigation carried
out on the dynamics of this interesting reaction, to the best of our knowl-
edge. Two ab initio potential energy surfaces (PESs) developed in our group
(ground (X̃2A”) and first excited (Ã2A’) PESs), which adiabatically correlate
with the first and second reaction channels, respectively, and with a [HOH]+(2

Πu) collinear species of the water cation have been used. CC initial state re-
solved reaction probabilities, integral cross sections (σ), and rate constants (k)
have been obtained by means of the real wavepacket and flux analysis methods.
The results show the different role of the diagonal and off-diagonal RT terms,
σ(X̃2A”) is ∼ 4 times larger than σ(Ã2A’), and the RT effect nearly halves the
σ values with respect to the BO ones.

The second part is devoted to the study of a relatively simple chemical pro-
cess occurring in superfluid helium nanodroplets, (4He)n (T=0.37 K). From a
chemical perspective, investigations using 4He nanodroplets constitute an ac-
tive area of research, since they can be used as an excellent liquid environment
at very low temperature. From what we know, this is the first quantum dy-
namics investigation carried out on chemical reactions in helium nanodroplets,
and the theoretical developments and computational codes required have been
developed in our group. We have investigated the photodissociation of a di-
atomic molecule placed inside a 4He nanodroplet, using a Density Functional
Theory (DFT) approach, using a well established phenomenological functional
to describe the 4He superfluid at zero temperature (which allows us to deal with
nanodroplets containing from few hundred to few thousand 4He atoms). For the
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photodissociation dynamics in (4He)n studied here (Cl2(X) + hν → Cl2(B) →
Cl + Cl∗), we have examined the effect of the quantum solvent on the main
properties, taking into account nanodroplets of different sizes, and we have also
compared with the photodissociation in the gas phase.

We expect that the present theoretical results (details will be given in “Bilbao
Quantum Days 2014”) will encourage the experimentalists to study both the
O(3P) + H+

2 reaction in gas fase (e.g., in a crossed beam experiment) and
photodissociation processes in doped helium nanodroplets (e.g., by combining
the technique of producing doped nanodroplets with a laser pump-probe setup).

This work has been supported by the Spanish Ministry of Science and In-
novation (projects refs. CTQ2011-27857-C02-01 and FIS2011-28617-C02-01).
We also want to acknowledge the support of the Autonomous Government of
Catalonia (A. V. predoctoral fellowship and projects refs. 2009SGR 17 and
XRQTC).
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Michele Modugno

IKERBASQUE, UPV/EHU, Basque Country
michele.modugno@ehu.es

Tight binding models for ultracold atoms
in optical lattices

I will discuss how to construct tight-binding models for ultracold atoms in op-
tical lattices, by means of maximally localized Wannier functions for composite
bands. Specific examples will be given for the case of graphene-like potentials,
where a tight-binding model with up to third-nearest neighbors is capable to
reproduce the structure of the Dirac points in a range of typical experimental pa-
rameters (see the recent experiment by Tarruell et al., Nature 483, 302 (2012)).
I will also consider the effect of an additional vector gauge field, and discuss the
breakdown of the popular Peierls substitution for the Haldane model.

References

1. J. Ibañez-Azpiroz, A. Eiguren, A. Bergara, G. Pettini, and M. Modugno,
Breakdown of the Peierls substitution for the Haldane model with ultra-
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equation for ultracold atoms in optical lattices: role of the localization
properties of the Wannier functions, Phys. Rev. A 89, 033608 (2014).

3. J. Ibañez-Azpiroz, A. Eiguren, A. Bergara, G. Pettini, and M. Modugno,
Self-consistent tight- binding description of Dirac points moving and merg-
ing in two dimensional optical lattices, Phys. Rev. A 88, 033631 (2013).

4. J. Ibañez-Azpiroz, A. Eiguren, A. Bergara, G. Pettini, and M. Modugno,
Tight binding models for ultracold atoms in honeycomb optical lattices,
Phys. Rev. A 87, 011602(R) (2013).
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Simone Rusconi

BCAM - Basque Center for Applied Mathematics, Bilbao, Spain.
srusconi@bcamath.org

Mathematical modeling of Chemical Reactions Kinetics

Chemical Reactions Kinetics (CRK) mostly consists in the study of chemi-
cal processes evolution. In this presentation, a stochastic memoryless kinetics
model is summarized. Then, we introduce the Controlled Radical Polymeriza-
tion (CRP) process and we explain why the memoryless model is not the proper
tool to correctly describe this phenomenon. We propose a modification of the
model, with the loss of the memoryless property. The modified models pro-
vides a good fit of existing experimental data provided by the Basque Center
for Macromolecular Design and Engineering (POLYMAT).

This work is performed under the supervision of Elena Akhmatskaya (BCAM)
and Dmitri Sokolovski (UPV/EHU).
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Christopher Eltschka1, Jens Siewert2,∗

1 University of Regensburg
2 UPV/EHU & Ikerbasque

∗ jens.siewert@ehu.es

Qubit entanglement obeys various exact monogamy
relations

The monogamy of entanglement has become a quite popular conclusion from
quantum information. Curiously, apart from intuitive arguments and several
inequalities, there is only a single generally accepted monogamy equality, the
celebrated Coffman-Kundu-Wootters relation for three qubits. We have found
that there exist strict monogamy laws for all many-qubit systems which will be
discussed in this contribution.
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dmitri.sokolovski@ehu.es
akhmatskaya@bcamath.org

Resonance effects in state-to-state reactive integral cross
sections: a simple program for numerical Complex

Angular Momentum (CAM) analysis
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Luis Vega

BCAM & UPV/EHU
lvega@bcamath.org

Remarks on the uncertainty principle
from a mathematical point of view

I’ll review some recent work done in collaboration with L. Escauriaza, C.
Kenig and G. Ponce on some classical uncertainty principles in Mathemati-
cal Analysis as the ones due to Hardy and Morgan and those that follow from
Paley-Wiener theory. We propose a new approach that makes no use of complex
variable techniques and that is based on proving logarithmic convex inequali-
ties for some appropriate quantities related to solutions of the free Schrdinger
equation. This new approach is flexible enough to be applied to non-regular
Hamiltonians.

22


