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Special relativity and four vectors
{a}For a decay of the form A — B + C, show that the mass of particle A, m,, is given by
i = mj + m + EgEc(1 - Pufccosd),

where 8 is the opening angle between the two daughters B and C and Sy, B¢ their velocities, Work with natural units.

{b)Find the maximum opening angle between the photons produced in the decay % — ¢™ +-¢~ if the energy of the neutral
pion is 10 GeV. The mass of 7 is 0.139 GeV.

Exercise 2

Transformations and symmetries

(a) The representation of spin-1/2 particles is usually given by the operators §; = l_ g;, where o; are the Pauli spin matrices:

05 o1 wm1(22)

Show that they satisfy the same algebra as the operators of angular momentum, namely that :.S.‘| ,.§’3] = iS3, [53..5"‘3} = i§)
and |$3.5;] = 52 (show at least one of them).
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(bYConsider the operator U = ¢ ¢ /" where & is a displacement in real space along the z axis and F the generator of the
transformation.

1. What operation is described by U?

2. Identify the symmetry generator of the transformation if the Hamiltonian of the system is invariant under translation
in space. What is the conserved quantity?

Particles and quantum numbers

(a) Which reactions are possible and which are not, and why?
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(b)Consider a particle of spin 3/2 and another one of spin 2 that form a system whaose orbital angular momentum is 0 and
total spin is 5/2. If the z-component of the composite system is -1/2, what values would we get for the measurement of
S. and what is the probability for each? Show that they add up to unity?

Accelerators, interaction of particles with matter and detectors

{(a) Define what is luminosity and indicate what each term corresponds (o in the formula.




[P}

(b)One of the possible future directions of CERN is 1o have a physics program based on the acceleration of proton beams
a1 a momentum of 30 TeV. The main scientific motivation is the search for particles associated with physics beyond the
standard model with mass by far larger than the mass of the Higgs (my = 125 GeV). In the hypothetical case that you
are responsible of sclecting between to design an experiment operating in
1. acollider mode with each proton beam being accelerated up to P = 50 TeV.

2. afixed target mode where a proton beam accelerated up to P = 50 TeV collides with a proton target

what would be your choice and why? What is the centre-of-mass energy in both cases?
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Figure 34.1: The sign couvention is that of Wigner {Group Theory. Academic Press. New

‘ork. 1959}, also wsxd by Condon ad Shartley | The

Theary of Atomae Spectie. Cunbridge Univ. Press. New York, 1953). Ruse (Elesentory Theory of Angular Momentum. Wiley, New York. 1957}
and Cohen { Tables of the Clebsch-Gordun Cocffierents, North Aweriean Rockwell Scienee Center. Thousand Oaks. Calif,, 19749). The cocflicients
here have been caleulated using computer prograws written independently by Colien and at LBNL,







