
10/14 Lecture outline

? Reading: Luke, chapter 5

• Last time, Dyson’s formula: S = Te
−i

∫
d4xHint . Use this to compute 〈f |S − 1|i〉,

using Wick’s theorem,

T (φ1 . . . φn) =: φ1 . . . φn : +
∑

contractions

: φ1 . . . φn :

to eliminate the T ordering

• Illustrate this for our simple example of interacting theory:

L = 1
2 (∂φ2 − µ2φ2) + (∂ψ†∂ψ −m2ψ†ψ) − gφψψ†.

Toy model for interacting nucleons and mesons. Treat last term as a perturbation.

Recall φ ∼ a + a† for “mesons,” ψ ∼ b + c†, and ψ† ∼ b† + c. We’ll say that b

annihilates a nucleon N and c† creates an anti-nucleon N̄ . Conservation law, conserved

charge Q = Nb −Nc. Examples of states:

|φ(p)〉 = a†(p)|0〉, |N(p)〉 = b†(p)|0〉, |N̄(p) = c†(p)|0〉.

Note then e.g.

〈0|φ(x)|φ(p)〉 = e−ip·x, 〈0|ψ(x)|N(p)〉 = e−ip·x, 〈0|ψ†(x)|N(p)〉 = 0.

Example: meson decay. |i〉 = a†(p)|0〉, |f〉 = b†(q1)c
†(q2)|0〉. Compute 〈f |S|i〉 =

−igδ4(p− q1 − q2) to O(g).

Now consider N +N → N +N , to O(g2). The initial and final states are

|i〉 = b†(p1)b
†(p2)|0〉, 〈f | = 〈0|b(p′1)b(p

′
2).

The term that contributes to scattering at O(g2) is

T
(−ig)2

2!

∫
d4x1d

4x2φ(x1)ψ
†(x1)ψ(x1)φ(x2)ψ

†(x2)ψ(x2).

The term that contributes to S − 1 thus involves

〈p′1p
′
2| : ψ†(x1)ψ(x1)ψ

†(x2)ψ(x2) : |p1p2〉 = 〈p′1p
′
2| : ψ†(x1)ψ

†(x2)|0〉〈0|ψ(x1)ψ(x2)|p1, p2〉.
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=
(
ei(p′

1
x1+p′

2
x2) + ei(p′

1
x2+p′

2
x1)

)(
e−i(p1x1+p2x2) + e−i(p1x2+p2x1)

)
.

The amplitude involves this times DF (x1 − x2) (from the contraction), with the prefactor

and integrals as above. The final result is

i(−ig)2
[

1

(p1 − p′1)
2 − µ2

+
1

(p1 − p′2)
2 − µ2

]
(2π)4δ(4)(p1 + p2 − p′1 − p′2).

Explicitly, in the CM frame, p1 = (
√
p2 +m2, eê) and p2 = (

√
p2 +m2,−pê), p′1 =

(
√
p2 +m2, pê′), p′2 = (

√
p2 +m2,−pê′), where ê · ê′ = cos θ, and get

A = g2

(
1

2p2(1 − cos θ) + µ2
+

1

2p2(1 + cos θ) + µ2

)
.
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