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Themixeddynamicform factor(MDFF) S(q, d’, F') of atamgetis a densitymatrixin reciprocalspace
q. As such,it containgnformationonthedensity(onthe maindiagonal)andonthemutualcoherence
(on the skew diagonal). The Fourier transformof the MDFF with respectto (q, —q') (denotedr-
MDFF), relatesto anenegy-dependendensitymatrixin realspace

0
S(r,r',E) := FTy4, _¢[S(a,d, F)] = /E pg; (v, ) pg,+e(r',r)dE;.

wherepg, (r, r') is the densitymatrix of thetargetfor statesof enegy E;. In otherwords,the Fourier

transformof the MDFF is an enegy correlationfunction betweenthe densitymatricesof occupied

(initial) statesandunoccupiedfinal) stateswith enepgy differenceE betweerthesestates.E equals

the enepgy lossof the probeelectron. The overlapof initial andfinal electrondensitymatricesdeter

minesthe outcomeof inelasticscatteringexperiments.

Theinelasticscatteringcrosssectionfor ionizationby two coherentlyincidentplaneelectronwaves
with wave vectorsk; andk, is thesumof two directtermsandaninterferenceermthatis proportional
to the MDFF [1]. It resemblesheintensityoscillationsof a corventionalinterferometerThe propor
tionality factordependsn the orientationof the primary electronbeamrelative to the crystallattice,
on the positionof the scatteringevent,andon the thicknessof the specimen.Hencethe interference
termcanbetunedby settingup channelingor antichannelingonditions.

Thisis the basisfor ALCHEMI andELCE andhasrecentlybeenappliedto interpretfaint changesn
ELNES in termsof transitionsto differentfinal stateq2]. Integratingout onevariablein the MDFF
we find thatthe Fouriertransformof the densityin real spaceds the projectionof the MDFF ontothe
skew diagonalin reciprocalspace:

FT.[S(r,r, E)] = /S(q’, a+d,E)dq.

A high value of the MDFF on the skew diagonalindicatesstronglocalizationof the corresponding
excitation. Therefore,it shouldbe possibleto analyzeeigenmode#n the enegy loss spectrumwith
respecto theirlocalization.

In particular the MDFF of a delocalizedcollectve modeshouldvanish,andthe enegy lossspectrum
shouldbe independenof the channelingconditions. Low lossspectraof Si and TiO, rutile takenin
diffractionshawv differencedetweerchannelingandantichannelingpectraThevariationsin the SiL
edge- seeFig. 1 - wereinterpretedaschannelingenhanceanonopoletransitions.This canberelated
to localizationsincep—p transitionsaremorelocalizedthanp— s transitions.The sameholdsfor the
3p semicordransitionin rutile ata 39 eV wheretime-dependendensityfunctionaltheory(TD-DFT)

https://doi.org/10.1017/5143192760210612X Published online by Cambridge University Press


https://doi.org/10.1017/S143192760210612X

637CD

in thelocal densityapproximatiorshovedstronglocalization[3].

More surprisingis the fact thatthe main peakat ~ 25 eV changeshape- seeFig. 2. Thisis clear
evidencethatthe collectve modein rutile is somavhatlocalized. This wasrecentlyconfirmedby a
TD-DFT calculationof the plasmondispersion3]. Local field effectschangethe plasmafrequeng
dramaticallyfor non-vanishingg. Theeffectis mostprominentoetweeriOandl14 eV, with anincrease
and subsequentlecreasen crosssection. In this lossregion a significantstructureappearsn the
experimentaldifferencespectrumHow this featureexactly relatesto the off-diagonalelementsf the
dielectricmatrix remainsto beseen.[4]
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Figure 1. Si L edgeandratio of spectraunder gigyre2: Low lossspectrunof rutile underchan-

channelingto antichannelingconditions. Local- nejing (upper curve) and antichannelingcondi-
izationis strongat the edgeonset. tions (curve below).
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