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Conceptually simplest ab initio method: No-Core Shell Model (NCSM)

= Basis expansion method (ClI)

= Harmonic oscillator (HO) basis truncated in a particular way (N, ax)

= Why HO basis?

= Lowest filled HO shells match magic numbers of light nuclei
(2, 8, 20 — “He, 160, 40Ca)

= Equivalent description in relative(Jacobi)-coordinate and
Slater determinant basis — nuclei self-bound, [H,P~]=0

= Exact factorization of CM and intrinsic eigenfunctions

Ab initio no core shell model

Bruce R. Barrett?, Petr Navrétil®, James P. Vary ©* S
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= Good for well-bound states, approximation of weakly-bound states . Moo _—
and narrow resonances )
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Ab initio calculations of structure including weakly bound halo states, scattering, reactions
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)
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Ab initio calculations of structure including weakly bound halo states, scattering, reactions .
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)
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Ab initio calculations of structure including weakly bound halo states, scattering, reactions .
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)
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Ab initio calculations of structure including weakly bound halo states, scattering, reactions 0
Unified approach to bound & continuum states

No-Core Shell Model with Continuum (NCSMC)
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PHYSICAL REVIEW C 101, 014318 (2020)

Novel chiral Hamiltonian and observables in light and medium-mass nuclei

V. Soma,"" P. Navritil ®,% F. Raimondi,>** C. Barbieri ®,** and T. Duguet"->:/

Binding energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible

= The Hamiltonian fully determined in A=2 and A=3,4 systems

= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life

= Light nuclei — NCSM
= Medium mass nuclei — Self-Consistent Green’s Function method

NN N3LO (Entem-Machleidt 2003)
3N N2LO w local/non-local regulator
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1.8/2.0 (EM) results: J. Simonis, S. R. Stroberg, K. Hebeler,

J. D. Holt, and A. Schwenk, Phys. Rev. C 96, 014303 (2017).
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Local vs. non-local chiral 3N interaction

= Regulator depending on momentum transfer = local NNN interaction in coordinate space

= Different space-tensor structure (compared to regulation with nucleon momenta)
= Example: Contact term
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Local three-nucleon interaction from chiral
effective field theory
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Binding energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible

= The Hamiltonian fully determined in A=2 and A=3,4 systems

= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life

= Light nuclei — NCSM
= Medium mass nuclei — Self-Consistent Green’s Function method

NN N3LO (Entem-Machleidt 2003)
3N N2LO w local/non-local regulator
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Binding energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible
= The Hamiltonian fully determined in A=2 and A=3,4 systems
= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life

[MeV]

= Light nuclei — NCSM NN N:LO (Entem-Machleidt 2003)
. Heavy nuclei — HF-MBPT(3) 3N N2LO w local/non-local regulator
0
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Converged ab initio calculations of heavy nuclei
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Novel chiral Hamiltonian and observables in light and medium-mass nuclei
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Binding and excitation energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible
= The Hamiltonian fully determined in A=2 and A=3,4 systems
= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life

= Light nuclei — NCSM NN NLO (Entem-Machleidt 2003)
= Denoted as NN N3LO + 3N|n| 3N N2LO w local/non-local regulator
0
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Novel chiral Hamiltonian and observables in light and medium-mass nuclei
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Excitation energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible

= The Hamiltonian fully determined in A=2 and A=3,4 systems
= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy,
= Light nuclei — NCSM
= Denoted as NN N3LO + 3N,
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Novel chiral Hamiltonian and observables in light and medium-mass nuclei

V. Soma,"" P. Navritil ®,% F. Raimondi,>** C. Barbieri ®,** and T. Duguet"->:/

Excitation energies of atomic nuclei from nuclear forces from chiral Effective Field Theory

= Quite reasonable description of binding energies across the nuclear charts becomes feasible

= The Hamiltonian fully determined in A=2 and A=3,4 systems

= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life

= Light nuclei — NCSM

= Denoted as NN N3LO + 3N,
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Novel chiral Hamiltonian and observables in light and medium-mass nuclei

Performance of NN N3LO + 3N, in medium-mass nuclei
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Performance of NN N3LO + 3N, in medium-mass nuclei

20

= RIKEN experiment on neutron rich odd K isotopes
= Restoration of the Natural E(1/2*) - E(3/2*) Energy Splitting towards N=40

Physics Letters B 802 (2020) 135215

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

\®)

Restoration of the natural E(1 /2]*) - E(3/2]L) energy splitting in odd-K )
isotopes towards N = 40 T
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3H and 4He with chiral EFT interactions up to N4LO

PHYSICAL REVIEW C 96, 024004 (2017)

High-quality two-nucleon potentials up to fifth order of the chiral expansion

D. R. Entem,"" R. Machleidt,> and Y. Nosyk?
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Precision chiral EFT Hamiltonian with sub-leading 3N interaction terms

NN N4LO 500 interaction by Entem-Machleidt-Nosyk (2017)

= 3N N2LO plus a sub-leading spin-orbit enhancing term with a new LEC (E7) — Girlanda 2011
= |ocal/non-local regulator
= The Hamiltonian fully determined in A=2, A=3,4, and SLi systems
Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life
New LEC (E-) fitted to improve excitation levels in SLi
Denoted as NN N4LO + 3N,,g7

PHYSICAL REVIEW C, VOLUME 60, 034001

Phenomenological spin-orbit three-body force

V = Z (Ei+Exti-tj+E30;-0j+Est; - Tj0; - a,)[Z(’)’(r,,)—l—Z Zo( ”)]Zo(r,-k)
j

itk r; A. Kievsky*
" 0( lj) 0( lj)
+ (Es + E67T; - T;)Sij| Zo (7ij) — Zo(ri) + (E7 + Egti - Ti)(L - 8)ij ———Zo(rix)
ij ij d
A A ~ A . — oy ipr 2.
+ [(E9 + EioTj - Tk)0 - Tijok - T + (E11 + EnnTj - Tk + E13ti - Tj)ox - £ij0j - Rl Zy(rij)Z)(rix) Zo(r; A) f (271)3e Fp%A)

PHYSICAL REVIEW C 102, 019903(E) (2020)

PHYSICAL REVIEW C 84, 014001 (2011)

Subleading contributions to the three-nucleon contact interaction

Erratum: Subleading contributions to the three-nucleon contact interaction
[Phys. Rev. C 84, 014001 (2011)]

L. Girlanda,! A. Kievsky,? and M. Viviani®

L. Girlanda®, A. Kievsky, and M. Viviani
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= NN N4LO 500 interaction by Entem-Machleidt-Nosyk (2017) B
= 3N N2LO plus a sub-leading spin-orbit enhancing term with a new LEC (E7) — Girlanda 2011
= |ocal/non-local regulator
= The Hamiltonian fully determined in A=2, A=3,4, and SLi systems
= Nucleon—nucleon scattering, deuteron properties, 3H and “He binding energy, 3H half life
= New LEC (E) fitted to improve excitation levels in SLi
= Denoted as NN N4LO + 3Njg7

= Successfully applied to "Be(p,y)eB, muon capture on 6Li, 12C, and 16O, "Li structure, 1°F structure and
exotic moments, N=20 isotones

rs B 845 (2023) 138156
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= Energies of light nuclei

TABLE IV. The extrapolated ground-state energies of ®°He, °Li,

12C, IZB, 160, and 16N-

27
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Interaction
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= Excitation energies of light nuclei
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= Excitation energies of light nuclei
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

20(0f) + p~ = PB(JT) + v,
= Muon capture rate on 12C
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= Excitation energies of light nuclei

12B spectrum
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= n+*He scattering
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

= "Be(p,y)®B radiative capture
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

34
= p+12C scattering and capture
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Precision chiral EFT Hamiltonian with a sub-leading 3N interaction term

35
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Precision chiral EFT Hamiltonian with
a sub-leading 3N interaction term

- medium mass nuclei

Discovery,
accelerated
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Coupled cluster and Self-Consistent Green’s Function calculations for O and Ca isotopes

Calculations by Gaute Hagen and Carlo Barbieri
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Bogoliubov many-body perturbation theory (BMBPT) calculations for N=20 isotones
! —&— BMBPT EM 1.8/2.0 '

-®- BMBPT 3NInlE7

-@- VS-IMSRG EM 1.8/2.0

61 -5 EEdf

N AME2020
PHYSICAL REVIEW LETTERS 134, 052503 (2025) AME2020 and systematic estimates

< | - TITAN

Calculations by Vittorio Soma

Refined Topology of the N =20 Island of Inversion with High Precision Mass
Measurements of 31-33Na and 3-3Mg

E.M. Lykiardopoulou,l’2 C. Wallsf‘,l’3 J. Bergmann: u,,4 M. Brodeur,5 C. Brown© ‘,6 J. Cardona,l’3 A. Czihaly€ ,1’7 —
T. Dickel®,** T. Duguet®,”'® J.-P. Ebran,'"'> M. Frosini,"* Z. Hockenbery,"'* J. D. Holt,"'* A. Jacobs,"” S. Kakkar,'” %
B. Kootte®," T. Miyagi,"”'® A. Mollaebrahimi®,"* T. Murboeck," P. Navratil®,"” T. Otsuka®,'”'® W.R. PlaB®,*® S
S. Paul®,"'* W. S. Porter®,” M. P. Reiter®,® A. Scalesi®,’ C. Scheidenberger,*** V. Soma®,’ N. Shimizu®,*' —

Y. Wang®,"? D. Lunney®,? J. Dilling®,**>* and A. A. Kwiatkowski"” <‘15,

NN N4LO + 3N,,e7 predictions resembling those
of the successful phenomenological EEdf1 with

the same trend forZ =8 - 10 8 10 12 14 16 18
Proton number
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MBPT calculations up to 3 order for (semi-)magic medium

= Calculations by Takayuki Miyagi
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Enhanced short-range 3N interaction
with two-pion exchange

Results for 3H

Discovery,
accelerated
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A new class of three-nucleon forces — enhanced sub-leading terms?

PHYSICAL REVIEW LETTERS 135, 022501 (2025) 41

Closer look at enhanced three-nucleon forces

New Class of Three-Nucleon Forces and Their Implications E. Epelbaum,! A. M. Gasparyan,l J. Gegelia,l’ 2 D. Hog,l and H. Krebs!
Vincenzo Cirigliano®,” Maria Dawid,” Wouter Dekens®,” and Sanjay Reddy* arXiv:2512.14117

= Enhanced short-range 3N interaction with two- .

pion exchange H{ 4 |+ ]+... + . # .
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Exploring quark mass dependent three-nucleon forces in medium-mass nuclei
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A new class of three-nucleon forces — enhanced sub-leading terms?

PHYSICAL REVIEW LETTERS 135, 022501 (2025)
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Closer look at enhanced three-nucleon forces

New Class of Three-Nucleon Forces and Their Implications E. Epelbaum,l A. M. Gasparyan,l J. Gegelia,1’2 D. Hog,l and H. Krebs!

Vincenzo Cirigliano®,” Maria Dawid,” Wouter Dekens®,” and Sanjay Reddy®

= Application to 3H gs energy — Jacobi NCSM Georgios Palkanoglou (TRIUMF)
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Calculations for “He,
p-shell nuclei in progress
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Conclusions

= Big picture
= High-order (N3LO and N“LO) chiral NN interactions are OK
3N interactions need to be improved
Including N“LO 3N contact terms straightforward and a logical thing to do
Spin-orbit enhancing E; and/or Eg terms important, should be included
= Optimally fitted to n+*He phase shifts
Good evidence that there is a correlation between 4He, 60O, 4°Ca binding energy
= Important to get the “He binding energy properly
= Beware that SRG induced 4N can play a role
Neutron rich nuclei seems to be underbound — add T=3/2 3N contact(s)?

= More medium-mass and heavy nuclei calculations needed to test Hamiltonians with subleading 3N interactions

= Open question
= How important is the “enhanced short-range 3N interaction with two-pion exchange”™?
= Applied to 3H
= Calculations for “He and p-shell nuclei in progress
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