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Microscopic calculations of nuclear systems
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Nucleon-nucleon (NN) and 3N scattering data: OthousandsO of experimental data available

Spectra, properties, and transition of nuclei: BE, radii, magnetic moments, beta decays rates, weak/
radiative captures, electroweak form factors, etc,E

Nucleonic matter equation of state: for ex. EOS neutron matter
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Two and many-body interactions: H = ﬁ + Vij + Vijk + ...
i=1 ! i<j =1 i<j<k =1
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Electroweak current operators: J = Ji + Jij T Jijk T ...
i=1 i<j =1 i<j<k =1
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Local chiral NN Hamiltonian with ! Os
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Vij = VijEM + VijL + VijS = VP (rj )Oﬁ’ MP et al. PRC 101, 045801 (2020)
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Local chiral NNN Hamiltonian with ! Os
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Nuclear structure: spectra and radii of light-nuclel

S.Gandolb, D.Lonardoni, A.Lovato, MP Front. Phys. 8, 117 (2020)
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Nuclear structure: charge form factors

S.Gandolb, D.Lonardoni, A.Lovato, MP Front. Phys. 8, 117 (2020)
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Single-nucleon momentum distribution
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MP, S.Pastore, R.Wiringa in preparation
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Nucleon-pair momentum distribution
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Working on the connection with Short Time Approximation (STA) to account for two-body
currents (S.Pastore et al.)



Multi-messenger Astronomy: EoS of Pure Neutron Matter
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Model dependence very large in NV2+3 models: work in progress!#



Optimization procedure for the LECsS

$ In EFT we inevitably end up with a model with parameters a* that we must bt to data

Least-square objective function for a set of observables

2 _ Ndata " o ! ti(a) #o Ui : measured values
1 %(a) = "0 t; : calculated values
=1 | 0, . uncertainty observables
OConventionalO least-square minimization: Bayesian parameter estimation:
a’ =min ! %(a) pr(alData,l)! pr(Datala,l)" pr(all)
a o e ) )
posterior likelihood , prior
$ Take ! G to be the experimental error | ¢ ' T@/2

(or same modibcation to take into

account theoretical errors) ¥Particularly well suited for (any) EFT, but

generally suited for theory errors

$ Many optimization techniques suitable
for this problem such as POUNDers,
Newtons Methods,E.

$ UQ addressed as: Covariance ¥Parameter estimation: conventional

methods, Bootstrapping, standard optimization recovered as special case

prescription truncation error, cuto!
dependence,E.

¥Assumptions are made explicit (e.g.
naturalness of LECs, truncation errors)

¥Clear prescriptions for combining errors

| over/under-fitting parameters,..



MCMC Implementation and its application
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Results at NLO: Joint Probabillity Projections
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Conclusion/Outlook

¥ We are testing our models of NN+3N interactions with !-isobar based on chiral EFT
framework in both light-nuclel and inPnite nuclear matter

¥ We mainly focus our attention on studying static and dynamic properties of nuclei up to
A=12 and EoS of inPnite neutron matter

¥ We are working on constructing a coherent picture of lepton-nucleus interactions with
particular focus on neutrino-nucleus scattering in a wide rage of energy and momenta

¥ With the current Delta-full chiral interactions/currents we are planning to investigate
muon capture, neutrino scattering, neutrinoless double beta decay, beta-decays for A>10

¥ Inclusion of the present Delta-full 3N in calculations of inPnite nucleonic matter; sensitivity
studies of the E0S

¥ We are working on improvements of our nuclear models using Bayesian analysis tools to
better access theoretical error estimation

¥ Particularly emphasis needs to be devoted to the 3N force; the formulation we have is
too simplistic if we want to have a good descriptions of spectra, properties of light-nuclei,
InPnite nuclear matter, three-body observables with a certain degree of accuracy



