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Two Body Scattering
One of the most important processes in considering the
radiation-matter interaction is the energy losses by collision
It can be considered as a two body scattering:

Ï the target (usually an electron) can be considered to be at rest

Relativistic kinematics should be used to study this process
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Two Body Scattering
1) Relation between kinetic energy T and rest mass

T +mec
2 =

√
p2
ec2+m2

ec4

p2
e =

(T +mec
2)2−m2

ec
4

c2 (A)

2) Momentum conservation

~pi =~pf +~pe → ~pf =~pi −~pe
p2
f = (~pi −~pe)2 = p2

i +p2
e −2~pi ·~pe cosθ (B)

3) Energy conservation√
p2
i c

2+m2c4+mec
2 =

√
p2
f
c2+m2c4+T +mec

2

p2
f =

p2
i c

2+T 2−2T
√
p2
i c

2+m2c4

c2 (C )

Two Body Scattering August 2022 3 / 6



Two Body Scattering
(A) → (B)
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Two Body Scattering: Maximum Energy Transfer

Maximum energy transfer occurs in head-on collision: cosθ = 1
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Two Body Scattering: Maximum Energy Transfer

Let’s consider the case me <<m: collision of a heavy particle with an
orbital electron

Ï In case of very high energy p >> m2

me
c

Tmax ' pic 'Ei
m2
me

c=36 GeV/c for pions

=1.7 TeV/c for protons

This means that a massive particle (i.e. proton) can be stopped by an
electron.

Ï For lower energies: p << m2
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In the case that m=me we have:
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