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●  A long-baseline neutrino experiment aiming to improve the sensitivity of studying neutrino oscillations, expected to collect first data in 2027.
●  IWCD enables extracting nearly mono-energetic neutrino spectrum before oscillation, thus eliminating the need to reconstruct energy using 
theoretical models of neutrino interaction.
●  The same type of intermediate/far detectors with the same angular and momentum acceptance allows comparison without relying on detector 
response simulations.
●  Combination of independence on neutrino interaction model and detector response allows minimizing systematic uncertainties in oscillation analysis.
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● Multi-PMTs are a major part of Canada’s contribution to Hyper-K.
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Photosensor calibration 4

● Current Super-K detector systematic uncertainty is ≥ 2%.
● Hyper-K target: < 1% overall detector systematic uncertainties and < 0.5% energy scale error.
● Simply increasing statistics will not reduce detector systematic uncertainties to the levels needed.

mPMTs themselves will not be able to measure 
the angular response of the 20” PMTs, but will 
help breaking the degeneracy between their 
angular response and water parameters.

TRIUMF

WCTE will be a major milestone towards delivery of mPMTs for IWCD!



WCTE physics 5



WCTE 6

CERN T9 beam area

PID system 2023 run 
without Water tank

TOF

Hole counter

ACT

Lead Glass

Trigger

Beam direction

Beam 
direction

Toward water 
purification system

●  Operation in WCTE will be a major milestone towards delivery of mPMTs for IWCD!
●  WCTE can be seen as testbeds for detector systems, calibration techniques and event reconstruction to be used in IWCD and Hyper-K.
●  WCTE measurements can be inputs to Super-K measurements in the near term.



Aerogel Cherenkov Threshold (ACT) 7

ACT detectors are intended for pion/muon separation and electron vetoing in the range of 0.2-1 GeV/c.

~ 10 cm

~ 10 cm



 n=1.13: pth(π)=0.262GeV/c, pth(µ)=0.200GeV/c 8

Measurements are done around the pion cherenkov threshold. 



9Hyper-K
● The TOF current resolution is around 240 ps, allowing separation up to 280 MeV/c.
● TOF cut to separate protons, 2D cuts in ACT23 vs ACT1 to separate e, mu, pi.

 Analysis approach 9
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 No proper separation at low indices

● The amount of detected light at low indices is low, so proper 
separation is not achieved. Need to increase the number of 
corresponding detectors to improve light collection efficiency.
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11Hyper-K

Except electrons, all are below 
cherenkov              threshold.

● Life time of the scintillation light is tens of nsec.
● Light emission below Cherenkov threshold, more for protons due to larger dE/dx..

11 Scintillation from reflector material of ACTs

Flight distance ~40cm



● Hyper-K is a long baseline neutrino observatory aiming to improve neutrino oscillation studies.
● Canada group developed multi-PMTs for Hyper-K.
● WCTE will be major milestone towards delivery of mPMTs for IWCD!   
● WCTE beam monitors enables sub-GeV π/μ separation by Aerogel Cherenkov (ACT) and TOF.
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14Hyper-K Momentum measurement

Compare separation as a function of energy.
Energy bias mainly in positive range (antiparticles) 
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