
Chapter 4 =  

We will derive the methods for calculating 
transition matrix elements (Feynman 
diagrams) and reaction cross sections.

But first let’s do an example.

This will illustrate:
● What are the computational 

techniques?
● What are the theoretical issues to 

understand?

Here is the example
Pion proton scattering in a RQFT for the π 
p interaction, with a pseudoscalar 
coupling.

1



Recall from PHY 855

=  the probability amplitude for evolution 
from initial state |i> at time -T to final state 
|f> at time +T; take the limit T →  infinity.

The interaction Hamiltonian is

For the lowest order calculation, the 
relevant term in the perturbation 
expansion is Lint

2  ...

Consider π+ p scattering.
There is one Feynman diagram
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The scattering amplitude

(1 )    Isospin
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(p1-q2)



(2) Spin                                                           (3) Amplitude squared

(4) Traces for unpolarized scattering
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(5) Mandelstam variables (see the handout)

But that is not good enough.
We should also include the electromagnetic interaction.
The two interactions interfere. We must add the 
amplitudes and then square the combined amplitude.
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Calculate the cross section
See the handout.
Let’s use the center of mass frame of 
reference. Then we can apply the special 
case formula (homework problem 6).

dσ /dΩ3  =  | M |2 / ( 64 π2 s ) . 



Pi-minus P scattering is slightly different.
Pi-minus P                                                                               Pi-plus scattering

Comparing Pi+ P and Pi- P scattering.
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Some data on Pi-plus Proton scattering
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The Delta Resonance Δ(1232); 

root-S = 1232 MeV ;  q1 = 220 MeV.   


