Final report

Hands-On Tutorial: Density Functional Theory and Beyond, C oncepts and
Applications

1 Summary

We have organized and implemented a successful ten-day workshop on the concepts and applications
behind modern electronic structure theory (“density functional theory and beyond”) for computational
materials science, held from July 12-21, 2011 at the Harnackhaus conference center and Fritz Haber
Institute in Berlin, Germany. The workshop brought together an audience of more than 80 students and
post-docs (108 including tutors from the Fritz Haber Institute) for 23 keynote lectures on the basics and
selected advanced topics from the field, as well as six afternoon “hands-on” tutorials with computers and
one weekend “hands-on” tutorial and research project. In addition, a “poster parade” on the first day and
poster session on the second day provided each participant with an opportunity to introduce themselves
and their work to the entire group, a key step to foster communication, information exchange, and ulti-
mately, trust between the initially unconnected set of participants. Computer-based electronic structure
theory from quantum-mechanical first principles is a rapidly growing field with a multitude of practical
applications in condensed matter physics, materials science, nanoscience, (bio)molecular science, phar-
macology, and other disciplines. The versatility of the field can also create a significant entry barrier
especially for newly incoming researchers. The goal of the work was to provide such an entry into the
field (by the more basic keynote lectures) and widening of scope (by the more advanced keynote lectures)
for its entire audience.

Out of the more than 160 applicants, we were able to accommodate 80 external participants who formed
a highly motivated, active audience not only in the tutorials, but also during the entire set of keynote
lectures offered at the workshop. As in a previous event, we found the Harnackhaus conference center
an excellent venue for the event, allowing to use the infrastructure of the nearby (50 metres) Fritz Haber
Institute for the computational exercises rather efficiently. Aside from the actively tutored sessions, the
computer facilities were available to all participants throughout the workshop, both for additional late-
evening sessions with tutors on hand and for independent work. The showing even outside the regular
afternoon and evening sessions amounted to a significant fraction of the participants—for example, we
estimate that more than 50 % of the participants made regular use of the additional evening sessions. We
also note that the workshop could not have been successful without the large efforts of the tutors at the
Fritz Haber Institute (and, in two cases, externally at Brigham Young University in Provo, Utah) to create
and perfect the specific, guided tutorials at the workshop.

2 Description of the scientific content of and discussion at the
event

Topically, the workshop was (roughly) split into three parts: a set of broader topics covering the scientific
basics of the field (July 12-15), a weekend tutorial and research project (July 16 and 17), and a set of
focused, advanced topics towards the frontiers of the field (July 18-21). Two overview lectures on July
12 covered the broader topics of electronic structure theory (Scheffler) and quantum chemistry (Sauer),
followed by a “poster parade” that allowed each participant to introduce themselves and their research
interest. The practical basics of density functional theory occupied the two first full days (July 13/14; Della
Sala, Blum, Wieferink, Levchenko, Ambrosch-Draxl, Marsman), covering practical exchange-correlation
approximations, and implementation aspects across three major code frameworks, including details of
periodic systems, and capped by two introductory tutorials on these topics. July 15 covered some more
advanced methodological foundations (time-dependent density functional theory, van der Waals interac-



tions, and many-body perturbation approaches; Gross, Tkatchenko, Ren), flanked by a tutorial introducing
the “weekend research project” (July 16/17): Structure prediction of biologically relevant molecules (two
amino-acid peptides) and the role of different exchange-correlation aspects in these systems. The sec-
ond week was split as follows: Ground state and multiscale-type approaches (Ghiringhelli, Hart, Walsh;
July 18), ab initio molecular dynamics and time-dependent phenomena (Car, Carbogno, Appel; July 19),
electronic phenomena beyond ground-state approaches (Rinke, Biermann, Guo; July 20), and finally,
some of the methodological frontiers of the field in real-world modelling settings (Reuter, Lampenscherf,
Schulthess; July 21). July 18-20 saw corresponding tutorials that were directly integrated with the morning
sessions and co-prepared by some of the speakers.

Based on the response of the participants, both to the actual keynote lectures (questions and discus-
sions) and during the tutorials, we feel that we were able to maintain a high level of impact throughout
the workshop. We believe that this success was helped by the mix of keynote speakers present, both
local experts from FHI and high-profile, leading experts in the field (Sauer, Della Sala, Ambrosch-Draxl,
Marsman, Gross, Hart, Walsh, Car, Biermann, Guo, Reuter, Schulthess). Likewise, the enormous efforts
of the local tutorial organizers and tutors were essential to the success of the event. Without these elab-
orate preparations and active support by a large group of individuals (approx. 25) at FHI and elsewhere,
the event could not have been successful.

3 Assessment of the results and impact of the event on the future
direction of the field

The field of electronic structure theory is rather large today. Yet, aside from a small set of common
basics, much of the field is not part of university curricula even at the graduate level in our experience.
Based on the response from the participants, we believe that our attempt to link an in-depth introduction
to the methodological basics with an ambitious range of advanced topics at the forefront of the field was
a success. The impact of this event can perhaps be gauged in relation to past events — the workshop
format in question happens since 1994 in intervals of roughly every two years, at FHI. The fact that 160
participants applied despite strong competition from parallel, unrelated workshops at a European scale
within the same time frame shows, in our opinion, the need for comprehensive events such as ours more
than anything else.

Apart from the discussions and tutorials held at the workshop, the results are available permanently on
the world-wide web at:

http://www.fhi-berlin.mpg.de/th/Meetings/DFT-workshop-Ber1in2011/

including links to all presentation slides and tutorial materials used at the workshop. We hope to have
brought together, through our workshop, a diverse group of motivated researchers that are now coming
into the field. In our experience, some of the ties formed at such events can last across significant parts
of scientific careers, and instill long-term ideas in minds that are still fresh and unbiased enough to see
them through. The goal of this workshop was to provide support to future researchers willing to make an
impact in the field, and we hope that this first step was a success.

4 Final program and list of participants

The final conference program and list of participants are attached to this report on the following pages.
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http://www.thi-berlin.mpg.de/th/Meetings/DFT-workshop-Ber...

Hands-on Tutorial Workshop 2011 on Ab Initio Molecular Simulations:
Toward a First-Principles Understanding of
Materials Properties and Functions

Berlin, July 12 - 21, 2011

Workshop programme

Keynote lectures: 50 minutes long, leaving 10 minutes for discussions.
Poster size: width = 1.15 m, height = 1.45 m

Tuesday, July 12: The Big Picture: Electronic Structure Theory

11:30-14:30 | Harnackhaus (Lobby) Registration

14:30-14:45 | Harnackhaus (Goethesaal) Introductory remarks

14:45-15:45 | Harnackhaus (Goethesaal) Matthias Scheffler (FHI Berlin) - Computational materials
sciences from first principles: Status, achievements,
challenges

15:45-16:45 | Harnackhaus (Goethesaal) Joachim Sauer (HU Berlin) - Quantum Chemistry and
wave function based methods

16:45-17:15 | Harnackhaus Break

17:15-20:00 | Harnackhaus (Goethesaal) Poster parade (2 min. talks by all participants)

20:00-22:00 | Richard-Willstatter-Haus (FHI) | Welcome Dinner

Wednesday, July 13: The Basics of Den

sity Functional Theory

6:30-9:00 Harnackhaus Breakfast

9:00-10:00 Harnackhaus (Goethesaal) Fabio Della Sala (NNL, Lecce) - XC functionals for the
ground state

10:00-11:00 | Harnackhaus (Goethesaal) Volker Blum (FHI Berlin) - The nuts and bolts of
electronic structure theory: basis sets, grids, relativity
etc.

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Jirgen Wieferink (FHI Berlin) - The nuts and bolts of
electronic structure theory (II): Self-consistency,
gradients, relaxation and vibrations

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 1 - The basics of electronic structure

theory (V. Atalla, O. Hofmann, S. Levchenko),
presentation, instructions
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18:30-20:00

Mensa (Freie Universitat)

http://www.thi-berlin.mpg.de/th/Meetings/DFT-workshop-Ber...

Dinner

20:00-22:00

Harnackhaus (Wintergarten)

Poster session for participants (posters will be up for the
whole week)

Thursday, J

uly 14: Periodic Systems

6:30-9:00 Harnackhaus Breakfast

9:00-10:00 Harnackhaus (Goethesaal) Sergey Levchenko (FHI Berlin) - Basics for periodic
systems

10:00-11:00 | Harnackhaus (Goethesaal) Claudia Ambrosch-Drax| (Uni Leoben) - LAPW and
related methods: the example of the Exciting code

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Martijn Marsman (Uni Wien) - Plane wave methods,
pseudopotentials, and PAW: the example of the VASP
code

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 2 - Periodic systems: Solids, surfaces,
band structure and reconstruction (J. Wieferink, L.
Nemec), presentation, instructions

18:30-20:00 | Mensa (Freie Universitat) Dinner

20:00-22:00 | FHI (Lecture Hall) Extra computer time with tutors on hand

Friday, July

15: Beyond LDA/GGA

6:30-9:00 Harnackhaus Breakfast

9:00-10:00 Harnackhaus (Goethesaal) Hardy Gross (MPI Halle) - XC beyond static DFT

10:00-11:00 | Harnackhaus (Goethesaal) Alexandre Tkatchenko (FHI Berlin) - Approaches to van
der Waals

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Xinguo Ren (FHI Berlin) - Beyond LDA and GGA in
practice

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 3 - Weekend research project
(beginning): Conformational space and energetics of
(bio)molecules: Physical concepts and performance of
DFT-based and correlated methods (A. Tkatchenko, C.
Baldauf, M. Ropo), presentation, instructions

18:30-20:00 | Mensa (Freie Universitat) Dinner

20:00-22:00 | FHI (Lecture Hall) Extra computer time with tutors on hand

Saturday, July 16

6:30-9:30 Harnackhaus Breakfast
9:00-13:00 FHI (Lecture Hall) Weekend research project with tutors on hand
14:00- Berlin Excursion (open end, see separate schedule)

Sunday, July 17

7:00-10:00 Harnackhaus Breakfast

all day FHI (Lecture Hall) Weekend research project with tutors on hand (incl. light
"working lunch" at the lecture hall)

18:30-20:00 | Harnackhaus "Working Dinner"
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Monday, July 18: Ab initio Thermodynamics

6:30-9:00 Harnackhaus Breakfast

9:00-10:00 Harnackhaus (Goethesaal) Elizabeth C. Beret / Luca Ghiringhelli (FHI Berlin) - Ab
initio atomistic thermodynamics

10:00-11:00 | Harnackhaus (Goethesaal) Gus Hart (Brigham Young University) - Cluster expansion
and multiscale modelling

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Aron Walsh (UCL London) - Modelling materials and
processes for solar cells

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 4 - Multiscale modeling of
configurational energetics (G. Hart, V. Blum, N. Richter),
presentation, instructions

18:30-20:00 | Mensa (Freie Universitat) Dinner

20:00-20:30 | FHI (Lecture Hall) Matthias Scheffler (FHI) - One hundred years of science
in Dahlem: History of the FHI and of the MPG

20:30-22:00 | FHI (Lecture Hall) Extra computer time with tutors on hand

Tuesday, July 19: Molecular Dynamics and Time-Dependent DFT

9:00-10:00 Harnackhaus (Goethesaal) Roberto Car (Princeton) - Ab initio molecular dynamics:
from the basics up to quantum effects

10:00-11:00 | Harnackhaus (Goethesaal) Christian Carbogno (FHI Berlin and UC Santa Barbara) -
Thermostats and thermal transport in solids

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Heiko Appel (FHI Berlin) - Introduction to real-space,
linear-response, and time-dependent methods: the
example of the Octopus code

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 5 - Phonons, molecular dynamics and
free energies for solids (C. Carbogno, L. Ghiringhelli, M.
Rossi), presentation part 1, presentation part 2,
instructions

18:30-20:00 | Mensa (Freie Universitat) Dinner

20:00-22:00 | FHI (Lecture Hall) Extra computer time with tutors on hand

Wednesday, July 20: Spectroscopy and Transport

6:30-9:00 Harnackhaus Breakfast

9:00-10:00 Harnackhaus (Goethesaal) Patrick Rinke (FHI Berlin) - Excited states and GW/BSE

10:00-11:00 | Harnackhaus (Goethesaal) Silke Biermann (Ecole Polytechnique, Palaiseau) - Strong
correlation - what is it, and how to tackle it (DMFT)

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Hong Guo (McGill University) - Basics of electronic
transport

12:30-14:00 | Mensa (Freie Universitat) Lunch

14:00-18:00 | FHI (Lecture Hall) Practical session 6 - Computational spectroscopy (H.
Appel, P. Rinke, F. Caruso), presentation, instructions

18:30-20:00 | Mensa (Freie Universitat) Dinner
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20:00-22:00

FHI (Lecture Hall)

http://www.thi-berlin.mpg.de/th/Meetings/DFT-workshop-Ber...

Extra computer time with tutors on hand

Thursday, July 21: Electronic Structure Frontiers

6:30-9:00 Harnackhaus Breakfast

09:00-10:00 | Harnackhaus (Goethesaal) Karsten Reuter (TU Miinchen) - Towards first-principles
chemical engineering

10:00-11:00 | Harnackhaus (Goethesaal) Stefan Lampenscherf (Siemens AG, Corporate
Technology) - Electronic structure theory in industry

11:00-11:30 | Harnackhaus Break

11:30-12:30 | Harnackhaus (Goethesaal) Thomas Schulthess (ETH Ziirich) - Electronic structure
theory at the petascale and beyond

12:30-14:00 | Mensa (Freie Universitat) Lunch and End of Workshop

12/22/11 9:23 AM
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