
Section 14.1 ▶
Scattering in a classical Coulomb field

"We consider the scattering of an electron 
in a static, i.e., time-independent, external 
field."

What does that mean?

∃ a static charge or current ;

e.g., a heavy ion—so heavy that we can 
treat it as a charge fixed at the origin.
An electron scatters from the ion.
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 Energy is conserved, but 3-momentum 
is not conserved.  ( Why? )
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Here is how we start:

To the first approximation, we only need 
the S-matrix element of order 1;

eq 14.3
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Now derive the cross section.
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● Equation 14.14

Now we need to do some algebra.
It's pretty simple, but let's practice using 
FeynCalc ...
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● The static Coulomb field
2
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Mott cross section
dσ/dΩ = α2 [ 1 − v2 sin2(θ/2) ]

               4 Ee
2 v4 sin4(θ/2)



6

● The Mott cross section 

● Comments

1) The nonrelativistic limit

2) The ultrarelativistic limit

3) The Coulomb divergence

4) Nonrelativistic form factor

3
Mott cross section

dσ/dΩ = α2 [ 1 − v2 sin2(θ/2) ]
               4 Ee

2 v4 sin4(θ/2)

         α2                                               
4 Ee

2 v4 sin4(θ/2)             ; the Rutherford cross section;
same as classical mechanics   

     α2 cos2(θ/2)                                              
4 Ee

2 sin4(θ/2)                ;  vanishes at    θ = π

In the limit  θ → 0, 

δσ  = (dσ/dΩ) sinθ dθ dφ   ~  θ − 3  dθ ;

q = 0 is singular because A0(r) is long range; i.e.,

A0(r) ∝ 1/r as r → ∞ 

An isolated  U nucleus is not really feasible.
For scattering from a U atom, the potential would be 
a screened Coulomb potential, and dσ/dΩ  would be 
finite at θ  = 0.
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4/ Nonrelativistic form factor

We took A0(r) = Ze / (4π r).

This corresponds to a point charge.

That is not real, but just an idealization.

For a charge density ρ(x) = Ze f(x)
 

A0(x) = ∫ ρ(y) d3y / ( 4π |x − y|)

A0(q) = f (q) Ze /|q|2

Cross section = Mott CS × |f (q)|2

^               ^

^
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Homework Problems
due Friday April 7  

12. Maiani and Benhar, problem 14.1.1.

13. Mandl and Shaw, problem 8.4.

HW


