Laser Spectroscopy of Radioactive Isotopes

The University of Manchester and The University of Birmingham

Laser spectroscopy is a fast and sensitive technique used to
obtain a variety of nuclear properties. These are used to identify
trends and features, to further our understanding of microscopic
interactions and bulk properties, and assist in the development of
future models of the nucleus. Radioactive nuclei and their excited
(metastable, “m”) states with lifetimes ranging from stability to sub-
millisecond are studied. This collaborative effort is between the
Universities of Manchester and Birmingham, working mainly at the
IGISOL (lon-Guide Isotope Separator On-Line) at JYFL, Finland,
but also at ISOLDE, CERN.
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During a laser frequency scan,
electrons are excited when a
resonance is reached. Photons are
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JYFL Accelerator Laboratory, Jyvaskyla, Finland Installation of an ion-beam cooler at ISOLDE, CERN
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High resolution spectroscopy reveals the splitting of these spectral lines into the The movement of these structures with the addition of neutrons
hyperfine structure, caused by the interaction between the electrons and the nucleus. (or nuclear excitation) allows us to track the changing nuclear
From this analysis, we can determine nuclear properties such as the magnetic moment, mean-square charge radius, itself influenced by size, shape
quadrupole moment (shape), and nuclear angular momentum quantum number. (and its time dependence) and diffuseness.

Results

The chart below shows the nuclear landscape. Isotopes coloured in black are stable and radioactive isotopes
studied using laser spectroscopy are in red. Three of the areas of current interest to us are indicated.
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Isotope Production and Beam Formation

To improve beam quality, the ions are passed through an ion-
beam cooler. This reduces the energy spread of the beam
and the emittance. The collaboration have pioneered the

2 use of laser spectroscopy on bunched beams. By only

At the IGISOL, the reaction products recoil from thin foil
targets and are stopped in a helium gas before extraction.
This makes the IGISOL uniquely applicable in cases
where fast extraction times are essential due to short
half-lives or where the chemistry prevents the release of
the radioactive products. L oL
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