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7.2 Non-Abelian gauge fields and the Faddeev—Popov method 245

therefore spacelike. We introduce a timelike vector 7, = (1,0,0,0), which is
orthogonal to g, in the radiation gauge. We then form a tetrad from sf}’z), My
and one other spacelike vector, denoted k:

o K= (kemn”
[(k-m)* = K]
It is straightforward to verify that k is spacelike:
o K20k + (e _
(k-m)?*— K

where we have used 7 = 1; and that k is orthogonal to &:

L

Fop= ke (kemm-e) _
[(k ) — KT

since k - ¢ =0 and - £ = 0. Having constructed a tetrad, we now have

2
guv = MuMly — Zgg)(k)s?)(k) - ];p.kva
A=1

2
S eP(k)euk) = — g + numy — KKy
A=1

_ k,ukv % (k . W)(k;ﬂ?v + nykv)
(k-n)® — & (k-m)* — K
K,
(k-n)* — K
This is the desired expression for ZLlsg)(k)sg,’l)(k), and when substituted in
(7.15) it gives an explicit expression for the propagator for transverse photons.

= T 8w

(7.17)

7.2 Non-Abelian gauge fields and the Faddeev—Popov method

We now want to extend what we have done to non-Abelian gauge fields
(Yang—Mills fields). Our aim is to discover the general rules for finding the
gauge field propagator. We proceed by developing the formal path-integral
method referred to in the last section, based on making Z finite. This method
was first devised by Faddeev and Popov.

We saw above that Z is infinite because the functional integration extends
over all A,, even over those related by a gauge transformation, under which
the integrand is invariant. In a schematic way we may write each A, as

Ay~ Ay AX) (7.18)

s e B T T e b




244 Path-integral quantisation: 8auge fields

We calculate the left

-hand side by Substituting for 4
(4.80), but with the s

umover A=1,2 only). Hence
Pk @ 2 N,
01T (A, 4,00y = ( 0/ Y2k oo > D 4y
(2m)*2ky (21) 2k 2721
X {[aP (k) emikx a®(k) gifr]

u(x) from (4.64) (or

X [ (k) ity a1 e“10(xy ~ Yo)
+ [a(/l’)(k/)e—ik'y = a(l’)T(k/) eik'y]
X [aw(k) g ke a(’m(k)e

1-kx]‘s’(yo - xo)}/O)
_ (o/ Chdr 2

(@) [
& (k)ey (k)
@) 2ko2 1 A,/IZ=I .

x [aw(k)a(”)f(k') e

IO ~ yy)

+a®(ka®ip R KD 0y, ~ Xo)J!O )

= SRR SRR VDYt

2

d*k
@m)32k /121 s,(f)(k)s,(f)(k)
o A

X [e*O=n)gy

OIT(4, 04,000y < /

Y0+ G0, — 2. (719
Now, from €quations

(6.14) and (6.56), the
particles is

ot ms g B

m)2k,
d4k e~ikx

Ca)* k? 4 g

TR e

Hence we may write

—ik(x— ) 2
<01T(Aﬂ(x)AV(y))Io> =i/ dk e-ik(x—y

(@) (@)
D R N A
Cm* &2 4 g A:ZI g

and the Propagator for transverse photons is then o

. d*k e—ik(x—y) 2 3
Dz = y) = / o el P (k)P ). (7.16)

2m)* g2 4+ i€ i=1

What is Efﬂeff)(k)e,(,’l)(k)? Now €, 18 orthogonal to k,, which is lightlike; ¢, is ‘

> Cu
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