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@ Reaction rates too low at solar energies in the lab
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@ Reaction rates too low at solar energies in the lab

@ Current evaluations depend on both theory and experiment
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@ Reaction rates too low at solar energies in the lab

@ Current evaluations depend on both theory and experiment bp chain
I

@ lIdeally, theory will accurately predict S34(0
y y yp 34(0) mm?’

0.6 Welil?ﬁ\lng : Current Evaluation — |
0.55 Seattle w4 7

_ ERNA

=

2 0.5

2 045

T 0

< 2
03 ' ' ' . , : E hn/2E/m

1

0 0.2 0.4 0.6 0.8
E.m. [MeV]
Adelberger et al., Rev Mod Phys 83 195 (2011)



Current evaluation: }

534(0) = 0.56 £ 0.02(expt.) £ 0.02(theor.)




Current evaluation: }

534(0) = 0.56 £ 0.02(expt.) £ 0.02(theor.)

e How?: Perform an ab initio calculation of the 3He(a, 7)"Be reaction



Current evaluation:

534(0) = 0.56 £ 0.02(expt.) £ 0.02(theor.)

e How?: Perform an ab initio calculation of the 3He(a, 7)"Be reaction
e Previously only possible using NN forces



Current evaluation:

534(0) = 0.56 £ 0.02(expt.) £ 0.02(theor.)

e How?: Perform an ab initio calculation of the 3He(a, 7)"Be reaction
e Previously only possible using NN forces

T e T T T T
06 elf‘rﬁ?\?x = Current Evaluation —
Seattle 1

ERNA

0.55
05 NN only

0.45

S34(E) [b- keV]

0.4
0.35
0.3




Goal: Improve the theoretical prediction of S34(E)

Current evaluation:

S34(0) = 0.56 £ 0.02(expt.) £+ 0.02(theor.)

e How?: Perform an ab initio calculation of the 3He(a, 7)"Be reaction
e Previously only possible using NN forces
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Goal: Improve the theoretical prediction of S34(E)

Current evaluation:

S34(0) = 0.56 £ 0.02(expt.) £+ 0.02(theor.)

e How?: Perform an ab initio calculation of the 3He(a, 7)"Be reaction
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC
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NCSMC Calculation of 3He+*He shows reasonable agreement with data
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SONIK 3He+*He elastic scattering cross sections

@ Experiment done at TRIUMF in 2022
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Results are promising but convergence needs to be explored
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Results are promising but convergence needs to be explored
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Results are promising but convergence needs to be explored
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Results are promising but convergence needs to be explored
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1+ 1

@ Predict the (5, 5) proton resonance at 197 keV from the proton energy distribution
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NCSMC calculation of 'Be and 1B

NCSMC
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____________________ <\Usc (p+ "Be) ‘MGT ’ Wi (HBG)> L ]
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NN-N4LO(500)+3NInl
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NN-N4LO(500)+3NInl
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NN-N4LO(500)+3NInl @ Parity inversion reproduced
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NCSMC Calculation of 1B and !1Be

@ Parity inversion reproduced

NN-N4LO(500)+3NInl
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NCSMC Calculation of 1B and !1Be

NN-N4LO(500)+3NInl
hQ =18 MeV, Npax =7
Asrg = 1.8 fm—1!
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy
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NCSMC Calculation of 1B and !1Be

NN-N4LO(500)-+3Ninl
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy

@ Phenomenologically shift levels to calculate 3-decay
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NCSMC Calculation of 1B and !1Be

NN-N4LO(500)-+3Ninl
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy

@ Phenomenologically shift levels to calculate 3-decay
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NCSMC Calculation of 1B and !1Be

NN-N4LO(500)-+3Ninl
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy

@ Phenomenologically shift levels to calculate 3-decay
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NCSMC Calculation of 1B and !1Be

NN-N4LO(500)-+3Ninl
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy

@ Phenomenologically shift levels to calculate 3-decay
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NCSMC Calculation of 1B and !1Be

@ Parity inversion reproduced

NN-N4LO(500)-+3Ninl
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@ Resonance found, but not at expt. energy

@ Phenomenologically shift levels to calculate 3-decay
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p-Decay to Resonant State
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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(c,v)"Be

Our calculation of B confirms the existence of the 1/2% resonacne

The corresponding B(GT) explains the large branching ratio observed in experiment
Future: include the a4 ”Li channel in 1B calculation

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

atkinson27@lInl.gov Mack C. Atkinson LLNL
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