
Quantum Field Theory

Formulaire for the QFT II Exam

Spinors

( 6 p−m)us(p) = ūs(p)( 6 p−m)

( 6 p+m)vs(p) = v̄s(p)( 6 p+m) = 0∑
s

us(p)ūs(p) = 6 p+m,
∑
s

vs(p)v̄s(p) = 6 p−m

PL =
1− γ5

2
, PR =

1 + γ5

2

Photons ∑
polarizations

ε∗µ(k)εν(k) −→ −ηµν

This substitution works only when this sum is contracted with a gauge-invariant amplitude.

Massive Vectors ∑
polarizations

ε∗µ(k)εν(k) = −ηµν +
kµkν
M2

Pauli Matrices

σ1 =

(
0 1
1 0

)
, σ2 =

(
0 −i
i 0

)
, σ3 =

(
1 0
0 −1

)
σµ = (1, ~σ), σ̄µ = (1,−~σ)

[σi, σj ] = 2iεijkσk, {σi, σj} = 2δij

Gamma Matrices

γµ =

(
0 σµ

σ̄µ 0

)
, γ5 = iγ0γ1γ2γ3 = − i

4!
εµνρσγ

µγνγργσ =

(
−1 0
0 1

)
{γµ, γν} = 2ηµν , {γµ, γ5} = 0

tr(1) = 4 γµγµ = 4

tr(odd # of γ’s except γ5) = 0 γµγνγµ = −2γν

tr(γµγν) = 4ηµν γµγνγργµ = 4ηνρ

tr(γµγνγργσ) = 4(ηµνηρσ − ηµρηνσ + ηµσηνρ) γµγνγργσγµ = −2γσγργν

tr(γ5) = 0

tr(γµγνγ5) = 0 tr(γµγνγργσ · · · ) = tr(· · · γσγργνγµ)

tr(γµγνγργσγ5) = −4iεµνρσ

SU(2) Generators

Fundamental representation: Ta = σa

2 .

Adjoint representation: [Ta]bc = −iεabc .



Cross-Sections and Decay Rates

dσ =
1

2EA2EB|vA − vB|

∏
f

d3pf
(2π)3

1

2Ef

 |M(pA, pB → {pf})|2(2π)4δ(4)
(
pA + pB −

∑
f

pf
)

dΓ =
1

2mA

∏
f

d3pf
(2π)3

1

2Ef

 |M(mA → {pf})|2(2π)4δ(4)
(
pA −

∑
f

pf
)

Phase space when there are only two final particles:

∫ ∏
f

d3pf
(2π)3

1

2Ef

 (2π)4δ(4)
(∑

i

pi −
∑
f

pf
)

=

∫
dΩCM

4π

1

8π

(
2|~p|
ECM

)

where |~p| is the magntude of the spacial momentum of either final particle in the center of mass frame, ECM is
the total energy in that frame, and dΩCM is a solid angle in that frame.

3-Body Phase Space and Decay Rate

dΓA→BCD =
1

2EA
|MA→BCD|2dΦ3

=
1

2M
|MA→BCD|2

d3pB
(2π)32EB

d3pC
(2π)32EC

d3pD
(2π)32ED

(2π)4δ4 (PA − PB − PC − PD) .

Assuming |MA→BCD|2 only depends on the invariants s, t, u (≡ either ABCD are all scalars or their spins have
been averaged) the integral reduces to

dΓA→BCD =
1

2M
|MA→BCD|2

dEBdEC
4(2π)3

.
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