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Motivation

127I +	ν( 	→ 127Xe + e,

• Charged-current neutrino-nucleus measurements test nuclear models, gA quenching 
measurement with neutrinos

• Necessary for proposed charged-current supernova and solar neutrino detectors
• Few measurements exist at these energies, large uncertainties

Charged-Current Interaction

• 127I charged-current proposed for solar, supernova neutrino detection by Haxton [4]
• Threshold E./ ≈ 789 keV, particle emission threshold in 127Xe ≈ 7.23 MeV
• Theoretical calculation by Mintz and Pourkaviani[3] for stopped-pion source νe

Previous Measurement

• E-1213 at Los Alamos Meson Production Facility (LAMPF)[5]
• Radiochemical approach, required final state to be 127Xe (no particle emission)
• Used coincidences from 127Xe decays to calculate amount 127Xe produced

127Xe → 127I ∗ +	γ (203, 375 keV)
127I ∗→ 127I + e— (~0.9, 4.7 keV)

• Reported flux-averaged cross section over stopped-pion source ν(	spectrum of  
σ = 2.84	 ± 0.91	 stat ± 0.25	 sys 	×	10-40 cm2

The NaIνE Detector

Reducing Backgrounds

Future Plans
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• NaIνE (NaI ν-Experiment) consists of  twenty-four 7.7 kg NaI[Tl] scintillators 
deployed ~20 m from the SNS target

• Detectors trigger based on digitizer logic, SNS timing signals digitized as well, 
timing correlations done in software analysis

• Waveforms separated into eight equally-spaced 1250 ns windows, counts integrated
• 100 ns window used to identify coincidences between detectors

• Largest background for charged-current signal come from cosmic muons
• Vetos deployed in fall 2017, large improvement in S/B (signal acceptance still under 

investigation)
• Steel plates between vetos and NaI[Tl] to avoid vetoing charged-current signal
• Tracking algorithms also being investigated to identify muons [7]
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Neutrino Production at the SNS

• Spallation Neutron Source (SNS) creates neutrons through stopped-pion decay
• 60 Hz pulsing, ~1 µs long pulses, energy similar to supernova neutrinos
• Electron neutrinos delayed with respect to beam, max energy of  ~52 MeV
• Typical flux at 20m: Φ	 ≈ 1.4	×	107νe	/	cm2 /	sec

Fig. 2. Neutrino-nucleus cross sections for low energy terrestrial sources [2].Fig. 1. Neutrino sources as a function of  energy [1].

Fig. 3. Predicted 127I charged-current cross section[3]. Fig. 4. Low energy transitions from 127I to 127Xe [4].

Fig. 5. Tank from E-1213 at LAMPF [5]. Fig. 6. Coincidences between 127Xe decay and 127I de-excitation signals [5].

Fig. 7. Energy distribution of  neutrinos at the SNS [6]. Fig. 8. Timing distribution of  neutrinos at the SNS [6].

Fig. 9. Example waveform from NaI[Tl] detector showing accumulator windows Fig. 10. Spectrum from a single NaI[Tl] crystal

Fig. 11. Spectrum from NaIνE detector in delayed window with veto cut Fig. 12. Left: Energy deposited in NaI[Tl] detectors with reconstructed track. Right: Hough space for track
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• Beam restarted in May 2018, operating at higher power
• Preliminary measurement with NaIνE, improve statistics with tonne-scale detector
• Plan to simultaneously measure charged-current interaction on 127I and coherent 

elastic neutrino-nucleus scattering (CEνNS) on 23Na using dual-output base
• Dual-output base will allow a ~3 keV threshold in low-energy channel, measure up 

to ~55 MeV in high-energy channel
• Shielding design and simulation underway


