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Charge Radii and Nuclear Moments from Laser 

Spectroscopy

Wilfried Nörtershäuser

SFB 1245 Meet & Greet:

Laser Spectroscopy in A01 and A03

Laser Spectroscopy of 
Highly Charged Ions and 
Exotic Radioactive Nuclei

From frequencies to nuclear moments

The principle of collinear laser spectroscopy

Collinear spectroscopy online: Where and why?

A01: Charge radius of 8B

A03: Nuclear moments of Fe and Pd isotopes

24.02.2016
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Nuclear Information from Laser Spectroscopy
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Hyperfine Structure



Spectroscopic quadrupole moment Qs
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Hyperfine Structure



Peak Positions:

choose I, Nonlinear Least Squares Fitting  Au, Al, Bu, Bl, 0, 2
red

Isomers (t1/2 > ms)

are easily identified
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Isomer-Shift: 

Evaluation of the Hyperfine Structure



1980 First results at ISOLDE/CERN 

COLLAPS

Origin of Collinear Laser Spectroscopy

E.-W. Otten

R. Neugart
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Collinear Doppler shift:

Anticollinear Doppler shift:

Resonance condition: 0ion  
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The Principle of Collinear Spectrosocpy
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The Principle of Collinear Spectrosocpy



Ion beam
30keV

Laser
beam

Deflector

Photo
multiplier

Fluorescence
Detection

Region 
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Voltage UFDR

Count rate

• universal
• fast
• sensitive
• high resolution

Voltage

Frequency

Data Taking in Collinear Spectrosocpy



Collinear Spectroscopy at On-Line Facilities



Reactions for Radioisotope Production



Production Techniques

Y. Blumenfeld et al., Phys. Scr. T152 (2013) 014023

ISOLDE / CERN

TRIUMF, Vancouver

SPIRAL2 / GANIL IGISOL Jyväskylä

CARIBU Argonne

TRIGA-SPEC Mainz

BECOLA - MSU

ATLAS Argonne

FRIB - Riken

Collinear

Spectroscopy



Radionuclides available at ISOLDE

ISOLDE target group

M. Turrion (2006)

Not all elements available because of

physical / chemical properties

JYFL, Jyväskylä

BECOLA, MSU

8B, ATLAS

CARIBU, 252Cf fission



Recent Laser Spectroscopic Work on Ground

State Properties

K. Blaum, J. Dilling and W. Nörtershäuser, Phys. Scr. T152, 014017 (2013)

Halos and Clustering (TRIUMF, ISOLDE, GANIL, ATLAS)

Z-Dependence of Radii
N=32 New Shell Closure? (JYFL, ISOLDE)

Monopole Migration of SPE 
due to Tensor Force (ISOLDE)

Sudden Appearance of
Deformation at N=60, 
(JYFL)

Simple Structure in Complex Nuclei
(ISOLDE)

Deformation in the
Z=82, N=126 Region 
(ISOLDE: 
COMPLIS, 
RILIS,CRIS)

N=Z, 74Rb
CKM-Unitarity
(TRIUMF)

Heavy Elements: Th-Isomer, Ra, Fr (Parity Violation, EDM),
(ISOLDE: CRIS, Trip, TRIUMF)

Beyond Z=100 (SHIP)

might not be complete …

Island of Inversion (ISOLDE)
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Recent Example



Recent Laser Spectroscopic Work on Ground

State Properties

K. Blaum, J. Dilling and W. Nörtershäuser, Phys. Scr. T152, 014017 (2013)

8B (ATLAS)

Z-Dependence of Radii
N=28, N=20, Robustness of established Shell Closure (MSU, Ca, Sc, Fe)

Simple Structure in Complex Nuclei
Z-Dependence (Pd)
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The 8B Proton Halo

M.H. Smedberg et al., Physics Letters B 452 1999 1–7

FMD Model calculation (T. Neff, GSI)



𝛿𝑣𝐼𝑆 = 𝛿𝑣𝑀𝑆 + 𝛿𝑣𝐹𝑆

𝐹𝑒𝑙𝛿 𝑟𝑐²

Theory: Accuracy of ~100kHz

𝛿𝑣𝑀𝑆 ≈ 35 𝐺𝐻𝑧
𝛿𝑣𝐹𝑆 ≈ 10 MHz/fm²

𝑅𝑐(
8B) = 𝑅𝑐² (

11B) + 𝛿 𝑟𝑐²
11,8

What we need now:

- suitable transitions in boron

- boron source

- laser spectroscopy

Isotope Shift Measurement: 

The Challenge of Light Isotopes



Charge Radii of Light Isotopes

64 702.5086(9) MHz8,4He, 2 3S1  3 3P2 1.008 MHz/fm2

11,6Li, 2s  3s
11,9Be+, 2s1/2  2p1/2

1.570 MHz/fm236 554.323(9)    MHz

31 560.294(24)  MHz 17.02   MHz/fm2

21

Yan & Drake, PRA 61, 022504 (2000)
Puchalski & Pachucki PRA 78,058512 (2008)
W. Nörtershäuser et al.  PRA 83, 012516 (2011)

Measure !

(1) Precise Solution of Nonreativistic Schrödinger 
Equation with Fully Correlated Wavefunctions

(2) Relativistic Corrections
(3) QED Corrections
(4) Nuclear Polarizability

Ne  3 !!

Calculate Calculate Get !



Absolute Nuclear Charge Radii

Laser Spectroscopy
Isotope Shift

Elastic Electron Scattering
4He: 1.681 (  4) fm, 
6Li:  2.589 (39) fm
9Be: 2.519 (12) fm
10B: 2.45(12), 2.58(5)

Model independent !
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A01: Improve absolute charge radii by
elastic electron scattering at S-DALINAC.



New Perspectives: Four-Electron Systems

23

charge radius of 14Be, 


10,12,14Be charge radii from 2nd transition



Now even 5-Electron Systems in Reach



Doppler Shift:

2nd laser beam

Simplified Setup for 8B Spectroscopy

Frequency-Comb required

2p 2P1/2,3/2

3s 2S1/2

250 nm



A03: Research plan

N=28: Moments and Charge radii of Fe

• S2n signature of shell closure at N = 28 

disappears at Z = 24

• Z-dependence of the N = 28 shell closure

• 52,53,55Fe at BECOLA/NSCL

Charge radii and magnetic moments from collinear laser spectroscopy A01
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• slope determined by Qsp

• single neutron  oblate deformation (Q<0)
• single neutron hole  prolate deformation (Q>0)
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Extraction of Qsp:

A03: Research plan 

Quadrupole Moments of Pd 11/2 Isomers - Motivation



Capacity of 1h11/2 niveau: 

12 neutrons 

→ 6 quad. moments

But: 10 quad. moments

Neutron pairs shared 

between the neighboring 

levels.

Capacity of 1h11/2 niveau: 

12 neutrons 

→ 6 quad. moments

But: 10 quad. moments

Neutron pairs shared 

between the neighboring 

levels.

D. T. Yordanov et al., Phys. Rev. Lett. 110, 192501 (2013) 
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 Check for Z=46 (Palladium, Pd)

A03: Research plan 

Quadrupole Moments of Pd 11/2 Isomers - Motivation



Summary

52,53,55Fe

109-119Pd

• 8B Proton Halo

• 52,53,55Fe shell evolution around N = 28 

• 109-119Pd shell evolution around Z = 50

simple structure in complex nuclei ?

Key experiments on electromagnetic observables using laser spectroscopyA01

A03

8B

Nuclear charge radii and moments deduced from

laser spectroscopy



LaserSpHERe

Bernhard Maas

Dominic Rossi

(Tom Aumann‘s group)

Jörg Krämer Involvement in A01/A03


