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Announcements

• Problem set 2 due on Tuesday 1700 in Drop Box.



Final Result: Total two-body decay rate:

• We now need to be able to calculate the matrix element M


• Thus far (in isospin, etc.) we have dealt with relationships between different 
M based on symmetry rather than calculating M directly


• later, we’ll use Feynman diagrams and the associated calculus to calculate 
amplitudes for various elementary processes
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Two-Body Decay:
• Last time, we derived the rate for two-body decay


• Let’s put this equation to use to consider the strong decay of a particle

• An example of this would be 

• We have all the quantities (p2 needs to be consistent with E conservation)


• except the amplitude

• In the past, people had to “guess” the amplitude.

•  Looking at the units:


• The only momentum in the problem is |p2|. 

• We could also consider


• The coupling is strong so let’s assume 
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Calculating the Lifetime

• Calculate p2


• This sets the typical time scale for strong decays unless the phase space is 
dramatically different.


• To do better, we need a better idea of the amplitude/matrix element.
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Scattering:

• Look somewhat familiar?


• It has almost the same form as the decay phase space
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Integrating to enforce mass/energy>0

• The integral over dpf0 turns out the exactly the same as before

� =
S

2�m1
⇥

⇤
|M|2 ⇥ (2⇥)4 �4(pµ

1 �
N�

f=2

pµ
f )

N⇥

f=2

1

2
⌅

p2
f + m2

f

d3pf

(2⇥)3

� =
S~2

4
p
(p1 · p2)2 � (m1m2c2)2

⇥
Z

|M|2 ⇥ (2⇡)4�4(pµ1 + pµ2 �
NX

f=3

pµf )⇥
NY

f=3

1

2
q
p2
f +m2

fc
2

d3pf

(2⇡)3



Griffiths Problem 6.9

• Consider the collision 1 + 2→ 3+ 4 in the lab frame (2 at rest), with particles 3 
and 4 massless. Obtain the differential cross section:


• start with the general scattering phase space formula
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Evaluate the kinematic term

p1 = (E1/c,p1)
p2 = (E2/c,p2) = (m2c,0)
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Work out the outgoing momentum differentials:

• We have two outgoing particles:


• and they are both massless
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What we have so far:

• Expand out the delta function
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Carry out the integral over momentum

• Let’s integrate over p4 since we want the answer in terms of p3


• The integral just sets p4 = p1 + p2 - p3 = p1 - p3 everywhere
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Dealing with p1 and p3

• Let’s try to rexpress |p1-p3|
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Variable subsitution:

• Following the prescription from before:


• examine the remaining delta function and set z to the energy of the 
outgoing particles:
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Endgame

• Let’s substitute
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Finish”

• Final integral sets z in order to enforce energy conservation
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