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Algebraic Preliminaries 1.2

We can also directly calculate each term in the expansion using Wick’s theo-
rem (1.9).

Steepest-descent. In the case of contour integrals in the complex domain,
one sometimes uses a method, steepest-descent, which reduces their evalua-
tiot: to gaussian integrals. Let us consider the integral:

I= /Hdrg exp [-%S(:v},...,:cn) . (1.13)
=1

In the limit A — 0, the integral is dominated by saddle points {x{}:

g—g(:ci,r%,,xfl) = 0. (1.14)

Choosing the dominant contributing saddle point x¢, we can expand X around
the saddle point:
x = x° +yVA, (1.15)

This change of variables is such that in the expansion of § (x) /A the dominant
y dependent contribution, which is quadratic, has a coefficient of degree zero
in A:

1 ‘ 1 c 1 62 .
¢ XS(ml,...,mn)_XS(x)+§a$mj (x°) viy;
0 /\k/2-1 6kS . ‘
k=3 k! Oy ... 0ziy (Vi -y - (116)

The integral becomes:

_S(x* - 1 0%,
I=¢ S( )//\/de, €xXp [—gm(x )y;y_,' i R(y) (117)
$=1 ’

st )\k/Z—l gkg

RY) = 2 " 5y By O Vb (118)

If we expand the integrand in powers of v/ we have to calculate at each order
the average of a polynomial with a gaussian weight.
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