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Introduction
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The Segrè chart

Playground for measurements to discriminate nuclear models  

http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/shell2.html
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Benchmark of many-body methods  (Shell 
model, DFT, Ab-intio, …)

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

The Segrè chart

Playground for measurements to discriminate nuclear models  

Magic nuclei are theoretically “easier” due to 
the proton/neutron closed shell
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What can we learn from laser spectroscopy?

- Robustness of the shell closures: kink in charge radii
- Structure/ wavefunction: spin

- Ordering of shell-model orbits: magnetic moments
- Shape coexistence/ Deformation: quadrupole moments

Laser spectroscopy

Model-independent nuclear data
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Physics motivation

Very rich isomerism!
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h11/2 and i13/2 : unique-parity orbitals

odd particle confined due to parity constrain

Q
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Seniority scheme

Electric quadrupole moment

𝑄 =
2𝑗 + 1 − 2𝑛
2𝑗 − 1

𝑄!"
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Data prior our measurements

i13/2

Physics motivation
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Theory predictions
Sn (Z=50) Pb (Z=82)
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Physics motivation
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Linear trends in Q observed in Cd (Sn-2p)

Produced by the neutrons (seniority)

or

by the two p-holes

or

a combination of both?

Physics motivation
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Physics motivation
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First observation of such mass dependency!

𝛿 𝑟# $,& =
5
4𝜋 𝑟'# 𝛽&# − 𝛽$#

if Q linear --- isomer shift quadratic
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Atomic laser spectroscopy: a fruitful marriage of atomic and nuclear physics

laser beam

fluorescenceelectrons excited

Laser spectroscopy and hyperfine structure

Laser spectroscopy 

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

Model (nuclear) independent 
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Target
Ion source

Deflector

Quadrupole triplet

Post acceleration

Neutralization 

Detection

G
ate PM

T signal

Mass separator
RILIS ionization

Proton beam

ISCOOL

*Adapted from D. T. Yordanov, L. V. Rodriguez et al., Commun Phys 3, 107 (2020)

What we measure: Spin, magnetic and quadrupole moments, charge radii
How: From hyperfine structures and isotope shifts
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fluorescence
excited
electron
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Isotope A+1 (I>0)

Hyperfine parameters

Electromagnetic moments

Isotope A+1

μeV
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FWHM=50MHz

Experimental set-up, COLLAPS @ ISOLDE  
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https://www.nature.com/articles/s42005-020-0348-9
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Nuclear properties from laser spectroscopy at COLLAPS

Isotope shift ∝ ms charge radii

𝐴
𝐼
𝝁
= const

𝐵
𝑸
= const = 𝑒𝑉((

Experimental set-up, COLLAPS @ ISOLDE  
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Laser spectroscopy and hyperfine structure
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Electronic transitions used for the Sn experiment

D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

Sensitive to B
Sensitive to A

Pump laser
cw: 532 nm

Dye, 572 nm
Ti:Sa, 904 nm

SHG

cw: 286 nm
cw: 452 nm

Laser system
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Electronic transition used for the Pb experiment
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Example HFS spectra of 201Pb in the 723nm transition

Pump laser
cw: 532 nm

Ti:Sa, 723 nm

Laser system
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Perspectives

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

Au (Z=79) Hg (Z=80) Bi (Z=83)
Tl (Z=81)

Pb (Z=82)
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Perspectives

Motivation: Towards the most exotic Tl nuclei at ISOLDE

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

Expected improvements:
Increase in detection efficiency

Background reduction

Ion beam Deflector

Quadrupole triplet Post acceleration

Neutralization 

Observation region
(1)

Re-ionization

Observation region
(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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