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Long baseline 
neutrino oscillation

Short baseline 
neutrino oscillation

Neutrino mass 
measurement

Neutrino astrophysics

• DUNE (1)
• Hyper-Kamiokande (2)

Medium baseline 
neutrino oscillation

• JUNO (3) • Fermilab SBL (4)
• Prospect-II 
• JUNO-TAO

• Project 8 
• ECHo Ho exeriment

0𝝂𝜷𝜷

• Legend-1000
• nEXO
• CUPID
• JUNO-𝜷𝜷

• KM3Net/ORCA
• Ice Cube

Overview
Will review in 
order of (#)

Nb. Sorry if I missed your experiment here!



Long baseline oscillation program
DUNE and Hyper-Kamiokande



Neutrino oscillations
● For 3 neutrinos → Pontecorvo–Maki–Nakagawa–Sakata  (PMNS) matrix

● 3 non zero mixing angles → possible CP 
violation in the lepton sector

“Solar neutrinos” “Atmospheric neutrinos”

Open questions:
● CP violation
● Mass hierarchy
● θ23 octant

PDG 
2020



DUNE Overview



DUNE Beam



DUNE Near Detectors (DUNE PRISM)

SAND   
Muon spectrometer        Liquid Argon



DUNE far detector

• Four modules
• Each 17 kT Ar TPC







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
Proton decay

Solar 𝜈

Atmospheric 
𝜈

Supernova 𝜈

Hyper-Kamiokande

Water Cherenkov 
Test-beam 

Experiment (WCTE) 
at CERN

2020 - 2027



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

71
 m

68 m

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

R&D for 50cm PMT covers 
is in progress

Access tunnel excavation is going well!
Cavern excavation starting soon!



Hyper-Kamiokande

Long-Baseline Neutrinos
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Neutrino beam produced at J-PARC, 295 km baseline from Hyper-K.

Near and intermediate detectors measure unoscillated flux and cross 
secMons.

OscillaMons observed through νμ disappearance and νe appearance, for both 
neutrinos and anMneutrinos.

Difference between νμ → νe and ν̅μ → ν̅e provides sensiMvity to CP violaMon 
and δCP measurement.

Intermediate Water Cherenkov 
Detector (IWCD)Near detectors

~ 295 km~ 1 km280 m

2.5°

J-PARC 𝜈
beam



J-PARC Beam & Detectors
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J-PARC beam upgrade 
0.75 → 1.3 MW for 
increased event rate

Intermediate Water Cherenkov Detector 
(IWCD)

Near detectors

~ 1 km280 m

2.5°

J-PARC 𝜈 beam

New Intermediate Water Cherenkov Detector
● Measure flux and cross sections of mostly 

unoscillated beam
○ Reduce systematics at far detector

● Moves vertically in ~50 m tall pit
○ Spans off-axis 

angles for different 
ν energy spectra

● 6 m tall x 8 m diameter 
surrounded with ~ 500 
multi-PMT modules

● Gadolinium doped water 
provides enhanced 
neutron detection

Upgraded T2K near 
detectors to conMnue to 
Hyper-K era



Oscillation Measurements - Search for CP Violation
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● Reduction of systematic errors has large impact on potential to discover CP violation
● >5σ discovery after 10 years for 60% of δCP values
● ~8σ around δCP= -π/2 (favoured by T2K measurements)



Oscillation Measurements - Atmospheric ν + Beam
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● Atmospheric neutrinos sensitive to mass 
ordering through Earth’s matter effect

● Beam measurements enhance sensitivity to 
mass ordering and atmospheric mixing angle

sin2θ23 Atmospheric ν Atmospheric + 
beam ν

Mass 
ordering

0.40 2.2 σ 3.8 σ

0.60 4.9 σ 6.2 σ

θ23 octant
0.45 2.2 σ 6.2 σ

0.55 1.6 σ 3.6 σ

● CP violaNon and maOer effect both create 
difference between ν and ν̅ oscillaNons

● Breaking degeneracies also enhances CP 
violaNon search

10 years with 1.3 MW, normal mass ordering is assumed



Solar & Supernova Neutrinos
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Solar neutrinos

● Measure solar upturn predicted by MSW effect

● Day-night asymmetry (from matter effect through Earth)
○ Study ~2σ tension in Δm2

21 between solar & KamLAND

Supernova neutrinos

● O(100,000) ν events from a 
supernova in galactic centre
○ Ability to distinguish 

supernova models

● O(10) events from supernova in 
Andromeda galaxy

● Observation of supernova relic 
neutrinos within 10 years



Hyper-K Summary
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Hyper-Kamiokande construc7on has begun, with 
first data taking planned for 2027!

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

efficiency & [ming resolu[on 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 viola[on with precision oscilla[on 

measurements
○ Neutrino astrophysics through solar and 

supernova neutrinos
○ Searches for proton decay and other new physics



Medium baseline
JUNO experiment











JUNO Physics Summary



Short baseline
FERMILAB Short baseline program









Conclusion

• There are many exciting neutrino experiments planned and under 
construction around the world
• Too many to talk about in 30 min!

• 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 short baseline neutrino measurements
• Get closer to measuring the absolute neutrino masses
• Discover new puzzles related to neutrino properties



Thanks for your aDenEon!



Proton Decay

● Huge detector volume for searching for proton decay

● Push limits an order of magnitude beyond current limits

32

p→ e+ + π0 1035 years p→ ν̅ + K+ 3 × 1034 years



Detector ConstrucKon
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Groundbreaking Ceremony May 2021



2020 2021 2022 2023 2024 2025 2026 2027 and 
beyond

Start of 
Hyper-K 

opera[on

Beam upgrade for 1.3 MW

Commissioning

PMT 
installation

Tank 
constructionCavern excavaaon

Timeline
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Tunnel construcaon

Now

PMT production

Beam upgrade 
for > 750 kW

Water fillingWater system

ConstrucaonNear & intermediate detector R&D, facility, production



Hyper-Kamiokande Collaboration
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Over 450 collaborators from 99 institutions in 20 countries and growing!



Neutrino mass measurement
Katrin->Project8, Zero neutrino double beta decay experiments
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