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Å Sterile neutrinos could give an insight for the 
questions beyond the standard model .

(E.g.: PLB 631, 151 (2005))
Å No strong, electro - magnetic, weak interactions. 
Å Introduced to explain both results of LSND and LEP 

experiments. 
Å Observed by mainly neutrino oscillations
Å Could be nR (Majorana) or new particle  
Å Oscillated by the beyond PMNS matrix. 
Å LSND, MiniBooNE, reactors, Ga experiments indicate the 

existence. 

Å Sterile neutrino could be one of the Dark Matter 
candidate?



Å Anomalies, which cannot be explained by standard 
neutrino oscillations for ~20 years are shown; 

Å Excess or deficit do really exist?

Å The new oscillation between active and inactive 
(sterile) neutrinos? 3

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

LSND mDecay- At - Rest nmĄ ne 3.8s 40,30

MiniBooNE pDecay- In - Flight nmĄ ne 4.5s 800,600

nmĄ ne 2.8s

combined 4.7s

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

Reactors Beta decay ne Ą nx 3.0s 3,10 - 100
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Recently, MicroBooNE has new results

Recently, BEST experiment has new results



NeutrinoOscillationandSterileNeutrinos

Å NeutrinoOscillation Neutrino flavor (electron, muon, tau, (sterile)) is changed as a function 
of nflight length and energy. 

ÅMu Tau type oscillation was firstly found on 1998. Ą T.Kajitagot Nobel Prize in 2015. 
Å¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ŜȄǇŜǊƛƳŜƴǘǎ ǿƘƛŎƘ ƛƴǾŜǎǘƛƎŀǘŜ ŦƻǊ ǳƴǎƻƭǾŜŘ άƛƴŘƛŎŀǘŜŘ ǎǘŜǊƛƭŜ ŀƴƻƳŀƭȅέ  

(The flavor changing includes small no weak interactive sterileneutrinos(ns) or not? )
ïTherearesomeprior experiments which have indications.Various theories predict.
ï1/3 of presentations in the large international conferences touch the topic. 
ï If existence is confirmed, this is large discovery.
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LSND m e Signal

m!m± ++ #

m!! ee+

e!Oscillations?

LSND in conjunction with the atmospheric and
solar oscillation results needs more than 3 nôs

   Ý  Models developed with 1 or 2 sterile nôs

Saw an excess of:

87.9 Ñ 22.4 Ñ 6.0 events.

Wi th an oscillation probability of

(0.264 Ñ 0.067 Ñ 0.045)%.

3.8 s  evidence for oscillation.

c1998 at LANL

p-, m-absorbed before decay into nôs

there should not be ne  at the level of  7x10-4

Signal : ne pŸe+n npŸdg(2.2MeV)

Appearance

600ms 120Hz

target+beam stop
configuration

DIF, n bkg.

pĄm + nm 

mĄ e + ne + nm

ne



MiniBooNEresults

Å Significant low energy events excess is observed. (4.5 s) 

Å They claimed that this excess is due to the same 
phenomena as LSND experiment. 

Å Concerns are 

ïSystematic uncertainties (neutrino interactions, background 
understandings) 

ïEspecially, unknown single gamma production events may 
cause this.

ïSame persons are overlapped  between LSND and MB.

ÅMicroBooNEis checking the neutrino interaction mode.   
See next page. 

Neutrino2018
En-ChuanHuang

8GeV

from
FNAL Booster Mineral oil 

Cherenkov



Å They put the 170t              LAr
LAr detector at the                    
neighborhood site                       
of MiniBooNE

Å They checked                      
electron signals                         
but they observed no similar low energy 
excess as the MiniBooNE (right plot).

Å Their statement: "we disfavor generic 
nue interaction as the primary 
contributor of the excess with a 1 
sigma (2 sigma) upper limit on the 
inclusive nue CC contribution to the 
excess of 22% (51%)".

Å MiniBooNE and MicroBooNE need to check 
their results each other. (although LAr
detector has much better electron PID 
capability)
Å Also all significant modes have deficit of 

number of events compared to expectation?

Å In any case, they will check further, 
so we are looking forward to seeing the 
results.



Neutrino flight length (m)

with sterile n
(new oscillation in short baseline)

T2KNo sterilen case (standard osc)

LSND
MiniBooNE
indication

Indicationof new oscillation?

ÅMasseigen-stateofn4 ismuchheavier than others Ą short baseline osc.

ÅThe standard oscillation model cannot explain LSND/MBindications.

ÅRedshows the case which has a neutrino oscillation with sterile neutrinos
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The Gallium Neutrino Anomaly 
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  Test of solar neutrino detectors 
GALLEX and SAGE (veôs) 

  E  MeV, Baseline range  few m 

  4 calibration runs  

 å1 MCi EC ɜe emitters 

 Gallex  

 51Cr source (750 keV) 

 Sage  

 51Cr & 37Ar (810 keV) 

 Deficit observed 

 Robs/pred ůBahcall) 

 Robs/pred ůHaxton) 
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Raghavan's idea 

 

The Reactor Antineutrino Anomaly 
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Reactor 
Antineutrino 

Anomaly (2011-) 
 ɜ-oscillation ?   

Atmospheric 
Neutrino Anomaly 

(1986-1998)  
 ɜ-oscillation  

Terra Incognita 
to be explored 

3 ɜ 

4 ɜ 

Solar Neutrino 
Anomaly 

(1968-2001)  
 ɜ-oscillation  

no oscillation 

  Observed/predicted averaged event ratio: R 3.0 ů) 

 

Chris Polly, Thierry Lasserre 
NEUTRINO2012 

The Anomalies 
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~3ů 

K. Heeger 

ne disappearance in reactor and b-source

Allowed
(90%CL)

Mention et al, 2011

High Dm2 ?



Å Daya- Bay experiment 
(reactor + liquid 
scintillator detector) 
pointed out that 
neutrino flux from 235U 
has smaller flux than 
the prediction, 
especially.

Å BEST experiment
Å A 3.414-MCi 51Cr ne source 

was placed at the center of 
two nested Ga volumes

Å They observed 20-24% 
deficit of the ne rates.

Å They claimed that the results 
are consistent with the 
previous measurements.

Daya- Bay BEST



ne disappearance
Dm2>0.1, sin22q>0.05  Ą Losc= [1-10] m
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Å As mentioned, Neutrino - 4 
claimed the oscillation.

STEREO 
(arXiv:1912.06582)

DANSS
(Neutrino 2020)

PROSPECTS
(Neutrino 2020)

Neutrino - 4
(Neutrino 2020)

Claimed 
Oscillation
w/ ( Dm2,sin 22q)
=(7.0eV 2, 0.4)



current knowledge for sterile neutrino oscillation(?) 

M. Dentler et al., 
arXiv:1803.10661

slightly old
(e.g. MicroBooNE
results cannot be
Included) 

ne disappearance nmĄne appearance

Å Similar Dm2 are suggested. (but need to investigate the mixing angle further with more 
global pictures.)

Å Also note that there is no nmĄnmdisappearance hints for sterile oscillation (tension)



Current situation / what experimentalists should do
Å3+1 oscillation model cannot explain all phenomena from 

various experiments. 

ÅIf neĄne and nmĄne anomalies are confirmed, and the nmĄnm
bounds are not refuted, we absolutely need new physics model 
to explain everything.

ÅOr experimental data is something wrong?? This part is being 
and will be examined by experimentalists.

ïMicroBooNE(running) / SBND (SBND+MicroBooNE+ICARUS) for Mini-
BooNEanomaly.  ĄMicroBooNEhas results, but further 
investigation will be done.

ïJSNS2 for the LSND experiment for LSND anomaly checks  

ïMany reactor experiments are on-going, thus they can check further.



tŜǘŜǊ ²ƛƭǎƻƴΩǎ ǘŀƭƪ Ϫ ²Lbt ǿƻǊƪǎƘƻǇ

3 LArTPCdetectors 
(100-600tons)



Liquid Argon TPC
ÅPrinciple
ïQuasi-free electrons from ionized tracks are 

drifted.
ÅCharge (MIP)₩1fC/mm (~5500e/mm)
Å drift velocity = 2m/ms@ 1kV/cm

ïPosition information from2D (x,y) anode and 
timingĄ 3D tracking w/ 1mm resol.

ïNo amplification from LAr(different from Gas Ar) 

ÅFeatures
ïLAris cheap and high density material
ïLArTPC has high tracking efficiency
ïLow energy threshold
ïPID by local dE/dx (each wire or strip)
ïFull sampling and homogeneous calorimeter 

ÅAdvantages for physics
ïMulti-track meas. -> exclusive meas,
ïCalorimetric energy measurement.  (elastic events 

selection is unneeded.) 
ïGood e/p0 separation  

Ionization electrons

Scintillation light

Cherenkov light

Charged 
particle

Electric 
Field

pion

positron

proton

76 cm

Test-Beam data
0.8 GeV/c

40 cm



Compared to MiniBooNE,
there is no p0 background
events 

MicroBooNEis running,
and ICARUS is now at FNAL.
(SBN could start from 2019)



They are taking data
(if the plan is as it is
shown in this page.) 



Direct test of LSND.
Collaboration meeting @ J -PARC (2020/Feb)

JSNS2 collaboration ( 61 collaborators)

- 6 Japanese institutions (27 members)

- 10 Korean institutions (26 members)

- 1 UK institution  (1 member)

- 4 US institutions  (7 members)

Takasumi Maruyama (KEK)

Spokesperson: T.Maruyama (KEK)
Co- spokesperson: S.B.Kim (SKKU)

JAEA
KEK
Kitasato , 
Kyoto
Osaka
Tohoku

Alabama
BNL
Florida
Michigan

SussexSoongsil
Dongshin
GIST
Seoyeong
Chonnam Nati onal
Seoul Nati onal
Chonbuk Natinal
Kyungpook
Sungkyunkwan
Seoul National of

sci and tech



Å Anomalies, which cannot be explained by standard neutrino 
oscillations for ~20 years are shown; 

Å Excess or deficit do really exist?
Å Note: JSNS 2 uses the same neutrino source ( m), target (H) 

and detection principle (IBD) as the LSND Ą even if this 
is not due to the oscillation, we can catch this directly 
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Experiments Neutrino source signal significance E(MeV),L(m)

LSND mDecay- At - Rest nmĄ ne 3.8s 40,30

MiniBooNE pDecay- In - Flight nmĄ ne 4.5s 800,600

nmĄ ne 2.8s

combined 4.7s

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

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

We aim to 
have a direct
test for this 



J-PARC Facility

(KEK/JAEA

Birdôs 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 nsearch 
@MLF
http://research.kek.jp/group/mlfnu/eng

>0.9MW beamwas 
utilized for users from 
Jun-25 to 27in 2020. 

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



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

and Neutrino source 

(JSNS2)
17t GdLSfiducial (target) 
detector (4.6m dia. x 
4.0mƘŜƛƎƘǘΣ мнл млέ ta¢ǎύ

Searching for neutrino oscillation : nmĄne with
baseline of 24m (JSNS2), and 48m (JSNS2-II)  

a[C ōǳƛƭŘƛƴƎ όōƛǊŘΩǎ ǾƛŜǿύ

3GeV pulsed 
proton beam

(JSNS2) : 1MW x 3 years
ÅCommissioning run in 2020.
ÅThe first long physics 

run (2021) was finished 
(for ~0.5 years)
Å Smooth data taking. 
Å Beam power is 600 - 700kW.
Å Extensive calibration / 

Data analyses are on -
going. 

(JSNS2- II): 1MW x 5 years
ÅProposed in 2020. 

( arXiv:2012.10807)
Å One new detector : 32 

tons fiducial in 48m 
baseline. 

Å Improved the sensitivity, 
especially in low Dm2.

Å Stage - 1 status was 
granted by J - PARC/KEK

Detector @ 
outside of MLF
(48m from target)

(JSNS2-II: 
New detector)
32t GdLSfiducial

(6.2m dia. x 
6.2m(h) 
Ϥннл млέ ta¢ǎύ

Nucl . Inst. Meth. A 
1014 (2021) 165742

Global
fit indicated region
M. Dentler,etal .,  JHEP08010  (2018)

Current JSNS 2
JSNS2- II

Covers the 
global fit indicated 
region nicely.



1st Detector construction (2017- 2020)
ÅThe detector construction was 

finished 2020-Feb.
ÅStainless steel tank was produced by 

Japanese company (2017-2018: 
Morimatsu)
ÅAcrylic tank was produced by Taiwan 

company (2018-2019: Nakano).
Åмлέ ta¢ǎ Υ 

Å~53% is reused from RENO.
Å~30% is newly purchased.
Å~17% is reused from Double-Chooz.

Å35 ton of pure liquid scintillator was 
produced by Korean collaborators at 
RENO site (2018)
Å17 tons Gdloaded liquid scintillator 

was donated by Daya-Bay (2019).
ÅElectronics and DAQ system: 

ÅFADCs are donated by DC ςJapan.   
ÅFront End Elec. are donated by DC.
ÅHV are reused from DC.
ÅElec. upgrade will be done (See backup)

ÅNew Fast LED calibration system

Very efficient experiment using reused or 
donated materials from various experiments.
We do appreciate Daya-Bay, RENO and DC.

arXiv:2005.01599 (also accepted by JINST)

JINST 14 (2019) no.09, T09001

JINST 14 (2019) no.09, T09010

arXiv:2006.00670

target

catcher veto

See also posters #353, 355, 444
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600kW
700kW

Delivered POT

Acquired POT

Å ~600kW (1/12 ~ 4/5)

Å ~700kW (4/5  ~ 6/23)

Å 1.52 x 10 22 POT (delivered)

Å 1.45 x 10 22 POT (JSNS2

acquired: ~13% of TDR )
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Å 2020 June data : We have 25us time window data triggered by the accelerator 
scheduled timing. (~ 3 days: 8052903 beam spills)

ÅWe analyzed data to estimate the number of background.   
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IBD 
Prompt
Energy

IBD 
delayed
Energy

Dt 
IBD p - d

D vertices 
IBD p - d

IBD criteria Timing Energy

Prompt 1.5<Tpғмл˃ǎ20<E<60MeV

Delayed Tp<Tdғнр˃ǎ 7<E<12MeV

Å Selection criteria
Å Energy and timing are shown in 

the bottom table.
Å Muon veto are 

applied.( eveto >99%)
Å Dvtx (prompt - delayed)<60cm

Å Observed 59¢8 events.
Å 55.9¢2.7 events are expected 

from neutrons induced by 
cosmic rays. 
Å Estimated by self - trigger data 

(during beam off time)

Å Neutrons induced by cosmic 
rays are dominated . 

Å Beam induced background is 
much smaller background than 
neutrons. 



Å10%w: 2000L of DIN 
(di-isopropyl-
naphthalene) was 
dissolved into Gd-LS 
in 2020-Dec/2021-
July

ÅImmediately after 
the dissolution, the 
N2 purging was done 
in the detector   
additionally.

ÅThe Pulse Shape 
Discrimination 
power was 
drastically improved 
from the Gd-LS only.

ÅIt is the first case to 
use DIN in 17tons 
scale detector in the 
world.   

DIN drums

DIN drums
Ą iso - tank

GdLS+DIN
Ą After the dissolution, we

performed the N2 purging.

N2 purging 
(bubbles are seen)
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Concrete, Iron, etc

Gd loaded LS

Cosmic ray muons

p

Recoil proton; 20-60MeV
(mimics IBD prompt)

p

thermalized Gd

Capture 
gammas

n

n
n

Fast Neutrons are severe background
ÂÅÃÁÕÓÅ ÉÔ ÉÓ ƧÃÏÒÒÅÌÁÔÅÄƨ "+'ƚ

Pulse Shape Discrimination separates
the IBD signals and fast neutrons.

Average Waveform ( Data) 
Difference of IBD prompt 
Region (20<E<60MeV)

Å DIN was dissolved into Gd - LS as mentioned.  
ÅWe are trying a few methods to distinguish 

these waveforms.
Å Likelihood / machine learning methods are under 

development.
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Likelihood method

Convolutional Neural Network

Å Self - trigger data provide the control samples for Michel e and neutrons
Å They are used for the training sample and to make scores.
Å Impurities of control samples are under investigation, however the current 

point is to see the nice separation power. (more than 90% of rejection power, 
and additional improvements will be expected as well) 

Note:
Central region Only
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~20m

~30m

Å Baseline is ~48m.

Å Twice fiducial mass 
compared to 1 st detector.

Å No detector buildings.

Å MLF approved to use 
this space.

Proton
beam

Detector
location


