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Fig. 9a: Compton profile for the valence electrons of Cu. 
Dots: experiment; full line: theory. From [7]. 
Fig. 9b: Experimental anisotropy in the Compton profile 
of Cu in directions < 110 > - < 100 >. Dotted and 
dashed lines: experiment; full line: theory (SCF-LDA) in 
the Hohenberg-Kohn-Sham formalism. From [7]. 

Electron correlation in copper 
In order to demonstrate what can be expected for 

future ECOSS experiments we quote some results from 
photon Compton scattering: Fig. 9.a shows a Compton 
profile of the valence electrons in Cu, along the < 110 > 
direction [7]. The theory which is an SCF local density 
approximation (LDA) with exchange/correlation correc
tion using linearly combined Gaussian orbitals predicts 
the experiment quite well. However, when the anisotropy 
of the profile is plotted, the situation is different: Fig. 9.b 
shows that theory overestimates the amplitude of oscil
lations. In later papers [1, 2] the local density approxi
mation was re-investigated thoroughly. The periodic de
viations of LDA predictions from measurement, given in 
Fig. 10 were traced back to electron correlation effects in 
the inhomogeneous electron gas as the most probable rea
son. They act so as to reduce the occupation of the Fermi 
sphere relative to any model calculation based on a single 
particle concept. In an extended zone scheme, this effect 
gives rise to the oscillations in Fig. 10. Again it can be 
said that present theories of the electronic structure in the 
solid are too poor to predict Compton profiles accurately. 

42 

0.02 

0.01 

.1J(q) 0 

- 0.01 

-0.02 

Cu <110> 

oYo 
0 I o 
0 I o 

g : �~� }/o 
o : o '.j 

0
0 I 

o I o 01 0 I 
0 0 0 I 
o O I O 100 

0° 0 0--o+-o---y=-=:> 
00 o o I O ol oo 0 

0° �~� o I O o oO 

0 o I o o 
0 o I o o 
0 0 

0 

�~� 0 
0 

0 0 
0 0 
oo 

0 

0 0 
0 0 

QO 
0 

q (au) 
0 I----.L.-1----_.__ __ __.__ __ ~---1 

2 3 I. 
I 

Fig. 10: Difference in the Compton profile betweeen SCF
LDA theory and experiment. In the lower part, a projec
tion of the reciprocal lattice onto the < 100 >, < 010 > 
plane with the Fermi surface of Cu is depicted. The oscil
latory difference can be explained by the removal of states 
within the Fermi body to outside. From [2]. 

Conclusion 

After a presentation of the theory of electron Comp
ton scattering, the advantages and disadvantages with re
spect to established photon Compton scattering experi
ments are discussed. Examples show that a) the main 
obstacle of strong multiple scattering can be overcome 
by a careful analysis of the various contributions to the 
Compton profile; b) anisotropies in the momentum dis
tribution of valence electrons can be measured in micro
scopic samples, thus opening the way to electron Compton 
experiments in polycrystalline specimens or microscopic 
segregates; c) Compton scattering is an extremely precise 
method for the investigation of otherwise undetectable 
solid state effects of the ground state, such as electron 
correlation. 
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Discussion with Reviewers 

R. Bonham: It is well established that in regions where 
the Bethe surface is small, the details of the surface can 
be strongly influenced by channel coupling. The most se
rious type is coupling to the elastic channel in the case of 
dipole-allowed bound-bound excitations at large momen
tum transfer. Therefore one should be a little careful in 
interpreting Compton profile results obtained by electron 
scattering at high values of the Compton variable. 
Authors: Besides multiple inelastic scattering, combined 
elastic-Compton scattering (i. e. coupling to the elastic 
channel) is in fact the main problem in electron Comp
ton scattering. In case of a fine-crystalline specimen with 
randomly oriented grains the diffraction pattern is radi
ally symmetric, and channel coupling causes a relatively 
smooth background, as discussed in the text. Careful 
background fitting should then yield reasonable results. 

The case of single crystals is more complicated. 
Here, the excited Bragg reflections only give rise to elastic 
channel coupling, and the Compton profile is a superposi
tion of cuts through the Bethe ridge at many different mo
mentum transfers. in general, it does not have a smooth 
background, and fitting does not apply. An exact solu
tion of that problem has not yet been given. However, 
simulation of Compton profiles relying on elastic intensi
ties derived from dynamical diffraction theory seems to be 
a sound approach to the interpretation of Compton pro
files, as was shown in a fundamental study by Williams 
and coworkers [12] . 


