
PHY357 Assignment 2, Due Feb 16, 2006

This assignment focusses on simple application of the conservation laws we have been discussing, as
well as on issues related to addition of angular momenta (including the isospin formalism).

I have attached a sheet showing the Clebsch-Gordan coefficients as well as one with various particle
properties. The latter is so that you can determine the quark content of the various states in question
1, which you will need, in order to distinguish between weak decays and strong interactions (for allowed
processes).

Note that both particle properties related material (such as Clebsch-Gordan coefficients can be found
online at the website of the Particle Data Group (http://pdg.lbl.gov). The Clebsch-Gordan coefficients can
be found by clicking on Reviews, Tables, Plots, and then on Mathematical Tools. Or you can go directly
to http://pdg.lbl.gov/2005/reviews/clebrpp.pdf

1. For the following reactions (decays and scattering processes) state which are allowed and which
are forbidden. For those that are allowed, state which interaction dowminates. For those that are
forbidden, explain why. For allowed decays draw me one lowest-order Feynman diagram. Note that
I am writing these expressions in the convention which omits “+” signs between the particles. So
A + B → C + D becomes AB → CD.

(a) Σ− → n e− ν̄e

(b) π+ p → ΛK0

(c) Σ0 → Λγ

(d) e−p → νe π0

(e) p p → Σ+ n K0 π+ π0

(f) p → e+γ

(g) p p̄ → π+π0

(h) µ− → e−ν̄e

(i) Ξ− → Λπ−

(j) Ω− → ΛK−

2. Discuss the expected ratios of the cross-sections for the three processes below, for the cases where
the I=3/2 amplitude dominates, the I=1/2 amplitude dominates and the two amplitudes are approx-
imately equal.

(a) π− + p → K0 + Σ0

(b) π− + p → K+ + Σ−

(c) π+ + p → K+ + Σ+

3. Suppose that you have a system consisting of a spin 1 particle and a spin 1/2 particle in a state with
orbital angular momentum ` = 1. If the total spin of the system is 5/2 and the z-component is 1/2,
what is the probability that a measurement of the z-component of the spin 1/2 particle yields m =
-1/2 ?
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4. The deuteron is the simplest non-trivial nucleus, containing one proton and one neutron. Consider
the general case of a system of two nucleons. Show that there are four possible states, an isotriplet
(I = 1, which means 2(1)+1 = 3 states) and an iso-singlet (I = 0) [Remember this is just like adding
spin 1/2 to spin 1/2, which we did in class, but here we are working in isospin space]. What are
the I, I3 assignments for the four states ? The deuteron is the ONLY nucleon-nucleon bound state.
What does that tell you about which of these states it should be identified with ?

It is assumed that this is attributable to an interaction potential between the two nucleons that is of
the form ~I(1) · ~I(2) (where the upper indices indicates the particle, not some axis in isospin space).
Evaluate this for the iso-triplet and iso-singlet cases to show that the results are of opposite sign (so
attractive in one case and repulsive in the other).

5. What is the threshold energy for the protons beam(s) for the scattering process pp → pΣ+K0 ?

(a) in the centre-of-mass frame

(b) in the lab frame in which one of the protons is at rest
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