
 

Researchers develop a novel method to study
nuclear reactions on short-lived isotopes
involved in explosions of stars
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Visualization of a (deuteron, helium-2) reaction on an oxygen-14 nucleus. The
Active-Target Time Projection Chamber observes tracks from two protons
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resulting from the decay of helium-2 while the S800 magnetic spectrometer
detects nitrogen-14. Credit: Figure courtesy of Remco Zegers (FRIB)

The nuclear reactions that power stellar explosions involve short-lived 
nuclei that are hard to study in the laboratory. To solve this challenge,
researchers used a novel technique that combines an Active Target Time
Projection Chamber (AT-TPC) with a magnetic spectrometer. The work
has been published in Physical Review Letters.

The AT-TPC detects and identifies particles by tracing their track as
they move through a space filled with gas. The magnetic spectrometer
collects and identifies particles that leave this gas-filled area. They used
this technique to measure an important reaction where a neutron from a
deuterium target is exchanged with a proton from a radioactive
projectile, in this case oxygen-14.

This type of reaction is equivalent to the electron-capture process that
happens in explosions of massive stars and other astronomical
phenomena. Scientists will use the results from this new type of
experiment to model these events. This will help researchers better
understand how these events shape the universe and the elements we find
on Earth.

This first successful measurement opens the door to future work on short-
lived isotopes that are important for understanding astronomical
phenomena. The reactions that this technique can study affect the
evolution of exploding stars and the elements they produce. Future
studies will help answer one of the fundamental questions of nuclear
physics, the origin of the elements. The combination of the Active
Target technique with a magnetic spectrometer will allow researchers to
probe radioactive nuclei and model their behavior in stellar
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environments.

At the National Superconducting Cyclotron Laboratory (now the Facility
for Rare Isotope Beams or FRIB), researchers used the Active Target
Time Projection Chamber coupled to the S800 magnetic spectrometer to
measure a charge-exchange reaction between a radioactive oxygen-14
beam and a deuterium target.

This type of measurement is now possible thanks to the high luminosity
and sensitivity of the Active Target technique, where the target material
(here deuterium gas) also acts as a detector medium. The radioactive
oxygen-14 beam was produced by the Coupled Cyclotron Facility and
injected in the AT-TPC filled with deuterium gas. The two low-energy
protons resulting from the reaction were detected from their
characteristic tracks, while the nitrogen-14 escaped the target volume
and was detected by the S800 spectrometer.

This type of measurement was previously impossible because of the very
low energies of the protons after the reaction, making them very
difficult to observe when using a solid target.

By using the AT-TPC, researchers are now able to measure this reaction
on other short-lived isotopes available at FRIB. This work was
performed by a collaboration of scientists from Michigan State
University, the University of Santiago in Spain, the University of Mainz
in Germany, Argonne National Laboratory, and Oak Ridge National
Laboratory.

  More information: S. Giraud et al, β+ Gamow-Teller Strengths from
Unstable O14 via the (d,He2) Reaction in Inverse Kinematics, Physical
Review Letters (2023). DOI: 10.1103/PhysRevLett.130.232301
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