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Introduction
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Recent results, from Sn to Pb

Perspectives

Main topics and goals of this meeting:

*What should be EFT and many-body priorities in nuclear structure research in light of the advent
of new experimental facilities for the study of exotic nuclei?
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Nuclear Physics Research Aim

- Unravel the fundamental properties of nuclei from their basic constituents

Lofty goal: Find a comprehensive and quantified model of atomic nuclei

Picture taken from A. Gade, FRIB Science
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Open questions

- How do nuclear properties

- Where is the boundary of nuclear existence?
change across the nuclear chart?

Picture taken from A. Gade, FRIB Science
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20 82 change across the nuclear chart?

- Where is the boundary of nuclear existence?
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Theory roadmap

Experiment: access key regions of the nuclear chart to constrains models
and identify missing physics

Theory: identifies key nuclei and properties to be studied
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Introduction

Laser spectroscopy: a powerful tool to study the atomic nucleus
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Introduction

Not yet available as ISOL-beams

Atomic or ionic transitions from the ground state lie mainly in the vacuum UV regigg (< 90 nm)
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Proton Number

Introduction

Not yet available or the production is very low

Atomic or ionic transitions from the ground state lie mainly in the vacuum UV regigp, (< 90 nm)
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32-4446 A 44,45Tj

Introduction

Not yet available or the production is very low

Atomic or ionic transitions from the ground state lie mainly in the vacuum UV regigg (< 90 nm)
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Introduction

Not yet available or the production is very low

Atomic or ionic transitions from the ground state lie mainly in the vacuum UV regigg (< 90 nm)
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Courtesy of Simon Stegemann, ISOLDE workshop 2022
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Introduction

Not yet available or the production is very low

Atomic or ionic transitions from the ground state lie mainly in the vacuum UV regigp, (< 90 nm)

249K 255Fm
. . . . 21221522529 p40.204p 1y
- Not suitable for atomic hyperfine structure studies 208232R - 253255 g
195-211,217-219 7 ¢ 202-222;228Fr
177208 g n 248Cm
1771831977 91-218pg 238-244p,
182-193, 196-198 | 178.199p¢
TTTEHE 137-195,197-1sus,zoz-z;::%-zBsi8
161179]_ 182214pp
146-160G 126 104,196 167298T]
138-159) ]
138-154 Eu = \ 153115732'177Yb
135,137,138 g 150-167 -172Tm
@ 1051%48n 12014884 151-155:40
Ne] 104-127|n - = 146-165)
S 143-146pm 147-159
S 100-130Cd Tb
97-99' 1321 50Nd
P 20108\ 1€ [50] 135137py
S 7741005 ': 1331345 146,148C g
"é' 7498Rp - 96-121Ag 118-146Cg
o 97173Ge 7206y 90-93,99,101,103\ p 116.146y
57-78Cy 871027y
52,53F @ 86-102y
5] 63-67,69-82G4
3244467  44,45Tj - 54, 58-68, TONj 62807
6327 o s 50-64]\Iny
17-28Ne 352G
36-52K
28] 21-33 .
; 20_31 M9 - New developments are needed on the laser spectroscopy side!
20
e 12Be
38He
12
Neutron Number

Hirschegg 2023 - Effective field theories for nuclei and nuclear matter

S\
N



Fundamentals of laser spectroscopy and hyperfine structure

What can we learn from laser spectroscopy?

l

Model (nuclear) independent

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

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

Hyperfine structure

+ Magnetic + Quadrupole Hyperfine

Fine structure interaction interaction parameters

>

3p, 7 7y

. f — A, B

Electronic level energy
10° MHz

*Po

Nuclear
properties

— 1 Q

Photon

Frequency Frequency Frequency

@ Hirschegg 2023 - Effective field theories for nuclei and nuclear matter




Photon

Electronic level energy
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Fundamentals of laser spectroscopy and hyperfine structure

Fine structure Isotope shift
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Fundamentals of laser spectroscopy and hyperfine structure

Nuclear properties from laser spectroscopy

I
A— = const
u
B
6 = const = er j

Isotope shift < ms charge radii
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Fundamentals of laser spectroscopy and hyperfine structure

Distribution of laser spectroscopy experiments

COALA| [1GI1SOoL)

Operational Commissioning Planning

* About 8 operational experimental setup for the study of nuclear properties (high-resolution)
* About another 8 in commissioning (in the last 20 years)
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Fundamentals of laser spectroscopy and hyperfine structure

Distribution of laser spectroscopy experiments

COALA| [IGISOL]
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“Senior” experiment
in operation since 1980

Operational Commissioning Planning

* About 8 operational experimental setup for the study of nuclear properties (high-resolution)
* About another 8 in commissioning (in the last 20 years)
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Experimental set-up, COLLAPS at ISOLDE/CERN

Photographic service CERN, 28-08-2030
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Experimental set-up, COLLAPS at ISOLDE/CERN

The CERN accelerator complex
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Experimental set-up, COLLAPS at ISOLDE/CERN

Target HRS RILIS
lon source mass separator ionization

Laser spectroscopy:

the art of shining light on atoms

Proton
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possible to produce Observation
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Experimental set-up, COLLAPS at ISOLDE/CERN
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D. T. Yordanov, L. V. Rodriguez, et al. Commun. Phys. 3, 107 2020
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Photon counts per second

Experimental set-up, COLLAPS at ISOLDE/CERN
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Recent results, from Sn to Pb

Two very successful experiments!
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Results:
Spin, electromagnetic moments and charge radii

of g.s. and isomeric state
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Recent results, from Sn to Pb

Spherical shell model Isomeric states:
Neutron orbitals (bjtie: Sn, red: Pb) h11/z and iy Yy unique-parity orbitals
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Recent results, from Sn to Pb
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FIG. 2 (color online). Magnetic (a) and quadrupole (b) mo-

8 ments of '''"12Cd from this work. The experimental error bars
are smaller than the markers. A straight line is fitted through the
h11/2 quadrupole moments, consistent with Eq. (2). The dashed
line indicates the effect of core polarization.
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Perspectives

Motivation: Pushing COLLAPS to the limit
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Perspectives

Ultra-high sensitive set-up for collinear laser spectroscopy

photomultiplier .
detector

Atom
detection

electrostatic bender and optics

charge exchange cell
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a. resonant excitation and photon detection b. state selective re-ionization and atom/ion detection
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detect resonant
reduction on ion
counting

excited state excited state 1,

Frequency (MHz)

M detect fluorescence

photons

metastable
atomic ground state state

lon counts

COLLAPS: 1074 ions/s
bunched beam

Frequency (MHz)

atomic ground state

COLLAPS+ re-ionization: 10 - 100 ions/s, continuous beam
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Perspectives

Work in progress ...
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