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Q1. (5 points)
An electron of total energy E hits an electron at rest producing three electrons and one positron in the reaction

Calculate the threshold kinetic energy (minimum KE) of the incident electron for this reaction in terms of the electron mass m.
Solution
This problem is essentially the same as the one treated in Example 3.4 on page 106 of textbook using protons instead of electrons.
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Q2. (5 points)
Consider the Feynman diagram shown below for  in the ABC toy model: 

[image: ]

Using the Feynman rules for this model, find the scattering amplitude M for this diagram, assuming . Leave your answer in the form of an integral over one remaining 4-momentum q.
ADHERE TO THE MOMENTUM CONVENTION IN THE ABOVE FIGURE
Solution
[image: ][image: ]



Q3. (5 points)
(a)Determine the lowest-order scattering amplitude for the process . (There are two diagrams)
(b)Find the scattering amplitude for this process in the CM frame, assuming  Express your answer in terms of the incident energy  (of particle ) and the scattering angle  (of particle ).
Solution
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Example 3.4 The Bevatron at Berkeley was built with the idea of producing
antiprotons, by the reaction p + p — p + p + p + p. That is, a high-energy proton
strikes a proton at rest, creating (in addition to the original particles) a proton-—
antiproton pair. Question: What is the threshold energy for this reaction (i.e. the
minimum energy of the incident proton)?
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Solution: In the laboratory the process looks like Figure 3.6a; in the CM frame,
it looks like Figure 3.6b. Now, what is the condition for threshold? Answer: Just
barely enough incident energy to create the two extra particles. In the lab frame, it
is hard to see how we would formulate this condition, but in the CM it is easy: all
four final particles must be at rest, with nothing ‘wasted’ in the form of kinetic energy.
(We can’t have that in the lab frame, of course, since conservation of momentum
requires that there be some residual motion.)

Let plor be the total energy—momentum four-vector in the lab; it is conserved,
so it doesn’t matter whether we evaluate it before or after the collision. We’ll do it

before:

E + mc?
(—) lplr O) O)

oo

Pror =
where E and p are the energy and momentum of the incident proton, and m is
the proton mass. Let p/; be the total energy—momentum four-vector in the CM.

Again, we can evaluate it before or after the collision; this time we’'ll do it afier:

Pior = (4mc,0,0,0)




image3.png
(a) C O g
p P - P O\
p O\
Before After
(b)

O— ——) /O
Before After

Fig. 3.6 p+p —> p+p +p +p. (a) In the lab frame; (b) in the CM frame.

since (at threshold) all four particles are at rest. Now pior # Phor » Obviously, but
the invariant products p,rorPror and PurorPior @re equal:

E 2
(E + mc) — p2 = (4mc)2

Using the standard invariant (Equation 3.50) to eliminate p?, and solving for E, we
find

E = 7mc?
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