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Nuclear physicists find evidence of superradiant states by

looking at the alpha decay of excited states in mirror nuclei

THE SCIENCE

Scientists refer to atomic nuclei as “quantum many-body systems”
because they are formed by many particles (nucleons, which include
neutrons and protons) that interact with each other in complex ways.
Nuclei can absorb energy, placing them into excited states. These
states then lose energy through decay and may emit different particles.
The various processes of decay and particle emission are called decay
channels. The interplay between the internal characteristics of the
excited states and the different decay channels gives rise to interesting
phenomena. One of these phenomena is superradiance. This occurs
when a nucleus reaches a high excitation energy. According to the nuclear
shell model, nuclei get excited by promoting nucleons to higher shells.
These configurations are called excited states. As the excitation energy
available increases, the number of ways the nucleons can be promoted
and the number of excited states increases. Superradiance can take
place when excited states are so close to each other that neighboring
excited states overlap with each other. If it happens, instead of observing
many states, we see only one “superradiant” state.

THE IMPACT

To find evidence of superradiance in nuclei, nuclear physicists look
for two systems that have the same internal structure but different
decay channels. Mirror nuclei have the same total number of protons
and neutrons, but the number of protons in one equals the number
of neutrons in the other. The internal structure of mirror nuclei is the
same since the nuclear force is the same whether between two protons,
two neutrons, or a proton and a neutron. This makes the nuclear
force “charge independent.” However, the decay channels are different
due to the differing electric charge repulsion in the two systems because
of the difference in each system’s number of protons. In this study,
scientists found evidence of the superradiance effect in the differences

between the alpha-decaying states in Oxygen-18 and Neon-18.

SUMMARY

Scientists recently studied the structure of Neon-18 by scattering a
radioactively unstable beam of Oxygen-14 on a thick Helium-4 gas
target. The team included scientists from Texas A&M University, the
CEA research institute in France, the University of Birmingham, and
Florida State University. The gas target allowed the experimentalists
to measure the tracks of the incoming and outcoming particles and
produce a complete reconstruction of the nuclear events. The structure
of Oxygen-18 was previously studied at Florida State University by
scattering Carbon-14 on a Helium-4 target using a particle accelerator.
This experiment had very good results, allowing the researchers to
use the information about the Oxygen-18 excited states to find the
initial parameters for the analysis of the Neon-18 data.

As expected from the charge independence of the nuclear force, the
researchers found a correspondence between mirror states in the
two nuclei, although some differences emerged when comparing
the strength of mirror states. If the internal structure of the nuclei is
the same, researchers would expect mirror levels to have the same
strength. But in these cases, alignment with slightly different decay
channels produces observed differences. The researchers interpreted
these differences as evidence of the superradiance effect.
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Mirror nuclei such as 180 and 18Ne have the same number of protons and
neutrons (18). But while 180 has 8 protons and 10 neutrons, 18Ne has 10

protons and 8 neutrons. When they absorb enough energy, they can decay

and emit an alpha particle (2 protons and 2 neutrons).

(Credit: M. Barbui)
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