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Spallation (Background)

• Neutron tagging is essential in water Cherenkov detectors: both the IBD signal (ν̄e+ p→ e++ n)and backgrounds such as spallation produce neutrons.
• Neutron capture on Gd emits a ~8 MeV γ cascade→ delayed signal following the prompt event.
• This work: develop and evaluate a neutron-tagging method in WCTE with an AmBe + BGOcalibration source.

Goal: for neutron capture in WCTE, (1) establish the prompt–delayed coincidence methodand (2) measure the capture time constant τ.
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WCTE readout windows Hit time, charge and PMT ID ofevery PMT
Prompt signal selection PSD tags the 4.4 MeV γ from BGOscintillation (AmBe origin)
Time-window partition10 μs veto after the prompt; Post-window after it, Pre-window beforeit for accidentals
Delayed cluster search 20 ns sliding window finds hitbunches from the n-capture γcascade
Vertex reconstructionGrid-scan fit + residual-purity cut →3D reconstructed centroid
Tagging by distance cut Cut on distance to the reconstructedcentroid; removes accidentals thatscale with volume → max. S/N
Capture time constant τFit the Δt = tdelay − tprompt distribution

Geometry & good-PMT selection

• Waveform: AmBe + BGO scintillation is slower andbroader than background (Cherenkov) light. • PSD ratio Q50ns/Q1000ns: signal peaks at low ratio,background clusters near 1.0.
Data MCBox cut: Q50ns/Q1000ns ∈ [0.08, 0.35]

• Ratio computed in the 1000 ns interval containing the maximum total charge Qtot; the ratio band is flat in Qtot→box cut instead of an RMS cut.• Events passing the cut: 1941 in the signal run (2386) vs. 20 in the background run (2384).

Pre window
background only

veto
10 μs

Post window
signal + background

tprompt

Pure background sampleaccidental events only,no neutron captures
Blocks fake signalsprompt afterglow, wall reflections,PMT afterpulses; minimal capture loss

Signal regiondelayed signals on top of a flataccidental background
Signal = NPost − s × NPre, s = TPost / TPre (ratio of exposure times)

• Hit times histogrammed in 20 ns bins• Threshold = max(10, 8 × median): the median follows thebackground level and is not pulled by the ~14 ns-widecapture peak → adapts to each window• nHits ∈ [10, 50]: ≥ 10 rejects accidentals and gives enoughhits for the vertex fit; ≤ 50 rejects cosmics / pile-up• Same algorithm on Pre and Post → unbiased backgroundestimate

• Signal / BG separation: Post minus scaled Pre(magenta) = capture signal; the tails agree → BGnormalization validated
• Distance cut D < 80 cm (3D, from the reconstructedcentroid) rejects uncorrelated accidentals that grow withvolume

Reconstructed centroid does not rely on the known source position → directly applicable to beam data

N(Δt) = N0 e−Δt/τ + C
Δt: prompt–delayed time differenceN₀: normalization constantτ: neutron capture time constantC: flat accidental background

τ = 60.0 ± 2.9 μs
(3 runs combined)

• Consistent with ~60 μs expected for 0.03% Gd• χ² fit underestimates τ (low-statistics tail bins) →likelihood fit adopted• Goodness of fit: toy MC (500 trials), p = 0.81→model consistent with data

• Prompt selection (PSD): BGO light tagged by the charge ratio; box cut isolates the signal and fixes tprompt• Vertex reconstruction: capture clusters → 3D vertex by TOF-residual minimization
• Distance-cut tagging: defined w.r.t. the reconstructed centroid → transferable to beam data
• τ measurement: exponential + flat fit to Δt → τ = 60.0 ± 2.9 μs, consistent with 0.03% Gd (cf. SK-Gd)

Outlook
Apply the method to nuclear-fragmentation(spallation) events in beam data:
identify β-delayed neutron emitters such as9Li and measure their yields.
Spallation 9Li is a background in Gd-loaded waterCherenkov searches, e.g. the SK-Gd DSNB search
[K. Abe et al., arXiv:2511.02222].
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