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8.1 E
lastic and inelastic collisions

�
R

elativistic energy: ‘tw
o contributions’:

�
R

est-m
ass energy

�
‘E

nergy of m
otion’

�
If collision causes internal structure of one 
(or m

ore) objects to change, then rest-m
ass 

energy of object changes
�

S
o, relativistic energy ‘takes account’ of 

such changes
�

C
onservation of energy and m

om
entum

:
�

Total relativistic energy alw
ays conserved

�
Total relativistic m

om
entum

 alw
ays conserved
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�
E

lastic collision:
�

O
ne in w

hich the final state particles are the 
sam

e as the initial state particles:
e.g. a

+ b
→→→ →

a +
b

�
Inelastic collision:
�

O
ne in w

hich final state particles differ from
 

those in the initial state:
e.g. a + b →→→ →

c + d + e
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8.2 A
nnihilation in the centre of m

ass
�

E
xam

ple: 

�
C

an produce Z
0

at rest only if E
cm

s ≥≥≥ ≥
m

Z
= 90 

G
eV

Z
e

+

e
-

µµµ µ
+

µµµ µ
-
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�
R

ate of reaction e
+e

-→→→ →
Z

0
as m

easured at 
LE

P
:

m
Z
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�
R

econstruct m
Z

from
 decay products:

−−− −
+++ +

µµµ µ
µµµ µ

+++ +
=== =

E
E

m
Z
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8.3 S
cattering

�
E

xam
ples I:

�
γγγ γ

+ e
-→→→ →

γγγ γ
+ e

-

B
efore:

A
fter:

E
lectron

P
hoton: 

frequency = f

P
hoton: 

frequency = f´

��� ���� � ��� �
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+++ +
=== =′′′ ′
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�
E

xam
ples II:

�
ννν ν

e
+ e

-→→→ →
ννν ν

e
+ e

-
–

tool for particle physicists
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8.4 A
nnihilation w

ith one particle at rest
�

E
xam

ple:
�

B
efore:

�
A

fter:

�
Threshold:
�

R
eaction m

ay only take place if:

e
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e
-

µµµ µ
+

µµµ µ
-

e
e
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