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It is well known that carbon is produced in the universe by the triple-alpha reaction in
helium-burning red giant stars. In 1953, Fred Hoyle realised that the fact that there is any
significant carbon in the Universe requires a resonant state in 12C very near 7.7 MeV. The
subsequent observation of this state, known as the Hoyle state, is often cited as the beginning
of experimental nuclear astrophysics [1].

The rate for the triple-alpha reaction can be written as r3α ∝ Γrad exp(−Q3αkT ), where T is
the temperature, Q3α is the energy released in the 12C (7.654 MeV) → 3α decay and Γrad is
the radiative width. The largest contribution to the uncertainty on r3α comes from Γrad, which
is the sum of the partial decay widths for photon (98.5%), pair conversion (1.5%) and electron
conversion (< 0.01%).

FIG. 1: The proton-γ-γ coincidence setup. (Cour-
tesy of Alan Harding, ANU)

We are developing a new setup to improve
the accuracy of Γrad/Γ, the branching ratio
required to determine the radiative width
using the so-called traditional way [2]. This
study complements our project to determine
the radiative width from the measurement of
the ratio of the pair conversion of the E0 and
E2 transitions from the Hoyle state [3].

Four 5” × 5” sodium iodide (NaI) scintillator
detectors will be used in combination with
an array of particle detectors [4] to record gamma–gamma–proton coincidence events. Such
an event is defined as follows: inelastic scattering of the incoming protons excites the Hoyle
state, which then decays via two E2 photon decays to the ground state. The ratio of such
events compared to the total excitation of the Hoyle state determines the Γrad/Γ branching ratio.

In this paper we describe the methods and the apparatus required to measure the Γrad/Γ branch-
ing ratio with an uncertainty better than the current adopted value of 4.13(11) × 10−4, which
is an average over 8 measurements [2] including the only previously published observation of
γ-γ-p coincidences by Obst and Braithwaite more than 35 years ago [5].
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