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Some flavor symmetry predicts.

 

Flavor symmetry may originate 
from, e.g., structure of 
extra-dimension.



Target of long-baseline neutrino experiments
� Determine the mixing matrix (a little 

more?) precisely
� Determine the size of CP-violation
� Determine the order of masses
� Search for something unknown
✔ Violation of unitarity, Lorentz symmetry,  CPT 

etc.
✔ new type of interaction etc.
✔ ?
✔ Neutrino mass may be already suppressed by 

high energy physics, so new physics may 
happen at same order.

5

 Snowmass NF01　arXiv:2212.00809



 

6



 
 

 

Reactor

 

 

 

7

 



 

8Slide by L. Wen, NNN2023

by Dec. 2020 

by Dec. 2017

continuing
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normal mass order

inverted mass order

Matter effect makes 
a peculiar feature 
depending on mass 
order.

pass 
through 
earth coreflip for antineutrino



Super Kamiokande
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I II
Pure water

1996 20192008

III IV V SK-Gd
Pure water with neutron tagging Water + Gadolinium…

SK I – SK V: Pure water phases
SK-Gd: Gadolinium added in 2020

Electronics upgrade
2001

Accident, ~50% PMTs lost

PMTs restored



Super Kamiokande –latest result-
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Close to T2K best fit
 



IceCube
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Accelerator
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signs flip for antineutrino 

matter effect

CPV

In the following slides, 
shown are results using the 
Solar and reactor 
constraints.

 



Running experiments: T2K & NOvA
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NOvA 

Matter effect ~10% for T2K and ~30% for NOvA
(Important to resolve degeneracies)

since 2009
since 
2014



J-PARC

Running experiments: T2K & NOvA
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120GeV

~750kW630kW



Super-Kamiokande
50 kt Water 
Cherenkov detector

Running Accelerator long baseline experiments
T2K and NOvA
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e
μ

14kt segmented 
liquid scintillator



T2K and NOvA – latest results -
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T2K and NOvA – latest results -
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T2K and NOvA 
– latest results -
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CP conserving line
 



T2K and NOvA prospect
� Joint analysis by two collaborations will come soon
� Both experiments will continue running through ~2026.
� T2K is upgrading near detector for more precise study of 

neutrino-nucleus interaction.
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T2K Super FineGraind 
Detector



Accelerator & 
Atmospheric
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T2K&SK Joint analysis
Two collaboration conducted joint analysis and 
released results in November
Not yet with full data
✔ T2K : data till 2020
✔ SK : data from 2008 to 2019

25

Posterior probability of mass 
ordering
 Normal 90% vs. Inverted 10%



T2K&SK Joint analysis
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Jarskog Invariant
 = size of CPV from three-flavor mixing

 



Projects under 
construction
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KM3NeT: neutrino telescope in Mediterranean
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20 kton

20012 20’’ PMTs + 25600 3” PMT’s

Slide by M. Grassi, NNN2023 figures from slides by M. Grassi, 
NNN2023
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JUNO Detector will be 
ready 

next year (2024) 
rom Slide by L. Wen, NNN2023



JUNO: reactor neutrino measurement
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plot from Slide by L. Wen, NNN2023

plot from Slide by M. Grassi, NNN2023

KamLAND

Daya Bay, Reno, 
Double Chooz



� sin𝟐𝜽𝟏𝟐, ∆𝒎𝟐 , |∆𝒎𝟐 | < 0.5%

� 3σ determination of mass ordering

JUNO 6 years sensitivity on oscillation parameters
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Hyper Kamiokande
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Supernova 
neutrinos

Solar neutrinos
 

 

 

 

 

Atmospheric
neutrinos

Proton decay

SK

 J-PARC(1.3MW) neutrino beam

260 kton



Hyper-K main cavern excavation
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• October 3, 2023:  
Excavation of the  
dome section  
completed.

• 69m 
diameter,  
21m height

• One of the largest  
human-made  
underground space.

• Now, the excavation  
of the barrel section  
is ongoing.

• Aiming to start data 
taking in JFY2027.
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DUNE cavern xcavation
80% of excavation done as of September 
2023.
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Figures from slides by M. Tenti, NNN23 



DUNE far detector for phase I
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Sensitivity of neutrino oscillation measurement by 
Hyper Kamiokande and DUNE
�  
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with JUNO, Hyper-K and DUNE

39

 

 

 



Summary
�  

40



back up
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Nucleon decay search
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• Nucleon decay is evidence of Beyond Standard Model (BSM) and  
Grand Unified Theories (GUT)

• Examples of proton decay sensitivity in two modes:

HK

DUNE

JUNO

HK

DUNE

p→e+π
0

p→ν̅K+

τ~1035 years (3σ) τ~3x1034 years (3σ)

[HK] arXiv:1805 04163  
[DUNE] arXiv:2002.03005  
[JUNO] arXiv:1508.07166


