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Lecture 2 Outline

Mar. 19, 2024 excavation to 20 m depth of 
Hyper-Kamiokande cavern

• Hyper-Kamiokande experiment
– Physics goals
– systematic errors at the 1% level

• Beam and flux prediction
– a bit about NA61
– a bit about Emphatic
– The WCTE experiment

• Near detector measurements
– a little about the neutrino interactions

• Intermediate water Chernkov Detector
– the PRISM method 

• Measurement of electron neutrino cross section
• Other far detector measurement

– atmospheric neutrinos
– proton decay

• Other future long baseline measurements
– DUNE
– JUNO, etc
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Physics Goals for Hyper-K

• Search for physics beyond the 
standard model:
– CPV in lepton sector
– Neutrino mass hierarchy
– Precision oscillation parameter 

measurement
– Search for nucleon decay

• Astrophysics Observatory:
– Precision measurement of solar ν
– High statistics supernova burst ν
– Detection of supernova relic ν
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J-PARC to Hyper-K 295 km baseline

260 kton Water 
Cherenkov Detector
H = 60 m  
ɸ = 74 m
20,000 50 cm PMTs 
(20% photo-
coverage)
High QE box and line 

Upgrade J-PARC 
neutrino beam to   
1.3 MW beam 
power

New/upgraded near 
detectors
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Systematic Uncertainties in HK Era

• Reaching 5σ C.L. for maximal CP will 
require improved systematic 
uncertainty estimates

• Will require improved understanding 
of:

– Hadron-production 
distributions

– n cross-sections
– Detection efficiencies
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June 2024 – Produced 
800 kW Beam



The T2K neutrino beam flux
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Neutrino flux hadron decay sources
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Predecessor to EMPHATIC experiment
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NA61 and EMPHATIC experiments
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A snippet of the NA61 T2K replica target data
Eur. Phys. J. C 79 (2019) 100

• About 24 pages of plots
• Broken down by section along 

target
• Each panel covering 20 mrad
• Broken down by particle 

production (pion, kaon)
• Compared to Geant4 NuBeam 

(solid) and QGSP_BERT (dashed)
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http://dx.doi.org/10.1140/epjc/s10052-019-6583-0
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Motivation for EMPHATIC
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EMPHATIC first experiment
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EMPHATIC first experiment
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EMPHATIC phase 1b
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Title
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IWCD measurements
Of muon-neutrino
Interactions also 
Important!
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Super-
Kamiokande

The Hyper-Kamiokande Experiment
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Hyper-Kamiokande (Hyper-K) is a world-leading neutrino 
experiment, building on success of Super-Kamiokande & T2K.

Broad & ambitious physics programmes covering many neutrino 
sources as well as proton decay measurements.

Water Cherenkov detector technology provides huge target mass 
with excellent particle ID and reconstruction capabilities.

Intermediate Water 
Cherenkov Detector (IWCD)

~ 295 km~ 1 km

J-PARC 𝜈 
beam

280 m

Near detectors

Atmospheri
c 𝜈

Hyper-Kamiokande

Water Cherenkov 
Test-beam 
Experiment 

(WCTE) at CERN

2020 - 2027
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Hyper-K Detector
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8 x increase in fiducial mass over Super-K
● 71 m tall x 68 m diameter = 258 kt total mass

                                            188 kt fiducial mass
● Outer detector region for active veto of incoming particles

○ 1 m wide around barrel, 2 m at top & bottom

New photo-detector technology for increased sensitivity
● 20,000 B&L 50 cm PMTs = 20% photo-coverage

○ 1.5 ns timing resolution (half that of SK PMTs)
○ Double quantum efficiency of SK PMTs

● Additional photo-coverage from multi-PMT modules
○ 8 cm PMTs grouped in modules of 19 PMTs
○ Improved position, timing, direction resolution
○ Also used for in-situ calibration of 50cm PMTs

258 kton 
total 

volume

50cm B&L PMT multi-PMT



Detector Construction
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PMT production on 
schedule

Inspection and testing 
is ongoing

Half of PMTs delivered

Access tunnel completed well!
Cavern excavation to 20 m depth!
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Long baseline physics -- At 295 km CPV dominates



Appearance event rates
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10 years operation with 1.3 MW beam 3:1 ν to ν ratio



Oscillation Measurements - Search for CP Violation
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Atmospheric neutrino sample
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Red is expected event rate for
10 years running, normal hierarchy and maximal mixing
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Hyper-K Summary
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Hyper-Kamiokande construction has begun, 
with first data taking planned for 2027!

● Building on the success of Super-K & T2K with a 
next generation neutrino experiment
○ New far detector with 8 x fiducial mass of Super-K
○ Improved photosensors with 2 x detection 

efficiency & timing resolution reduced by half
○ Upgraded near detectors and new intermediate 

detector
○ Beam upgrade from 750 kW to 1.3 MW

● Wide range of physics measurements
○ Search for CP violation with precision 

oscillation measurements
○ Neutrino astrophysics through solar and 

supernova neutrinos
○ Searches for proton decay and other new physics



DUNE Overview
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DUNE Beam
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DUNE Near Detectors (DUNE PRISM)

SAND   
 Muon spectrometer        Liquid Argon
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DUNE far detector

• Four modules
• Each 17 kT Ar TPC 61
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Neutrino energy reconstruction problem – 
nuclear interactions
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• [arXiv:1605.09[arXiv:1605.093939
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U. Mosel
Phys. Rev. C 94, 035502 (2016)



• v
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Medium baseline
JUNO experiment
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JUNO Physics Summary
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2024



Conclusion

• There are many exciting neutrino experiments planned and under 
construction around the world

• The next decade of measurements will see us
• Determine if there is CP violation in neutrinos
• Determine the mass ordering of neutrinos
• Make progress on understanding neutrino interactions on nuclei
• Get closer to measuring the absolute neutrino masses
• Discover new puzzles related to neutrino properties
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Thank you for 
your attention!

JPARC Accelerator

Me at Super-Kamiokande Me at T2K ND280 near detector

Me at J-PARC (Tokai)
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