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22.55 “Principles of Radiation Interactions”

Radiation Interactions with Matter: Energy Deposition

Biological effects are the end product of a long series of phenomena, set in
motion by the passage of radiation through the medium.

[Image removed due to copyright considerations]
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22.55 “Principles of Radiation Interactions”

Interactions of Heavy Charged Particles

Energy-Loss Mechanisms

# The basic mechanism for the slowing down of a moving charged particle is
Coulombic interactions between the particle and electrons in the medium.
This is common to all charged particles

# A heavy charged particle traversing matter loses energy primarily through
the ionization and excitation of atoms.

¢ The moving charged particle exerts electromagnetic forces on atomic
electrons and imparts energy to them. The energy transferred may be
sufficient to knock an electron out of an atom and thus ionize it, or it may
leave the atom in an excited, nonionized state.

# A heavy charged particle can transfer only a small fraction of its energy in a
single electronic collision. Its deflection in the collision is negligible.

¢ All heavy charged particles travel essentially straight paths in matter.

[Image removed due to copyright considerations]

[Tubiana, 1990]
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22.55 “Principles of Radiation Interactions”

Maximum Energy Transfer in a Single Collision

The maximum energy transfer occurs if the collision is head-on.

[Image removed due to copyright considerations]

Assumptions:
e The particle moves rapidly compared with the electron.
e For maximum energy transfer, the collision is head-on.
~ ® The energy transferred is large compared with the binding energy of the
electron in the atom.

¢ Under these conditions the electron is considered to be initially free and at

rest, and the collision is elastic.

Conservation of kinetic energy:

ITmv? = lMVf + lmvl2
2 2 2

Conservation of momentum:
MV = MV, + mv,.

Quax = ~ MV

1 » _ 4mME
2 2

L Mam)

Where E = MV?/2 is the initial kinetic energy of the incident particle.
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22.55 “Principles of Radiation Interactions”

Qmax values for a range of proton energies.

Except at extreme relativistic energies, the maximum fractional energy loss for a

heavy charged particle is small.

Maximum Possible Energy Transfer, Qu.x, in Proton Collision with Electron

Proton Kinetic Maximum Percentage
Energy E Qmax Energy Transfer
(MeV) (MeV) 100Qp/E
0.1 0.00022 0.22
1 0.0022 0.22
10 0.0219 0.22
100 0.229 0.23
10° 3.33 0.33
10* 136 1.4
10° 1.06 x 10* 10.6
10° 538x10° 53.8
107 9.21 x 10° 92.1
0 - dmME
(M +m)?
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