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1st Week: Lagrangians and Symmetries

Exercise 1.1: Natural Units
Given the constants used in the natural units convention,

c → 3↑ 108 m/s = 1, ⊋c → 197.3MeV fm = 1 (1.1)

solve the following exercises.

1. The width of a particle is defined as the inverse of its litefime. The mean lifetime for the

B+
meson is ω → 1.64↑ 10→12 s. What is its width in eV?

2. Find the average distance traveled in the lab frame by a particle with ε = 100 and a decay

width of ! = 2.3 eV;

3. Quantum gravity e!ects cannot be neglected at very short distances. This happens when

the energy scale is of the order of the Planck mass:

MP =

√
⊋c
GN

(1.2)

where GN is the Newtonian gravitational constant. Express MP in GeV, and the Planck

length LP = M→1
P in centimeters.

4. In oscillation experiments for neutrinos, it is important to know the oscillation length,

Losc = 4ϑE/”m2
, where ”m2

is the mass-squared di!erence between the two neutrino

states. For an experiment conducted with neutrinos of E = 1.3GeV, find the value of ”m2

in units of eV2
that corresponds to Losc = 140 meters.

Exercise 1.2: Weyl & Dirac spinors
Use the chirality projectors to rewrite the following Langragian in function of 4-components Weyl

spinors, and then in function of 2-components Weil spinors in the Weil basis:

LF = iϖ̄/ϱϖ ↓mDϖ̄ϖ ↓ eϖ̄ /Aϖ (1.3)

∗I warmly thank Ra!aele Tiede for the help in preparation of this document.
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Exercise 1.3: Gamma matrices
1. Prove, without relying on any explicit representation, the following identities

(a) ε5 ↔ ↓ i
4!ς

µωεϑεµεωεεεϑ = iε0ε1ε2ε3
, where ς0123 = +1 and εµ = φµωεω

(b) (ε5)2 = 1

(c) εµ/pεµ = ↓2/p

(d) εµ/p/q/pεµ = ↓2/p/q/p

(e) {ε5, εµ} = 0

(f) Tr(εµεωεεεϑ) = 4(φµωφεϑ ↓ φµεφωϑ + φµϑφωε)

Exercise 1.4: Fierz identities
Consider the two set of matrices

!A = {1, εµ,↼µω , iεµε5, iε5} , !A = {1, εµ,↼µω ,↓iεµε
5,↓iε5} (1.4)

which satisfy the completness relation

∑

A

1

4
(!A)ij(!A)kl = ↽il↽jk (1.5)

Using the completeness relation Eq. 1.5, prove the following Fierz identities:

a) (ϖ̄1εµPLϖ2)(ϖ̄3εµPLϖ4) = ↓(ϖ̄1εµPLϖ4)(ϖ̄3εµPLϖ2)

b) (ϖ̄1εµεϖεϱPLϖ2)(ϖ̄3εµεϖεϱPLϖ4) = ↓16(ϖ̄1εµPLϖ4)(ϖ̄3εµPLϖ2)

c) For generic basis elements

(ϖ̄1!
Mϖ2)(ϖ̄3!

Nϖ4) =
∑

PQ

1

16
Tr[!P!Q!M!N ](ϖ̄1!

Pϖ4)(ϖ̄3!
Qϖ2) (1.6)
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