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K-isomers as a lab for

Single Particle Levels (SPLs)
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• Excited states in deformed nuclei with a 
large spin projection

• Formed by broken-pair nucleons (multi 
quasi-particle excitation)

• Common in nuclei with high-𝒋 levels 
close to the Fermi surface

• Fission decay hindrance
→ enhanced stability in heavy elements

K-isomers: formation and decay
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• Excited states in deformed nuclei with a 
large spin projection

• Formed by broken-pair nucleons (multi 
quasi-particle excitation)

• Common in nuclei with high-𝒋 levels 
close to the Fermi surface

• Fission decay hindrance
→ enhanced stability in heavy elements

K-isomers: formation and decay

F.P. Hessberger, arXiv:2309.10468 (2023)
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• Energies and lifetimes of states 

determined through 𝛾-spectroscopy

• Intraband transitions provide 

information on isomer configuration

𝐼 𝑀1; 𝐽 → 𝐽 − 1

𝐼 𝐸2; 𝐽 → 𝐽 − 2
~

𝑔𝐾 − 𝑔𝑅
2

𝑄0
2

K-isomers: decay spectroscopy

B. Sulignano et. al, PRC 86 (2012)
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• Rotational band of 𝐾 = 8− not 

populated adequately

• Relying on theory model predictions

• Excitation energy as the only 

benchmark

• Configuration inferred from level 

structure

Long-standing ambiguity 

in 254No

S.G. Wahid et al, Phys. Rev. C 111 (2024)



Laser spectroscopy

for nuclear structure
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• For nuclides with 𝐼 ≠ 0 we observe a 

splitting of atomic levels

• Hyperfine structure is determined by 

nuclear moments

• 𝐴𝐻𝐹𝑆 → 𝜇; 𝐵𝐻𝐹𝑆 → 𝑄𝑠
(𝑔𝐾 , 𝑔𝑅) (𝑄0, 𝛽2)

• Isotope/isomer shifts determined by 

nuclear charge radii

• Δ𝜈 → 𝛿 𝑟2 𝐴,𝐴′

Hyperfine spectroscopy

𝑱 – atomic spin

𝑰 – nuclear spin

𝑭 = 𝑱 + 𝑰 – total spin
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In-gas-jet laser spectroscopy

~𝟒 𝑮𝑯𝒛 → ~𝟑𝟎𝟎𝑴𝑯𝒛

Gas cell

Nozzle

L
a
s
e
r 

1

Laser 2

Detector

R. Ferrer et al, Nature Comms. (2017)
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JetRIS operation

RIB No+ No



12

JetRIS operation

RIB No+ N

o

Extraction time: ~𝟏𝟎𝟎𝐦𝐬

Spectral resolution: > 𝟐𝟓𝟎 𝐌𝐇𝐳

Sensitivity: 𝟏 𝐢𝐨𝐧/𝐬

Efficiency: ~𝟎. 𝟏%
to be improved :^)



Experimental results &

extracted nuclear properties
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Experimental results

• Laser ionisation spectroscopy of 

the 𝐾 = 8− isomer in 254No

• Fusion-evaporation production
208Pb(48Ca,2n)254No

𝜎 ≈ 2 𝜇𝑏

• Using SHIP with UNILAC
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Experimental results

𝜇 = #

𝑄𝑠 = #

𝑄0 = #

𝛽2 = #

𝑔𝐾 = #

𝑔𝑅 = #

𝛿 𝑟2 𝑔𝑠,𝑚 = #
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• Unambiguous assignment of
9

2

−

734 𝜈 ⊗
7

2

+

624 𝜈 8−

• Sign of 𝑔𝐾 is preserved, can provide a 

state mixing estimate

• Comparing measured 𝑔𝐾 to SWBETA 

and odd-N measurements

Configuration assignment

2qp configuration 𝒈𝑲

9

2

−

734 𝜈 ⊗
7

2

+

613 𝜈 8− −0.28

9

2

−

734 𝜈 ⊗
7

2

+

624 𝜈 8− −0.02

9

2

+

624 𝜋 ⊗
7

2

−

514 𝜋 8− +1.01

Experimental data:

𝑔𝐾 = #
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• Theory models favour proton-proton 

most often*

• Theory SPL spectra show a large 

shell gap at 𝑁 = 152

• Neutron-neutron configuration 

energies are overestimated 

Nuclear theory models

N. Minkov et al, Phys. Rev. C 105 (2022)
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Nuclear theory models

U. Shirwadkar et al, PRC 100 (2019)
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• Skyrme EDF model calculations 

assign 𝜋2 configuration based on 𝐸∗

• Magnetic moment 𝜇 systematics in 

𝑁 = 150 align with our 𝜈2 assignment

• Good agreement with our experiment!

• Additional comparison of charge radii

Nuclear theory models

N. Minkov et al, Phys. Rev. C 105 (2022)

𝜇𝐻𝐹𝐵𝐶𝑆 = 0.41 𝜇𝑒𝑥𝑝 = #

𝑔𝐾
𝐻𝐹𝐵𝐶𝑆 = −0.015 𝑔𝐾

𝑒𝑥𝑝
= #
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• One-body operator connecting K-
isomer to the 𝐼 = 10+

• 𝐾 = 16+ can be inferred to have a 

𝜈2 ⊗𝜋2 configuration

• Comparisons between Cm and No 

isotopes for 𝐾 = 8− states

• 𝑁 = 150 → 246Cm, 252No

• 𝑁 = 152 → 248Cm, 254No

Assignment implications

S.G. Wahid et al, Phys. Rev. C 111 (2025)
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• No254 K-isomer is an outlier –

smaller change in nuclear size

• Theory framework development 

necessary for interpretation

Nuclear charge radii in isomers

M.L. Bissel et al, Phys. Lett. B 645 (2007)

J. Warbinek et al, Nature 634 (2024)

A. Koszorus and B. Cheal, EPJ 233 (2024)

Yu. Gangrsky, Hyperfine Interact 171 (2006)



Next steps

for laser spectroscopy

of isomers in 𝐴~250
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• Pair of isotopes in Cm and No to 

probe the effects of sub-shell gaps

• Light actinides Cm and Pu are 

available in macroscopic quantities

• Populate the K-isomers via 

Coulomb excitation?

K-isomers in 𝑁 = 150
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• Firm configuration assignments can 

be supplemented with HFS data

• Nuclear moments are an underutilized 

benchmark for theory

• Existing data from 𝐴~180 laser 

spectroscopy of isomers

• Currently only two publications list 

calculated moments for 254No

• Skyrme EDF
N. Minkov, L. Bonneau, P. Quentin, J. Bartel, 

H. Molique, D. Ivanova

• Macroscopic-microscopic WS
M. Palczewski, P. Jachimowicz, M. Kowal

Collaborating with theory groups
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JetRIS collaboration
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