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Lecture 14 Oct. 21, 2013

Computing S-Matrix from Feynman Diagrams
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From last time, we have for the general form of the cross section, Eq. 4.79,
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For elastic scattering with all particles having the same mass, this reduces to
(

dσ

dΩ

)

CM

=
|M|2

64π2E2
CM

.

Today we need to relate the invariant amplitude M to time ordered prod-
ucts of fields, along the lines we used in getting (the generalization of) 4.31:
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In terms of Feynman diagrams we saw that the ratio had the miraculous
effect of cancelling the contribution of disconnected pieces, so that
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Read Peskin and Schroeder pp. 108–120.

When you get to fermions in section 4.7 in Peskin and Schroeder, I want
to make some clarifications on spinors:

When we write down a sequence of fields, the order of the fields carries
implied meanings. First, the fields are operators which act, starting on the
right and then successively as we move left, on the states of the system. Sec-
ondly, the fields may be spinors, column or row vectors in the representation
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space, with implied contractions. For example, by ψ̄ψ we mean the single
operator

∑

a ψ̄aψa, but by ψψ̄ we mean the four by four matrix operator ψaψ̄b.
This is not what is meant in 4.105, where we really have

T
(

ψa(x)ψ̄b(y)
)

≡

{

ψa(x)ψ̄b(y) for x0 > y0

−ψ̄b(y)ψa(x) for x0 < y0
.

Note that SF is a matrix:

SF ab(x− y) =
∫

d4p

(2π)4

i( 6p+m)ab

p2 −m2 + iǫ
e−ip·(x−y) = 〈0|Tψa(x)ψ̄b(y) |0〉 .

and the first displayed line on page 116 means

T (ψ1 aψ2 bψ3 cψ4 d) = (−1)3ψ3 cψ1 aψ4 dψ2 b if x0
3 > x0

1 > x0
4 > x0

2.

If we put in all the spinor indices on all the ψ and ψ̄ fields, as well as
on any γ matrices Γ which might appear between them, the order in which
we write down the Γab’s and SF cd’s are irrelevant, but if we arrange them
in the right order, we can leave out the spinor indices as implied matrix
multiplications. We find that when we draw the Feynman diagram for a
given set of contractions, if we write the factors related to a single fermion
line in order, starting from the head of the arrow which represents particle
number flow, and working backwards to the start of that line, we get the
factors in the correct order.


