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Methods to measure the charge radius

Scattering/reaction

 Electron scattering

 Proton scattering

 Reaction cross section

Optical spectroscopy

 Optical isotope shifts 

 K X-ray isotope shifts

 Transition in μ-atoms
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K. Tsukada et al., PRL, 131, 092502 (2023)

X.F. Yang et al., PPNP, 129, 104005(2023)



Summarized all the nuclear charge radii of isotopes 
measured using all different methods before 2013.

For unstable nuclei, most of them comes from isotope shifts!
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𝜹𝜹𝜹𝜹IS𝑨𝑨𝑨𝑨𝑨 = 𝐾𝐾𝑴𝑴𝑨𝑨𝑨−𝑴𝑴𝑨𝑨

𝑴𝑴𝑨𝑨𝑨𝑴𝑴𝑨𝑨 +𝐹𝐹𝜹𝜹 𝒓𝒓c𝟐𝟐
𝐴𝐴𝐴𝐴𝐴

Isotope shifts：

Changes in mean 
square charge radii

𝑹𝑹 = 𝒓𝒓𝟐𝟐 𝑨𝑨𝑨 = 𝜹𝜹 𝒓𝒓𝒄𝒄𝟐𝟐
𝑨𝑨𝑨𝑨𝑨 + 𝒓𝒓𝟐𝟐 𝑨𝑨

RMS：root mean square charge radii
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Charge radius from isotope shift

How to get F, K?
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Charge radii from isotope shift
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-Ca region (e.g. Sc with one stable isotope)

Ni region (e.g. Zn with 5 stable isotopes)
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Charge radii of isotopes in Ca region
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Studied by laser spec. To be measured Planned

N = 32
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K Publications Ca Publications Sc Publications
36,37K PRC92, 014305 (2015) 36-38Ca NP 15, 432 (2019). 40,41Sc PRL131, 102501 (2023)
38-51K PLB731, 97 (2014) 

PRL 113, 052502 (2014)
43-52Ca NP 12, 594 (2016). 42mSc PLB819, 136439 (2021)

38-52K PRC100, 034304 (2019)
NP17, 439(2021)

53,54Ca To be published 44-49Sc PRL, under revision (2025)
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 BECOLA
 IGISOL
 COLLAPS
 CRIS
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Charge radii of scandium isotopes

J. Phys. G 38 (2011) 025104 PLB 819, 136439 (2021)

F 
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M 
(GHz u)

Method

2011 IGISOL -355(50) 583(30) MCDF
2021 IGISOL -349(15) 625(60) MCDF 



Charge radii of scandium isotopes
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PRL131, 102501 (2023)

F 
(MHz fm-2)

M 
(GHz u)

Method

2011 
IGISOL

-355(50) 583(30) MCDF

2021 
IGISOL

-349(15) 625(60) MCDF 

2023 
BECOLA

-352(12) 604(22) MCDHF
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Charge radii of scandium isotopes @2018 experiment

IGISOL
BECOLACOLLAPS
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PRL, under revision (2025)

F 
(MHz fm-2)

M 
(GHz u)

Method

3D2-3F3
-373(12) 602(50) FSCC
-352(12) 604(22) MCDHF

3D1-3F2 -373(12) 595(50) CI+MBPT

A. Borschevsky, M. L. Reitsma, J. C. Berengut



Charge radii of scandium isotopes

PRL, under revision (2025)
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Charge radii of isotopes in Ni region

Studied by laser spec. To be measured Planned

Ni Publications Cu Publications Zn Publications
55-56Ni PRL 129, 132501(2022) 58-75Cu PRC93, 064318 (2016) 62-80Zn PRL 116, 182502 (2016)

PLB 771, 385 (2017)
58-70Ni PRL 128, 022502(2022) 75-78Cu NP 16, 620 (2020) 80-82Zn To be published

65，67Ga PRC 96, 044324 (2017) 68-74Ge PLB 856, 138867 (2024)

 BECOLA
 COLLAPS
 CRIS
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Charge radii of zinc isotopes @2014 experiment

Spin = 0 Spin >=1/2

481nm

3P2

3S1



Charge radii of zinc isotopes

MCDHF 

F 
(MHz fm-2)

M 
(GHz u)

Method

2019 COLLAPS +346(3) +14(7) MCDHF

2019 COLLAPS +346(35) +49(17) MCDHF + KP
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PLB 771, 385 (2017)



Charge radii of zinc isotopes

F 
(MHz fm-2)
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(GHz u)

Method

2019 COLLAPS +346(3) +14(7) MCDHF

2019 COLLAPS +346(35) +49(17) MCDHF + KP

Combined analysis @ BKS, BO
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Charge radii of zinc isotopes @2023 experiment
Spin = 0 Spin >=1/2



Charge radii of zinc isotopes @2023 experiment

After energy correction…



Charge radii of zinc isotopes @2023 experiment

F 
(MHz fm-2)

M 
(GHz u)

Method

2019 COLLAPS +346(3) +14(7) MCDHF

2019 COLLAPS +346(35) +49(17) MCDHF + KP

2023 CRIS +324(3) -21(30) FS-RCCSDT
2023 CRIS +324(3) +3.9(21) FS-RCCSDT+KP

(FS-RCCSDT +KP)
(FS-RCCSDT)

A. V. Oleynichenko; L. V. Skripnikov
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Charge radii of zinc isotopes



Charge radii of zinc isotopes

2nd order HFS

A.V.Oleynichenko
L. V. Skripnikov



Charge radii of zinc isotopes
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Summary and outlook
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 Significant progress of nuclear charge 
radii measurement of unstable nuclei 
with laser spectroscopy has been made 
since 2013

 Even with one stable isotope available, 
we could now extract the nuclear 
charge radius by taking advantages of 
the state-of-the-art atomic theory.

 Nevertheless, in most cases, the accuracy 
of nuclear charge radii remains limited by 
the atomic mass- and field-shift factors, 
highlighting the need for further 
improvements.



Thanks for your attention!

https://isolde-cris.web.cern.ch/https://collaps.web.cern.ch/



Thanks for your attention!


	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33
	幻灯片编号 34
	幻灯片编号 35
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38



