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Cracow, 16 July 2026

One experiment maps multiple isotopes exhibiting pygmy excitations

In a single experiment, physicists have measured the ‘excess’ emission of high-
energy gamma rays from more than a dozen heavy, unstable atomic nuclei.
Mapping the gamma-ray emissions of so many isotopes produced in nuclear
fission marks an important step towards a better understanding of one of the key
phenomena in modern nuclear physics: the fission process itself.

Why do excited heavy nuclei produced in fission appear to emit excessive amounts of particularly
energetic gamma radiation? New clues to this long-standing question have emerged from an inter-
national experiment carried out at the GANIL accelerator facility in Caen, northern France. Here,
a beryllium-9 target was bombarded with uranium-238 ions, producing unstable curium-247 nuclei
that rapidly underwent fission into two lighter fragments. By combining unique experimental tech-
niques, researchers were able — for the first time within a single experiment — to collect data on
high-energy gamma-ray emissions from more than a dozen heavy, unstable isotopes. The first res-
ults of the experiment, to which the Institute of Nuclear Physics of the Polish Academy of Sciences
(IFJ PAN) in Cracow made a significant contribution, have just been published in Physics Letters B.

“Observing the excited nuclei produced in the fission of curium was crucial for our project, it gave
us access to heavy nuclei that had never before been investigated using comparable methods,”
says Dr. Michal Ciemala (IFJ PAN). “GANIL is home to the excellent stationary magnetic spectro-
meter VAMOS++. Our comprehensive measurements became possible by combining its capabilit-
ies with those of the mobile PARIS gamma-ray spectrometer.”

The PARIS spectrometer is an array of state-of-the-art scintillation detectors arranged in clusters
and designed to record high-energy gamma rays within extremely short time intervals. Originally
proposed by Prof. Adam Maij, the instrument has been under development for more than a decade
by an international scientific consortium coordinated by IFJ PAN, with a substantial part of the work
carried out using the technical and research infrastructure of the Bronowice Cyclotron Centre, a di-
vision of IFJ PAN.

“VAMOS++ allowed us to determine precisely the masses and charges of the nuclei produced in
the fission of excited curium, while PARIS recorded the gamma radiation emitted by those nuclei,”
explains Dr. Ciemala. “Since excited curium can fission into many different isotopes, our two-week
measurement campaign enabled us to become the first team to record high-energy gamma emis-
sions from an entire family of neutron-rich nuclei located far from the well-explored valley of stability.”

The valley of stability refers to atomic nuclei that do not undergo rapid spontaneous radioactive de-
cay. Stable nuclei possess energetically favorable configurations of protons and neutrons. For light
nuclei, stability is generally associated with similar numbers of protons and neutrons, whereas
heavy nuclei require an excess of neutrons to remain stable.

Using the combined data from the PARIS and VAMOS++ spectrometers, the experimental team
identified the specific unstable nuclei produced in the fission of curium and assigned the observed
gamma-ray emissions to each isotope. Theoretical calculations subsequently performed by re-



searchers in France for these individual isotopes suggest that at least part of the observed high-en-
ergy gamma radiation originates from pygmy resonances.

Pygmy resonances are associated with collective vibrations occurring in heavy nuclei that contain
substantially more neutrons than protons. The excess neutrons tend to accumulate near the nucle-
ar surface, forming a layer known as the neutron skin. When such a nucleus is excited — for ex-
ample, by the impact of another particle — the neutrons in the outer layer begin to oscillate collect-
ively relative to the protons in the nuclear core. At the same time, the excess neutrons themselves
can undergo additional vibrational modes. As these neutron oscillations lose energy, they emit par-
ticularly energetic gamma rays. Because this radiation is considerably weaker than that associated
with the collective oscillation of the neutron skin, these excitation modes are referred to as pygmy
resonances.

The group of isotopes whose gamma-emission properties are reported in the study includes more
than a dozen unstable nuclei located in the vicinity of the doubly magic isotope tin-132 (in nuclear
physics, magic numbers correspond to completely filled proton or neutron shells; a doubly magic
nucleus has both proton and neutron numbers equal to magic values).

“Until now, measurements of high-energy gamma-ray emissions had to be performed in painstak-
ing, long-term experiments designed specifically for individual isotopes. In a single experiment, we
mapped many nuclei that had never before been studied from this perspective. Not only did we ob-
tain data for an entire range of isotopes, but all measurements were performed under the same ex-
perimental conditions and with the same systematic uncertainties. This gives our results a major
advantage: they enable exceptionally reliable comparisons of gamma-ray emissions across differ-
ent isotopes,” says Dr. Ciemala.

The new dataset collected in the experiment will help nuclear theorists improve the calibration of
modern models describing the fission process, leading to a better understanding of its dynamics.
Such advances may eventually contribute to the design of next-generation nuclear power plants
that are more efficient and safer, but also produce smaller quantities of long-lived radioactive
waste. The results are also expected to benefit astrophysics. More accurate knowledge of fission
processes and the properties of excited heavy nuclei will improve studies of how the chemical ele-
ments are synthesized in the Universe, refine models of neutron-star mergers, and contribute to
more accurate estimates of black-hole lifetimes.

The project was funded by the Polish National Science Centre (NCN), the National Agency for Aca-
demic Exchange (NAWA), and the Polish—French scientific cooperation programmes LEA
COPIGAL and IN2P3-COPIN.
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Artistic visualization of gamma radiation emissions by the pygmy neutron skin resonances of excited atomic nuclei produced in
curium fission. (Source: IFJ PAN)
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