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Nuclear shell model (nho core)

H(c) = E €N + E Vijkt;grTijrl;ar

i i<j,k<U;JT
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Get these from effective field theory
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Nuclear shell model (with core)

H(c) = E €;Ni + E Vijkt;urTijki; T
1<73,k<l;JT

\———————

E €M + E VijktarLijri; T
i<jk<l:JT
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USDB: the most famous renormalized-interaction

Bca *ca ®ca *ca ¥ca ¥ca ¥ca “ca

B. A. Brown et al., PRC 74, 034315 (2006)
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USDB: 130 keV is the uncertainty of the shell model

B.A.Brown et al., PRC 74, 034315 (2006)
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What | set out to do: refit USDB
with a fast emulator and better statistics

Wishlist:

1. Future: fit new interactions in very large model spaces

Inspired by: S. Yoshida et al., Prog. Theor. Exp. Phys. 2022 053D02

2. Credible uncertainty estimation

Inspired by: C. Pruitt et al., PRC 107, 014602 (2023)
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Ready for Markov Chain Monte Carlo (MCMC)

x?-minimization UQ analysis: MCMC UQ analysis:
. * Uncertainty set by parameter-of-fit: a(theory) | * Uncertainty set by parameter-of-fit: a(theory)
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Introducing USDB with UQ, “USDBUQ”
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USDB is unique®, but it is shallow.
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USDBUQ: USDB with error bars. Are they credible?

Just like USDB classic, the standard error is ~130-140 keV
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But wait, the error bars do not seem to cover the data!
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Let’s center the errors on the model:

99% confidence interval covers only 40% of the data
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With uncorrelated noisy measurements,
confidence intervals shrink with number of data
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Residual is dominated by systematic and correlated
model defect, NOT noisy measurement!
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Working solution: empirical data coverage test
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Does this mean the Shell model uncertainty is 500 keV instead of 130 keV?

H Lawrence Livermore
Lui National Laboratory =~ LLNL-PRES-2003458 19



e

Takeaway: be careful when applying “textbook”
statistics to real problems
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