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(In the compact index notation a multiplet can include both
bosons and fermions: for example, for=QED'(cf,'equation (3.27))
$; = (w,E,A,u). stands for electrons, positrons and photons. In such
cases we have to distinguish between the fermionic and the boson-

ic indices.)

From now on I will consider onlylthe theories in which all
Green functions have even numbers of fermionic legs. Another way
of saying this is that we shall always assume that the action is

a commuting number.

Fermionic Green functions with even numbers of legs are anti-

cyclic:

H

¢ first leg

bbb == b b v > = bbb > == bbb b > (4.3)

In order to keep track'of,signs;.the diagrammatic notation must
indicate which leg is the first leg. We do it by always drawing
the fermionic legs below the Green function blobs, and taking
the leftmost leg to be the first one. This fixes all relative

signs. The overall sign is physically irrelevant.

The perturbation expansion can be generated by the Dyson-
Schwinger eQuations; just as in the bosonic case. The diagrams
and the combinatoric factors are the same; the only difference
is the signs due to the antisymmetry of Green functions. For ex-

ample, the free fermion field theory DS equations are

(4.4)

Fermionic propagators are antisymmetric, so the first and the
second legs must be distinguished. We do this diagrammatically

by drawing a little wart on the propagator:
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Exercise 4.A.1 Can you prove that fermionic Green functions must have
- an even number of legs?

Exercise 4.A.2 Can you prove that fermionic Green functions need not
have an even number of legs?

B. Anticommuting sources

In the bosonic'case; the discussion of the general proper-
ties of Green functions was greatly facilitated by the intro-
duction of generating functionals. In the fermionic case we can-
not simply add scalar source functions (2...-.4) and form the vacuum
Green function 12.10)} because this would yield zero; identical-
ly:
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However, a simple trick provides a way out; we replace J; by

anticommuting sources:

[l

ninj = = njni . (4.6)
Then the fermionic generating functional can be defined as
=1+1 1
1 G+
Z[n] = Z; W Glj..knk- -n n . (4.7)

(Remember, our Green functions always have even numbers of legs.)

The signs due to sources are kept track of by drawing the
sources ordered along the bottom of the diagram. Green functions
can be retrieved from the generating functional by differenti-
ation, just as in the bosonic case (2.11). However, the deriva-
tives must also be anticommuting:
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