
Useful formulae

• Pauli matrices:
σi = σ†

i , σ∗
i = σT

i (1)

ϵT = ϵ−1 = −ϵ (2)

ϵσ∗
i = −σiϵ (3)

U †σiU = σiRij, U = exp
[
iθi

σi

2

]
, R = exp [iθiJi] , (4)

where [Ji]jk = −iϵijk are the SO(3) generators.

• Levi-civita symbol in N dimension: given a generic N ×N matrix M ,

ϵi1i2...iNMi1j1Mi2j2 . . .MiN jN = det (M) ϵj1j2...jN . (5)

• Levi-civita contraction:

ϵijkϵilm = δjlδkm − δjmδkl, (6)

• Gamma matrices:

σµ = (12×2, σ⃗) , σ̄µ = (12×2,−σ⃗) , (7)

ϵ(σ̄µ)∗ = σµϵ (8)

ϵ(σµ)∗ = σ̄µϵ (9)

γµ =

(
02×2 σµ

σ̄µ 02×2

)
, γ5 =

(
−12×2 02×2

02×2 12×2

)
. (10)

• Distributive properties of commutators:

[A,BC] = {A,B}C −B{A,C},
[A,BC] = B[A,C] + [A,B]C,

(11)

• Definitions of
√
p · σ̄,√p · σ

√
p · σ̄ =

1

2

(√
ωp +m+

p · σ
√
ωp +m

)
(12)

√
p · σ =

1

2

(√
ωp +m− p · σ

√
ωp +m

)
(13)


