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Report

The fifth School and Workshop on Time-Dependent Density Functional The-
ory was hosted, as the previous ones, by the Benasque Center for Science.
It is the fifth of a very successful series that started in 2004. The pur-
pose has always been to (1) make a very intense introduction to both the
theory, the practice, and the numerical implementation of time-dependent
density-functional theory (TDDFT) mainly (but not exclusively) oriented to
young scientists willing to initiate or strengthen their knowledge and skills
on TDDFT, followed by (2) a workshop on the subject in which all the main
aspects are to be covered by the leading experts. 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.

The results has been a very fruitful School, and an exciting Workshop.
Regarding the School, all the pedagogical documents of the school are made
available to the everybody through the webpage of the meeting. Also, we pro-
vided all the students with the new book ”Fundamanetals of Time-Dependent
Density-Functional Theory”, edited by M.A.L. Marques, N. Maitra, F. M.
S. Nogueira, E. K. U. Gross, and A. Rubio, Lecture Notes in Physics 837
(Springer, Berlin/Heidelberg, 2012), as it has all the basic material to be
discussed in the lectures. The students could access, throgh the lectures and
the discussion with the teachers, to all the relevant aspects of the theory, as
well as to the key aspects of the experimental results addressed by the theory
(some experimental lecturers were invited).

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 inter-
national workshop and were granted the “Pedro Pascual Prize” for the best
posters of the school. As in previous editions of this event, the number of
applications surpassed all expectations and, of course, also the limit of 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.
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School

The School covered the topics that we believe constitute the core of the
theory, and also included a few lectures about the experimental aspects that
TDDFT intends to describe.

• Foundations of the theory, cornerstone theorems.

• Foundations of many-electron theory, which permits to study comple-
mentary theories for the description of many-electron dynamics: GW,
Bethe-Salpether.

• Overview of spectroscopies: description of experiments, by leading ex-
perimentalists in the field.

• TDDFT approach to quantum electronic transport.

• Advanced concepts: memory, etc.

• Applications.

The theoretical work was complemented, in the afternoons, by practice
work in the computer room of the Benasque Center for Science, where the
students could access state-of-the-art software for TDDFT calculations. The
practical work was divided in three sections:

• Software development: guided construction of a TDDFT code. The
students had the opportunity of analyizing a basic TDDFT code, in
order to develop skills in software engineering of this kind of programs.

• Tutorial on the octopus code.

• Tutorial on the yambo code.

Workshop

The aim of the Workshop was to assess the present status of TDDFT ap-
proaches to the study of spectroscopic properties of real materials, and ex-
plore their capability for applications in further systems with technologi-
cal and biological interest. The recent developments of TDDFT covered
during the workshop include TDDFT versus current-DFT, van der Waals
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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 The-
ory, Configuration Interaction, semi-empirical approaches), this Workshop
was intended as a way to promote links among scientists coming from dif-
ferent 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 sys-
tems (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 increas-
ing complexity. The invited and contributed talks covered:

• Fundamental topics on TDDFT, essential theorems.

• Many-Body Theory, and electron transport theory.

• New approximations to the exchange and correlation potential and ker-
nel.

• Quantum optimal control.

• New experimental results, mainly in the areas of high intensity fields
and atto-second Science.

Two poster sessions were scheduled; the posters were hanged at the begin-
ning of the event, and were kept at all times, so that students and participants
could discuss at any time. All the posters were photographed and can be
consulted at:

http://www.benasque.org/2012tddft/cgi-bin/pictures.pl
In order to incentivate the creation of good posters, we organized a contest

in which the two best posters (as qualified by a poll in which all School teach-
ers could vote) got the “Pedro Pascual Prize”. These two awards were given
to Federica Agostini (“Exact factorization of the time-dependent electron-
nuclear wave-function: A mixed quantum-classical study”, and Daniel White-
nack (“Derivative discontinuities, orbital energies and lifetimes in density

4



functional resonance theory”). Both of them, who received equal number of
votes, were invited to present their work at the Workshop.

The work presented at the Workshop has demonstrated the outstanding
capabilities of TDDFT to describe the various forms of spectroscopy that
probe the electron dynamics of matter. Spectroscopies, in general, are the
tools used to study the microscopic structure of matter. The experimen-
tal results obtained with these tools can only be interpreted correctly with
the help of accurate theoretical methods, capable of simulating the micro-
scopic behavior of matter subject to external perturbations. A number of
spectroscopic methods address electronic excited states (e.g. optical absorp-
tion spectroscopy, photo-electron emission spectroscopy, etc), and hence the
need of first principles theoretical methods capable of addressing the ex-
cited state many-electron problem. Time-dependent density-functional the-
ory (TDDFT) is one of such methods.

It is not, however, the only approach to the excitations of many-electron
systems. In fact, more accurate (yet more expensive) techniques (based on
many-body perturbation theory, for example) exist, and therefore these alter-
natives have also been covered in both the workshop and the school in par-
ticular their relation and comparison to TDDFT. However, TDDFT achieves
a good balance between accuracy and computational cost. This workshop
has clearly shown how its use is increasing, and it is fast becoming one of
the tools of choice to get accurate and reliable predictions for excited-state
properties in solid state physics, chemistry and biophysics, both in the linear
and non-linear regimes.

We have witnessed in this Workshop the most recent developments of
TDDFT (and time-dependent current functional theory): the description of
photo-absorption cross section of molecules and nanostructures, electron-ion
dynamics in the excited state triggered by either a small or high intense
laser fields, van der Waals interactions, development of new functionals cop-
ing with memory and non-locality effects, applications to biological systems
(chromophores), transport phenomena, optical spectra of solids and low- di-
mensional structures (as nanotubes, polymers, surfaces...).

Programme

School

Wednesday, January 4th
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• 0920 0930 Opening Remarks

• 0930 1030 TDDFT I (E. K. U. Gross).

• 1030 1130 TDDFT II (E. K. U. Gross).

• 1130 1230 Introduction to Green’s function (S. Kurth).

• 1230 1330 Many-Body: GW I (M. Gatti).

• 1530 1830 Introduction to the practical classes and codes.

– Introduction to octopus (D. Strubbe).

– Introduction to yambo (D. Sangalli).

– Introduction to the coding exerciese (A. Castro).

Thursday, January 5th

• 0930 1030 Overview of spectroscopies I (F. Lepine).

• 1030 1130 Overview of spectroscopies II (F. Lepine).

• 1130 1230 TDDFT III (E. K. U. Gross).

• 1230 1330 Many-Body: GW II (M. Gatti).

• 1530 1830 Basic TDDFT code I.

Friday, January 6th

• 1600 1700 TDDFT IV (E. K. U. Gross).

• 1700 1800 The link between experiment and theory (S. Botti).

• 1800 1900 Many-Body: BSE I (I. Tokatly).

• 1900 2000 Many-Body: BSE II (I. Tokatly).

Saturday, January 7th

• 0930 1030 TDDFT as a tool in chemistry I (I. Tavernelli).
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• 1030 1130 Models in time-dependent phenomena I (M. Lein).

• 1130 1230 Quantum transport (S. Kurth).

• 1230 1330 TDDFT as a tool in chemistry (I. Tavernelli).

• 1530 1830 Basic TDDFT code II.

Sunday, January 8th

• 1630 1730 Basic TDDFT code III.

Monday, January 9th

• 0930 1030 Advanced TDDFT I (N. Maitra).

• 1030 1130 Models for time-dependent phenomena II (M. Lein).

• 1130 1230 Advanced TDDFT II (N. Maitra).

• 1230 1330 Current TDDFT I (C. Ullrich).

• 1530 1830 octopus I.

• 1830 2000 POSTER SESSION.

Tuesday, January 10th

• 0930 1030 TDDFT as a tool in chemistry III (I. Tavernelli).

• 1030 1130 Non-linear material response properties with TDDFT (D.
Strubbe).

• 1130 1230 Current TDDFT II (C. Ullrich).

• 1230 1330 Models for time-dependent phenomena III (M. Lein).

• 1530 1830 octopus II.

Wednesday, January 11th

• 0930 1030 TDDFT vs. Many-Body I (R. van Leeuwen).
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• 1030 1130 TDDFT as a tool in chemistry IV (I. Tavernelli).

• 1130 1230 Overview of spectroscopies III (S. Huotari).

• 1230 1330 Advanced TDDFT III (N. Maitra).

• 1530 1830 yambo I.

• 1830 2000 POSTER SESSION.

Thursday, January 12th

• 0930 1030 TDDFT vs. Many-Body II (R. van Leeuwen).

• 1030 1130 Models for time-dependent phenomena IV (M. Lein).

• 1130 1230 Overview of spectroscopies IV (S. Huotari).

• 1230 1330 Current TDDFT III (C. Ullrich).

• 1530 1830 yambo II.

• 1830 1900 Final remarks.

Workshop

Friday, January 13th
Chairperson: C. Ullrich

• 0920 0930 Opening remarks (A. Rubio).

• 0930 1015 Time-dependent current density functional theory: Rigorous
lattice formulation (I. Tokatly).

• 1010 1050 Semiclassical Correlation in Density-Matrix Propagation (N.
Maitra).

• 1050 1130 Exact Factorization of the Time-Dependent Electron-Nuclear
Wave Function (A. Abedi).

• 1130 1200 COFFEE BREAK.

Chairperson: I. Tokatly
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• 1200 1240 (TD)DFT: fundamentals and a new functional (M. Ruggen-
thaler).

• 1240 1320 Accurate density-functional methods based on correlation
energy functionals within the exact- exchange random phase approxi-
mation (A. Görling).

• 1320 1400 Optics of semiconductors from meta-GGA-based time-dependent
density-functional theory (V. Nazarov).

Chairperon: E. K. U. Gross.

• 1600 1640 The derivative discontinuity in transport (S. Kurth).

• 1640 1720 Electron-ion entanglement and decoherence dynamics in
trans-polyacetylene oligomers (H. Appel)

• 1720 1750 COFFEE BREAK

• 1750 1830 Intersubband spin plasmons in quantum wells: spin-orbit
coupling and many-body effects (C. Ullrich).

• 1830 1910 Excitation gaps of finite-sized systems from Optimally-Tuned
Range-Separated Hybrid Functionals (L. Kronik).

Friday, January 13th
Chairperson: A. Castro.

• 1600 1640 How to get what you want from optimal control (C. Koch).

• 1640 1720 Optimal control of many-electron systems and quantum re-
vival (E. Räsänen).

• 1720 1800 Show me the light: Optimal Control with Strong Lasers (D.
Kammerlander).

• 1800 1830 COFFEE BREAK

Chairperson: A. Rubio.

• 1830 1910 Attosecond time-resolved molecular dynamics (M. Vrakking).
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• 1910 1950 Multichannel Tunneling in Strong Field Ionization (O. Smirnova).

• 1950 2030 Probing electron excitations with inelastic x-ray scattering
spectroscopies (S. Huotari).

Sunday, January 15th
Chairperson: R. van Leeuwen.

• 0930 1010 Ab initio colors (and a few thoughts on functionals for spec-
troscopy) (S. Baroni).

• 1010 1050 Interaction effects in time-dependent quantum transport:
TDDFT versus MBPT (G. Stefanucci).

• 1050 1130 TDDFT for Electron-Phonon Dynamics with Applications
to Quantum Dots (O. Prezhdo).

• 1130 1200 COFFEE BREAK

Chairperson: F. Nogueira.

• 1200 1240 Nonadiabatic molecular dynamics coupled to time dependent
external potentials: towards TDDFT-based local control (I. Tavernelli).

• 1240 1320 Progress at the interface of wave function and density func-
tional theories (N. Gidopoulos).

Chairperson: S. Kurth

• 1530 1610 Towards inclusion of dissipation in TDDFT (E. Suraud).

• 1610 1650 Beyond the Hubbard model: a realistic description of metal-
insulator transitions in transition-metal oxides (M. Gatti).

• 1650 1730 Plasmonics and non-local interactions from TDDFT: graphene
and metal surfaces (T. Olsen).

• 1730 1750 COFFEE BREAK.

• 1750 1830 Photoinduced charge separation in light-harvesting supramolec-
ular systems (C. A. Rozzi).
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• 1830 1850 Exact factorization of the time-dependent electron-nuclear
wave-function: A mixed quantum- classical studio (F. Agostini, poster
prize award).

• 1850 1910 Derivative Discontinuities, Orbital Energies and Lifetimes
in Density Functional Resonance Theory (D. Whitenack, poster prize
award).

Monday, January 16th
Chairperson: N. Maitra

• 0900 0940 The interaction of ultrashort high-intensity x-ray pulses with
dense atomic gases (N. Rohringer).

• 0940 1020 Studies of dipole-forbidden electronic excitations (A. Sakko).

• 1020 1050 COFFEE BREAK.

• 1130 1210 Bootstrap approximation for exchange-correlation kernel of
TD-DFT (S. Sharma).

• 1130 1210 Role of discontinuities in linear response TDDFT (M. Hell-
gren).

• 1210 1220 FINAL REMARKS.
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73. SAKKO, Arto: Aalto University

74. SANDERS, Jacob: Harvard University

75. SAVARESE, Marika: University of Naples “Federico II”

76. SHARIFZADEH, Sahar: Lawrence Berkeley National Laboratory

77. SHARMA, Sangeeta: MPI Halle

78. SMIRNOVA, Olga: Max-Born Institut Berlin

79. SON, WON-JOON: North Carolina State University

80. SPONZA, Lorenzo: LSI - ETSF : Ecole Polytechnique

81. STEFANUCCI, Gianluca: Universitá di Roma Tor Vergata
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Psi-k Network : Towards Atomistic Materials Design
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WA4 4AD
UK
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PSI-K WORKSHOP FINANCE REPORT

Title of the Workshop 5th Workshop and School on “Time-dependent density-functional Theory”

Workshop Organisers E. K. U. Gross, A.Rubio, F. Nogueira, M. A. L. Marques, and A. Castro
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Dates of the Workshop 3-17 January, 2012

Total Grant from Psi-k 5500€
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WORKSHOP DELEGATES / SPEAKERS

Name and Country of Claimant Travel Accommodation Total (€’s)

Silvana Botti, Italy € 0 € 826.00€ € 826.00
Tiago Cerqueira, Portugal € 413.80 € 0 € 413.80
Jeiran Jokar, Iran € 125.05 € 0 € 125.05
Daniel Karlsson, Sweden € 123.00 € 0 € 123.00

Total Travel & Accommodation € 1487.85

WORKSHOP REFRESHMENTS / CONFERENCE DINNERS

Date Tea / Coffee Lunch / Dinner Total (€’s)

13-16 January 2012 (Workshop coffee breaks) € 983.40 € € 983.40

Total Refreshments € 983.40

MISCELLANEOUS EXPENDITURE

Details Total (€’s)
Daily allowances (see the attached letter for details) € 3029.40

Total Miscellaneous € 3029.40

Total Travel & Accommodation € 1487.55
Total Refreshments € 983.40
Total Miscellaneous € 3029.40

TOTAL EXPENDITURE € 5500.65
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Registered in England under company number 06440198
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