
Formulae that may be useful. The meaning of the symbols is assumed to be known.

ψ̄≡ ψ†γ0, γ5 ≡ iγ0γ1γ2γ3, Γ̄≡ γ0Γ†γ0, ∑
s=1,2

u(s)ū(s) = (γμpμ+mc), ∑
s=1,2

v(s)v̄(s) = (γμpμ−mc),

(γ0)† = γ0, (γ0)2 = 1, γν = γ0(γν)†γ0.

(4)

Internal lines for some particles: −igμν/q
2,
−i(gμν−qμqν/M2c2)

q2−M2c2 .

Some vertex factors for various interactions: igeγμ,− igW,Z
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γμ(1− γ5).

A Lagrangian describing some type of field: L = ih̄cψ̄γμ∂μψ−mc2ψ̄ψ.

Trace theorems: (below I use the notation a′ ≡ aμγμ)

Tr(A+B) = Tr(A)+Tr(B), Tr(αA) = αTr(A), Tr(ABC) = Tr(CAB) = Tr(BCA). (5)

gμνg
μν = 4, {γμ,γν}= 2gμν, a′b′+b′a′ = 2ab. (6)

γμγμ = 4, γμγνγμ =−2γν, γμγνγλγμ = 4gνλ. (7)

γμγνγλγσγμ =−2γσγλγν, γμa′γμ =−2a′. (8)

γμa′b′γμ = 4ab, γμa′b′c′γμ =−2c′b′a′. (9)

Tr(γμγν) = 4gμν, Tr(γμγνγλγσ) = 4(gμνgλσ−gμλgνσ +gμσgνλ). (10)

Tr(a′b′) = 4ab, Tr(a′b′c′d′) = 4[(ab)(cd)− (ac)(bd)+(ad)(bc)],γ5 = iγ0γ1γ2γ3. (11)

Tr(γ5) = 0, Tr(γ5γμγν) = 0, Tr(γ5γμγνγλγσ) = 4iεμνλσ. (12)

Tr(γ5a′b′) = 0, Tr(γ5a′b′c′d′) = 4iεμνλσaμbνcλdσ, (13)

where εμνλσ is -1 if μνλσ is an even permutation of 0123, +1 if it is an odd permutation, 0 if any two indices are the same. Finally,
the trace over an odd number of γ matrices is zero. One has that εμνλσεμνκτ =−2(δλ

κδσ
τ −δλ

τ δσ
κ) where δμν is the Kronecker delta-

function (equal to 1 if μ= ν, 0 otherwise)


