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Sterile neutrinos 
• Sterile neutrinos could give an insight for the 

questions beyond the standard model;  
    (E.g.; PLB 631, 151 (2005)) 

– No strong, electro-magnetic, weak interactions 
– Observed by only neutrino oscillations  
– Could be νR  (even see-saw partner) or new particle   
– Beyond PMNS matrix oscillation  
– LSND, MiniBooNE, reactors, Ga experiments indicate the 

existence. 
  
 

• Sterile neutrino can be one of the Dark Matter 
candidate. (see slides later) 



Sterile neutrinos as Dark Matter? 
• It is guaranteed;  

–  Dark Matter = sensitive to gravity 
• But, it is possible:  

–  Dark Matter ≠ WIMP 
 
 
 
 

• If  Dark Matter = sterile neutrino 
– Gammas from loop diagrams exist.   
– Neutrino oscillation is happened.   
–  Mass of Dark Matter  is not light sterile neutrino (~1 eV2)  

region. 
–  However, if one type sterile neutrino exists, other types 

could exist.  
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Alejandro Ibarra’s  
talk at Neutrino2014 



Alejandro Ibarra’s  
talk at Neutrino2014 

Note; 
Sterile neutrino 
is “warm” dark 
matter candidate 
which satisfies the 
cosmology well.   



Status of light sterile neutrino (~1eV2) search 

• Anomalies, which cannot be explained by standard 
neutrino oscillations for 15 years are shown;  
 
 
 
 
 

 
• Excess or deficit does really exist? 
• The new oscillation between active and inactive (sterile) 

neutrinos?  
• Note; νµ  νµ disappearance has no indication.  

 

Experiments Neutrino source  signal significance 

LSND µ Decay-At-Rest νµ  νe 3.8σ 

MiniBooNE  π Decay-In-Flight νµ  νe 3.4σ 

νµ  νe 2.8σ 

combined 3.8σ 

Ga (calibration) e capture  νe  νx 2.7σ 

Reactors Beta decay νe  νx 3.0σ 



Neutrino oscillations with ∆m2~1eV2  region 

Matrix elements,  
which are considered 
in 3x3 mixing  
framework.  

(3+1) model 



Status as of 2014 

• ICARUS / OPERA experiments have new results in 2014 for 
appearance channel. 

• SK / MINOS have new results in νµ disappearance channel. 
• Daya-Bay has latest results on νe disappearance in this summer  
Discrepancy between νµ and others?  

– Due to issue on theoretical model (3+1) ? 
– Confirming or refuting the anomalies with various E/L is first thing to do 

for experimentalists.    

J. Kopp’s  
talk at Neutrino2014 

νµ  νe νe  νx νµ  νX 



Recent status 
• Sterile neutrino is one of the most interesting topics 

in neutrino field. 
–  A quarter of the presentations in Neutrino 2014 

conference mentioned the sterile neutrino. 
–  P5 (Particle Panel)  endorsed the short baseline neutrino 

experiments to search for sterile neutrinos. 
 

Presentation and Discussion of P5 Report by S.Ritz  (on 22-May-2014) 



New (exciting) experiments 

Picking up typical experiments. 
Not covering all (sorry!) 



Liquid scintillator detector 
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Many experiments for sterile neutrino  
search use liquid scintillator. 
 Explaining the detection principle at first  

Identify neutrinos with detecting 
 e+ and gammas from n capture  
on Gd (H). 
=>Can reduce accidental BKG 
    (Gd~8MeV γs, capture time  
~ several tens μs; Gd case). Principle of detection Prompt signal 

Delayed signal 

neutron 

proton 

positrons Anti 
neutrinos 

Gd 

gamma 

gamma 

gamma 

electrons 

Detection Principle  
Severest BKG is fast neutrons from 
cosmic ray or reactor or acc. Beam. 
 Creating prompt + delayed correlated BKG.  

Prompt Evis+0.8MeV ~ Eν ; 
• < a few MeV (for beta source) 
•  2~ 3MeV   (for reactor) 
•  ~ 40MeV (for muon DAR) 

Inverse Beta Decay  
(coincidence)  



νe  νe disappearance  

Many talks will be presented later, so 
I just show the prospects briefly. 



Testing the New Oscillation 
Hypothesis 

Direct test of a new oscillation pattern in E & L 

• Relative shape distortion in identical detector 
modules 

• Complemented by rate info. 

 ∆m2>0.1, sin22θ>0.05   Losc = [1-10] m 

No oscil 
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David Lhuillier’s  
talk at Neutrino2014 



CARR site, Beijing 
(Not funded) 

Neutrino4@SM-3, Dimitrovgrad 

SOLID@BR2, Belgium 

Stereo@ILL 
Grenoble 

Prospect@HFIR, ORNL 

Korean project 

DANSS@KNPP 
Udomlya 

Posseidon@PIK, Gatchina,~ 2 y delay 
Nucifer@Osiris, 

Saclay 

Experiments with  
radioactive sources  

Experiments with  
reactors  

David Lhuillier’s  
talk  
at Neutrino2014  

Barbara Caccianiga’s  
talk at Neutrino 2014 

Many interesting and exciting results  
are coming in near future. (2015~) 
Many talks will be also coming 

Picking up typical experiments. 
Not covering all (sorry!) 



Nucifer (FRA) 

Stéréo (FRA) 

Neutrino 4 (RU) 

DANSS (RU) 

SoLid (UK) 

Hanaro (KO) 

Prospect (USA) 

Poseidon (RU) 

Pth 
(MW) 

Mtarget 
(tons) 

L 
(m) 

Depth 
(m.w.e.) 

70 

100 

57 

100 

30-2800 

3000 

85 

45-80 

0.8 

~ 3 

1.75 

1.5 

~ 1 

0.9 

1 & 10 

2.9 

7 

5-8 

8.8-11.2 

6-12 

6 

9.7-12.2 

7-18 

6-8 

13 

~ 15 

18 

~ 10 

few 

50 

few 

10 

Setup 
Barbara Caccianiga’s  
talk at Neutrino 2014 

Updated table from 
David Lhuillier’s  
talk at Neutrino 
2014 

• Need ~MCi level radio active source 
51Cr, 144Ce-144Pr, 8Li(+p) are considered. 
Typically Eν < a few MeV 

• Need to transport the source to detector 

• Need PID to reject fast neutrons 
    from reactors. PSD (Pulse Shape  
    Discrimination) helps. 
• Need sufficient shield.  
• Need to see “Oscillation pattern” 

Will be started 

2015 

NuLat (USA) 

On-going 

Start in 
2015 

Start in 
2015 

Start in 
2015 

Final detector  
In 2015 

White paper 
was submitted 

Aim to operate 
In 2015 

Start  in  
2016 

20-1500 ~ 1 2.5-8 2-10 



Sensitivities (arXiv; 1310.4340) 

They can achieve the sensitivity with short time scales. 
                  (typically < a few years for 95% C.L.) 



νµ  νe appearance  

Accelerator based neutrino 
experiments. 



νµ  νe appearance  
• LSND / MiniBooNE have significant excess -> to be checked   

– µ Decay-At-Rest source ; J-PARC P56 @MLF (proposed) and 
OscSNS (white paper was submitted) 

• Better pulsed beam than LSND  (µ+  e++ν e+νµ ;  νµ  νe)  
• Better liquid scinti. detector than KARMEN / LSND  (PID / Gd loaded ) 

– LAr + conventional horn focused beam; MicroBooNE, 
ICARUS,LAr1-ND -> triple LAr@FNAL  (π+  µ++νµ; νµ  νe  /  reversed 
horn polarity)   

• Better detector (BKG rejection, e ID, ν energy reconstruction) than 
MiniBooNE    reduced #BKG and systematics on BKG 

– New type of beam + Fe+scintillator detector; nuSTORM  
• Using neutrinos from STORed Muons.  (µ+  e++ν e+νµ ) ;  P5 comments 
• Good sensitivity with golden channel; νe  νµ  

– ISODAR ; interesting idea to use Li target for proton. 

 



Conventional beam + LAr 
• Clear electron, π0 and 

single γ PID can be 
performed.   

• ICARUS + MicroBooNE 
+ LAr1-ND  triple 
LAr@FNAL now. 

ICARUS   arXiv:1307.4699 [hep-ex]. 

MiniBooNE  
Excess 
PRL 110.161801,2013. 

MicroBooNE  

Electron excess 
(oscillation)? 

or  γ excess 
(uncertainty of 
 ν cross section)? 



Triple LAr @ FNAL sensitivity 



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 
Experimental Facility 

  JFY2008 Beams 

3 GeV  RCS 

 CY2007 Beams 

181MeV Linac 

400MeV 

25Hz 300kW now & 
will be 1MW 

J-PARC P56 
Sterile ν search  
@MLF 
M. Harada et al,   
arXiv:1310.1437  
[physics.ins-det]  



Sterile neutrino search  
@MLF (proposal in 2013) 

M. Harada et al,  arXiv:1310.1437 [physics.ins-det]  

Note: Detector location is under discussion 

ICARUS 
90% 
Exclude 
region 

17m case 
(50 tons, 1MWx4years, 
50% eff.) ; phase1 

• J-PARC P56 aims to 
  confirm or  refute the  
  neutrino oscillation with 
 sterile neutrino(νµνe ) 

• Energy distortion  
  sig vs BKG separation 
               (bottom-left) 

• Sensitivity of 
   P56 (right); blue 
  5σ, green 3σ.  We 
  conclude LSND  
  region (brown 
 (90%CL) & green  
 (99%) within 4 years  
 

Selecting muon decay 
(ε~74%) 

• With gating the time 
  we can use ultra-pure 
   neutrinos from stopping  
   µ+  (top-right)  

p timing 

ν timing 

Next beam is 40ms later 

J-PARC PAC endorses  
scientific merit 

Hg 



Prospects; RCS/MLF beam 
• Linac upgrade (181400MeV) was done by 2014 Jan successfully. 
• Stable beam (300kW) is delivered from Feb-2014 to July-2014. Note 

this is the first beam after the J-PARC hadron hall accident. 
• In 2013, 600kW test was performed successfully (bottom-left). Within 

2014 JFY, facility people will try to deliver the stable 600kW beam to 
MLF. 

• Beam power will be increased steadily. On Oct-2014, test will be 
performed for 1MW beam. 
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T.Koseki’s presentation at 18th PAC  



Detector 
• Design of the tank is discussed. Strength of 

tank / endurance for earthquakes are 
calculated. 

• Well established type detector.   
• There are Double Chooz / Daya-Bay 

collaborators in J-PARC P56. 
 
• MLF 3rd floor is the maintenance area for 

the beam and target related equipment. 
 There is more than one maintenance 

work(s) / year. Therefore, we have to carry 
detectors to outside of MLF. 

 Strength during the moving is OK. 
• Interference between our experiment and 

other maintenance works is being 
discussed. 

• Safety will be discussed. 
Time from beam Energy 

Prompt signal 1<Tp<10μs 20<E<60MeV 

Delayed signal Tp<Td<100μs 6<E<12MeV 



BKG meas. @ MLF 3F (2014 Apr-Jul) 

3GeV p beam 
Hg target 

MLF (top view) 

Point3 
Point2 

Point1 

Base Line 
Point1 ~ 17m 
Point2 ~ 20m 
Point3 ~ 40m 

2weeks / one point 



Detector  
• Concept; minimizing dead spaces 

(for vertex rec.) and powerful 
cosmic ray rejection.  

• Main scintillators; (borrowed from 
LEPS2 experiment (RCNP)) 
– 24 scintillators in total.  (~500kg) 
– 4 scintillators / layer and 6 layers  
– 2 Narrower (central part) 
– 2 Wider (in edge sides)   
– Each scintillator has 4 PMTs, and 2 

PMTs / one side 
• Inner cosmic veto (yellow) 

– 4.3cm thickness scintillators 
– One side readout. 
– Rejection Efficiency >~  99.5% 

• Outer cosmic veto (blue) 
– To surround main part. 
– 1m x 1m or 1m x 2.3m, 1cm (t) 

scintillators are used. 
~3.5m 

~1.5m 

~1.0m 



Measurement @ 2nd point (w/o cosmic veto) 
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Beam ON 

Beam OFF 

Hit Time after energy cut 

Energy after timing cut 

promptE  
Range 

Energy vs Hit Time 

There is no beam excess 

#spill #events w/o cosmic veto 
（events/spill/2.5μs） 

ON  19006517 (9.61±0.22)e-5 
OFF  17999309 (9.19±0.23)e-5 

Beam ON 

Beam OFF 

2.Hit Time Cut : 2.8 < Hit Time[μs] < 5.3µs 1.Energy Cut : 25 < E[MeV] < 60 Selection;  

Hit Time Cut Range 

p bunch 



Measurement @ point 2 (w/ veto) 
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Beam ON 

Beam OFF 

Beam ON 

Beam OFF 

There are no excess for beam events. 

Energy 
(after hit time cuts) 

Hit Time 
after energy cut 

prompt E Range 

 
# of spill 

#events after VETO 
（events/spill/2.5μs） 

ON  19006517 (6.10±0.57)e-6 
OFF  17999309 (5.06±0.53)e-6 

ON-OFF Excess (0.94±0.78)e-6 

HitTime Cut:2.8μs<Hit Time<5.3μs 
25<E[MeV]<60 

Hit Time Cut Range 

Beam BKG is sufficiently small  
for the J-PARC P56 experiment.  
 upper limit; same level of νe from µ- 
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OscSNS (arXiv:1307.7097) 
 Use Spallation Neutron Source 

(SNS) at ORNL 
 ~1GeV protons on Hg target 

(1.4MW) 
 Free source of neutrinos 
 Well understood flux of 

neutrinos 

LSND & KARMEN 
Allowed 

LSND & KARMEN 
Allowed 

1year sensitivity 
(νµ -> νe) 

3years sensitivity 

H capture is used. 
(Gd is not used) 

Timing structure 



Summary / Prospects 
• Sterile neutrino is one of most hot topics in neutrino 

physics. 
• Confirming or refuting the anomalies is the first thing to 

do for experimentalists. 
• There are many on-going efforts for this purpose.  

– Using radioactive sources. 
– Using reactors 
– Using accelerators 

• Sensitivities of these experiments are good enough for 
the purpose. 
 
 

• J-PARC P56 experiment had BKG measurement toward 
the real experiment in this summer. We have small beam 
related BKG.   



backup 



Sensitivity • Top plot;  
– 1MW x 4 years  
– 4000h / year 
– 50 tons fiducial 
– ~50% detection ε  

• a definite 
conclusion above 
~1eV2 is obtained  

 
• Bottom plot;  

– If no clear result in 
step1, then we go 
to step2  

– Example 
configuration for 
future step2 is to 
use 1kt detector 
with 60 m baseline 

 
 

ICARUS 90% 
Exclude region 

60m, 1 kt, 1MW x 2 years, 50% eff. 

17m case 
(50 tons, 1MWx4years, 50% eff.) 

Blue;  5σ 
Green; 3σ 



PAC report / Motivation 
• Bottom table; BKG summary @ previous PAC 
• Beam related BKG (red)  much smaller than νe from µ-   
• This is from extrapolation from MLF 1st floor meas. with MC  

PAC recommends to measure BKG directly at 3rd floor.  

Source  contents #ev./50tons/4years comments 

background νe from µ- 377 
12C(νe,e-)12Ng.s. 38 IBD ε is 0.2%  

Beam fast neutrons 0.3 

Fast neutrons (cosmic) 42 

Accidental  37 

signal 881 ∆m2=3.0, sin22θ=0.003 

377 ∆m2=1.2, sin22θ=0.003 

http://j-parc.jp/researcher/Hadron/en/pac_1309/PAC17thMinutes_final_draft.pdf 



Detector / operation 
Main scintillator 

Outer vetos 
Tohoku University 

Web camera (1) 
Check no fire or smoke 

Trigger bit;    
beam (black),  orange; no beam 
others； cosmic 

One side 
48 PMTs 

ＷＥＢカメラで 
火災がないか 
２４時間体制 
で監視。（３か月 
間、実験中は 
ずっと。） 
 
本実験への 
良いデモンスト 
レーション 

高圧値に異常が 
ないか監視 

トリガーレート 
からＤＡＱが良好 
に動いているか 
判断。 



 nuSTORM (neutrinos from STORed Muons)  
A low-energy muon storage (Pµ=3.8 GeV/c) ring based on existing technology to: 
• Address the large Δm2 neutrino oscillations 
• Provide beams for precision νe and νµ cross section measurements 
• Provide an accelerator technology test bed (ν-Factory & µ-Collider) 
• Provide a neutrino Detector Test Facility 

• Proposal: arXiv:1308.6822 
• Project Definition Report: arXiv:1309.1389 

 

Technologically limited Schedule: 5-7 years 

The nuSTORM facility 

http://arxiv.org/abs/1308.6822
http://arxiv.org/abs/1309.1389


• Performance for an exposure of 1021 proton on target 
(120 GeV) from Fermilab Main Injector for sterile 
neutrino appearance 
– 2 X 1018 useful muon decays 
– Can confirm or rule out LSND/MiniBooNE region at 10σ 

Sterile ν search sensitivity 

5 and 10 σ contours for a Boosted Decision Tree analysis. The 99% confidence level contours from a global fit to all 
experiments are also shown (from Kopp et al. JHEP 1305, 050 (2013).) 

Golden mode;  νe  νµ 
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