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522 Advanced field-theoretic methods

d: : :
H(x, T) :f (23:;6{ e"TP'Xe-'TDefp-x, (111)

where in d dimensions use is made of the relations

{plx) = (zx)d/z gi'p._n:]I
d
(xlx') = f (; e =8 =,
T
dix ;
(Plp)= | Gad? " =80 - p). (1.12)

From the 1dentities

de?* = P (i + d,),

d,d"e'P* = e'P*(ip, +d,)(ip* +d*), (1.13)
we can then write
d
Hix 1] — d p efr[("f’n*"dp)z"ivm%ro]
(27 )4
d
— _d p er{pz—mlle—rld-d+a+2ip1dll (1.14)
(2m)?

The first exponential factor is simply the free field result, while all the interesting
physics is in the second exponential. The latter can be Taylor expanded in powers
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dip .
fel) = [ 2P o) = g (x — x),
(2m)d

d¥x

(Plp)= | S 7€ 7" =890~ p).

(2m)4
From the identities
dueip"r = e'P* (ipy +d,), =
dd'e”" = e (ipy +d)ip" +d"),

we can then write

d
H(x’ 1') = f (;iiﬁ;d e_r[(fpu+d;1)3+ﬂ!2+£7]
4

) @ny©

d
d P r[pz—mlle—rld-d-ka+21p1dl

(1.12)

(1.13)

(1.14)

The first exponential factor is simply the free field result, while all the interesting
physics 1s in the second exponential. The latter can be Taylor expanded in powers
of 7, keeping those terms which contribute up to order 72 after the integration over
momentum is performed. Note that each power of p* contributes a factor of 1/7.

Thus, we obtain the expansion

dd 2 2
H(x,1) = f ﬁ er(p —m )[1 _ T[d -d +0.]

2

5 [(d-d Fo)ld od £o) = 4p:d.ped]
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4

Employing these relations to evaluate Eq. (1.14) gives (to second order in 1),

)
e A

ie
H(X, T) = —(4x)dj21-d/2
o N +r2(1 R : ld,,d,][d", d"] + 1[al’ [d" ]l)
— 10 —a ey Uy 3 = ) T s
2 127" 6
(1.17) L}
or in the notation of Eq. (1.3), W W
ag(x) = 1, a;(x) = —o, /
1 1 . 1
a(x) = ~o* + —[d,.,d]ld" d"] + - [d,, [d",o]]. (1.18)
2 12 6
Fermions are treated in a similar manner. For example, the identity
1
np = - I ) (1.19)

allows the same technique to be used for the operator 2 ). In particular let us
consider the case where

B=F+i)Y +iAys. (1.20)
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