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from the project Simbioma. We look forward to receive the remaining 2400.00
Euros.

The money has been used as financial support to cover the registration fee,
travel and accommodation expenses for students attending the school “Time-
Dependent Density-Functional Theory” held in Benasque from the 2™ to the 15"
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The fourth school and workshop was hosted, as the previous ones, by the Benasque Center for Science.
The aim of the school was to introduce theoretical, practical, and numerical aspects of time-dependent-density
functional theory (TDDFT) to young graduate students and post-docs interested in the tool in itself or planning
to use it for their own research. The physical conditions offered by the new Benasque Center for Science
(http://www.benasque.org/) allow for a very fruitful and informal contact between the students and the teachers,
that we strongly encouraged.

All the pedagogical documents of the school are made available to the everybody through the webpage of the
meeting (http://www.benasque.org/2009tddft/). Also, as in previous editions we provided all the students with
the book ”Time-Dependent Density-Functional Theory”, edited by M.A.L. Marques, C. Ullrich, F. Nogueira,
A. Rubio, and E.K.U. Gross, Lecture Notes in Physics (Springer: Berlin, 2006), as it has all the basic material
to be discussed in the lectures. We plan to have a new edition of the book (completely revised based on the
input of the students in the last schools) by the next event (5th school to be help in Benasque also in winter,
january, 2012).

In order to allow for the students to better discuss their research projects among themselves and with the
teachers of the school, we asked them to present posters describing their current work and/or planned research
project. Two of these posters were then selected as oral contributions to the international workshop and were
granted the second Pedro Pascual Prize for the best posters of the school. As in previous editions of this event,
the number of applications (above 180, the largest of all the events organised till now) surpassed all expectations
and, of course, also the limit of 48 places that we had to satisfy in order for the students to get the maximum
benefit from the school, and also due to space and computer resource limitations. The participants in the school
were distributed in the following way:

Sex PhD students Post-docs Total
Female 9 2 11
Male 25 12 37

All the students participated also in the workshop held just after the 8 days of school. The total number of
participants was 101, with 31 different nationalities from 5 continents. There were 21 female participants, six of
them being invited speakers/lecturers. The distribution between countries, experience and gender is provided
in the following table:



School Teachers Invited Workshop Total

Argentina 1 1
Australia 1 2
Austria 1 1 2
Belgium 1 1 2
Canada 1 1
Chile 1 1
China 1 1
Colombia, 1 1 2
Czech Republic 1 1
France 1 1 1 3
Germany 5 4 18
India 4 4
Iran 1 1 2
Ireland 1 1
Israel 2 1 3
Ttaly 7 6 17
Japan 1 1 2
Korea 1 1
Mexico 1 1
Morocco 1 1
New Zealand 1 1
Portugal 1 3 1 )
Romania 1 1
Russia 2 1 5
Spain 6 1 1 11
Sweden 1 1
Switzerland 1 1 2
Turkey 1 1
UK 4 4
Ukraine 1 1
USA 3 3
Male PhD 25 2 5 32
Female PhD 9 1 10
PhD 34 2 6 42
Male Post-doc 12 17 16 3 48
Female Post-doc 2 3 3 3 11
Post-doc 14 20 19 6 59
Male 37 19 16 8 80
Female 11 3 3 4 21
# Participants 48 22 19 12 101

The aim of the Workshop was to assess the present status of TDDFT approaches to the study of spectroscopic
properties of real materials, and explore their capability for applications in further systems with technological
and biological interest. The recent developments of TDDFT covered during the workshop include TDDFT
versus current-DFT, van der Waals interactions, applications to biological systems, new functionals, transport
phenomena, optical spectra of solids , etc. Due to the different methods used to tackle this problem (Many-Body
Theory, Density Functional Theory, Configuration Interaction, semi-empirical approaches), this Workshop was
intended as a way to promote links among scientists coming from different communities working or interested
in electron excited states. Also it was intended as a follow-up event for the students attending the school as it
was a good opportunity for them to see the real implications of the school lectures and get the new theoretical
advances in the the development of exchange-correlation functionals as well as applications to complex systems



(nanostructures, bio-molecules, interstellar molecular analysis, solids, etc.) Our goal was to bring together
scientists working on foundations and different applications of TDDFT and many-body theory, trying to assess
the capability of current approximations to be applied to real systems of increasing complexity. The invited
and contributed talks covered:

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

IT) New approximations and techniques.

III) Ab-initio calculations of spectroscopic properties of large scale systens.

IV) Materials Science, Nanoscience, Biology and Chemical applications.

As a consequence, there was a broad variety of participants which helped to get an interdisciplinary vision
of the field. Thus, although some of the more specific topics were far from the research interest of many
participants, the meeting was an excellent opportunity to see how the same techniques are used by members of
other communities



School Program

Hour

Title

1(3/1)

8h30 — 9h15
9h30 — 10h15
10h30 — 11h15
11h30 — 12h15

TDDFT I (EG)

TDDFT II (EG)

Overview of spectroscopies I (FH)
Many-Body: GW I (MV)

15h00 — 17h30
18h00 — 21h00

Introduction to the practical classes
Quantum Dots I

2 (4/1)

8h30 — 9h15
9h30 — 10h15
10h30 — 11h15
11h30 — 12h15

TDDFT III (EG)

Overview of spectroscopies II (FH)
Theoretical spectroscopy (SB)
TDDFT IV (EG)
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15h00 — 17h30
18h00 — 21h00

Discussion groups
Quantum Dots II
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3 (5/1)

8h30 — 16h30

Discussion groups

—
~
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16h30 — 17h15
17h30 — 18h15
18h30 — 19h15
19h30 - 20h15

Many-Body: GW II (MV)

Linear response theory (SB)
Overview of spectroscopies 11T (FH)
Propagation schemes (AC)

4(6/1)

8h30 — 9h15
9h30 — 10h15
10h30 — 11h15
11h30 — 12h15

TDDFT in chemistry and biochemistry I (BC)
Spectroscopy of surfaces (EO)

Overview of spectroscopies IV (FH)

Models for time-dependent phenomena I (ML)

15h00 — 18h00
18h30 — 20h30

Quantum Dots IIT
Poster session

5(7/1)

8h30 — 9h15
9h30 — 10h15
10h30 — 11h15
11h30 — 12h15

Models for time-dependent phenomena II (ML)
TDDFT in chemistry and biochemistry IT (BC)
TD Current DFT I (CU)
Many-Body: BSE I (MG)

15h00 — 18h00
18h30 — 20h30

OCTOPUS 1
Poster session

6 (8/1)

8h30 — 15h00

Discussion groups

15h00 — 15h45
15h45 — 16h30
16h45 — 17h30
17h30 — 18h15
18h15 — 21h15

Advanced TDDFT I (NM)

Optimal control theory (AC)

Models for time-dependent phenomena III (ML)
TD Current DFT II (CU)

OCTOPUS I

7 (9/1)

8h30 — 9h15
9h30 — 10h15
10h30 — 11h15
11h30 — 12h15

Models for time-dependent phenomena IV (ML)
Advanced TDDFT II (NM)

Many-Body: BSE 11 (MG)

TDDFT in chemistry and biochemistry IIT (DR)

15h30 — 20h30

YAMBO

8 (10/1)

8h30 — 16h30

Discussion groups

16h30 — 17h15
17h30 — 18h15
18h30 — 19h15
19h30 — 20h15
20h15 — 20h45

TDDFT versus Many-Body (MG/AR)

TDDFT in chemistry and biochemistry IV (DR)

TD Current DFT III (CU)

Advanced TDDFT III (NM)

Closing session / Pedro Pascual Prize 2010 (organisers: AR, MM, FN, EG)
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School Lecturers
Lecturers for the theoretical classes

AC A. Castro (Zaragoza, Spain)
Propagation schemes + Optimal control theory
AR A. Rubio (Donostia/San Sebastian, Spain)
TDDFT vs. Many-Body

BC B. Curchod (Lausanne, Switzerland)
TDDFT in chemistry and biochemistry

CU C. Ullrich (Missouri, USA)
TD Current DFT

DR D. Rappoport (Harvard, USA)
TDDEFT in chemistry and biochemistry

EG E. K. U. Gross (MPI Halle, Germany)
TDDFT

EO E. Ortega (Donostia/San Sebastian, Spain)
Spectroscopy of surfaces

FH F. Himpsel (Madison, USA)
Overview of spectroscopies

MG M. Gatti (Paris, France)
Many-Body: BSE + TDDFT vs. Many-Body
ML M. Lein (MPI Heidelberg, Germany)
Models for time-dependent phenomena
MV M. Verstraete (Liege, Belgium)
Many-Body: GW
NM N. Maitra (New York, USA)
Advanced TDDFT

SB S. Botti (Paris, France)
Linear Response Theory 4+ Theoretical spectroscopy

Teachers for Quantum Dots and octopus

AC Alberto Castro (Zaragoza, Spain)

AR Angel Rubio (San Sebastian, Spain)
FN Fernando Nogueira (Coimbra, Portugal)
MM Miguel Marques (Lyon, France)

MO Micael Oliveira (Lyon, France)

XA Xavier Andrade (San Sebastian, Spain)

Teachers for YAMBO

AM Andrea Marini (Rome, Italy)

CO Conor Hogan (Rome, Italy)

DV Daniele Varsano (Modena, Italy)

PG Claudio Attaccalite (San Sebastian, Spain)
MG Myrta Griining (Coimbra, Portugal)



Workshop Program

Day I: Monday 11th

Chairperson:

09h20 - 09h30
09h30 - 10h20

10h20 - 11h10

Angel Rubio
A. Rubio
S. Kuemmel

C. Cardoso

Opening remarks

Excitations in finite systems: pragmatic improvements

of DFT and fundamental

Long-range correction effects on the evaluation of

first hyperpolarizability of high intrinsic hyperpolarizability molecules

11h10 - 11h30

Calffeine break

Chairperson:

11h30 - 12h20

12h20 - 13h10

Angel Rubio
C. Ullrich

O. Gritsenko

Time-dependent density-functional theory for weakly disordered
systems: application to dilute magnetic semiconductors
Time-dependent density matrix functional theory: an interacting
alternative to TDDFT

13h10 - 17h20

Discussion groups

Chairperson: Fernando Nogueira
17h20 - 18h10 M. Gatti Sodium under pressure: a charge-transfer insulator
18h10 - 19h00 S. Botti Electronic properties of materials for thin-film solar cells:
Which ab-initio approaches can we trust?
19h00 - 19h20 Beer break
Chairperson: Fernando Nogueira
19h20 - 20h10 J. Dobson Applications of RPA, TDDFT and related response
functions to correlation energies
20h10 - 21h00 E. Suraud TDDEFT description of irradiation and the Self Interaction Problem

Day II: Tuesday 12th

08h30 - 17h00

Mini-workshops

Chairperson:

17h00 - 17h50

Mark Casida
T. Seideman

Why Time-Dependent Density Functional Theory?

17h50 - 18h40 N. Maitra Phase-Space Density Dynamics

18h40 - 19h00 Beer break

Chairperson: Mark Casida

19h00 - 19h50 R. Baer Pragmatic and Dogmatic Spirits in Time-Dependent
Density Functional Theory

19h50 - 20h40 1. Tokatly Time-dependent deformation functional theory:

From basic theorems to first applications




Day III: Wednesday 13th

Chairperson:

08h30 - 09h20

09h20 - 10h10

Miguel Marques
M. Sprik

I. Tavernelli

Electronic energy levels in liquids and near liquid-solid
interfaces: An electrochemical perspective
Non-adiabatic molecular dynamics with external fields

10h10 - 10h30

Calffeine break

Chairperson:

10h30 - 11h20

11h20 - 12h10

12h10 - 13h00

Miguel Marques
H. Appel

R. D’Agosta

O. Sugino

Stochastic Quantum Molecular Dynamics: a functional theory
for electrons and nuclei dynamically coupled to an environment
Stochastic time dependent (current) density functional theory:
fundaments and applications

Non-adiabatic molecular simulations

13h00 - 17h00

Discussion groups

17h00 - 18h30

Poster session

Chairperson:

18h30 - 19h20
19h20 - 20h10

20h10 - 21h00

John Dobson
M. Casida
A. Goerling

T. Niehaus

The Multifaceted Problem of Double- and Higher-Excitations in TDDFT
New Developments in Density-Functional Response Methods and

new Correlation Functionals

Inverse quantum confinement in luminescent Silicon quantum dots

Day IV: Thursday 14th

Chairperson:

16h00 - 16h50

16h50 - 17h40

Carsten Ullrich
F. Martin

C. Ambrosch-Draxl

Kinematically complete theoretical description of molecular ionization
by synchrotron radiation and ultrashort pulses
Q-dependent TDDFT spectra from metals

17h40 - 18h10 D. Strubbe Non-linear optics and local-field factors in liquid chloroform:
A time-dependent density-functional theory study
Winner of the school poster session

18h10 - 18h30 Beer break

Chairperson:

18h30 - 19h00

19h00 - 19h50
19h50 - 20h00

Stephan Kuemmel
G. Avendano-Franco

P. Umari
A. Rubio

Time-Dependent Density Functional Theory study of

transfer of charge by atomic impact, a case study with C4H20 + Au
Winner of the school poster session

GW quasi-particle spectra from occupied states only

Closing remarks

21h00 -

Workshop dinner
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Workshop Invited Talks

Excitations in finite systems: pragmatic improvements of DFT and
fundamental questions in TDDFT

Stephan Kiimmel

Theoretische Physik
Universitat Bayreuth
D-95440 Bayreuth
Germany

Molecular organic semiconductors are examples of many electron systems for which the accurate
prediction of excitations is of great practical interest, e.g., for understanding organic solar cells. A
parameter-free and well working self-interaction correction approach to calculate photoelectron spectra
for these systems will be discussed. This pragmatic approach will be contrasted with efforts to improve
rigorous TDDF'T by obtaining insights from simple model systems. We constructed the adiabatically
exact exchange-correlation kernel numerically and demonstrate the consequences that even the ”best
possible adiabatic approximation” has on the excitation spectrum.

Long-range correction effects on the evaluation of first
hyperpolarizability of high intrinsic hyperpolarizability molecules

Claudia Cardoso

Centro de Fisica Computacional, Universidade de Coimbra
Portugal



Time-dependent density-functional theory for weakly disordered
systems: application to dilute magnetic semiconductors

Carsten A. Ullrich

University of Missouri
USA

We present a theory for transport and optical response in disordered systems, based on an equation-
of-motion approach for the current-current response function [1-3]. The resulting formalism combines
a TDDFT treatment of the current response in a clean reference system with a self-consistent de-
scription of disorder scattering caused by charged and magnetic impurities beyond the relaxation-time
approximation. In practice we evaluate the formalism in the weak disorder limit, using a multiband
k.p description of the host semiconductor material.

In ITI-V dilute magnetic semiconductors (DMS) such as GaMnAs, the transition-metal impurities
are responsible both for providing mobile hole carriers and for inducing ferromagnetic transitions. This
leads to rich and complex scenarios for optical and transport properties, where impurity scattering
and many-body effects play an equally important role. We discuss the effects of exchange-correlation,
dynamic screening and collective electron excitations on the charge and spin scattering off Coulomb
impurities and fluctuations of localized spins. We show that the exchange-correlation effects play an
important role in the temperature dependence of dc-conductivity in DMS. Collective, plasmon-like
excitations within the hole liquid substantially modify the carrier scattering rate at finite frequencies.
The so calculated infrared optical conductivities of GaMnAs compare well with experimental data [4].

This work was supported by DOE grant DE-FG02-05ER46213.

[1] F. V. Kyrychenko and C. A. Ullrich, Phys. Rev. B 80, 205202 (2009)

[2] F. V. Kyrychenko and C. A. Ullrich, J. Phys.: Condens. Matter 21, 084202 (2009)

[3] F. V. Kyrychenko and C. A. Ullrich, Phys. Rev. B 75, 045205 (2007)

[4] E. J. Singley, K. S. Burch, R. Kawakami, J. Stephens, D. D. Awschalom, and D. N. Basov,
Phys. Rev. B 68, 165204 (2003)

Time-dependent density matrix functional theory: an interacting
alternative to TDDFT

O.V. Gritsenko, K.J.H. Giesbertz, E.J. Baerends

Vrije Universiteit Amsterdam
and POSTECH, Pohang, Korea



Excitons in dense sodium
Matteo Gatti, Ilya Tokatly, and Angel Rubio

EHU/UPV — Universidad del Pais Vasco, Donostia/San Sebastian
Spain
and European Theoretical Spectroscopy Facility

At ambient conditions sodium is the prototype of a nearly free-electron metal. Under pressure one
would expect an increase of the bandwidth and hence a more free-electron-like behavior. Instead, at
high pressure, sodium undergoes a phase transition becoming an insulator with a large gap [1,2].

Here we study excitonic effects in the absorption spectrum of the insulating phase of sodium. We
discover an unusual kind of charge-transfer exciton that proceeds from the interstitial distribution of
valence electrons repelled away from the ionic cores by the Coulomb interaction and the Pauli repul-
sion. The predicted absorption spectrum shows a strong anisotropy with light polar- ization that just
at pressures above the metal-insulator transition manifests as sodium being optically transparent in
one direction but reflective in the other. This result provides a key information for an experimen-
tal conclusive deter- mination of the crystal structure of transparent sodium, a new unconventional
inorganic electride.

[1] B. Neaton and N. W. Ashcroft, PRL 86, 2830 (2001).

[2] Y. Ma et al., Nature 458, 182 (2009).

Electronic properties of materials for thin-film solar cells: Which ab
initio approaches can we trust?

Silvana Botti

LSI — Ecole Polytechnique, Palaiseau
France

During the past years, Cu(In,Ga)(Se,S)2 (CIGS) thin-film solar cells emerged as a technology that
could challenge the current hegemony of silicon solar panels. CIGS compounds conserve to a very
high degree their electronic properties in a large non-stoichiometric range and are remarkably insen-
sitive to radiation damage or impurities. Moreover, thin film solar cells require transparent contacts.
In practice, these contacts are built from insulating oxides that for a certain range of doping become
conductive while retaining transparency in the visible spectrum. Thin films of compounds of the
delafossite family, namely Cu(Al,Ga,In)Oq, are particularly interesting as they show bipolar conduc-
tivity.

The origin of the exceptional electronic properties of these two classes of materials is still not well
understood, despite the large amount of experimental and theoretical works dedicated to this purpose.
This is a serious restraint when it comes to designing new materials for more efficient photovoltaic
energy conversion.

In this context, can ab-initio calculations of electronic excitations give a crucial contribution?
Which theoretical approaches are reliable?

In my talk I will try to give an answer to these questions.



Applications of RPA, TDDFT and related response functions to
correlation energies

Sebastian Lebegue, Tim Gould, Julien Toulouse, Janos Angyan, John Dobson,
Judith Harl, Georg Kresse, Angel Rubio

School of Biomolecular and Physical Sciences
Griffith University
Australia

We discuss some recent applications of RPA response, and beyond, in applications such as electronic
groundstate energy and van der Waals C6 coefficients. Results to be discussed include the net layer
binding energy and stretching curve of graphite, and some data about dynamic and groundstate
screening in time dependent linear response of atoms.

TDDFT description of irradiation and the Self Interaction Problem
Eric Suraud

Université Paul Sabatier - Toulouse 3
Laboratoire de physique quantique
118 route de Narbonne
31062 TOULOUSE CEDEX
France

Why Time-Dependent Density Functional Theory?
Tamar Seideman

Chemistry Department, Northwestern University, Evanston
USA

We discuss directions and opportunities for TDDFT in future research. Specifically, we highlight
several fields of contemporary research where we expect TDDFT to have a role in future theories.
One such instance, with which the audience of the present workshop is familiar, is transport calcu-
lations via molecular nanojunctions, where interesting nonequilibrium effects call for theories that go
beyond static DF'T. Closely related is the emerging field of current-driven dynamics in molecular-scale
electronics, where strongly nonadiabatic physics combine with resonance scattering to suggest the
potential of quantum theories that go beyond the Born-Oppenheimer approximation. A third topic of
growing interest is the problem of nanoplasmonics—the interaction of light with metal nanoparticles
and their arrays, where quantum effects play an increasingly significant role as the particle size de-
creases, calling for theories that go beyond classical electrodynamics. We conclude with a discussion of



electron dynamics in strong laser fields, a fascinating problem in theoretical research which manifests

itself in phenomena ranging from high harmonic generation to double ionization, and where current

theories struggle to account for the 3D large amplitude electronic dynamics and the consequences of

correlation.
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Several of the applications we envision in the field of
nanoplasmonics, for instance, are schematically illustrated in
the figure. The T-junction of Fig. 1A guides electromagnetic
energy traveling down the leg into one or the other of the two
symmetry- equivalent arms of the junction. Figure 1B depicts
a hybrid construct, which combines elements that provide local
enhancement with elements that provide long distance propa-
gation in order to minimize losses. The structural parameters
of the construct are optimized using a genetic algorithm. Fig.
1C depicts a plasmonic nanocrystal, developed to separate an
incident plane wave into two frequency components and funnel
each component in a different direction normal to the direction
of incidence.

Phase-Space Density Dynamics

Neepa Maitra

Hunter College of NYC, New York, USA

Pragmatic and Dogmatic Spirits in Time-Dependent Density

Functional Theory
Roi Baer

Dept. of Physical Chemistry, The Hebrew University

Israel



Time-dependent deformation functional theory: From basic
theorems to first applications

[.V. Tokatly

EHU/UPV — Universidad del Pais Vasco, Donostia/San Sebastian
Spain

In this talk I discuss the time-dependent deformation functional theory (TDDefFT) — a recently
proposed approach to the many-body dynamics, which uses a deformation tensor of the electron liquid
as a basic variable. In general TDDefFT can be viewed as a version (or a refinement) of the time-
dependent current density functional theory. However, in contrast to the standard DFT-like theories,
the exact formulation of TDDefFT avoids a traditional potential-to-density mapping. Instead the
theory can be formulated in a form similar to the ground-state constrained search procedure. Within
this formalism all basic functionals appear from the solution of a constrained universal many-body
problem in a co-moving reference frame, which is equivalent to finding a conditional extremum of a
certain universal action functional.

I also review some recent application of TDDefF T, such as, a closed quantum continuum mechanics
for many-body systems — a non-Kohn-Sham approach the the linear dynamics; the derivation of the
exact anti-adiabatic limit for the xc kernel in TDDFT, and ab-initio calculations of the coefficient in
the phenomenological 1/¢? kernel proposed to describe excitonic effects in semiconductors.

Aligning electronic energy levels in liquids, solids and their
interfaces: An electrochemical perspective

J. Cheng!, M. Sulpizi', C. Adriaanse', J. VandeVondele?, M. Sprik!

I Department of Chemistry, University of Cambridge, CB2 1IEW Cambridge, United Kingdom
2 Institute of Physical Chemistry, University of Zurich, CH8057 Zurich, Switzerland

In practical applications time dependent density functional theory is often used as a perturbative cor-
rection applied to one-electron (Kohn-Sham) orbitals obtained form time independent density func-
tional theory (DFT in short). While optical excitation energies formally depend on differences between
energies of virtual and occupied orbitals, the question of the absolute position of the levels is still rel-
evant. For example, if the orbital energy gaps are a bad approximation to the optical excitation
energies, which is often the case when the virtual states are delocalized, it could be helpful to know
whether this is due to the empty or occupied orbitals or both. The for chemical applications most
relevant orbitals are the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO). The experimental observables correlated with HOMO and LUMO energies are the
minimum ionization potential (IP) respectively the maximum electron afnity (EA).

The question of absolute positions of energy levels is crucial when comparing the density of states
of two different condensed phases. This so-called level alignment problem is particularly hard when it
concerns delocalized band states of solids and localized molecular states in liquids. This is where the
GGA level DFT approximations used in extended system calculations are least reliable. Furthermore
for liquids we cannot ignore the distinction between the adiabatic and vertical IP’s and EA’s. An
adiabatic IP (by definition equal to the corresponding adiabatic EA) can be estimated by converting



the reduction potentials measured by electrochemical methods to an absolute (vacuum) scale. The
HOMO of a solvated molecule, however, must be compared to the vertical IP as measured by PES
methods. The differences between vertical and adiabatic IP’s can be very large (up to 3eV in aqueous
systems[1]) due to the reorganization of the solvent.

We have approached this problem using DFT based molecular dynamics simulation (DFTMD) of
fully atomistic model systems under periodic boundary conditions. IP’s and EA’s are computed as the
relative total energy of two systems with one electron less (or more). For solids the energies are referred
to vacuum using a solid-vacuum interface as model system conform the practice in computational
surface chemistry, The energies in liquids, however, are directly determined relative to the normal
hydrogen electrode [1] in a homogeneous model system using an extension of the reversible proton
insertion method we have developed for the computation of acidity constants[2,3]. The same method
can also be applied to solid (electrode)-liquid (electrolyte) interfaces in a repeated liquid- solid slab
geometry. These techniques will be illustrated in this talk by an application to the interface between
an alkaline electrolyte and titania (TiO2 ). One of the results of these (still ongoing) calculations is
that for the PBE functional the bottom of the conduction band of titania is in fair agreement with
the experimental flatband potential once the 1 eV upward shift in the titania energy levels as a result
of hydration is taken into account. Since the PBE band gap is too small by at least an eV, this
unfortunately means that the top of the valence band ends up too high, in fact above the adiabatic
IP we calculated for OH-/OH® in homogeneous solution[l], in painful disagreement with experiment.

[1] C. Adriaanse, M. Sulpizi, J. VandeVondele and M. Sprik, J. Am. Chem. Soc. 131, 6046 (2009).

[2] M. Sulpizi and M. Sprik, Phys. Chem. Chem. Phys. 10, 5238 (2008).

[3] J. Cheng, M. Sulpizi and M. Sprik, J. Chem. Phys. in press.

Non-adiabatic molecular dynamics with external fields
Ivano Tavernelli

Laboratory of Computational Chemistry and Biochemistry
Institute of Chemical Sciences and Engineering
Swiss Federal Institute of Technology, EPF Lausanne
Switzerland

Stochastic Quantum Molecular Dynamics: a functional theory for
electrons and nuclei dynamically coupled to an environment

Heiko Appel

University of California, San Diego
USA



Stochastic time dependent (current) density functional theory:
fundaments and applications

Roberto D’ Agosta

Ikerbasque and EHU/UPV — Universidad del Pais Vasco, Donostia/San Sebastian
Spain

Static and dynamical density functional methods have been applied with a certain degree of success to
a variety of closed quantum mechanical systems, i.e., systems that can be described via a Hamiltonian
dynamics. However, the relevance of open quantum systems - those coupled to external environments,
e.g., baths or reservoirs - cannot be overestimated. To investigate open quantum systems with DFT
methods we have introduced a novel theory, we have named Stochastic Time-Dependent Current Den-
sity Functional theory (S-TDCDFT). In this talk, I will introduce the stochastic formalism needed for
the description of open quantum systems, discuss in details the theorem of Stochastic TD-CDFT, the
connection of the theory with a density matrix formalism, and provide few examples of its applicability
like the dissipative dynamics of excited systems, quantum-measurement theory and other applications
relevant to charge and energy transport in nanoscale systems.

Non-adiabatic molecular simulations
Osamu Sugino
ISSP, Univ. Tokyo, Japan

The Multifaceted Problem of Double- and Higher-Excitations in
TDDFT

M.E. Casida

Laboratoire de Chimie Théorique (LCT), Département de Chimie Moléculare (DCM, UMR
CNRS/UJF 5250)
Institut de Chimie Moléculaire de Grenoble (ICMG, FR-2607)
Université Joseph Fourier (Grenoble I)
301 rue de la Chimie, BP 53, F-38041 Grenoble Cedex 9
France

The conventional approach to extracting information about electronic excited states from time- de-
pendent density-functional theory (TDDFT) [1] makes use of the TDDFT adiabatic approximation
(AA) which assumes that the self-consistent eld responds instantaneously and without memory to any
temporal change in the charge density. Electronic excitation spectra may then be obtained by linear

response (LR) theory using, for example, Casida’s equation [2] in the energy representation. It is now



well-established that the AA restricts LR-TDDFT to single-electron quasiparticle excitations. How-
ever explicit two- and higher-electron excitations are needed to describe a number of highly interesting
excited-state problems, some of which will presented in more or less detail as time allows:

e AA LR-TDDEFT leads to spin-contamination in some excited states of open-shell molecules, such
as [Fe(H2 0)6 |2+ [3, 4].

e Polarization propagator theory provides insight into the analytic structure of the exact exchange-
correlation (xc) kernel, fxc(w) [5]. This provides an improved understanding of dressed TDDFT

[6].

e Biradicaloid ground states enter into photochemical problems involving avoided crossings and
conical intersections. Ground singlet-state referenced TDDF'T requires us to overcome an effec-
tive noninteracting v-representability problem. Excited triplet-state referenced spin-ip TDDFT
encounters other problems [7].

[1] E. Runge and E.K.U. Gross, “Density Functional Theory for Time-Dependent Systems”, Phys.
Rev. Lett. 52, 997 (1984).

[2] M.E. Casida, “Time-Dependent Density-Functional Response Theory for Molecules”, in Recent
Advances in Density Functional Theory, Vol. I, edited by D.P. Chong (World Scientic: Singapore,
1995), p. 155.

[3] A. Ipatov, F. Cordova, L. Joubert Doriol, and M.E. Casida, “Excited-State Spin-Contamination
in Time-Dependent Density-Functional Theory for Molecules with Open-Shell Ground States”, J. Mol.
Struct. (Theochem) 914, 60 (2009).

[4] S. Bruneau, “Au dela de la théorie du champ de ligand avec la théorie de la fonctionnelle
de la densité dépendante du temps : Contamination de spin et assignation des états pour les états
électroniques du complexe hexaaquofer (II) [Fe(H2 O)6 |2+, 1st Year’s Masters Thesis Chemistry and
Life Sciences, 2009. L. Joubert Doriol, “Développement des méthodes d’études des états a couches
ouvertes dans le cadre de la théorie de la fonctionnelle de la densité (DFT) dépendante du temps
(TDDFT)”, 2nd Year’s Masters Thesis Chemical Physics, 2009.

[5] M. Huix-Rotllant and M. E. Casida, “Formal foundations of dressed time-dependent density
functional theory for many-electron excitations”, in preparation.

[6] N.T. Maitra, F. Zhang, R.J. Cave, and K. Burke, “Double excitations within time-dependent
density functional theory linear response theory”, J. Chem. Phys. 120, 5932 (2004).

[7] M. Huix-Rotllant, B. Natarajan, A. Ipatov, C.M. Wawire, M.E. Casida, and T. Deutsch, “Assessment
of Noncollinear Spin-Flip Tamm-Dancoff Approximation Time-Dependent Density-Functional Theory
for the Photochemical Ring-Opening of Oxirane”, in preparation.

New Developments in Density-Functional Response Methods and
new Correlation Functionals

Andreas Gorling
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Germany
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Inverse quantum confinement in luminescent Silicon quantum dots
Thomas Niehaus

Bremen Center for Computational Materials Science
Universitat Bremen
Germany

Kinematically complete theoretical description of molecular
ionization by synchrotron radiation and ultrashort pulses

Fernando Martin

Departamento de Quimica, C-9
Universidad Autonoma de Madrid
28049 Madrid
Spain

The performance of TDDFT for excitation spectra of solids: From
optical propierties and electron energy loss of simple metals to core
- excitations in large gap materials

Claudia Ambrosch-Draxl

University of Leoben, Austria

Non-linear optics and local-field factors in liquid chloroform: A
time-dependent density-functional theory study

David Strubbe, Xavier Andrade, Angel Rubio, and Steven G. Louie

University of California, Berkeley, USA and
ETSF and Centro de Fisica de Materiales, Universidad del Pais Vasco, San Sebastian, Spain
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Time-Dependent Density Functional Theory study of transfer of
charge by atomic impact, a case study with C;Hy, + Au

Guillermo Avendano-Franco, Myrta Griining and Xaveir Gonze

Unité Physico-Chimie et de Physique des Matériaux (PCPM)
Université catholique de Louvain
Place Croix du Sud, 1
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GW quasi-particle spectra from occupied states only
Paolo Umari

INFM-CNR DEMOCRITOS Theory@Elettra group, Trieste
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Using Hydrogenic Orbitals to Improve DFT

John Snyder, Jeremy Ovadia, Donghyung Lee, Krishanu Ray and Kieron
Burke

University of California, Irvine, USA

In Density Functional Theory (DFT), the Hohenberg-Kohn theorem allows us to map the interacting
system to a fictitious non-interacting Kohn-Sham system, with an effective one-body potential, that
reproduces the groundstate density of the interacting system. Formally, this mapping is exact, which
suggests that studying the non-interacting system may provide useful insight into the interacting
system. We use the Bohr atom, with non-interacting electrons in hydrogenic orbitals, as a model to
find the asymptotic expansion of its exchange energy in a charge-neutral scaling as atomic number Z
approaches infinity. We show that, like in the interacting atom, B88 and PBE are close to having the
correct asymptotic form, while GE2 is off by a factor of 2. We adjust the parameter in GE2 to enforce
the correct asymptotic form. We have also developed a new piecewise smooth model for the density
of the Bohr atom that improves upon the Thomas-Fermi density.

Non-linear optics and local-field factors in liquid chloroform: A
time-dependent density-functional theory study

David Strubbe, Xavier Andrade, Angel Rubio, and Steven G. Louie

University of California, Berkeley, USA and
ETSF and Centro de Fisica de Materiales, Universidad del Pais Vasco, San Sebastian, Spain

Time-Dependent Density Functional Theory study of transfer of
charge by atomic impact, a case study with C,;Hy, + Au

Guillermo Avendano-Franco, Myrta Griining and Xaveir Gonze

Unité Physico-Chimie et de Physique des Matériaux (PCPM)
Université catholique de Louvain
Place Croix du Sud, 1
B-1348 Louvain-la-Neuve
Belgique
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Optical Property Calculations of Gold-based Alloys with Density
Functional Theory

Deniz Kecik, Efthimios Kaxiras, and Helena Van Swygenhoven

Paul Scherrer Institute and EPFL Lausanne, Switzerland

Excitations from Open Quantum Systems TDDFT
David Tempel and Alan Aspuru-Guzik
Departments of Chemistry and Physics, Harvard University, USA

Structure and Dynamics of Bacterial Nitroreductase

Olexandr Isayev, Leonid Gorb, Narimantas Cenas, Frances Hill and Jerzy
Leszczynski

Case Western Reserve University, Cleveland, USA and
Jackson State University, Jackson, USA and
Institute of Biochemistry, Vilnius, Lithuania

A strong correlation study: the paradigmatic case of the V,0j3
Federico Iori, Matteo Gatti, and Lucia Reining

Ecole Polytechnique, Palaiseau, France and ETSF
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Azopolysiloxanes modified with nucleobases, systems with potential
applications in DNA immobilization and nanomanipulation
processes

Elena-Luiza Epure and Nicolae Hurduc

Technical University of lasi, Romania

Water clusters in atmosphere
J. Finn
King’s College London, UK

Explicit Double-Excitations in TDDFT
Miquel Huix-Rotllant and Mark E. Casida

Departement de Chimie Moléculaire, Université Joseph Fourier, Grenoble, France

Photoisomerization of model retinal chromophores: Insight from
quantum Monte Carlo and multiconfigurational perturbation theory

Omar Valsson and Claudia Filippi

Faculty of Science and Technology and MESA+ Research Institute
University of Twente, The Netherlands

Optical properties of DNA-derivatives for nanoelectronics
applications

Tahereh Ghane, Daniele Varsano, Giorgia Brancolini, Elisa Molinari and Rosa
Di Felice

National Research Center on nanoStructures and bioSystems at Surfaces of INFM-CNR
Modena, Italy
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CO Adsorption on Transition Metal Surfaces Applying the Random
Phase Approximation

Laurids Schimka, Judith Harl, Alessandro Stroppa, Andreas Griineis, Martijn
Marsman, Florian Mittendorfer, and Georg Kresse

University of Vienna and Center for Computational Materials Science
Vienna, Austria

TDDFT Calculations of the Optical Properties of Metallic Particles
R. W. Burgess and V. J. Keast
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Accurate electrostatic potentials for periodic systems
Sergio A. Losilla, Dage Sundholm, and Jonas Jusélius
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Ab-initio calculation of the Impact Ionization Rate in GaAs using
yambo code
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Electronic Properties of Doped Silicon Nanocrystals
E. L. Silva’3, J. Coutinho', F. Nogueira??, and P. R. Briddon*
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2 Department of Physics, University of Coimbra, Portugal
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Role of Tyrosine Residue in the activation of Co-C bond in
Coenzyme Bi,-Dependent Enzimes: Another case of
Proton-Coupled Electron Transfer?

Manoj Kumar and Pawel M. Kozlowski
University of Louisville, Kentucky, USA

Defective carbon nanotubes: magnetism, spin transport and gas
sensing applications

Zeila Zanolli and Jean-Christophe Charlier

Université Catholique de Louvain,
Unité de Physico-Chimie et de Physique des Matériaux (PCPM)
European Theoretical Spectroscopy Facility (ETSF)
Place Croix du Sud 1, B-1348 Louvain-la-Neuve, Belgium

Carbon nanotubes (CNTs) are renowed in the scientic community for being both a playground for
studying fundamental physical properties and for applications in, to mention a few, electronic, spin-
tronic and gas sensing technologies. However, despite the progresses in growth techniques, CNTs
always exhibit structural defects [1] and their electronic and transport properties will be aected ac-
cordingly [2]. In addition, the presence of defects in carbon-based nanostructures has been seen as
source of magnetism [3]. Hence, mastering the physics underlying defected CNTs is crucial not only
to model realistic systems but also to design new devices.

The spin-polarized electron transport properties of carbon nanotubes with vacancies are investi-
gated using rst principles and non-equilibrium Green’s function techniques [4]. Carbon atoms with
unsaturated bonds are found to behave as quasi-localized magnetic impurities, coupled by long range
interactions. The magnetism of carbon nanotubes with reconstructed mono- and tri-vacancies results
in spin dependent contuctances and, hence, can be exploited in spintronic devices such as nano-spin

valves.
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Clarified the properties of CNTs with vacancies, the sensing ability of defected CNTs towards
several molecules (NO2 , NH3 , CO, CO2 , H2 O) has also been investigated ab initio. Since the
adsorption/desorption of molecules induces modulations on the electrical conductivity of the tube,
quantum conductances of the CNT-based sensors are predicted, nding that defective nanotubes are
sensitive to NO2 , NH3 and CO, while molecular selectivity is provided by the nature of the charge
transfer.

[1] A. Hashimoto et al., Nature 430, 870 (2004); Y. Fan et al., Nat. Mater. 4, 906 (2005); K.
Suenaga et al., Nature Nanotech. 2, 358 (2007).

[2] C. Gomez-Navarro et al., Nature Mater. 4, 534 (2005).

[3] P. Esquinazi et al., Phys. Rev. Lett. 91, 227201 (2003); S. Talapatra et al., Phys. Rev. Lett.
95, 097201 (2005); Y. Shibayama et al., Phys. Rev. Lett. 84, 1744 (2000).

[4] Z. Zanolli and J.-C. Charlier, submitted (2009).

[5] Z. Zanolli and J.-C. Charlier, Phys. Rev. B 80, 155447 (2009).

Time-Dependent Density-Functional Theory with Finite Elements
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Optical gap of semiconductors and oxides from Coupled Perturbed
Hartree-Fock and Coupled Perturbed Kohn-Sham theory
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Time-Dependent Range-Separated Hybrid Functionals for the
description of Molecular Charge Transfer States
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Modeling radiation-damage processes in organic solids via DFT
calculations of EMR parameters
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