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Introduction

Huge progress in ab initio calculations of bound properties

Ab initio calculations of continuum properties are limited to much lighter nuclei

While this is a limited region of the nuclear chart, there is an abundance of interesting
reactions involving light nuclei that can be studied

Simultaneous description of bound and scattering states leads to a better understanding
of fusion rates, constraints on BSM physics, etc.
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From continuum to bound: 3He(α, γ)7Be
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3He(α, γ)7Be important for solar-model predictions
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Reaction rates too low at solar energies in the lab

Current evaluations depend on both theory and experiment

Ideally, theory will accurately predict S34(0)
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The ab initio method: from NCSM to NCSMC
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Goal: Improve the theoretical prediction of S34(E )
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Current evaluation:

S34(0) = 0.56± 0.02(expt.)± 0.02(theor.)

How?: Perform an ab initio calculation of the 3He(α, γ)7Be reaction

Previously only possible using NN forces
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NCSMC Calculation of 3He+4He shows reasonable agreement with data
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Experiment done at TRIUMF in 2022

NN-N3LO+3Nlnl

ℏΩ = 20 MeV

λSRG = 2.0 fm−1

Paneru et al., arXiv:2211.14641 (2022)
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Lack of strength in cross section ratio to Rutherford appears at high angles

Rutherford obscures the fact that a constant shift accounts for the discrepancy

dσ

dΩRuth
=

(
Z1Z2e

2

8πϵ0mv2sin2
(
θ
2

)
)2

Varied properties of the interaction

Nothing in the NCMSC appears to
reproduce the 15 mb shift
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From bound to continuum: 11Be→ (p + 10Be)+β + ν
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Indirectly observed 11Be(βp)10Be

Measured an extremely high branching ratio bp = 8.3± 0.9× 10−6

Orders of magnitude larger than theoretical predictions (e.g. 3.0× 10−8)

Two proposed explanations:
1 The neutron decays to an unobserved p+10Be resonance in 11B
2 There are unobserved dark decay modes

D. Baye and E.M. Tursunov, PLB 696, 4, 464-467 (2011)
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Directly observed the protons from 11Be(βp)10Be

Measured consistent branching ratio bp = 1.3(3)× 10−5

Still orders of magnitude larger than theoretical predictions

Predict the (12
+
, 12) proton resonance at 197 keV from the proton energy distribution
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NCSMC calculation of 11Be and 11B
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Ĥ = T̂ + V̂NN + V̂NNN

Ĥ |ΨA⟩ = E |ΨA⟩

NCSM

NCSMC

|11B⟩ |p⟩ ⊗ |10Be⟩

〈
Ψsc

(
p + 10Be

) ∣∣∣M̂GT

∣∣∣Ψbs

(
11Be

)〉



NCSMC Calculation of 11B and 11Be
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NN-N4LO(500)+3Nlnl

ℏΩ = 18 MeV, Nmax = 7

λSRG = 1.8 fm−1

Parity inversion reproduced

Resonance found, but not at expt. energy

Phenomenologically shift levels to calculate β-decay
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P. Navratil, Few-Body Systems 41, 117 (2007) D.R. Entem et al., Phys. Rev. C 91, 014002 (2015)
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Conclusions and Outlook

The NCSMC provides a simultaneous description of bound and scattering states

We can now include the NNN force in 3He(α,γ)7Be

Our calculation of 11B confirms the existence of the 1/2+ resonacne

The corresponding B(GT ) explains the large branching ratio observed in experiment

Future: include the α+ 7Li channel in 11B calculation

Future: include the p+6Li channel in S34(E ) calculation
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