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MOTIVATION AND PHYSICS SETUP RESULTS RESPONSE R-MATRIX

MOTIVATION

• Antineutrino detectors
▶ Inverse β-decay reaction:

̄𝜈𝑒 + 𝑝 → 𝑒+ + 𝑛
▶ β-delayed neutron emission:

8He → 7Li + 𝑛 + 𝑒− + ̄𝜈𝑒
• Few-body interactions
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8HE
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SETUP
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• 4 DSSDs
▶ Heavy charged particles
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• 20 INDiE scintillator bars
▶ Neutron TOF stop
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NEUTRON TOF SPECTRA
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THREE-BODY BREAKUP PARTICLE IDENTIFICATION
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• Particle ID through momentum conservation

• Significant background from α + α + x
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THREE-BODY BREAKUP
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• Decay

mechanism?
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NEUTRON SCATTERING
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NEUTRON RESPONSE
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• Simulate scattering using

GEANT4
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NEUTRON RESPONSE
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• Simulate scattering using

GEANT4

• Optimize simulation

parameters using 49K
measurement: ADC

thresholds, timing

resolution…
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THREE-BODY BREAKUP RESPONSE
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• Kinematics constrained

by 𝐸8Li, 𝐸5He and 𝜃nt
• Simulate with

𝑊(𝜃nt) = 1 ± 3 cos2 𝜃nt−1
2
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FOLDING

+=

Fiing function

Response matrix

Model

Background
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THREE-BODY R-MATRIX
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• R-matrix theory assumes two-particle final states

𝑤𝑐(𝐸) = 𝐶2𝑓𝛽𝑃𝑐(𝐸)|∑
𝜆𝜇

𝑔𝜆𝐺𝑇𝛾𝜇𝑐𝐴𝜆𝜇|2 (1)

(𝐴−1)𝜆𝜇 = (𝐸𝜆 − 𝐸)𝛿𝜆𝜇 −∑
𝑐
[𝑆𝑐(𝐸) − 𝐵𝑐 + 𝑖𝑃𝑐(𝐸)] 𝛾𝜆𝑐𝛾𝜇𝑐 (2)
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• Model 5He as a continous spectrum of long lived states

𝛾𝜇𝑐 → 𝛾𝜇𝑐𝜌(𝐸′) ∑
𝑐

→ ∑
𝑐
∫𝑑𝐸′
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R-MATRIX FIT: THREE-BODY
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R-MATRIX FIT: NEUTRONS
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BETA STRENGTH
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CONCLUSION

CONCLUSION

• Experiment sensitive to every branch in 8He

• Simulate detector response

• R-matrix fit
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