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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,
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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
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The ab initio method: from NCSM to NCSMC
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The ab initio method: from NCSM to NCSMC

P =2CA i(A)a,)L>+2fdf v, (F) A, (f;:/(’) ,V>

/:I: 7A_+ VNN"‘VNNN

H WA = E w4

____________________ <\|1b5 ("Be) ‘ M ‘ Ve (*He + 0‘)> ’
@

atkinson27@lInl.gov Mack C. Atkinson LLNL 5




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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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
e Previously only possible using NN forces
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NCSMC Calculation of 3He+*He shows reasonable agreement with data
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SONIK 3He+*He elastic scattering ratio to Rutherford

@ Experiment done at TRIUMF in 2022

1.05 11 1.35 18 2
= L04 b B =03 Mev — Bom = 047 MeV — 13 F Ben = 0730 M} — 17 Bom = 0.997 N 19 Bem = 121 Me\f —
£ 103 125 b 16 18
§ Lo 12} I} 15 i 16 f
3 1.01 115 b i 14 i ' 5 ;
= 11k FS 1.3 i ¢ }I‘ 1.4 =
£ 099 - 5 5 13
& o008 105 | f 1. 13
< 097 1 11 g
T 0 11
< 096 0ot F 1 4 1

oo by 0 ool oo b v Yy Y

" 7730 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180
Oc.m. [deg] O, [deg] O, [deg] Ocn. [deg] Ocm. [deg]

26 6 10 50
2 24 F Eem = 1491 My — 55 Bom = 2.048 MoV — Bom = 2472 MoV — Bom = 3123 MoV
c: 2.2 4 40
= 2
E 18 . 30 b NN-N3LO+3NInl
<16 > .
S 14 0 hQ = 20 MeV
s 12 10 b
CI! 1 Asrg = 2.0 fm—!

0% 5560 o0 omos0 " 50 60 90 120 150 180 O 5660 90 120 150 180 0 =060 90 120 150 180

O, [deg] Ocm. [deg] Oc.m. [deg] Oc.m. [deg]

Paneru et al., arXiv:2211.14641 (2022)
atkinson27@lInl.gov Mack C. Atkinson LLNL 8



Discrepancy in NCSMC results

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

@ Parity inversion reproduced
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NCSMC Calculation of 1B and !1Be
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@ Parity inversion reproduced

@ Resonance found, but not at expt. energy

5 INCSMC Expt.

ok

Energy [MeV|
=)

ok

P. Navratil, Few-Body Systems 41, 117 (2007)
Mack C. Atkinson LLNL

S(E) [deg]

300

250 F

200
150
100

50

—50

E [MeV]

D.R. Entem et al., Phys. Rev. C 91, 014002 (2015)

15



NCSMC Calculation of 1B and !1Be
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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
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NCSMC Calculation of 1B and !1Be
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NCSMC Calculation of 1B and !1Be
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NCSMC Calculation of 1B and !1Be

@ Parity inversion reproduced
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Ayyad et al., PRL 129 012501 (2022)

o dgdQ (b) 180°CM
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p-Decay to Resonant State

Ayyad et al., PRL 129 012501 (2022)
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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,7)"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

17



Thanks

Sofia Quaglioni Kostas Kravvaris

(LLNL)

Guillame Hupin

(IN2P3)

atkinson27@lInl.gov Mack C. Atkinson LLNL

Petr Navratil

(TRIUMF)




	From continuum to bound: 3He(,)7Be
	From bound to continuum: 11Be(p+10Be)++

