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Indication of a sterile neutrino (ɲm2 ~ 1eV2)

2

Experiments Neutrino Source Channel Significance E (MeV) L (m)

LSND ɛDecay-At-Rest ‡ᴼ‡ 3.8ů 40 30

MiniBooNE
D́ecay-In-

Flight

‡ᴼ‡
4.8ů 800 600

‡ᴼ‡

BEST (Gallium) e capture ‡ᴼ‡ 4.2ů <3 10

Reactors Beta decay ‡ᴼ‡ 3.0ů 3 10-100

ÁAnomalies, which cannot be explained by standard neutrino oscillations 
for a few tens years are shown.

ÁJSNS2 uses the same neutrinosource(˃DAR), target(H) and the detection 
principle (IBD) as the LSND.

Ą Even if the excess is not due to the oscillation, we can prove this directly.
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Same neutrino source ( D˃AR)
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Near detector@ 3F 
(24m from Hg target)

a[C ōǳƛƭŘƛƴƎ όōƛǊŘΩǎ ǾƛŜǿύ

ω !ǎ ŀ [{b5Σ ƴŜǳǘǊƛƴƻ ōŜŀƳ ŦǊƻƳ Ƴǳƻƴ ŘŜŎŀȅ ŀǘ ǊŜǎǘ ƛǎ ǳǎŜŘΦ
: Proton Beam  +  Hg Target Ą Neutrino beam from muon decay at rest

ω Low duty factor beam
(short pulse + small repetition rate) 
gives excellent S/N ratio. 

3GeV short 
pulsed beam

ω 1MW beam power (Design)
-> Achieve 1MW @ RCS extraction point

in 2024  (0.95MW @MLF)

Hg target = neutron
and neutrino source 



Data taking (from 2021)
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ωData taking
- Commissioning (2020)
- 4 long term 
physics runs (2021-2024)

- 5th physics run NOW
(2025 Nov ~)

Á 6.0x1022 POT so far
(~50% of approved POT) 



Same neutrino target (H)
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Nucl. Instrum. Methods A 1014 165742 (2021)

ω As a LSND, JSNS2 used liquid scintillator-based detector. 



Same detection principle (IBD) 
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Liquid 
scintillator
is filled in the 
detector

?ɜs

Timing Energy

Prompt 2<Tbeamғмл˃ǎ20~60 MeV

Delayed ɲ¢p-d ғмлл˃ǎ7~12 MeV

+ Spatial correlation cut 
ɲ±¢·p-d < 60cm

ω Selection cuts

ω 5ŜǘŜŎǘƛƻƴ ōȅ ŎƻƛƴŎƛŘŜƴŎŜ ƻŦ L.5 

ÝPrompt : e+ signal  
ÝDelayed : Neutron capture on gadolinium (Gd)



1. Side-band study before real search (2022)
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Å Blind analysis is done with comparing the 
observation and expected background.

Å The rates in the side-band regions will be predicted 
by the control samples driven by data

Observation Expectation

Physics data
with criteria :
Ǐ< Ep <ǏMeV
Ǐ< Ed <ǏMeV
ȹTp-d<100ɛs 
ȹVTXp-d < 60cm

VS

Purely data-driven
control sample
Å Fast neutrons
-> obtained at Tbeam > 1ms

Å Accidental background
-> obtained with specific 
calibration runs

Energy of IBD prompt candidate (MeV)
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Signal
Region

Side-
band 1
(Edu)

Side-
band 2
(Edl)

Side-
band 3
(Epl )

Side-
band 4
(Epu)

(Cosmogenic)

2022 Physics run (0.8x1022 POT)

12 100
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1. Side-band analysis
2. PSD (pulse shape 

discrimination)
3. LLK (loglikelihood method)

blind analysis by using the 

energy side-bands.

Remove FN (fast neutron) 

background using PMT waveform

Using multiple variables, separate the 

signal, neutron, and accidental.



2. Pulse Shape Discrimination (PSD)
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Å Fast neutrons can mimic 
the IBD signals from 
electron anti-neutrino.

Å Pulse Shape Discrimination 
(PSD) by using the difference of 
PMT waveforms between 
e-like and n-like.  

Å Data-driven 
likelihood method
(Control sample :
Michel electron / Fast neutron)
=> Full information of 
waveform height are used.
=> Each PMT has its own 
separation power.

PMT waveform

Waveforms (data) PSD score

n like e like



3. Backgrounds Control : Likelihood method
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Prompt Timing

Delayed E

ȹT_p-d

Templates (1) Signal

Templates (2) Neutron

Templates (3) Acci

Prompt Vertex Z

2 6 10

7 10 0-1000 +1000

0 50
100

(Normalized)
Å IBD Signal vs Neutron vs Acci

=> Different shapes for each variable 

(Energy, Timing,)

Å By using data-driven templates,

calculate the binned Likelihood scores

Å j: three assumptions; 

IBD Signal / Neutron / 

Accidental

Å n: type of the variables

(Prompt Timing or é)

Å By selecting Signal -likely events ,

most of neutrons / accidental bkg.

are separated.

ὒὭὯὩὰὭὬέέὨὒ БὴὶέὦȟȟÉÔÈÂÉÎ



Results in signal region (w/ PSD)
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Å Observation vs prediction (Bkg. only) (signal region)

-> Good consistency for all cases

Prompt Timing

ȹVTX_p-d

ȹT_p-d

Prompt Vertex Z

2022 Physics run 

(0.8x1022 POT)

PSD application

Neutron >99% rejection
(Signal Eff. 87%)

CNgs 0.17 evt / nue bar from mu- 1.0 evt



Results in signal region (w/ PSD and LLK)
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90% C.L. exclusion limit derived from 
the observation (black line). 

ÅObservation vs prediction (Bkg. only) (signal region)
-> Good consistency for all cases

2022 Physics run 
(0.8x10 22 POT)

2D LLK ratio
distribution

Obs (dots)
vs Bkg Pred 
(pixels)

LSND ’ excess 
(scaled by POT, N target , eff) 
= 1.1 +- 0.5 events

Bkg. Components
0.6 + - 0.3

CNgs 0.08 + - 0.02
Neutron             0.6 + - 0.2
Accidental        1.0 + - 0.01

ⱨ▄from Ⱨ(Intrinsic)
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Sterile neutrino search (IBD)

’ from ‘

12C(’,e-)12Ngs

Neutrinos in JSNS 2 experiment

Neutrino flux
-Due to no ˊ production measurements with 3GeV p + Hg so far,

-> Flux of ’ from ‘ , ’ from ‘ have ~a few tens % uncertainties (at present)

(due to difference of a few MC models)
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(Intrinsic Bkg.)

(Signal)



CNgsfor the Neutrino Flux Measurement 
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ɜe

Sterile neutrino search (IBD)

12C(’,e-)12Ngs
ὅ ’ᴼ ὔȢȢ Ὡ

ὔȢȢO ὅ ’ Ὡ

prompt

delayed

ω 2.2x1022 POT (2021+2022)
 ω ‭= 5.88 + - 0.21 %
 ω Cross section (LSND+KARMEN) = (9.1 + - 0.7) x 10 -42 cm2

 ω Number of C = (4.68 + - 0.94) x 10 29 (< - Fiducial error 20%)

Total number of ’ (= ϳ‘ ὴ) 
= 0.483 
+- 0.117 (stat.)
+- 0.123 (syst.)

0.344 (FLUKA)

0.268 (Geant4 QGSP-BERT)
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3GeV proton beam hits mercury target

-> “ ‘ channel ; 

-> Double Suppression of “Ⱦ“ȟ‘Ⱦ‘ ; ~10^-3 level.

-> Due to Insufficient information of the p + Hg -> “ ,
large uncertainty ( ~50%) makes the sensitivity worse.
-> (it directly affects to p-value-like estimation)

-> Other ex -situ measurements ; measure the rates of p + Hg -> ˊ
-> aims to reduce neutrino flux uncertainty to ~10%.
-> significantly better sensitivity is assumed.

Sterile neutrino search (IBD)

’ from ‘

12C(’,e-)12Ngs

Neutrinos in JSNS 2 experiment -“ȟ‘ channel
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(Similar number of scale with expected ’)

(Due to High-Z material (Hg target))

Observed events Expectation events

Total 2 2.3 +- 0.4

0.6 +- 0.3

CNgs 0.08 +- 0.02

Neutrons
0.6 +- 0.2 (stat) + -

0.02 (syst)

Accidental 1.0 +- 0.01

’ from ‘



Results in signal region (w/ PSD and LLK)
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90% C.L. exclusion limit derived from 
the observation (black line). 

ÅObservation vs prediction (Bkg. only) (signal region)
-> Good consistency for all cases

2022 Physics run 
(0.8 x1022 POT)

2D LLK ratio
distribution

Obs (dots)
vs Bkg Pred 
(pixels)

LSND ’ excess 
(scaled by POT, N target , eff) 
= 1.1 +- 0.5 events

Bkg. Components
0.6 +- 0.3

CNgs 0.08 +- 0.02
Neutron             0.6 +- 0.2
Accidental        1.0 +- 0.01

ⱨ▄from Ⱨ(Intrinsic)



IBD selection criteria 
and the efficiencies/uncertainties
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For 2022 physics run, 
these efficiencies are used



JSNS2-II
- The second phase of JSNS2

(J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source) 

: searching for neutrino oscillations ( Ӷ’ᴼ Ӷ’) with 24 m & 48 m baseline

- Far detector    

- 32 tonnes of Gd-loaded liquid scintillator (Gd-LS) 

- 131 tonnes of Gd-unloaded liquid scintillator (pure LS)

- 172 PMTs in the gamma catcher region & 48 PMTs in the veto region

Detector design

20

Detector at 48m from target

Far detector
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1

ȶ Based on the results of 2022 Physics run (0.8x1022 POT, 12.3m3 fiducial volume)
-> Keep the same Bkg rates
-> with possible updates :

-> 1MW, 8 Years (3.04x10 23 POT) for JSNS2-II (Near only )

-> 10% uncertainty for ’ from ‘ (from CNgs)

ȶ Assumed uncertainty for ’ from ‘ : 50% (left) vs 10% (right)

Realistic scenario for Expected sensitivity of JSNS 2-II (Near+Far)

CNgs measurement will be 
improved with more statistics
(14 times from the current result)



KDAR Neutrino
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KDAR neutrino measurement
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KDAR (Kaon Decay -At -Rest)

ÅKDAR neutrino has known 
mono -energy (235.5MeV)

ÅFew cross -section 
measurement below 1GeV so 
far.

ÅDetection by double 
coincidence 

- Prompt : muon and proton

- Delayed : electron from 
muon decay



KDAR neutrino measurement
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ÅKDAR candidates : 621 events

ÅDominant background source is pion DIF neutrinos.

ÅTrue visible energy was estimated with Iterative 
Bayes (Dɍ Agostini) unfolding.
Ą Provide better understanding of the lower energy interaction

Em (missing energy) = E ˄ҍ m˃ҍ Evis



BACKUP

25



JSNS2 / JSNS2-II Collaboration
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( J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source)

JSNS2 Collaboration meeting - Feb 2026 
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