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What’s missing? An investigation of 3He(α, γ)7Be radiative capture
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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(E )
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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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Ab initio reaction theory needed for capture calculations
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Calculate EM transitions from 3He+α scattering
state to 7Be bound state

Only E1, E2, and M1 transitions

〈
Ψbs

(
7Be
) ∣∣∣M̂EM

∣∣∣Ψsc

(
3He+ α

)〉

Need a method to calculate ψsc and ψbs

simultaneously
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The ab initio method: from NCSM to NCSMC
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Ĥ = T̂ + V̂NN + V̂NNN

Ĥ |ΨA⟩ = E |ΨA⟩
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NCSMC Calculation of 3He+4He well-converged, levels need shifting
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Minimal effect of phenomenological shift on scattering states

Main impact of pheno is to alter ψbs

Phase shifts at the relevant energies do not change

The 3/2− and 1/2− scattering channels contribute minimally to S34(E )

Dominated by the E1 transitions from 1/2+ scattering channel
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Comparing to other theoretical predictions of S34(E )
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Inclusion of 3N force shows marked improvement over previous NN-only

NCSMC prediction similar to FMD (AV18-like interaction)

Consistent with current evaluation and capture data
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Checking dependence on NN and 3N interactions
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Only comparing two interactions, both at Nmax = 10

Roughly 8% difference in S34(E )

Will analyze more interactions in a future work
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SONIK 3He+4He elastic scattering cross sections

Compare to elastic scattering results to further probe ψsc

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.

0

50

100

150

200

250

300

350

400

1.5 2 2.5 3

α+ 3He
SONIK

54.77◦

0

50

100

150

200

250

1.5 2 2.5 3

α+ 3He
SONIK

63.45◦

20

40

60

80

100

120

140

160

1.5 2 2.5 3

α+ 3He
SONIK

73.95◦

20

40

60

80

100

120

140

160

1.5 2 2.5 3

α+ 3He
SONIK

90.03◦

0
20
40
60
80
100
120
140
160
180
200

1.5 2 2.5 3

α+ 3He
SONIK

104.60◦

0
20
40
60
80
100
120
140
160
180
200

1.5 2 2.5 3

α+ 3He
SONIK

116.60◦

0
20
40
60
80
100
120
140
160
180

1.5 2 2.5 3

α+ 3He
SONIK

125.30◦

0
20
40
60
80
100
120
140
160
180

1.5 2 2.5 3

α+ 3He
SONIK

140.80◦

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

d
σ
/
d
Ω

c
.m

.

Ec.m. [MeV]

atkinson27@llnl.gov Mack C. Atkinson LLNL 11



Diagnosing the discrepancy
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Rutherford obscures the fact that a constant shift accounts for the discrepancy
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More repulsion is needed in the 1/2+ channel

Already shown that changing NN and 3N
interactions does not fix

We explicitly add repulsion to the 1/2+

Hamiltonian kernel

V (r , r ′) =
V0

1 + e(R−r0)/a0
× e(r−r ′)2/a20

HRGM(r , r ′) →
〈
α+ 3He

∣∣∣A†HA
∣∣∣α+ 3He

〉
+ V (r , r ′)
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Consider spread of S34(E ) from different interactions as well as considering elastic data

Discrepancy between elastic and capture data dominates the uncertainty
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For Solar Model calculations, I would provide the spread due to elastic vs. capture data
inconsistency (right figure)
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We predict a 1/2+ resonance roughly 2 MeV above p+6Li threshold

Proton resonance due to close proximity to threshold

Inclusion of p+6Li channel will improve description resonance

Could address discrepancy between data sets
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Conclusions

Ab initio calculation of 3He(α, γ)7Be capture reaction using the NCSMC

Can provide both an ab initio prediction as well as a data-informed prediction

The NCSMC allows the simultaneous analysis of elastic and capture data, revealing a
discrepancy

Future: Include p+6Li channel

Future: More robust uncertainty quantification
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Thanks!
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