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Introduction & Motivation
Goal: Statistical Model for S2n of Ca isotopes

Distribution of interactions to understand uncertainties and correlations

34 Non-implausible (NI) Hu et al. NP (2022)

101 1.8/2.0 (EM) + SVD
Hebeler et al. PRC (2011), Plies et al. arXiv:2509.24671 (2025)

VS-IMSRG(2) and emax = 12

In our model:

Include additional uncertainties

Condition on experimental data
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Error model
Assume independent normally distributed errors

N (µ,Σ) = N (µ0,Σ0) +
∑

i

N (∆µi,Σi)

Systematic shift (Fit for NI from Ca isotopes) Stroberg et al. PRL (2021)

δS2n(A) = Sth
2n(A)− Sexp

2n (A) = aSth
2n(A) + b

Include experimental data by taking conditional probability

p(S2n | S2n,exp.) =
p(S2n,S2n,exp.)

p(S2n,exp.)
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Error model example
Two-dimensional distribution for 56Ca and 60Ca

Error model gives updated prediction accounting for various sources of uncertainty

Good agreement with AME 2020
Meng, et al. CPC (2021)

Additional uncertainties:

Model-space uncertainty (emax)

Many-body truncations

Details see poster
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Updated error model distribution
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Results for Ca isotopic chain
Experimental data for even S2n

50−56Ca → predictions for neutron-rich Ca isotopes

Neutron dripline between 62Ca and 70Ca

Largest uncertainty from:

interaction distribution (Non-implausible)

interaction systematics (1.8/2.0 (EM) + SVD)

Limited by number of calculations
per nucleus
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Summary & Outlook
Statistical error model based on ab initio calculations

Various sources of uncertainty

Predictions for S2n of neutron rich Ca isotopes

Need efficient emulators for IMSRG calculations

Validate underlying assumptions
(independence of uncertainties)

Application to heavy nuclei

Propagation of uncertainties to astrophysical applications
see, e.g., Kuske et al. arXiv:2509.19131 (2025)

Correlated mass model for
calcium isotopes

Max Cincar with Zhen Li, Tom Plies, Urban Vernik, Matthias Heinz, Takayuki Miyagi and Achim Schwenk

[1] B. Hu et al., Nature Phys. 18, 1196 (2022). [2] K. Hebeler et al., Phys. Rev. C 83, 031301 (2011). [3] T. Plies et al., arXiv:2509.24671 (2025). [4] S. R. Stroberg et al., Phys. Rev. Lett. 126, 022501 (2021).
[5] R. J. Furnstahl et al., J. Phys. G 42, 034032 (2015). [6] B. C. He et al., Phys. Rev. C 110, 044317 (2024). [7] J. Kuske et al., arXiv:2509.19131 (2025).

Introduction & Motivation
• Goal: Statistical model of S2n for neutron rich Ca nuclei
• 34 Non-Implausible (NI) interactions at ħhω= 16 MeV [1]
• 101 1.8/2.0 (EM) + SVD interactions at ħhω= 12 MeV [2,3]
• Starting point VS-IMSRG(2), emax = 12 and E3max = 24 calculations
• neutron-pf valence space for 48≤ A≤ 60

• neutron-sdg valence space for 60≤ A≤ 70

• NI have large uncertainty
• SVD only parametric uncertainty
→ likely underestimated

• Build model that includes
additional uncertainties:
– Many-body expansion
– Model space parameters
– Systematic shifts

• Condition model on data from
experiment 50 52 54 56 58 60 62 64 66 68 70
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Model space & Many-body uncertainties
• Extrapolation with respect to emax to calculate model space uncertainty [5]
• Calculations using IMSRG(3f2) for many-body uncertainty [6]
• Additional many-body uncertainty from size of IMSRG(3f2) correction |∆µ3f2

|
• Subsampling down to 10 interaction to reduce computational cost
• For A> 60 ensure mean-field occupation of g9/2 orbital for stable extrapolation
• Plots show calculation ofN (∆µ,σ) for S2n of 62Ca for 1.8/2.0 (EM) + SVD
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Statistical Model
• Model sources of uncertainty as independent normal distributions

N (µ,Σ) =N (µ0,Σ0) +
∑

i

N (∆µi,Σi)

• Systematic shift using model from [4]

δS2n(A) = Sth
2n(A)− Sexp

2n (A) = aSth
2n(A) + b

• Systematic uncertainty: model w/ & w/o systematic shift σsys = |µ̄sys− µ̄| /
p

2

• Estimate systematic shift for NI from Ca isotopes
• 1.8/2.0 (EM) + SVD correction taken from [4]
• Condition model on experimental data to make predictions

p(S2n(A1) | S2n(A2)) =
p (S2n(A2) , S2n(A2))

p(S2n(A2))

• Include experimental uncertainty when conditioning
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Updated error model distribution

61Ca calculations
• For A> 60 filling of either g9/2 or s1/2 is possible
• Investigate sensitivity by looking at 61Ca
• Both model space and many-body effects play a role
• Table shows number of interactions that predict 1/2+ ground state of 61Ca

61Ca HF IMSRG(2) IMSRG(3f2)
SVD 1/2+ emax = 12 99 0 10*
SVD 1/2+ emax = 14 10* 7* -
NI 1/2+ emax = 12 0 0 0*
NI 1/2+ emax = 14 4 0 -

* out of 10 subsampled interactions

Results & Discussion

• Final ab-initio-based mass model for A= 50− 70 isotopes
• Result is correlated distribution for Ca isotopes A= 57− 70

• Conditioned on experimental AME2020 data
• Experimental data gives strong constraint up to 60Ca
• Neutron dripline between 62Ca and 70Ca
• Largest uncertainty from:
interaction distribution (Non-implausible)
interaction systematics (1.8/2.0 (EM) + SVD)

• Many-body uncertainty important for 61Ca
→ change in valence space

• Applications limited by number of calculations required
per nucleus→ need emulators 50 52 54 56 58 60 62 64 66 68 70
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Outlook

• Investigate independence assumption
for uncertainties

• Extension to more/heavy nuclei re-
quires efficient emulators

• Possibility to propagate uncertainties
to astrophysical applications [7]

• Extension to more observables
• Include additional sources of uncer-
tainty
– E3max

– NO2B approximation
– Continuum contributions
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