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Motivation

𝑚𝑛𝑢𝑐(𝑍, 𝑁) = 𝑁𝑚𝑛 + Z𝑚𝑝 + 𝐵𝑛𝑢𝑐(𝑍, 𝑁)/𝑐
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𝑆2𝑛 = 𝐵𝑛𝑢𝑐(𝑍, 𝑁 − 2) −𝐵𝑛𝑢𝑐 (𝑍, 𝑁)
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Nuclear structure effects
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N=60 is the region of deformation for 37𝑅𝑏, 38𝑆𝑟, 39𝑌, 40𝑍𝑟, 41𝑁𝑏 isotopes
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Experimental evidences

S. Naimi et al., PRL 105 (2010)
V. Manea et al., PRC 88 (2013)
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F. Flavigny et al., PRL 118 (2017)
J. Dudouet et al., PRL 118 (2017)
M. Albers et al., PRL 108 (2012)

Experimental evidences

γ-spectroscopy concludes:

The shape transition happens at 98𝑲𝒓 isotope !
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ISOLTRAP

ISOLTRAP
Mass 
separators 

Mukherjee et al., EPJ A 35, 1 (2008)   
Wolf et al., IJMS 349-350, 123 (2013); NIM A 686, 82 (2012)  



96𝐾𝑟

𝑡 = 𝛼 𝑚/𝑞 + 𝛽

𝑚/𝑞 = 𝐶𝑡𝑜𝑓 ∗ Δ 𝑟𝑒𝑓 +
1

2
Σ 𝑟𝑒𝑓

M. Mougeot et al., PRC  102,1 (2020) 7/16



97𝐾𝑟
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𝜈𝑐 = ν− + 𝜈+ =
𝐵
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98𝐾𝑟
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protons off
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96𝐾𝑟 agrees with ToF-ICR and MR-ToF

97𝐾𝑟 agrees within different mass measurement techniques

98𝐾𝑟 first ever time measured!

Results

S. Naimi et al., PRL 105 (2010)
M. Smith et. Al., HI 241 (2020)
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Mean-field approach
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Artificial intelligence approach
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R. Lasseri et al., PRL 124 (2020)
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Does well compare to D1S+5DCH
In much shorter computation time!

Artificial intelligence approach
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AI approach misses to predict the energy of 2+ state!

Energy of 2+ state

exp. exp.



15/16

Energy levels
𝟏𝟕𝟖𝑶𝒔

Maybe, the training set of the neural network does not capture enough information 
about nuclear deformation



Conclusion
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96𝐾𝑟 agrees with ToF-ICR and MR-ToF

97𝐾𝑟 agrees within different mass measurement 
techniques

98𝐾𝑟 first ever time measured!

UNEDF0 predicts the region the best

New approach based on Artificial Intelligence was done
predicts well the S2n energy
does not predict well the E2+ energy
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