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Summary

The CECAM workshop was devoted to the presentation of both theoretical concepts and
computational tools (embedded in the software package exciting) that are needed for
the calculations of various excitations in solids. The workshop took place at the Humboldt
Universitéit zu Berlin in August 2012. It turned out to be very successful and reached all
the expected goals. The participants enjoyed a varied programme of interesting lectures
and discussions. The CECAM workshop was the second event in a series after the very
successful workshop "HoW exciting! Hands-on workshop on excitations in solids employing
the exciting code” taking place in Nov. 2010, in Lausanne, Switzerland.



Workshop background

Density-functional theory (DFT) has proven to be an excellent technique for the calcula-
tion of structures and molecular dynamics such that a variety of popular DF'T codes has
already been established for being used by a large and even swiftly growing community.
While most of the applications are still dedicated to the investigation of ground-state
properties, there is rapidly increasing demand for understanding and predicting various
kinds of excitations. The topics range from light-matter interaction via spin fluctuations,
lattice vibrations and distortions, to situations where several fundamental excitations take
place on the same energy scale and may interact with each other.

This scenario gives raise to many exciting basic scientific questions which, at the same
time, are important in terms of industrial applications. While light- or current-induced
electronic excitations play the major role in opto-electronic devices, lattice excitations and
their interaction with the electronic system lead to phenomena like superconductivity or
the thermal behaviour of materials. All these effects are extremely relevant in industrial
products such as solar cells, light-emitting diodes, and high-strength materials or thermal
coatings. Such considerations require the development of basic concepts as well as the
corresponding computer codes capable of dealing with these situations.

Workshop contents

The CECAM workshop provided training of young people, making them familiar with the
exciting code, a package which is dedicated to excited-state properties.

Besides the fundamentals related to the method (DRAXL, GULANS, GOLESORKHTABAR,
MEISENBICHLER, NABOK, PAVONE, OLOVSSON, SPITALER, WERNER) and hands-on
exercises, we had keynote lectures given by world-leading experts in the various fields.
They comprised the cornerstones of DF'T (BURKE), time-dependent DFT (GROSS), many-
body perturbation theory and GW (HYBERTSEN and RINKE), linear-response theory
and phonons (BARONI), recent discoveries on graphene-like materials and thermoelectrics
(Soro0), and future perspectives for the field (RUBIO).

By exploring the fundamental physical concepts in combination with practical exercises,
the participants could profit from another exciting experience, which is learning by doing.



The exciting code

The simulation package exciting (web site: http://exciting-code.org) is a young
public-domain all-electron package based on DFT for the investigation of condensed mat-
ter on the atomic scale. It combines several major advantages:

e [t is a full-potential all-electron code based on the linearized augmented plane-wave
(LAPW) method, which stands for highest precision and the fact that it can be used
for any material.

e [t is the only all-electron package comprising vast implementations of excited state
properties within TDDFT as well as many-body perturbation theory.

e [t is developers-friendly through a clean and fully documented programming style,
being written from scratch and handled with a modern version-control system (git).

e [t is user-friendly through an easy-to-handle user interface comprising various tools
to create and validate input files and analyze results.

e [t is powerful through the use of xml, which enables users to do extremely efficient
scripting and to design complex computational experiments with minimal effort.

e [t is seminal by being interfaced to packages operating on the next higher length
scale and by the development of tools which allow for the handling by users from
an industrial environment.

Notes and statistics

Notes of the lectures presented at the workshop can be found as PDF files at the web page
http://exciting-code.org/cecam-talks-2012. The list and description of the tutorial
exercises is also available at http://exciting-code.org/tutorials.

There were a total of 53 scientific participants, among them 3 organisers, 7 lecturers, 12
tutors, and 31 student participants from institutions of 15 countries, including various
European nations, Japan, Taiwan, India, Algeria, Tunisia and the USA.

Reception by the participants

After the workshop, we received a very positive feedback from the student participants
showing that they enjoyed very much this tutorial. In particular, they found the work-
shop very nice and well organized and were enthusiastic about both the pedagogical and
scientific quality of all lecturers. The competence and availability of the tutors during the
exercises was also very much appreciated.



Pictures of the workshop

HoW exciting! Hands-on Workshop on Excitations 2012

VII‘istitut fir 'Physik,.Hﬁmlidld't-Unine;f it zu Berlin -

-



Programme

Day 1 - August 2, 2012

08:45 - 09:00
09:00 - 10:00

10:00 - 10:30

10:30 - 10:45
10:45 - 12:45
12:45 - 14:15
14:15 - 15:15

15:15 - 16:30
16:30 - 16:45
16:45 - 18:00
18:00 - 19:00

19:00 - 20:30

Opening

Kieron Burke
DFT I

Pasquale Pavone
Getting Started

Coffee Break

Exercises: Basics, 1/0, running & convergence studies

Lunch Break

Claudia Draxl
LAPW

Exercises: Electronic structure

Coffee Break
Exercises: FOS

Jorge Sofo
Graphene
Wine, cheese, & more

Day 2 - August 3, 2012

09:00 - 10:00

10:00 - 10:30

10:30 - 10:45
10:45 - 12:45
12:45 - 14:15
14:15 - 15:15

15:15 - 15:45

15:45 - 16:00
16:00 - 18:00

Kieron Burke
DFT I

Rostam Golesorkhtabar

Elastic properties
Coffee Break

Exercises: FElastic constants
Lunch Break

E.K.U. Gross
TDDFT I

Ute Werner
XC' functionals

Coffee Break
Exercises: XC' & spin



Day 3 - August 4, 2012

09:00 - 10:00

10:00 - 10:30

10:30 - 10:45
10:45 - 12:45
12:45 - 14:15
14:15 - 15:15

15:15 - 15:45

15:45 - 16:00
16:00 - 18:00

Mark Hybertsen
GW I

Dmitrii Nabok
G W@ezxciting

Coflee Break
Exercises: GW
Lunch Break

E.K.U. Gross
TDDFT I

Claudia Draxl
Optical excitations

Coffee Break

Exercises: Ezcited states with TDDF'T € q-dependent TDDFT

Day 4 - August 5, 2012

Excursion

Day 5 - August 6, 2012

09:00 - 10:00

10:00 - 10:30

10:30 - 10:45
10:45 - 12:45
12:45 - 14:15
14:15 - 15:15

15:15 - 15:45

15:45 - 16:00
16:00 - 18:00

Mark Hybertsen
GW II

Weine Olovsson

Core spectroscopy

Coffee Break

Exercises: BSE & core levels

Lunch Break

Patrik Rinke
GW II

Jiirgen Spitaler
Complex systems
Coffee Break

Exercises: ATAT@ezciting €9 ASE@exciting € surfaces



Day 5 - August 6, 2012

09:00 - 10:00

10:00 - 10:30

10:30 - 10:45
10:45 - 12:45
12:45 - 14:15
14:15 - 15:15

15:15 - 15:45

15:45 - 16:00
16:00 - 18:00

Stefano Baroni
LRT I

Pasquale Pavone
Phonons

Coflee Break

Exercises: Phonons & thermal properties

Lunch Break

Stefano Baroni
LRT I

Hong Li
exciting@uweb

Coffee Break

Exercises: exciting @uweb

Day 7 - August 8, 2012

09:00 - 10:00

10:00 - 11:15
11:45 - 12:00
12:00 - 13:00

Jorge Sofo
Thermoelectrics

Panel discussion
Coffee Break

Angel Rubio
Perspectives
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