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1 Editorial

We have just learnedthat Volker Heine, the driving force behindthe Psi-k network, hasbeenawarded
2001 Max Born medalandprize”F or his pioneeringtheoeetical and computationaktudiesof the elec-
tronic structue of solidsandtheir applicationto physicalproperties,including his recentcontributions
to the developmenbf a new field of "mineral physics™. More detailson the award andthe medallist
will be publishedn the Februaryissueof the newsletter

In this Newsletterin the General News sectionwe write aboutthe 2001 TMS Bardeenand Hume-
Rotheryawardswon by Alex Zunger andBalazsGyorffy, respectiely, andabout2001 APS Rahman
awardwon by Alex Zunger. In the TMR1 sectionwe publishthe annualreportof the InterfaceMag-
netism’ network. The RTN sectioncontainsannouncementsf a few post-doctorapositionsavailable
within the RTN network. A joint TMR2/ESFworkshopon @NonlollinearMagnetismis announcedn
the TMR2 section. In the ESF sectionwe have two reportson conference/arkshogs, five announce-
mentsof workshopsandconferencesplus a wholelist of Psi-k workshopsfor 2001. Generalposition
announcementsiamelythosenot linked to ary of the networks, canbe foundin the GeneralJob An-
nouncementsection.Additionally, afterthe General Job Announcements we adwertisecall for nom-
inationsfor 'Michelson Postdoctoral Prize’. Abstractsof newly submittedpapersare placedin the
usualAbstracts section. The newsletteris finishedwith the scientifichighlight of the monthby Niels
E. Christenser{Aarhug andD.L. Novikov (Cambridg, MA) on "High-pr essue phasesof the alkali
metals”. Pleaseseethetableof contentdor furtherdetails.

The Networkshave a homepageon World Wide Web (WWW). Its Uniform Resource Locator (URL)
is:

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

The abore containspointersto home pagesof someof the membersof our electronicstructurecom-
munity. If you maintaina homepageon your actvities we will be hapy to includea pointerfrom the
Networks’homepageto yourhomepage.

Pleasenotethatthe homepageof the Psi-k Networks hasrecentlybeenupdated.it containsusefulin-
formationregardingfunding of workshopsandcollaboratve visits within the ESFProgrammelts major
new featureis a separatdighlight sectionwhich containsall highlight articlesof the Newsletterspub-
lishedsofar.

Pleasesubmit all material for the next newslettersto the email addressbelow.

Thefollowing email addressesyhich remainin operation,arerepeatedor your corvenienceandare
the easiestvay to contactus.



function

psik-coord@dareshury.ac.uk message$o the coordinators, editor & newsletter
psik-management@daeshury.ac.uk messageso the NMB of all Networks
psik-network@dareshury.ac.uk message$o the whole W, community

Dzidka SzotekandWalter Temmerman
e-mail: psik-coord@dl.ac.uk



2 GeneralNews

2.1 Bardeen,Hume-Rothery, and Rahman Awards for 2001

BalazsGyorffy and Alex Zunger receve 2001TMS and APS awards

The Minerals,MetalsandMaterial Society(TMS) hamedAlex Zunger, researctiellow of the National
Reneval Enegy Laboratory USA, astherecipientof its 2001JohnBardeemward,andBalazsGyorffy,,
professoof physicsatthe University of Bristol, UK, astherecepienof its 2001 William Hume-Rothery
Award. Alex Zunger hasalsobeendeclaredby the AmericanPhysicalSociety(APS) asthe winner of
the2001Rahmarprize.

TheTMS JohnBardeemrAwardwasestablishedn 1994andrecognizesinindividual who hasmadeout-
standingcontritutionsandis a leaderin the field of electronicmaterials. This prize is namedin honor
of thetwo-time PhysicaNobelPrizeLaureateJohnBardeen(in 1956,with Shocklg andBrattainfor the
inventionof the transistor;andin 1972with CooperandSchriefer for the BCStheoryof superconduc-
tivity).

The TMS William Hume-RotheryAwardwasestablishedn 1972by the Instituteof MetalsDivision of
TMS andrecognize®utstandingscholarlycontritutionsto the scienceof alloys. Theawardincludesan
invitationto therecipientto bethehonoredectureratthe William Hume-RotherfMemorial Symposium
duringthe TMS Annual Meeting.

The APS Rahmanprize is given annualyto a single person’to recognizeoutstandingachiezementin
computationaphysicsresearch”.

Alex Zunger recevesthe JohnBardeenAward”F or his seminalcontributionsto thetheoetical under
standingand prediction of "spontaneousordering”, phase-stabilityand electionic propertiesof semi-
conductoralloys; for the impactthat this work hashad on experimentalstudiesof electionic materials,
andfor his continuedeadeshipin thefield”.

Bulk semiconductoalloys suchas (GaP)(InP)_x areknown to exhibit a repulsionbetweenthe con-
stituents,so they were never expectedto order crystallographically Indeed,they wereknown to form
randomstructuresat high temperatureand phase-separatioat low temperaturesTheoryhasshawn,
however, that"surface reconstruction”- an almostuniversalfeatureof covalentsurfaces- canleadto
anorderedatomicarrangemenin alloys sincethe alternatve (randomconfiguration),s highly strained
by surfacedimers.Thus,strain-minimizingsurface-stablerderedstructuresarefrozenin-by thegrowth
process.Thelower symmetryof orderedstructuregelative to randomalloys leadsto profoundchanges
in bandgaps,optical selectionrules, effective-massespressuredependencand transportproperties,
predictedby Zungerandhis groupstartingin 1984. Orderinghassincebeendiscoseredin virtually all
covalentsemiconductoalloys. For moredetailssee:

http://lwww.sst.nre l.g ov/topic s/allo y order. html.



Theseeffects, plus the fact that control of orderingcreatesnaw, technologicallysignificantmaterials
propertieshasledto > 1000experimentalpublicationdn thisfield.

Zungeremphasizeshat his work on this theoreticalproblemwasdonein collaborationwith his post-

doctoralfellows sincel983:J.Bernard D. Laks,K. Mader R. Magri, J.L. Martins, T. Mattila, A. Mbaye,

R. Osorio,V. Ozolins,G.P Srivastaa, andD. Wood, aswell aswith his NREL associates. Ferreira,
S.Froyen,S.H.Wei andS.B. Zhang. This projectwasfundedby the U.S. Departmenbf Enegy (DOE)

Photwoltaic Program(1983-1991)andsince1991 by DOE's Office of Science BasicEnegy Science,
Division of MaterialsScience Zungers otherareasof interestincludePhotwoltaic materialsthetheory
of semiconductoguantum-dotsandthe theoreticaldesignand predictionsof stablecrystalstructures
andphase-diagrams.

This award will be presentedormally to Alex Zungerat the 130thAnnual TMS meetingon February
13,2001,in New Orleans.

Previousrecipientsof thisawardincludeM. Panish(1994);N. Holonyak (1995);L.G. vanUitert (1996);
J.B.Goodenouglf1997);S. Mahajan(1998);L. Kimerling (1999)andA. Chang(2000).

Biography: Alex Zungeris aninstituteResearclrellon andleaderof the Solid StateTheoryattheU. S.
Departmenbf Enegy’s NationalRenavable Enegy Laboratory(NREL). He receved his B. Sc,M.Sc
andPh.Deducatioratthe Tel Aviv University, Israel(PhD:1976 in chemicalphysics),anddid his post-
doctoraltraining at NorthwesterriJniversity Evanston|ll. (1975-1977)and(asIBM Fellow) University
of California, Berkeley (1977-1978). He joined the nenly foundedNREL in 1978 wherehe established
the Solid StateTheorygroupandtrainedandcollaboratedsince with 35 post-doctorafellows. Heis an
authorof 400 journal publications,ncluding over 85 in PhysicalReview Lettersand Rapid Communi-
cation. Accordingto recentresearctdoneby the Institute of Scientificinformation(ISl), heis the 39th
mostcited physicistout of morethan500,000physicistsexamined basedn publicationgn 1981-1997in
all branche®f physics(hiswork wascited-8,000times).His work centerson developmentandapplica-
tion of "First-Principles”electronicstructuretheoryof "real materials”. It includesthe developmentof
“first-principlespseudopotentialsiccurateaxchange-correlatiofunctionals;the momentum-spacetal
enegy formalism;simultaneouselaxationof atomicpositionsandelectronicwave functions;"order N”
electronicstructureapproachesand’cluster expansions’for alloy thermodynamicsThesetechniques
wereappliedby him to metalalloys, quantumsemiconductonanostructuregointsdefectsandsurfaces.

BalazsGyorffy recevesthe Hume-RotheryAward”F or the invention[1] and, with his collaborators,
the pioneeringuse[2,3] of the KKR-CFA”

By the mid 1930-iesthe impactof QuantumMechanicson CondensedViatter Physicshascalled for
booksto rewrite the subject. The first monographsvere"The Theory of the Propertiesof Metalsand
Alloys” by N.F. Mott andH. Joneq1936),and"The Structureof MetalsandAlloys” by William Hume-
Rothery(1936). The award which bareshis namehasbeenestablishedby the American Minerals-
Metals-MaterialsSociety (TMS) to celebrateHume-Rotherys early recognitionthat the structureof
metalsandalloys is determinedby the quantummechanicaktatesof the electronglue that holdsthe
positively chaged nuclei together In particular the famous’Hume-RotheryRules’ called attention
to the correlationof electronper atomratio, e/a, and crystal structurein metallic alloys Thus, it is



not surprisingthata few yearsagothe prize wasawardedto David Pettifor for the introductionof the
Mendeleg numberto explain structuremaps. Similarly, it is appropriatehat the 2001 award wentto
BalazsL. Gyorffy for theinvention[1] and,withhis collaboratorsthe pioneeringuse[2,3] of the KKR-
CPRA.

Randomsolid solutionsarea scientificallyinterestingandthechnologicallyimportantclassof materials
but dueto thefactthatdisorderis anessentiafeatureof the problemnoneof the standardirst-principles
methods like LAPW, Pseudopotentialgtc., could deal with the problem. In the handsof B.L. Gy-

orffy, G.M. Stocks,J.S.FaulknefW.M. TemmermanJ.B. Staunton,J. Wadsworth, Z. Szotek,S. Lovatt,

P. Weinbeger, A. Pindor PJ. Durham,D.D. JohnsonJF.J. Pinski, A. Gonis,H. Winter, H. Ebert, B.

GinatempoandD.M. Nicholson,the KKR-CPA becamea fully self-consistentspin-polarizedandrel-

ativistic first principlesmethodfirmly basedon LDA of Density FunctionalTheoryin the late 1980-ies
[4]. Fromthenonit hasbeenusedio make progressvith mary importantproblemssuchas: Copositional
ShortRangeOrder[5], Evolution of the FermiSurfacesAlloys with Concentratiorj6], ElectricalTrans-
portin Metallic Alloys [7], The Invar Problem[8], SurfaceAlloys [9], Local Momentsand Magnetic
fluctuationsin Metallic Paramagnet§10] and Oscillatory MagneticExchangeCoupling AcrossAlloy

Spacerd11] to mentionbut the highlights. Recently encouragedy the successesf KKR-CPA , an
LMT O versionof the CPA hasbeendeveloped.Theimpactof LMT O-CFA hasbeenrecordedn avery
readablébookof Turek,Drchal,Kudrnossky, Sob,andWeinbeger[12].

BalazsGyorffy will presentiis Hume-RotheryAwardlectureatthe’2001 William Hume-RotherySym-
posium’atthe 2001 TMS Annual Meetingin New Orleanson Monday Februaryl2,2001. Thetitle of
thelectureis: "On the quasiparticlespectreof superconductingandomalloys”.

Biography: BalazsL. Gyorffy receved his B. Sc. andPh. D. from Yale University He hasheldthe
following positionsat the University of Bristol: 1970-1980Lecturer 1980-1987Reader1987-present
Professorof TheoreticalPhysics. He hasheld visiting positionsat Oak Ridge National Laboratory
Brookharen NationalLaboratory Institute Laue-Langean, Grenoble University of Toronto,and Tech-
nical University of Vienna. In collaborationwith mary, but particularly with G.M. Stocksand J.S.
Faulkner he inventedand pioneerecdthe applicationof the Korringa-kohn-RostokrCoheent Poten-
tial Approximation,a first-principlesmethodfor calculatingthe electronicstructureof metallic alloys.
Advancegnadeusingthe KKR-CPA aresummarizedn Ref. [5]. BalazsGyorffy hasbeenelectedanex-
ternalmemberof the HungarianAcademyof Science$1995),Fellow of the Instituteof Physic51998),
andwasco-recipientof the GordonBell Prize(1998).He hasauthoredor co-authored®20 publications.

References:
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The APS Rahmanprize Alex Zunger receves"F or his pioneeringwork on the computationalbasis
for first-principleselectionic structue theoryof solids”. This award, centeringon a differentaspeciof
Zungers work thanthe onedepictedby the JohnBardeenAward, focuseson Zungers developmentof
first-principlesmethodologiedor predictingpropertiesof solids. Theseinclude: (i) The early devel-
opmentof first-principlesLDA atomic pseudopotentialfTopiol, Zunger Rutner Chem. Phys. Lett.
49, 367 (1977),and Zungerand Cohen,Phys. Rev. B18, 5449(1978)]; (ii) the pseudopotentiaiotal
enegy andforce methodglhm, ZungerandCohen,J. Phys. C12, 4409(1979);(iii) the strat@y of si-
multaneouselaxationof atomicpositionsandelectronicchage densitiesa precursorto CarParrinello
[BendtandZunger Phys. Rev. Lett. 50, 1684 (1983)]; (iv) accuratesxchange-correlatiofunctional,
(v) the self-interactioncorrection(Perdev andZunger Phys.Rev. B23, 5048(1981)],and;(vi) mixed-
basisclusterexpansiorfor predictionof groundstatecrystalstructuresandthetemperature-composition
phase-diagraraf alloys. Otherareaf interestof A. Zungerincludephotovoltaic materialsspontaneous
orderingin solids(the subjectof theyear2001Bardeemward) andquantumnanostructures.

Previous recipientsof this award include Ken Wilson (1993), JohnDawson (1994), RobertoCar and
Michele Parrinello (1995), Steve Louie (1996), Donald Weingarten(1997), David Ceperlg (1998),
MichaelKlein (1999)andMichael Creutz(2000).

This award will be presentedo Alex Zungerat the annualAPS meetingin Boston,MA, on June25,
2001.Theannouncemenwill appeatn theMarch2001lissuesof the APSNews.



3 Newsfromthe TMR1 Network

"Interface Magnetism”

3.1 Annual Report of TMR1-Network

Report of TMR-Network: "Interface Magnetism”

This Network is concernedwith abinitio calculationsof magneticpropertiesof surfaces,interfacesand
multilayers. The Network is structuredaround6 projectswith 6 partnersn the UK, Germaly, France,
Austria,theNetherlandeaindSwedercontrituting. Thisreportcoversthefourthyearof operation(1999-
2000)andwe canseethatthis Network hasemplged up to 10 youngresearcherduring the reporting
period. Our Network hadan extremely successfulearleadingto wide internationalrecognitionof its
work. Firstly, a Network membersharesEuropes Most PrestigiousPhysicsPrize, the "Agilent Tech-
nologiesEurophysicsAward for the Discovery of Magnetic X-ray Dichroism”. Paolo Carra(ESRF
GrenobleFrance) GerritvanderLaan(Dareshiry Laboratory Warrington,UK) andGiselaSchutz(In-
stitute of Physics,Wuerzlurg, Germary) have won the EurophysicsAward for the year2000for their
"Pioneeringwork in establishinghe field of magneticX-ray dichroism,... leadingto adwvancesin the
fields of electronic,electricaland materialsengineeringwhich representscientific excellence”. The
award ceremogy took placeon March 17", 2000duringthe EPSCondensediatter GeneralConference
in Montreux, Switzerland.Secondly Network membershave publishedtwo articlesin Natureandone
in Sciencejn additionto mary publicationsin PhysicalReview Letters. A shortreporton eachof the
articlesin ScienceandNatureappearsn the Highlightsfurtherbelow.

The statusof the different projectsis asfollows:

Interlay er Coupling At the beginning of this Network, the study of interlayerexchangecouplingrep-
resentedone of the strongestactities within the Network, actvities to which all nodescontriluted
strongly Now attheendof theregularperiod,theseefforts areslowvly fadingoutandinsteadwve obsere

a strongshift to spindependerttansport,.e. giantmagnetoresistan@ndtunnelingmagnetoresistance.
Thereasorfor thisis twofold. Firstly, this follows the realisationof the importanceof spin-dependent
transportfor future magnetoelectronicsSecondlythis is a consequencef the factthatinterlayercou-
pling is now to alarge extentwell understoodThatsuchagoodunderstandingouldbeachieved,canbe
consideredasbig succes®f our Network. Without exaggeratiorwe canclaim, thatthe mostimportant
theorycontritutionscamefrom our Network. Herewe justlist afew highlights: (i) the pioneeringpaper
of Patrick Bruno shaving the connectiorof the oscillationperiodswith the Fermisurfaceof the spacer
(i) theenormousamountof calculationgby the Austrian-Czeclyroupaboutthe effectsof interdiffusion
attheinterfaceandof alloying in both the spacerandthe ferromagnetidayer, (iii) the detailedstudies
of the Swedish,British and Frenchgroupsfor the understandingf the complex Fe/Cr systems(iv)
the calculationsof the spindependenteflectionandtransmissiorcoeficientsof the DutchandGerman
groups.etc. Very mary of thesepapershave beenpublishedin PhysicalReview Lettersandarewidely
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recognised.

Neverthelessduring the currentreportingperiod Dr N Lathiotakis,the TMR researclassistanof the
UK node,hascompletedhe studyof Oscillatory ExchangeCoupling (OEC) of magneticdlayersacross
ametallicalloy, Cu:Niy1_¢, spacerIn this work theamplitudeandphaseaswell asthe frequeng of the
OEC was calculatedon the basesof an asymptoticanalysisin the context of a first-principles(KKR)
framework for thefirst time. In additionto satishctoryagreemenwith experimenthe founda new pe-
riodicity, determinecby a new external spanningvector of the Fermi Surface,asthe Ni concentration
approactc ~ 11%. Thisdiscorery hasbeenreportedona posteratthe Psik2000Conferenceandapaper
aboutit appearsn the PhysicalReview B (SeptembeR000).As we have forecastn our previousreport
we have investigatedhe bi-quadraticcouplingby thesamdfirst-principlesasymptoticanalysisastheone
we have developedfor the studyof the quadraticOEC. This work hasnow beencompletedanda paper
aboutit is in preparation.On the matterof staf supporteddy this grantwe arehapyy to reportthatthe
post-docDr N Lathiotakis,wasofferedandacceptednotherpost-doctorapositionat the University of
Wirtzturg in thegroupof ProfessoE A K Gross.

This work wassupplementetby areview of the AT node,togethemwith the DE node,on the theoryof
interlayercoupling(in the LMT O-bookof H. Dreysse)andby work of the Dresdergroupon interlayer
couplingin the Fe/Ausystem.

Magnetic Anisotropy and Surface Structur e This projecthashada post-dochasedwith the Swedish
team,first J.Henkfrom DE andafter Dr. Henkleft the groupfor aresearchpositionin Halle, Dr.O.Le
Bacq joined the group (in June1999). The Swedishnode has establishedyood contactwith world
leading experimentalgroupson thin film magnetism(lead by Prof. K.Baberschk in Berlin and by
Prof.R.\WApplingin Uppsala).After alearningperiod,Dr.Le Bacghasstudiedthe magneticproperties
(spin and orbital magneticmomentsand magnetocrystallineanisotroy-MAE) of Fe,/V, multilayers
for variousvaluesof n andm. Experimentadatashav thatwhenn=2 andm=>5the MAE givesthe out
of planedirectionasthe easyaxis, whereador n=4 andm=4 the MAE givesa momentin plane. The
experimentaldatahave successfullybeenreproducedisinga highly accuratdirst principlesfull poten-
tial electronicstructuremethod.The microscopicaleasorfor this spinreorientatiortransitionhasbeen
analysedn detail, andit hasbeenestablishedhat both structuraleffects (lattice distortion and lattice
expansion)n combinatiorwith the Fe-V interaction(hybridization)arecrucialfor the MAE. In addition
anovel method,basedon elasticitytheory for calculatingthe in-planeandout-of-planelattice constant
of ary multilayerhasbeendevelopedandshavn to agreewith experimentswith goodaccurag.

A large effort of the actwities of the ViennaNodewasdevotedto the magneticanisotroy andperpen-
dicularmagnetismin particularfor layeredsystemsawith tetragonablistortions,andhasresultedamong
othersin two joint publications.This work wassupplementetdy a similar strongactiity of the Bluegel
groupatJuelichcenteredattheanisotroy enegy of 3d layerson the surfaceof W.

Giant Magneto Resistance(GMR) Theoreticalresearchon magneticstructuresand devices contin-
uedwith emphasion the mesoscopi@ndnanoscopiaegimes. On the onehand,we considerechow
metallic ferromagnetsn contactwith conductordnject a spin-polariseccurrentinto a variety of other
materialssuchas simple normal metals,semiconductorend superconductorsOn the otherhand,we
studiedhow transporin mesoscopidevicescouldbe usedto testbasicconceptof quantummechanics
suchaschage and conductanceuantization.The behaiour of a collectionof electronspinsin small
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structurescombinesthesetwo fields. We focusedour attentionon transportin hybrids of normaland
ferromagnetiametalsaswell asferromagnetsand superconductorgur aim beingto develop novel or
improved theoreticalmethodsfor understandingransportand otherphenomenan suchsystems.The
main applicationsof this phenomenologicaheorywereto: single-electroriunnellingin magneticsys-
tems;ferromagnetic/superoducting devices;non-collineardiffusetransport.

The microscopicscatteringmatricesusedin the phenomenologicaheorydiscusse@bore werecalcu-
latedusinga newly developedformalismbasedon the TB-LMT O basisandappliedto the studyof the
interfaceresistanceof a variety of magnetic/non-magnetiaterfacesincluding disorder The disorder
wasmodelledby meansof large lateralsupercellsInterfacedisorderwasfoundto reducethe majority-
spininterfaceresistancdor a Fe/Cr(100) interfaceby a factorof three. The calculationaframework is
currentlybeingextended:to calculatespin-mixingmatriceswhich arisewhentransportn non-collinear
magneticsystemss formulatedin the circuit theorydevelopedabore; to studythe influenceof disorder
on spin-dependerttansporin tunnelingsystemsto studytransporthroughinterfacesbetweermagnet-
ic andsuperconductingnaterials.

The Giant MagnetoResistangeostdocbasedwith the Dutchteam,A. Brataas]eft at the beginning of
thereportingperiodfor a positionin Harvardandhasnotyetbeenreplaced.

The efforts of the Dutchteamwereaccompaniedy mary strongactiities in othernodes.Herein par
ticularthe Austriannodeexcelledwith mary resultsfor the current-in-plan€CIP) GMR. Moreover they
have calculatedor thefirst time alsothe current-perpendidar-to-plane (CPP)GMR which shavs mary
characteristidifferences.In additionthe Dresdengroup continuedthe discussiorof the GMR by the
Boltzmannapproachresultingin asimpleunderstandingf thedifferenttrendsandcharacteristicef CIP
andCPPconductances.

Spin—Polarised SpectroscopiesProject The main researchinterestof the Daresliry basedpost-doc
(M. Luedersfrom DE, sinceJanuaryl999)arephotoemissiortalculationgor quantum-welimultilayer
systems.During the pastyearM. Luedershastestedandvalidateda newly developedphotoemission
codeespeciallyadaptedor the study of layeredsystems.Calculationsfor Co/Cuquantumwell states
arenow in progressFurthermorethe Daresliry based\Network post-docshave performedcalculations
in supportof synchrotrorexperimentson magnetiomultilayerswhich resultedn two publications.

The Munich group hasstudied,partly in collaborationwith the Strasbouy team,the magneticcircular
X-ray dichroismof orderedanddisorderedalloys with the 3d and4d elementsThe calculationsemploy
the fully relatvistic KKR-CPA methodfor disorderedalloys. Particularemphasidgs put on the local
momentsof the 4d-atoms beinginducedby the 3d alloy partners.The resultsarein goodagreement
with avaiableMXCD datafor orderedFePdalloys andshaw, thatby combiningsuchcalculationswith
MXCD datafor partially disorderedetragonalayeredsystemsa directinformationaboutthe chemical
orderingof thefilms canbeobtained.

One publicationof the AT node dealtwith spectroscop and was basedon an exchangeof dataand
discussiongvith the groupof H. Ebertin Munich of the DE node. This in particularwasa very good
exampleof the useof the network!!

Tight-Binding KKR-Gr een’s Function Methods The intensve andsuccessfubctuities of the Net-

work in constructinchighly accurateKKR-programswerealsopersuedn the fourth year In particular
this concernghetight-bindingor screenedKKR method which wasjointly inventedby the Viennaand

12



Juelichteamsof theNetwork. Duringthelastyearanefficient’ Full-Potential-SceenedKKR-2000Codé
wasdevelopedwhich canbeappliedto boththree-dimensionadlomple latticesandsupercellaswell as
to systemswith complex two-dimensionaperiodicity i.e. finite slabs,semi-infinitecrystals,interfaces,
two coupledhalfspacetc. This programcanbe usedin boththe ASA- andthefull-potential-modethe
latter oneallowing force calculationsandstructuraloptimizations.Of course mostimportantarethe N-
scalingpropertiesachieved by the shortrangeof the’screenedstructureconstantsin addition,alsothe
otherKKR actvities wenton asplanned.For instancethe Munich efforts in constructingspin-polarised
andfully relativistic Dirac KKR-codeswhich now exist for bulk systemssurfacesjmpuritiesin thebulk
andat surfaces,layeredsystemsandso on. Anotherstrongeffort hasbeendevotedto linear response
calculationswithin the KKR schemewith specialemphasison spectroscop andtransportproblems.
Thussereral groupsof the Network areperformingalreadyKKR-transportcalculationsbasedon either
the Kubo-Greenwod or LandaueiBuettiker formalismandarethuswell preparedor the challengeof
thefuture RT-Network ' ComputationaMagnetoelectnics.

FP-LMT O-Method FP-LMT O-Method In thelastyearsthe Frenchnodehasconcentrateds effortsin
thestudyof thex-ray magneticcirculardichroism(XMCD) andits correlationto themagnetiqroperties
of solidsandmainly the spinandorbital magnetionomentsandthe magneticanisotroy enegy (MAE).
XMCD is the differencein the absorptiorcoeficientsbetweereft andright circularly polarizedx-rays.
Its popularityis dueto the developmentof synchrotronradiationthat allowed for high quality experi-
mentsandthe developmentof sumruleswhich allow to extractfrom the experimentalspectrathe spin
andorbitalmomentdgor any atom.Brunohasalsodevelopeda relationthatconnectghe orbital moment
anisotroy to theMAE for ferromagneticystemssoXMCD is alsoindirectly correlatedo the MAE. To
investigatethesephenomenathe relatiistic full-potential linear muffin-tin orbital (FP-LMTO) method
hasbeenused.This latter methodis capableof dealingwith the non-sphericapart of the potentialin a
crystalandit treatsin the samefooting all space.The methodis computationallwery demandingdout its
useis necessaryo calculatewith big accurag physicalquantitiessensitve to approximationsluringcal-
culations like the orbitalmomentandthe MAE. Severalsystemsave beenstudied goingfrom thehigh
uniaxial systemqFePt,FePdand CoPt)that presentigh MAE values,to systemswith holes(Heusler
alloys) that are potentialcandidategor spin-filters,andfinally the caseof ultra thin Fe films on top of
aW(110) substrate.In all caseghe correlationbetweerthe differentquantitiesin questionwasfound
to be straightforvard. Finally in collaborationwith the Swedishnode,the VAu, compoundwvasstudied
andtherewasfoundevidencefor theinfluenceof ligandstategAu) onthe magnetigropertiesof the 3d
atom(V) andmainly on the orbital magnetionomentof thelatter It wasshavn thatthe large spin-orbit
parameteof goldis responsibléor thebreak-davn of Hund's third rule for thevanadiumatomandthere
wasproposedaway to constructanalloy with vanishingorbital momentandMAE thatcouldbeusedin
applicationdike the AC/DC corverter

Highlight 1: The INVAR Effect- after 100yearsfinally understood

In 1897the SwissphysicistCharlesEdouardGuillaumediscoreredthatfcc Fe-Ni alloys with a Ni con-
centratioraround35 atomic% exhibit anomalousljow, almostzero,thermalexpansiorover aconsider
abletemperatureange.This effectis now known asthelnvar effect. Guillaumes discorery immediately
foundwidespreadhpplicationin the constructionof calibrated high-precisiormechanicalnstruments,

13



suchasseismographand hair springsin watches.Today Invar alloys are usedin mary temperature-
sensitve devises,suchas suneying tapesand shadev masksfor television and computerscreens.In
1920Guillaumewasawardedthe NobelPrizein Physicsfor the discovery of theseFe-Nialloys.

Thelnvar effect hasnow beenfoundin variousorderedstructuresrandomalloys or evenin amorphous
materials.Otherphysicalpropertiesof Invar systemssuchasatomicvolume,elasticmodulus heatca-
pacity magnetizationCurie (or Néel)temperaturealsoshav anomaloudehaior. It wasrealizedearly
on that the explanationof the Invar effect is relatedto magnetism.Yet, thoughit hasbeen100years
sincethis effect wasdiscorered,it wasnot understood.n arecentarticle publishedin Nature”Origin
of the Invar effect in iron-nickel alloys”(Nature 400,46 (1999)) I. Abrikososr andB. Johanssoifrom
Uppsalanodeof the Network, in collaboratiorwith Mark van Schilfgaarddrom SandiaNationalLabo-
ratories Livermore USA, presentedesultsof abinitio calculationsf volumedependencesf magnetic
andthermodynamigropertiedor the mosttypical Invar system,a randomfcc Fe-Ni Invar alloy, where
they allowed for noncollinearspin alignments,.e. wherethe spinsmay be cantedwith respecto the
averagemagnetizatiorirection. They have foundthatthe evolution of the magneticstructurealreadyat
zerotemperaturés characterizegbrincipally by a continuougransitionfrom the ferromagneticstateat
high volumesto a disorderechoncollinearconfigurationat low volumes,andthatthereis anadditional,
comparablecontrikution to the net magnetizatiorfrom the changesn the amplitudesof the local mag-
neticmoments.Thenoncollinearitygave riseto ananomalousolumedependencef thebindingenegy
curwe, andthis allovedMark vanSchilfgaardel. Abrikosos andB. Johanssoto explainthewell-knowvn
peculiaritiesof Invar systems.

Highlight 2: A Highly Sensitve GMR-Device

The sensordevices being basedon the Giant Magnetoresistity (GMR) effect, which wasdiscovered
by the pioneeringwork by PeterGrinbeg andAlbert Fertin the late 80’s, have in tenyearsdeveloped
into a billion dollarindustry Thesedevicesaretypically consistingof artificially grovn magneticmul-
tilayers,with the mainingredientbeingtwo magnetidayerswith anintermediatenon-magneticspacer
layer, asfor instancea Co/Cu/Cocombination wherecobaltis the magneticlayerandcopperthe non-
magneticone. The GMR effect then utilizes the fact that the resistancas very differentwhetherthe
magneticmomentsof the two magneticlayersare parallelor anti-parallel. In the device the magnetic
strayfield of the storedmagnetidbits onthe magneticharddisk flips, in caseof astored’l”, themoment
of oneof themagnetidayersin the device which thengive rise to a detectablehangen theresistance
throughthedevice. It is thefactthatthesedevicescanbe madevery small,thathaspermittedtherecent
large improvementdn storagedensityof magneticharddisks.

Although the GMR effect hasbeenvery successfulthereis still an ongoingstrive to optimize these
magnetionultilayers,bothregardingefficiency andproductioncosts.In arecentarticlein Nature”’Non-
collinearstatesn magneticsensorg(Nature 406,280-282,(2000)Adrian Taga,Lars Nordstbm, Peter
JamesBorje Johanssonand Olle Eriksson,of the Uppsalanodeof the Network, presentedesultsof
ab-initio calculationsfor an asymmetrianagnetictrilayer of the type Fe/V/Co. In suchanasymmetric
combinationthe local magneticanisotroy may favor differenteasyaxes. In the vicinity of the non-
magneticvanadiumlayer the iron magneticmomentprefera directionin the planeof the layer while
the momentof the cobaltprefera perpendiculadirection, out of the plane. Whenthesemomentsare
combinedn atrilayerthey will interact,throughthe so-calledinterlayerexchangecoupling,resultingin
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anon-collinearordering,which dependingon the vanadiumthicknessvary from closeto collinearto al-
mostperpendicularThesecalculationsuggesthatby tuningtheanisotroy andtheinterlayerexchange
interactionindependentlytrilayerscanbe manufcturedthatarevery sensitve to the strayfield, which
in principle may make moreefficient sensordevicespossible.The actualchemicalcompositionaswell
asspacetayerthicknesswhich will give the mostoptimizedasymmetridrilayer hasto be decidedby
future experimentalstudies.

Highlight 3: A Very CloseLook at Magnetic Nanostructures

The invention of scanningtunnelingmicroscoy (STM) hasrevolutionisedour knowvledge aboutsur

faces. Suddenlybeingableto seethe atomicstructureof surfacesin all detailswith atomicresolution
hasbeenlike making a blind manseeandhasleadto strongadwancesin fields like molecularbeam
epitaxyor catalysis. Yet for the magneticstructuresof surfacesandultrathin magneticfilms STM has
remainedblind, sinceonly the chemicalstructure,but not the magneticstructure,could be resohed

atomistically Thusdespitemary efforts, no spin-polarisedTM imageswith atomicresolutioncouldbe
obtainedn the past.

In arecentarticlein Sciencé’Real-spacamagingof two-dimensionabntiferromagnetisnat the atom-
ic scale” (Science288, 1805-1808(2000)) an experimentalgroup at the University of Hamhurg and
Blugel's groupof the Jilich nodeof our Network have demonstratethatspin-polarised&TM is possible
ontheatomicscaleandthattheresultingmagneticcontrasis muchlargerthanexpected.More than10

yearsagoBlugeletal. hadpredictedby ab-initio calculationghatMn or Cr monolayerson noblemetal
surfacesform ideal two-dimensionakntiferromagnetsHowever, until now thesepredictionsremained
unconfirmedpasicallybecauséhe availablebulk techniquedik e neutronscatteringcannotdetectsuch
minute amountsof magneticmaterials. With a spin-polarisedip the Hamhurg groupwasnow ableto

confirm the magneticsuperstructurdor an antiferromagnetidMn-monolayeron W(110). In advance
the Julich group had calculatedthe expectedspin polarisedSTM intensity and predictedan unusually
strongsuperstructur@ntensity This wasindeedobsenred,i.e. the magneticcontrastmeasuredvith the
spin-polarised-e-tip, produceddy coatinga W-tip with athin Fe-layer suppressethechemicalcontrast
obtainedwith a non-magnetidV-tip. Blligeletal. gave a very clearexplanationof the strongmagnetic
contrast.The measuredorrugationof the STM currentis determinedy the Fouriercomponent®f the
smallestreciprocallattice vectors,sincethesecomponentsiecaymostslowly into the vacuumregion

wherethe tip is located. The magneticsuperstructuréntroducesnew reciprocallattice vectors,being
smallerthatthe onesof the chemicalstructure sothanthe relatedspin-currendecaysnoreslowly than
thechagecurrent.

The availability of the spin-polarisedsTM offers a bright outlook for surfacemagnetism.It allows the
direct obseration of antiferro-andferrimagnetisnon surfaces,non-collinearstructuresmagnetismat
steps,nanostructurestc. All we could only calculatein the past,will now be accessibléo the experi-
ment. A truetestfor theory(andthetheorists)

Workshops and Conferences: After five workshopsin the third and previous 12 months period, the
Network had not scheduledary official TMR-workshopfor the fourth year Neverthelesscommuni-
cationsand cooperationgontinuedon the, now alreadynormal, high level which is indicatedby the
threeTMR-Miniw orkshopsorganizedmoreor lessspontaneouslipy memberof the Network. A Mini-
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workshop” Tunneling Magnetoresistancé took placeon Jan. 13-14,2000in Orsay/Rris, which was
alsoattendedvy the groupof Albert Fert(Unite Mixte CNRS-Thomsonandby PeterLevy (New York
University). Both will be our partnersin the future RT-Network "ComputationalMagnetoelectronic-
s”. The Czechcolleaguesbeing membersof the ViennaNode, organizeda TMR-Miniw orkshopon
”"Giant and Tunneling Magnetoresistancé in PragueApril 13-14,2000.In additiona”KKR” TMR-
Miniworkshopwasorganizedin Dareslhiry on Novemberl7, 1999dedicatedo the recentexperiences
and applicationof the screenedKKR. Our Network-memberPatrick Bruno was co-oiganizerof the
”Symposiumon Spin-Electronics’, which washeld at Halle (Germary) on July 3-6, 2000. It wasthe
first internationalconferenceof this kind, beingattendedoy morethan300 persons.It clearly shaved
thatthe field of Magnetoelectronicg growing fastandstrongly moving into semiconductoresearch.
Twenty sevenmemberof our Network attendedhe symposiumpresenting@3 contritutions.

As a substitutefor the 4th Annual Meetingthe Network co-oiganisedhe

" Y — 2000Conference” in SchwaebischGmuend Aug 22-26,2000. This wasthe secondnternational
conferenceonly dedicatedo electronicstructurecalculationsandit was attendedoy 424 participants,
an increaseof 33% over the participationof the first Wy-Conferencdour yearsago. 80% of the par
ticipantscamefrom EU-countries.Our Network stronglypaticipatedn the meeting,presentingn total
70 contritutedtalksandposters.In additiontenmembersof the Network gave invited talks. The TMR
youngresearchergvere exposedto a wide rangeof topicsrangingfrom physics,chemistry materials,
minerologyandevenbiologicalsystemswvhich all hadin commontheapplicationof the samemethodol-
ogy of abinitio DensityFunctionalTheoryquantummechanicatalculationsvhich our Network applies
to the studyof magneticandelectronicpropertiesat magneticinterfaces.Our TMR youngresearchers
hadtheopportunityto meetmary otheryoungresearchersi0%of theattendeesvereyoungresearchers
of which sereral camefrom otherTMR Networks suchasPsi-k. Finally, the Conferencaevasa vibrant
eventfrom earlyin the morninguntil the late hourswith excellenttalks, lively discussionsn or outside
thelecturehallsandin this atmosphereur Network wasplayinga prominentrole andwaswell noticed.
A detailedaccountof the Wk-Conferenceandreportson the threeMiniworkshopsandon the ”Sympo-
siumon Spin-Electronics’tanbefoundin the Appendix1.

Y,-Newletter etc: The Network publisheghe announcementsf workshopsandvacantpositionsin its
dedicatedsectionin the W,-Newsletter which is publishedevery two monthsandwhich is distributed
to over more than 800 e-mail addressesvorldwide, of which mostarein Europe. This Newsletteris
alsousedto disseminatabstractf our scientificpapersto the communityconcernedvith electronic
structurecomputation®f solidsandasa consequenchasled to the high profile of our Network in the
electronicstructurecommunity In this respectit is ratherdishearteninghatthe small contrikution that
theDareshiry nodechagesfor thepublicationanddisseminatiorof this Newsletterby e-mailandonthe
webis accordingto the Brusselsappointedauditorsnot an allowed Networking cost. This is in flagrant
contradictiorwith the contractwhich allows the costsof the Newsletterto be chaged.

The Network hasa homepageon the psi-k www—sener:

(http://psi-k.dl.ac.uk/TMR1/default.html) ,

wherealsoall the Newsletterscanbefound:

(http://psi-k.dl.ac.uk/psi-k/newsletters.html).

The web pageof the generalPsi-k Network which includespointersto our Network wasrecentlyre-
designedhttp://psi-k.dl.ac.uk).
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The Philips coststatementfiave beenconsistentlyvery low. The main reasonfor this is not a lack of
actvity of the Dutchnode.Onthecontrary Philipshasbeenoneof the mainmoversandshalersof this
Network in the direction of transportstudies. However Philips hasnot beenchaging the full costsof
the TMR youngresearcheto the Network. This unexpectedwindfall is now beingredistributedover al-
| thenodesof theNetwork giving riseto avery healthybudgetfor all thenodedor ourfifth andfinal year

At end of the fourth year the regular lifetime of the Network, we are proud aboutthe performance
andsuccessesf our Network. We have achieved a high scientificlevel with mary publicationsin the

mostprestigiougournals.V¢ have establishednary successfutollaborationsn the Network, resulting

alonein thelastyearin a staggeringhumberof 24 joint publications(seeAppendix3). We could meet
all milestonesanddeliver in total 367 manmonthsof training, 31 morethanpromisedin the contract.
Our Network as a whole had a strongimpacton the field of surface and interface magnetismand is

uniqueworldwide. Recentlythe EU hasappraed our applicationfor an extensionof the Network by

oneyearwithout additionalfunding. Our proposalfor a Researchlraining Network "Computational
Magnetoelectronicsivithin theV. Framevork hasalsobeenappraredandthis newv andexciting Network

will startat Oct. 1, 2000.
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3.2 Reportson Visits to Conferences/Vorkshops

Report on a ConferenceParticipation:

16th ICMFS ( Inter national Conferenceon Magnetic Films and Surfaces),Natal, August,
13-18,2000

The ICMFS meetingwasattendecby about130 peoplefrom Europ,Japanlatin Americaandthe US-
A. The conferencewvasvery exciting and gave a representate aspecif the internationalactiities in
NanoscaléMagnetism.In alively atmospher@mumerousexchangehave strengtherhe cohesiorof this
community

Let us hereshortly sketchsomehighlights: the mesocopianagnetslaboratedy self-oganization( J.
Kirschner), thelastdevelopmentdn the micromagnetisnapproach J. Miltat ), the magnetoresistance
in ballisticandnonballisticnanocontacté N. Garcia), the magnetizatiomeversalby spininjection ( A.
Fert), theirradiation-Bbricatel nanostructure¢ T. Devolder), the singlelectrontunnelingin granular
system( S. Mitani ), andthe hot-electrorspin-transpor{ R. Janser).

Activities of the TMR network "Interface Magnetism”have alsobeenpresentedMagneticanisotroy
propertiesof VAU, ( Strasboug-Uppsalacollaboration), Influenceof the interdiffusion at the Fe/Cr (
Strasboug-Viennacollaboration) andXMCD propertiesof differentalloys.

HuguesDreysse
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4 Newsfromthe Reseach Training Network (RTN)

COMPUTATION AL MAGNETOELECTRONICS

4.1 YoungReseacher Positions

Dareshury - Bristol - Juelich - Muenchen- Halle - Paris - Vienna- Twente- Uppsala-
Brno - Budapest- New York

We have positionsfor several YoungResearchert work on an EU fundedNetwork to model,under
standand predictthe electronic,magneticand transportpropertiesof materialsand materialsystems
relevantto magnetoelectronicd hesepositionshave beenavailablefrom 1stOctober2000.

Thescientificprojectsare:

e Ferromagnet/ Semiconductor Interface. For more detail pleasecontactSusanneMirbt (su-
sanne@fysik.uu.se)

e Ferromagnet/ Oxide Interface. For more detail pleasecontactPatrick Bruno (bruno@mpi-
halle.de)

e Ferromagnet/Superconductor Interface, post-docpositionalreadyfilled. ContactBalazsGy-
orffy (b.gyorffy@bristol.ac.ulk

e Magnetic Nanostructures For moredetailpleasecontactaszloSzuryogh(szuryogh@dirac.phjpme.hy

e Magnetooptics For moredetail pleasecontactMebarekAlouani (mea@ &ranis.u-strasbg.fr)

e Magnetic X-ray Scattering. For moredetailpleasecontactWalterTemmermariw.m.temmerman@dl.ac.uk)
e Giant Magnetoresistance For moredetailpleasecontactPeteMVeinbeger (pw@cms.tuwien.ac.at)

e Tunneling Magnetoresistance For more detail pleasecontactPeterDederichs(l.gerken@fz-
juelich.de)

e Spin MesoscopicsFor moredetailpleasecontactPaul Kelly (p.j.kelly@tn.utwente.nl)

e Experiment. For moredetail pleasecontactAlbert Fert(fert@Ips.u-psud.fr)
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A copy of the proposalincludingthe scientificprojectscanbefoundon

http://psi-k.dl.ac.uk/Magebelectronics/default.ntml .

The Network actiily encourageshe applicationof femaleresearchersNine seniorresearchers the
Network arefemale.

If you wish to find out more detail pleasecontactWalter Temmerman(w.m.temmerman@dl.ac.uky
PeterDederichgl.gerken@fz-juelich.de).

The EC Rulesfor YoungResearcherarethatthe Researchemustbe:

1. aged35 yearsor lessat the time of appointmenby a participant. An allowanceto this agelimit
may be madefor the actualtime spentin compulsorymilitary or civil serviceor child care(a
maximumof two yearsper child for the actualtime spentoff work);

2. aholderof adoctoraldegreeor enrolonaPh.D.course;

3. anationalof a MemberStateof the Communityor of an AssociatedStateor have residedin the
Communityfor atleastfive yearsprior to appointmenby aparticipantin theframeof thiscontract;

andmustnotbe:
1. anationalof the statein which the participants researctappointingteamis locatedandmustnot
have carriedout their normalactuities in that statefor morethan 12 of the 24 monthsprior to

appointment.

Detailsof thethosecountrieswhich aredefinedas”AssociatedStates”(suchasBulgaria,CzechRepub-
lic, Estonia,Hungary Latvia, Lithuania,Poland RomaniaSlovakia, Slovenia)maybefoundat:

http://www cordis.lu/fp5/sr@rdcountries.him
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5 Newsfromthe TMR2 Network

'Electr onic Structur e calculationsof materials propertiesand processes
for industry and basicscience’

5.1 Workshop Announcements

5.1.1 Workshop on Noncollinear Magnetism

Joint ESF/TMR workshop on

NONCOLLINEAR MAGNETISM

Wien, Mar ch 8-10,2001

Organizedby the Institut fir Materialphysik, Universitat Wien and the Center for
Computational Materials ScienceWien
J.Hafner R. Lorenz,D, Sp&ak, T. Branis

Objective: The objectve of the meetingis to review the statusof first-principlesapproacheso non-
collinearmagnetismgdiscussiorof the currentimplementatiorof noncollinearcapabilitiesin the major
electronicstructurecodesand perspectiesfor achieving an ab-initio treatmentof spin-dynamics.Ap-
plicationsto intermetalliccompoundsgdisorderedctrystallineandamorphouslloys, thin films andmul-
tilayerswill bediscussed.

Format:

A smallmeetingwith about30 participantsrecruitedmainly from the participantf the TMR2 network
andthe ESFW¥, community Therewill bereview talks, shortpresentationandampletime for discus-
sion,includingshort(oneoverheadcontritutionsto specifictopics.

Invited participants I. Abrikosor (Uppsala),GBihlmayer(Julich),S.Blugel (Julich),

P. Bruno (Halle), H. Dreyss (Strasbouy), H. Ebert(Minchen),H. Eschrig(Dresden) M. Fahnle(S-
tuttgart),M. Freyss(Julich), B.Gyorffy (Bristol), G. KressgWien),J.Kiuibler(Darmstadt),). Kudrnossky
(Praha),l. Mertig (Dresden),L. Nordstom (Uppsala),P. Oppeneer(Dresden),A. Pasquarello(Lau-
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sanne)L. Sandratski{Darmstadt)P. Singh(Washington),). Stauntor(Warwick), A. Svane(Aarhus),L.
Szuryogh (Budapest)\W. Temmermar{Dareslory), I. Turek(Brno), P. Weinbeger (Wien).

Thelist of participantsshouldbe completedby studentsandyoungerscientistto be nominatedoy their
groupleaders.

Funding:

ESFW, Network

TMR2-Network "Electronicstructurecalculations”
Centerfor ComputationaMaterialsSciencg CMS), Wien
Institut fuer Materialphysik(IMP), Univ. Wien

Persondnterestedin attendingthe workshopshould contactvia email the workshopsecretary(Tina
Branis,email: tina.branis@umie.ac.at). Abstractsof contritutions shouldalsobe sentvia email (pre-
ferrablyin LATEX format, max. onepage)to the sameaddress.
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6 Newsfrom the ESFProgramme

"Electr onic Structur e Calculations for Elucidating the Complex Atomistic Behaviour of
Solidsand Surfaces”

6.1 Reportson Workshops/Conferences

6.1.1 Report on MML2000 Workshop

MML2000
Inter national Workshop on Materials Modelling

18-20September2000
Oxford, United Kingdom
ConferenceOrganisers:
Prof. D. G. Pettifor, FRS (Oxford), Prof. A. P. Sutton (Oxford)
Dr. R. E. Rudd (LLNL), Dr. S.D. Kenny (Oxford)
Web Site:
http://users.ox.ac.uk/"mmi2000
ConferenceSponsors:
Psi-k Network (ESF), ONR-IFO, EOARD, ARL-ER O, SIMU

Abstract;

ThelInternationaMorkshopon MaterialsModelling: Applicationsin MaterialsProcessingMML2000)
washeldin Oxford, UK, on 18-20SeptembeR000. The workshopcenteredbn 4 keynotetalksandan
additional9 invited talks. Thesewere given by expertsin computermodelling of polymers,surfaces
and metal processingvho have addressedhe issueof the multiple scalesinherentin thesesystems.
The workshopfocusedon materialsmodelling over a rangeof physicalscales:electronicto atomistic
to microstructurato macroscopicThetalkswerepedagogicain style, makingthemwell-suitedfor the
diverseaudienceof graduatestudentsand more seniorscientistsrom a variety of fields. The informal
atmospheref theworkshopandthe outstandingalkson this cutting-edgeopic madeMML2000 a great
success.

Comprehensve Report:

0On18-20SeptembeR000a workshopwasheldin Oxford, UK, onthecomputemmodellingof materials
andmaterialsprocessing; The InternationaMorkshopon MaterialsModelling: Applicationsin Mate-
rials ProcessingMML2000).” Accordingto the workshopannouncementThe focusof the workshop
will be materialsmodellingover a rangeof physicalscales:electronicto atomisticto microstructural
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to macroscopic.The workshopwill be divided into applicationsof multiscalemodellingto polymers,
to surfacesandinterfacesandto metalprocessingQuite arangeof state-of-the-anmaterialsmodelling
will be covered,but the talks will be given at a level accessibldo non-epertsandyoung scientists.
The format of the workshopproved to be very effective. In all 13 invited talks were given, eachlast-
ing 75 minutes. This gave the spealrstime to give backgroundmaterial,beforelaunchinginto their
own research.This wasparticularly crucial dueto the multidisciplinary natureof the workshop. It al-
lowed polymer expertsto get up to speedon metal processingand vice-versa. The invited spealers
werePettifor (Oxford), Windle (Cambridge) Kremer(Max-Planck),TheodorouPatras),Paul (Mainz),
Gilmer (Bell Labs-Lucent)Willis (Cambridge)Rudd(LLNL), Gyure(HRL), Farrugia(CORUS), Evan-
s (Swansea)Phillips (Brown) and Grant(Oxford). Therewereno contrituted talks beyond the invited
talks, but therewasa postersessiorin which mostof the participantgyave presentationsin additionto
the scientificprogrammeparticipantsn the workshopalsohadthe opportunityto discusgheir work in
aninformal settingover the conferencanealsandbanquein the college andduring the tour of Oxford
University on Sundayafternoorbeforethe startof theworkshop.Thefocusof MML2000 on multiscale
techniquess very timely. This is one of the key issuesin materialsmodelingwhich is beingfacedat
universities,nationallaboratoriesindustrialresearchacilitiesandindeedthroughouthe materialscom-
munity. Therearemary lengthandtime scaleshatarerelevantto materialssystemsrangingfrom the
Angstromscalewherethe physicsand chemistryof electronicbondingresidesto the nanoscalevhere
thenext generatiorof electronic electro-opticahndevenelectro-mechanicalevicesmustbefabricated
andwherepolymerandliquid crystalmoleculesreside,to the mary intermediatescalesor mesoscales
at which metallic microstructureslevelop andproteinfolding takesplace,to the continuumwherema-
terialsexhibit their macroscopigroperties.It haslong beenappreciatedhat phenomenat eachscale
are basedon the physicsof the smallerscalesandit hasbeena major goalto understandxactly how
this occurs-inparticular whetherit is possibleto startwith anabinitio modelof chemicalbondingand
producea completeunderstandingf the materialsphysicsat larger scales.Of course gvennow we are
very far from this goal, andwithout the recentboomin computerpower, the situationwould have been
nearlyintractable. The broadarray of resultsin mary subfieldspresentedat the MML2000 workshop
may be summarizedn two sweepingstatementsFirstly, the adwentof fastcomputersncluding super
computerdasrevolutionizedthetheoreticabasisof materialsscienceandgreatprogressiasbeenmade
in makingthelink betweenthe microscopicandmacroscopi@hysics.Secondlythefurtherincreasen
speedn computersn thenext decadewill have relatively little impactonthefield. Thefirst statements
fairly orthodoxatthis point, but the seconds not. Neverthelessthe pointwasfirst raisedby Windle,and
echoedhroughoutthe workshop. Indeed,it seemedo be the consensusmonga groupof the leading
practitionersof computationamaterialssciencefrom aroundthe world, thatwhile fastcomputershave
openedhedoorto new avenuesf theoreticaresearchcomputerspeedalonewill notadwancethefield
significantlyfurther Thatis not to saythat fastercomputersare not wanted,ratherthat they will not
have the qualitative impactthathasbeenseenin the pasttwo decadesNow we needbetteralgorithms,
morepowerful methodologieandin generamoreincisive insightin orderto bridgethegapbetweerthe
scalesandachieve truly predictve models. This hasbeenseenacrosshe broadrangeof modelingpre-
sentedat the workshop.In the keynotetalks, Pettiforemphasizedhe needto simplify modelsasmuch
aspossible but no more. His work hasmadeanalyticconnectiondetweerthe efficient interatomicpo-
tentialsandthe quantummechanicamodelsthatunderpinthemin away thatreproduce8CC structural
stability at fourth orderanddistinguished=CC and HCP structuresat sixth order Windle emphasized
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the needfor new approacheso polymer modelling that are necessaryo treatthe vastarray of poly-
merandliquid crystalsystems.Gilmer describednodelsthathave beendevelopedfor suriacescience
associatedvith the semiconductoindustry and Farrugiarelatedthe efforts to develop modelsacross
the scalesto describethe processingf steel. In the focussedsessionsthe polymermodelersKremeg
Paul and Theodorouspole of the barrierto directsimulationof polymerssystemamposedby the time
scaleduring which large polymersdeform. This hasbegunto be addressedhroughtechniquesvhich
startat thescaleof individual atoms Jink theatomsinto clustersgovernedby effective potentials gvolve
the coarse-grainedystemandthenusea relaxationprocedureo refinebackto the atomicscale. Such
techniquesvould be very powerful in general but they arestill in their infang. The surfacemodelers,
Gilmer, Ruddand Gyure, describedcoarseningphenomenan which self-assembledtructuresappear
at the nanoscal@overnedby surfaceenegiesandbulk elasticenegiesthat are essentiallydetermined
atthe atomicscale.In oneof thosecoincidenceshat sere to highlight the multidisciplinary aspeciof
multiscalemodeling,level setmethodswereusedto solve the sameproblemin two systemsseparated
not only by the type of materialbut by 7 ordersof magnituden the size! Gilmer presented level set
modelof depositionof materialin themicroscopidnterconnect®ncomputerchips,while Grantpresent-
edanalmostidenticalmodelto describehe depositionof materialin a spray-formedsteelingot several
metersin length. The shadwing instability due,as Gilmer shaved, to the microscopicgranularityof
the materialwasan essentiapartof bothsystemsIn anothedink both Phillips andRuddaddressethe
guestionof how materialplasticityis governedby the nucleationanddynamicsof dislocations.In both
caseghe key questioninvolved how the mesoscopi@hysicsemeged out of the underlyingatomistic
interactions.New techniquesvere presentedhat madethis link moreapparent.This in turn leadsto
a new understandingf phenomendik e scabformationon the suriaceof deformedmetals,a process
thatwasdescribedat two vastly differenttime andlengthscaleshy FarrugiaandRudd. This connection
wasechoedn somevhatdifferenttermsby Willis. He hasusedanalyticmethodsto extractcontinuum
physicsof elasticdeformationaboutcrystaldefectsfrom microscopiclattice models. In all, the work-
shopwas mostsuccessfuht bringing out thesethemescommonthroughoutwhat outwardly appearo
be very differentfields of study Fromthe Angstromscaleof Pettifor’s electronicmodelsto the meter
scaleandbeyonddiscussedy Farrugia,EvansandGrant,the challengein building modelshasbeento
balanceheaccurag necessaryo getmeaningfulresultswith the efficiency requiredto be ableto carry
outthe computersimulation.Already mary importantinsightshave beengleanedandmary modelsare
available,but clearlythis is just the beginning. The hopeis thatthe advancesmadein onefield may be
transplantednto anotherwith the samegreatbenefits.WorkshopssuchasMML2000 arean excellent
way to helpmale this happen.

MML2000 ConferenceParticipant List:

AhmedAbou-Kandil(Cambridgek aia23@camac.uk >

Kelly Anderson(Cambridgek kla24@camac.uk >

SimonAntony (Surrg/) < SAntony@surrey.ac.uk >

Paul Boon (Oxford) < paul.boor@maerial s.ox.ac.uk >

Bastiaande Geeter(U. of Twente ,Netherlandsk b.a.degeger@ct.utwerte.nl >
HongbaioDong (Oxford) < hongbiacdong@maerial s.ox.ac.uk >
SegeiDudare (EURATOM/UKAEA Fusion)< Sergei.Dudarev@ukaeaorg.uk >
JamedElliott (Cambridgek jael00l@amac.uk >
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GeroFrieseck (Oxford) < gf @mahsoxac.uk >

Marc Hamm(Cambridgekx mh264@cuscamac.uk >

BrendanHowlin (Surregy) < b.howlin@surrey.ac.uk >

Dirk Lamoen(U. of Antwerp,Belgium) < lamoer@rucauaac.be >

K. Lee(Cambridgek kwl20@cuscamac.uk >

lan Morrison (Salford) < i.morrison@salford.ac.uk >

Paul Mulheran(Reading)< p.a.mulheran@readng.ac.uk >
PeterNtoahagOxford) < senauo@tednologist.co >
SamiPaavilainen(TamperédJ. of Tech.,Finland) < samipaavilainen@tut. fi >
J.Pan(Surrey) < J.Pan@Surrey.ac.uk >

J.Paul (ARL-ERO, London)< jzavag@usardsgukarmymil >

Phil Parrish(ONR-IFO,London)< pparrish@onri fo.naw.mil >
Ross(Salford)< d.k.rosg@salford.ac.uk >

SaumitraSaha(The Peoples FriendshipU., Russia)< ssauntira@hamail.com >
William Sandbey (NRL, USA) < sanderg@I| cp.nrl.navymil >

Uwe Schoenbeyer (Max-Planck)< uwe@and mpi — stuttgart.mpg.de >
ShaunSellers(UCL) < shaun_sellers@yaho o.c o.u k >

llian Todoror (Bristol) < i.t.todorov@bristol.ac.uk >
JohnZavada(ARL-ERO, London)< jzavacdi@usadsgukarmymil >

MML2000 Spealer List:

David Pettifor (Oxford) < david. pdti for@material s.ox.ac.uk >
Alan Windle (Cambridgex ahwl@camac.uk >
Kurt Kremer(Max-Planck)< kremex@mpip — mainzmpg.de >

DorosTheodorouPatras)< doros@sequoiachemenguipatrasgr >

WolfgangPaul (Mainz) < Wol f gangPaul@uni— mainzde >

Geoge Gilmer (Bell Labs-Lucentk ghg@allwiseluceri.com>

JohnWillis (Cambridge) jrwl1005@ant p.camac.uk >

RobertRudd(LLNL) < robertrudd@maerials.oxac.uk >

Mark Gyure(HRL) < gyure@hrl.com>

Didier Farrugia(CORUS) < Didier_Farrugia@tec ~ hnolo gy. bri ti shstee l.c 0. uk >
RW (Russell)Evans(Swanseak r.w.evang@swanseac.uk >

Rob Phillips (Brown) < phillips@al phal.enginbrownedu >

Patrick Grant(Oxford) < patrick.grant@méaerial s.ox.ac.uk >
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6.1.2 Report on CECAM Meeting

“Futur e developmentsin the study of structur e-property relationsby
computational crystallography and experiments”

This workshop(held in Lyon at CECAM, from October23 to 27, 2000)was plannedin orderto pro-
vide the opportunityto discusgecentadvancesn theoreticalindexperimentalpproachesf interestto
crystallographerslt wasintendedto continuethe sequencef workshopson similar topicsfundedby
CECAM (1997)andthe ESF(1998). The presentworkshopwould not have beenpossiblewithout the
generousundingprovided by CECAM andESEK thelattercomingfrom the STRUC Psikprogram.

Theformatof theworkshopwasa smallandextremelyinformal meeting(about20 participants)jn the

approximateratio theory/experiment=11. All speakrsweregivenaonehourslot, andall participants
madeextendedpresentation®f their research.Long discussionf points of interestwere a typical

featureof eachpresentation.Therewas also ampletime for even lessformal discussionsluring the

breaks.An interesting(andunusual)featureof the workshopwasthe publicationof a book of extended
abstractdeforethe workshop. This really helpedparticipantso getup to speedwith everyones recent
research.

Hugeprogresshasbeenmadein thelastfew yearswith respecto the modellingof structuresandprop-
ertiesof comple inorganic structures.Examplesthatwere discussedaluring the workshopinclude the
calculationof phonondispersiorcurves,NMR chemicalshifts,compressiomechanismssolid stateand
surfacereactionspptical propertiesetc. Similarly, significantprogressiasbeenmadein the experimen-
tal determinatiorof structuresandtheir propertiesfor example,by usingsynchrotrorradiationfrom a
3rd generatiorsourcein combinationwith position-sensitie detectorandmoderndiamondarvil cells
for very high pressurestudies.The main motivation for theworkshopwasto assesshe currentstate-of-
the-artsincewe needto understandhe capabilitiesandlimitations of boththeoreticalandexperimental
approachesThis is animportantconsideratiorwheninterpretingexperimentakesults,validatinga the-
ory by comparingwith experimentaldata,or predictingoutcomesof experimentsthat are difficult to
perform. We thereforehopethatthe contritutionsto the workshopadwancedthe mutualunderstanding
of theoreticiansgodedevelopersusersof quantum-mechanicarogramsandexperimentalistsandalso
provided anoutlook of progresgo be expectedn thenext few years.

The organisationof the workshopwasan actvity of the’Computationalcrystallography’groupof the
GermanCrystallographicSociety DGK. The proceedingof the meetingare alreadyavailablein the
seriesBerichteausArbeitskreisenpublishedby the DGK (vol. 10; contactProf. Dr. H. Kiippers Min-

eralogischesnstitut, Univ. Kiel, D-24098Kiel, Germary). We areall enormouslygratefulto Karsten
Knorr, oneof the organiserof the meeting for all the efforts thatmadethis publicationpossible andto
the DGK for anamazinglyspeedyresponse.
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Themeetings webpage:
http://wwwmin.uni-kiel.de/kristhograptie/ceam2®

givesthe informationaboutthe workshopprogramanda list of participants.lt is gratifying to notethat
evenafteranumberof lastminutecancellationshemeetinghadatruly internationahndinterdisciplinary
character

Theorganiseravouldlike to thankagainthe hostorganisationCECAM, in particularMichel Mareschal
andEmmanuelleCrespeador theircompetentefficient,andfriendly help. | think it is fair to saythatthe
meetingwassuccessfuandenjoyablefor participants A brief descriptionof the contrilutionsfollows.

Variousaspect®f latticedynamicsstudiesverediscussedby MarkusBraden(KFZ, Germary andLLB,
France)and Stefanode Gironcoli (SISSA, Italy). MarkusBradendescribedecentadvancesin lattice
dynamicsmeasurementat high pressure For along time the maximumattainablepressurdor neutron
scatteringexperimentswas 2-3 GPa, the main limitation beingthe samplevolume neededor reliable
phononmeasurementfecentadwancedn spectrometeandhigh-pressureell designallow thelimit to
be pushedo 10-12GPa. This opensthe way for the searchfor soft phononmodesin pressure-induced
phasdransitionsto measuranodeGruneiserparametergandthusinfer a numberof thermodynamical
properties) andto studypressuralependencef magneticexcitations. Particularresultsthatwere pre-
sentedncludethe phonondispersionof Ge up to 10 GPa, phononandmagnonspectraof iron up to 10
GPa (thefirst ever studyof any magneticexcitationunderhigh pressure)etc. It is ratherreassuringhat
existing abinitio predictionsof the modeGruneisermparametem germaniumagreeextremelywell with
thelatestreportedmeasurements.

Stefanode Gironcoli presenteda review of the developmentsin the areaof densityfunctional pertur
bationtheoryfollowed by animpressie resultson geophysicabpplicationswith the mainemphasion
thermoelasticityof minerals(MgO andperosskite MgSiOs). Ab initio studyof elasticconstantst high
temperatur@andpressures now sufiiciently accuratehattheresultsof abinitio calculationscanbereli-
ably usedto make conclusionon applicability of variousphenomenologicahodelsof the Earths core,
for example.

A numberof contritutors addressedssuedrelatedto electronictransitionsandoptical properties.Eu-
geneKrasorski (Kiel, Germary) gave anoverview of theall-electronmethodsusedto calculateoptical
propertiesof crystalswithin DFT. The experimentalviewpoint was presentedy Michael Andrut (Vi-
enna,Austria) who gave an excellentintroductionto state-of-the-arin infrared and optical absorption
spectroscop of minerals. Michael alsodescribedn detail the statusof the semiempiricakrystalfield
theoryin geosciencesPetraBecker (Cologne,Germary) presented field of materialsfor nonlinear
optics. Attemptsto rationally designnew NLO materialsare still quite rare,and modelling can help
to adwancethe caseof devising a new materialthat satisfiesa numberof imposedconstraintsand has
desirednonlinearoptical properties.Petras examplesof the recentwork on a variety of promisingma-
terials(e.g.,potassiunrare-eartmitrates bismuthtriborate potassiumrmiobiumtriborate alkaline-metal
niobiumboratesshavedjust how difficult thequestfor anindustrially-acceptale NLO materialcanbe.

A large body of discussionwas centeredarounda relatively new field of NMR chemicalshifts asan
analyticaltool in solid statestudies.lan Farnan(Cambridge UK) introducedheexperimentafield using
170 studiesof silicatesas an example. One particularareaof interesthereis the applicationof NMR
to studyelement-specifidynamicson a diffusive time scale. Thesetemperature-depenaiespectracan
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becomeavery goodtestof moleculardynamicssimulationsin oxides.

Theoreticaldevelopmentsin the field of NMR calculationswere presentedn two separatealks by
FrancescdMauri (Paris, France)and Chris Pickard (Cambridge UK). Francescdviauri introducedthe
method,which is basedon densityfunctional perturbationtheory and presenteca numberof new re-
sultsrelevantto studiesof silicates. The mostrecentwork on disorderin amorphoussilica givesa hold
on suchfine structuraldetailsas Si-O-Siangulardistribution basedon the existing experimentalNMR
data. Chris Pickardcontinuedthe subjectby investigatingat greaterdepththe approximationghat are
madein thetheoreticaktudiesandalsoby makingconnectionsvith theNMR methodscommonlyused
in quantumchemistrywhen studyingnonperiodicsystems.His setof examplesincludeda numberof
medium-sizednolecularcomplexeswhereNMR informationis crucial for determining,for example,
molecularconformationf porphyrins.

A sessioron high pressurestudieswas openedby Michael Hanfland(Grenoble France)who present-
edanumberof recenthigh-pressurstudiescarriedout at the EuropearSynchrotrorRadiationFacility
(ESRF).His examplesincludedthe studyof phasetransitionsin solid molecularnitrogenwhereorien-
tationalorderingaccompaniethe structuralchangespairing of lithium atomsin metalliclithium under
compressionandthe structuralpropertiesof LaFeQ underpressure.The theoreticalpart of the high
pressuraliscussionsvas presentedy Bjoern Winkler (Kiel, German) in his openingnotesand later
by Victor Milman (Cambridge UK). Bjoern Winkler presentedhe latestresultsof the DFT studyof a
mixed valencecompound ,CsAuCk, underpressure.DFT calculationsfor this systemreproducewith
greataccurag the 'signature’featureof the structure- the changefrom Au(l)Au(lll) electronicconfig-
urationto Au(ll) which is seenasa creationof a cubic structurewith no chage ordering. This finding
is encouragindgor DFT practitionersn view of recentcommenton the necessityof SIC correctiongo
reproducanixed-valencecompoundgorrectly It appearshata straightforvard DFT applicationis suf-
ficiently accurateo describehe structuralproperties Furtherexamplesof compressiostudiegyiven by
Victor Milman includeda recentsystematicstudy of the compressibilityof cubic garnetsandthe study
of the phasestability and compressiorof klockmannite,CuSe. The conclusionis thatthe DFT results
areexceptionallyreliablefor alarge numberof compoundsndthatthe bulk modulusis reproducedvith
anaccurag whichis typically betterthan10%.

A large sectionof the workshopwas broadly classifiedas "Structure and Properties”. Michele Catti
(Milan, Italy) presentedecentresultson LCAO-HF calculationsfor silica polymorphsascomparedo
numerousDFT studies. The main practicalconclusionof the long discussiorthat followed was that
the needfor analytically calculatedgradientsin the CRYSTAL codeis very strong. Anotherdirection
of the discussionwvastowardsclarifying the relatve accurag of LDA and GGA approache# oxides
andrelatedsystems.The currentsituationwhereGGA is moreaccuratdor somesystemsandLDA for
othersmakessystematistudiesvery difficult.

Julian Gale (London, UK) presentedh completestudy of crystallisationproblemsrelevant to the alu-
minium productionprocess.This gave a very clearpictureof a complex computationakxperimentthat
involvesanabinitio studyof a numberof solid statephase®f Al(OH)3, andalsoa studyof a numberof
molecularreactionsn solvents,followedby anabinitio MD simulationof a Bayerliquor.

MarekHytha(Kiel, Germaly) presentea rarely usedcomputationamethodthatinvolvesadaptve self-
consistenpseudopotentialsThe basictheoryis very straightforvard; the only differencewith respect
to standardpseudopotentiadDFT implementationss thatthe pseudopotentialarerecalculatedvith the
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boundaryconditionsthat are appropriatefor a given crystal ratherthanwith the free atom boundary
conditions.Theresultantschemepreseresthe adwvantagef the pseudopotentiahethod while giving

accesgo a numberof propertiedike core-level shiftsthatarenot easilyavailablein the standardpseu-
dopotentialpproachesThereliability of theschemeavasillustratedby anumberof examplesncluding
layeredcompoundsndsilicon (100) surface.

NicolasLorente(Toulouse France)presentedheoreticaresultsthatshedlight ontherecentexperimen-
tal findingsfrom inelasticelectrontunnelingspectroscop of molecularadsorbatesn metallicsurfaces.
Ab initio calculationdollowedby symmetryanalysisallow oneto interpretexperimentakesultsin terms
of thevibrationalpropertiesof adsorbedpecies.

A very welcomecontrikution from JuigenSchreuelZurich, Switzerland)gave a thoroughintroduction
to theworld of experimentaimeasuremerndf elasticconstantsA clearandlogical descriptionof various
techniquesvas extremely helpful to anyoneinterestedn evaluatingthe reliability of publishedexper
imentaldata. A subsequendiscussiorof the recentexperimentalwork on temperaturealependencef
elasticconstantsiearthe phasdransitionwasvery interesting.

KarstenKnorr presenteda schemefor reconstructiorand interpretationof densitydistributions. It is
basedon optimal geometricembeddingpf the fragmentsanto densitydistributionsresultingfrom maxi-
mum entrofy reconstructionsA numberof examplesshaved corvincingly thata rich variety of struc-
turalinformationcanthusbe extractedfrom diffraction data. Oneof the mostimpressie casesnvolves
aqualitatve representatioof a dynamicdisorderin the system.

A discussiorof variousaspectf structureand electronicpropertiesof titanium dichalcogenidesvas
given by Andrei Postnilov (Duiskurg, Germary). FLAPW calculationswvere usedto study perfectand
dopedstructuresandto relatechangesn crystalandelectronicstructureswith the experimentaldataon
transportproperties.

Geog Thimm (Singaporefausedlot of interestin theaudiencey histalk ontopologyof crystalstruc-
tures.Thebottomline of the methodis thatonecangeneratén a systematiavay full setsof all possible
structurewith giventopologicalconstraintsThis approaclis increasinglyusedin crystallographyor a
numberof reasonsFirstly, recentexperimentalfindingsof variousnew forms of well-knovn materials
(e.g.,carbon)suggesthateven more polymorphsmight be synthesisedandit is challengingto be able
to predictwhereto look for them.Secondlycomputationamethodsarenow suficiently advancedo be
ableto procesgheoutputof the graphtheorymethodsandendup only with physicallyviablestructures.

Thethermodynamicsf disorderin mineralswaspresentedby Michele Warren(ManchesterUK). A va-
riety of methodswereused rangingfrom abinitio simulationson 20-100atomsto Monte Carlo studies
of tensof thousand®f cations.The conclusionis thatthe combinationof technique®f differentlevels
of sophisticatioris capableof describingorderdisordertransitionsquite accurately

Bjorn Winkler, KarstenKnorr, ChrisPickard,Victor Milman
(November2000)
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6.1.3 Report on CMS2000

CMS2000- 10th Computational Materials ScienceéWorkshop
Villasimius, Sardinia,ltaly, 7-12 Septembe2000

The tenth edition of the ComputationalMaterials ScienceWorkshop(CMS2000)hasbeenheld suc-
cessfullyin Villasimius, Sardinia,ltaly on 7 to 12 Septembe000. The workshophasbeenfundedby

the EuropearlUnion underthe High-Level ScientificConfeencesprogrammepy the Europearscience
Foundationunderthe programElectonic structue calculationsfor elucidatingthe complex atomistic
behaviourof solidsandsurfacesby the University of Cagliari,andthe Nationallnstitutefor the Physics
of Matter

A total of 89 participantstook partin the event. Almost all of them (96%) were scientistsactive in
EU countriesor associatedtates.The numberof participantgof ary nationality)active in the various
representedountriesvasasfollows: Italy 31;Germany 17;U.K. 7; France7; Sweden5; Switzerland
4; Brasil 4; Finland 3; Belgium 3; Spain 3; Netherland®; Austria 1; Czekia 1; Ukrainel, USA 1.
Thepleasanervironmentandreasonablyoodweatherhelpedtheintegrationamongparticipants.

Thescientificactvities consistedf 8 oral sessiongomprising20 invited lectureg(1 hourseach) andof
two distinct postersessionscomprising30 posterseach. The (one-houror three-hour)invited lectures
werecenteredn bothbasicissuesandapplicationsof abinitio methodsprevailingly density-functional
based.A. Baldeesdi (EPFLausanneSwitzerland)discussedecendadwancesn the understandingf
electronicstructureof adsorbatesn metals.S.Baroni, (SISSATrieste ltaly) reviewedthevery success-
ful linearresponseheoryof dielectricanddynamicalpropertiesof solids,andanovel abinitio theoryof
magnons.S. Fahy (Cork University, Ireland)gave a compellingreview of the presentstateof theartin
QuantumMontecarlo.R. O. Jones(KFK Jlich, Germary) addresseth detailthelimits of differentDFT
exchange-correlatio functionalsin his talks on clusters,polymersand anomalous-thermalxpansion
materials.M. Parrinello (MPI-FF Stuttgart,Germary) coveredthe recentwork of his groupon Ziegler
Nattacatalysisand NMR shiftsin organicsR. Resta(Universi@ di Trieste,ltaly) reinterpretechis own
seminalwork on dielectricpolarizationin thelight of the generalizegosition operatoy andpresented
applicationgo electroniclocalizationin dielectrics.M. Sthefler (Fritz-HaberInstitut Berlin, Germary)
coveredseveral topicsrelevant to the growth of semiconductonanostructureandcatalyticactivity on
metalsurfaces.Finally, two experimentaltalks completedhe picture: O. Ambater (WSI-TU Munich,
Germaly) reviewed very recentexperimentalevidencesandeffectsof macroscopigolarizationeffects
in nitride nanostructuresandJ. Frenlen (Leiden University The Netherlandsgiscussedan intriguing
caseof in-surfacediffusion mediatedby vacanciesandthe exciting prospect®f nanotribologywith the
STM.

Last-minutechangego the oral invited programwerefairly substantial Quite unfortunatelyA. Zunger
(NREL) hadto cancelhis participationa week beforethe event. Even moreregrettably U. Landman
(Geogia Tech)simply did not shav up at the conference M. Parrinellokindly agreedo cover part of
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thetime thusfreedup.

The postersessiongollectedabout60 distinctoriginal contritutionsfrom participants.Thetitles of the
contritutions are collectedon the web site of the conferencehttp://www.dsf.unica J t/IC MSD00.

Papergelatedto bothcontritutedandinvited talkswill be publishedn a specialissueof Computational
MaterialsSciencean 2001.

32



6.2 Workshop/ConferenceAnnouncements

6.2.1 EUROPEAN WINTER SCHOOL

STATE OF THE ART SIMULA TIONS
IN ELECTRONIC STRUCTURE AND TOTAL ENERGY
FOR SURFACE SCIENCE
Institut d’Etudes Scientifiquesde Cargese

Camgese,CorsicaFrance
Februaryl9" - March3d 2001

PURPOSE

The aim of this schoolis to presenthe stateof the art in electronicstructureandtotal enegy calcula-
tionsin view of their applicationsto the physicsof solid surfaces. The theoreticaimethodswhich will
betreatedwill extendfrom ab-initio methodgo empiricalpotentials.In eachcasetheirfield of applica-
tionsandtheir limitationswill be discussedMarny practicalexampleswill be givendealingwith metal,
semiconductoaswell asoxydesurfaces.In addition,anumberof lectureswill bedevotedto experimen-
tal techniquegphotoemissionSTM, magneticdichroism...)the interpretationof which relieson these
theoreticaimethods.The scheduledectureswill be organizednto six mainsubjects:

1. Electronic structure: Methods

2. Electronic structure: Applications and Experiments
3. Empirical potentials and applications

4. SurfaceMagnetism

5. Excitations at surfaces

6. Physisomption and Chemisomtion

The schoolis mainly intendedfor PhD studentspost-docsandyoungresearchers the field andboth
for theoreticianandexperimentalists.
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MAIN ORGANIZERS:

Dr. D. Spanjaard

email: spanjard@dectheo2dp-sud. fr
Laboratoirede PhysiquedesSolides,Bat.510
Universit Paris-Sud

F914050rsay France

Dr. M.C. Desjongueres

email: mcdjs@confiance.saclaga.fr
DSM/DRECAM

Service de Physiqueet Chimie des Surfaces et
Interfaces

CEA SaclayBat.462

F91191Gif surYvette,France

Dr. C. Barreteau

email: barreto@drfmc.ceng.cea.fr
DSM/DRECAM

Service de Physiqueet Chimie des Surfaces et
Interfaces

CEA SaclayBat.462

F91191Gif surYvette,France
PresenaddressCENG CEA Grenoble
DRFMC/SP2M/NM

17,Av. desMartyrs
38054GrenobleCéde 9, France

VENUE

The schoolwill be held at the "Institut d’EtudesScientifiquesde Cagese”which is affiliated to the
CentreNationaldela Recherché&cientifiqueandthe Universitiesof CorsicaandNice-Sophia-Antipolis.
Cameseis a smallvillage of Corsica(France),it is locatedat the seasideb0kmsfrom Ajaccio on the
westcoast.

More informationcanbefound at the Instituteweb-site:

http://car gese.unv-corse.fr

SCHEDULE AND OTHER DETAILS

The programmewill be organizedin nine working daysduringwhich therewill be four lectures(1H30
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each,ncluding15’ for discussions)Postersessionsireplannedo enablethe participantgo presenthe
results(alsopreliminary)of their currentresearch.

Participantsfrom ary europearcountryareinvited. However the numberof participantsis limited to
60. Thefeesincludingregistration,lodging andlunchesshouldnot exceed750 Eurosbut may be lower
dependingnthefundscollectedby theorganizers A substantiateductionof thesefeeswill begranted
to PhD students All necessarynformationon the schoolis availableandwill be continuouslyupdated
attheweb-site:

http://www-drfmc. cea.fr /SP2ML_ Sim/Congres /Corse _2001/ca rge se.ht ml

The interestedpersonsare asled to visit this web-sitein orderto find a completelist of lecturersand
titles of lecturesaswell asa prerayistrationform to be sentassoonaspossible.
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6.2.2 2001E-MRS Spring Meeting

SymposiumA —2001E-MRS Spring Meeting:
"Computational Materials ScienceAcrossTime and Length Scales’.
Strasbourg ( France) June 5-8,2001

MOTIVATION

Processeandstructuresn materialssciencemight easilyinvolve variablesthatspantenor moreorders
of magnituden time andspace Clearly, adetaileddescriptiorof the overallphenomenoatthesmallest
level of resolutionis out of the questionand thereforeschemeanust be developedthat allow for a
seamlesitegrationacrossherelevantscales.Thus,atomisticfirst-principlescalculationamay have to

be matchedwith classicalmoleculardynamicssimulationswhich mayin turn have to bejoinedontoa
continuumdescription. Likewise, acceleratiortechniquesnustbe developedto crossthe gapin time-

scales Both problemsbenefitirom thesustainedipwardtrendsin computerspeecandmemory but they

alsonecessitatéhe developmentof new algorithmictools. Recentyearshave seenmuchactity in this

areaandit is theaim of this symposiumnto bring togetheresearchera/orking on thesemulti-resolution,
multi-scalemethodsfo review progressto addressommonconcernsandto integratethefindingswith

experimentakechniques.

SCOPE

Papersaresolicitedthatfall in thegenerakubjectmatterof the symposiumyith specificattentionto the
following areas:

1. mechanicaproperties,including fracture,fatigue,lattice mismatch,defectstructuresdislocations,
etc.;

2. growth andevolution of surfacesthin films, andinterfaces;
3. semiconductostructuresfrom the atomicto thedevice level.

Papersannouncingnenvy methodologiesrealsowithin the scopeof the symposiumaslong asthey are
appliedto realmaterialsproblems.

Financialsupportthroughthe ESFprogrammaely is possible especiallyfor youngscientists.Request
shouldbe sentto H. Dreys< by e-mail ( hugues@lugh.u-strasihg) with the abstracandthe following
informations

Name:
Position:
Full address:

For PhD studentpleaseadda letterfrom your thesissupervisor
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DEADLINE FORABSTRACT SUBMISSION:Januaryl0,2001!!
Formfor abstraceandall informationsareavailableat:
E-MRS2001SpringMeeeting

BP 20

67037Strasbouy Cede 2, France

e-mail: emrs@phase.c-strasbguir

http://www-emrs.c-strasbogifr

Abstractshouldalsobe sentto this sameaddres$efore jan. 10,2001

ORGANIZERS:

* H. Dreyss

IPCMS-GEMME,Universi€ Louis Pasteuy
23ruedulLoess,BP 20CR, 67037Strasbouy, France.
Tel.: 388.10.70.83

Fax: 388.10.72.49

E-mail: hugues@Iugh.u-strasifig

* R. Nieminen

Laboratoryof Physics Helsinki University of Technology
02150Espoo,Finland

Tel.: 358-9-451-3105

Fax: 358-9-451-3116

E-mail: rniemine@csc.fi

* L. T. Wille

Departmenbf PhysicsFlorida Atlantic University,
BocaRaton,FL 33431,USA.

Tel.: (561)367-3379

Fax: (561)367-2662

E-mail: willel@acc.fu.edu
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6.2.3 Workshop in Exeter

DOPING ISSUESIN WIDE BAND-GAP SEMICONDUCT ORS
Exeter, United Kingdom
21-23March 2001
http://newton.ex. ac. uk/ wid egap2001/

Supportedy the EuropeanSciencd~oundationthroughthe Psi-k network.

The aim of the workshopis to bring togetherexperimentalists—intested in optimising and charac-
terisingthe electricalactvity of dopantsin wide band-gapmaterials—andheoreticiansvho carry out
calculationsin this area. The workshopwill focusmainly on defectsandimpuritiesin GaN, SiC, and
diamond.

Thereis a greatdealof interestin overcomingproblemsrelatingto shallav dopantsn thesematerials.
For example,boronis a shallav acceptoiin diamondbut thereare problemsrelatingto shallav donors.
Phosphoruandsulphurarekey candidatesitthemomentandthereis intensanterestin optimisingtheir
actity.

In GaN, oxygenandsilicon areknown to be shallav donorsbut therearedifficultiesin finding efficient
shallawv p-typedopants- Mg and Be arefavouredbut have low actiities. In SiC, nitrogenandboron
on the Si site arethe bestdonorsavailable. Neverthelessall thesedopantssuffer problemsrelatingto
solubility andthe formationof complees.

Experimentalistarewell awarethatabinitio modellingis a very effective way in which dopantactuity
can be predicted. It is significantthat the oxygendonorin GaN was first suggestedrom ab initio
theoreticakesults.

Thereis currentinterestin co-dopingwherethe electricalactvity canbe increasedvhentwo or more
impurities (sometimesoth donorsandacceptorsareinvolved andthis will be oneof thetopicsatthe
workshop.Othertopicswill involve gronth andcharacterisation.

Thisworkshopwill featureextendednvited talks,contributedtalks,andpostersessionsAmpletime for
informal discussionsvill alsobeprovided. Proceedingsvill be publishedn a specialissueof Journalof
Physics:Condensed/atter The workshopvenuewill bethe campusof the University of Exeter in the
south-wesbf England.Accommodatiorwill beprovidedon sitein the University halls of residence.

Confirmed invited spealersinclude:

FriedhelmBechstedtUniversitt JenaGermary
BernardClerjaud,Universié Pierreet Marie Curie,Paris6, France
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PeterDeak,Budapestiniversity of TechnologyHungary
Hiroshi Katayama-¥shida,OsakalUniversity Japan

Joeg NeugebauefFritz-Haberlnstitut, Berlin-Dahlem,Germary
RistoNieminen,Helsinki University of TechnologyFinland

Bo Monemay Linkdping University Sweden
JuegenRistein,University of ErlangenGermary
JohnRobertsonUniversity of Cambridge UK
BengtSvenssonRoyal Instituteof Technology Stockholm,Sweden
Kimmo SaarinenHelsinki University of TechnologyFinland
ChrisVandeWalle, Xerox PARC, Palo Alto, USA
ChristianWetzel,Uniroyal OptoelectronicslUUSA

Contrib uted papers:

The call for contritutionsis now open. Pleasesubmitcontritutionsvia the form provided on our web
site: http://newton.ex.ac .Uk /wi degap2001/ . Registrationis now alsopossibleonthewebsite.

Pleasesubmitabstract®f your contributionsby: 28 February2001

Notificationof acceptancwvill be before: 5 March2001
Early registrationpossibleuntil: 28 February2001
Organisers:

R.Jonesk C.J.Fall Telephone+441392264134
Schoolof Physics Secretary+441392264151
Universityof Exeter Fax:+441392264111

ExeterEX4 4QL Email: widegap2001@excc. ex. ac. uk
UnitedKingdom
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6.2.4 International Conferenceon DFT

FIRST ANNOUNCEMENT
9th Inter national Conference
on the Applications of the Density Functional Theory
in Chemistry and Physics

September10-14,2001

SanLorenzodel Escorial, Madrid, SPAIN
http://www.uam.es/dft2001

We arepleasedo announcéhereinthe 9th InternationalConferenceon the Applicationsof the Density
FunctionalTheoryin Chemistryand Physicsand look forward to your participation. The purposeof
this Conferences to offer a forum wherethe recentdevelopmentsn Density FunctionalTheoryand
their applicationgo the Chemistryand Physicsof increasinglycomplex materialscanbe presentegnd
discussedThisis the 9th in a Seriesof successfuConferencesandfollows recentonesthattook place
in Paris(1995),Wien (1997)andRoma(1999).

To achiere maximalrepresentatioin this Meeting,pleaseforwardthis circularto interestedcolleagues
in andoutsideyour institution.

SCIENTIFICCOMMITTEE:

E.J.Baerendg¢Amsterdam)
R. Car(Princeton)

P. Fantucci(Milano)

P. GeerlinggBrussels)
E.K. Gross(Wurzhurg)
N.C.Handy(Cambridge)
S.G.Louie (Berkeley)

B.1. Lundgvist(Gotebog)
R.G.Parr (North Carolina)
D. SalahulOttava)
J.Weber(Genee)

ORGANIZING COMMITTEE:

J.A. Alonso (Universidadde Valladolid)
J.M. Garciadela Vega(UniversidadAutonomade Madrid)
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M. Moreno(Universidadde Cantabria)
P. Wahnon(UniversidadPolitecnicade Madrid)

LOCAL ORGANIZING COMMITTEE:

R. Lopez(UniversidadAutonomade Madrid)
B. Miguel (UniversidadAutonomade Madrid)
A. Zarzo(UniverisdadPolitecnicade Madrid)

INVITED SPEAKERS:

E. Artacho(Madrid) U. Landman(Atlanta)

V. Barone(Napoli) D. Langreth(Rutgers)
A.D. Beclke (Queens) P. Madden(Oxford)

E.A. Carter(Los Angeles) J.L. Martins(Lisboa)
M.E. Casida(Montreal) R.F. Nalewajski (Krakow)
C.A. Daul (Fribou) J.Perdev (Tulane)

R. Godby(York) U. Rothlisbeger (Zurich)
A. Goerling(Munchen) A. Rubio(Valladolid)
O.V. Gritsenlo (Amsterdam) A. Savin (Paris)

E.K. Gross(Wurzlurg) M. Schefler (Berlin)

F. lllas (Barcelona) J. Schofield(Toronto)

W. Kohn(SantaBarbara) M. Teter(Cornell)
Thislist will be expandedafterconfirmationof severalinvited spealers.

SCOPEOF THE CONFERENCE:

The Conferencewill be devotedto a broadandbalancedvervien of new results,emeping trendsand
perspectiespertainingto the applicationsof DensityFunctionalTheoryto ChemistryandPhysics.The
maintopicscoveredby the Conferencewill be new andrecentadvanceson: -Methodologicaldevelop-
ments.New exchange-correlatroandkinetic enegy functionals.Excitedstates.
-Computationabdwances New codes.

-Isolatedsystemsmoleculesreactvity, dynamics smallclusters.
-Condenseghasesmesoscopisystemssolids,assemblednaterials.

-Comple molecularsystemsbiomoleculesmoleculamrmaterials.

-Electricandmagneticproperties.

FORMAT:

The scientificProgramwill consistof thematicsessionsvhereplenarytalks, invited lecturesandsome
oral contritutions (selectedrom the submittedAbstracts)will be presented.In additiontherewill be
postersessionsscheduledor optimalviewing anddiscussion.

LOCATION:

Colggio UniversitarioMaria Cristina,in SanLorenzodel Escorial,50 Km from Madrid. SanLorenzo
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del Escorialis a picturesquerillage nearthe mountainsof Sierrade Guadarramagasilyaccesibldrom
Madrid. It is alsoanimportanthistoricalsite, with its famousMonastery

ACCOMODATION:

It is expectedthat mostparticipantswill belodgedin singleroomsat the Colegio UniversitarioMaria
Cristinaand ResidenciaSagradosCorazones.They provide confortableand moderninstallationsand
we have negociatedvery reasonabl@ricesfor full boardaccomodatiorfrom the eveningof September
9th Sundayuntil 14th Friday, afterlunch. No fractionsof this specialglobal packagecanbe offered.
Alternative accomodationsanbefoundin severalhotelsin town.

REGISTRAIION AND CONFERENCHEFEES:

Detailswill beprovidedin thesecondtircular It is expectedthatthe Registrationwill bearound50.000
Pesetag300euros).Thiswouldincludeattendancatall scientificsessionghebookof abstracts¢offee
breaksgxcursionandthe ConferencdBanquet.

GRANTS:

We expectthata numberof grantswill beavailable. Thesegrantsaremainly intendedor peoplecoming
from countrieswith shortresourcesndfor youngscientists.

SPONSORSHIP:
The Conferencas sponsoredy:

ESFPsi-k Programmé=C COSTAction D9

PRE-REGISTRAION:
Pre-rgistrationform is availableon website.
Updatesandpertinentdetailswill beplacedperiodicallyonthewebsite:

http://mwwwuam.es/dft2001
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6.2.5 EuroconferenceAnnouncement

Electronic Structur e of Solidsand Surfaces

EuroConferenceon Computer Simulation of Complex Interfaces:
Out of the Vacuum Into the Real World
Giens,near Toulon, France, 7-12 September2001

Chairpersons: Philip Lindan (CLRC Dareslury Lab., UK) & Claudine
Noguera(Univ. Paris I, F)

Deadlinefor applicationsApril 2001
Preliminaryprogrammeandapplicationform at:

http://www.esf.og/euresco/f/pc0L138a.him
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The

6.3 Psi-k Workshopsin 2001

following 15 workshops,to take placein 2001, are being partially supportedby the Psi-k ESF

Programme:

1.

10.

11.

12.

13

EuropeanWinter School: Stateof the art simulationsin electronicstructureandtotal enegy for
surfacescience Februaryl9- March3,2001in Institutd’EtudesScientifiquesie Cargeseg(Corse),
France.

http://www-drfmc.c ea.fr /SP2M/L_Sim/Congr es/Corse _2001/ca rge se. ht ml

. Workshopon Application of Density-FunctionalTheoryin Physicsand Biochemistry Hands-

on workshoporganizedby organisedby Arno SchindimayPeterKratzer Jig Neugebaueand
MatthiasSchefler. 23 July- 1 August;Fritz-HaberInstitut, Berlin.

. EurescoConference:Out of the Vacuuminto the Real World. Organizers:Philip Lindan and

ClaudineNoguera.7-12 Septemberésiens,France.
http://wwwesf.og/eurescd1/pc01138a.him

. 2001E-MRS SpringMeeting: "ComputationaMaterialsScienceAcrossTime andLengthScales

”. OrganizersH. Dreysse R. NieminenandL.T. Wille June-5-8Strasbouy, France.

. Psi-K — CECAM Workshopon “Application of Ab-Initio Methodsto GeophysicalProblems”.

Organizers:SandroScandolofFrancoisGuyot, Francescdlauri andG. David Price.

. 'Physicsof MagneticMultilayers- TheoryandExperiment’Prague June9-16,2001.

http://195.113.32. 128/E GS@/_Ra gue.ht m

. Oxide-metalnterfaces- ProgressindchallengesJointly with CECAM. Organizer:Mike Finnis.

Threedaysin earlyto mid October(ThursdayFriday Saturday)with arrivalson Wednesday

. Doping Problemsn Wide Band-gapSemiconductordzaster2001at Exeter

. Density FunctionalTheoryfor the Studyof Complex Oxides. Royal Institution of GreatBritain,

betweerthe 14-180f May 2001.
http://mwwri.ac.uk/DFT2001/

Biological jointly with CECAM. Organizer:Matthev Segall.

9th InternationalConferenceon the Applicationsof the Density FunctionalTheoryin Chemistry
andPhysicsSeptemberl0-14,2001SanLorenzodel Escorial,Madrid, SFAIN.

"Local orbitalsandlinearscalingabinitio calculations'to beheldat CECAMin 2001.Organizers:
PeterHaynes David Bowler, Emilio Artacho.

. Non-collinearMagnetism Organizer:JuggenHafner March, Vienna,Austria.
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14. UK Plane-Wéve Pseudopotentialutorial Workshop. Organizers:Philip Lindan, Stewvart Clark
andWalter Temmerman5-12 DecemberDurham,UK.

15. ThePhysicof f-electronsystemsOrganizersOlle Eriksson WalterTemmermamndAxel Svane.
April, Dareslhiry, UK.
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7 GeneralJob Announcements

Postdoctoral/Reseach AssociatePositions
in Electronic Structur e Theory

National Renewable Energy Laboratory (NREL)
http://wwwsst.nrel.gu

NREL's Solid StateTheoryGroupis looking to fill a postdoctorabr researctassociatgositionin the

areaof ElectronicStructureTheoryof nanostructureandalloys, aswell asmethoddevelopment.This

positionis with Dr. Alex Zungerandis for 2-3 yearsstartingJuly-October2001. Applicantsare ex-

pectedto have a backgroundin solid-statetheory Dependingon experienceand qualifications,the

positioncould be at the rank of post-doctorafellow (40,000-53,000per year)or ResearctAssociate
(52 000-65,000peryear). More detailsaboutongoingwork in the group,computerfacilities, person-
nel, publicationsareincludedin http://wwwsst.nrel.ge. Clarificationor furtherdetailscanbe obtained
via e-mailto azunger@nrel.go

Interestedandidateshouldsendmmediatelyacurriculumvitae,list of publicationgincludingpreprints
of unpublishecpaperdf possible)andarrangdor two referencesddressetb:

Dr. Alex Zunger
NationalRenavableEnegy Laboratory
1617ColeBoulevard
Golden,Colorado80401

Thesearchwill continueuntil the positionis filled, but will notextendbeyond1 January2001.

NREL is anequalopportunityemployer andproudof its commitmento diversity Womenandminori-
tiesareencouragedb apply
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Postdoctoral Position

CondensedMVatter Sector(INFM)
Department of Physics,University of Padua, Italy

Weinvite applicationdor a post-dogoosition,startingapproximateletweertheendof 2000-bginning
of 2001, in our group (Condensedatter sector(INFM), Departmenof Physicsat the University of
Padua/taly). Thesuccessfutandidatas expectedo have experiencan abinitio techniquesandhis/her
researctprojectwill mainly concerrfirst principlesapplicationgo the studyof chemisorptiorof organic
moleculeson the suriaceof semiconductors.

Thedurationof the positionis 2 yearsandthe salarywill be 34,000,000talian Lire perannum.
For furtherinformationpleasecontact:

PL. Silvestrellior F. Ancilotto

Istituto Nazionaleperla FisicadellaMateriaand
Dipartimentodi FisicaG. Galilei

Via Marzolo8

[-35131Padora, Italy

fax +39-049-8277102

tel. +39-049-8277170

e-mail: psil@padwea.infn.it, franc@padea.infn.it
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Postdoctoral and PhD Positions
Computational Designand Reseach of Moleculesand Materials

(CDROM2)
University of Antwerp, Belgium

The CDROM2 groupof theUniversity of Antwerp, Belgium,hasseveralpositionsavailable. Thegroup,

led by Profs. C. Van Alsengy, V.E. Van Dorenandvisiting professomN.H. March (Oxford), works on

the electronicandstructuralpropertiesof materialsandmoleculeshy usingfirst-principlescalculations,
semi-empiricakndanalyticaltechniquesWe arelooking for thefollowing people:

1. A postdoqor PhDstudent}o studythethermodynamicahndrheologicalpropertieof amorphous
polymersby meansof MC/MD simulationtechniques. The candidateshould have experience
with computersimulationtechniquesinda goodknowledgeof statisticalmechanicsandpolymer
physics.

2. A PhD studentto work on the electronicand optical propertiesof dyesby meansof ab-initio
calculationsand tight-binding methods. The applicantshould have a good knowledge of solid
statephysics.

3. A postdocor PhD studentto work on the theory of nev exchange-correlatiopotentialsfor the
descriptionof non-bondednteractionsn polymersandbiomoleculesThe candidateshouldhave
a profoundknowledge of condensednattertheory and/or theoreticalchemistryand preferably
alsoa goodknowledgeof programming.

4. A postdocor PhD studentto work on the reactionmechanisnof HIV proteaseausing quantum
mechanicakndmoleculamechanicamethods.The candidateshouldpreferablyhave experience
with moleculardynamicsandvisualizationof biomolecules.

Thesepositionsarestartingfrom January2001. Theappointmentvill befor four yearsfor the PhD po-
sitions. The postdogoositionswill befor two yearswith a possibleextensionof anothettwo years.The
grosssalaryfor the PhD-studenpositionsis betweer?2200-2550:uro/monthdependingon ageandex-
periencewhich resultsaftertaxes,healthandsocialinsurancén a netsalaryof 1250-1450euro/month.
Thegrossincomeof the postdods within the rangeof 3060-35202uro/month, resultingin anetsalary
of 1600-190Curo/monthdependingpn ageandexperience.

Informalinquiriesto :

Dr. D. Lamoen.Email: lamoen@ruca.ua.ac.be
tel : 32-(0)3-2180316

To apply pleaseforward a letter specifyingfor which position(s)you areapplyinganda full CV with
thenamesandaddressesf two refereego
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Dr. D. Lamoen
Departmenbf Physics
University of Antwerp
Groenenbagerlaanl71
B-2020Antwerpen
Belgium
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Two Junior Faculty Positions
(at the AssistantProfessorlevel (tenure track)

Institute for Theoretical Physics
Karl-Franzens University Graz, Austria

Minimum RequirementGraduateDegreein Physics

DesiredQualifications: Ph.D. (or equivalent)in theoreticalphysics;several yearsof demonstratede-
searchactiities (publicationsin scientificjournals,scientifictalks, etc.)in oneor moreof thefollowing

areaf theoreticabhysics:quantum-opticahndmesoscopiphenomenan solids,optical propertiesof

semiconductorgguantumtransportin semiconductorsstatisticalmechanicsand/ormary-body physics
in condensednatterphysics;flueng in Germanand/orEnglish.

In additionto the documentdistedin the Merkblatt, completeapplicationanustcontainalist of publi-
cations,a shortdescriptionof researchinterestsaswell asthreelettersof recommendationyhich must
besolicitedby theapplicant.

For furtherdetails,see:
http://physik.kfunigaz.acat/itp/aprof-am.html
ApplicationDeadline:Decemben5, 2000(Kennzahl:23/49/99r 23/50/99)

For questiononsultwith: walterpoetz@kfunigraz.aat

Applicationsmustbe mailedto:

ZentraleVerwaltung-Personalabteitg
Kennzahl:23/49/99or 23/50/99
Karl-FranzendJniversittGraz
Universittsplats

A-8010Graz

Walter Potz

Institut fur Theoretischéhysik
Karl-FranzendJniversitit Graz

Universitatsplatzs

A-8010Graz

Austria

Tel.: +43-0316-380-52

FAX: +43-0316-380-982

e-mail: walterpoetz@kfunigraz.ac.at

homepage: http://physik.kfuni graz.a cat/ "wap
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Post-Doctoral Fellowship

Applied MathematicsTeam
Industrial Reseach Ltd
New Zealand

A post-doctorafellowship in computationaphysicsis available at IndustrialResearch.td in Welling-

ton, New Zealand(http://wwwirl.cri.nz). Thefellow is expectedto work with membersof the Applied

MathematicsTeamand Materials PhysicsTeamon first principlesand classicalmoleculardynamics
simulationsof metaloxide surfacesand/ortransparengjlassceramics Thefellowshipwould lastfor one
yearwith the possibility of anextensionfor afurtheryear Thesalaryis NZ$44,000with air-faresto and

from New Zealando be providedwhereappropriate Applicantsshouldhave aPhDin eithertheoretical
or computationaphysics appliedmathematic®r similar field. Previousexperiencewith computational
mary-bodysimulationss desirable.

Pleasecontact:

Dr ShaunHendy

IRL Applied Maths
POBox 31-310

Lower Hutt

New Zealand

fax: 6445690003

email: s.hendy@irl.cri.nz
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Two Postdoctoral Positionsin Modeling of Nanostructures

RensselaelPolytechnic Institute
Troy, NY 12180-8554

Interdisciplinarynanoscienceesearctprogramat RensselaePolytechniclnstitute seekstwo postdoc-
toral candidatego work in the areaof nanostructureanaterialsmodeling. Successfutandidatewill
be a part of industrially supportedexperiment/theorycollaboratve effort on carbon-basedanostruc-
tures. Onepostdoctoratesearchewill befocusedon first principle calculationsof electronicstructure,
bonding,andreactvity of nanoscalearbonsystems.The secondresearchewill addresdargerscale
dynamicalbehaior of nanoscalesystemswith semiempiricaBndempiricalmodelingapproachessuch
astight bindingand/orclassicaimoleculardynamicssimulations.

Thoseinterestedshouldsenda resume statemenof researchinterest,list of publicationsand list of
referenceso:

Prof. Pawel Keblinski
MaterialsSc. & Eng. Department
PhysicsDepartment
Phone:(518)2766858

FAX: (518)276-8554

E-mail: keblip@rpi.edu

(Large scaleatomisticsimulations)

or

Prof. SarojNayak
Phone:(518)2762932

FAX: (518)276-6680
E-mail: nayaks@rpi.edu
(First principle calculations)
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8 Nominationsfor Michelson Postdoctoral Prize

Michelson Postdoctoral Prize Lectureship
Department of Physics

CaseWestemn Resewne University
Cleveland, Ohio

Nominationsareinvited for thefifth annualMichelsonPostdoctoraPrizeLectureshipio beheld Spring
2000in the Deptof Physics,CaseWesternResere University This prizewill be awardedto a junior
scholaractive in ary field of physics. The winner will spendone weekin residenceat CWRU and
deliver 3 technicalecturesanda colloquium.Thelectureshipcarriesanhonorariumof $1000plustravel
expenses.

Eligibility: Nomineesmust have beenawardeda PhD between8/01/1993and 8/31/2000,and as of
11/30/2000may not hold or have acceptedry tenuredtenure-traclor equivalentposition.

RequirementsOneletter of nominationandtwo lettersof supportirom ineligible scientistsatleastone
employed at aninstitution otherthanthe nominees. The lettersshouldaddresghe nominees$ scientific
accomplishmentandpromiseandability to communicateffectively. NomineeshouldsubmitaCV and
anoutlineof his/hertalks. Pleasesendhardcopiesof all materialso:

MichelsonPostdoctoraPrizeLectureshipDeptof PhysicsCaseWesternResere University Cleveland,
OH 44106-7079

Inquiriesmayalsobe madeby FAX: 216-368-467 r email: mppl@theoryl.phys.cwru.edu

Deadlinefor receiptof all materials:Nov. 30,2000
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9 Abstracts

Chemical Effect in Rare GasAdsorption

SeanClarke, Gusta Bihimayer andStefanBlugel
Institut fur Festlorperforschung Forschungszentrundilich,
D-52425Julich, Germany

Abstract

In orderto investigatepostulatecchemicaleffectsin adsorptiorof heavy raregasatoms,we in-
vestigatehe Ag(001)c(2x 2)-Xe systemusingthe Full-PotentialLinearizedAugmentedPlane-Viave
(FLAPW) method.Adsorptionin the on-topsiteis foundto be favoredby 8.6 meV — adsorptionin
this site suggestghat thereis a chemicalcontribution to the bonding. The topology of the chaige
densityassociatedvith the Xe 5p statesclearly shavs that thesestatesare involvedin a bonding
interactionwith the substratestates We alsoshaw thatthe extra splitting of the 5p3/, orbitalsarises

from adsorbate-adsorbaitgeractions It is obsenedthatthe spin-orbitinteractiondrasticallyalters
theelectronicbut not geometrigpropertiesof the system.

(Submittedto Phys.Rev. B)
Coypy availablefrom: s.clarle@fz-juelich.de
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Two-dimensionalsurface ordered Mn-Co alloys on Co(001)

S.Meza-Aguilar O. EImouhssineH. Dreys€ andC. Demangeat
Institut de Physiqueet ChimiedesMatériauxde Strasboug,
3, rue du LoessF-67037Strasboug, France

Abstract

The spin-polarizatiorof varioussurfacealloys of manganesandcobalton cobalt(001)is deter
minedby the Tight-binding-linearmuffin-tin-orbitalsmethod.An orderedsurfacealloy restrictecto
thesurfaceplanei.e. Mng 5C0g 5/Co(001)is shavn to be morestableascomparedo largeislandsof
Mn or Coin the surfaceplane. The couplingbetweenMn andCo is foundto be antiferromagnetic
in the groundstatewith a metastablderromagneticonfigurationa few mRy higherin enegy. This
ferromagneticouplingbetweeriMin andCois in agreementvith recentmagneto-opticaKerr effect
andX-ray magneticcircular dichroismresults. The two—dimensiona{andtwo—layersthick) surface
orderedalloy (Mng5C0p5)2/Co(001)is more stableas comparedo the perfectMn monolayeron
Co(001)andonly solutionswith antiferromagneticouplingsbetweenMn atomsare obtained. A
ferromagneticouplingbetweerthe Mn atomsat the surfaceandthe Co atomsin the substrates the
groundstate.A buriedmonolayerof Mn i.e. Co/Mn/Co(001)s alsofound morestableascompared
to Mn/Co(001)sothata completeexchangebetweernsurfaceMn monolayerandthe Co subsuréce
layeris enegeticallyfavorable.

(Accepted PhysicalReview B, Februaryl)
Manuscriptsavailablefrom: Claude.Demangeat@ipcms.u-stagb
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Substrate-MediatedInteraction on Ag(111) Surfacesfrom First Principles

KristenA. Fichthorn
ThePennsylvaniéStateUniversity, University Park, PA 16802,USA
MatthiasSchefler
Fritz-HaberInstitut der Max-Plan&k-Gesellshaft, Faradayweg 46,
14195Berlin-Dahlem,Germany

Abstract

Whentwo or more atomsbind to a solid surface,the substratecan mediatean interactionbe-
tweenthem. In this paper we usedensity-functionatheoryto quantify the substrate-mediateghir
interactionbetweentwo adatomson a compressiely strainedAg(111) surfaceand on unstrained
Ag(111). Onthestrainedsurface,the elasticinteractionis significantover the shortrangeandleads
to anetattractionbetweertwo adatomsHowever, atthelongestdistancegrobed theinteractionis
primarily electronicandrepulsive. Therepulsioncanbeasstrongat 50 meV, andit formsaring-like
structurearoundanatom.Onunstrained\g(111),theinteractionis primarily electronidn origin and
it is weakrelative to the interactionfound on the strainedsurface. We calculatethe enegy barrier
for anisolatedatomto diffusein eachof thesesystems.For the strainedsurface,the magnitudeof
the diffusion barrieris comparabldo that of the adsorbaténteraction. We discussthe implications
of our findingsfor growth at surfaces.

(submittedto: CollectiveDiffusionon Surfaces:CollectiveBehaviourandthe Roleof Adatominterac-
tions editedby M. C. TringidesandZ. Chwj (Kluwer AcademicPubl.,Dordrecht))
Contactperson:MatthiasSchefler (schefler@fhi-berlin.mpg.de)

56



Orbital and dipolar contributions to the hyperfine fieldsin bulk bcc Fe,
hcp Co and at the Fe/Ag(100)interface: The inclusion of orbital
polarization

C. O.Rodrigue?, M. V. Ganduglia-Pirgand, E. L. Peltzery Blanca, M. Petersef
andP. Novak®
LYFLYSIB,GrupodeFisicadel Solido, C.C.565,La Plata 1900,Argentina
2Fritz-HaberInstitut der Max-Plan&-Gesellshaft, Faradaywe 4—6,
14195Berlin-Dahlem,Germany
3Instituteof Physics Academyof Physics Cukmovanika 10, 16253Praha6,
Czet Republic

Abstract

First principlescalculationscan make quantitatie predictionsof mary propertiesof solidsin-
cluding magnetichyperfinefields (Bys). Theinclusion of relatistic effectsbecomedmportantin
this case. We have selectedo studythreesystemsn orderto asseghe importanceof orbital and
dipolar contritutionsto the Bys andits anisotropiesbulk bcc Fe,hcp Co andthe Fe/Ag(100)inter-
face. For the last two, in-plane(parallelto the hexagonalplanesandto the interfacerespectiely)
andperpendiculamagnetizationsvere considered The influenceof differentexchangecorrelation
potentialg(local densityandgeneralizedjradientapproximation)gndtheinclusionof the orbital po-
larizationterm (known to improve the evaluationof orbital moments)n the Hamiltonianis reported.
A comparisoris madewith othertheoreticaktudiesandto experimentwhenpossible.

(submittedto: Phys.Rev. B)
Contactperson:M. VeronicaGanduglia-Pireano (pirovano@fhi-berlin.mpg.de
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Point defectson Il1I-V semiconductorsurfaces

G. Schwarz,J. NeugebauemandM. Schefler
Fritz-HaberInstitut der Max-Plan&-Gesellshaft, Faradaywe 46,
14195Berlin-Dahlem,Germany

Abstract

The basicpropertiesof point defects(atomic geometry the position of chage-transfedevels,
andformationenepgies)onthe(110)surfaceof GaAs,GaPR andInP have beencalculatecemploying
density-functionatheory Basedon theseresultswe discussthe electronicpropertiesof surface
defectsdefectsegregation,andcompensation.

(submittedto: Proceedingsf the ICPS25, Osaka(Springer Berlin/Heidelbeg, 2000))
Contactperson:GintherSchwarz (schvarz@fhi-berlin.mpg.de)
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Freeenergy and molecular dynamicscalculationsfor the cubic-tetragonal
phasetransition in zirconia

StefanoFabris! Anthory T. Paxton,andMichael W. Finnis
AtomisticSimulationGroup, Departmenbf Pure and AppliedPhysics,
Queens University, BelfastBT7 1NN, United Kingdom

Abstract

Thehigh-temperatureubic-tetragongbhaseransitionof purestoichiometriczirconiais studied
by moleculardynamics(MD) simulationsandwithin the framework of the Landautheoryof phase
transformationsTheinteratomicforcesarecalculatedusinganempirical,self-consistentprthogonal
tight-binding (SC-TB) model,which includesatomicpolarizabilitiesup to the quadrupolatevel. A
first setof standardviD calculationsshavsthat,onincreasingemperaturepneparticularvibrational
frequeng softens.Thetemperaturevolution of the free enegy surfacesaroundthe phaseransition
is then studiedwith a secondsetof calculations. Thesecombinethe thermodynamidntegration
techniquewith constrainedD simulations.Theresultsseemto supportthethesisof asecond-order
phaseransitionbut with unusualyery anharmonidehaiour above thetransitiontemperature.

(To appeaiin Phys.Rev. B, Februaryl52001)
Preprintsavailablefrom http://titus.phyqubac
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Self-interaction correcteddescription of the electronic properties of
americium monochalcogenidesnd monopnictides

L. Petitt, A. Svané, W.M. Temmerma#, Z. Szotek
1 Instituteof Physicand Astonomy University of Aarhus,
DK-8000AarhusC, Denmark
2 Dareshury Laboratory, Dareshury, Warrington WA4 4AD, UK

Abstract

We calculatetheelectronicstructureof the Am pnictidesandthe Am chalcogenidewith thehelp
of the ab-initio self-interactioncorrectedocal spin-densityapproximation.This allows usto descri
be the Am ion with eithera localized f& or f7 shell, correspondindo a trivalentor divalentcon-
figurationrespectiely. Fromthe calculationof the total enegy versuslattice constantthe valeng
configurationof the groundstateanthusb e establishedWe find thatthe Am pnictidesarewell de-
scribedby atrivalentAm configurationwhilst the chalcogenidemight bedescribedasintermediate
valent.

(Submittedto Phys.Rev. Lett.)
Manuscriptsavailablefrom: Ipetit@ifa.au.dk
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The inhomogeneousRPA and many-electron trial wave functions

R. Gaudoin M. Nekovee', andW. M. C. Foulkes
CMTH Group, Bladkett Laboratory,
Imperial College of ScienceTecdhnolagy and Medicine
Prince ConsortRoad,LondonSW72BZ,England
R.J.NeedsandG. Rajagopal
TCM Group,Cavendish_aboratory, Cambridg University,
Madingley Road,Cambridge CB30HE, UK

Abstract

Thelong-rangeelectroniccorrelationsn auniformelectrongasmaybededucedrom therandom-
phaseapproximation(RPA) of BohmandPines.Herewe generalizéahe RFA to nonuniformsystems
and useit to derive mary-electronSlaterJastrov trial wave functionsfor quantumMonte Carlo
simulations. The RFA theoryfixesthe long-rangebehaior of the inhomogeneousvo-bodyterms
in the Jastrev factorand provides an accurateanalytic expressionfor the one-bodyterms. It al-
soexplainsthe succes®f SlaterJastrov trial functionscontainingdeterminant®f Hartree-lock or
density-functionabrbitals,eventhoughthesetheoriesdo not include Jastrav factors. After adjust-
ing theRPA Jastrav factorto incorporateheknown short-rangdehavior, we testit usingvariational
Monte Carlo. In the smallinhomogeneouslectrongassystemwe consideythe analyticRPA-based
Jastrev factorslightly outperformsthe standarchumericallyoptimizedform. The inhomogeneous
RFA theorythereforeenablesusto reduceor evenavoid the costly numericaloptimizationprocess.

(Submittedto PhysicalReview B)
Manuscriptsavailablefrom R. Gaudoin:(r.gaudoin@ic.ac.u k)

* PresenaddressCentrefor Computationacience Departmenbf Chemistry
WestfieldCollege,Mile EndRoad,LondonE14NS,England.
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First principles relativistic theory of photoemissionfr om magnetic
surfaces

M. Woods, P. Strang@, A. ErnsP¢, andW. M. Temmermah
a Departmenbf Physics KeeleUniversity,
Stafordshire, ST55BG, England
bDareshury Laboratory, Warrington WA4 4AD, England
“Max-Plan&-Institutfur Mikrostukturphysik,
Weinbeg 2, D-06120Halle, Germany

Abstract

A first principlestheory of spin- and angle-resoled photoemissiorhasbeendeveloped. The
theoryis basedn densityfunctionaltheoryandis fully relativistic. It is implementedisingmultiple
scatteringtheorywith a Greens function calculatedusing a real spaceclustermethod. No lattice
symmetryor periodicity is assumedndthereforeour approactcanbe appliedto low-dimensional
systems.We illustratethe theorywith a calculationof the photoemissiorspectrafrom Ni(100) and

interprettheresultin termsof the bandstructure.The effect of the polarisationof the photonon the
spectras emphasised.

(Acceptedfor Publication:Journalof MagnetismandMagneticMaterials)
Manuscriptsavailablefrom: p.strange@physelele.ac.uk
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X-rays exhibit largeoptical activity

GerritVanderLaan
Syntrotron RadiationDepartmentDareshury Laboratory,
Warrington WA4 4AD, UnitedKingdom

Abstract

Optical activity wasfirst obsened almosttwo centuriesago on a quartzcrystal using crossed
polarizersandexplainedasbeingdueto optical rotation, a rotationof the planeof thelinear polar
ization, and optical rotatory dispersionan unequalrotation of the planeof polarizationof light of
differentwavelengths.With intensive researctgoingon for solong onewould notimmediatelyex-
pectary new discoveriesin this field. However, usinglinearly polarizedsynchrotrorradiationwith
anenegy of around5 keV, JoseGoulonat the EuropearSynchrotrorRadiationFacility (ESRF)in
Grenobleandhis caworkershave obseneda strongnon-reciprocatrans\erseanisotropy in the low
temperatureantiferromagnetidnsulatingphaseof a Cr dopedV,03 crystalin which onesinglean-
tiferromagneticdomainwasgrown by magnetoelectriannealindPhys.Rev. Lett. 85,4385(2000)].
This effect, althoughtheoreticallypredicted hasnever beenobseredsoclearly before.

(To bepublishedn PhysicsVérld (Decembe000))
Copiesavailablefrom g.vanderlaan@dl.ac.uk
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Ab initio calculation of phaseboundariesin iron alongthe bcc-fcc
transformation path and magnetismof ir on overlayers

M. Friak2, M. Sob, V. Vitek3
Lnstituteof Physicsof Materials, Academyof
Science®f the Czet Republic Zizkova 22,
CZ-61662 Brno, Czet Republic
2Departmenbf Solid StatePhysics,

Faculty of ScienceMasarykUniversity, Kotlafska 2,
CZ-61137Brno, Czet Republic
3Departmenbf Materials Sciencenad Engineering
University of Pennsylvania3231Walnut St.,
Philadelphia,PA 19104-62721J.S.A.

Abstract

A detailedtheoreticalstudyof magneticbehavior of iron alongthe bce-fcc(Bain's) transforma-
tion pathsat variousatomicvolumes,usingboth the local spin densityapproximation(LSDA) and
the generalizedgradientapproximation(GGA), is presented.The total enegiesare calculatedby
spin-polarizedull-potential LAPW methodandaredisplayedn contourplotsasfunctionsof tetrag-
onaldistortionc/a andvolume; borderlinesbetweernvariousmagneticphasesare shovn. Stability
of tetragonamagneticphaseof y-Fe is discussed.The topologyof phaseboundariedetweerthe
ferromagneticand antiferromagnetigphaseis somavhat similar in LSDA and GGA, however, the
LSDA fails to reproducecorrectlythe ferromagnetidcc groundstateandyields the ferromagnetic
andantiferromagnetitetragonaktatesattoo low volume. The calculatedbhaseboundariesreused
to predictthelattice parameterandmagneticstatesof iron overlayerson various(001) substrates.

(Acceptedfor publicationin Phys.Rev. B, Febl, 2001)
Latex-file or psfile availablefrom : Martin Friak, mafri@ipm.cz
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Magnetic circular dichroismin Co 2p photoemissionof Co/Cu(11 13):
Separationof the fundamental spectra

GiancarloPanaccioné” GerritvanderLaan® H. A. Diirr,¢, andJ. VogeP
a |stituto Nazionaleper la Fisica della Materia,
TASCLaboratory, 1-34012, Trieste Italy
b |nstitut de PhysiqueUniv. Neuhatel,
CH-2001Neudatel, Switzerland
¢ MagneticSpectoscopyGroup, Dareshury Laboratory,
Dareshury, Warrington, WA4 4AD, UK
d | aboratoire de MagnétismeLouisNeel, CNRS,
F-38043,Grenoble France

Abstract

We measuredhigh-quality Co 2p magneticcircular dichroism(MCD) spectran photoemission
for > 5ML Cofilms grownonCu(11 13)usinga“complete”experimentwherethesamplenagneti-
zationandthelight helicity vectorwerereversedseparatelyWe shov how thefour measuredpectra,
M*P*, canbe usedto make new linear combinationswhich correspondo the circulardichroismin
the angulardependencéCDAD), magneticlinear dichroismin the angulardependencéMLD AD)
and MCD spectra. The integratedsignalsof the MLDAD and CDAD canbe usedto estimatethe
errorcausedy thedifferencein the degreesof magnetizatiorandlight polarization respectiely, in
theoppositealignments TheMCD signalintegratedoverthe entire2p region doesnotaverageto ze-
ro, asonewould have expectedrom the sumrule for photoemissioro a non-interactingcontinuum
state.Thereis astrongMCD signalin theentireregion betweerthe 2ps/, and2p;,, mainlineswith
pronouncedsatellitestructure. The differenceshetweenthe measuredind calculatedresultsfor an

independent-particland an atomicmodelindicatethe presencef interatomicelectroncorrelation
effectsandconfigurationamixing.

(To bepublishedn J. EuropearPhysicallournalB)
Preprintsrequestdo: g.vanderlaan@dl.ac.uk
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Three-dimensionapin-structuren atwo-dimensionalattice:
Mn/Cu(111)

Ph.Kurz', G. Bihimayef, K. Hirai andS. Blugel
TInstitut fur FestlorperforschungForschungszentrudiilich,
D-52425Jdulich, Germaly
TDepartmenbf PhysicsNaraMedical University, Kashihara,
Nara634-8521Japan

Abstract

Basedon first-principlesvector spin-densitytotal-enegy calculationsof the magneticandelec-
tronic structureof Cr andMn transition-metamonolayer®nthetriangularatticeof a(111)oriented
Cusurface we proposdor Mn athree-dimensionalon-collinearspinstructureonatwo-dimensional
triangularlatticeasmagnetiggroundstate.This new spin-structurés a multiple spin-densitywvave of
threerow-wise antiferromagnetispin statesand comesaboutdueto magneticinteractionsbeyond
thenearesheighborsanddueto higherorderspininteractiong(i.e. four-spin). Themagnetioground
stateof Cr is a coplanamon-collineamperiodic120° Néelstructure.

(acceptedtPhys.Rev. Lett.)
copy availablefrom: s.blugel@fz-juelich.de
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Interdiffusion and exchangecouplingin Cr overlayerson a Fe(001)
substrate

|. Turek®P M. Freyss®d P Weinbeger?
D. Stoefler,d andH. Dreys<d

a Instituteof Physicsof Materials, Brno, Czed Republic
b Centerfor ComputMaterials ScienceTU Wen, Austria
¢ Institut fur Festlorperforschung FZ Julich, Germany
d |PCMS,Strasboug, France

Abstract

Theinfluenceof interfacialinterdiffusiononthe magneticorderin ultrathinepitaxialCr films on
aFe(001)substratavasstudiedby meansof electronicstructurecalculations.Thetotal coverageof
the films wasassumedo be one,two, andsix monolayersof Cr while the interdiffusion was sim-
ulatedby two-dimensionalCr-Fe alloys in the two atomiclayersforming the Cr/Feinterface. Two
limiting caseswereconsidered:(i) perfectlyorderedalloys, describedn termsof a semiempirical
tight-bindingmethodusingtherecursiortechniqueand(ii) substitutionallydisorderedlloys,whose
electronicstructurewasdeterminedabinitio usingthetight-bindinglinear muffin-tin orbital method
andthe coherent-potentiadpproximation.ln both casesthe magneticcouplingof the Cr overlayer
to the ferromagnetid-e substratexhibits similar transitions(1t phaseshifts) dueto varyingcompo-
sitionsattheinterface.The calculatedesultsprovide additionalsupportfor recentinterpretation®f
experimentson Fe/Cr/Fe(001jrilayers.

(submittedto: Phys.Rev. B — scheduledor Januaryl, 2001)
postscripffile availablefrom turek@ipm.cz
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Nonuniquenessof the Potentials of Spin-Density-Functional Theory

K. Capellé andG. Vignalé
1 Instituto de Quimicade Sdo Carlos, Departamentale Quimicae FisicaMolecular
Universidadede Sao Paulo, CaixaPostal 369, Sao Carlos,
13560-970SR Brazil
2 Departmenbf Physicsand Astonomy University of Missouri-Columbia,
Columbia,Missouri65211,USA

Abstract

It is shown that, contraryto widely held beliefs, the potentialsof spin-density-functionathe-
ory (SDFT) are not uniquefunctionalsof the spin densities. Explicit examplesof distinct setsof
potentialswith the sameground-statalensitiesareconstructedandgeneralargumentshat unique-
nessshouldnot occurin SDFT and other generalizeddensity-functionatheoriesare given. As a
consequence/arioustypesof applicationsof SDFT mustbe critically reexamined.

Contactperson:Klaus Capelle(capelle @if.sc.usp.br)
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Relativistic Fluctuations and AnomalousDarwin Termsin
Superconductors

K. Capelle
Institutode Quimicade Sao Carlos, Departamentale Quimicae FisicaMolecular
Universidadede SAo Paulo, CaixaPostal 369, Sao Carlos,
13560-970SR Brazil

Abstract

The anomaloudDarwin term, one of the recentlyderived relativistic correctionsto the corven-
tional theory of superconductiity, is analyzedin detail. This analysisleadsto the prediction of
unusuatltypesof fluctuations,of relatiistic origin, in superconductorsAn alternatve derivation of
theanomalou®arwin term,muchsimplerthanthatgivenoriginally, is presente@ndusecto clarify
somepuzzling featuresof the original derivation. The questionof obsenrability of the anomalous
Darwin term andtheresultingfluctuationsis discussedandits relationto the corventionalDarwin
termandto earlierproposedsuperconductin@arwin termsis clarified.

(To appeaiin Phys.Rev. B (scheduledor Feb2001))
Contactperson:Klaus Capelle(capelle @if.sc.usp.br)
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Density-functional investigationof the stability of spin-densitywaves

K. Capellé, M.F. Silvé? andL.N. Oliveir,

1 Institutode Quimicade Sio Carlos, Departamentale Quimicae FisicaMolecular
Universidadede Sao Paulo, Caixa Postal 369, Sao Carlos,
13560-970SR Brazil
2 |nstitutode Fimicade S&o Carlos, Departamentale Fisicae Informatica,
Universidadede Sao Paulo, Caixa Postal 369, Sao Carlos,
13560-9705R Brazil

Abstract

Recentapplicationsof andapproximationso a novel density-functionahpproactto spin-density
waves and antiferromagnetisystemsare outlined. The nonlocalnatureof the antiferromagnetic
correlationsaandpossiblenoncollinearityin spinspacearedescribedy a new fundamentatariable,
thestaggeredensity which supplementthespindensitief conventionaldensity-functionatheory

(To appeain J. Magn.Magn.Mater (proceeding®f ICM 2000))
Contactperson:Klaus Capelle(capelle @if.sc.usp.br)

70



Spin-densitywavesand the Hubbard model: an exactnumerical
treatment

M.F. Silval, K. Capellé andL.N. Oliveira,

1 Institutode Fimicade Sio Carlos, Departamentale Fisicae Informéatica,
Universidadede SAo Paulo, CaixaPostal 369, S4o Carlos,
13560-970SR Brazil
2 |nstitutode Quimicade Sao Carlos, Departamentale Quimicae FisicaMolecular
Universidadede Sao Paulo, CaixaPostal 369, Sao Carlos,
13560-970SR Brazil

Abstract

Theformationof aspin-densitywavein theone-dimensionaHubbardnodelwith asmallnumber
N of sitesis investigated.The numericaldiagonalizatiorof the modelHamiltonianshaws that, for
oddN, frustrationgivesriseto a spin-densitywave in thegroundstate.

(To appeain J. Magn.Magn.Mater (proceeding®f ICM 2000))
Contactperson:Klaus Capelle(capelle @if.sc.usp.br)
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Relativistic Theory of Superconductivity

K. Capellé, M.A.L. Marque$ andE.K.U. Gross,

1 Instituto de Quimicade Sio Carlos, Departamentale Quimicae FisicaMolecular
Universidadede Sao Paulo, CaixaPostal 369, Sao Carlos,
13560-9705R Brazil
2 Departamentale Fisica Tebrica
Faculdadde Ciencias47011Valladolid, Spain
3 Institut fur Theoetisce Physik
Universitat Wirzburg, D-97074Wurzkurg, Germany

Abstract

Therelativistic formulationof thetheoryof superconductity is reviewedwith respecto its con-
ceptualbasisandfirst applications. The constructionof relativistically covariantorder parameters
for superconductoris outlined,andthe generalizatiorof the Dirac equatiorfor the superconducting
stateis presentedA weaklyrelativistic expansionof this equationeadsto the Pauli equatiorfor su-
perconductorsyhich describeshelowest-orderelativistic correctiongo the corventionaltheoryof
superconductity. The physicsof thesecorrectionss discussedandthe prospectgor experimental
detectionof relativistic effectsin superconductorareexamined.

(To appearCondensedViatter Theories, Vol. 16. (Nova, New York, 2001))
Contactperson:Klaus Capelle(capelle @if.sc.usp.br)
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Intense-fielddouble ionization of helium: Identifying the mechanism

M. Lein®2, E.K. U. Gros¢ andV. Engel,
1 Institut fur Physikalistie Chemie AmHubland,97074Wirzburg, Germany
2 Institut fur Theoetisde Physik,AmHubland,97074Wirzburg, Germany

Abstract

We presentquantummechanicakalculationsof the electronandion momentumdistributions
following doubleionizationof a one-dimensionahelium atom by ultrashortlaserpulses(780 nm)
atvariousintensities.The two-electronrmomentundistributionsexhibit a cleartransitionfrom non-
sequentiato sequentiatloubleionization. We provide strongevidencethatrescatterings responsible
for non-sequentidabnizationby calculatingthe momenturrspectrunof theHe?* recoilions—which
we find in excellentagreementvith recentexperiments- andby analysingthe electroniccenterof-
massmotionvia Wignertransforms.

(submittedto Phys.Rev. Lett.)
contactperson:ManfredLein (mlein@phys-chemie.uni-wudnarg.de)
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Discrete peaksin above—thresholddouble—ionizationspectra

M. Lein®2, E.K. U. Gros¢ andV. Engel,
1 Institut fur Physikalistie Chemie AmHubland,97074Wirzburg, Germany
2 Institut fur Theoetisde Physik,AmHubland,97074Wirzburg, Germany

Abstract

Quantummechanicatalculationsof multiphotondoubleionizationby intensdaserpulsesshov
thatthetotal—-kinetic—eneagy spectrumof the photoelectronsonsistof peaksseparatedby the pho-
ton enepy, analogougo ordinaryabove—thresholdonization. Relatedstructuresappeaiin the two—
electronandin the recoil-ionmomentumdistribution. We proposea methodto extract the total—
kinetic—enegy spectrunfrom the experimentakecoil-ionspectrum.

(submittedto Phys.Rev. Lett.)
contactperson:ManfredLein (mlein@ phys-chemie.uni-wudiarg.de)
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Multicomponent Density-Functional Theory for Electronsand Nuclei

T. KreibichandE.K.U. Gross
Institut fur Theoertisthe Physik,Universitat Wurzhburg,
AmHubland,D-97074Wurzhurg, Germany

Abstract

A multicomponentensity-functionatheoryis developedfor the combinedsystemof electrons
and nuclei. We constructapproximatefunctionalsfor the electron-nucleacorrelationenegy and
illustratethetheoryby explicit calculationgfor theH,” molecularion.

(submittedto Phys.Rev. Lett.)
contactperson:E.K.U. Gross(gross@physik.uni-wueralg.de
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10 SCIENTIFIC HIGHLIGHT OF THE MONTH

High-pressue phasesof the alkali metals

N. E. Christensen
Instituteof Physicsand Astonomy AarhusUniversity,
DK-8000AarhusC, Denmark
D. L. Novikov
Arthur D. Little Inc., AcornPark,
Cambridge, MA 02140-2390USA

Abstract

A seriesof recentx-ray diffraction experimentscarriedout by scientistsfrom the Max-Planck-
Institut FKF in Stuttgartandthe ESRFin Grenobleon elementakemiconductorandalkali metals
underhigh pressurénave provided new insightin pressurénducedstructuraltransformationsNew
structureshave beenidentified, and someof thesehave surprisingsimilarities, suchas low coor
dination numbers. The new lithium phase,Li-cl16, which hasa cubic structurewith 16 atomsin
the cubic cell, hasnot beenfound for ary other element. Theoreticalstudies,someof which are
describechere,usingab initio methodsgo calculateelectronicandstructuralpropertiegrovide the-
oreticalsupportfor the analysisof theseexperimentsandmay alsosene to predictnew properties,
suchassuperconductity, of the materialsvhenexposedo very high pressures.

Intr oduction

Thealkali metals,earlierconsideredassimplemetalswith bandstructurethatdiffer only slightly from
thoseof free-electrorsystemshave attractedconsiderabldl] interestbecausepplicationof external
pressurehangeshe bondingpropertiesundamentally For examplelithium, thefirst monovalentmetal
in the PeriodicTable,is sometimesexpectedio be a modelsystemof hydrogenwherethe atomsform
diatomicmoleculedn insulatingsolid phasesThe breakingof the bondsin hydrogenby applyingvery
high pressuress aHoly Grail of physics[], andit is importantfor theunderstandingf the metallichy-
drogenin theinterior of the heary planets.In view of thisit wasremarkabldhattheoreticalcalculations
by Neatonand Ashcroft[Z predictedthat compressed.i might assumea structure( oC8 with iCmca
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Figurel: Contourplot of the calculatedvalence-electrodensityin lithium in the BC8 structureat 165
GPa (V /Vp=0.23). The colour codingis dark blue towardsred/magentdor increasingdensity The
lowest contourvalue is 0.0472A -3, the incrementis 0.0135A~3. Disregardingthe innermostcore
oscillations,the highestvalencedensityis foundin the interstitial square-lile greencontour 1.4x pay,
wherepay=0.204A 3 is the averagedensity

symmetry) wherethe atomsform pairs, andthat this phaseis semi-insulating. This is in sharpcon-
trastto theintuitive expectatiorthatapplicationof hydrostatiqressureshouldfavour highly coordinated
metallicphases.

The compressibiltyof the alkali metalsis very large, and the large volume reductionwith applica-

tion of pressureaffects significantly the otherwisefree-electronlike electronicstructure. As a con-

sequencethesemetalsundego several pressure-inducesdtructuraltransformations.Thesehave been
studiedexperimentally(seefor exampleRef. [3, 4,5, 6, 7, 8, 9]) aswell asby theoreticamethodqRef.

[2,3,9, 10, 11, 12,13, 14] andreferencesherein). Among several interestingresultsof this research,
themostrecentprogressncludesthe obsenration[3] of new high-pressur@hase®f lithium, Li-hR1and

Li-cl16, andtheidentification[§ 15] of thestructureof Cs-V andRb-VI asbeingtheorthorhombicCmca
structurewith 16 atomsin the orthorhombicunit cell (0C16. The samestructuretype,with very nearly

the samerelative atomiccoordinatesis foundin Si andGe underpressure.[712, 16, 17, 18] This Cm-

ca structurecontainstwo typesof atoms,sayCs; andCs,, with Cs, in planararrangementseparating
Cs doublelayers. The atomsin the single planesform a densepackingof dimes.[12] This hassome
similarity with the Cmcastructurepredictedfor Li underpressuréby Neatonand Ashcroft.[d In that

structure(oC8), hawever, thedoublelayersof type-2atomsareabsentj.e. the structureis similarto that

of Gaatambientpressure.

In Fig. 1 we shav, asan exampleof sucha "paired structure”,the distribution of valenceelectronsin
lithium at 165 GPa. The apparenformationof atompairs, however, shouldnot be overemphasizedit
is true thatthereis a single, shortestinteratomicdistance put the next-nearesneighbourdn the Cmca
structuresarenot muchfurtheraway. Thereforethe "effective” coordinationnumberis rathera5 than
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one.Theinterestingresult,though,is thatthereis a tendeng of formationof low-coordinatedphase®f
highly compressedlkali metals.Further astheresultsof the calculationswill shav, thebondingis very
differentfrom usualmolecular(covalent)bonding.Already, the densityplot, Fig. 1, demonstratethis.

The pressure-dvien electronics — d transition[19] plays a major role in the structuralbehaior of
cesium,[1120Q] in particulartheocurrencef thetetragonalCslV phasevhichis only eightfoldcoordinated.[b
The unusualdecreas®f the coordinationnumberwith increasingoressurdrom 12 in fccto 8 in CslV
hasbeeninterpretedn termsof a peculiardirectionalbondinginducedby thes-d transition.[20 21] This
leadsto a softeninganda dynamicalinstability in Cs-II (fcc).[13, 14] Also, the thermalexpansioncoef-
ficientsof Cs have beenpredictedto be negative at all temperaturesn certainpressurganges.[1314]
Thelight alkali metals Li andNa, aresimilarly stronglyinfluencedby ans— p transition.

Structur esand Method of Calculation

Theabinitio simulationmethodswvhichwe apply cannotbe usedto performanideal, moleculardynam-
ical structuraloptimization.We mustselecta certainsetof structuretypes,i.e. spacegroupsandnumber
of atomsin the cells. Someof the structureshowever, will have parameterdjk e axial ratiosandatomic

site parametersyhich mustbe optimizedat eachvolume(pressure)We canthen,amongthe structures
includedin the set,determinewhich oneis stable,staticallyaswell asdynamically at a givenvolume.

In thatway onecannever besureto find the’true’ groundstatestructure put theprocedurewill begiven

relevancein describingtrendsandbinding propertiedo be expectedf the structuredo be examinedare

selectedn a’sensiblemanner’.

The simplestclose-packd structurespcc, fcc, hcpdhcp body-centeredubic, facecenteredtcubic,and
hexagonalclosepacledarewell-knovn. Thehcpstackingsequencén thec-directionis ABA. Similarly,
fccandbcccanbebuilt by stacking(111)-layersn thesequenc@&BCA. In thishexagonakepresentation,
fcc hasc/a= v/6, andfor beethe axial ratio is ¢/a=31/3/2. The so-calledw-phasestructureappearsf
theB andC layersi bccareshiftedsothatthey coalesceat z=c/2. The double-hg&agonalclose-packd
structurg(dhcp hasanidealc/aratiowhichis twice thatof hcp,andthestackingis ABACA. The’samar
ium type structure”,9R, is a nine-layerhexagonalstructure stackingABABCBCACA. Calculationsare
mostconveniently performedusing the primitive rhombohedratell which containsonly 3 atoms. Al-
S0 A7 (spacegroup166in the InternationalTables)hasa rhombohedraprimitive cell. It containstwo
atoms. For specialparametersA7 becomegshe simple cubic, s¢ structure. The simplerhombohedral
structure hR1, is obtainedby strainingthe fcc structurealonga body diagonal. The structurewhich is
calledcl16 belongsto the spacgroupl 43d (number220in the InternationalTables). This wasfound
experimentallyfor Li underpressure[B andsofarit hasnotbeenobseredfor ary otherelementabolid.
The atomsarelocatedin the 16¢c Wyckoff positions. The primitive cell is bcc The oC8 structureis of
Cmcasymmetryandit resembleshatof a-gallium, but canalsove viewedasthatof blackphosphorous
compresseg@erpendicularlyto its doublelayers.

Someof the high-pressur@hasedave structuressimilar to the cationsublatticef binaries,[3 andthe
structureof CslV[5] is anexampleof this. CslV formsin atetragonaktructurewith 14;/amdsymmetry
SG141,andtheatomsareplacedin
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r1:(0,0,0);r2:(0,%,%1). @
Thisis the structureof the Th sublatticein ThSk.[22] The cl16 structuredescribedabove is in factthat
of the the cationsublatticein EuwAs; and YbsAsg, i.e. anti-ThgP4 structures.[2BAs mentionedcl16
is a cubic structurewith a bce Bravais lattice and 8 atomsin the rhombohedraprimitive cell. Several
othercubicstructuresmaybegeneratedby distortingsucha bccsupercell As oneexamplewe consider
the BC8 structure,mainly becausedt hasbeenfound, asalsoR8 in metastableSi phases.The BC8
structure[24 is alsobody-centered-cubiwith 16 atomsin the unit cell (8 atomsin the primitive cell).
The spacegroupit |a3, andthe atomsarein the 16c Wyckoff sites,(Xg,X0,%0). It mayalsobeviewedas
arhombohedrastructurewith an8-atomprimitive cell, SG R3. This has2 atomsin the 2c, (u,u,u)and6
in the6f, (X,y,2), sites.Theseparametersrerelatedto Xy by u=2xg, x=1/2,y=0, andz=1/2-2. Thus,in
BC8thereis oneinternalparamete(xy) which mustbe optimized.

The BC8structurecanbe consideredsa specialsettingof the structuralparametersf the R8 structure.
Both have the SG R§(number148). The 8 atomsin the R8 primitive cell arelocatedarethe 2c, (u,u,u),
andthe 6f, (x,y,z), Wyckoff sites.In BC8all 8 sitesareequvalent,but in R8the 2c andthe 6f sitesare
inequvalent. The Si-BC8and-R8phasesredescribedn Ref. [25].

The total enegy for a given choice of atomic coordinatess calculatedwithin approximationgo the
densityfunctional theory the local approximation(LDA) aswell asa generalizedyradientapproach
(GGA). Theresultspresentedhereareobtainedwith the GGA, andwe usedthe Perdev-Burke-Ernzerhof
scheme.[2p The solution of the effective one-electrorequationss performedby meansof the linear
muffin-tin-orbital (LMT O) method[27] in the full-potential version. [28] The semi-corestatesLi-1s,

Na-2, andNa-2p, aretreatedaslocal orbital§29] in the sameenegy window asthevalencestatesThe
bandstructurealculationsare scalarrelatiistic, i.e. all relatvistic effects, exceptspin-orbitsplittings,
areincluded.

The structuraloptimizationrequiredin all casesexceptfor the bccandfcc structuress madeat eachof
21 volumes,V, in the range0.10xV to 1.10xVy, whereVy is the (experimental)equilibrium volume
of bce-Naat ambientpressure. (We useVy=21.2725 A3 for Li and37.7073A3 for Na). For some
structureslike hcp,dhcp andhR1 only a single,internalparameteneedso be varied,but othercases
requiremoretime consumingoptimizations.A7 and9R requireoptimizationof two parametersz and
c/a. In the Cmcastructuresve needto vary the axial ratios,c/a andb/a, aswell as2 (in oC8) or 3 (in
0C16) internalparametersAlso for R8thereare5 parameterso be optimizedsimultaneously This is
doneby meanf a steepest-descentethod.

Results

Having calculatedthe optimizedtotal enegies, E, vs. volumefor all structuresandapplyinga least-
squaredit to apower seriesin X = (V /Vo)l/3 (positive aswell asnegative powers),we derive pressure,
P, bulk modulus B, andenthally, H = E+ PV. Thecalculated® —V relationsarethenusedto calculate
H (P), andtheresultsaresummarizedn Fig.2. Thecalculatedpressure$or someof thecompressetla

phasesreshavnin Fig. 3.

The dhcp structureis not includedsinceit is closein enegy to hcp Also, the calculationsfor 0C16
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have beenomitted, sincefor Na (asfor Li) it is above the otherstructuresn enegy. At low pressures
(not visible on the scaleof Fig.2) we find thatthe bcc structureis favouredin sodium. The calculation
predictsthatthis remainghestablestructureupto P,1 = 80 GPa, whereit transformdo thefcc. It should
be noted,however, thatthe the maximumdifference,E(fcc) — E(bcg is only 5 meV/atom. (We find
the samedifferenceausingLDA). Thefactthatwe find the enegy differenceto thatsmallalsoimplies
that a substantialerror bar is associatedvith the value of R;, and we there also madeindependent
calculationausingthe FP-LAPW methodasimplementedn the WIEN97 code.[3Q Very similar results
wereobtained.

Theinstability of Na-bccis alsoreflectedin the volume dependencef the elasticshearconstants.As
foundby Katsnelsoretal.[10] andalsoin thecalculations[1314] for Cs,C’ andCy4 softenandtendto go
negative undercompressionAnotherdistortionof thebccstructureof sodiumcouldbe possible pamely
thatto the w-phase.[3L At high pressuredsrig.2 clearlyshavs thatNa-w cannotbe a stablestructure.

The (perfect)fcc (red-orangen Fig.2) structureremainsstableup to ~170 GPa, whereit becomesun-
stableagainstarhombohedrashear The elasticconstantC44 goesneggative, andthe fcc-latticebcomes
dynamically unstable. This signalsthe transitionto the distortedstructure,hR1 (orange). The cl16
structurestartsto be the favouredstructureat B, =170 GPa. The figure shavs how a hypotheticalbcc
becomesinstablgowardsx-distortionsaround130GPa, andat B, the enegy gainassociateavith these
displacementbasbecomesolarge thatcl16 enthally valueis the sameasthatof hR1 However, in the
very samepressureegime Na-CslVrapidly lowersits free enegy with pressuresomuchthatit becomes
thelowestamongthoseexaminedup to PR3 =~ 220 GPa, wherethe Cmcastructure oC8takesover. The
figure shavs thatwith the errorbarsthe onsetof Na-cl16 maybe someavherebetweernl10and170GPa
if obseredatall. The displacementsy, increasewith compressionasin Li,[3], but in Na x seemdo
approactalimiting valueof 0.065at extremecompressionsThisis differentfrom Li, wherea saturation
valueof 0.125wasfound.[3

Apartfrom therangearoundl170 GPawheresereral structuresareclosein enegy, the hexagonalstruc-
tures,hcpanddhcp arenotlikely to be "good candidatesfor Na at high pressureandit is soalthough
althoughsubstantiaknegy canbe obtainedby reducingc/a atsmallvolumes.

The threecoexistencepressues P,1, P2, andPR3 arealsomarkedin Fig.3 which shavs the calculated
P —V relationsfor someselectedstructuref Na at smallvolumes.Fromlow pressuresgin factfrom 0)

upto 120GPawefind thatthepressuresf theclose-pac&dphasesollow eachotherclosely Thechange
of slopein P(V) for hcp-Na structurearound270 GPareflectsa rapid changdan ¢/a uponcompression.

For Li it wasdemonstratethata the distortion(finite x valuein Fig. 2 of Ref. [3]) of the bccstructure
into cl16 causesheformationof a pseudo-gapandthusto adownshiftin anappreciablemountof filled
electronstates.The one-electrorenegy sumis similarly reducedn Na-cl16 asx becomesion-zero.A
similar effect is found in the CslV andthe BC8 structures. Again the formation of a pseudogamear
Er tendsto stabilizethe structure. In all casesthe increasingoccupationof p stateswith pressures
essentiafor theformationof the new structuresandthisis mostspectaculain Na-0C8, the phasewhich
is clearlythelowestin enegy amongthoseexaminedin the high-endof thepressureangeof Fig. 2. The
pseudogamvhichis presenevenatV /Vp=0.45becomesapidly deepemsthelatticeis compressedind
atthesmallestvolumeexaminedfor Na,V /Vp=0.10,its DOSat E¢ vanishesFig. 4. In factavery small,
finite gaphasformed. In Li-oC8it wasalsofound[2 3] that DOS(Eg) vanishesta very high pressure,
but the enegy-optimizedstructuredid not exhibit afinite gap. Thes — p transitionresponsibldor this
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behaior is furtherillustratedin Fig. 5.

A similar strongincreasen the ratio betweenp- ands electroncountsat large compressiongvasfound
for Li. At first, sucha behaior might be explainedfor Li asan effect of orthogonality;the Li atomhas
afull s core,andthe 2s valencestatesare kept away from the coreregime, even at small volumesdue
to their orthogonalityto the 1s states.Orthogonalitydoesnot imposea similar radial constrainton the
Li-2 p statesandconsequentlyhe 2p canonicalband[27 canincreassts overlapwith the Li-2s band
whenLi is compressed.

A similar agumentcannotbe appliedto Na. In that casethe core of the atom containss- aswell as
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p-stateq 2p), andawealer s — p transitionshouldthenbe expected.But the behaiour in sodiumis as
thatof lithium.

Hybridizationis very strongin thecompressedlkali metals.If we considerahypotheticaNa-fcccrystal
atthesmallestvolume,V=0.1Vp, consideredere,its interatomicdistancds 1.73A. Thisis thesameas
thedistancegrom the nucleusof the free Na atomto the outermaximumof the Na-3s wavefunction.[32
Consequentlya 3s wavefuntionfrom a nearesnheighbouratomin the compressedolid will, whenex-
pandedin aroundthe local site, yield a very large p component. Only s stateshave non-\anishing
amplitudeson thenucleusandthereforethe crystalstructureadjustssothatthereareinterstitialregimes
wherethe valencechage canpile up. This meansthat the coordinationnumberis reducedto a lower
valuethanin fcc, for example.

Thevalenceelectrondistribution calculatedor Na-0C8, seeFig. 6 is very similarto thatfoundin theLli
calculations’Pairs” of atomscanbeseenput, asmentionecearlier thenext-nearesheighboudistances
arecloseto theshortesinteratomicdistanceandit is not very meaningfulto characterizehis asa solid
with coordinatiomumberl. Thedensityplot, Fig. 6, furthershavsthatthestructurehassomesimilarity
with hP4, that of graphite,andthis is even moresoin 0C8-2 the Cmcastructurederived from the Si
sublatticein MoSi.

We have alreadyat several placescomparedhe Na resultsto experimentalandtheoreticalresultspre-
sentedecentlyfor lithium.[3, 2] Neverthelessit is worthwhileto compareo alargersetof datathanthe
onewhich wasincludedin our calculationsn Ref. [3]. Figure7 summarizegnthaly calculationsfor
14 out 16 examinedstructures.

82



n(p)/n(s)

0.0 0.2 0.4 0.6 0.8

Figure5: Ratiosbetweerthe numberof p- ands- valenceelectrondn two Na-phasess volume.

Thosenot includedareoC16 ("CsV”) andR8 The formerhasenegieswhich arewell abore the ref-
erencein Fig. 7, andLi-R8 wasfound to corveme to Li-bcc at low pressuregndto Li-BC8 at high
pressures Among the new resultswhich areinteresting,we mentionthoseof Li- hP4 (graphitetype)
andLi-CslV. Li-hP4becomesa competitorto Li-oC8at very high pressuresandthe calculationsshav
thatit hasthe lowestenthally abore ~ 300 GPa. The CslV structurei even moreinterestingsinceits
enegy becomesrery closeto that of Li-cl16 in a pressuraangewhich may be accesssedxperimen-
tally. Theupperpressurattainedin the measurementsf Hanflandand Syassen[Bis around55 GPa,
andthe presentcalculationssuggesthattherecould be a pressurevindow startinga bit higherwhere
Li- CslVmightbefound. The smallestenegy differencebetweerlLi- CslVand-cl16in thecalculationis
1-2meV/atom,.e. well belov our errorbars.

ComparingFig. 1 to Fig. 8 we seethatat high pressurghe valenceelectronsn Na distributedsimilarly
to thoseof Li. The shapesf the contoursbetweenthe atomsin the "pair” resemblehoseof covalent
bonds.But the natureof the bondingis far from beinga conventionaldiatomicmolecularbonding. The
blue contoursindicateminimal densities. The valenceelectronsarein the interstitial regimes,andthe
bondingmaybe consideredsa multicenterbonding. Thebondingin thehigh-pressur@hase®f Li and
Na, for examplein the oC8§ is thusquite differentfrom from thatin the SiVIl phasgoC16 alsoCmca),
seefor exampleFig. 6 in Ref. [33]. In view of this, it surprisinghow similar someof the high-pressure
phaseof the alkali metalsarein structureto someof thosefoundin Si and Ge. Apart from having
differentrelative coordinategxg is different)the BC8 structureof silicon resembleshatof Li-BC8 but
the bondingis quite different. Figure9 shavs our calculateddensityin Si-BC8 This may crudelybe
describecasan”inverse”of theLi- andNaplots.

Conclusions

Sodiumandlithium both assumeseveral, rathercomple structuresunderpressure Examinationof the
bandstructuresandorbital-projectediensity-of-stateDOS) functionsshav thatthe numberof p-states
is found to increaseat the expenseof s statesundercompression.The reasonis that the interatomic
distancedecomesmall comparedo the rangeof the wavefunctions,andthe high-pressurgphasede-
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Figure6: Densityof valenceelectronan Na-oC8atV /Vy. Note thatthe lowestdensitiesareshavn in
blue,whereaghered(magentaforrespondo high (highest)densities.

comeratheropen. Therefore the structuredoundtheoreticallyto be good candidategor sodiumunder
very high pressurearecharacterizetbhy having coordinatiomnumberswhich arelower thanthoseof the
intermediate-pressupmhaseshccandfcc.

The structuralenegy differencescalculatecheredo not includethermaleffects,i.e. vibrationalcontri-

butionsto enigy andentrogy[13, 14] arengglected. This addsto the error barsof someof thetiny free
enegy differences Within suchlimitations, the calculationscannotclearly distinguishbetweerthe fcc,

bccandthe R9 structuresat zeropressure At slightly elevatedpressuresthough,bccis favoured,and
a bcc—fcc transitionis predictednear80 GPa. The errorbaris large, probably+ 20 GPa. Na-fcc un-

degoesarhombohedratieformationandcloseto 180 GPa several new structuresdbecomeenepetically
possible. Among thesethe cl16 is aninterestingcandidate becausehis structurewas experimentally
obsenred[3] for Li underpressureBut alsoin this casethe errorbars,atbest5 meV/atomontheenegy

differencecalculationscombinedwith the slow variationof enthally with P implies that a theoretical
estimateof the stability rangeof Na-it cl16 is difficult to give. If obseredatall, the lower limit on the
onsetpressuravould be around110 GPa, andupperlimit of its pressurgangewould benearl170 GPa.

Amongthestructuresexaminedherewe find thatNa-CslVis lowestin enthally betweerll70and220G-

Pa. Above P =~ 220 GPawe find thatthe Na-oC8 Cmca,may be stableup to very high pressuresThe
structureof Na-0C8is similar to the Li-oC8 phase put the structuralparametersy, z, b/a, andc/a (not
shavn here)vary somevhatdifferentlywith volume.

Highly compressedNa containseven more 3p- than 3s states,andin the oC8 the hybridizationis so
strongthatthe hybrizationgapmakesthe DOS vanishat the Fermilevel in the mostcompressedases.
(In that context, seealsothe discussiorby Neatonand Ashcroft[g of the Peirlsdistortionin Li). The
metal-insulatottransitionoccursin Na only at extremecompressionAt 88 % compresssiotthe Cmca
phaseis still metallic, but reductionof the volumeto 0.10xVy producesa tiny gap accordingto the
calculations.The correspondingressuras ~ 950 GPa, roughly 3 timesthe pressurat the centerof the
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Figure8: Contourplot of the calculatedvalence-electrodlensityin sodiumin the BC8 structure.Blue
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Figure9: Contourplot of the calculatedvalence-electromlensityin silicon in the BC8 structure.Blue
contourscorrespondo the lowestdesitiesredandmagentdo the highest.

Earth. For comparisonpcc-Nawould need~ 1500GPato be compressetb V /Vp=0.10.
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