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Appendix B

Advanced field theoretic methods

B—1 The heat kernel

When using path integral techniques one must often evaluate quantities
of the form

H(z,7) = (x ‘C_TD|:L‘> , (1.1)

where D is a differential operator and 7 is a parameter. In this section,
we shall describe the heat kernel method by which H(x,7) is expressed
as a power series in 7. For example, if in d dimensions the differential
operator D is of the form

D=0O+m’+V, (1.2)

where V' is some interaction, then the heat kernel expansion for H(x,7)
is
—T'ﬂ'lz

) e

H(z, 1) = W a2 [ao(if)

+ai ()7 + ag(x)T* + .. ] (1.3)
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(@ Dla) = - [ T (ale]a) +C. (1.6)
0

where (' is a divergent constant having no physical consequences. Sub-
stituting Eq. (1.3) into the above yields

(x|InD|x) — C = _M%)d/z Zmd’_%‘ I (n — g) an(x) . (1.7)

n=0

| : — d
D =d,d" + m? + o(x) (d, = g + 1 (x)) ,
G(}(:L') =1 ) ai (‘E) = -0,
1 1 1
ar(@) = 50"+ 5[ dy)[d" ] + ¢ [d [d", 0]



