
Gordon decomposition

Show that
ū(p2, s2)γ

µu(p1, s1) = ū(p2, s2)G
µu(p1, s1)

where

Gµ =
(p1 + p2)

µ + iσµν(p2 − p1)ν
m1 +m2

Start by introducing the cast of characters. First, the momentum vectors.

p1 =


E1

p1x
p1y
p1z

 , p2 =


E2

p2x
p2y
p2z


Spinors for particle one (normalized as |u|2 = 2E).

u(p1, 1) =
1√

E1 +m1


E1 +m1

0
p1z

p1x + ip1y


spin up

, u(p1, 2) =
1√

E1 +m1


0

E1 +m1

p1x − ip1y
−p1z


spin down

Spinors for particle two.

u(p2, 1) =
1√

E2 +m2


E2 +m2

0
p2z

p2x + ip2y


spin up

, u(p2, 2) =
1√

E2 +m2


0

E2 +m2

p2x − ip2y
−p2z


spin down

Relativistic energy.

E1 =
√

p21x + p21y + p21z +m2
1, E2 =

√
p22x + p22y + p22z +m2

2

This is the definition for tensor σµν .

σµν =
i

2
[γµ, γν ] =

i

2
(γµγν − γνγµ)

In component notation

σµαν
β =

i

2
(γµα

ργ
νρ

β − γνα
ργ

µρ
β)

Let T µν = γµγν . In component notation

T µαν
β = γµα

ργ
νρ

β

In Eigenmath code (transpose to interchange ν and ρ of γνρ
β)

T = dot(gamma,transpose(gamma))

1



Calculate σµν (transpose to interchange µ and ν of T µαν
β).

sigmamunu = i/2 (T - transpose(T,1,3))

Transpose σµαν
β to σµα

β
ν .

sigmamunu = transpose(sigmamunu,3,4)

In component notation
σµν(p2 − p1)ν = σµα

β
νgνρ(p2 − p1)

ρ

In Eigenmath code
dot(sigmamunu, gmunu, p2 - p1)

2


