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Brief Summary

The workshop has focused on the first-principles description of electronic excitations and spectroscopy of
condensed matter, nanostructures, and bio-molecules. Characterization of materials involves the interaction
with particles or radiation that brings the system into an excited state. While the ground state, even of
very large systems, can usually be well described by density-functional theory (DFT), the calculation of
excited states is considerably more involved. In particular three methods for excited states calculations were
addressed at the workshop:

i) Time-dependent density-functional theory (TDDFT),

ii) Many-body perturbation theory (MBPT), in particular the ” GW-approximation” and the ”Bethe-Salpeter
Equation”,

iii) Quantum chemistry methods.

We have discussed recent advances in both conceptual developments as well as their application to real
systems. 95 researchers participated in the workshop. 5 keynote lectures, 8 invited talks, 26 contributed
talks, and 30 posters were presented. The workshop reflected in part the activites of researchers of the
European Theoretical Spectroscopy Facility (ETSF). However, we were happy to attract also many scientists
(in particular, the invited plenary speakers) from outside this institution. This turned our annual workhop
into the European reference conference on electronic excitations.

Scientific content of and discussions at the event

Tuesday, 15/09:

The first session on optical properties gave an overview over the use of advanced excited states methods
(TDDFT, GW-approximation, Bethe-Salpeter Equation) in various systems. The opening keynote lecture
by Steven Louie (UC Berkeley) dealt with the optical properties of graphene nanostructures and various
possible device applications. Patrick Rinke (UC Santa Barbara) presented calculations of Auger recombina-
tion in nitrides, Hannes Hiibener (Ecole Polytechnique, Paris) presented calculations of the second harmonic
generation in Silicon. The session ended with two talks on novel materials for solar cells: Julien Vidal (Ecole
Polytechnique, Paris) exposed how calculations beyond-DFT can help to improve the understanding of solar
cells. Nicola Spallanzani (Modena) discussed photo-excitation in large organic molecules.

In the second keynote lecture, Gustavo Scuseria (Rice University) gave an overview over recent developments
in hybrid functionals and on the mixing of the Random-Phase-Approximation with DFT.

In the session on bio-physics, different user projects of the ETSF were presented. Steen Nielsen (Aarhus) gave
a keynote lecture on how to perform measurements of absorption spectra of molecular ions in a storage ring



experiment. Marius Wanko (San Sebastidn) presented calculations in the QM /MM approach that accompany
the experiment. Adriano Mosca Conte (Rome) presented results on the photo-excitation of proteins in the
retina of the human eye.

Wednesday, 16/09:

The morning session was mainly devoted to strongly correlated systems. In a keynote lecture, Emily Carter
(Princeton) introduced an approach to embed quantum-chemical wave-function methods into periodic DFT.
One of the applications of this approach was the ab-initio description of the Kondo effect for transition
metal impurities in nonmagnetic metallic hosts. Federico Iori and Matteo Guzzo (Ecole Polytechnique,
Paris) reported on progress in the description of strongly correlated systems like VoO3 and NiO with a self-
consistent GW-approach. Martin Stankovski (Louvain-la-Neuve) discussed the effects of self-consistency and
semi-core states in the GW-approximation for Zn and Sn oxides. Jim Greer (Tyndall National Institute,
Cork) presented a configuration-interaction method where the contributing (singly and multiply excited)
configurations are chosen by a Monte Carlo approach. The session ended with a talk by Dietrich Foerster
and Peter Koval on the extension of the LCAO method to excited states.

Walter Temmermann (Daresbury) presented a keynote lecture on the self-interaction-corrected local-spin-
density (SIC-LSD) method for the calculation of rare earth and actinide compounds. In the following dis-
cussion it became clear that more work on the comparison of the different approaches for systems with
strong localisation and strong correlations would be desirable: self-consistent GW, SIC-L.SD, and dynamical
mean-field approximation (DMFT) have lead to enormous advances on different systems, but a detailled
comparison of their performances is still missing.

The afternoon session was devoted to the random-phase approximation and functionals. Xinguo Ren (Fritz
Haber Institute) assessed the potential of the random-phase approximation for CO adsorption and weakly
bonded systems. Esa Résénen (Jyviskyld, Finland) presented functionals in low-dimensional systems. Ulf
von Barth (Lund) derived a correlation-energy functional from time-dependent exact-exchange theory.
Thursday, 17/09:

The first morning session dealt with the general theory for the description of quantum transport. Hervé Ness
(York) presented a talk on non equilibrium and many-body effects in quantum transport through nanoscale
devices. Hector Mera (CEA Grenoble) discussed the accuracy of conductances obtained from Kohn-Sham
wave-functions. Valerio Olevano (Institut Néel, Grenoble) introduced a new quantum transport formalism
based on a map of a real 3-dimensional system (lead-junction-lead) onto an effective 1-dimensional system
and applied this approach to calculate the conductance through graphene nanoribbons. The second morning
session was devoted to the transport properties of carbon nanostructures obtained at Louvain-la-Neuve
(Belgium): Simon Dubois presented detailled calculations on the transport through graphene nanoribbons.
Zeila Zanolli discussed transport properties of carbon atomic wires and Aurelien Lherbier showed the influence
of dopants and defects on the transport in 2D graphene.

The afternoon session was devoted to recent developments of the GW-approximation. Juan Maria Garcia
Lastra (San Sebastidn) demonstrated how to use the GW-approximation to calculate image potentials at
solid-molecule interfaces. Andreas Gierlich (Jiilich) presented all-electron GW calculations for perovskite
transition-metal oxides. Arjan Berger (Ecole Polytechnique, Paris) presented a scheme to calculate the GW
self-energy without the use of unoccupied states. Pina Romaniello (Ecole Polytechnique, Paris) discussed
the self-screening error of GW and the atomic limit of strong correlation within a two-site Hubbard model.
The subsequent poster session covered the whole range of electronic excitations from fundamental develop-
ment of theory to its application to specific nano- and bio-systems.

Friday, 18/09:

Alberto Castro (Freie Universitéat Berlin) showed how to use TDDFT and optimal control theory to calculate
the design of laser pulses that induce specific reactions in molecules (such as dissociation or isomerization).
Ilya Tokatly (San Sebastidn) discussed the continuum mechanics of quantum many-body systems in the linear
response regime.

The following session dealt with optical properties of different materials: Andre Schleife (Jena) presented
an application of the BSE-GW approach to the calculation of the optical spectra of MgO and ZnO in the
presence of defects and doping. Marco Cazzaniga (Milano) showed RPA calculations of the electron-energy
loss function of ferromagnetic iron. Giancarlo Cappellini presented a systematic TDDF'T study of the optical
spectra of polycyclic aromatic hydrocarbons. The session ended with a talk by Giovanni Onida (Milano) on



the spectroscopy of monoatomic carbon wires.

In the afternoon, Pierluigi Cudazzo (San Sebastdn) presented results towards and ab-initio description of
high-temperature superconductivity in dense molecular hydrogen. Frank Fuchs (Jena) discussed the geom-
etry, STM images and band structure of atomic gold-wires on a Ge(001) surface. Hans-Christian Weissker
presented TDDFT calculations of the optical
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