Phys624 Formalism for interactions: Feynman diagrams Homework 7

Homework 7 Solutions

7.1 - Drawing Feynman diagrams
We choose a convention where time is flowing towards the right. So incoming states (external

lines) appear on the left, and outgoing external lines appear on the right.

7.1.1 - Scalar-fermion scattering
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7.1.2 - Fermion-antifermion scattering

As before, we need two copies of the interaction Hamiltonian,
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Therefore, the Feynman diagrams contributing to this process look like the following,
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e*(p2) e (py) e (pa)

As was pointed out, the diagrams look similar to the scalar-fermion scattering case.

7.1.3 - Annihilation
Part (i)

The scalar annihilation diagram is obtained by “rotating” the diagrams in part (7.1.1) 90
degrees anti-clockwise. A useful mnemonic is that when we switch an incoming particle
(the electron) to an outgoing particle, we make it into an anti-particle. We can see this
from the diagram. If there is an arrow on the fermion line opposite to its momentum line
(e.g. incoming fermion arrow on an outgoing particle), that fermion line corresponds to the
anti-fermion.
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Part (ii)

To get the diagrams for e"e~™ — BB, one can flip the diagrams above. Keeping track of
fermion line arrows tell us which external line corresponds to fermions and which to anti-
fermions.
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We have also changed the momenta labels to keep with the convention that unprimed vari-
ables denote incoming particle momenta, and primed variables denote outgoing particle
momenta.
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7.1.4 - Scalar-scalar scattering
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7.1.5 - All possible 2 — 2 processes
All possible 2 — 2 processes involving the (anti)fermions are,
etet — efel (2)
ete” —ete” (3)
e e —e e (4)
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The final state is fixed given the initial state by charge conservation. Processes involving
two scalar external states,

etB—e'B (5)
e B—e B (6)
BB — e et (7)
e et — BB (8)
And finally, we have the scalar-scalar scattering,
BB — BB 9)

We have 6 distinct initial states. Four of those have net charge, and hence one fixed final
states. Two have no net charge, and give two possible final states each. So the total number
of processes is 8. These are all the 2 — 2 processes allowed in this theory.
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7.2 - Contraction of field operators
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7.3 - Expression for S-matrix element
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7.4 - Identical scalar particles
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