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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

o lIdeally, theory will accurately predict Sz4(E)
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Current evaluation:

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

e How?: Perform an ab initio calculation of the 3He(a, )" 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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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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@ GPU speedup = NNN forces are now included
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e Calculate EM transitions from 3He+a scattering
state to 'Be bound state



e Calculate EM transitions from 3He+a scattering
state to 'Be bound state
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Ab initio reaction theory needed for capture calculations

.. . 17.
e Calculate EM transitions from 3He+4-a scattering
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e Only E1, E2, and M1 transitions N
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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

w-Se Wgy.2)+ > [dF 1) A,

v

NRY ’V>
(4-a)

/:/: 7A_+ VNN"‘VNNN

H WA = E WA

I\@J ______ <\Ub5(7Be)‘MEM‘WSC(3HG+&)> 7

matkinson@haverford.edu Mack C. Atkinson Haverford College



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 well-converged, levels

S34(E) [b- keV]

need shifting
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NCSMC Calculation of 3He+*He well-converged, levels

need shifting
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NCSMC Calculation of 3He+*He well-converged, levels need shifting
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Now, how about the scattering wave functions?

e Compare to elastic scattering results to further probe s
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Now, how about the scattering wave functions?

e Compare to elastic scattering results to further probe s
@ Experiment done at TRIUMF in 2022 — lowest E measured to date
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Now, how about the scattering wave functions?

e Compare to elastic scattering results to further probe s
@ Experiment done at TRIUMF in 2022 — lowest E measured to date
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Same large-angle discrepancy when comparing to 1964 Barnard et al.
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@ Rutherford obscures the fact that a constant shift accounts for the discrepancy
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@ Rutherford obscures the fact that a constant shift accounts for the discrepancy
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Diagnosing the discrepancy

@ Rutherford obscures the fact that a constant shift

do Z17,€?
dQ Ruth 8meomv2sin? (%)

@ Varied properties of the interaction

@ Nothing in the NCMSC appears to
reproduce the 15 mb shift
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Diagnosing the discrepancy

@ Rutherford obscures the fact that a constant shift

do Z17,€?
dQ Ruth 8meomv2sin? (%)

@ Varied properties of the interaction

@ Nothing in the NCMSC appears to
reproduce the 15 mb shift

How can we emulate a constant shift? |
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do [/dQe.m./do /dQRrutn
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@ More repulsion is needed in the 1/2% channel

o Explicitly add repulsion

’Hi{fr(r, r'y — ’Hi’//?(r, 'Y+ V(r,r")

D. Hardy et al., Nucl Phys A 195 250 (1972)
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The 1/2" channel is responsible for this constant shift, BUT...

@ More repulsion is needed in the 1/2% channel

e Explicitly add repulsion

W (ror') = HLE (r ) + V()
V(r,r) Vo rise

~ 1+ e(R—n)/a0

D. Hardy et al., Nucl Phys A 195 250 (1972)
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R.J. Spiger et al., Phys Rev 163 964 (1967)
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The 1/2" channel is responsible for this constant shift, BUT...

0

No Repulsion

~

@ More repulsion is needed in the 1/2% channel

1/2+

e Explicitly add repulsion
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The 1/2" channel is responsible for this constant shift, BUT...

@ More repulsion is needed in the 1/2% channel '
e Explicitly add repulsion
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The 1/2" channel is responsible for this constant shift, BUT...

@ More repulsion is needed in the 1/2% channel

e Explicitly add repulsion
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Data-Informed S factor

@ Tension between elastic and capture data dominates the uncertainty
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o With NN + 3N interaction treated consistently, two possibilities:



Why does our calculation lack suitable repulsion in the 1/2% channel?

o With NN + 3N interaction treated consistently, two possibilities:

: o ok 1/2+ ep
@ Calculation could be missing channels 10 poL
o . —20
e Including p+°Li channel could have strong fs
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Why does our calculation lack suitable repulsion in the 1/2% channel?

o With NN + 3N interaction treated consistently, two possibilities:

: o 1wk 1/2+ Ll
@ Calculation could be missing channels 10 poL
: . —20 |
e Including p+°Li channel could have strong fs
effect on phase shift R
= a0}
)
< 50 |
@ Chiral interaction 60 b
@ Phase shift shows some dependence on 70 s
interaction N N . . L
@ Need to compare more interactions ! 2 B fMM ! ] 6
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@ The neutron decays to an unobserved p+1°Be resonance in 1B

@ There are unobserved dark decay modes
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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 11Be and 'B

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

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

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

hQ = 18 MeV, Nimax =7 @ Resonance found, but not at expt. energy
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NCSMC Calculation of 1B and 1Be

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

hQ = 18 MeV, Nimax =7 @ Resonance found, but not at expt. energy
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NCSMC Calculation of 1B and 1Be

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

hQ = 18 MeV, Nimax =7 @ Resonance found, but not at expt. energy
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NCSMC Calculation of 1B and 1Be

NN-N4LO(500)--3Ninl @ Parity inversion reproduced
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Ayyad et al., PRL 129 012501 (2022)
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Ayyad et al., PRL 129 012501 (2022)

o dgdQ (b) 180°CM

045 o2 o2 ea
: Ey (MeV)

Bar(E)

800
700
600
500
400
300
200
100

HBe— (1Betp)+B8~ + 7%

0
0.18

0185 019 0195 02 0205 021
E [MeV]

M.C. Atkinson et al., PRC 105, 054316 (2022)



The 1/2" resonance does enhance the branching ratio

Ayyad et al., PRL 129 012501 (2022)

3 I 1Be— (19Betp)+B~ + 7
812 800 . . . . .
8 4 700 - 1
c |
:‘50.37 600 E
[ —~ 500 F ]
0.6 i
r = 400 | E
3 O
0.4} Q300 F .
0.2 200 .
b s by by s by by 100 B T
015 02 025 _03
Ecu (MeV) 0 . . :
0.18 0.185 0.19 0.195 0.2 0.205 0.21
(1/2%,1/2) Nowx =5 Npax =7 Expt.
NCSM NCSMCheno NCSM NCSMCpheno
B(GT) 1.95 0.325 1.39 0.565 5.5%3
b, — 7.4 x 1077 — 1.3x107¢ 1.3(3) x 1073

matkinson@haverford.edu Mack C. Atkinson

M.C. Atkinson et al., PRC 105, 054316 (2022)
Haverford College 19



Ab initio calculation of 3He(«,y)"Be capture reaction using the NCSMC
NCSMC results with NN+3N quantitatively reproduce data
Simultaneous analysis of elastic and capture data reveals tension

Future: Explore lack of repulsion in 1/2% channel

Future: Include p+°Li channel
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