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Sterile neutrino : insight for the questions beyond the SM

(e.g.  PLB 631, 151 (2005))

- No strong, EM and weak interactions

- Introduced to explain both results of LSND and LEP

- Maybe recognized by neutrino oscillations

- Could be right-handed neutrino or new particle

- Beyond the PMNS standard oscillation

- Indicated by LSND, MiniBooNE, reactor anomaly, and 

Ga experiment 

Sterile Neutrino

Sterile neutrino can be also one of the Dark Matter 

candidate? 



 Anomalies that cannot be explained by standard neutrino 

oscillations for ~20 years    

Experiments Neutrino source signal significance E(MeV),L(m)

LSND m Decay-At-Rest nm ne 3.8s 40,30

MiniBooNE p Decay-In-Flight nm ne 4.5s 800,600

nm ne 2.8s

combined 4.8s

Ga (calibration) e capture ne  nx 2.7s <3,10

Reactors Beta decay ne  nx 3.0s 3,10-100

 Excess or deficit does really exist?

 A new oscillation between active and inactive 

(sterile) neutrinos?

 However, no indication for nm  nm and negative results from

recent reactor measurements using energy spectra

Hints for Sterile Neutrino (Dm2 ~ 1 eV2)



LSND nm  ne Signal

1998 at LANL
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1998

(1990-1995, 1997-1999)

LSND Results and Allowed Region



MiniBooNE Latest Results

 Significant excess of low energy 

events : 4.5 s

 The excess is claimed due to the 

same oscillation observed by the 

LSND.

 Concerns on systematic uncertainties 

of neutrino interactions and 

background understanding

 MicroBooNE can check the excess 

due to the gamma rays or electron 

antineutrinos
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Null results of       disappearance

Sterile Neutrino Oscillation
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(Reactor disappearance)

Future Sterile Neutrino Search



Future Sterile Neutrino Search
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JSNS2 Experiment
(J-PARC Sterile Neutrino Search

at J-PARC Spallation Neutron Source)
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 Direct test of the LSND with better sensitivity 

- Muon antineutrino beam from muon Decay At Rest (DAR)

 Narrow (~9 ms) pulsed (every 40 ms) neutrino beam at J-

PARC MLF :       (vs. continuous beam used by LSND)

- Pure muon decay at rest

- Narrow timing window for cosmic ray rejection

- No decay-in-flight source 

- No beam induced fast neutrons

- The neutrino energy spectrum is perfectly known

- The neutrino beam already available

 Improved detector :

- Gd doped LS

 significant reduction of backgrounds by a tighter (~1/6)

time coincidence and a higher (2.2  8 MeV) delayed

energy + well-known cross section of IBD

Improved Search at JSNS2



J-PARC Facility

(KEK/JAEA）

Bird’s eye photo in January of 2008

South to North

Neutrino Beams

(to Kamioka)

JFY2009 Beams

Hadron hall

Materials and Life

Science Experimental 

Facility (MLF)

JFY2008 Beams

3 GeV  RCS

CY2007 Beams

400MeV

25Hz, 1MW (design)

JSNS2: J-PARC E56
Sterile n search 
@MLF
http://research.kek.jp/group/mlfnu/eng



3GeV pulsed proton 
beam

Detector @ 3rd floor
(24m from target) Hg target = Neutron

and Neutrino source 

50t liquid scintillator detector 
(17t Gd-loaded LS in target)
(4.6m diameter x 4.0m height)

~120 10” PMTs

Searching for neutrino oscillation : nm ne with baseline of 24m.  
no new beamline, no new buildings are needed  quick start-up  

MLF building (bird’s view)

JSNS2 at J-PARC MLF



 World-class high intensity neutron source driven by 

high power proton beam

- beam energy: 3 GeV

- design beam power: 1 MW

Neutrino Source: Mercury Target at MLF



 Timing:  Ultra-pure n from m+ Decay-
at-Rest by a pulsed neutrino beam

 Removal of n from p and K with beam 
timing

 Removal of beam fast neutrons w/ time
 Reduction of cosmic BKG by 9ms time 

window. 

Energy:  Good for signal BKG 
separation
 Well-known spectrum of n from m
 Easy energy reconstruction of IBD. 

(En ~ Evis + 0.8MeV)
 Highly suppressed n from m-

Timing and Energy of Neutrino Beam



3 years x MW x 17 tons

x 50 tons

Signal Extraction & Sensitivity



Schedule for Detector Construction

2018
7-9

10-12
2019
1-3

4-6 7-9 10-12
2020
1-3

4-6 7-9 10-12

Acrylic vessel 
production

Acrylic vessel 
installation

LS 
production

PMT 
installation

Dry run

Filling

First  physics 
run

Major Korean contribution

2018 2019 2020



Construction of Acrylic Vessel 



Relocated SUS Tank (Mar. 14, 2018) 



SUS Tank and Acrylic Vessel at J-PARC 



PMT Installation 

 105 PMTs from RENO, Korea

23 PMTs from DC, Japan

 33 PMTs installed and ~40 will 

be installed till Oct. 2019. 

 50 more PMTs will arrive 

before Dec. 2019.



Liquid Scintillator by Korean Group 



Schedule for Next 10 years  

 An enlarged 2nd detector and 5 year data-taking to obtain 5s

sensitivity test for the LSND allowed region [2023-2030]

 Will take data for 3 years to obtain 3s sensitivity test for the 

LSND allowed region [2020-2022]

 Estimated budget : ~2M USD

(2nd detector construction, operational cost, travel expense, etc.)



Summary 

 Confirming or refuting existence of “sterile neutrino oscillation”

results has been one of the hottest topics in the neutrino 

physics in the last two decades.

 If sterile neutrino oscillation is indeed found, it will be a big 

discovery of a dark matter candidate.

 The JSNS2 experiment will begin data taking in early 2020 and 

provide an ultimate test of the LSND anomaly without any 

ambiguity. 

 The Korean group has been actively participating in the 

detector construction including delivering 36 tons of liquid 

scintillator and ~100 10-inch PMTs. We expect to play an 

important role in obtaining results.



Thanks for your attention!



Summary on Sterile Neutrino Oscillation
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Neutrinos from Muon Decay At Rest (DAR)



Expected Signal and Background


