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Standard Model Particles �
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generation

2nd
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3rd
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In the standard model,
The # of neutrino flavor 
is 3, not more.



Our Current Understanding of Neutrino:
# of ν flavors	

		e
+ +e− → Z0→qq→hadrons

		ΓZ = nνΓν +3Γ l +9ΓD +6ΓU

nν=3.00+/- 0.08	

However,  if 
  (1)  m4>mZ/2 ~ 45GeV
or 
  (2) ν4 does not couple to Z0,
it is OK  such ν4 to exist.	
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If there is                 decay, 
  Z0 lifetime à shorter, &
  Z0 width à wider    	

		Z
0→ν4ν4

ΓZ	

PDG	
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Our Current Understanding of Neutrino:
Neutrino Oscillation exists	



171120 GDR@LPNHE 6

νe νe νµ νµ ντ ντ

νe νµ νe ντ νµ ντ

3.8meV	 ~25meV	 ~30meV	

~(1.4-4.5i)meV	 ~(-4.4-5.1i)meV	 ~21meV	

X X	 X	

X	 X	 X	

Our Current Understanding of Neutrino:
Neutrino Flavor Transitions	

There is something X which transforms neutrino flavor.	

In case normal hierarchy 
& minimum neutrino mass: m1 = 0 

m2 = 8.7meV, 
m3 = 50meV,	

This transition X might be acting also to sterile neutrino oscillation	

& if δCP=-π/2, 	

An example case:	
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u,c,t
d,s,b	
e,µ,τ	

νe,νµ,ντ	

Strong	

Weak	
E.M.	

Gravity	 The interactions form a nesting structure
(For example, there is no neutral quark) 

We call: 
 Strongly interacting fermion è quark,
 Non-Strongly      ""        ""    è lepton,
 E.M. interactive lepton è charged lepton,
 Non-E.M.     ""        ""   è neutrino,

 Gravity-only area is vacant.

Nesting Structure of Interactions	
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u,c,t
d,s,b	
e,µ,τ	

νe,νµ,ντ	

Strong	

Weak	
E.M.	

Gravity	 If  fermions exist here, they do not 
affect the Z0 width and it is OK 
to exists. 

We call them "Sterile Neutrino"	

νs?	

Nesting Structure of Interactions	
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u,c,t
d,s,b	
e,µ,τ	

νe,νµ,ντ	

Strong	

Weak	
E.M.	

Gravity	

However, even if the sterile neutrino 
exists, we can not detect it through 
experiments because it does not 
perform EM, Weak nor Strong 
interactions.	νs?	

Nesting Structure of Interactions	

If  fermions exist here, they do not 
affect the Z0 width and it is OK 
to exists. 

We call them "Sterile Neutrino"	
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u,c,t
d,s,b	
e,µ,τ	

νe,νµ,ντ	

Strong	

Weak	
E.M.	

Gravity	

However, if there is some kind of 
transition, between our neutrinos 
(active neutrino) and sterile neutrinos, 
effects of sterile neutrino may appear 
in oscillation of our neutrinos. 	

X?	νs	 νa	

νs?	 νa: active neutrino (νe,νµ,ντ)	
X?	

Nesting Structure of Interactions	
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For  m4 >> m1~3 case, at E/L ~ m4
2/4π  	

Extension of ν mixing matrix: 3νa+1νs case 	
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Indications of Sterile Neutrino 


Experiment � ν source� Mode� Significance�
LSND �  Decay-At-Rest� νµ à νe � 3.8σ �

MiniBooNE �  Decay-In-Flight� νµ à νe  � 3.4σ
νµ à νe  � 2.8σ �

Ga-Solar � e capture � νe  à νx � 2.7σ �

Reactor � b-decay � νe  à νx � 3.0σ �



800MeV  p	 Liquid Scintillator 	

Inverse β decay	

Decay At Rest	

LSND experiment	
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Oscillation	



LSND data: excess of νe signal

νµ →νe

Δm2>0.03eV2 è	Contradict known 
ν oscillations è Sterile Neutrino	

However,  background were huge and analysis was complicate.  
è Confirmation is necessary	



MiniBooNE	Fermilab
8GeV p	

νe + p,C→ e− + X
νe + p,C→ e+ + X

Mineral oil Cherenkov	

Excess	

Decay in flight	

Excess	

However, the electron signal might be mis-ID of N.C. γ signal
from neutral current interactions. è Confirmation is necessary.


π + → µ+ +νµ
Oscillation! →!!! νe

π − → µ− +νµ
Oscillation! →!!! νe



Reactor Neutrino Anomaly


Observed reactor neutrino flux is ~ 6% less than expected.  
It can be explained if there is νe àνs  oscillation at
 Δm2>0.1eV2, L<10m. 

P νe →νe( ) ~1− sin2 2θ sin2 m4
2

4E
~1− 1

2
sin2 2θ

6%


 νe àνs ?	

L(m)	

N
ob

s/N
ex

pe
ct

ed
	

Mueller et al., Huber

However, it is difficult to predict yields of fission products. 
è need to check the oscillation pattern.  	



Gallium anomaly	

The event rate for νe+Ga (solar ν detector) from strong neutrino 
sources (51Cr, 37Ar) is ~15% less than expected. 
It can be explained if there is  νe àνs  oscillation before it is detected,

Cr: Eν=0.82MeV
Ar: Eν=0.90MeV	

However, ν-Ga cross section may contain unknown error. 
è Need to check the oscillation pattern.
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Kamiokande 1987A	

è Sterile Neutrino is becoming 
     very hot subject.

by Inspire	

yearly # of papers with title "sterile neutrino"	

ν – time line	
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3 (νa) +1(νs) analysis	

There have been a lot of negative results. 

KARMEN, ICARUS,  DayaBay MINOS+, NEOS, IceCube etc.etc.  	
S.Gariazzo et al. (arXiv:1703.00860v3)	

sin22θeµ	 sin22θee	 sin22θµµ	

è only small parameter regions remain.	
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u,c,t
d,s,b	
e,µ,τ	

νe,νµ,ντ	

Strong	

Weak	
E.M.	

Gravity	

νs, νt, νu	

However, for 3νa+3νs case	

There are many parameters and it is 
impossible to reject appearance 
results by disappearance experiments. 	
è Direct test of the LSND result is 
indispensable to solve the sterile 
neutrino anomaly.   	
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m1, m2, m3, m4, m5, m6	



Sterile Neutrino experiments �
at J-PARC MLF�
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JSNS2 
K-Pipe
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Maruyama ERICE2017	



800MeV  p	 Liquid Scintillator 	

Inverse β decay	

Decay At Rest	

Review of the points of the LSND experiment	
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νµ from µ+ Decay at Rest 
& Inverse β decay detection	
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è  Direct test of the LSND result, using 
　		the same neutrino (from µ+	decay at rest), 
       the same ν detection mechansm (inverse β-decay with p),
       a similar baseline (24m vs 30m), 
        much better S/N (pulsed beam, Gd-Liquid Scinti. ), 
        better energy resolution. (oscillation pattern)
        higher statistics. 	

Motivation of JSNS2 
experiment	



Facility：J-PARC 
Material & Life Science Experimental Facility 	

171120� GDR@LPNHE�

to T2K	
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3GeV
proton beamHg target (neutron＆neutrino source）	

•  World-class high intensity neutron source driven by high power 
proton beam
–  beam energy: 3GeV
–  design beam power: 1MW 

JSNS2 Detector: 
3rd floor  (L=24m)	

17ton detector
 				(1st phase)	



Neutrino source:  Hg target
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p+Hg→ π ± + X
                     π ± stop( )→ µ+ +νµ

                                               µ+ stop( )→ e+ +νe +νµ
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Properties of DAR neutrino	

* The energy spectra of the neutrinos are perfectly known.
* The neutrino–nucleus cross section is known to a few%
* The time structure of the neutrino is perfectly known. 
* π+-origin and hadron-origin ν can be separately obtained
* Monochromatic νµ can be obtained

p beam	

π+	 µ+	

νµ	

e+	

νe	 νµ	

(1)	

(2)	
(3)	

νe	

Oscillation	

Hg	
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Since the parent µ+ 
has no momentum, 
the neutrino energy 
spectra are well known. 	

Energy Spectra of ν from µ+ decay at rest	

This energy spectra are the same for LSND and JSNS2.	
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MLF Pulsed beam can reduce 
beam BKG and accidental BKG drastically.

ν from π & K decays
(monochromatic)

ν from µ decay.

beam structure	

ΔT=40ms(25Hz)	



Neutrino Spectrum after the beam gate cut	

Original ν spectra 
DAR + Decay in Flight
+ absorption of π, K, µ.	

t >1µs	

ν only from µ  can be 
selected	



Cosmic-ray and accidental BKG can also be 
suppressed strongly by the pulsed beam


Open 9ms event gate for every 40ms of beam pulse
è Cosmic-ray BKG is suppressed to 1/4,400.
è Background level can be measured precisely by off timing events
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40ms	

 9µs
  Event gate	

             1µs
Beam mask	

9µs	1µs	

beam pulses	



JSNS2 Detector Structure	
Gd-loaded Liquid Scintillator (17 ton)	

200 PMTs	

anticounter	

stainless steel tank	

Much of the JSNS2 design have been made 
based on the Double Chooz experience 	



νe Detection: Gd-Loaded Liquid Scintillator 	

 τ~30µs	

νμ	è	

oscillation	
n+Gd à Gd' + γs (ΣEγ=8MeV)	

20~53MeV	

Eν~Evis+0.8MeV (ν energy can be measured)	

Similar to the reactor neutrino experiments but 
the neutrino energy is much higher (~53MeV)  	



νe Detection: Gd-Loaded Liquid Scintillator 	

Prompt Signal(e+)
(20~53MeV)


Delayed Signal(n+Gd)
(8MeV)	

~30µs average	

Delayed coincidence: Free from environmental γ BKG
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t	



T.Suzuki et al. 
PRC35,2212(1987)	

= 6.5x10-4	

= 1.7x10-3	

µ− → e−νµνe ~ 20%( )

π − → µ−νµ ~1%( )
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Suppression of µ- àνe  Background 	

background	

GDR@LPNHE�

Can be separated by the spectrum analysis


BG	 Signal	

νe νµ ~1.7×10
−3
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ν flux normalization by νe +12C  	

νe +12C  à e- +12Ngs
           12Ngsà12C+e++ν

δσνC~10%	# of νµ = # of νe	



JSNS2(1st phase) vs  LSND
JSNS2(1st phase) LSND

Target Mass. 17t 167t 
baseline 24m 30m

beam energy 3GeV 0.8GeV
beam power 1MW -- 
Duty Factor 1/8,800 1/14

Stopping µ-/µ+ 1.7x10-3 6.5x10-4

delayed signal 8MeV, Δt=30µs 2.2MeV, Δt=200µs 

Liquid Scintillator Gd Loaded Cherenkov
 + Low Scinti. 

Cosmic fast n rejection Pulse Shape Discri. Cherenkov 

νe  signal events rate 29/year
(sin22θ=0.003) 15/year 

ΔE/E 3%@35MeV 7%@45MeV 

171120
GDR@LPNHE 39



171120 GDR@LPNHE 40

Sensitivity (1st phase)	

M=17ton, L=24m, T=3yrs 	
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Maruyama, Erice2017	
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Maruyama, Erice2017	



171120 GDR@LPNHE 43

Maruyama, Erice2017	



Sterile Neutrino experiments �
at J-PARC MLF�
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JSNS2 
K-Pipe

νµ à νµ  is also 
important	



171120 45

K+ DAR νµ	

Monochromatic Neutrino from K+ decay at rest	

νx	

Oscillation	

p beam	

Κ+	 µ+	

νµ	

e+	

νe	 νµ	

(1)	

(2)	
(3)	

Hg	

236MeV	
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120m long liquid scintillator tank (pipe) (684 tons)	

K-Pipe	

arXive:1506.0581v1	
L dependence of monochromatic νµ disappearance	
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Sensitivity (3years)	

ν detection principle	
νµ +

12C→ µ− + X

ν from K+: 
Possible only at J-PARC MLF 	
νµ →νS Deficit( )
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JSNS2	

SBND	

Harano
Poseidon
Nucifer
Solid
CARR-1
Neutrino-4
Prospect-1
Stereo
CARR-2
DANSS
Prospect-2
NEOS
PANDA

Reactor Exp.	
New SAGE	

Ce-DB	

Ce-SOX	

Cr-SOX	

IsoDAR-KL	

LSND	

KARMEN	

m-BooNE	
nuPRISM	

ICARUS 	
µ-BooNE	

KPIPE	

OscSNS	

IsoDAR-JUNO	

Ce-JUNO	

Our rival: Fermilab. SBN program	
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M.Bass@ICHEP2016	

 ν-beam penetrates 3 LAr TPCs 	

SBN project 	
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Palamara, ERICE2017	
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Difference from LSND/JSNS2:	

* ν is π+ & K+ decay in flight
* ν energy is much higher
* ν detection mechanism is 
   different 	

Different Systematics	

D@R ν energy	

Anyway, direct test of 
LSND is still important.  	
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Summary	

* There are indications of sterile neutrinos at m~O(eV)
* JSNS2 experiment performs direct test for LSND anomaly. 

* The first phase (1 of 2 detectors)  of JSNS2 is funded and 

   aiming to tart data taking in 2018. 

* The funding for second phase (2 detectors ) is being requested. 


