
 

Experiments at French particle accelerator
probe the properties of supernovae
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The action of neutrinos in supernovae is poorly understood. When the
core of a massive star at the end of its life collapses on itself under the
effect of gravity, the electrons in the atoms combine with the protons in
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their nuclei, producing protons along with neutrinos. The neutrinos
produced in abundance then escape from the neutron star being formed
at a speed even faster than light. So much so that 99% of the energy
emitted by a supernova is in the form of neutrinos! The explosion
characteristic of supernovae that follows this episode is "driven" by
neutrinos.

However, when the core of the star collapses, the neutrinos may be
captured by free neutrons or neutrons in aggregates (light nuclei)—a
process likely to influence the evolution of the supernova. Nuclear
physicists wanted to look deeper into the subject by studying the
concentration of neutrons in excited nuclear matter, using heavy ion
collisions at Grand Accélérateur National d'Ions Lourds (GANIL) in
Caen.

Light nuclei (deuterons, tritons, helium-3 isotopes, etc.) are created as
protons and neutrons aggregate during the collision between projectile
nuclei and target nuclei. The researchers' aim is to gather the 
thermodynamic properties governing the aggregation of neutrons and
protons in nuclear matter with a similar density to that of core-collapse
supernovas.

To do this, they use a Bayesian analysis to calculate the probabilities of
hypothetical causes—the thermodynamic "observables" governing the
formation of aggregates—based on the observation of known events (the
formation of light elements).

Using the INDRA (Nucleus Identification and High-Resolution
Detection) detector at the GANIL Facility, researchers determined the
chemical equilibrium constants of neutron and proton aggregates as a
function of the density of nuclear matter, using measurements taken on
six light nuclei. These values, subject to a high degree of uncertainty, are
compared with a theoretical calculation.
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To improve accuracy, other experiments are planned on heavier
elements, using the FAZIA (Forward A and Z Identification Array)
detector coupled to INDRA, which, through improved isotopic
identification of heavier nuclei in particular, will significantly increase
the accuracy of the experiment.
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