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cPiL Scattering geometry
q — wave-vector transfer/momentum transfer

. for inelastic scattering from an atom
k - incident wave-vector

Oy — describes shortening of wave-vector from

k' — scattered wave-vector T 5 —
scatteringi.e. |k| =k=|k"| + kO

Emy
h2k?

For energy loss E: O =

Scattering geometry

¢ =1 +(k') =2kk'cos8

q. = kO (geometry)
q = kOg (definition of ¥f)
¥ < 1 therefore ¢° = k(9% + 9?)




cPiL Scattering cross section

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

Relevant quantity: scattering cross-section
as a function of angle 6 and energy loss E.

dU This is a differential for:
Solid angle dQ
Interval of energy loss dE

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

d()




=P~L Theory of core losses

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 | | > to final state |_|i

Incoming electron changes momentum from k to k'

Use:

First order perturbation theory

First Born approximation

Perturbation potential is Coulomb potential

H.A.Bethe: 1930:

Zur Theorie des Durchgangs schneller Korpuskularstrahlen
durch Materie

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




=Pi~L Theory of core loss

Transition probability per unit time dP; from an initial state |i)
to a final state |f) situated between v¢ and v¢ + dvy.

27T ,
dPir = 7|(f| V|i)|?dvs 6(E; — Ef)

Initial and final state of the system :

i) = |k)®|)
and

f) = |k) ®|F)

|} and |F) Initial and final states of the target electron.



=Pi~L Theory of core loss

7\:3 before the interaction 7\:1, after.

dPif = —- |<F|®(kb|V|k>®| )|*dved(E — Er + E)

L 1 &2 o
kIVIE) = / 2m) 33— eilka—k)R
lVIE) = o [0S

F position vector of the fast electron R of the target electron



=Pr~L Theory of core loss

- — e2 = T
ko|V|k,) = 4K
< b’ ’ > (27‘[)3€0qu

e4

(27r)>heiq (

dPy = F|e'@R|1)[2dvs 6(E; — Er + E)



=Pi-L

Theory of core loss

dP;s
d S—
g 7‘; Jo

Jo current density of the plane wave

Pr,(R) = (2m) /2R jo = (hka)/ ((27)*m)

do =

2( mm s [(F|e™R|1Y|2dv¢6(E; — EF + E)

dvs = dv; dve (dv; : target electron, dv, : fast electron)

dve = (kym)/ h*dEdQ)



=Pi~L Theory of core loss

If the final state is expressed in an orthogonal basis set :

dvt =1
dve = ky—ydEAQ)
h
e K I(FIe ) (6 - £ + )
OEIQ {7 1*(4r)2e3q* K -

Relativistic effects : m — ym



=Pr~L Theory of core loss

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

47k

820' 4’}’2 kb
FleR|1)|%6(E — Er + E) = g.E
JdEQQ) ;aqu'ka“ | |>| ( / F+ ) 88q4ka (q )
47160
Use Bohr’s radius: ap = 7T€02
me

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

S(G.E) = Y [(FIe¥¥|1)*6(E — E + E)
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=P~L Theory of core losses

S(Z]’, E) is a matrix element between initial and final states

Dipole approximation

S(d,E) = Y |(F|e®R|I)|?6(E — Er + E)
F

—

If §.R < 1 we can write 4R ~ 1+ jg.R

Zl Flig.R|I)|6(E; — Er + E)

02 1
In conclusion, we have:  S(g, E) o< g> and aEa(TQ o q4S(Ei, E)

Therefore, the DDSCS for inelastic events varies as —
q
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=PiL Theory of core losses

Since: g% = k*(0% + 6,°)

%o 1
X
0QE 92 4 9.*

DDSCS has an angular dependence: ~ DDSCS(6) =

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

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

0 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
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=PL Inelastic scattering angular range

intensity -

e
(3

* |nelastic scattering concentrated into much smaller angles than elastic scattering
* Characteristic angle for scattering: 6, =

0.0 L=

angular distributions
for Z=6, Eg=200keV

elastic (Lenz model)

| elastic (diamond)
inelastic (K-shell)

inelastic (outer-shell)

20

scattering angle (mrad)

30

Emy _ E_ E
a2 ymv2 " 2E,

a| ELAsnc/

01

b -

Ey: incident beam energy
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