Chapter 20

Scattering Theory

For free fields, all Wick contractions between fields and between a field and a creation/annihilation operator
will be e-numbers. Therefore, we can write them as time-ordered VEVs. For the ¥71¢ theory, we have the free
fields
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The only possible, non-zero contractions we can have are ¥(x)¥1(y), ¢(x)d(y), apt(z), bpih(z), cqd(x),

Y(x)al, ¥ (x)bl,, and ¢(x)cl, which evaluate to
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CHAPTER 20. SCATTERING THEORY
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Given the function

we can calculate its Fourier transform as

68

—iq-x

iq-x

—ip-x

V(q) = /d3r V(r)e'ar

2 27 i
T Ar dap/ (cos ) / dr 2 = elar cos9—pr
T

— % * dr 67;“‘ (eiqr _ efiqr)
q Jo
)
B O e o I S C/A S I
2q |iq—p 0 g+ p 0

zgz{ 1 1 }
= + -

2q lig—p g+ p
£2q+u+iq—u

2 —¢*—p?

2

v

(@) =

9
q® + 2

The Coulomb potential is the massless limit of the Yukawa potential
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Taking the corresponding limit of the Fourier transform, we find
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