Recent highlights from laser spectroscopy at COLLAPS-CERN
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Introduction

The Segre chart
Playground for measurements to discriminate nuclear models
126
Magic nuclei are theoretically “easier” due to |
the proton/neutron closed shell .-
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http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/shell2.htm/
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Introduction

The Segre chart

Playground for measurements to discriminate nuclear models
126

Magic nuclei are theoretically “easier” due to
the proton/neutron closed shell ‘L ..
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Ab-initio methods reaching
the heavy region!
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Introduction

What can we learn from laser spectroscopy?

Laser spectroscopy 126

l

Model-independent nuclear data

50

N
—

Robustness of the shell closures: kink in charge radii
- Structure/ wavefunction: spin
- Ordering of shell-model orbits: magnetic moments
Shape coexistence/ Deformation: quadrupole moments




Physics motivation

Very rich isomerism!

Seniority scheme

Electric quadrupole moment
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Neutron orbitals (blue: Sn, red: Pb)
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Physics motivation

Data prior our measurements

Sn (Z=50) Pb (Z=82)
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Physics motivation

Theory predictions
Sn (Z=50)
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Physics motivation

Linear trends in Q observed in Cd (Sn-2p)
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Spins, Electromagnetic Moments, and Isomers of 17-12Cd
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Produced by the neutrons (seniority)
or
by the two p-holes
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a combination of both?
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FIG. 2 (color online). Magnetic (a) and quadrupole (b) mo-
ments of '"""12Cd from this work. The experimental error bars
are smaller than the markers. A straight line is fitted through the
hy1/2 quadrupole moments, consistent with Eq. (2). The dashed
line indicates the effect of core polarization.
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Physics motivation

week ending
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FIG. 2. Mean square charge-radii differences between isomers
(m) and ground states (g) in '''"12°Cd compared with calculations
discussed in the text. The data correspond to the ionic transition
except for ''7Cd whose value is taken from the atomic one. In all but [f Q linear --- isomer Sh[ft quadratic
one case, the statistical errors are smaller than the dots. The shaded
bands represent the systematic uncertainty.
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Laser spectroscopy and hyperfine structure

ionization
energy

Laser spectroscopy

. -

Nuclear properties (spin, u, Q, charge radius)

;
Model (nuclear) independent

Atomic laser spectroscopy: a fruitful marriage of atomic and nuclear physics

Fine structure
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Experimental set-up, COLLAPS @ ISOLDE

What we measure: Spin, magnetic a

Target
lon source

Mass separator

RILIS ionization

nd quadrupole moments, charge radii
How: From hyperfine structures and isotope shifts
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https://www.nature.com/articles/s42005-020-0348-9

Experimental set-up, COLLAPS @ ISOLDE

Nuclear properties from laser spectroscopy at COLLAPS
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Photon counts per second

Electronic transitions used for the Sn experiment
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Electronic transition used for the Pb experiment
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Perspectives

High-resolution laser spectroscopy of thallium (Z=81) isotopes

—u— Au, ground states, literature data.

O Au, isomers, literature data.
187

o “'Au”, present work.
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Perspectives

Motivation: Towards the most exotic Tl nuclei at ISOLDE

lon beam Deflector

Approach: ion counting technique based on selective
ionization of metastable atoms in a gas cell

Observation region

Photon counts (10°)

Frequency (MHz)

14 —
eV

New instrumentation

B counts (10?)

Expected improvements:
Increase in detection efficiency
Frequency (MHz) Observation region Background reduction

(2)
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Conclusions

High-resolution laser spectroscopy is been performed in a long sequence of Sn and Pb magic nuclei

The quadrupole moments and charge radii in Sn and Pb evolve in a simple way, along a line or a

parabola

New measurements will be performed in the Tl isotopic chain, with optical and particle detection.
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