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Ab-initio calculationshave reachedh fantastidevel of accurag for the calculationof electronicstruc-
ture, lattice constantshinding enegy aswell asoptical, magneticandelectronicproperties.A large
numberof methodss in usenowadaysmary of themascommerciallyavailableprogrampackages.

Of particularinterestfor the electronmicroscopisis theunderstandingf ionisationedges|ow losses
andtheir relationto the electronic,optical and mechanicapropertiesof modernmaterials. The ab-

initio methodsusedin electronenegy lossspectrometrganbedividedinto two groups:

e multiple scatteringmethodswhich work in real spaceand are widely usedfor the calculationof

X-ray absorptiorspectra XAS) andELNES (enegy lossnearedgestructures)

e band-structurenethodspasedn thedensityfunctionaltheory(DFT) working in reciprocalspace.

Despiteof thefactthatthe outputof the DFT is electronsvherethey areandnot wherethey couldbe

the calculationof ELNES andof low-lossspectrawith the DFT works pretty well (the methodis not

intendedfor the calculationof emptystates- a factthatleadthe Nobel laureateWalter Kohnto the

statementhatcalculationof emptystateds an"ille gitimatechild" of the DFT).

In the following, we give an overview of recentdevelopmentsn thefield, wherethe simulationsare
mainly basedontheWien97code[1], the TELNES program[2] andthedynamicalscatteringheory

Fe;B wasusedasa testexampleto demonstratehat calculatedELNES can be usedto distinguish
phasesvith the samecompositionbut with slight distortionsof the unit cell (FegB orthorhombicand

tetragonal)in a nanocrystallinanaterialcomposedf differentphaseswithout the useof reference
spectraakenon puresampleg3].

An exciting questionin this context waswhetherarandomalloy couldbedistinguishedrom aregular
arrangementf atomsby useof ELNES. In the substitutionaklloy CuNi DFT calculationsbasedon

a 2x2x1supercellandon singlecellswith superstructurehovedthatdifferencesn thefine structure
of theCu L3 edgebetweerarandomsubstitutionablloy andanorderedalloy arewell visible. Calcu-
lationsbasedon the Virtual Crystal Approximationshavedthatthe supercelicalculationis neededn

orderto reproduceherandomalloy [4].

The questionof the core-holeleft by the excited electronis often consideredas a problemsinceit
complicateghe calculationof insulatorsbecausef the necessargupercell. On the otherhandthe
comparisorbetweencalculationswith differentpartial core holesin single cells andfull core hole
in a supercellmadefor the Cu L3 edgein coppershaved that half a coreholeis neededor perfect
agreemenbetweerexperimentandcalculationwhich couldbeinterpretedby anonperfectscreening
of thecoreholeby valenceelectrond5].

Chemicalanalysisunderchannellingconditionhasbeenstudiedsincetheseventies.More recents the
questionof theinfluenceof channellingonthe ELNES.We couldshawv thatthe centralquantityin this
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contet is the Mix ed DynamicForm Factor(MDFF) which canbeinterpretedasaninterferenceaerm.
Under properexperimentalconditions,informationon the position of ionisedatomsin the unit cell,

on non-dipoletransitionsandon centro-symmetrganbe extracted. Very recentlywe could interpret
faint variationsof the O-K ELNES in termsof differentfinal statesin the 1s->2ptransitionin TiO,

dependingon channelling6].

An interestingobsenationwhich is certainlyof greatimportancefor the next futureis thatthe MDFF
is closelyrelatedto aninterferencaermleadingto the phenomenomwf circulardichroismin XAS [7].

The subjectof angularresoled low-lossesandthe dispersionof plasmonsseemdo attractinterest
anav afterit lay dormantfor nearlytwo decadesThis hasto do with the tremendousomputingca-
pacity of modernequipment.The Bethe-Salpeteequationseemdo bewell adaptedo the description
of this intricate mary-body problem. It wasshown in afew casegecentlythatlocal field effectsare
mostimportantin understandinghe dispersiorfeaturesn thelow-lossregione.g.[8].

Finally, we wantto point out thatoneof the biggestchallengesvill bethe enepgy filteredimaging of
theelectronicstructuresof crystalsat atomicresolution[9] [10].
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