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ÅBrief recapitulation of neutrino 
physics

ÅJSNS

ÅThe present: T2K & Super-K

ÅThe future:  Hyper-K

ÅUK involvement

PhillLitchfield

Mass phases Flavour phases

C. Batho
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Not covered:

Non-oscillation (neutrino) physics

Other neutrino projects in Asia:

ÅReactor SBL

ÅDayaBay & RENO

ÅJUNO

JUNOin particular can determine 
MO (~2030), and improve 
knowledge of ɝά & — .

PhillLitchfield

JUNO Construction Timeline

@ U. Warwick
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2020~ : precision measurement ɂ
focus on 3-neutrino effects.

ÅWe know fairly well what the 
mixing matrix looks like:
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2020~ : precision measurement ɂ
focus on 3-neutrino effects.

ÅWe know fairly well what the 
mixing matrix looks like:

PhillLitchfield

Ὗ ḗ

Octant degeneracy

Mass Ordering [Hierarchy]

Normal (NO) Inverted (IO)

Lower — τυЈ) Upper (— τυЈ)

CP Violation

Complex mixing of these 4 
elements  causes
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ÅDIN-based LS with Gd

ÅTaking physics data since 2021

Investigate LSND signalwith 
modern detector technologies & 
neutrino interaction models 
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JSNS2 expectation 
of LSND best fit.

J. Park, https://zenodo.org/record/6681910

@ U. Sussex
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Beam dump source of monoenergetic 236 MeV neutrinos

ÅUniquesource for’ interactions; no integral over flux

ÅFiducial test for neutrino generators in the 100-MeV regime

JSNS2

data
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ÅAll pure-water data now included! 

ÅMeasurement of ɝά , — and ‏ are 
consistent with accelerator experiments

ÅMass ordering discernible due to MSW 
resonance between 2~ 20GeV

… ȟ … ȟ υȢψ ςͯȢτ„

L. Wan, https://zenodo.org/record/6694761

NO

IO
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Gadolinium is used to capture 
neutrons ejected by antineutrino 
interactions

ÅTag antineutrino events CP

ÅHadronic energy estimate by 
neutron travel distance

Improve4Τ+ Ǫ 3+ ÁÔÍÏÓÐÈÅÒÉÃȣ

ȣÂÕÔ ÐÒÉÍÁÒÙ ÒÅÁÓÏÎ ÉÓ ÔÏ 
enhance sensitivity to SN ’.

ÅSearch for diffuse SN B/G

ÅSN watch is now fully automatic

ÅEarly warningfrom
metal-burning stars
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ÅNeutrinosat 0.6GeV using off-axis beam

ÅPrimary goal (now) is CP-violation in ’/’ appearance

ÅFlux Cross-section directly constrained by ND280ȣ
ȣÂÕÔ ÁÌÓÏan extensive program of interaction measurements which 
the margin is to small to contain.

ÅȬ7ÒÏÎÇ-ÓÉÇÎȭ ÂÁÃËÇÒÏÕÎÄ ÁÌÓÏ ÍÅÁÓÕÒÅÄ ÂÙ magnetisedND

Magnet
coil
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Includes a new sample ’with decay Ὡ

ÅTargets ρ“ events (higher ὗ ᴼὉ)

Results do not change much, but 
lower octant is more viable.  
PhillLitchfield

Lower Upper Total

NO 0.24 0.39 0.63

IO 0.15 0.22 0.37

Total 0.39 0.61 1.00

NO only

IO only



WAGASCI ɀBabyMINDis already operating

ÅMeasure flux at 1.5°OA  &  compare 16O to 12C with high 16O fraction

Major Accelerator upgrade of  JPARC Main Ring

ÅEnablesfaster cyclingof magnets"More than double repetition rate

ÅLarger horn current (more right-sign neutrinos)

WAGASCI ɀBabyMIND
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P0Demphasised “ measurements in case ÓÉÎς— was reallysmall

ÅIt turned out to be reallylargeȟ ÓÏ ×Å ÄÉÄÎȭÔ need the P0D.

Replacementemphasises measurements of inelastic and 2p2h neutrino 
interactions to improve models

ÅLow track length thresholds (sFGD)

ÅHighangle reconstruction
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T2K + NOʉA already mentioned.

T2K analyses (beam ʉ) have 
always been separate from SK 
(natural ʉ).

ÅJoint analysis currently in 
development

Closer integration than
4Τ+Ϲ./ʉ!:

ÅShared interaction models

ÅShared detector model

ÅUnified analysisframework

PhillLitchfield

ÅImproves MO descrimination (seen) 

ÅEliminates ἫἷἻ♯ ἙἛdegeneracy
of (well-centred) narrow band beam
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ÅNew detector with approximately ψ the fiducial volume of Super-K

ÅMore modern technology:
ÅSK PMTs ~30 years old

ÅSK Electronics ~20 years old

ÅMulti-PMT units  help 
understand near-wall 
reconstruction

ÅBetter calibrations,
alignment, 
ÒÁÄÉÏÐÕÒÉÔÙȟ ȣ
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PMT production

2020 2021 2022 2023 2024 2025 2026 2027

MOU signed, May 2020

Ground-breaking May 2021

Access tunnel complete,
Feb 2022

Approach and Peripheral 
tunnels, Summer 2022

Operation 
starts 2027

Reached center of cavern, 
June 2022

Cavern Excavation

Tank 
Construction

)ÎÓÔÁÌÌȭÎ

Water 
filling


