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1. MOTIVATION

▸Water-based liquid scintillator (WbLS) combines advantages from both 

detectors. 

▸Theia, an R&D WbLS detector[1] (~5% WbLS, 40% photo-coverage) supports a 

broad multi-purpose physics program spanning long-baseline oscillations, solar 

and supernova neutrinos, and neutrinoless double beta decay.

▸Challenge: photosensors record Cherenkov and scintillation light 

simultaneously, complicating event reconstruction.

Type equation here.

2. METHOD: fiTQun

5. PARTICLE IDENTIFICATION SEPARATION

Clean 𝒆/𝝁 separation: true electrons populate 

ln ℒ 𝜇 − ln ℒ 𝑒 < 0 ,true muons > 0, with negligible 

overlap.

Type equation here.

3. EXTENDING fiTQun TO WbLS

Scintillation light is added to the per-PMT 

likelihood: emitted isotopically along the track and 

combined with the Cherenkov component.

6. CONCLUSIONS & OUTLOOK

fiTQun reconstructs energy, PID, vertex position, and 

direction with competitive resolution in cylindrical WbLS 

detectors.

▸This resolution is comparable to that achieved in water-

Cherenkov detectors (fiTQun in Hyper-K[3]: ~4.0% for 

electrons and ~2.6% for muons).

▸The reconstruction performance and clear PID separation 

demonstrates the feasibility of conducting long-baseline 

oscillation measurements with WbLS detectors.

Ongoing studies incorporating the time PDF and indirect 

light are expected to further improve the resolution, 

particularly for vertex reconstruction and PID separation.

▸Cherenkov ring topology yields track direction and particle ID (PID).

▸Liquid scintillator offers higher light yield and a lower energy threshold.

▸𝐗 — event hypothesis: vertex, direction, momentum, PID, ring number.

▸𝝁𝒊 — predicted charge for the i-th PMT.

▸𝑷 𝐮𝐧𝐡𝐢𝐭 𝝁𝒊) — probability a PMT of predicted charge 𝜇𝑖 records no hit.

▸𝒇𝒒(𝒒ᵢ | 𝝁ᵢ) — charge PDF: likelihood of the observed charge 𝑞𝑖 given prediction 𝜇𝑖.

▸𝒇𝒕(𝒕ᵢ | 𝑿) — time PDF: likelihood of the observed hit time 𝑡𝑖 under 𝐗.

fiTQun is a likelihood-based reconstruction framework proven in Super-K for 

water Cherenkov events in the cylindrical detector.

It maximizes a per-PMT likelihood over the event hypothesis X[2]:

4. WbLS RECONSTRUCTION RESOLUTION

WbLS produced at BNL
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▸Demonstrate charge-only reconstruction using direct light only in a ~190-kton fiducial volume, 5% WbLS cylindrical detector.

▸Vertex is fixed in the center of the detector. 

PID separation for kinetic energy 500 MeV electrons 

and muons.
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