
FYSH300 Particle Physics

Exercise 1

Autumn 2012

Return by 16.00 on a day before the exercises

1. On this course we use the natural units h̄ = c = kB ≡ 1. To get a feel of these units
let’s do some exercises on the subject.

(a) What is the Z-boson mass 91.1 GeV in SI units?

(b) A proton has a momentum of 1 GeV. What is this in SI units?

(c) Assume that a neutron star has a nucleon density of 0.0013 GeV3. How many
nucleons are there in a cubic fermi?

(d) Cross-sections are sometimes measured in barns. A barn is defined as 1 b = 10−28

m2 and a millibarn is then 1 mb = 10−3 b. Calculate what is 400 mb in fm2.

(e) The core temperature of the sun is around 16 MK. Is this hot or cold compared to
the temperature of 200 MeV reached in relativistic heavy-ion collisions? Calculate.

2. The LHC beam consists of approximately 3.2 ×1014 protons. Each has a maximum
energy of 7000 GeV. Calculate how fast would a Formula One car have to drive
(assume the car weighs 700 kg) to acquire the same amount of kinetic energy as in
the LHC beam. Could it be done?

3. Consult the particle listings in the PDG web-pages for the following:

(a) What is the heaviest meson found so far? What is it’s quark content and mass?

(b) What is the quark content of the ∆-baryons ∆++, ∆+, ∆0 and ∆−? What are
the corresponding antiparticles and what is their quark content?

4. (a) Draw a Feynman diagram of the decay n → p + e− + ν̄e. Hint: Figure out the
quark content of n and p and use the fact that this decay is caused by the charged weak
current. Draw carefully all the lines and arrows and mark the elementary particles
too.

(b) Draw a Feynman diagram for the decay p → n + e+ + νe. This reaction cannot
take place if mp < mn +me +mν . Is this the case here?

5. The speed of light does not change in a Lorentz transformation. Let’s consider the
Lorentz transformation given on lecture page 251. Show that if a particle travels with
velocity v = 1 in the frame K it has the same velocity also in frame K’.

6. (a) The Lorentz transformation for a four-vector can be written in the form x′ = Λx,
where Λ is a 4×4-matrix. Using the Lorentz boost given on lecture page 25, determine
this matrix for a boost along the z-axis.

(b) Using the inverse boost given on page 29 in the lectures, form the matrix Λ−1 for
the corresponding inverse Lorentz transformation x = Λ−1x′.

(c) Show explicitly using the matrices determined above that Λ−1Λ = 1.

(d) Show that these matrices satisfy gΛTg = Λ−1.

1KJE’s Finnish notes at http://users.jyu.fi/~kaeskola/HITU2011/, ask Heikki or KJE for
password
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