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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(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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|7Be⟩ |α⟩ ⊗ |3He⟩
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Ĥ = T̂ + V̂NN + V̂NNN
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Ĥ = T̂ + V̂NN + V̂NNN
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Ĥ |ΨA⟩ = E |ΨA⟩

NCSM

NCSMC

|7Be⟩ |α⟩ ⊗ |3He⟩

〈
Ψbs

(
7Be
) ∣∣∣M̂EM

∣∣∣Ψsc

(
3He+ α

)〉



The ab initio method: from NCSM to NCSMC

matkinson@haverford.edu Mack C. Atkinson Haverford College 5
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Capture rate accurate only if
Expt. levels reproduced

NN-N3LO+3Nlnl

ℏΩ = 20 MeV

λSRG = 2.0 fm−1

ENCSM
λ → ENCSM

λ + ϵ

7Be NCSM NCSMC Expt.
E3/2− 0.261 -1.05 -1.587
E1/2− 0.563 -0.874 -1.16
C3/2− - 3.46 -
C1/2− - 3.44 -
rch 2.44 2.70 2.647(17)

7Be NCSM NCSMC NCSMCpheno Expt.
E3/2− 0.261 -1.05 -1.587 -1.587
E1/2− 0.563 -0.874 -1.16 -1.16
C3/2− - 3.46 4.20 -
C1/2− - 3.44 3.79 -
rch 2.44 2.70 2.63 2.647(17)

M.C. Atkinson et al., PLB 860 139189 (2025)
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Now, how about the scattering wave functions?

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.
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Diagnosing the discrepancy
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Rutherford obscures the fact that a constant shift accounts for the discrepancy
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Tension in data sets also observed in R matrix analyses
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Data-Informed S factor
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Tension between elastic and capture data dominates the uncertainty
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Why does our calculation lack suitable repulsion in the 1/2+ channel?
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With NN + 3N interaction treated consistently, two possibilities:

1 Calculation could be missing channels

Including p+6Li channel could have strong
effect on phase shift

2 Chiral interaction

Phase shift shows some dependence on
interaction

Need to compare more interactions
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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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Ĥ = T̂ + V̂NN + V̂NNN

Ĥ |ΨA⟩ = E |ΨA⟩

NCSM

NCSMC

|11B⟩ |p⟩ ⊗ |10Be⟩

〈
Ψsc

(
p + 10Be

) ∣∣∣M̂GT

∣∣∣Ψbs

(
11Be

)〉
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Summary

Ab initio calculation of 3He(α, γ)7Be 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+6Li channel
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Thanks!
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