
Physics 140 Fall 2016

11/9 In Class Problems—Feynman Rules for a Toy Theory

The “Toy Theory” is very very similar to QED without spin. The method is the same.
The rules:

• There are only three particles, A, B, and C.

• mA > mB +mC

• They are each their own antiparticles.



1. Let’s use these, and our derivation last time, to find the lifetime of the A.

Working through all the steps above:

• 1. Draw the vertex above–it is the only first order diagram. Label all the p’s. (There
are no q’s!)

• 2. Write down one factor of −ig
• 3. No q’s, so write nothing.

• 4. You can write that delta function...

• 5. There are no integrals to do

• 6. Cancel that delta function, heh, but, you do have to replace it with an i. This is M.

Recall that we had derived:
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• Now calculate the lifetime! (Leave symbols, after all, we don’t know g yet.)

• Check the units!
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2. Scattering of A+ A→ B +B

• For the diagram shown here, work through all the “ritual” steps, 1-6 to find an M:

• But, it turns out, the diagram shown below is different in the interchange of p3 ↔ p4.
You do not need to redo all the steps, you can take your final M above and simply
replace p4 with p3..

• The total amplitude for the lowest order process is the sum of those two M’s you just
calculated. Write the total M.

3. As stated, we can’t do the complete cross section for that last case because the amplitude will
have θ in it. (From the (pi − pj)2.)

But we can find the differential cross section. Let’s do that for the very special case of
mA = mB = m and mC = 0.

• Show that the M for this case is

M =
−g2

~p2 sin2 θ

• Find the differential cross section for this case.
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