
Phys505 Lectures 2-3 Problems. Due Friday Jan 28 JB

Set 2 Prob 1: Classical scaling of µ with ~/mass
Work Wong Problem 2-6 for the classical nonrelativistic magnetic moment of a
particle in terms of angular momentum. Go ahead and use Jackson’s treatment
(see next page). The goal is just to understand the simple scaling with (angular
momentum)/mass. Given the same quantized angular momentum for anything,
magnetic phenomena have vastly different scales for leptons and baryons, except
in systems where their spin is coupled (“hyperfine interactions”).
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Set 2 Probs 2 and 3: Isospin in reactions, decays
Problem 2, from Halzen and Martin: Problem 3:

Similarly compute the ratio of the
decay rates for:
∆0 → p + π−

∆0 → n + π0

Mention briefly what you are
assuming. Accelerator-based ν
oscillation students need to
know how accurate such branch
calculations are, since those two
decay channels look very
different in a detector.

There are two tables of C-G’s on the next 2 pages, from Wong Appendix A-1 and
from a Particle Data Group classic table
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Prob 2, 3 solution, assuming isospin is a good quantum number

Prob. 2
Assuming beam energy is high enough
so Coulomb barrier does not matter,
the energies are much higher than the few
MeV differences in particle masses,
and the excited unbound resonance of
the d is not excited (a big assumption),

then the cross-section ratio is given by
isospin Clebsch-Gordan coefficients:
|〈t(p) t3(p) t(p) t3(p) | t(π) t3(π+)〉|2
|〈t(n) t3(n) t(p) t3(p) | t(π) t3(π0)〉|2 =
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Prob. 3
Assuming decay energy is high enough
so electromagnetic interactions don’t
matter,
and the energy released in the decay is
much higher than the few MeV
differences in particle masses,

then the decay ratio is given by isospin
Clebsch-Gordan coefficients:
|〈t(p) t3(p) t(π) t3(π−) | t(∆) t3(∆0)〉|2
|〈t(n) t3(n) t(π) t3(π0) | t(∆) t3(∆0)〉|2 =
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Prob 4: Halzen+Martin: An antisymmeterized p wf without color

Halzen and Martin go through the finite group
theory needed to justify these functions. Here I
just assume and check them:

Eq 2.71 is symmetric in spin, ud

MS and MA spin ‘up’ functions
symmetric, antisymmetric in 1st
2 pair of spins:

pS, pA are handily symmetric,
antisymmetric in the 1st 2
quarks:
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Solution to Prob 4: antisymmetric |p ↑〉 in isospin, spin contradicts exp. µ

|p ↑〉 =
√

1
2(pA χ(MS)− pS χ(MA)) =

|p ↑〉 =
√

1/24(udu − duu)(↑↓↑ + ↓↑↑ −2 ↑↑↓)

−
√

1/24(udu + duu − 2uud)(↑↓↑ − ↓↑↑)
rearrange terms√

1/24(udu(((((((↑↓↑ − ↑↓↑+ ↓↑↑ + ↓↑↑ −2 ↑↑↓)+

duu(− ↑↓↑ − ↑↓↑(((((((− ↓↑↑ + ↓↑↑+ 2 ↑↑↓)

+2uud(↑↓↑ − ↓↑↑))

=
√

1/6(uud(↑↓↑ − ↓↑↑) I count 2 µd
+udu(↓↑↑ − ↑↑↓) I count 2 µd
−duu(↑↓↑ − ↑↑↓)) I count 2 µd

so µp = µd ; switching u and d gives µn = µu;

using for mag moment
µ

def
= 〈J,M = J|~µ|J,M = J〉
≡ 〈JJ|µz |JJ〉

µp =
3∑

i=1

µi

square each coefficient,
notice the ± spin projections.
Note the repeated u quarks
are always spin-paired and
cancelling.

µn/µp = µu/µd=-2 (ratio of q’s, assuming same constituent mass), but experimental
value ≈ -1.91/2.79 = -0.64, a large disagreement. Since d charge is <0, µp < 0 which
also disagrees with experiment (or µd would have wrong sign for a Dirac particle...) 8/8
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