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In electron diffraction experiments with a single-crystal 
wedge Bloch waves can be analyzed directly because of their 
separation into partial waves when leaving the crystal. In 
a two-beam case the diffraction spot is split into a double 
representing two partial waves of the two Bloch waves. The 
energy-loss spectrum in the 220 doublet of MgO was in
vestigated with a Möllenstedt velocity-analyzer. Two loss 
peaks at about 14 and 22 eV were found in each Bloch 
wave. Thermal losses were identified as a background in 
the no-loss peak.

In electron diffraction the steady state of the 
electrons travelling through a crystal can be de
scribed by Bloch waves. I f  we consider the diffrac
tion from one set of net planes only two Bloch 
waves are strongly excited. In this case one Bloch 
wave (1 ) represents the electrons travelling in the 
net planes and the other Bloch wave (2 ) represents 
the electrons traveling between the planes. Because 
of the different inelastic interactions o f these Bloch 
waves inside the crystal they are absorbed different
ly leading to the Borrmann effect for electrons. In 
a diffraction experiment with a wedge-shaped 
crystal the diffraction spots are split into a 
doublet in the diffracted beam as well as in the zero 
beam, corresponding to the two Bloch waves. The 
analysis of the fine-structure profile o f the doublet 
allows the determination of the structure potential 
and the absorption coefficients of the Bloch waves 
as was shown earlier1. In the present work the 
energy-loss spectrum of the doublet from a MgO 
crystal wedge was observed and the properties o f 
inelastic scattering and absorption coefficients were 
studied.

Figure 1 shows the experimental arrangement 
where a MgO crystal was mounted on a goniometer 
stage and the slit of a Möllenstedt velocity-analyzer 
was set perpendicular to the crystal edge. In Fig. 2 
the energy-loss spectrum of the 220 doublet is 
shown, where (1 ) and (2 ) indicate the spots from 
Bloch waves (1 ) and (2 ) respectively (the scale 
indicates energy loss in e V ) . The incident energy 
was 45 keV. The spectrum has two peaks at about 
14 and 22 eV which agree roughly with the values 
obtained by other observations2. Furthermore the 
spectrum shows the follow ing characters:

Energy Loss Analysis in Bloch Waves
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a) The intensity of the energy-loss peaks is much 
smaller than that o f no-loss peaks.
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b) The energy-loss peak belonging to Bloch wave 
(1 ) is weaker than that of Bloch wave (2 ) simi
lar to the no-loss peaks as one can see very 
clearly fo r a large excitation error in Figure 3.

c) The intensity of the background around the 
peaks at the no-loss part is stronger than that of 
the energy-loss peaks.

According to a simple calculation for a wedge- 
shaped crystal, the intensities of the no-loss peaks 
belonging to Bloch waves (1 ) and (2 ) are given 
by (see appendix)
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respectively. /lix and //2 are the total absorption 
coefficients o f the Bloch waves (1 ) and (2 ),  and 
Hn is the absorption coefficient based on the in
elastic transition from the elastic Bloch wave ( i )  
to the inelastic Bloch wave (/'), constituting the loss 
peak in the energy-loss spectrum, i =  j  represents 
an intraband transition and i =t= j  represents an 
interband transition, c is a constant depending on 
the intensity of the incident beam and the geo
metry of the wedge. The relations (1 ) and (2 ) were 
shown earlier1.

The experimental result (a ) and the formulae 
(3 ) and (4 ) indicate that lu1 and ju2 are much 
larger than the //*/s. u1 and ju2 consist of all the

jUij’s due to any first-loss process and the part due 
to the phonon excitations. The energy-loss value 
due to the phonon excitations is very small. From 
these situations we can conclude that the absorption 
effect arises almost from the phonon excitations. 
The experimental result (c ) supports the above con
clusion.

The experimental result (b ) and the intensity 
ratio between the no-loss and the first-loss peaks 
might give important informations on the relations 
among the //*/s which depend on individual in
elastic processes. More precise quantitative measure
ments are necessary.
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Appendix

The relation between the no-loss intensities and 
the first-loss intensities of electrons passing a parallel 
sided crystal is given by

di0w/dt = -  Ml V 1), dV2)/d* = -  ju2 V 2) , 
d i ^ / d t  =  -  fit i ±w  +  fxn  V 1) +  / / 2 1 V 2), 

d i ^ / d t  =  -  / / 2 V 2) +  u2,  V 2) + / / 12 / 0« ,

where t is the crystal thickness and I n^  the inten
sity of the n-ith loss peak corresponding to Bloch 
wave ( i ) .  In the case o f a crystal wedge the inten
sity is given by

; , ® - c / 7 » < i) w d ( .
o

The result is shown in (1 ) . . .  (4 ).
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