
Angular correlations

Consider an initial resonance of spin j1 which decays by emission of a spin-0 particle (e.g.
an alpha particle) to an intermediate resonance of spin j which subsequently decays by
the emission of another spin-0 particle to a final state of spin j2. Let l1 denote the orbital
angular momentum in the first decay and l2 ditto for the second decay. The angle of
emission of the second spinless particle relative to the first (as measured in the rest frame
of the decaying intermediate resonance) is denoted β.
The correlation functionW (β) is then given by eq. (45) on p. 741 in Biedenharn & Rose
(1953) with Aν given by eq. (69a) on p. 746 and the bν ’s given by eq. (79) on p. 752.

W (β) =
∑

ν

bν(l1)bν(l2)Aν(l1l2j1j2j)Pν(cosβ) (1)

The summing is extended over all even ν in the interval 0, . . . ,min{2l1, 2l2, 2j}.

bν(l) =
2l(l + 1)

2l(l + 1)− ν(ν + 1)
(2)

Aν(l1l2j1j2j) = Fν(l1j1j)Fν(l2j2j) (3)

where the Fν ’s can be found in the table on page 3. Notice that only numerical values
are given despite the Fν ’s being expressible in fractions and square roots so the numbers
can combine to give nice fractional numbers.

Figure 1: The first 11 Legendre polynomials.

Let us take the decay of the 12.71 MeV state in 12C as an example. This state is 1+

so j1 = 1. Having unnatural parity its decay goes through the 2+ resonance in 8Be,
hence j = 2. Finally j2 = 0 because the final state is an alpha particle. Conservation of
angular momentum requires l2 = 2 in the second decay. In the first decay we have three
possibilities l1 = 1, 2, 3, but only l1 = 2 is compatible with parity conservation so that
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settles the matter. Hence the sum has to be extended over ν = 0, 2, 4. The Aν ’s are
obtained by formula (3) with the Fν ’s given in the table on the page 3. I get A0 = 1,
A2 = 0.1786, and A4 = −0.7619. Carrying out the sum in eq. (1) I get

W (β) = 1 + 0.1786× 2× (3 cos2 β − 1)− 0.7619× 9
32 × (35 cos4 β − 30 cos2 β + 3)

= . . .

= 15
8 sin2(2β)

which, by the way, is not normalized.
Whenever the decay proceeds through the 0+ ground state in 8Be there is no correlation.
In some cases the first decay is not pure, e.g. when the 2− state decays (necessarily
through the 2+ resonance in 8Be) the orbital angular momentum can be both l1 = 1
and l1 = 3. Unfortunately things become somewhat complicated in this case since
interference terms which depend on the phase shift occur in the correlation function. This
is mentioned in Biedenharn & Rose (1953) on page 752. Without knowledge of the phase
shift I do not see how we can derive the correct correlation function. One possibility
would be to neglect the high-l channel because of the increased angular momentum
barrier, but I do not know how good an approximation that is. Come to think of it the
same problem applies to many other states in 12C, e.g. the 2+ and the 4+ state.
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