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1 Editorial

In this issuewe would like to turn our readers' attention to the General News section where
we write about the "Psi-k Portal" which is the web-interface which at the momernt supplemeris
our Psi-k services,but might gradually replace our convertional ways of distributing the Psi-k
relevant information. In the samesectionwe repeat the call for workshop proposalsfor 2008.

The scierti ¢ highlight of this issueis on "An extensible and portable le format for electronic
structure and crystallographic data", which is di erent than our usual highlights, but we hope
that you will nd it equally useful and captivating. It has been written by Xavier Gonze
(Louvain-la-Neuwve, Belgium) and his collaborators.

Pleaseseethe table of cortent for further details.

The Networks have a home page on World Wide Web (WWW). Its Uniform Resouice Locator
(URL) is:

http://psi-  k.dl.ac.uk/

The above contains information on the Psi-k 2007 workshopsand hands-on courses(subject to
funding).

Please submit all material for the next newsletters to the email address below.

The following email addresseswhich remain in operation, are repeated for your convenience,
and are the easiestway to contact us.

function
psik-co ord@dl.ac.uk messages to the coordinators, editor & newsletter
psik-net work@dl.ac.uk  messages to the whole  comm unity

Dzidka Szotek, Martin Luders and Walter Temmerman
e-mail: psik-coord@dl.ac.uk



2 General News

2.1 Psi-k Portal

In the past few months there have been major changesto the Psi-k website. We have now
registered the domain name www.psi-k.org  which will becomethe main Psi-k website. The
old web addresswill continue to work, but the new oneis preferred. The new addresssigni es
the changeto Psi-k becoming an independert non-prot organization. STFC Daresbury are
happy to continue to host the website on behalf of Psi-k, but the new addressemphasizesthe
new fully indepenert status of Psi-k.

Eile Edit View History Bookmarks Tools Help

- @4 L/l} Iy :\_1 nttp: //www psi-k.org/ Wil [Qv:-au-:u;ue

| Firefox Help % Firefox Suppert || Plug-in FAQ

Electronic Structure

Calculation of Home About Ty Login to Iy Portal MNewsletters & Highlights Workshops Links Contact
Solids and Surfaces

Welcome to the ¥k Network

This is a wide network to help build cooperation in our subject. Everyone in the field of electronic structure calculations is invited to join the ‘P
Portal. Via the portal you receive information about workshops, conferences and jobs announcements. You also receive the Wk newsletters with
highlights in our field and abstracts of preprints. Everyone is invited to contribute to this newsletter.

The Network is an attempt to promote excellence in our subject, through collaborations across Europe, including helping those in smaller, or new,
or isolated research groups. Read more about ‘P,

The ¥k network, together with CECAM, will be running Hands-On Training courses for young researchers. The programme and lectures from the
recent Psi-k Training Event, 25-31 March 2007, can be found here, Further information can be found on the Marie-Curie Psi-k Training web pages.

Latest

Awards

The 2006 Agilent Technologies Europhysics Prize has been awarded to
Antoine Georges, Gabriel Kotliar, Walter Metzner and Dieter Vollhardt for
their development of the Dynamical Mean-Field Theory

Within the website a major change has beenthe introduction of a new portal for Psi-k. The
portal givesnew interactive facilities to Psi-k menmbers. From the portal it is possibleto send
emails to the Psi-k email list, or to speci c groups of menmbers such as the core managemen
group. One can create and join discussionforums, and upload les. A special tool automates
submissionof proposalsfor Psi-k workshops,and in future newtools could be addedfor example
to submit workshop nal reports or scieni ¢ highlights. A useful calendartool shavs the dates
of upcoming workshops and conferences. Users of the portal can erter their own workshops
directly into the calendar.

In fact we plan to evertually switch much of what is currently in the Psi-k newslettersto web-
page-only information and servicesaccessedhrough the portal. The subscribers to the Psi-k
Portal will beableto uploadto the weball the information that they want to sharewith the Psi-k
comnunity. This will include workshop and available job announcemets, workshop/conference
reports, abstracts of newly submitted papers, etc. At present we already have a possibility of
submitting proposalsfor workshopsto be organizedin 2008. Also emails sert from within the



portal are automatically sert to the full Psi-k mailing list.
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The Psi-k Portal is accessedrom the new Psi-k web pages(new address: http://www.psi- k.
org) by clicking on "Login to Psi-k Portal". You will rst needto create an account before
being able to upload any information yourself. For this pleaseuseyour e-mail addressas userid.
After the successfulcreation of an accourt you will end up in your personalworkspace. Please
click Psi-k on the blue headerbannerto enter the Psi-k Portal.

Currently the main portal tools are accessediia the menu bar on the left side of the page:
Calendar tool: lists upcomingworkshopsand conferences.potal userscan add their own

ertries.

Workshop submission tool: usedto proposea future Psi-k workshop. Seenext page
for detailed instructions.

Email tool: usedto sendemailsto all or groups of Psi-k users. Job announcemeits can
be emaileddirectly to the Psi-k mailing list from here. Emails are automatically archived.

Groups In future one can create groups of users, eg specialists in speci ¢ subjects or
groups of commoninterests. Emails can just be sert to a speci c group.

Upload tool: share les with other portal usersthrough this tool.

Discussion boards: create new discussionthreads, or join an existing discussionthread.

The Psi-k portal usesSakai software, deweloped at Daresbury laboratory and elsewhere. A
Bristol University undergraduate, Ruth Jadson, did much of the work of customization of the
portal for Psi-k, with funding support from the UK's CCP9 network. We are happy to receiwe
commerts and suggestionsfor improvemerts, but pleasebe aware that there are no full time



support sta for the Psi-k website or portal, and the Daresbury group are all full time sciertists
who have many other calls on their time.

Finally note that currently the Psi-k portal is initially setfor very highly openaccess.By default
anyone can register as a user, and then send emails or upload les. Any user who abusesthis
trust will be removed immediately. If problems occur we may have to changeto more strict
vetting of posts and members. For increasedsecurity we will be asking usersto provide a full
nameand insitution address,which canbeeneredin the personal prole sectionofthe portal.
In future we may restict accesdor this who do not provide this information.



2.2 Call for Psi-k Workshop Prop osals for 2008

Herewe repeat our call and askfor proposalsfor workshops,small conferenceshands-ontutorials
and summer schools in the eld of ab-initio calculations to be held in 2008 and to be partially
funded by the new Psi-k network.

The deadline of proposalsis 30. Sept. 2007.

The year 2008is the rst year of the new Psi-k Network, being funded by nancial cortributions
of the large Europeanreseard groupsin the ab-initio eld. We all aim at excellent workshop
activities and therefore we ask you to write a detailed and well founded proposal. Training
activities like computer tutorials and summer schools will be given some preference, but we
hope for a similar workshop program asin the past.

Submissionof Psi-k Proposals: Instructions for the submissionof proposalsare as follows:

The submissionof Psi-k Workshop Proposalsis to be done by logging into the Psi-k Portal of
the Psi-k web pages(new address: http://www.psi-  k.org ).

You will rst needto create an accourt before being able to submit. For this pleaseuse your
e-mail addressas userid. After the successfulcreation of an accourt you will end up in your
personal workspace. Pleaseclick Psi-k on th e blue header banner to enter the Psi-k Portal.
Click on the workshop proposal button, and then click on the number 1 (left col umn) of the
call for proposalsto view its details, including the option to submit a proposal. Then to submit
a proposal for a workshaop, click the Submit a Proposal button:

- Fill in all form elds correctly and you will be able to preview your proposal as a pdf. If
the preview button does not prod uce a pdf pleaseched carefully that all input elds have
been lled in, valid dates are used (format dd/mm/2008-dd/mm/2008) and budget (Euros) is
provided. You can then make any changesto your proposal or submit your proposalasit is.

To view any proposalsyou have already submitted, rst go to the relevant proposal pagethen
click on the Shov My Proposal(s) button. You are able to view or modify your proposal, or
download it asa pdf le.

Pleasenote that the deadlinefor proposalsis Septenber 30. The full call canbereadin the last
Psi-k Newsletter.

Collaboration with CECAM:

As in the past yearswe strongly encouraggoint CECAM/ Psi-k Workshopsaswell asjoint tuto-
rials about electronic structure calculations, the latter onesfunded partially by the EU cortract
of the Molecular Simulation Network and the EU-Psi-k Training cortract. The collaboration
with CECAM is working very well and has e ectiv ely increasedour funding substartially .

The deadline for CECAM proposalsis 1. October 2007.



As you know, CECAM likes very much discussionworkshopson well focussedtopics. Confer-
enceswill not be supported. Moreover, CECAM proposalshave to be competitive. Thus, as
for Psi-k, well founded proposalsare required. The CECAM council has decidedto upgrade
CECAM and has published an open call for a (new) host institution. Thus in the planning of
the proposalsdetails about the future host are not yet known. However there will be a normal
workshop program in 2008.

Funding for US participants: Very often the workshops have an American co-organizer, who
can bring in additional support for US participants by funding from NSF or other agencies.
As pointed out by Christian Elsaesser,European organizerscan also apply for support of US
participants from:

U.S. O ce of Naval Researt Global (http://www.onrglobal.nav ~ y.mil)
EuropeanO ce of AerospaceReseart and Developmert (http://www.london.af.mil )

With best regards

Peter Dederichs and Walter Temmerman



3 News from the ESF Programme

"T owards Atomistic Materials Design"

3.1 ESF Psi-k Programme W orkshop Announcemen ts

3.1.1 International Workshop on "Non-Adiabatic = Dynamics at Surfaces"

Schloss Reisensburg (close to Ulm, German y)

22-25 Octob er 2007

http://www.fhi-  berlin.mpg. de/~beHer/ Webge /rei sensburg.ht m

Objectives: Electronically non-adiabatic gas-surfaceinteractions have beendiscussedin order
to accourn for disscciation dynamics obsened in molecular beam experimerts, or in the context
of electron or light emissionduring adsorption at metal surfaces. Intimately connectedto this
are mechanisms of energy dissipation to the bulk solid, which, if hindered, could give rise to
controversially debated processedike abstraction or "hot" adatom di usion. A full quantum-
medanical treatment of these phenomenais sewerely challenged by the lowered symmetry at
the solid surface,by the sheersizeand complexity of the systemswhen consideringthe extended
surface,aswell as by the time scalesover which it is necessaryto follow the coupled atomic and
electronic motion. The aim of the workshop is to bring together sciertists working on di erent
approadiesto dynamics on excited state potential energy surfaces,as well as distinguished ex-
perimentalists to discussand promote advancesin this eld.

Conrmed Invited Speakersand DiscussionLeaders: D. Bird, G. Darling, B. Gadzuk, A. Gross,
E.K.U. Gross, E. Hasselbrink, S. Holloway, B. Kasemo, Th. Klner, A. Knorr, R. Koslo, G.-J.
Kroes, O. Kuehn, S. Louie, N. Marzari, E. Pehlke, M. Persico, M. Rohl ng, A. Rubio, T. Van
Voorhis, A. Wodtke.

Format and Application: The number of participants is strictly limited to 50. Apart from
the formal sessionsof invited contributions, there will be a poster sessionallowing all partic-
ipants to presern their work. The conferencefeeis 450Euro and includesfull board and lodging.

Applications to participate in the workshop should be sert to Karsten Reuter (reuter@fhi-
berlin.mpg.de).

Jorg Behler (ETH Zurich)
Patrick Rinke (FHI Berlin)
Karsten Reuter (FHI Berlin)
Matthias Sche er (FHI Berlin)
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3.2 Reports on ESF Programme W orkshops/Meetings

3.21 REPOR T on ESF Summer School on "Ab-initio many body theory"

July 22-28,2007
San-Sebastian Spain

Organizers:

A. Rubio
University of the BasqueCountry
A. Georges
Ecole Polytechnique, France
A. Lichtenstein
University of Hamburg, Germany
C. Filippi
University of Leiden, Netherlans
W.M. Temmerman
Daresbury, United Kingdom

Aims: The Sdool on Ab-initio Many Body Theory is in responseto very recert developmens.
The aim is here to understand electronic correlation e ects on an ab-initio basis, by starting
from realistic wave functions obtained from density functional calculations, leadingto a material-
speci ¢ description of many body e ects. The School will re ect the strong progressin this eld.
The lectures review the whole eld, as well as discusslatest results. The program consists of
a good balance between theoretical and experimental lectures, as well as contributions from
industry.

The list of topics include:

Basic density functional theory (DFT) and Time-dependert DFT.

New experimental techniques for excitation spectrum of materials Many-body theory
Physics of correlated materials - theory and experiments

Basic of Quantum Monte Carlo and Quantum chemical methods

Combining the best of di erent worlds: MBPT-GW-DMFT and TDDFT
SelectedApplications.

ok whpRE

The summersdool will have a poster sessionvherethe young researtierswill be ableto presen
their work.

The aims are: - To review the presen state of the art and understanding
- To give an overview on theoretical and experimental researtr methods
- To give a perspective of the future dewelopmert of the eld

11



- To discussthe possibletechnological applications

In collaboration with Marie Curie seriesof evernts programme "Psi-k Training in Computational
Nanoscience",Nanoquanta Network of Excellence"Europ ean Theoretical Spectroscopy Facility
(ETSF)", European ScienceFoundation (ESF) under Psik programme, Donostia International
Physics Center (DIPC), Ministerio de Educacion y Ciencia and National ScienceFoundation
(NSF).

Summary

The Sdool is a sharedactivity of the three PSI-K working groups, WG1 (GW method), WG2
(quantum Monte Carlo) and WG3 (dynamical mean eld theory). It aims at giving a uni ed
overview of the three many-body approades.

The School is the rst Summer Scool in the Psi-k Marie Curie Seriesof Events (Psi-k Training
in Computational Nanoscience). These Schools are complemenary to the Hands-on tutorials
o ered within the sameProgramme and aim at providing understanding of the physical phe-
nomenaand materials in addition to the computational techniques which are then covered in
the hands-ontutorials.

The Scool is reach out to young researtiers already working in the general eld of many-
body ab-initio theory, as well as researtiers who are not yet practitioners but are interested
in acquiring the necessaryexpertise. The Scool give a solid introduction to the description
of electronic correlation e ects on an ab-initio basis in both weakly and strongly correlated
materials. The activity provided the necessarybadkground and context, highlighting the most
challenging problems, and the topics of current interest. Finally, the program achieved a good
balancebetweentheoretical and experimental lectures.

For further information, visit the website:
http://www.mc- psi- k- traini ng.c ecam.org/in dex.php ?content=activi tie s/tu tor ial
Description of the sciertic content and discussionat the evert

Despite the successesf density functional theory (DFT) in describing the electronic structure
of complex moleculesand solids, the treatment of electronic correlation within a local density
approximation (LDA) to DFT is only approximate, often leading to incorrect results for both
strongly and moderately correlated systems. An important area of researt within electronic
structure theory is therefore the dewvelopmert of alternativesto density functional methods. In
particular, it isvital for researtersin electronic structure theory to be ableto accessa hierarchy
of techniquesthat can describe electronic correlations at higher and higher levels of precision.

For the ground and excited properties of real materials in the weak correlation regime, Quantum
Monte Carlo (QMC) methods are among the most successfubf the post-DFT approades. The
required computing time in QMC scalesalgebraically as the cube (or better) of the system
size, and it has yielded accurate results for the correlated properties of large moleculesand
solids where corventional quantum chemistry methods are extremely di cult to apply. QMC
is establishingitself as a unique tool for exploring electronic correlation in systemsof interestto
materials scienceand for obtaining conclusive answers in caseswhere DFT is showvn to be

12



inadequate.

The QMC part of the school will focuson intro ducing the basicsof the method aswell astouching
on current methodological developmerts, including e orts to incorporate molecular dynamics
and improve geometry optimisation schemes,to nd more e cien t ways of optimising trial wave
functions, and to dewelop new algorithms alternative to the xed-node diusion Monte Carlo
method. Spealersinvolved in pushing the frontier of applications to ever more complex systems
such as strongly correlated systemshave beenalso invited.

While structural properties of materials are mainly determined by the static electronic ground
state and can be treated within the QMC-schemefor correlated system, the responseto external
probesin modern non- destructive spectroscopiescan only be explained in terms of dynamic
excitations. Thus, the knowledge of excited states is essetial not only for its fundamertal
importance in condensedmatter physics, but also for the impact in practical applications like
the designof new materials with technological or medical interest.

The theoretical foundations of this eld are well established,and have beenaccompaniedwith
physically well-motivated approximations suitable for ab-initio calculations in real materials.
Namely, in the context of many-body perturbation theory (MBPT), Hedin's GW approxima-
tion hasbeenhighly successfuln predicting single-particle spectra and quasiparticle lifetimes. It
is alsousedasa rst stepin the theoretical many-body study of two-particle excitations within
the Bethe-Salpeter equation (BSE), which is required to obtain a correct description of photoab-
sorption spectra. On the other hand, time- dependert density functional theory (TDDFT) is an
alternative to calculate optical spectra with neutral excitations, with the important advantage
of being more amenablefor practical simpli cations than MBPT-based schemes.

For strongly correlated systemssud astransition metal or rare earth compounds,recert progress
hasbeenadhieved with the developmert of a realistic dynamical mean eld theory basedon the
LDA electronic structure (LD A+DMFT). New challengeshererelated with a basis-independert

general implementation of the DMFT sdeme based on the rst-principle Wannier-function

formalism and incorporation of e cient impurity solvers based on corntinuous-time quantum

Monte Carlo approac starting on strong and weak coupling diagramatic expansion. Imp ortant

dewvelopmert towards the rst-principle description of strongly correlated systems connected
with uni cation of the non-local GW approximation and local DMFT technique (GW+DMFT).

Modern electronic structure calculations for materials with strong electronic Coulomb corre-
lations have thus deweloped into a new researt eld at the border between band structure
theory and quantum many-body problems. Since this area of researd requires knowledge of
di erent electronic structure approadiesand complicated eld theoretical techniques, it is very
hard starting problem for young PhD researfies. The San-Sebastiansummer school have been
lled this gap and have allowed the graduate students to acquire simultaneously knowledgeand
understanding in di erent parts of the ab-initio many-body theory.

The sdool have started with the general discussionof the Density Functional Theory (DFT)
and its Time Depemdert (TDDFT) generalization. This lecture have beengiven by Dr. Robert
van Leeunven from Groningen (The Netherlands) who is the active researtier in this eld. Dr.
van Leeuwnen also discussedthe connection of TDDFT schemeto standard many- body Green
Function theory. At the sametime perfect introduction to new experimental techniquesfor ex-
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citation spectrum of materials have beengiven by Prof. Franz Himpsel from Wisconsin (USA),
who pioneeredapplication of the Angle-Resolhed Photoemission Spectroscofy (ARPES) to in-
vestigation of real correlated systems. Important basic of so-calledGW-schemein the cortext
of the many body theory for electronic structure was introduced by Prof. Rex Godby from
University of York (UK) who is one of the main practitioner of this methods and head of the
ESF cluster of excellence. At the end of the st day, Dr. Miguel Marques from University of
Coimbra (Portugal) discussedthe application of TDDFT for nite systems,which followed by
generaldiscussionon calculation of excited spectrum in moleculesand solidsby TDDFT sdeme.

In the secondday Prof. Mikhael Katsnelson from the Radbout University of Nijmegen (The
Netherlands) gave complete intro duction to advancedMany-body perturbation theory (MBPT)

and general way to calculate excitation spectrum of solid including the spin-wave excitation
and optical spectrum. Starting from this many-body badkground Prof. Steven Louie from
University of Berkeley discussedhe GW sdhemeand the Bethe- Salpeter equation to investigate
spectroscopicproperties of real correlated solids. The rst basiclecture on cortinuum Quantum
Monte Carlo methods was given by Prof. Matthew Foulkes from Imperial College London
(United Kingdom) who is one of the most active researter in this eld. An important lecture
on generalintroduction to the physics of correlated clectron materials have been preserer by
Prof. Dieter Vollhardt from University of Augsburg (Germany) who recertly was awarded the
Europhysics prize for this researti. At the end of the secondday an introductory lecture on
angle-resohed photoemission spectroscoly (ARPES) and its application to the experimental
study of the electronic structure of solids was given by Prof. Andrs Felipe Sartander-Syro from
Universit Paris-Sud (France) followed by short discussionon the many body e ects in solids.

The third day was dewoted to introduction to Dynamical Mean-Field Theory (DMFT) by Prof.
Dieter Vollhardt from University of Augsburg (Germany) who is one of the co-foundersof this
very important new dewelopmerts. In the following the diagrammatic (continuous-time) quan-
tum Monte Carlo Methods for classicaland quantum spins was intro duced by Prof. Matthias
Troyer from ETH Zurich (Switzerland) with very interesting presenation of the origin of the
so-called sign problem in fermionic QMC simulations. Prof. Ralph Claessenfrom University
of Wuerzburg (Germany) give very useful overview of physics of correlated electron materials
from the point of view of experiments with photoelectron spectroscopy. The secondlecture on
application of Time Dependert Density Functional Theory, in this caseto extendedsystemswas
preseried by FrancescoSottile from Ecole Polytechnique, Paris (France). The applications of
Quantum Monte Carlo to Solids have beendiscussedby Prof. Matthew Foulkes. At the end
of this day the prospects and details of the new technique for electronic structure calculation
of correlated solids, so-called LDA+DMFT scheme was given by Prof. Silke Biermann Ecole
Polytechnique, Paris (France) following be general discussionon the problem of rst-principle

calculations of e ectiv e electron-electroninteractions in solids.

The third day wasdewted to realistic QMC sthemeand Prof. LubosMitas from North Carolina
State University, (USA) gave the impressive example of practical implemertation of Quantum
Monte Carlo for nanosystemsand materials resulting in accurate description of electronic struc-
ture and dynamics. In addition, a novel so-calledResonatingValenceBond (RVB) approach for
QMC simulations was discussedby Prof. Sandro Sorellafrom SISSA, Trieste (Italy). The cor-
related e ects in f-electron materials within the Self-Interaction Correction (SIC) Schemehave
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beenintroduce by Prof. Z. (Dzidka Szotek) from Daresbury Laboratory (United Kingdom).
The secondpart of diagrammatic cortin uous-time quantum Monte Carlo Methods for fermions
was given by Prof. Matthias Troyer. An important new dewvelopmert of Wannier functions in
the context of the Dynamical Mean- Field Approach to strongly correlated materials preseried
by Prof. Frank Lechermann from University of Hamburg (Germany). An interesting cluster
generalization of the DMFT methods was introducedby Dr. Olivier Parcollet from CEA-Saclay
(France).

The last day of the scool start from the discussionon topology of fermion nodes and pfaf-
an wavefunctions by Prof. Lubos Mitas. A new important developmen to go beyond simple
DMFT approximention within so- called Dual-fermion Approach to Nonlocal Correlations was
introduce by Prof. Aleksey Rubtsov from Moscav State University. And nally Prof. Liu Hao
Tjeng from University of Cologne (Germany) preseried the crucial experimental talk on the
testing modern theoriesfor correlated systems. The school wasendedwith generalpanel discus-
sion on perspectivesand practical importance of the new dewvelopmert in the eld of correlated
electron materials.

Assessmeh of the results and impact of the event on the future direction of the eld:

The School on Ab-initio Many-Body Theory in San-Sebastianwas very well preseried by young
researtiersall over the Europe and consideredto be a successfubttempt to intro ducea compre-
hensive schemefor practical investigation of correlation e ects in electronic structure calculation
of real materials. The students and postdocs from dierent elds of computational materials
scienceand many-body scheme were discussedfutures of the Ab-initio Many-Body Theory for
real materials. The number of applications (above 250) surpassedall expectativesand, of course,
the limit of 90 placesthat we had to satisfy in order for the students to get the maximum ben-
et from the sdcool, and also due to spaceand computer resourcelimitations. The studernts
(graduate and postgraduate) also did actively participate in the round-tables and discussions.

The impact of this school on the future direction of correlated electronic structure is clearly seen
on the very active discussionon the nal panel meeting concerningthe predictive power of new
many- body schemefor realistic materials. It is clearthat all participants will be involved in the
future in the developmernts on accurate schemefor complex structure of correlated materials and
nanosystems. The important future dewvelopmert in the eld will be related with uni cations

of e cien t LDA+DMFT scdemewith accurate GW or TDDFT methods in electronic structure
calculations, which was discussedin the presert summer School in San-Sebastian.

Final programme of the meeting:
All lectures can be found on the website:

http://dipc.ehu.es/arubi o/mbschool. php

Monday, July 23rd
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8:45

9:00-10:30

10:30-11:30

Coffee Break

12:00-13:30

Lunch

16:00-17:30

17:30-18:30

18:30

Tuesday, July

9:00-10:00

Registration

Introduction to density functional theory (DFT) and
time-dependent DFT

Dr. ROBERYVan Leeuwen

Rijksuniversiteit Groningen, The Netherlands

Newexperimental techniques for excitation spectrum of
materials

Prof.  Franz Himpsel

University of Wisconsin, USA

Many-body theory in a nutshell and Hedin equation (GW)
Prof. REXGodby
Univertity of York, United Kingdom

Theoretical advances in time-dependent DFT
Dr. ROBERYVan Leeuwen
Rijksuniversiteit Groningen, The Netherlands

Aplications of TDDFTio finite  systems

Dr. MIGUELMArques

University of Coimbra, Portugal

Discussion session: TDFTand excitation  spectrum of
materials

24th

Advanced Many-body perturbation theory (MBPT)
Prof. MIKHAIL Katsnelson
Radboud University of Nijmegen, The Netherlands
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10:00-11:30 GWand Bethe-Salpeter Equation Approach to  Spectroscopic
Properties
Prof. Steven G. Louie
University of California at Berkeley, United States

Coffe Break

12:00-13:30 Introduction  to continuum quantum Monte Carlo (QMC) methods
Prof. MATTHEWbulkes
Imperial College London, United Kingdom

Lunch

16:00-17:00 Introduction  to the physics of correlated materials
Prof. DIETERVollhardt
University of Augsburg, Germany

17:00-18:00 Experimental techniques for correlated materials
Prof. Andres Santander-Syro

Universite Paris-Sud, France

18:00 Roundtable: Basics of ab-initio  and MBPTtechniques

Wednesday, July 25th

9:00-10:00 Introduction  to dynamical meanfield theory (DMFT)
Prof . DIETERVollhardt
University of Augsburg, Germany

10:00-11:0 0 Introduction to Quantumimpurity solvers
Prof.  Mathias Troyer
ETHZurich, Switzerland

Coffee Break
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11:30-12:30

12:30-13:30

Lunch

16:00-17:00

17:00-18:30

18:30

Physics of correlated materials: Experiments
Prof. RALPHClaessen
University of Wuerzburg, Germany

Applications of TDDFTto complex systems
Dr. FRANCESCEDTTILE
Ecole Polytechnique, Paris, France

Applications  of quantum Monte Carlo to solids
Prof. MATTHEWbulkes
Imperial College London, United Kingdom

Prospects of LDA+DMFgalculations
Prof. Silke Biermann
Ecole Polytechique Paris, France

Discussion  session and Roundtable: Correlated
materials and LDA+DMFT

Thursday, July 26th

9:00-10:00

10:0-11:00

Coffee Break

QuantumMonte Carlo for nanosystems and materials:
Electronic  structure and Dynamics

Prof. Lubos Mitas

North Carolina State University, United States

A novel resonating valence bond approach for QMC
simulations

Prof. Sandro Sorella

SISSA, Trieste, lItaly
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11:30.12:30

12:30-13:30

Lunch

16:00-17:00

17:00-18:30

18:30

Friday, July

9:00-10:15

10:15-11:15

Self-interaction correction  (SIC) schemeand
f-electrons  materials

Prof. Z. (Dzidka) Szotek

Daresbury Laboratory, United Kingdom

Continuous time QuantumMonte Carlo method
Prof. Mathias Troyer
ETHZurich, Switzerland

General DMFTschemein Wannier basis
Prof. Frank lechermann
University of Hamburg, Germany

Cluster extension of DMFTscheme
Dr. Olivier Parcollet
CEA-Saclay, France

Discussion session and Roundtable: Applications
DMFTand QMC

27th

QMC:the fixed-node problem and the topology of
fermion nodes

Prof . Lubos Mitas

North Carolina State University, United States

Beyond DMFT:dual fermion approach for non-local
correlations

Prof. Aleksey Rubtsov

MoscowState University,  Russia
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Coffee Break

12:00-13:00

Lunch

16:00-18:00

Testing modern theories for correlated systems
Prof.  Liu Hao Tjeng
University of Cologne, Germany

Synthesis  session, Concluding remarks and
Roundtable: frontiers in the field new challenges
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4 General Workshop/Conference Announcemen ts

41 ADVANCED SCHOOL ON QUANTUM MONTE CARLO METHODS
IN PHYSICS AND CHEMISTR Y

21 January - 2 February 2008
Abdus Salam ICTP, Miramare, Trieste, Italy
Organizers: C. Filippi, S.Moroni, S. Sorella, C. Umrigar, S. Zhang
with the co-sponsorship of the DEMOCRITOS National Simulation Center

This Advanced Sdcool follows the "School on Continuum Quantum Monte Carlo” held at the
ICTP in January 2004. After intro ducing the basicsof the methods and giving a broad overview
of the eld, the School will focus on new developmerts in methodology and applications.

TOPICS:
- Random walks, Variational Monte Carlo, Projection Monte Carlo, Path Integral Monte Carlo;

- Improved wave functions and wave function optimization techniques, computation of forces
and obsenables;

- Lattice RegularizedDi usion Monte Carlo, Auxiliary-Field Monte Carlo for any single-particle
basisset, Auxiliary-Field Monte Carlo for spin/isospin-dependert problems, Coupled Electron-
lon Monte Carlo, Worm Algorithm and Diagrammatic Monte Carlo.

LECTURERS:

D.M. Ceperley, C. Filippi, W.M.C. Foulkes, S. Moroni, N. Prokof'ev, K.E. Schmidt, S. Sorella,
C.J. Umrigar, S. Zhang.

Further information and the Online Application Form can be found at:
http://agenda.ictp.it/sm r.ph p?1929.
The deadline for application is 5 October 2007.

As arule, travel and subsistenceexpenseof the participants are borne by their homeinstitutions.
SomelCTP funds are available for a limited number of applicants who are nationals of, and
working in, developing courtries. Seethe Application Form.

Additional funding for partial support of a limited number of participants is available from
DEMOCRITOS and the Materials Computation Center of UIUC.

EU applicants should sendan e-mail to <gmc2008@denadaitos.it>.
US applicants should consult http://www.mcc.uiuc.edu/t  ravel .
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There is no registration feeto attend this activity.

Secretariat;

SMR.1929 - Advanced School on Quantum Monte Carlo Methods in Physics and Chemistry
c/o Ms. N. Ivanissevi@ the Abdus Salam International Centre for Theoretical Physics (ICTP)
Strada Costiera 11 1-34014 Trieste, Italy

Telephone: +39-040-2240383
Telefax: +39-040-224163
E-mail smr1929@ictp.trieste.it

ICTP Home Page: http://www.ictp.trieste it/
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4.2 2nd Workshop on "Ab Initio Phonon Calculations"

Cracow, 6-8 December, 2007
http://w  olf.ifj.edu.pl/w orkshop/

The secondworkshopon Ab Initio Phonon Calculations™" will take placein Cracow in Decenber.
The Workshop is dewted to discussthe results of application of ab initio approad to calculate
nite temperature properties of materials via analysis of the phonons. Results of property
modi cation by phononsin crystals with defects,disorder, grain boundaries,then speci ¢ phonon
behaviour on surfaces,decoratedsurfaces,interfacesand amorphoussystemswill be disscussed.

Contributions dealing with strong electron-phononand/or magnetic- phonon couplingsare very
welcome. Phonon measuremets obtained by a number of sophisticated techniqueslike inelestic
coherent and incoherert neutron scattering, coherert x-ray scattering, nuclear inelastic scatter-
ing, infrared absorption, and raman scattering, etc., are expected.

Participants from physics, chemistry, materials engineering, mineralogy, geoplysics, etc., are
very welcome, even if the ab initio approad plus phonon computations are not yet a routine
practice for them.

We expect the participants to arrive on Wensdg, Decenber 5-th, and stay till Saturday after-
noon, Decenber 8-th, or longer to visit the Cracow old city.

The talks and oral presenations will be selectedfrom the submitted abstracts.
Deadlines:

- registration: October 28, 2007.
- Abstract submission: October 28, 2007.

For more details look at: http://w olf.ifj.edu.pl/w orkshop/

Correspondence:workshop@velf.ifj.edu.pl

Looking forward to hearing from you and seeingyou at the Workshop.

Krzysztof Parlinski
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4.3 DPG Symposium on Ferroic Materials and Novel Functionalities

Berlin, February 26, 2008

We are pleasedto inform you about the upcoming DPG symposium on
"Ferroic materials and novel functionalities"

held in Berlin February 26, 2008 during the the next Spring Meeting (or the annual meeting)
of the German Physical Society: Berlin, 25-29 February 2008 (Monday 8:30 am to Friday 4:00
p.m.).

For the detailed announcemen and program pleasevisit the web site of the workshop at:
http://nanoscience.physik.uni-halle.de/dpg/

or cortact one of the organizers.

We hope that you or members of your group will participate.

Looking forward to seeyou in Berlin.

Ingrid Mertig

(on behalf of the organizers)
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4.4 Forum on "Exact-exc hange and hybrid functionals meet quasiparticle
energy calculations"

at the Spring Meeting of the German Physical Society

Berlin, 25-29 February , 2008

Dear colleagues,
we would like to draw your attention to a forum on
"Exact-exchange and hybrid functionals meet quasiparticle energy calculations"

embeddedinto the upcoming Spring Meeting of the German Physical Scciety (25-29 February
2008). The Spring Meeting will take placein Berlin and hasbecomethe secondlargest conference
(after the APS) covering all aspectsof condensedmatter and chemical physics, material science,
surface science,as well as polymer and biophysics, etc. For 2008 more than 5000 participants
are expected. The conferencelanguagehas beenEnglish for a few yearsnow.

The forum combines an invited symposium with cortributed oral and poster sessionsn a mini-
workshop-like ervironment. For more information pleasevisit the forum's web site at:

http://www.fhi-  berlin.mpg .de/th/ Meeting s/hy brid 2008/
or cortact one of the organizers.

We are looking forward to welcomingyou and/or membersof your group at this event and invite
you to participate directly by submitting an abstract for one of the contributed sessions.

Patrick Rinke and Matthias Sde er
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4.5 3rd Annual CNF Fall Workshop: De ning the Interfac e Between
Nanoscienc e and Geology

Cornell Nanoscale Science and Technology Facilit y, Ithaca, NY
November 12th-13th, 2007
Organized by the NNIN/C (http://www.nnin.org/nnin_  conpsim.html)
Sponsored by the National Science Foundation
Workshop Coordinator: Derek Stewart (stew art@cnf.cornell.edu)

http://www.cnf.cornell.edu /cnf_fa llwo rksh op2007. html

Overview : While nanoscaleresearth and geology at rst glance deal with vastly dierent
time and length scales,se\eral areasexist where nanoscalereseard can have profound impacts
on geologicquestions. Density functional approadies provide crucial tools for predicting high
pressurecrystal structures beneath the Earth's crust. Calculated phonon dispersionscan also
be linked to seismologyreseart. Fluid transport through porous rocks can also benet from
tools usedin micro uidics. While biomineralization createsmacroscalestructures like shellsand
coral, the nanoscaleprocessthat organismsuseto createlarge inorganic structures is still largely
unknown.

Format : This workshopwill provide morning lectureson the theory behind di erent approaces
followed by hands-on sessionson ead code. In some cases,the participants will be able to
learn directly from the code's creator. Graduate studernts and young researders with theory or
experimental badkgrounds are encouragedto attend. In addition, complemerary presenations
on current experimental e orts will also help de ne high-impact areasfor future simulation
e orts.

Focus: Current computational needsin geology rst principles modeling of materials in the
Earth, uid ow through porous media, biomineralization

Current Needsfor Modeling at Small Scalesfor Geology

{ Linking predicted physical properties to large scalemodels (Jason Phipps-Morgan)

{ MEMs options for diamond anvil experiments (William Bassett)
First principles modeling of materials in the Earth's core

{ Determining high pressurecrystal structures (Richard Hennig)

{ Calculating phonon dispersionsand links to seismology(Derek Stewart)

Biomineralization
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{ Molecular dynamics for biomineralization (John Harding)

{ An experimental perspective on biomineralization (Lara Estro )

Fluid ow through porousrocks

{ Modeling water and petroleum o w through materials with micro and nanoscalepores
(TBD)

Tentativ e Code List : Quantum EspressoPadage (plane wave density functional approad),
DL POLY (Molecular Dynamics), ElImer (micro uidics)

Imp ortan t Dates:

Registration deadline: Octob er 31st, 2007

Financial aid may be available for graduate students
Seatingis limited to 40 participants. Pleaseregister early!

CN ‘ Cornell NanoScale

Science and Technology Facility
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5 General Job Announcemen ts

Ph. D. Position in Materials Science and Physics

Departmen t of Materials, Imp erial College London, UK

A PhD position in Materials Scienceand Physicsis available in the Materials Department at
Imperial College starting in October 2007. The pro ject is to usedensity functional theory to
model novel carbon nanotube basedelectronic devices. Funding is available for UK studerts, and
possibly for EU and overseasstudents (for more information pleasecontact Andrew Hors eld
at a.hors eld@imperial.ac.uk)

Carbon nanotubes have extraordinary properties on accourt of their one dimensional struc-
ture (http://en.wikip edia.org/wiki/Carb on nanotube). From the point of view of electronic
devices,they are attractiv e becauseof their high conductance, physical robustnessand chemi-
cal inertness. Field e ect transistors that operate at room temperature were constructed from
nanotubesin 1998. Recenly a new device that usesa nanotube for the gate as well as for
the source and drain has been demonstrated (Park, J.-Y., Nanotechnology 18 (2007) 095202
(http://stac ks.iop.org/Nano/18/095202). Other three terminal deviceshave beenconstructed
and modeled that are basedon a Y shaped nanotube (Bandaru, P. R., et al, Nature Materials
4 (2005) 663 (http://dx.doi.org/10.1038/ nmat1450)).

The rst part of this project will be to use a novel density functional theory open boundary
scheme(‘hairy probes')to understandthe electrical characteristics of known multi-terminal nan-
otube devices. We will then proceedto investigate a completely novel nanotube device which
is anticipated to operate as an electronic noseable to detect a wide range of small molecules.
Electronic nosesare important in many areasincluding: detecting explosives, identifying dis-
easesand recognisinggasleaks. The calculations will be performed with a view to motivating
experimentalists to make the new deviceinto a reality.

This project will require somecode developmert using the C programming language, and the
application of quantum medanics to electronsand phonons. It will be supervised by Andrew
Hors eld at Imperial College, but will be carried out in collaboration with Tchavdar Todorov
at QueensUniversity Belfast and David John at the University of Walesin Bangor.

Interested candidates should sendan electronic copy of their CV to Andrew Hors eld
at a.hors eld@imperial.ac.uk .

Andrew Hors eld
Department of Materials, Imperial College London
South Kensington Campus, London SW7 2AZ, U.K.

a.hors eld@imperial.ac.uk
Phone:+44-(0)20-7594-678; FAX:+44-(0)20-7594-657
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POSTDOCTORAL OR RESEAR CH ASSOCIA TE POSITION IN NREL'S
SOLID STATE THEOR Y GROUP

THEOR Y OF NANOSTR UCTURES AND ALLO Y THEOR Y
National Renewable Energy Laboratory (NREL), Golden, Colorado, USA

http://www.sst.nrel.gov

NREL's Solid State Theory Group is looking to Il a Postdoctoral or Researth Asscciate posi-
tion (depending on quali cations). The researt areasinclude theory of nanostructures, alloy
theory, and defect physicsin solids. The positions are for up to 3 years, depending on mutual
consen. The salary range is $48,000- $65,000per year, depending on seniority, quali cations,
and experience. Applicants are expectedto have a strong badkground in solid-state theory.

The position is with Alex Zunger, Solid State Theory Group Leader. The position is available
for a start date betweennow and fall 2007. Applications are being considerednow. For more
details about ongoingwork, see

http://www.sst.nrel.gov

The Solid State Theory Group currently consists of ten Ph.D.s in condensedmatter theory
and interacts with a broad range of experimentalists. The group has outstanding computa-
tional facilities, an excellen basic-researh atmosphere,and is located in the beautiful Rocky
Mountains. Consult our web pagefor additional information on the group, its history, researt
subjects, publications, current and past personnel,and facilities.

Interested candidates should immediately send ( electronic or paper) curriculum vitae, list of
publications (including preprints of unpublished papersif possible),and arrangefor two to three
referencesaddressedto:

Alex Zunger

Solid State Theory Group

National Renewable Energy Laboratory
1617 Cole Boulevard

Golden, Colorado 80401

USA
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Post-do ctoral Research Opening

Computational Materials Research Group

Univ ersity of Tennesseein Kno xville, TN, USA

The Computational Materials Researtht Group at the University of Tennessedan Knoxville,
TN is looking for a post-doctoral researtier to conduct molecular-lewel simulations of complex
moleculesin Metal- Organic-Frameworks (MOFs) as part of a larger multiscale materials mod-
eling eort. Speci cally, the researtier will be expected to use Monte Carlo and Molecular
Dynamics simulations to generate adsorption isotherms and di usivities of organic explosive
moleculesin MOFs.

The post-doc will have the opportunity to work in the dynamic researt ervironment of the UT
Computational Materials Researty Group

(http://clausius.engr.utk.edu/cmrg/index.h tml)

which currently includes v e UT professors, sewral post-docs, eight graduate students and
numerous undergraduate researters, all working on a variety of multiscale materials modeling
projects from the quantum to the macroscopicscale. Furthermore, with near proximity to Oak
Ridge National Laboratory (ORNL), the post-doc will interact closelywith sta sciertists in the
UT/ORNL Joint Institute of Computational Science.Through the UT Computational Science
Initiativ e, the post-doc will have accesgo the massiwely parallel machinesat ORNL. Knoxville is
a city of 175,000situated in a beautiful and mild part of the courtry nearthe Smoky Mountains.

Researbers with PhDs in chemical engineering, physics, chemistry or a related eld, with sig-
ni cant molecular modeling experienceare encouragedto apply. The position starts no earlier
than October 1, 2007 and, basedupon satisfactory work in the rst year, can be extended to
two years. The salary is $40,000per year. This project is sponsoredby the National Science
Foundation.

Interested individuals should senda CV and a list of referencesto Dr. David Ke er at dkef-
fer@utk.edu.
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Ph.D. Position in Multiscale Computational Material Science

Univ ersity of Salerno (MolINaC Research Group), Italy

One Ph.D. position is available within the MoINaC Researt Group
(http://www.chem.unisa.it/g roups/molnac),
which is in the Department of Chemistry of University of Salerno (Italy)

The position is funded by a University grant. The succesfulcandidate will be part of a team
working on multiscale modelling of polymers.

Requiremen ts:

We are looking for candidateswith a Master's degreein Chemistry, Physics or Chemical Engi-
neering, and a badground in physical chemistry or chemical physics. Actual experiencewith
computational modeling is highly appreciated. We expect the candidate to have a clear a n-

ity with computer programming and molecular simulations. Candidates should speak English
uently.

Application and information:

Suitable candidatesare invited to sendtheir Curriculum Vitae with motivation (half A4), a list
of followed coursesincluding grades, at least three references,and a list of publications to the
following address,who is also available for further information:

Dr. Giuseppe Milano, Assistarnt Professor
University of Salerno

Department of Chemistry

Mailing Adress:

via Ponte don Melillo -1-84084 - Fisciano (SA)
Tel: +39 08996 9567

Fax: +39 08996 9603

E-mail: gmilano@unisa.it

webpage: http://www.chem.unisa. it/g roups/molnac
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Postdo ctoral Positions

Rutgers Univ ersity, New Jersey, USA

Up to three postdoctoral positions may be available in the groups of Prof. David Langreth,
Prof. Karin Rabe, and Prof. David Vanderbilt in the Department of Physicsand Astronomy at
Rutgers University, to beginasearly asJanuary 1 2008. The target areasare: (1) application of
van der Waalsdensity functionals to the study of hydrogen storagematerials; (2) multifunctional
oxides and intermetallics with highly-reversible rst-order structural phasetransitions; and (3)
fundamertals of domain retention and reversalin ferroelectric thin Ims.

Experiencewith rst-principles density-functional methods is essetial. Interested applicants
should apply by email, attaching a CV (PDF preferred) and listing namesand contact informa-
tion of 2-3references.Consideration of candidateswill beginimmediately and will cortinue until
the positionsare lled. Pleasesendapplications to the following address,using \Computational
Electronic Structure Seart" asthe subject line:

Ms. Fran DelLucia
Department of Physicsand Astronomy
Rutgers University

fran@plysics.rutgers.edu
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Postdo ctoral Position

"Surface Reactivit y: beyond Born-Opp enheimer
appro ximation"

Surface Science Research Centre/Departmen t of Chemistry |,
The Univ ersity of Liverpool, Liverpool, UK

A postdoctoral position is available to work on the EPSRC-funded project "Surface Reactiv-
ity: beyond Born-Oppenheimer”. The main objective is to go beyond the Born-Oppenheimer
approximation and dewelop a theoretical and computational framework basedon density func-
tional theory for understanding the role of electronic non-adiabatic e ects in surfacedynamics
and reactions.

The project will be supervisedby Prof. Mats Persson(http://www.liv.ac.uk/~mper sson) and
Prof. Stephen Holloway (http://www.liv.ac.uk/chem istr 'y, http://www/Staff/hollow ay.
html) and will alsoinvolve closecollaborations with the project partner Prof. David Bird, Dept
of Physics, Univ. of Bath (people.bath.ac.uk/pysdb/). You will be placedin the theory constel-
lation at the SurfaceScienceReseart Certre (http://www.ssci.liv.ac.uk ), comprising Prof.
W. Hofer and Dr G. Darling and many international postdoctoral and PhD students. This cen-
tre alsoincludes experimental activities in the eld of surfacesciencewith a high international
pro le.

You should have (or be about to obtain) a PhD degreein theoretical/computational chemistry
or physics. Good communication skills, experience of software and method dewvelopmert and
density functional calculationsare essetial. Earliest starting date is 1 October 2007and deadline
for application is 7 septenber.

Please,corntact Prof. M. Persson(e-mail: mpersson@liv.ac.uk)for informal enquiresabout the
post.

For further details about the post and how to apply pleaseconsult
http://www.liv.ac.uk/wor king /job _vacancies/ research/R-563366. htm

This post is funded from an EPSRC grant for nineteen months with possibleextension.

Contact: Mats Persson
E-mail: mpersson@liv.ac.uk
Phone: +44-151-7943518
Fax: +44-151-7943870
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Professorship of Materials Mo delling - Univ ersity of Oxford, UK

The University of Oxford has created a new professorshipin Materials Modelling in the De-
partment of Materials. This is an important post which complemerts the statutory chairs in

Materials Processingand Materials Characterisation. The Professor of Materials Modelling
would be expected to becomethe Director of the Materials Modelling Laboratory, a position
currently held by ProfessorDavid Pettifor CBE FRS, the IsaacWolfson Professorof Metallurgy.

The University seeksto appoint a personwith a record of outstanding international excellence
in researt within the eld of materials modelling who, through leadershipand the distinction

of his or her cortribution to the eld, will ensurethe pursuit of the highest standardsin researt

and teaching in materials modelling at Oxford, and its wide recognition outside. The holder of
the chair will be electedto a professorialfellowship at St Anne's College.

Applications are invited for the above post, tenable from 1 January 2008, or suc later date as
may be arranged. Further particulars, including details of how to apply, are available from

http://www.admin.ox.ac.u  k/fp /

or from the Registrar, University O ces, Wellington Square, Oxford OX1 2JD (tel: 01865
270200).

The closing date for applications is Monday 1 October 2007.

ProfessorDavid Pettifor CBE FRS
Isaac Wolfson Professorof Metallurgy
Department of Materials

University of Oxford

Parks Road

Oxford OX1 3PH

UK

Tel.: +44 1865273751
Fax: +44 1865273783
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Postdo ctoral Position (m/f ) in \Theory of Semiconductor
Nanostructures”

Max Planck Institut for Solid State Research, Stuttgart,
Germany

A Postdoctoral position (m/f ) is available starting October at the Max-Planck-Institut for Solid
State Researt in Stuttgart, Germary. The researt will be performed within a newly created
Independert Junior Researt Group (Nachwuchsgruppe). We wil building a vigorous and highly
motivated group and will tackle a variety of problems related to electronic and optical prop-
erties of nanostructures. We will follow a bilateral approach with, on one hand, focusedand
short/medium-term projects on actual topics of interests that can be addressedwith existing
state-of-the-art theoretical methodologies, mostly in collaboration with experimentalists. On
the other hand we will engagein medium/long-term method developmen projects.

Applicants should have a PhD in physics, chemistry, or materials science. The skills required
from the candidate could originate from di erent (or a conbination of di erent) researt elds,

such as atomic-scale simulations and electronic-structure theory at the LDA level (ABINIT,

VASP, WIEN, etc...); beyond LDA calculationssuch asGW (+ Bethe Salpeter), time-dependert
DFT, CI or DMFT; e ective massor k.p theory. It would be advantageousfor the applicant to
have applied the method(s) to nanostructuresand to have a good knowledge of semiconductors,
and someprogramming experience. The candidate should enjoy working in an openand dynamic
ervironment where the exchange of ideasis an important componert of day-to-day work. The
salary will be accordingto generaltari regulations for employeesin public service (TV OED-
Bund). The position will be initially for 1 year with possible extension up to 3 years, upon
mutual agreememn The selectionprocesswill start now and cortinue until the position is lled.

Interested candidates should send an application letter, CV, list of publications and the name
of two referees,preferably by email to:

Dr. Gabriel Bester (Head of Group)

Max Planck Institute for Solid State Researt
Heiserbergstr. 1

D-70569 Stuttgart

e-mail: G.Bester@fkf.mpg.de
http://www:http://mwww.fk f.mp g.de/be ster

The Max Planck Scciety is committed to employing more handicappedindividuals and especially
encourageshem to apply. The Max Planck Society seeksto increasethe number of womenin
those areas, where they are underrepresemed and therefore explicitly encourageswomen to

apply.
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Postdo ctoral Position

Institute for Researb and Dewvelopmen of Photovoltaic Energy (IRDEP), Paris, France

Ab initio simulation of materials for photo voltaic application

The purposeof the work is to model lattice vibration in semiconductors. These have an impact
on the way photogeneratedcarriers looseenergyin photovotaic cellsand it is expectedthat by
a better understanding of existing phonon modeslossesexperiencedin existing semiconductors
can be overcome.

This will be done using molecular dynamics after interatomic forceshave beencomputed by ab
initio models.

The work will be carried out at the Institute for Researtr and Developmen of Photovoltaic
Energy, a joint CNRS-EDF laboratory, in the framework of a french consortium researt e ort.

Excellert referencesrequired.

Type of funding: Public sectorfunding (Grant)
Wage: 35000euros/year (including bene ts)

To be started a soon as possible.

HOW TO PUT FORWARD MY CANDID ATURE

Contact:

Jean-Rancois Guillemoles

email: jf-guillemoles@enscp.fr

Institut de Redherche et Deweloppemert sur I'Energie Photovoltasque (IRDEP),
UMR 7174- CNRS-EDF-ENSCP

EDF R&D, 6 quai Watier, 78401Chatou Cedex
fax: 33-13087 8565
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Postdo ctoral Position at Stanford/UC Davis in Quantum
Simulations

A joint postdoctoral position is available immediately in the area of quantum simulations. The
successfulcandidate will work with the Micro and Nano Mechanics group led by Prof. Wei
Cai in the Mechanical Engineering Department at Stanford University (http://www.stanford.
edu/~caiwei ) and the Angstrom group led by Prof. Giulia Galli in the Chemistry Department
at University of California, Davis (http://angstrom.ucda vis.edu). This position is sponsored
by a 5-year US/DOE SciDAC project on quantum simulations of materials. The base of this
postdoctoral position will be at Stanford.

The main purposeof this project is to dewelop e cien t computational methods for quantum
simulations of condensedmatter under magnetic elds. The successfulcandidate is expected
to implement new methods to large-scalequantum simulation codesand to perform massiely
parallel simulations to investigate the electronic structures of materials under magnetic elds.
The electronic and structural property of nano-structures is also an important aspect of this
project.

Postdoctoral candidatesshould have earneda PhD in Physics, Chemistry, Chemical Engineering
or Materials Science.A strong computational badground in the quantum modeling of materials
propertiesis preferred while someexperiencewith scierti ¢ software developmert and massiwely
parallel computing would be a de nite plus. Interested candidatesshould sendtheir curriculum
vitae and a list of referencego:

Prof. Wei Cai (caiwei@stanford.edu)

and

Prof. Giulia Galli (gagalli@ucdais.edu)

Pleasemark your messageon the subject line: application for the postdoctoral position.
This job posting is alsoon line at

http://www.stanford.edu/  ~cai wei/ JobOpering
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Tw o year Postdo c Position

"Exploration of the self-healing potential of ionic liquids for
solid materials"”

Departmen t of Materials Science, Delft Univ ersity of
Technology , The Netherlands

Applications are invited for a two-year post-doctoral position that is available immediately. The
ideal candidate has experiencein computational materials science.A PhD in materials science,
physics, theoretical chemistry, or related eld is required.

The objective is to explore computationally the utilit y of ionic liquids in materials systems,in
particular with regard to creating self-healing materials. Therefore it is envisagedthat it will
be necessaryto perform computer simulations on ionic liquids and their interaction with solids
involving the dewvelopmern of e ectiv e potentials, molecular dynamics simulations, and quantum
chemical calculations.

You will be interacting with a group of PhD studerts, postdocs, and sta sothat good verbal
communication skills in English are essetial. The department of Materials Scienceat Delft
University of Tednology o ers an exciting researt ervironment with excellert facilities and
working conditions. Candidates should have a detailed resume including an outline of their
researt achievemens and interests as well as contact information for academicreferencesto

Marcel Sluiter (M.H.F.Sluiter@tudelft.nl)

Virtual Materials Lab (M.H.F.Sluiter@tudelft.nl)
Department of Materials Science

Delft University of Tednology

Mekelweg 2, 2628 CD Delft

The Netherlands

Email:M.H.F.Sluiter@tudelft.nl

Consideration of candidateswill begin immediately and cortinue until the position is lled.
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Postdo ctoral Position

THEOR Y & MODELLING of CHAR GE TRANSPOR T in
SEMICONDUCTING NANO WIREBASED DEVICES

CEA/DRFMC, Grenoble, France

A postdoctoral position (2 years)is openedat CEA/DRFMC (Grenoble, France) starting from
January 2008 to work on the theory and simulation of charge transport in semiconducting
nanowires(SCNWSs) basedmaterialsanddevices( elde ecttransistors).

Chemically grown semiconductingnanowires are shaving unprecedened structural quality which
make them ideal systemsto explore transport physicsin low dimensionality, as well asto engi-
neer novel nanodevicesand architectures for nanoelectronics and optoelectronics applications.
In this context, theoretical modeling and computational simulations are neededtodeepertheun-
derstandingofthefundamenaltransp ortmechanismsirthesesystems.

The theory group of the CEA is preserily dewveloping se\eral computational approacesto tackle
the problem of chargetransport in realistic modelsof SCNWs, including device( eld e ect tran-
sistors) simulation. Sophisticated tightbinding order N methods have beendeweloped to inves-
tigate chargetransport in di erent frameworks (Kub o, LandauerButtik er, and Non Equilibrium
Green'sFunction formalism (NEGF), selfconsisteh PoissonScrodingerSohers).Abinitioapproaches
are alsousedfordetailedunderstandingofatomicscaldeatures (doping, defects, interfaces, etc.).
Thesemethodologiesenableto addressthe intrinsic (quantum)transp ort properties of ideal and
doped/disordered nanowires, as well as SCNWsbaseddevicdtaracteristics.

This work will be performed within the context of the European Integrated Project "NODE"
(NanowirebasedOneDimensionalElectronics).Thecandidatewillbeinchargetoinvestigatethe trans-
port properties of various semiconducting nanowire systems,in conjunction with transport ex-
perimerts performedwithin the consortium. This will include exploration of quantumtransport-
phenomenainlavdimensionalsystems,asellasdeviceorietedissues.

The candidate should have demonstrated some experience in state of the art semiempirical
or/and abinitio methods, and preferencewill be given to peoplealready familiar with transport
physics, and/or electronic structure of semiconductingmaterials in con ned geometries.

The candidate should send her/his CV to YannMichel Niquet (yniquet@cea.fr) and Stephan
Roche (stephan.roche@cea.fr)with a list of publications, and corntact details of two personsfor-
reference

ThedeadlineforsubmittingapplicationsisOctober1.
Additionalinformationsab outtheTheorygroup:

http://wwwdrfmc.cea.fr/S P2ML_Sim/QJI/Y MNiquet
http://wwwdrfmc.cea.fr/P  isp/ 22/step han.roche.html

MoreaboutGrenobleanditssurroundings:
http://www.iseretourisme  .com/pages/ inde x/id /1356
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Postdo ctoral and Graduate Student Positions

in the Angstrom Group at UC Davis

A postdoctoral and a graduate student positions are available immediately in the Angstrom
group led by Prof. Giulia Galli in the Chemistry Department at University of California, Davis
(http://angstrom.ucda vis.edu).

The postdoctoral position is to conduct classicaland quantum simulations of oxide surfaces
and interfacesunder pressure,in collaboration with Shell Corporation. Candidates should have
earned a PhD in Physics, Chemistry, Chemical Engineering or Materials Science. A strong
computational badkground in the quantum modeling of materials properties is preferred, and
experiencewith software dewvelopmert for large scaleclassicaland quantum simulations would
be a de nite plus.

The graduate student position is to dewelop and implement methodologies beyond semi-local
Density Functional Theory in large scale ab-initio simulation codes. Candidates are expected
to have a strong interest in electronic structure calculations and software developmert for large
scalequantum simulations.

Pleasesendapplications to Prof. Giulia Galli: gagalli@ucdais.edu.

Giulia Galli

Professorof Chemistry
University of California, Davis
Phone: 530 754 9554

Fax: 5307528995

e-mail: gagalli@ucdais.edu
http://angstrom.ucda vis.edu/

Administrativ e Assistart
Ms.lbra Henley

Phone: 530-752-9744
e-mail: idhenley@ucdais.edu
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Postdo ctoral Position at UC Davis/LLNL in Quantum
Simulations

A joint postdoctoral position is available immediately in the area of quantum simulations. The
successfulcandidate will work with the Angstrom group led by Prof. Giulia Galli in the Chem-
istry Department at University of California, Davis (http://angstrom.ucda vis.edu) and with
the Quantum Simulations group led by Dr. Eric Scwegler (http://www.lInl.gov/gsg ) at
LawrenceLivermore National Laboratory. This position is sponsoredby a 5-year US/DOE Sci-
DAC project on quantum simulations of materials. The baseof this postdoctoral position will
be at UC, Davis.

The main purposeof this project is to dewvelop and apply e cien t computational methods for
the study of the structural and electronic properties of condensedand nanostructured materials,
both at ambient conditions and under pressure.

Postdoctoral candidatesshould have earneda PhD in Physics, Chemistry, Chemical Engineering
or Materials Science.A strong computational badkground in the quantum modeling of materials
properties is preferred, and experiencewith software dewvelopmert for electronic structure and
ab-initio molecular dynamics calculations would be a de nite plus. Interested candidatesshould
sendtheir curriculum vitae and a list of referencesto Dr. Eric Schwegler (schweglerl@lInl.ge)
and Prof. Giulia Galli (gagalli@ucdais.edu).
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Four Professorship Openings in Mainz

At the University of Mainz there are four openingsfor professorpositions (assaiate and full) in
computational science.The aim is to strengthenthe link betweennatural sciencesand computer

science. We would be very happy, if you could distribute this information and show it also to
interested candidates.

For further information pleaseconact
Kurt Kremer (kremer@mpip-mainz.mpg.de)

or anybody elseyou might know in Mainz.

42



6 Abstracts

Emergence of Strong Exchange Interaction in the Actinide
Series: The Driving Force for Magnetic Stabilization of Curium

K.T. Moore

Lawrence Livermore National Latoratory, Livermore, California 94550, USA

G. van der Laan
Magnetic Spectros®py Group, DaresburyLaloratory, Warrington WA4 4AD, UK

R.G. Haire

Oak Ridge National Latoratory, MS-6375,0ak Ridge, Tennesse 37831,USA

M.A. Wall, A.J. Shwartz,and P. Sederlind
Lawrene Livermore National Laloratory, Livermore, California 94550,USA

Abstract

Using electron energy-lossspectroscopy in a transmission electron microscope, many-
electron atomic spectral calculations and density functional theory, we examine the elec-
tronic and magnetic structure of Cm metal. We provide experimental evidencethat angular
momertum coupling in the 5f states plays a decisiwve role in the formation of the magnetic
momert. The 5f statesof Cm in intermediate coupling are strongly shifted towards the LS
coupling limit due to exchangeinteraction, unlike most actinide elemerns wherethe e ective
spin-orbit interaction prevails. It is this Hunds rule coupling that is the key to producing
the large spin polarization, which in turn dictates the newly found crystal structure of Cm
under pressure. Our results are alsoin agreemen with very recert dynamical mean eld the-
ory (DMFT) calculations for the actinide metals, which show the large changein spin-orbit
expectation value between Am and Cm.

Published in Physical Review Letters 98, 236402(2007)
Manuscript available from g.vanderlaan@dl.ac.uk.
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Electronic structure, chemical bonding, and magnetic
prop erties in the intermetallic series ScoFe(Rui1 xRhy)sBo>
from rst principles

G. D. Samolyuk} B. P. T. Fokwa,? R. Dronskowski?> G. J. Miller?
!Department of Chemistry, lowa State University, Ames, lowa 50011, USA
2Institute of Inorganic Chemistry, RWTH AachenUniversity, 52056 Aachen, Germany

Abstract

First-principles, density-functional studies of the electronic structure, chemical bonding,
ground-state magnetic ordering, and exchange-irteraction parameters have been performed
for the entire SeFe(Ru; xRhy)sB2 seriesof magnetic compounds. The results indicate that
their magnetic properties depend in an extremely sensitive way on the degreeof band lling
and bandwidth. Continuous substitution of Ru by Rh changesthe ground state from an
antiferromagnet to a ferromagnet, as well as increasesthe e ectiv e spin momert causedby
ling the bands with v e additional electrons per formula unit together with a narrowing
of the 4d band. The correlations between the character of the chemical bonding and the
resulting exchange couplings are discussed. The enhancemen of Fe{Fe exchange coupling
causedby Rh/Ru atoms is estimated. Trends for the macroscopicordering temperatures are
correctly reproduced.

(Phys. Rev. B 76, 094404(2007))
Contact person: Richard Dronskowski (drons@HAL9000.ac.rwth-aahen.de)
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Spin-mixing conductances of thin magnetic Ims from rst
principles

K. Carval and I. Turek?
! Dept. Condensd Matter Physics, CharlesUniversity in Prague,Czech Republic
2 Institute of Physicsof Materials, ASCR, Brno, Czech Republic

Abstract

We presert a rst-principles theory of the spin-mixing conductancefor a thin ferromag-
netic Im embeddedepitaxially betweentwo non-magnetic metallic electrodes. The complex
spin-mixing conductanceis formulated as a linear response of the spin torque experienced
by the Im dueto the spin accurrulation in one of the electrodes. The derivation is basedon
non-equilibrium Green'sfunctions; the obtained result for the torque responseis in agreemer
with the responseof spin uxes on both sidesof the ferromagnetaswell aswith expressions
derived within the Landauer-Buittik er scattering theory. Numerical implemenrtation of the
developed formalism employs the tight-binding linear mu n-tin  orbital method and cal-
culations are performed for selectedmetallic and half-metallic ferromagnetic Ims relevant
for spintronics applications. The spin-mixing conductanceof the Cu/Ni/Cu(100) systemis
found to exhibit pronounced oscillations as a function of Ni thickness;their period is ex-
plained by spin-resolved Fermi-surface properties of nickel. Investigated half-metallic Ims
include the full-Heusler Co,MnSi compound and the diluted (Ga,Mn)As magnetic semicon-
ductors attached to non-magnetic Cr(100) leads; the imaginary part of their spin-mixing
conductancehas a magnitude comparable to the real part. This unusual feature has been
qualitativ ely explained in terms of a free-electronmodel.

Published in: Physical Review B 76 (2007) 1044009.
Contact person: Karel Carva (carva@larlov.m .cuni.cz).
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Relation of Curie temp erature and conductivit y: (Ga,Mn)As
alloy as a case study

J. Kudrnovsky!, G. Bouzeraf and |. Turek®
I Institute of Physics, ASCR, Prague,Czech Republic
2 Institut Neel, MCBT CNRS, Grenoble,Franae
3 Institute of Physicsof Materials, ASCR, Brno, Czech Republic

Abstract

Experimental investigationsof diluted magnetic semiconductorsindicate a strong relation
between Curie temperature and conductivity. Both quantities depend nontrivially on the
conceriration of magnetic impurities, the carrier density, and the presenceof compensating
defects. We calculate both Curie temperature and conductivity of (Ga,Mn)As alloys in a
self-consistem manner basedon the same rst-principles Hamiltonian in which the presence
of compensating defectsis taken into accourt. The e ect of As antisites and Mn interstitials
is determined separately and a good agreemen betweentheory and experiment exists only
in the casewhere the dominating medanism is due to the Mn interstitials.

Published in: Applied Physics Letters 91 (2007) 102509.
Contact person: JosefKudrnovsky (kudrnov@fzu.cz).
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Magnetic Phase Control in Monola yer Films by Substrate
Tuning

P. Ferrianit, I. Turek?, S. Heinzé, G. Bihimayer® and S. Blugef
LInstitute of Applied Physicsand Microstructure Resarch Center,
University of Hambuig, Germany
2 Institute of Physicsof Materials, ASCR, Brno, Czech Republic
3 Institut fur Festlerperforschung,Forschungszentruniulich, Germany

Abstract

We proposeto tailor exchange interactions in magnetic monolayer Ims by tuning the
adjacert non-magnetic substrate. As an example, we demonstrate a ferromagnetic-artiferro-
magnetic phasetransition for one monolayer Fe on a TaxW; (001) surface as a function
of the Ta concerration. At the critical Ta concerration, the nearest-neighor exchange
interaction is small and the magnetic phase spaceis dramatically broadened. Complex
magnetic order such as spin-spirals, multiple- Q, or even disordered local momert states
can occur, o ering the possibility to store information in terms of ferromagnetic dots in an
otherwise zero-magnetization state matrix.

To be published in: Phys. Rev. Lett.
Contact person: Paolo Ferriani (pferrian@physnet.uni-hamburg.de).
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Tuning LD A+ U for electron localization and structure at
oxygen vacancies in ceria.

C W M Castleton'?, J. Kullgren? and K. HermanssoA
1: IFM, Linkeping University, SE-58183Linkoping, Swelen.
2: Dept. of Materials Chemistry, UppsalaUniversity, Box 538, SE-75121,Swealen.

Abstract

We examinethe real spacestructure and the electronic structure (particularly Cedfelectron
localization) of oxygen vacanciesin CeO, (ceria) as a function of U in Density Functional
Theory studieswith the rotationally invariant forms of the LDA+ U and GGA+ U function-
als. The four nearest neighbour Ce ions always relax outwards, with those not carrying
localized Cedfcharge moving furthest. Seeral quanti cation schemesshow that the charge
starts to becomelocalizedat U 3 eV and that the degreeof localization reachesa maxi-
mum at 6 eV for LDA+ U or at 5.5eV for GGA+ U. For higher U it decreasegapidly
as chargeis transferred onto secondneighbour O ions and beyond. The localization is never
into atomic core-like states; at maximum localization about 80-90% of the Cedfcharge is
located on the two nearest neighbouring Ce ions. However, if we look at the total atomic
chargewe nd that the two ions only make a net gain of 0.2-0.4e, solocalization is actually
very incomplete, with localization of Ce4felectrons coming at the expenseof moving other
electronso the Ceions.

We have also revisited some properties of defect-freeceria and nd that with LDA+ U
the crystal structure is actually best described with U = 3-4 eV while the experimental
band structure is obtained with U = 7-8eV. (For GGA+ U the lattice parametersworsenfor
U > 0 eV, but band structure is asfor LDA+ U.) The best overall choiceis U 6 eV with
LDA+ U and 5:5eV for GGA+ U sincethe localization is most important, but a consisten
choice for both CeO, and Ce,O3, with and without vacancies,is hard to nd.

(submitted to J. Chem. Phys.)
Contact person: Christopher.Castleton@mlem.uu.se
Preprint at: http://www.mkem.uu.se/Per sonal/c astl eton- christ opher/cv .sh tm\# pubbott om
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Variational QMC study of a hydrogen atom in jellium with
comparison to LSDA and self-interaction corrected LSDA
solutions

Andrew I. Du and JamesF. Annett
H. H. Wills PhysicsLaloratory, University of Bristol,
Bristol BS8 1TL, United Kingdom and
DaresburyLaloratory, Daresbury, Warrington WA4 4AD, United KingdomK

Abstract

A hydrogen atom immersedin a nite jellium sphereis solved using variational quantum
Monte Carlo VQMC. The samesystemis also solved using density functional theory DFT,
in both the local spin density LSDA and self-interaction correction SIC approximations. The
immersion energiescalculated using these methods, as functions of the badkground density
of the jellium, are found to lie within 1 eV of ead other with minima in approximately
the samepositions. The DFT results show overbinding relative to the VQMC result. The
immersion energiesalso suggestan improved performanceof the SIC over the LSDA relative
to the VOQMC results. The atom-induced density is also calculated and shows a di erence
betweenthe methods, with a more extended Friedel oscillation in the caseof the VQMC
result.

(Phys. Rev B 76, 1151132007)
Contact person: james.annett@bristol.ac.uk
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Bulk and surface electronic structure of alkaline-earth metal
oxides: Bound surface and image-p otential states from rst
principles

Bjorn Baumeier, Peter Kr aiger, and JohannesPollmann
Institut fur Festlerpertheorie, Universitat Munster, 48149 Munster, Germany

Abstract

We present the results of a comparative ab initio study of the atomic and electronic
structure of MgO, CaO, SrO and BaO and their relaxed (001) surfaces. Based on density
functional theory (DFT), we useself-interaction-corrected (SIC) pseudoptentials which per-
mit a reliable description of electronic properties, in particular. For the bulk crystals, we
arrive at well established structural data and obtain valence as well as conduction bands
which are in very good agreemen with the results of quasiparticle calculations and exper-
iment. The calculated geometric structure of the relaxed (001) surfacesis consistert with
the literature data. Concerningelectronic properties, the calculations reveal that MgO(001),
CaO(001)and SrO(001) exhibit negative electrona nit y allowing for the formation of image-
potential states while BaO(001) does not. As a consequencenot only bound states which
are localized at the surfaceoccur in the former three casesbut also a saliert band of image
states residing in vacuum in front of the surfaceappearsin sectionsof the surface Brillouin
zone. Such an image state band does not arise at the BaO(001) surface. Our results are in
satisfying agreemen with literature data from GW quasipatrticle calculations and electron
energy loss spectroscory measuremets which are only available for MgO(001), to date.

(submitted to Physical Review B)
Contact person: Bjorn Baumeier (baumeier@uni-nuenster.de)
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First-Principles Investigation of an Epitaxial Silicon Oxynitride
Layer on a 6H -SiC(0001) Surface

Peter Kruger, Bjorn Baumeier,and JohannesPollmann
Institut fur Festlerpertheorie, Universitat Munster, 48149 Munster, Germany

Abstract

In a recert Letter, Shirasava et al. [Phys. Rev. Lett. 98, 136105 (2007)] have ex-
perimentally shown that incorporation of nitrogen at the interface of a silicate adlayer on
6H -SiC(0001) leadsto the formation of a well ordered, highly stable epitaxial silicon oxyni-
tride (SiON) layer without dangling bond states. Weinvestigatethe structural and electronic
properties of this intriguing novel system by employing density functional theory with self-
interaction-corrected pseudomtentials. Our results corroborate the structural model infered
from low-energy electron di raction (LEED). In addition, our calculated lled- and empty-
state scanningtunneling microscopy (STM) imagesare in excellert agreemen with the ex-
perimental data clearly revealing that O and Si surface states of the silicate double-layer
on top of the system, respectively, give rise to the obsened images. The calculated surface
band structure exhibits a surfaceband gap of 9eV in agreemei with the scanningtunneling
spectrocopy (STS) data. The physical origin of this amazingly large gap is clari ed.

(submitted for publication)
Contact person: Peter Kreger (kruger@uni-nmuenster.de)
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Energy barriers for dissociativ e adsorption of H, molecules on
Si, SIC, and diamond (001) surfaces:
A comparison

Xiangyang Peng, Peter Kruger, and JohannesPollmann
Institut fur Festlerpertheorie, Universitat Munster, 48149 Munster, Germany

Abstract

We report rst-principles investigations of the reaction of molecular hydrogen with the
Si(001)-(2 1) and C(001)-(2 1) surfacesand discussthe results in light of our previous
studies of H, reaction with two di erent SiC(001) surfaces,one of which is highly reactive to
H, uptake. The calculations reveal that the reaction of H, with all above surfacesdepends
crucially on intricate combined e ects of the substrate lattice constart, the arrangemen
of the surface dimers as well as the orientation and spatial extent of their dangling bond
orbitals. In agreemen with experimert, our results con rm that Si(001) and C(001) are
inert to H, adsorption at room temperature becausethe adsorption pathways considered
exhibit substartial energy barriers. They are in satisfying agreemen with previous density
functional and quantum Monte Carlo calculations which have beencarried out for two speci ¢
reaction pathways only. Guided by our earlier studieson H; reaction with SiC(001) surfaces,
we have considereda third reaction pathway which actually turns out to have the lowest
energy barrier on C(001). A comparisonof the energy barriers and reaction energiesfor the
di erent surfacesaddressedturns out to be particularly revealing.

(submitted to Physcal Review B)
Contact person: JohannesPollmann (pollman@uni-rruenster.de)
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7 SCIENTIFIC HIGHLIGHT OF THE MONTH: An
extensible and portable le format for electronic structure
and crystallographic data

An extensible and portable le format for electronic structure and
crystallographic  data

X. Gonzé2, C.-O. Aimbladh'3, A. Cuccd"4, D. Caliste*?5,
C. Freysoldt"®, M. Marques"’®, V. Olevano*?, Y. Pouillont%1°, M.J. Verstraete"'*

LEuropean Theoretical Spectroscopy Facility (ETSF)
2Universite Catholique de Louvain, Louvain-la-Neuve (Belgium)
3University of Lund, Lund (Sweden)
4LSI, CNRS-CEA, Ecole Polytechnique, Palaiseau(France)
5C.E.A. Grenoble, Grenoble (France)

SFritz-Hab er-Institut, Berlin (Germany)

’F. U. Berlin, Berlin (Germany)
8U. Coimbra, Coimbra (Portugal)
8Fritz-Hab er-Institut, Berlin (Germany)

JInstitut NEEL, CNRS and U. JosephFourier, Grenoble (France)
Oyniversidad del Pas VascoUPV/EHU, Donostia-SanSebastan (Spain)
HU. York, York (United Kingdom)

In order to allow software applications to interact and exchangedata, le format speci cations
are mandatory. Widely agreed le format speci cations are still lacking in the eld of rst-
principles calculations of material properties. One of the (numerous) objectivesof the European
Network of Excellence\NANOQUANT A" (that is about to launch the \Europ ean Theoretical
Spectroscopy Facility") is preciselyto specify le formats, for the contents that are relevant to
the scienti ¢ activity of its constituent nodes. The presen article givesan overview of the agreed
speci cations, relevant for selectedcortent (crystallographic/density/p otential/w avefunctions).
The speci cation relieson the NetCDF library, widely usedin many di erent scieric commu-
nities. It is a binary format, that provides complete portability of the les accrosslanguages
(C/IC++/F ortran/...) and platforms (big/little-endian is irrelevant). The les are addressedby
content, bringing in the additional advantagesof extensibility and automatic badkward compat-
ibilit y. Di erent software applications already implement this speci cation, for which a specic
I/0 library has been deweloped. It is hoped that it will be implemented in other software
projects, or (at least) will be the basisof even better le format speci cations.
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1 Intro duction

In a domain of application where di erent software projects coexist, user'sdemand often drives
le standardization. Dierent standards might be used concurrently, as, for example, JPEG,
PNG, GIF, EPS, ... , that encale 2D images. The dewelopmern of assaiated conversion software
quickly follows the de nition of the speci cation.

Howewer, in a eld which isin constart mutation, such as rst-principles calculations of materials
properties (electronic-structure based), every software project usually dewelopsits own type of
les, matching its capabilities at one momert in time, without paying much attention to le
standardization. For reasonsof easeof developmert and economicaluse of storage space,the
large les are naturally basedon the binary represenation provided by the native programming
language (e.g. F77/90, C/ C++). This has sewral drawbadks: (i) the produced les might
not be portable between a big-endian platform to a little-endian platform (and vice-versa), or
betweena 32 bit and a 64 bit platform; (i) les written in F77/90 cannot be easily read by
C/C++ codes(and vice-versa); (iii) these les are not extensible,and one le producedfor one
particular version of the software might not be readableby a past/forthcoming version.

These problems were addressedby software sciertists and se\eral other sciertic communities
already a long time ago. In particular, the meteorology/climatology community deweloped a
library, called NetCDF [1,2], that provides tools for generating/reading les that are portable
accrossplatforms (independen of the native binary encaling -big/little endian- but alsoof some
platform specicity, like the 8-byte encaling of single precision on Cray madhines, instead of
the usual 4 bytes), independert of the programming language (C/C++, F77/90, Java, Perl,
Python, ...), and addressedby cortent (usually solving the problem of badkward compatibilit y).
This appearsin retrospect as a crucial step in the cross-alidation of simulations performed by
di erent groups, working with di erent platforms and codes.

The idea of standardization of le formats is not new in the electronic-structure community [3].
Howewer, it proved di cult to adieve without a formal organization, gathering code dewelop-
ers with a sucient incertive to realize e ective le excange between software. In the EU
Nanoguanta Network of Excellence (see Appendix 1, where the connection with the future
\Europ ean Theoretical Spectroscopy Facility" -ETSF- is outlined), the standardization of le
formats appearsas an explicit goal of the project. For the sake of brevity, we will refer to this
project asNQ/ETSF. After sewral preliminary stepsneededto achieve this goal, involving dis-
cussionson coding rules, selectionof cortact personsfor the di erent NQ/ETSF software, and
an agreemen to use NetCDF for large les (instead of native binary les), a speci cation for
NQ/ETSF le formats wasgradually written, by way of \mini-w orkshops" and e-mail exchange.

The outcome of this procedureis a documernt available on the NQ/ETSF site [4], whose main
ideas will be preseried here, together with sewral detailed excerpts. This speci cation has
already been implemened in dierent software, either on the basis of a full- edged library,
ETSF_IO [5,6] or using an early exploratory interface [7] . Additional information can be found
in Refs.[8,9].

Actually, NetCDF is not the only possiblestandard in the above-mertioned context. HDF [10]
also implemernts a software solution that addresseshe portabilit y and extensibility problems.

54



NetCDF being already used by sewral NQ/ETSF software projects at the start of our work,
without major drawbadks (considering our target use), we simply stuck to this choice. As a
matter of fact, NetCDF and HDF have now announcedthat they would merge within a few
years.

Section |l presens a brief accourt of the major characteristics of NetCDF, then outlines our
generic design decisionsfor the NQ/ETSF le format specication, and lists the few global
attributes of NQ/ETSF NetCDF les. The readerwill not nd there a full description of the
use of NetCDF, but only sucient NetCDF badground to understand our design decisions
and the NQ/ETSF speci cations themsehes. Then we presen (Section I11) the speci cation
for les that contain (at least) a charge density, represetied on a regular grid in real space.
This is the simplest part of the NQ/ETSF speci cation, thus providing an excellet example
of our methodology. In section IV, we briey describe the speci cation for the potentials,
crystallographic data and wavefunction parts of the NQ/ETSF les. SectionV summarizesthe
preser status of the speci cation, and planned improvemerts.

2 Generic design considerations

In a NetCDF (Network Common Data Form) le, a seriesof numerical arrays can be stored,
ead under the name of a variable, that might possesne or sewral attributes and possibly
one or se\eral dimensions. One nds alsothe global attributes of the le (not assaiated to one
particular variable).

The NetCDF library provides functions to initialize a NetCDF le, to create variable names
and their dimensionsin this le, to assaiate attributes to them, to de ne their dimensions,and
to store the assaiated numerical data. It provides also functions to inquire about the content
of a le (names of variables, assaiated dimensionsand attributes), to accessthe information
assciated to a variable name (in full or by segmets), to copy it, to rename attributes or
variables, or to delete some of its content. Thanks to the powerful inquiry functions, it is
possibleto get full information from a NetCDF le without a priori knowledge of its cortent.
In most caseshowever, the userknows the name of the variables, the cortent he/she would like
to retrieve, and the assaiated dimensions.

The ability of NetCDF to retrieve the information, irrespective of the actual physical layout of
the le, is a key characteristic allowing exchange of data betweendi erent software (and also
di erent versions of the same software), that cortrasts with the rigidity of the usual binary
represenations.

The rst stepin the NQ/ETSF speci cation consistsin the de nition of variable names,assai-
ated dimensionsand attributes, and accuratede nition of the corresponding physical quantities.

Our rst design decision, following from the exibilit y of NetCDF, dealt with the dierent
types of variables/attributes and assaiated numerical information that might be stored in a
NQ/ETSF NetCDF le. We distinguished four di erent typesof variables:

(A) The actual numerical data (which de nes whether a le cortains wavefunctions, a density,
etc), for which a name must have beenagreedin the speci cation documert [4] (and properly
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described in this speci cation documert).

(B) The auxiliary data that is mandatory to make proper usageof the actual numerical data of
A-type. The nameand description of this auxiliary information is alsoagreedin the speci cation
documert [4].

(C) The auxiliary data that is not mandatory to make proper usageof the A-type numerical
data, but for which a name and description has beenagreedin the speci cation documert [4].

(D) Other data, typically code-dependert, whoseavailability might help the useof the le for a
speci ¢ code. The name of thesevariables should be di erent from the nameschosenfor agreed
variables of A-C types. Sudc other data might even be redundant with them.

The four typesare compatible with a le being su cien tly complete for use by many di erent
codes, though adapted to the speci ¢ usageby eah. The NQ/ETSF le descriptionsto be pro-
vided below (and fully in the speci cation documert [4]) are basedon this genericclassi cation:
for three setsof numerical data (A-type : density/p otential ; crystallographic ; wavefunctions),
we de ne the auxiliary data that is mandatory to make proper usageof it (B-type variables).
In addition, we provide hamesfor variablesthat can be either mandatory or not (in the context
of a le containing a density/p otential, or a wavefunction, or crystallographic data, or other
large numerical data not yet taken into accourt), but for which a NetCDF description hasbeen
agreed.

Sometechnical details concerningthe use of NetCDF les will apply to all speci cations in the
NQ/ETSF framework:

(1) Concerningthe namesof variables, attributes, and dimensions,long nhameshave beenchosen,
ascloseaspossibleto natural language(so inherently self-descriptive, €.g. \n umber_of atoms").

(2) All namesare lower case,exceptthe global attribute \Convertions" - a name agreedby the
NetCDF community.

(3) Underscoresare usedto replaceblanks separating words in hames.

(4) In the speci cation of the dimensionsof the variables, the slow indices are left-most, and
the fast indices are right-most, like in C, so that the order of indices has to be reversedin
FORTRAN.

We comenow to the description of global attributes, and of two attributes usedfor many di erent
variables.

Global attributes are usedfor the generaldescription of the le (mainly the le format conven-
tion). Important data is not cortained in attributes, but rather in variables. There are v eglobal
attributes in NQ/ETSF les: \le _format", \le _format_version", \Convertions", \history", and
\title". The rst three are mandatory, while the fourth and fth are optional. \le format" is a
character string, always equalto \ETSF Nanoquarnta" . The real number\le _format_version"
givesthe version of the speci cation (2.1 at presen). \Convention" is a NetCDF recommended
attribute specifying where the corventions for the le can be found on the Internet, in our
case\ http://www.etsf.eu/filefo rmats". The string \history" is a NetCDF-recommended
attribute: ead code modifying/writing this le is encouragedto add a line about itself in the
history attribute. The string \title" is a short description of the content of the le.
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The problems assaiated with the de nition of units have also beenaddressedin a global way,
although the corresponding attributes will all be assaiated to a particular variable. \units" is
oneof the NetCDF recommendedattributes. It appliesto sewral variablesin our case,although
many of them (e.g. integer type variables) do not have a physical dimension (for variables with
a physical dimension, this attribute is required). The use of atomic units (aka Hartree, the
\units" variable attribute having the string value \atomic units”) is advised throughout for
portability. If other units are used, the de nition of an appropriate scaling factor to atomic
units (\scale_to_atomic_units" attribute) is mandatory. Actually, the de nition of the name
\units" in the NQ/ETSF les is only informativ e: the \scale_to_atomic_units" attribute should
be the only one usedfor machine reading of the le. Indeed, if \units" is something other than
the character string \atomic units" (basedon Hartree for energies,Bohr for lengths) we request
the de nition of an appropriate scalingfactor. The appropriate value in atomic units is obtained
by multiplying the number found in the variable by the scaling factor. Examples:

units=\eV" ! scaleto_atomic_units = 0.036749326
units=\angstrom" ! scaleto_atomic_units = 1.8897261
units=\parsec" ! scaleto_atomic_units = 5.8310856e+26

This can be used to deal with unknown units. Note that the recommendedvalues for the
fundamertal constarts can be found in Ref. [11].

Dimensions(in the C/C++/F ortran sense)are usedfor one- or multi-dimensional variables. It
is very important to remenber that the NetCDF interface adapts the dimension ordering to
the programming languageused. The notation presened in the next sectionsis C-like, i.e. the
last index varies fastest. In Fortran, the order is reversed. When implementing new reading
interfaces, the dimension namescan be usedto ched the dimension ordering. The dimension
namesalso help to identify the meaning of certain dimensionsin caseswhere the number alone
is not su cien t.

NetCDF les that respect the NQ/ETSF speci cations should be easily recognized,irrespective
of whether they contain a density, wavefunctions, or crystallographic data. We suggestto append
the string \-etsf.nc" to their names. The \.nc" extensionis a standard corvention for naming
NetCDF les [12]. Some lesystems are case-insensitie, and this motivatesthe lower-casechoice.
Finally, a dashis to be preferredto an underscoreto allow the les to be referencedby a Web
searh engine.

3 Specifying a density

We now specify the cortent neededfor a le to bedeclareda NQ/ETSF density le (the density
is represerted on a real spacegrid). Of course,it should follow the generalrules indicated above.

Sud a le should cortain (at least) three global attributes, two variables, and seven dimensions.
The three global attributes (\le _format", \le _format_version" and \Conventions") have been
mentioned in Section||.

The most important variable is \density". It is a type-A variable for a le to be declared
NQ/ETSF density le (and the only type-A variable neededfor a le to be declareda density
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le). lIts structure is the following (under C/C++ corvertion for ordering { Fortran is just the
reverse):

double [number_of componerts] [number_of grid points_vector3] [number_of grid points vector2]
[number_of_grid _points_vectorl] [real_or_complex density]

In the presen status of the speci cation, suc a \density" is suitable to represent densities
obtained on a homogeneous3D grid, typical of norm-conserving pseudopotential calculations,
i.e. pseudalensities. In caseof ultrasoft pseudomtertials, or Projector-Augmented Waves, the
augmernation cortribution is missing. Similarly, a specic treatment to represen the density
inside an atomic sphere(as in Augmented Wave formalisms) is not yet de ned. Later work will
include the extension of the speci cation to sudc other basis methodologies.

The \units" attribute is mandatory. By default, the density is given in atomic units, that is,
number of electronsper cubic Bohr. If another unit is used,the attribute \scale_to_atomic_units"
is mandatory.

Eight other type-B variablesor dimensionsmust alsobe speci ed in a NQ/ETSF density le, for

the purposeof being able to interpret correctly the information contained in the \density" vari-

able: \n umber_of_componerts”, \n umber_of_grid _points_vectorl", \n umber_of_grid _points vector2",

\n umber_of_grid _points_vector3", \real _or_complexdensity", \primitiv e_vectors", \n umber_of vectors",
and \n umber_of_cartesiandirections”. All of them, except\primitiv e_vectors", are NetCDF di-
mensions.

\n umber_of_componenrs” is a dimension, with value 1, 2 or 4, related to the spin characteristics
of the density: 1 if the density is a spin-scalar, 2 if the density is spin-collinear (spin up and
spin down), 4 if the density is spin-non-collinear (averagedensity, then magnetization vector in
cartesian coordinates x, y and z).

\n umber_of_grid_points_vectorl" givesthe number of grid points along direction 1 in the unit
cell in real space. A similar meaning applies to \number_of_grid points_vector2" and \num-
ber_of grid_points_vector3". The real spacegrid starts at the origin in real space,with coordi-
nates (0 0 0).

\real _or_complexdensity" is a dimension,with value 1 or 2, respectively, depending whether the
density is real or complex, respectively. Complex densitiesin real spacemight happen in the
framework of responsesin perturbation theory.

The primitiv e vectors are now de ned thanks to the variable \primitiv e_vectors", with structure
(under C/C++ convertion for ordering { Fortran is just the reverse):

double [number_of vectors] [number_of cartesian directions]

The primitiv e vectors are speci ed in cartesian coordinates. The two additional dimensons
\n umber_of vectors" and \n umber_of_cartesian directions" are always equal to 3. Despite the
xed value (\3") attributed to both of these dimensions,we chooseto de ne them, in order to
waive any ambiguity in the ordering of the dimensionsfor the \primitiv e_vectors" variable.
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4 Outline of the full speci cation

The full speci cation documert [4] proceedsfrom the simplest conceptsto the most complex
ones,at varianceto the order by which we presernied the speci cation of the density in Section
[11. After global attributes and the other widely used attributes, dimensionsare de ned, then
seweral optional (typically type-C) variables,then nally the type-A and type-B variables.

Someof the dimensionshave already beendescribed in SectionllIl : \n umber_of vectors", \n um-
ber_of_cartesiandirections”, \n umber_of_componerts”, \n umber_of_grid _points_vectorl", \n um-
ber_of_grid _points_vector2", \n umber_of_grid_points_vector3", \real _or_complex.density".

Additional dimensions include (the list below is not exhaustive): \character_string length",
\real _or_complex wavefunctions", \n umber_of_symmetry_operations", \n umber_of_atoms", \n um-
ber_of atom_species",\n umber_of kpoints", \n umber_of spins", \n umber_of _spinor_.componerts",
etc.

We decidedto addressfrom the very start the possibility to distribute the data on dierent
processors,ead accessingone of a seriesof les, which together cortain the full information.
In this context, we have assaiated to some of the dimension variables an additional pair of
variables describing the distribution (or splitting) of data.

As an example, supposethat one dealswith sewen wavevectors (nicknamed kpoints) in the Bril-
louin Zone,with a wavefunction le to bedistributed ontwo processorgdhencetwo wavefunction
les, onecortaining e.g. information related to wavevectors number 1, 3, 5 and 7, and the other
cortaining information related to wavewvectors number 2, 4 and 6). The value of the variable
\number_of kpoints" will be 7 in both les (asif the le had not beensplit), the value of the
variable dimension\my_number_of kpoints" (not de ned if the le were not split), will be four
for the rst processor le and three for the secondprocessor le. The value of the variable
\my kpoints" (not de ned if the le werenot split) will be (1,3,5,7) for the rst processor,and
(2,4,6) for the secondprocessor.

In the category of optional variables (type-C), whosenameswere agreedupon in order to avoid
divergenceof the format for the additional data, one nds (the list below is not exhaustive):
\v alencecharges", \n umber_of_electrons”, \kp oint _grid _vectors", \exchangefunctional", etc.

At this stage, the speci cation documert [4] presents the type-A and type-B variables for a

le with crystallographic information. Sudch a le should contain (at least) three global at-

tributes, sewen variablesand v e dimensions. The type-A variablesare \primitiv e_vectors", \re-

duced symmetry_matrices", \reduced _symmetry_translations", \space_group", \atom _species",\reducedator
and one among \atomic _numbers", \atom _speciesnames", \c hemical_symbols"

After presering the caseof les with crystallographic information, the speci cation goeson with
density and/or potential information. The density speci cation wasfully describedin Sectionll|
of the presen article. The speci cation for di erent typesof potentials (Hartree, Kohn-Sham,
exdchange-correlation) is very similar.

The last type of content of a NQ/ETSF NetCDF le concernswavefunctions. The speci cation
considersthat such a le should contain enough information for one to be able to construct
a density from it. Also, since the eigervalues are intimately linked to eigenfunctions, it is
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expectedthat such a le contains eigervalues. Of course, les might cortain lessinformation than
that required above but still follow the naming convertions of NQ/ETSF. At least the above-
mertioned considerationslead to a consistert choice of mandatory (type-A) variables. Sud a
le should cortain at least three global attributes, twelve variables, and eleven dimensions. We
will not describe in detail this last type of le in this overview.

5 Summary and discussion

A full specication for les with selectedcontent related to electronic structure and crystallo-
graphic data has beende ned, that relies on the NetCDF library. This speci cation inherits
naturally of all the interesting properties of NetCDF-based les, in particular portability and
extensibility. It is designedfor both serial and parallel usage.

Seweral software in the Nanoguanta context can produce or read this le format. In order to
further encourageits use, a library of Fortran routines [5] has been set up, and is available
under the GNU LGPL licence. This library introducesan API with three levels of access.The
lowest level is a wrapper around NetCDF callsto be able to call with oneroutine the commonly
asseiated NetCDF calls (including dimension cheds during read or write access). This level
is independert of the NQ/ETSF speci cations. Basedon this low-level API, the group level is
de ned to give accesdo groups of variables matching the NQ/ETSF speci cations. This group
level givesan easy-to-useAP| to NQ/ETSF les with transparent handling of unit corversions...
It is alsodesignedto avoid asmuch memory copy aspossiblewith a mapping betweenNQ/ETSF

variable de nitions and internal variablesof userprograms. Finally athird level API is available
with incorporated routines sud asvalidity cheders.

These APl handle all the speci cations (in their current version 2.1), including attributes and
le splitting for parallel runs. An implementation in Fortran90 of these APl hasbeendone and
is available on the Web [5]. A concurrert implementation in C is also scheduled.

Although the presen version 2.1 of the speci cation allows already e ective communication
betweendi erent software, there is ample room for generalizations,along at least two di erent
axes: (1) some other heavy numerical quartities might be specied, e.g. dielectric matrices
that appearin the GW approximation, (2) basis sets beyond a regular 3D grid or a sphereof
planewaves, naturally assaiated with norm-conserving pseudopotentials, might be supported.
Concerningthe latter axis, we are consideringthe de nition of a support for waveletsin version
2.2 of the speci cation.
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7 App endix

Nanoquanta is a Network of Excellencefunded by the European Commission's Sixth Frame-
work Programme (FP6). Operating from June 1st, 2004to May 31st, 2008 and consisting in
10 nodes and over 100 researders, Nanoguanta integrates and dewelops the researt capabil-
ities of ten Europeanteamsin the eld of the fundamenal scienceof nanoscalesystemsand
advanced materials (especially related to electronic spectroscopy and/or involving many-body
perturbation theory), exploiting the powerful combination of quantum-mechanical theory and
computer simulation to make contact with experimental studiesin nanoscienceand alsodirectly
with technologically relevant electronic, dynamic and optical processes. The Network's nal
result is the European Theoretical Spectroscopy Facility (ETSF), which will have strong links
with a wide range of researt groups and will collaborate with usersfrom acrossscienceand
industry in projects related to the spectroscofy of nanoscalesystemsand advanced materials.
Further information can be obtained from the http://www.etsf.eu/ Web site .
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