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Ab-initio calculationshavereacheda fantasticlevel of accuracy for thecalculationof electronicstruc-
ture, latticeconstants,bindingenergy aswell asoptical,magnetic,andelectronicproperties.A large
numberof methodsis in usenowadays,many of themascommerciallyavailableprogrampackages.

Of particularinterestfor theelectronmicroscopistis theunderstandingof ionisationedges,low losses
andtheir relationto the electronic,optical andmechanicalpropertiesof modernmaterials.The ab-
initio methodsusedin electronenergy lossspectrometrycanbedividedinto two groups:

� multiple scatteringmethodswhich work in real spaceandarewidely usedfor the calculationof
X-ray absorptionspectra(XAS) andELNES(energy lossnearedgestructures)

� band-structuremethods,basedon thedensityfunctionaltheory(DFT) working in reciprocalspace.
Despiteof thefactthattheoutputof theDFT is electronswherethey areandnot wherethey couldbe
thecalculationof ELNESandof low-lossspectrawith theDFT worksprettywell (themethodis not
intendedfor thecalculationof emptystates– a fact that leadthe Nobel laureateWalter Kohn to the
statementthatcalculationof emptystatesis an"illegitimatechild" of theDFT).

In the following, we give anoverview of recentdevelopmentsin thefield, wherethesimulationsare
mainly basedon theWien97code[1], theTELNESprogram[2] andthedynamicalscatteringtheory.

Fe� B wasusedasa testexampleto demonstratethat calculatedELNES canbe usedto distinguish
phaseswith thesamecompositionbut with slight distortionsof theunit cell (Fe� B orthorhombicand
tetragonal)in a nanocrystallinematerialcomposedof differentphases,without the useof reference
spectratakenonpuresamples[3].

An exciting questionin thiscontext waswhetherarandomalloy couldbedistinguishedfrom aregular
arrangementof atomsby useof ELNES.In thesubstitutionalalloy CuNi DFT calculationsbasedon
a 2x2x1supercellandon singlecellswith superstructureshowedthatdifferencesin thefine structure
of theCu L � edgebetweena randomsubstitutionalalloy andanorderedalloy arewell visible. Calcu-
lationsbasedon theVirtual CrystalApproximationshowedthatthesupercellcalculationis neededin
orderto reproducetherandomalloy [4].

The questionof the core-holeleft by the excited electronis often consideredasa problemsinceit
complicatesthe calculationof insulatorsbecauseof the necessarysupercell.On the otherhandthe
comparisonbetweencalculationswith differentpartial coreholesin singlecells and full core hole
in a supercellmadefor the Cu L � edgein coppershowed that half a corehole is neededfor perfect
agreementbetweenexperimentandcalculation,whichcouldbeinterpretedby anonperfectscreening
of thecoreholeby valenceelectrons[5].

Chemicalanalysisunderchannellingconditionhasbeenstudiedsincetheseventies.Morerecentis the
questionof theinfluenceof channellingontheELNES.Wecouldshow thatthecentralquantityin this
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context is theMixedDynamicForm Factor(MDFF) which canbeinterpretedasaninterferenceterm.
Underproperexperimentalconditions,informationon the positionof ionisedatomsin the unit cell,
on non-dipoletransitionsandon centro-symmetrycanbeextracted.Very recentlywe could interpret
faint variationsof the O-K ELNES in termsof differentfinal statesin the 1s->2ptransitionin TiO �

dependingon channelling[6].

An interestingobservationwhich is certainlyof greatimportancefor thenext futureis thattheMDFF
is closelyrelatedto aninterferencetermleadingto thephenomenonof circulardichroismin XAS [7].

The subjectof angularresolved low-lossesandthe dispersionof plasmonsseemsto attractinterest
anew after it lay dormantfor nearlytwo decades.This hasto do with thetremendouscomputingca-
pacityof modernequipment.TheBethe-Salpeterequationseemsto bewell adaptedto thedescription
of this intricatemany-bodyproblem. It wasshown in a few casesrecentlythat local field effectsare
mostimportantin understandingthedispersionfeaturesin thelow-lossregione.g.[8].

Finally, we wantto point out thatoneof thebiggestchallengeswill betheenergy filteredimagingof
theelectronicstructuresof crystalsat atomicresolution[9] [10].

References
[1] P. Blahaet al. WIEN97,A Full PotentialLinearizedAugmentedPlaneWavePackage for Cal-

culatingCrystalPropertiesKarlheinzSchwarz,Techn.UniversitätWien,Austria,1999.
[2] C. Hébert-Soucheet al., Ultramicroscopy83(2000)9.
[3] C. Hébert-Soucheet al., EuropeanPhysicalJournal– AppliedPhysics9 (2000)147.
[4] C. Hébertet al.,Journal of Physics,CondensedMatter13(2001)3791.
[5] J.Luitz et al., EuropeanPhysicalJournal B 21 (2001)363.
[6] P. Schattschneideret al., Ultramicroscopy86 (2001)343.
[7] C. Hébertet.al.,Thisconference.
[8] N. Vastet.al.,PhysicalReview Letters 88(2002)037601-7.
[9] P. Schattschneideret al., Micron31(2000)333.
[10] Thiswork wassupportedby theAustrianScienceFund(projectPHY14038)

1595CD

https://doi.org/10.1017/S1431927602104557 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927602104557

