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Scattering geometry
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 – wave-vector transfer/momentum transfer 
for inelastic scattering from an atom

⃗q

 – describes shortening of wave-vector from

scattering i.e. 
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Detector

Sample

 – incident wave-vector⃗k
 – scattered wave-vector⃗k′￼

Scattering geometry

θE =
Emγ
ℏ2k2

For energy loss :E



Scattering cross section
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Want to know the probability of energy-loss 
scattering from one atom.


Relevant quantity: scattering cross-section 
as a function of angle θ and energy loss E.


This is a differential for:

Solid angle dΩ

Interval of energy loss dE


We consider a transition from initial state 
| I > to final state | F > for the core electron 
of the atom



Theory of core losses
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 Transition from core (occupied) to unoccupied state

 Cannot be treated classically – we need quantum mechanics!

 System = fast incoming electron + target electron

 Target electron transitions from | I > to final state | F

 Incoming electron changes momentum from  to 


 Use: 

 First order perturbation theory

 First Born approximation

 Perturbation potential is Coulomb potential


⃗k ⃗k′￼

H.A.Bethe: 1930:

Zur Theorie des Durchgangs schneller Korpuskularstrahlen 
durch Materie

Annalen der Physik, vol. 397, Issue 3, pp.325-400



Theory of core loss

5

target



Theory of core loss

6



Theory of core loss

7



Theory of core loss

8



Theory of core loss

9



Theory of core loss
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Arrive at an expression for the double differential scattering cross-section (DDSCS):

Use Bohr’s radius:

Assign the following term as the dynamic structure factor :S( ⃗q, E)



Theory of core losses
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Therefore, the DDSCS for inelastic events varies as 
1
q2

 is a matrix element between initial and final statesS( ⃗q, E)

Dipole approximation

In conclusion, we have: and



Theory of core losses
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Since:        q2 = k2(θ2 + θE
2)

DDSCS has an angular dependence:       DDSCS(θ) =
∂2σ

∂Ω∂E
∝

1
θ2 + θE

2

Therefore the ionisation edge has an angular distribution of intensity that is Lorentzian

 is the scattering angle for the half width at half maximum (HWHM) of this LorentzianθE

 is therefore considered as the characteristic angle of scattering, because most 
of the ionisation edge intensity will fall within a collection aperture of this angle

θE



Inelastic scattering angular range
• Inelastic scattering concentrated into much smaller angles than elastic scattering


• Characteristic angle for scattering:

13

θE =
Emγ
ℏ2k2

=
E

γmv2
( ≈

E
2E0

) : incident beam energyE0


