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When a fast electron experiences an inelastic scattering accompanied by an inner-shell excitation, 
the scattering intensity, or differential scattering cross section, shows a momentum-transfer (q) 
dependence reflecting the symmetry of the initial state 

€ 

i  and final state 

€ 

f  of the inner-shell 
excitation.  The anisotropy of 

€ 

f  can then be studied from the inelastic scattering anisotropy by 
using an initial state whose symmetry is identified, as some of the examples are shown in Figs 1(a), 
1(b) and 1(c).  Botton observed the angular distribution of inelastic scattered electrons using a post-
column energy-filtering system for transmission electron microscopy [1].  This technique allows us 
a two-dimensional parallel recording of the differential cross section with high q-resolution. 
 
In this paper, we present applications of this technique to materials having anisotropy of their 
electronic structures.  Energy-filtered inelastic scattering patterns were taken by JEOL JEM-
2010FEF equipped with an omega filter at 120kV, and by FEI Tecnai G2 with Gatan Imaging Filter 
at 120 kV and 300 kV.  A series of inelastic scattering pattern were obtained at successive energy 
losses around corresponding inner-shell excitations with an energy slit with of 1-3 eV.  
 
Figs. 2(a), 2(b), 2(c) and 2(d) show inelastic scattering patterns of MgB2 at energy losses of 180 eV 
(pre-edge of B K-shell excitation), 190 eV, 198 eV and 204 eV respectively, in which a pre-edge 
pattern is subtracted as a background.  The incident direction was oriented in the 

€ 

[11 2 0] direction.  
The pre-edge pattern (Fig. 2(a)) is isotropic around the central peak, whereas Figs. 2(b) and 2(d) 
show an anisotropy; the peak is elongated in the qz (vertical) direction at 190 eV and in the qx 
(horizontal) direction at 204 eV.  These anisotropic features are caused by the 

€ 

1s → π∗  and 

€ 

1s → σ∗  excitations of B, respectively.  By assuming that each of the scattering patterns is an 
incoherent superposition of inelastic scattering patterns accompanied by 

€ 

1s → 2pxy  and 

€ 

1s → 2pz  excitations, π and σ components as a function of energy loss, which can be called as 
partial EELS spectra [2], were obtained (Fig. 2(e)).  A good agreement to the first principle 
calculation was confirmed [3].  Figs. 3(a), 3(b), 3(c) and 3(d) show inelastic scattering patterns of 
high-Tc superconductor Bi2Sr2CaCu2O8 accompanied by the cupper L-shell excitation at energy 
losses of 925 eV, 933 eV, 943 eV and 952 eV, respectively.  A clear asymmetry due to the 
excitation of 

€ 

2p → 3dx 2 −y 2  as a croissant shape can be observed in the pattern at 933 eV, which is 
consistent with previous reports, studied by conventional angular-resolved EELS and XAS [4].  Fig. 
3(e) shows partial EELS spectra of the Cu 3dx2-y2 and 3d3z2-r2 components determined by the 
quantitative comparison between the experimental and simulated patterns. 
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FIG.1. Simulated inelastic scattering patterns of 

€ 

1s →

€ 

pz  excitation (a), 

€ 

1s →

€ 

σ  (

€ 

px + py ) 
excitation (b) and the sum of (a) and (b) (c). 
 

        
FIG.2. Inelastic scattering patterns of MgB2 accompanied by the B K-shell excitation, in which a 
pre-edge pattern was subtracted as a background.  (a) ΔE = 180 eV (pre-edge). (b) 190 eV. (c) 198 
eV. (d) 204 eV.  (e) Partial EELS spectra of the B 2pxy (red line) and 2pz (blue line) components. 
 

     
FIG.3. Inelastic scattering patterns of Bi2Sr2CaCu2O8 accompanied by the cupper L-shell excitation, 
(a) ΔE = 925 eV (pre-edge). (b) 933 eV. (c) 943 eV. (d) 952 eV.  (e) Partial EELS spectra of the 
cupper 3dx2-y2 (red line) and 3d3z2-r2 (blue line) components. 
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