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Themixeddynamicform factor(MDFF)
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of a targetis adensitymatrix in reciprocalspace�
. As such,it containsinformationonthedensity(on themaindiagonal)andonthemutualcoherence

(on the skew diagonal). The Fourier transformof the MDFF with respectto
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(denotedr-
MDFF), relatesto anenergy-dependentdensitymatrix in realspace
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 � is thedensitymatrix of thetargetfor statesof energy


�@
. In otherwords,theFourier

transformof the MDFF is an energy correlationfunction betweenthe densitymatricesof occupied
(initial) statesandunoccupied(final) states,with energy difference



betweenthesestates.



equals

theenergy lossof theprobeelectron.Theoverlapof initial andfinal electrondensitymatricesdeter-
minestheoutcomeof inelasticscatteringexperiments.

The inelasticscatteringcrosssectionfor ionizationby two coherentlyincidentplaneelectronwaves
with wavevectorsBDC and BFE is thesumof two directtermsandaninterferencetermthatis proportional
to theMDFF [1]. It resemblestheintensityoscillationsof a conventionalinterferometer. Thepropor-
tionality factordependson theorientationof theprimaryelectronbeamrelative to thecrystallattice,
on thepositionof thescatteringevent,andon the thicknessof thespecimen.Hencethe interference
termcanbetunedby settingup channelingor antichannelingconditions.

This is thebasisfor ALCHEMI andELCE andhasrecentlybeenappliedto interpretfaint changesin
ELNES in termsof transitionsto differentfinal states[2]. Integratingout onevariablein theMDFF
we find that theFourier transformof thedensityin realspaceis theprojectionof theMDFF ontothe
skew diagonalin reciprocalspace:
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A high valueof the MDFF on the skew diagonalindicatesstronglocalizationof the corresponding
excitation. Therefore,it shouldbe possibleto analyzeeigenmodesin the energy lossspectrumwith
respectto their localization.

In particular, theMDFF of a delocalizedcollectivemodeshouldvanish,andtheenergy lossspectrum
shouldbe independentof thechannelingconditions.Low lossspectraof Si andTiO E rutile taken in
diffractionshow differencesbetweenchannelingandantichannelingspectra.Thevariationsin theSi L
edge- seeFig. 1 - wereinterpretedaschannelingenhancedmonopoletransitions.This canberelated
to localizationsincepS p transitionsaremorelocalizedthanpS s transitions.Thesameholdsfor the
3psemicoretransitionin rutile at T 39eV wheretime-dependentdensityfunctionaltheory(TD-DFT)
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in thelocal densityapproximationshowedstronglocalization[3].

More surprisingis the fact that the main peakat TVUXW eV changesshape- seeFig. 2. This is clear
evidencethat the collective modein rutile is somewhat localized. This wasrecentlyconfirmedby a
TD-DFT calculationof the plasmondispersion[3]. Local field effectschangetheplasmafrequency
dramaticallyfor non-vanishingq. Theeffect is mostprominentbetween10and14eV, with anincrease
and subsequentdecreasein crosssection. In this loss region a significantstructureappearsin the
experimentaldifferencespectrum.How this featureexactly relatesto theoff-diagonalelementsof the
dielectricmatrix remainsto beseen.[4]
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Figure 1: Si L edgeand ratio of spectraunder
channelingto antichannelingconditions. Local-
izationis strongat theedgeonset.
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Figure2: Low lossspectrumof rutile underchan-
neling (upper curve) and antichannelingcondi-
tions(curvebelow).
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