
Quantum Fields—from the Hubble to the Planck Scale Selected Solutions

11.3 Dimensional regularisation and γ5.

Show that the properties tr(γµγν) = dηµν , tr(1) = 4 and {γµ, γ5} = 0 lead to an
inconsistency in d 6= 4 dimensions. (Hint: Consider first d tr[γ5] = −d tr[γ5], then
d tr[γ5γαγβ] = (4− d)tr[γ5γαγβ] and finally (4− d)tr

[

γ5γαγβγργσ
]

= 0.]

We show that {γµ, γν} = 2ηµν1d with tr(1d) = f(d) and f(4) = 4 is incompatibel with {γµ, γ5} =
0.
Setting f(d) = 4, it is

γµγ
µ =

1

2
{γµ, γ

µ} = d .

Next we consider
d tr[γ5] = tr[γ5γµγ

µ] = −tr[γ5γµγ
µ] = −d tr[γ5]

and thus tr(γ5) = 0 (except possibly for d = 0). Analyticity implies then tr(γ5) = 0 for all d.

Then we consider
d tr[γ5γµγν ] = tr[γ5γµγνγλγ

λ] = −tr[γ5γλγµγνγλ]

Now we use twice γλγµ = 2δλµ − γµγ
λ to find

d tr[γ5γµγν = −2δλµtr[γ
5γνγλ] + 2δλν tr[γ

5γµγλ]− dtr[γ5γµγν ] (215)

= 4tr[γ5γµγν ]− dtr[γ5γµγν ] (216)

and thus (2− d)tr(γ5γµγν) = 0 or tr(γ5γµγν) = 0 (except possibly for d = 2). Analyticity implies

again tr(γ5γµγν) = 0 for all d.

Procedding in the same way for 4 gammas results in

(4− d)tr(γ5γµγνγλγκ) = 0

If we require analyticity (needed to do DR), the trace is zero – in contradiction to our d = 4

result.
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