
Fast ions



Different processes
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Speed
Charge state
Mass

Nuclear 
and
Electron
Scattering
& Reactions

He - 4 u
Nuclei - 1 to 250 u
Electrons 0.00055 u

Mass

Scattered ions
γ-raysX-rays

The name of the
   -technique-
depends on which
“product” one uses
as a probe.

Parameters

Processes



“Light” ion (Mion < Mtarget)

mass ion =4mass target = 20

Initial energy=
Ein

CLASSICAL 
MECHANICS

10-10 m10-14 m

Rnuclei≈1.2 10-15 A1/3 m

Nuclear scattering



“Light” ion (Mion < Mtarget)

mass ion =4mass target = 20

Initial energy=
Ein

CLASSICAL 
MECHANICS

Nuclear scattering



“Heavy” ion (Mion > Mtarget)

mass ion =40mass target = 20

Nuclear scattering



Scattering from a surface layer
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Msample
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Sample

Scattering 
angle (θ)

incoming ion, energy Ebefore

scattered ion, energy Eafter

Eafter = k Ebefore

For a given scattering angle Nuclear scattering



The energy of the ion

 The energy of the scattered ion can be
calculated and measured EXACTLY!

 The probability of scattering depends on the
energy of the incoming ions, for He below
2 MeV, we have the Rutherford region.

Nuclear scattering

(Rutherford or Coulomb region => elastic nuclear collisions)



The probability of scattering
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Nuclear scattering



Electron and nuclear
contributions to the scattering

Energy

Distance

Sample Vacuum

E0

Surface

E1

E2

E1=E0-x dE/dx

E2=E1k
E3

E3=E2-x dE/dx

Interaction 
with electrons

Interaction
with 
nuclei

(Note on ε)

Interaction
with 
nuclei


