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The School and workshop was hosted by the Benasque Cent8cifemce, located at the heart of the
Pirinees. The aim of the school was to introduce theoretpralctical, and numerical aspects of Time-
dependent-density functional theory (TDDFT) to young gettd students, post-docs and even older
scientists that are envisaging a project for which TDDFT Mtdae the tool of choice. During the school
we incentivated a close and informal contact between thdests and the teachers. Furthermore, the
students presented their current research activities @ndefinterests (six of those presentations were
selected as oral contributions to the international waskgh We felt that this was an important point,
since young scientists should be involved in the buildingofig strong community. The number of



applications (above 190) surpassed all expectations drahunse, the limit of 43 places that we had

to satisfy in order for the students to get the maximum beffrefih the school, and also due to space
and computer resource limitations. The students (gracaradepostgraduate) also did participate in the
workshop held just after the 10 days of school. The total remobparticipants was 90 from all over the

world (including 16 females; three as invited speakersites). The distribution was:

Organizers| Teachers| Students| Invited | Participants| School | Workshop

Australia 0 0 0 0 1 01
Austria 0 0 3 1 0 3 4
Belgium 0 1 1 1 0 2 3
Brazil 0 0 2 0 0 2 2
Chile 0 0 1 0 0 1 1
Finland 0 0 3 1 0 3 3
France 0 3 2 4 1 5 7
Germany 1 4 5 7 1 9 16
Holland 0 1 3 1 0 4 5
Iran 0 0 3 0 0 3 3
Israel 0 0 0 1 0 0 1
Italy 0 1 4 3 1 5 8
Japan 0 0 0 1 1 0 2
Mexico 0 0 2 0 1 2 3
Portugal 2 3 3 0 1 6 7
Spain 1 3 3 1 0 6 7
Sweden 0 0 2 0 0 2 2
Switzerland 0 0 0 2 0 0 2
UK 0 1 0 1 2 1 3
USA 0 1 6 3 1 7 10
TOTAL 4 18 43 27 10 61 90

The aim of the Workshop was to assess the present status dfF TRpPproaches to the study of spectro-
scopic properties of real materials, and explore their lo#ipafor applications in further systems with
technological and biological interest. The recent devalepts of TDDFT covered during the workshop
include TDDFT versus current-DFT, van der Waals interactj@pplications to biological systems, new
functionals, transport phenomena, optical spectra ofisglietc. Due to the different methods used to
tackle this problem (Many-Body Theory, Density Functiofitieory, Configuration Interaction, semi-
empirical approaches), this Workshop was intended as aovpsotmote links among scientists coming
from different communities working or interested in electrexcited states. Also it was intended as a
follow-up event for the students attending the school asai & good opportunity for them to see the
real implications of the school lectures and get the newrtieal advances in the the development
of exchange-correlation functionals as well as applicetito complex systems (nanostructures, bio-
molecules, interstellar molecular analysis, solids,)&ur goal was to bring together scientists working
on foundations and different applications of TDDFT and mbogy theory, trying to assess the capa-
bility of current approximations to be applied to real sys$eof increasing complexity. The invited and
contributed talks covered:



I) Fundamental topics on TDDFT, Many-Body Theory, and etattransport theory.

II) New approximations and techniques.

[II) Ab-initio calculations of spectroscopic propertieEammplex materials.

As a consequence, there was a broad variety of participamthviaelped to get an interdisciplinary vi-
sion of the field. Thus, although some of the more specificcipiere far from the research interest of
many participants, the meeting was an excellent oppoyttoisee how the same techniques are used by
members of other communities.

School Program

| Day | Hour Title TP |
28/8 | 9:30 - 11:00 | TDDFT I - Introduction (EG) T
11:30 - 13:00| TDDFT II - Linear Response Theory (EG)
15:00 - 18:30| Introduction to the practical classes (codes P
Octopus, Self, Abinit) (MM+AM+YP)
29/8 | 9:30-11:00 | TDDFT as atool in chemistry | (FF) T
11:30 - 13:00| TDDFT Il - Strong Fields (EG)
15:00 - 18:30| Quantum Dots | (AC+MM+MO+FN) P
30/8 | 9:30 - 11:00 | Many-Body I - Introduction (RG) T
11:30 - 13:00| TDDFT as a tool in chemistry Il (FF)
15:00 - 18:30| Quantum Dots Il (AC+MM+MO+FN) P
31/8 | 9:30 - 11:00 | Many-Body Il - GW and BSE (RG+LR) T
11:30 - 13:00| TDDFT IV - Keldish formalism (RvL)
15:00 - 18:30| Quantum Dots Il (AC+MM+MO+FN) P
1/9 | 9:30-11:00 | Many-Body Il - Many-Body vs TDDFT (LR) T
11:30 - 13:00| Propagation schemes (AC)
15:00 - 18:30| OCTOPUS | (FN+MO+MM+AC) P
2/9 Free (excursion to be announced)
3/9 | 9:30-11:00 | TDDFT V - Advanced topics | (RvL) T
11:30 - 13:00| Models for time-dependent phenomena | (ML)
15:00 - 18:30| OCTOPUS Il (FN+MO+MM+AC) P
4/9 | 9:30-11:00 | TDDFT VI - Advanced topics Il (RvL) T
11:30 - 13:00| Models for time-dependent phenomena Il (ML)
15:00 - 18:30| ABINIT+SELF I (AM+LW+MB+PG+SB+YP) P
5/9 | 9:30-11:00 | TDDFT as atool in biophysics (AR+MM) T
11:30 - 13:00| Nonadiabatic electron dynamics in TDDFT | (CU)
15:00 - 18:30| ABINIT+SELF Il (AM+LW+MB+PG+SB+YP) P
6/9 | 9:30-11:00 | Nonadiabatic electron dynamics in TDDFT Il (CU)T
11:30 - 13:00| Challenges in TDDFT and Final remarks (AR)




Lecturers for the theoretical classes

[ T Cecturer H
AC | Alberto Castro (FU Berlin, Germany)
AR | Angel Rubio (San Sebastian, Spain)
CU | Carsten Ullrich (Missouri, USA)

EG | E. K. U. Gross (FU Berlin, Germany)
FF | Filipp Furche (Karlsruhe, Germany)
LR | Lucia Reining (Paris, France)

ML | Manfred Lein (MPI Heidelberg)

MM | Miguel Marques (Coimbra, Portugal)
RG | Rex W. Godby (York, UK)

RvL

Robert van Leeuwen (Groningen, The Netherlanﬁjs)

Tutors for the practical classes

[ | Tutor [
AC | Alberto Castro (FU Berlin, Germany)
AM | Andrea Marini (Rome, Italy)
FN | Fernando Nogueira (Coimbra, Portugal)
LW | Ludger Wirtz (Lille, France)
MB | Michel Bockstedte (San Sebastian, Spain)
MM | Miguel Marques (Coimbra, Portugal)
MO | Micael Oliveira (Coimbra, Portugal and San Sebastian,r8p
PG | Pablo Garcia (Madrid, Spain)
SB | Silvana Botti (Paris, France)
YP | Yann Pouillon (Louvain-la-Neuve, Belgium)




Workshop Program

Workshop

Day I: Thursday 7th

09:00 Hardy Gross
09:10 Neepa Maitra

10:00 N. Lathiotakis
10:50 Caffeine break
11:20 Mark Casida

12:10 Stephan Kummel

13:00 Lunch break
15:00 E. J. Baerends

15:50 Ivano Tavernelli

16:40 Caffeine break
17:10 Juerg Hutter

18:00 Rodolfo del Sole

18:50 Dmitrij Rappoport

Opening remarks

Some challenges for time-dependenttgdmsctional
approximations - and some partial solutions

Reduced density matrix functionalsfiioite and
periodic systems

Two-electron excitations in TDDFT
Strong-field excitations and devigati
discontinuities in TDDFT

Avoided crossings of excited statacsesfand
vibronic coupling in TDDFT

Non-adiabatic TDDFT MD: from gas pbdo
complex environments

TDDFT calculations with the Gaussiamarged
plane wave approach

Calculation of optical propertiecofplex systems
within TDDFT

Practical aspects of molecular TOzalculations

Day II: Friday 8th

09:10 Andreas Goerling
10:00 Myrta Grining

10:50 Caffeine break
11:20 Matteo Gatti

12:10 Rex Godby

13:00 Lunch break

Exact exchange spin current dehsitstional methods
The effect of nonlocality on the band gahin
density functional theory

Nonlocality and frequency dependence of
effective potentials

Exchange-correlation functionals andeksrior
conductance and polarization

15:00 Massimiliano di Ventra Transport in nanoscale systamw approaches

15:50 Gianluca Stefanucci

16:40 Beer break
17:10 Carsten Ullrich
18:00

to an old problem
Time dependent transport phenarwithin TDDFT

Time-dependent generating-coatéimethod
Poster session, cheese and wine




Day lll: Saturday 9th

09:10
10:00

10:50
11:20
12:10

13:00
15:00

15:50

16:40
17:10

18:00

Eckhard Pehlke
Roi Baer

Caffeine break
Esa Rasanen

Silvana Botti

Lunch break
Ludger Wirtz

Deborah Prezzi

Beer break
Marti Pi

Molecular dynamics simulations ofadiabatic processes
Nonadiabatic functionals and their effectglectron
dynamics in molecules and metal clusters

Optimal laser control of quantum rings
How do rewritable DVDs work: optical perties of
phase-change materials

Electronic excitations in hexagonakdiad systems
(C and BN)
The role of excitons in the optical prigs of
carbon nanotubes

TDDFT description of electronic systems imggsnductor
heterostructures
Oral presentation of the best posters

Day IV: Sunday 10th

09:10

10:00

10:50
11:20

12:10
13:00

Stefano Baroni

Yoshi Miyamoto

Caffeine break
Patrick Rinke

C Ambrosch-Draxl

Angel Rubio

Turbocharging time-dependent defgitctional theory with
Lanczos chains

TDDFT-MD simulation of nano-carbomecay dynamics of
hot-carriers and electronic shakeup by high-speed iamséat

The band gap of InN and ScN: a quasiparicergy study

based on exact-exchange density-functional theory
The role of core states on the exeitapectra of solids
Closing remarks

Abstracts

Some challenges for time-dependent density functional
approximations - and some partial solutions

Neepa T. Maitra

Hunter College of the City University of New York

The burst of activity and applications using TDDFT is evidermf its remarkable success in predicting
a range of phenomena for a wide range of systems. The simpdéidnal approximations, bootstrapped
from ground-state approximations, appear to fare very indte general case. There are however ex-
ceptions where these functionals fail, and where challetigén the development of more accurate func-
tionals. | will discuss three very different cases, andrgfartial solutions for them. First, excitations of
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a long-range heteroatomic molecule composed of open+shigdl. Both local and charge-transfer excita-
tions require strong non-adiabaticity in the exchangeetation kernel. These excitations are necessary
to get right if TDDFT is to be used for potential energy curireslectron-ion dynamics involving disso-
ciation, for example. A key feature of this problem is stapcure in the exact ground-state potential,
which eludes the usual (semi-)local LDA/GGAs, and even esachange. A new approach that extracts
a ground-state potential from the Vignale-Kohn curremsity response functional will be shown to cap-
ture the steps well for the closely-related problem of haimwéc species in electric fields. Second, in
strong-field dynamics, the underlying single Slater-dateant nature of the Kohn-Sham wavefunction
is at the root of severe difficulties particularly importamattosecond quantum control problems. To treat
this, initial work towards a new extension of the theory t@gdrspace density functionals will be pre-
sented. Finally, time allowing, the question of whether phesently available TDDFT approximations
can capture quantum chaos induced by electron-electreraition alone will be addressed.

Reduced density matrix functionals for finite
and periodic systems

N. N. Lathiotakis

Institut fur Theoretische Physik, Freie Univeristat BeylArnimallee 14, D-14195 Berlin, Germany

Reduced Density Matrix Functional Theory (RDMFT) is basedGilbert's theorem, which guaran-
tees that every observable is a functional of the one-bedyaed density matrix (1-RDM). We discuss
several aspects of RDMFT, review its application to finiteteyns and finally, we emphasize on its ap-
plication to periodic systems. The implementation of 1-REUictionals for periodic systems is based
on a Wannier- or Bloch-states description of the system.similar fashion to DFT, we explore the pos-
sibility of using the discontinuity of the chemical poteatths a measure of the fundamental gap. Finally,
we apply last generation functionals of the 1-RDM to the ed4be Homogeneous Electron Gas (HEG).
It is demonstrated that they offer a better description thair predecessors. In addition, by using suit-
able fitting parameters, we show that the exact correlatimngy of the HEG can be reproduced. The
derivative functionals are expected to be useful in theiagidbn of RDMFT to metallic systems.

Polarization Propagator Corrections to Linear Response

Time-Dependent Density-Functional Theory for
Molecules with Closed- and Open-Shell Ground States

Mark E. Casida

Equipe de Chimie Théorique
Laboratoire dEtudes Dynamiques et Structurales de la 8¢iéc(LEDSS)
Institut de Chimie Moléculaire de Grenoble, Universitéelas Fourier (Grenoble I)
Mark.Casida@UJF-Grenoble.FR
http://www-ledss.ujf-grenoble.frfPERSONNEL/LEDS&Sitla/FRAMES
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A decade ago time-dependent density-functional theonOFD) was introduced to the quantum chem-
istry community in its linear response (LR) for calculatiagcitation spectra [C95]. Since that time
LR-TDDFT has become a method of choice for calculating mdbecvertical excitation energies be-
cause of its demonstrated accuracy within the domain oficaplity [CO1] determined by present-day
approximate exchange-correlation functionals. One éitiih of the method comes from the wide-spread
use of the TDDFT adiabatic approximation which limits LR-DBT to quasiparticle spectra (i.e., one-
electron excitations). Two-electron excitations are ingrat when calculating the excitation energies of
closed-shell molecules both (i) because of the importams®ine molecules of excited states with sub-
stantial two-electron character and (ii) because the siatuof two-electron excitations allows a better
description of biradical ground states. Spin-flip excitati are a particular type of two-electron excitation
which is important for a correct description of the exctatspectra of molecules with open-shell ground
states. Some of these points are nicely illustrated in RECQ6]. In this talk | plan to outline how the
equation-of-motion superoperator approach may be usedrigechonadiabatic polarization propagator
corrections [C05] to adiabatic LR-TDDFT for applicationth® above mentionned problems.

[CIC06] M.E. Casida, A. Ipatov, and F. Cordova,Time-Dependent Density-Functional Theaedited
by M.A.L. Marques, C. Ullrich, F. Nogueira, A. Rubio, and EWK Gross,Lecture Notes in Physics
(Springer: Berlin, 2006). “Linear-Response Time-Dependiensity-Functional Theory for Open-Shell
Molecules”

[CO5] M.E. Casida, J. Chem. Phy%22 054111 (2005). “Propagator Corrections to Adiabatic Fime
Dependent Density-Functional Theory Linear Response fijheo

[CO1] M.E. Casida, iMiccurate Description of Low-Lying Molecular States anddptial Energy Sur-
faces ACS Symposium Series 828, edited by M.R. Hoffmann and K. @&IXACS Press: Washington,
D.C., 2002), p. 199. “Jacob's ladder for time-dependensitgffiunctional theory: Some rungs on the
way to photochemical heaven”

[C95] M.E. Casida, irRecent Advances in Density Functional Thedrgl. |, edited by D.P. Chong
(World Scientific: Singapore, 1995), p. 155. “Time-depentdéensity-functional response theory for
molecules”

Preprints of Refs. [C95], [CO1], and [CIC06] may be downleadrom
http://www-ledss.ujf-grenoble.frfPERSONNEL/LEDSS¥@a/research/complete.html

Strong-field excitations and derivative discontinuities n
time-dependent density functional theory

Stephan Kimmel

Bayreuth, Germany

Time-dependent density functional theory with local or s&roal approximations for the exchange-
correlation potential has been quite successful in thafinesponse regime. However, non-linear, non-
perturbative excitations like the ionization of finite sysis by strong laser fields are not well described
by approaches like the adiabatic local density approxiona(ALDA). We argue [1] that this failure
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is due to the fact that in time-dependent Kohn-Sham thebgyetis an analog of the particle-number
discontinuity that is well known in ground-state Kohn-Sh#reory [2]. This discontinuity is missing
in approaches like the ALDA. We demonstrate the importarfaiise discontinuity by calculating the
exact (within numerical limits) time-dependent exchange<elation potential for an ionization process.
Finally, we discuss in how far this discontinuity can be immrated into Kohn-Sham theory via the
time-dependent optimized effective potential formalism.

[1]M. Lein and S. Kiimmel, Phys. Rev. Lefi4, 143003 (2005);
M. Mundt and S. Kiimmel, Phys. Rev. Le®5, 203004 (2005).
[2]J.P. Perdew, R.G. Parr, M. Levy, and J.L. Balduz, Jr..sPRev. Lett49, 1691 (1982).

Avoided crossings of excited state surfaces
and vibronic coupling in TDDFT

E. J. Baerends

Vrije Universiteit, Amsterdam, The Netherlands

Time-dependent DFT has become a very powerful tool in spsotipical investigations in chemistry for
several reasons.

In the first place, it is remarkably accurate, if sufficientlgcurate (not LDA or GGA but “shape-
corrected”) Kohn-Sham potentials are used. Approximattorihe exchange-correlation kernel are much
less critical, the adiabatic LDA usually suffices.

In the second place the Kohn-Sham orbitals and the orbitigéss are physically meaningful, much
more so than the Hartree-Fock orbitals. The occupied omitargies are very close to ionization ener-
gies, and unoccupied-occupied orbital energy differemepsesent to very good approximation excita-
tion energies. Moreover, excitations are often represdiotemore than 90% by single orbital excitations,
affording very s traightforward interpretation of excitett spectra.

The accuracy of the TDDFT excitation energies is such thstiould be sufficient to describe properly
the potential energy curves even in regions of avoided trgss This poses the questions whether it
would be possible to calculate non-Born-Oppenheimer tff@dbronic coupling) with TDDFT. The
crucial step is that one needs a so-called diabatizatioladetb extract from the calculated adiabatic
excited state surfaces properly diabatized surfaces, ampling constants. A method for calculating
vibronic coupling will be discussed.

This vibronic coupling method has been implemented in thé=AIDDFT code. We will discuss two
applications. The first is tdV,.

The N, excitation spectrum has proved surprisingly difficult tdcatate correctly, partly because of a
crossing of the three lowest excited statesdldf, symmetry. The ordering of these stateskathas been
incorrectly given, compared to the standard experimergsigament, in many receab initio and all
TDDFT calculations. This has led to the suggestion that #pemental assignment might have to be
revised. However, using the vibronic coupling to obtainyf@omparable theoretical and experimental
spectra, we can rule out this possibility and we have to emtecthat the excitation energy for one of the
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111, states is actually in error in TDDFT by ca. 1 eVZat, and even more at elongated bond length. We
can trace the singularly large error in this case to inghbditthe linear response based TDDFT method
to incorporate double excitation character.

The second application is to permangandt®, O, . The spectrum of this tetrahedral metaloxo-anion
has been obtained with detailed vibrational structure B41%ince then virtually all quantum chemical
methods have been benchmarked against this spectrumiilbtiiesinterpretation of the spectrum re-
mains controversial. We will reproduce, using TDDFT withngnic coupling, for the first time the full
vibrational structure. This leads to a definitive assignimen

Ns: M. Grlning, O.V.Gritsenko, S.J.A. van Gisbergen and EagrBnds “Shape corrections to exchange-
correlation Kohn-Sham potentials by gradient-regulatsihdess connection of model potentials for in-
ner and outer region”, J. Chem Phyi4.4(2001) 652-660; J. Neugebauer, E.J. Baerends, “Vibronie co
pling and double excitations in linear response time-ddpathdensity functional calculations: dipole-
allowed states oiN,", J. Chem. Phys121(2004) 6155-6166.

MnOy : J. Neugebauer, E.J. Baerends, M. Nooijen, “Vibronic stmecof the permanganate absorption
spectrum from time-dependent density functional calaat, J. Phys. Chem. A09(2005) 1168-1179

Non-adiabatic TDDFT MD: from gas phase
to complex environments

Ivano Tavernelli

Lausanne, Switzerland

TDDFT calculations with the Gaussian augmented-plane
wave approach

Juerg Hutter

Physical Chemistry Institute, University of Zurich

The Gaussian augmented plane wave (GAPW) approach combiaetescription of the Kohn-Sham
orbitals as a linear combination of Gaussian functions withixed basis representation of the electron
density. The density is separated in a smooth part, deskirbe plane wave basis and a rapidly varying
part expanded in local Gaussian functions. This schemes laméfficient algorithms for all-electron
ground state Kohn-Sham calculations with periodic boundanditions. We have further extended the
GAPW method to include linear response TDDFT calculatiohseries of approximations to the full
equations (within the ALDA approach) was tested on molecsyatems.
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Calculation of optical properties of complex systems
within TDDFT

O. Pulci, A. Marini, V. Garbuio, M. Palummo and R. Del Sole

ETSF and Dipartimento di Fisica, Universita di Roma, Torgér,
Via della Ricerca Scientifica, 00133 Roma, Italy

The microscopic study of complex systems has nowadays edaztnigh level of accuracy that allows
for a deep understanding of the electronic excitations. iritie descriptions of experiments such as
direct or inverse photoemission, optical absorption, tebecenergy loss, have become possible thanks
to the huge progress in theory and the increased computhtiowver. Charged excitations, as well as
neutral excitations, can now be studied within the ManyyBBdrturbation Theory based on the Green'’s
function formalism. Optical spectra can be calculated wittlusion of the electron hole interaction by
solving the Bethe Salpeter equation (BSE) within the fraovévef Green'’s function theory.

Moreover, optical spectra can be nowadays also well destrlithin the Time Dependent Density Func-
tional Theory (TDDFT). The derivation of a long range exdaextorrelation kernel suitable for optical
spectra calculations will be briefly reviewed. Its perfonoe, as well as those of simpler approximations,
will be tested in the case of complex systems, like surfacdiguids.

Practical aspects of molecular TDDFT calculations

Dmitrij Rappoport

Institut fir Physikalische Chemie
Universitat Karlsruhe, Germany

Photochemistry has to date accumulated an immense amoespefimental data on molecular exci-
tations and luminescence characteristics. Efficient implatations of TDDFT excited state Cartesian
gradients [1,2] now provide computational tools for theierpretation and systematic investigation of
excited state reactions. This is demonstrated for 7-apbeérdimer ((7-Al),) which is a very much in-
vestigated example for excited state intramolecular protnsfer. When excited to tht# state, (7-Al)
undergoes double proton transfer forming the tautomer B&jth concerted and stepwise mechanisms
have been proposed for the double proton transfer, and ibteege of an intermediate has been ad-
dressed in many experimental and theoretical studies.

TDDFT calculations using B3LYP functional and TZVPP basigeal 3 excited state state minima in the
S, state of (7-Aly. The excited state structures of normal dinse¥ and tautomeST show symmetry
breaking which leads to full localization of the excitation one monomeric unit. The third excited
state structure corresponds to single proton transfemigeiateS1 and appears very low in energy due
to strong charge transfer between the monomers. The mechasfitautomerization has been investi-
gated by 2-dimensional potential energy surface cal@ratalong the proton transfer coordinates. The
TDDFT results suggest that the tautomerization occurs mgeed yet not synchronous transfer of
both protons, which is supported by recent experimentalltse§4]. The stepwise mechanism vig
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intermediate seems to be rather a channel to fast radiesi®mélaxation to the ground state.

[1] F. Furche, R. Ahlrichs, J. Chem. Phykl7, 7433 (2002).

[2] J. Hutter, J. Chem. Phy418 3928 (2003).

[3] C. A. Taylor, M. A. EI-Bayomi, M. Kasha, Proc. Natl. Aca8ci. 69, 253 (1969).
[4] K. Sakota, A. Hara, H. Sekiya, Phys. Chem. Chem. PBy82 (2004).

Exact-exchange spin-current density-functional theory

A. Gorling

Lehrstuhl fir Theoretische Chemie, Universitat Erlandéimnberg,
Egerlandstr. 3, 91058 Erlangen, Germany

A brief introduction of the optimized effective potenti@ EP) method and exact-exchange Kohn-Sham
approaches is given. Then a spin-current density-funatiformalism that generalizes the current-spin-
density- functional theory of Vignale and Rasolt is presdnt The introduced spin-current density-
functional theory (SCDFT) takes into account spin-cusene., currents of the magnetization, in ad-
dition to the variables considered in current-spin-dgriihctional theory, i.e., the density, the spin-
density, and currents of the density. An implementationhaf presented SCDFT within an exact-
exchange (OEP) framework is presented. The inclusion afivéedtic effects, in particular of spin-orbit
coupling, via relativistiv OEP pseudopotentials is disags Results for atoms and semiconductors are
presented. Itis shown that spin-orbit interactions aremganied by spin-currents. Finally the perspec-
tives of time-dependent SCDFT are briefly considered.

A. Gorling, J. Chem. Phydl23 062203 (2005) and references therein.
S. Rohra and A. Goérling, Phys. Rev. Ledz, 013005 (2006).
S. Rohra, E. Engel, and A. Gorling, cond-mat/0608505.

The effect of nonlocality on the band gap within
density functional theory

Myrta Grining

Université Catholique de Louvain, Unité de Physico-Chigtide Physique des Matériaux, B-1348
Louvain-la-Neuve, Belgium
and European Theoretical Spectroscopy Facility

In this talk | compare the eigenvalue band gap found with dauah potential within the generalized
KS (GKS)[1] scheme and within the KS scheme using the theroptid effective potential(OEP)[2] ap-
proach. Since | use the same exchange-correlation appatgim(Coulomb-Hole screened-exchange)
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the difference in the band gap is due solely to the localityfocality of the potential. In fact, | show
that the difference between the OEP-KS and the GKS band gepescfrom the derivative discontinu-
ity of the exchange-correlation energy that correspondtdmonlocal potential. Once the derivative
discontinuity is taken into account, the corrected KS antegaized KS gaps are very close to each
other. Finally | discuss whether the GKS schemes can be ssfotly applied to calculations of optical
absorption spectra of semiconductors and insulators.

* Corresponding author. e-mail: gruning@pcpm.ucl.ac.be

[1] A. Seidl et al. Phys. Rev. B3, 3764 (1996).

[2] R. T. Sharp and G. K.Horton Phys. R@9, 317 (1953);
J. D. Talman and W. F. Shadwick Phys. Revl4 36 (1976);
M. E. Casida Phys. Rev. B1, 2005 (1995).

Nonlocality and frequency dependence of effective
potentials

Matteo Gattf,!? Valerio Olevand’? Lucia Reining!? and llya V. Tokatly

! Laboratoire des Solides Irradiés, CNRS-Ecole Polyteahsiq
F-91128 Palaiseau, France
2 European Theoretical Spectroscopy Facility (ETSF)
3 Laboratoire d’Etude des Propriétés Electroniques desdesli CNRS,
F-38042 Grenoble, France
4 Lerhrstuhl fir Theoretische Festkdrperphysik, Univéitsérlangen-Nirnberg,
D-91058 Erlangen, Germany

Many-body perturbation theory (MBPT) [1] is a very powenfukthod. The key variable is the Green’s
function G(r, ', w) which contains a great deal of information, like the onesiparticle spectra. How-
ever, one is often interested in just a part of the infornmatiarried by, so in these cases it is preferable
to work with simpler quantities from the beginning. This regisely the case of density-functional the-
ory (DFT) [2], where one wants to obtain the ground-stataltehergy and density(r). In principle,
one doesn’t need the full’ to obtain this information. In the Kohn-Sham approach [3§isufficient

to solve an effective one-particle Schrédinger equatioith & local and static potentidl,.(r). The
Green’s function, in turn, is determined by a nonlocal ardjfiency dependent self-energyr, r’, w).

A possible link between DFT and MBPT is the Sham-Schllteagqn [4]:

Vae(r1) Z/dwdmd?“:sdmei"wf(1(7“1,7“4)GKS(7“4,7“2’60)2(7’2,Ts,w)G(Ts,M,w)

X(ri,re) = /dwem“’GKg(m,rg,w)G(rg,rl,w)

Here we generalize the Sham-Schliter equation to situstidrere one is interested in other parts of the
Green'’s function. For example, one can consider the tratkeo$pectral function, which is needed to
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interpret photoemission spectra. In this case alocal andrdjcal potential/s(r, w) can be introduced.
We show that in this case the nonlocality of the self-eneayyle converted into a frequency dependence
of VSF . This is illustrated for model systems. We discuse #ie link with dynamical mean-field theory
(DMFT) [5] and other approaches.

* Corresponding author. e-mail: matteo.gatti@ polytecimify
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[5] S. V. Savrasov and G. Kotliar, Phys. Rev. 89, 245101 (2004); G. Kotliar, S. Y. Savrasov, K.
Haule, V. S. Oudovenko, O. Parcollet, and C.A. Marianettgepted in Rev. Mod. Phys. and cond-
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Exchange-correlation functionals and kernels
for conductance and polarisation

Rex Godby
York, UK

Transport in nanoscale systems:
new approaches to an old problem

Massimiliano Di Ventra

San Diego, USA

Transport in nanoscale systems is usually described aseamhmpundary scattering problem. This pic-
ture, however, says nothing about the dynamical onset afigtstates, their microscopic nature, or their
dependence on initial conditions.[1] In order to addregs¢hissues, | will first introduce a novel for-

mulation of transport based on the physical notion of twgdabut finite charged electrodes discharging
across a hanoscale junction. [1,2] This "microcanoniciaitupe suggests the description of electron flow
by means of quantum hydrodynamic equations [3], allows ysadge that the total many-body current

is given exactly in Time-Dependent DFT [1], and provides kgant connection with Time-Dependent
Current DFT [3]. As a bonus, we predict a series of novel phesma like turbulence of the electron

liquid [3], local electron heating in nanostructures [4fahe effect of electron viscosity on resistance
[5]. We will provide both analytical results and numericahmples of first-principles electron dynamics
in nanostructures using the above approach.

[1] M. Di Ventra and T.N. Todorov, "Transport in nanoscalstgyns: the microcanonical versus grand-
canonical picture”, J. Phys. Cond. Mat6, 8025 (2004).
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[2] N. Bushong, N. Sai and M. Di Ventra, "Approach to steathtes transport in nanoscale systems"
Nano Letters5 2569 (2005).

[3] R. D’Agosta and M. Di Ventra, "Hydrodynamic approach tartsport and quantum turbulence in
nanoscale conductors", cond-mat/05123326.

[4] R. D’Agosta, N. Sai and M. Di Ventra, "Local electron hiegt in nanoscale conductors”, cond-
mat/0605312.

[5] N. Sai, M. Zwolak, G. Vignale and M. Di Ventra, "Dynamicabrrections to the DFT-LDA electron
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Time dependent transport phenomena within TDDFT

Gianluca Stefanucci

Lund, Sweden

We propose a rigorous approach based on TDDFT to calcultdkdarrents through and density in

a molecule attached to macroscopically large reservoirs.chtify under what circumstances a steady
state can develop, discuss the initial-state and histqrgmi#ences and obtain a Landauer-like formula for
the steady current. We further show that the steady-statergstion is not compatible with the presence
of bound states. The density oscillates with history-ddpah amplitudes and, as a consequence, the
effective potential of TDDFT oscillates too. A computatidly tractable scheme of the theory is also
presented. We develop a numerical algorithm based on thmmgation of Kohn-Sham orbitals in open
systems. The scheme is used to compute the time-dependestitdn response to an external dc or ac
bias or time dependent gate voltages (electron pumpingallii possible generalization of our approach
are discussed.

Time-dependent generating-coordinate method

Carsten A. Ullrich

University of Missouri

The vast majority of applications in TDDFT use adiabaticragjpnations (such as the ALDA) for ex-
change and correlation. While the ALDA has overall been \gergcessful, there are many situations
where it fails. To go beyond the adiabatic approximatiorunexg an xc potential with a memory, which
is computationally demanding and has so far been achievgdrofew exploratory calculations.

This talk presents a new, post-TDKS variational method Wwhitends the ALDA in a flexible and com-
putationally simple manner. The time-dependent many-healye function is represented as a weighted
sum of single-determinant, non-orthogonal wavefunctiomsing from ALDA hamiltonians featuring

a generating coordinate. The weight factors are obtaineah fa stationary action principle. As an
illustration, the method is applied to describe driven psetric oscillations of two electrons in a har-
monic potential (Hooke’s atom). Comparison with exact sohs of the time-dependent two-electron
Schroedinger equation shows that a proper choice of geémgrabordinates reproduces the linear and
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nonlinear electron dynamics very accurately, includiniga$ associated with double excitations that
cannot be captured with the ALDA alone.

Molecular dynamic simulations of non-adiabatic
processes at surfaces

Jan van Heys, Michael Lindenblatt, and Eckhard Pehlke

Institut fur Theoretische Physik und Astrophysik, ChaistAlbrechts-Universitat zu Kiel, 24098 Kiel,
Germany.

Energy transfer processes at surfaces play an importamtfeolvarious surface phenomena. During
chemisorption, the binding energy of the adsorbate has tdigs#pated into the substrate degrees of
freedom. Concurrently with energy dissipation directljoiphonons, part of the chemisorption energy
can be spent to excite electron-hole pairs in the substfdtis. electronic dissipation will be most pro-
nounced for light adsorbate atoms interacting with metdlases, thus we focus on hydrogen atoms
chemisorbing on an Al(111) surface. The electronic noaality has been demonstrated experimen-
tally by H. Nienhaus [1] and coworkers by the direct obseovebf chemicurrents due to electron hole
pairs induced by the chemical reaction. Here we investigabadifferent mechanisms that can contribute
to the chemicurrents by simulating the chemisorption dyinamwithin TDDFT.

As a second example for energy transfer processes at ssifacealculate the excitation of coherent
surface-atom motion by very intense fs laser pulses. Suctiagions are well known in case of bulk
phonons, they still mark an active problem in case of atoritications at the Si(001) surface.

TDDFT is ideally suited to simulate such electronically raatiabatic processeab initio. The adia-
batic approximation is applied to the time-dependent exgbaorrelation potential. The integration of
the time-dependent Kohn-Sham equations has been implechenth into the original version of the
total-energy program fhimd from the Fritz-Haber InstitatBerlin and into the program version by M.
Bockstedteet al. extended for spin polarization. The calculations emploguplepotentials, a plane-
wave basis-set and periodically repeated supercells. Heasituations considered here the dynamics of
the ions is expected to be sufficiently accurately descritidtain the Ehrenfest approximation. A time-
dependent electric field perpendicular to the slabs can &e tassimulate electron-hole pair-excitation
by laser pulses.

Electron-hole pair excitation during H/AI(111) chemistiop has been simulated over up to 80 fs for
cells containing up to 500 electrons. Due to computatioimaitdtions, the calculations had to be per-
formed at a small plane-wave cut-off energy of 10 Ry and orexiap k-point. The dynamic of the
electrons is analysed by a posteriori relaxation of the weametions down onto the Born-Oppenheimer
surface at frozen-in atomic coordinates. In this way thegnstored in electron-hole pair-excitations,
the non-adiabatic contribution to the force acting on thdrogen atom, and the electronic excitation
spectrum is calculated [2]. In this talk, the energy diséipaand the excitation spectra will be presented
for H/AI(111), the isotope effect and kinetic energy depae will be discussed, and the contribution
to energy dissipation from the delocalisation of the logahsnoment at the H-atom will be quantified
and compared to the time-dependent Newns-Andersen moddiziglinski et al. [3]

[1] H. Nienhaus, Surf. Sci. Re@5, 1 (2002).
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[2] J. van Heys, M. Lindenblatt, E. Pehlke, Phase Transstit8) 773 (2005); M. Lindenblatt, E. Pehlke,
A. Duvenbeck, B. Rethfeld, A. Wucher, Nucl. Instr. Meth2B6, 333 (2006).

[3] M.S. Mizielinski, D.M. Bird, M. Persson, S. Holloway, Them. Phys122 084710 (2005).

Nonadiabatic functionals and their effects on electron
dynamics in molecules and metal clusters

Roi Baer

Jerusalem, Israel

Large Control of electronic currents by laser
In quantum rings

E. Rasanenh! A. Castro! A. Rubiol? and E.K.U. Gross

I Institut fiir Theoretische Physik, Freie Universitat BeylArnimallee 14, D-14195 Berlin, Germany
2 Departamento de Fisica de Materiales, Facultad de Quimidaisersidad del Pais Vasco, European
Theoretical Spectroscopy Facility (ETSF), Centro Mixtd@8 PV, Donostia International Physics

Center (DIPC), E-20018 Donostia-San Sebastian, Spain

We show that the excited states of N-electron semicondugtantum rings (QRs) can be controlled by
a circularly polarized laser field [1]. For this purpose, vedige a realistic 2D model potential for the
QR and treat the influence of a tunable laser field on the elestwith the dipole approximation. In
the numerical calculations we apply the time-dependensitiefunctional theory within the OCTOPUS
code package [2], which enables the evolution of the eleitravave functions in real time and real
space. This allows us to monitor the total density and ctiirethe QR during the propagation. As
a generalization to a recent study on one-dimensional QRsv@8 find that (i) an external magnetic
field creating persistent currents does not affect the obalility of the excited states, and (ii) the finite
width of the QR considerably changes the dipole matrix efgmeequired for the determination of the
pulse length. Finally we discuss the prominent role of theetebn-electron interactions as well as the

possibilities to fully control the many-electron system uming the framework of the optimal control
theory.

[1] E. Rasanen, A. Castro, A. Rubio, and E.K.U. Gross, to lberstted.

[2] M.A.L. Marqueset al, Comput. Phys. Commuri51, 60 (2003)
and www.tddft.org/programs/octopus.

[3] Y.V. Pershin and C. Piermarocchi, Phys. ReviB 245331 (2005).
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How do rewritable DVDs work: optical properties
of phase-change materials

Wojciech Welnicl-? Silvana Bottj>? Lucia Reining?? and Matthias Wuttig

L1, Physikalisches Institut IA, RWTH Aachen University, ®@achen (Germany)
2 Laboratoire des Solides Irradiés, CNRS-CEA, Ecole Polyipie, Palaiseau (France)
3 European Theoretical Spectroscopy Facility (ETSF)

Several chalcogenide alloys exhibit a pronounced coninaite optical absorption of the metastable
rocksalt and the amorphous state. This phenomenon is thefbasheir application in the optical data
storage.

Here | present ab initio calculations of the optical proigsrof GeTe and Ge&sh, Te, in the rocksalt and
the amorphous phase. These calculations reveal the d¢mrelzetween local structural changes and
optical properties as well as the origin of the optical casitin these materials. We find that the change
in the optical properties cannot be solely attributed to aaing of the electronic states as commonly
assumed for amorphous semiconductors: in fact the opticatast between the two phases can only be
explained by significant changes in the transition matrixraints.

Electronic excitations in hexagonal layered systems
(C and BN)

Ludger Wirtz

Institute for Electronics, Microelectronics, and Nandiaology (IEMN)
B.P. 60069, 59652 Villeneuve d’Ascq Cedex, France

We present different phenomena involving electronic eticibs in layered systems. For hexagonal
boron nitride*, we show that excitonic effects play an irtpat role for the optical properties. Measured
and calculated values for the band-gap still display a gtrecattering between 4.3 and 6.8 eV. We
show that optical absorption and electron energy loss gsexipy cannot be explained in terms of
independent-electron transitions but can be properly nataled only by proper inclusion of excitonic
effects. We discuss the origin of the different values fa theasured/calculated band-gaps. For the
interpretation of Raman spectra of graphite, the doutdesrant Raman model which involves electron-
hole pair excitations is qualitatively successful. Quatitie evaluation based on DFT band-structures
display, however, a mismatch between theory and expergn¥&vit discuss the achievements and short-
comings of the double-resonant model for the explanatiothefdifferences in the Raman spectra of
single-layer, few-layer, and bulk graphite.

* Collaboration with Andrea Marini and Angel Rubio (DIPC,i8&ebastian, Spain)

** Collaboration with Davy Graf, Francoise Molitor, KlausnBslin, Christoph Stampfer, Alain Jungen,
and Christopher Hierold (ETH Zurich, Switzerland)
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The role of excitons in the optical properties
of carbon nanotubes

Deborah Prez?j E. Chang , A. Ruini, and E. Molinari

National Research Center S3 — INFM-CNR and Dipartimentoisich,
Universita di Modena e Reggio Emilia, via G. Campi 213/a,@Modena, Italy

We present a first-principles study of the optical propertiesingle-walled carbon nanotubes (SWCNT).
We employed many-body theoretical methods to determinexhited states of the system. Both self-
energy corrections in the treatment of single-particlergiee and effects arising from the electron-hole
interaction are included in our calculations [1,2]. Our syetry-based approach exploits all the sym-
metries of these systems, making feasible the study of lafges with more than 200 atoms per unit
cell, which are otherwise impossible to treat in standagp@ghes within the many-body framework. In
addition, this picture gives a more complete understandfrthe excited state properties, of the degen-
eracies and group character of the single-particle bandsyfethe selection rules involved in determining
optical spectra. We computed one- and two-photon absorgtectra, achieving excellent agreement
with recent experiments [3-5]. We found that many-electéiacts are crucial in both the peak shapes
and positions for all the tubes studied. In particular, fe¥-0.8-nm-diameter tubes, the calculated ex-
citon binding energies range between 0.3 and 0.9 eV, showipgrtant excitonic effects even in large
diameter nanotubes.

* Corresponding author. e-mail: prezzi@unimore.it
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TDDFT description of electronic systems in
semiconductor heterostructures

Marti Pi

Barcelona, Spain

Turbocharging time-dependent density-functional theory
with Lanczos chains

Stefano Baroni
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Trieste, Italy

The large-scale application of TDDFT to nano-structuredemias is currently hindered by our poor
knowledge of the relevant exchange-correlation functoirathe dynamical regime, as well as by the
lack of efficient algorithms applicable to systems largemtifew (or few tens at the very best) indepen-
dent atoms. In this talk a new algorithm will be describedaliallows for the application of TDDFT
to systems of the same complexity as those currently trieateding state-of-the-art ground-state DFT
techniques.

Using a super-operator formulation of linearized timeatafent density-functional theory, the dynami-
cal polarizability of a system of interacting electronsdpnesented by a matrix continued fraction whose
coefficients can be obtained from the non-symmetric bloakdzos method. The resulting algorithm,
which is particularly convenient when large basis sets aegluallows for the calculation of the full
spectrum of a system with a computational workload only atfeves larger than needed for static polar-
izabilities within time-independent density-function@rturbation theory. The method is demonstrated
with calculations of the spectra of benzene and of fullereavel prospects for its application to the
large-scale calculation of optical spectra, particulamlyvhat concerns the acceleration of the Lanczos
recursion, are discussed.

TDDFT-MD simulation of nano-carbons:

Decay dynamics of hot-carriers and electronic shakeup
by high-speed ions/atoms

Yoshiyuki Miyamoto

Fundamental and Environmental Research Laboratories, NEC

In this talk, 1 will show applications of the TDDFT on moleanldynamics in nano-carbons. Since both
electron dynamics and ionic motions are treated simultasigothe TDDFT-MD simulation can treat
both electron-electron interaction (within DFT) and elentphonon interaction.

| show two examples of the applications: hot-carrier decageirbon nanotubes and stopping power act-
ing on high-speed hydrogen atom/ion passing through a gregpbheet.

The electronically excited carbon nanotubes are placeéryparticular lattice temperature, and time-
evolution of expectation values of electrons and the pa@tkeernhergy of ions (the total energy) were
monitored. We observed two-major time-domains of the edeehole gap reduction which were respec-
tively interpreted as electron-electron and electronAginointeractions. This interpretation was further
confirmed by monitoring a dependence of the decay dynamiasitial lattice temperatures.

Next example is high-energy hydrogen irradiation on a geaphsheet which shows significant reduc-
tion on the hydrogen kinetic energy even when kinetic enénaysfer on carbon atoms in the graphene
sheet is negligible. The reason of the significant stoppowggp is electronic shakeup which corresponds
to collective excitation of valence electrons of graphemhis shakeup can be seen when the incident
kinetic energy of hydrogen atom/ion exceeds 1 KeV. Mearsyltie conventional Born-Oppenheimer
approximation is found to be valid when the incident kineti@rgy is less than 100 eV.

If time is allowed, | will discuss possible future applicats of the TDDFT-MD simulation.
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The present works have been done in collaboration with PréfsRubio, D. Tomanek, and Dr. A.
Krasheninnikov. Part of the present calculations weregperéd by using the Earth Simulator.

The band gap of InN and ScN: a quasiparticle energy
study based on exact-exchange density-functional theory

Patrick Rinke

Fritz-Haber-Institut der MPG, Berlin, Germany

The group-IIIA nitride InN and the group-IlIB nitride ScN W& recently received increased attention
in the field of opto-electronics and optical coatings. Dudhi difficulty of growing clean samples,
however, the size of their band gap has not been well edtabljsyet. We have recently shown, that
guasiparticle energy calculations in tGg1/, approximation based on density-functional theory (DFT)
calculations in the exact-exchange (EXX) approach yielddbgaps in very good agreement with ex-
periment for GaN and 1l-VI compounds [1]. For wurtzite InNrcapproach predicts a gap of 0.7 eV
supporting recent experimental observations [2,3,4]rdpxdlating thez W, data to higher carrier con-
centrations, which are prevalent in most InN samples, tesulan increase of the apparent band gap
with increasing concentration (Burnstein-Moss effecy@od agreement with the observed blue shift of
the optical absorption edge [4]. Moreover, the concemtnatiependence of the effective mass, which is
a result of the non-parabolicity of the conduction bandeagmwell with the experimental findings [4].
For ScN there exists a longstanding controversy if the riatisra semimetal or semiconductor, which
has only very recently been resolved in favor of the lattaur €alculations for rocksalt ScN predict an
indirect band gap of 0.9 eV in good agreement with recentriaxgatal observations [5].

[1] P. Rinkeet al,, New J. Phys7, 126 (2005).

[2] V. Yu. Davydovet al, phys. stat. sol. (0229 R1 (2002).
[3] Y. Nanishiet al,, Japan. J. Appl. Phy€2, 2549 (2003).
[4] W. Walukiewiczet al., J. Crystal Growtl269, 119 (2004).
[5] A. A. Al-Brithen et al,, Phys. Rev. B70, 045303 (2004).

The role of core states in the excitation spectra of solids

Claudia Ambrosch-Draxl

Graz, Austria

All-electron full-potential methods are highly precisedailow to explore the physics of the core region
of solids, since no shape approximation is made for the fiatavhen solving the Kohn-Sham equation.
Thus they are reliable tools when heavy atoms are involvexdrimaterial, and they are also often used
as a benchmark for other codes in terms of accuracy. But tieeguite demanding regarding the com-
putational effort and when it comes to the implementationef features, particularily those related to
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excited states. Several discrepancies with respect tewhkare calculations, which have been reported
in literature, ask for clarification, and hence, for a widange of applications. In this talk, the imple-
mentation of various methods into the full-potential linead augmented planewave (LAPW) method
is presented, comprising the exact exchange scheme (EXaf)y4mody perturbation theory (MBPT),
as well as time-dependent density functional theory (TDPBIscrepancies with respect to planewave
results —which show up in the EXX Kohn-Sham band gaps, the ElfAésergies, as well as the electron-
hole wavefunctions obtained by the Bethe-Salpeter EquéBSE) — will be discussed, highlighting the
importance of the core-valence interaction and the prapeatrhent of the wavefunctions close to the
nucleus. Finally, first all-electron TDDFT spectra will beepented.
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