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* Water-based Liquid Scintillator (WbLS) Detector
 Event Reconstruction in Water Cherenkov Detector

 Combined Cherenkov and Scintillation Event Reconstruction



Theila

Water-based Liquid Scintillator (WbLS) detector provides a different nuclear target based on a
combination of water Cherenkov and liquid scintillator technologies.

Theia 1s a WbLS detector currently in the R&D stage.
40% photo-coverage with ~ 46,000 10-inch PMTs or ~12,000 20-inch PMTs
5% Water-based Liquid Scintillator
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Long-baseline Analysis Workflow
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Long-baseline Analysis Workflow

Latest CPV Sensitivity
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Long-baseline Analysis Workflow
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Event Reconstruction in the water Cherenkov detector

- Super-Kamiokande (Super-K)
- Water Cherenkov neutrino experiment
- 50 kton of pure water, 22.5 kton of fiducial mass
- 11,129 inner detector (ID) PMTs (20 inch)
- 1885 outer detector (OD) PMTs (8 inch)

- Direction/particle ID are reconstructed from the
Cherenkov rings |
- A likelihood-based reconstruction software fiTQun 1s  Cherenkov light
developed and has been used in Super-K

- The likelihood is profiled w.r.t. momentum, PID, R |
ring number, etc Charged gy
particle [ S
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fiTQun workflow 1n Super-K

PMT hits: time, charge

fiTQun is based on the mathematical framework
developed by (NIM A608, 206 (2009)) and
developed to reconstruct Super-K events.

l Pre-fit: use time to estimate vertex (t, x)
Pre-fit vertex

l Hit clustering: separate subevents by the hit time

Subevents

l Single-ring fit: optimize the log-likelihood to obtain
the best-fit PID, vertex, direction, momentum.

PID, vertex, direction, momentum under 1-ring hypothesis o

l Multi-ring fit: optimize the log-likelihood by adding
one more ring in the hypothesisin one iteration

FCevents — !

PID, vertex, direction, momentum, ring number
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fiTQun Reconstruction 1in the Water Cherenkov Detector

- Hyper-K geometry — Cylinder fiTQun reconstructed PID

- Pure water

_ 20k ID 20”PMT (ID mPMTs . For example : PID e/mu |
& 3 OD PMTs are not E::: ik B -:Muon |
included in this simulation) 2ok - : Electron|

- WCSim (Super-K simulation ',é'°°"* |
software) is used to simulate z:::
the PMT charge and time. i ]

- Cherenkov light only ozl
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Christine Quach, HK reconstruction,
IRN Neutrino Meeting 2024



https://indico.in2p3.fr/event/32480/contributions/138958/attachments/84734/126670/IRNneutrinoPDF_final.pdf
https://indico.in2p3.fr/event/32480/contributions/138958/attachments/84734/126670/IRNneutrinoPDF_final.pdf

fiTQun Reconstruction in the WbLS

- Hyper-K geometry — Cylinder
- Pure water
- ~20k ID 20”PMT (ID mPMTs

& 3 OD PMTs are not
included in this simulation)

- WCSim (Super-K simulation
software) 1s used to simulate
the PMT charge and time.

- Cherenkov light only

Theia25 geometry

5% Water-based Liquid Scintillator
40% photo-coverage with ~ 46,000 10-
inch PMTs or ~12,000 20-inch PMTs
Ratpac-two is used to simulate the PMT
charge and time.

Cherenkov + scintillation light
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€: Angular response

Add the Scintillator light to the Cherenkov Reconstruction | T: transmission of the
media and PMT glass

(): solid angle factor
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Long-baseline Analysis Workflow

Energy reconstruction
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Summary

- Water-based liquid scintillator detectors have many advantages

- Theia is a WbLS detector currently in the R&D stage.

- Even without scintillation light, the LBL CP sensitivity for 17kt water detector is similar to
10kt LA detector.

- Reconstruction is ongoing

- Based on the water Cherenkov reconstruction software fiTQun, the goal is to extend it to add
the scintillation light.

- Future neutrino experiments like DUNE and Hyper-K are exploring some ML-based
reconstruction methods, such as WatChMal., CIDeR-ML. Our future plans also include

exploring the use of ML method to reconstruct WbLS events.
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https://www.watchmal.org/
https://github.com/CIDeR-ML
https://github.com/CIDeR-ML
https://github.com/CIDeR-ML
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