Wavefunction Renormalization in Yukawa Model

The Lagrangian for the Yukawa model with a Dirac spinor field 9 and a real
scalar field ¢ is
T
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A. Draw the tree-level Feynman diagram for the scattering of the fermion from
a very heavy particle by the exchange of the boson. Write down the matrix
element iM for scattering with momentum transfer ¢ = p’ — p.
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B. Draw the two one-loop diagrams and the tree diagram with a boson
self-energy counterterm, labeling the momenta.
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C. Draw the diagrams of order g2 for the fermion self-energy —iX(p): the
one-loop diagram and t}}_g tree diagram with a fermion self-energy counterterm.
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D. Use Feynman rules to write down the expression for the one-loop diagram.
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If dimensional regularization is used for ultraviolet divergences, the expansion
of the fermion self-energy in powers of  — M (in the limit m <« M) is

S(p) = 1gi2[(d14+5—10g%>M+(d—1-Z+1u10g—>@5 M)

+[finite] (§ — M)* + } + [5M+5Z(;5— M)].

E. How must 6M and 6Z depend on d for X(p) to have a finite limit as d — 47
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If M is the physical mass, the residue Z; of the pole in the complete fermion
propagator is defined by
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F. Use the expression for 2(p) to determine Z;.
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You can choose to do no fermion wavefunction renormalization: 07 = 0. The
matrix element for scattering of the fermion from a very heavy particle is then

M= Galpysule) (vZ7) o0 {1+ @) + (@] +... ).

G. Expand (1/Z;)%go to order g3.
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With on-shell fermion wavefunction renormalization, gq is replaced by ges.
H. What is 027 What is Z;7

sz=f (- dp ) Z=|

asp — M.

/b'ﬁ

I. Expand (1/Z)%ges to order g2.. Determine the relation between gos and go
to order ¢°.
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With fermion wavefunction renormalization by minimal subtraction, gg is
replaced by gms-

J. What is 627 What is Z¢7
f

ST 57 1w AR L1~ 2oy %1

7T

K. Expand (1/Z;)%gus to order g3 .. Determine the relation between gy and gq
to order ¢3. Determine the relation between gms and gos to order g°.
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