
JSNS2: A sterile neutrino search in Japan

Joshua Spitz, University of Michigan 
DPF, 8/3/2017



2

protons Target 
(dump)

(⌫)
(⌫)

(⌫)

(⌫)

(⌫)
(⌫)

(⌫)

Detector 

Pion and muon decay-at-rest

⇡+ ! µ+⌫µ

µ+ ! e+⌫e⌫µ

(negative pions/muons are usually  
captured in dense target material)



3

Pion and muon decay-at-rest

Why are these neutrinos special?

⇡+ ! µ+⌫µ

µ+ ! e+⌫e⌫µ

• Known energy shape! 

• IBD xsec (for nuebar app) is well known. 

• IBD events (for nuebar app) are easy to reco/ID.  

• Background is low.



The Liquid Scintillator Neutrino Detector anomaly
Antineutrinos from an accelerator seem to appear!
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• LSND observed               at 3.8σ 
significance with a characteristic 
oscillation frequency of Δm2~1 eV2. 

• That’s odd. There are two 
characteristic oscillation frequencies 
in the three neutrino picture and 
they are precisely measured.  

⌫µ ! ⌫e



Basically, the anomalies seem to indicate that there 
may be a new characteristic oscillation frequency 

mode (indicative of a new neutrino state). 
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Experiment name Type Oscillation 
channel Significance

LSND Low energy 
accelerator

muon to electron 
(antineutrino) 3.8σ

MiniBooNE High(er) energy 
accelerator

muon to electron 
(antineutrino) 2.8σ

MiniBooNE High(er) energy 
accelerator

muon to electron 
(neutrino) 3.4σ

Reactors Beta decay
electron 

disappearance 
(antineutrino)

1.4-3.0σ 
(varies)

GALLEX/SAGE Source 
(electron capture)

electron 
disappearance 

(neutrino)
2.8σ

(Important: there are also various null results in this “high-frequency oscillation” parameter space!)



The JSNS2 strategy
• Primary goal: Test LSND in a cost effective and timely way, w/ an existing beam/building.

• LSND is THE experiment that drives the high-Δm2 anomalies. J-PARC’s MLF and ORNL’s 
SNS are the best (only) places to directly study the LSND anomaly. 

• Other physics:

• Collect a large sample (~50k) of monoenergetic 236 MeV muon neutrinos from KDAR;     
nuclear probe and xsec measurements.

• Highly relevant for current/future long baseline programs and all experiments that rely 
on a model of the neutrino-nucleus interaction. J-PARC MLF is the best place in the 
world to do this measurement. 

• Measure supernova neutrino xsec’s.

• Perform R&D for future liquid scintillator detectors.
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• Primary goal: Test LSND in a cost effective and timely way, w/ an existing beam/building.

• LSND is THE experiment that drives the high-Δm2 anomalies. J-PARC’s MLF and ORNL’s 
SNS are the best (only) places to directly study the LSND anomaly. 

• Other physics:

• Collect a large sample (>100k) of monoenergetic muon neutrinos for the first time; 
nuclear probe and xsec measurements.

• Highly relevant for current/future long baseline programs and all experiments that rely 
on a model of the neutrino-nucleus interaction. J-PARC MLF is the best place (by far) to 
do this measurement. 

• Measure supernova neutrino xsec’s.

• Perform R&D for future liquid scintillator detectors.

The JSNS2 strategy
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JSNS2

Obtained Stage 1 (of 2) approval from PAC in 2015;  

Secured funding for first 17 ton detector module in 2016; 

Submitted TDR to J-PARC PAC (seeking Stage 2 approval) in 2017; 

Construction has begun! We expect first data in late-2018.



JSNS2 collaboration
8

JSNS2 collab. photo, 
5/2017 @ KEK

Technical Design Report (TDR):

Searching for a Sterile Neutrino at J-PARC MLF

(E56, JSNS

2
)

S. Ajimura1, M. K. Cheoun2, J. H. Choi3, H. Furuta4, M. Harada5, S. Hasegawa5,
Y. Hino4, T. Hiraiwa1, E. Iwai6, S. Iwata7, J. S. Jang8, H. I. Jang9, K. K. Joo10,
J. Jordan6, S. K. Kang11, T. Kawasaki7, Y. Kasugai5, E. J. Kim12, J. Y. Kim10,
S. B. Kim13, W. Kim14, K. Kuwata4, E. Kwon13, I. T. Lim10, T. Maruyama⇤15,

T. Matsubara4, S. Meigo5, S. Monjushiro15, D. H. Moon10, T. Nakano1, M. Niiyama16,
K. Nishikawa15, M. Nomachi1, M. Y. Pac3, J. S. Park15, H. Ray17, C. Rott18, K. Sakai5,

S. Sakamoto5, H. Seo13, S. H. Seo13, A. Shibata7, T. Shima1, J. Spitz6, I. Stancu19,
F. Suekane4, Y. Sugaya1, K. Suzuya5, M. Taira15, W. Toki20, T. Torizawa7, M. Yeh21,

and I. Yu18

1Research Center for Nuclear Physics, Osaka University, Osaka, JAPAN
2Department of Physics, Soongsil University, Seoul 06978, KOREA

3Department of Radiology, Dongshin University, Chonnam 58245, KOREA
4Research Center for Neutrino Science, Tohoku University, Sendai, Miyagi, JAPAN

5J-PARC Center, JAEA, Tokai, Ibaraki JAPAN
6University of Michigan, Ann Arbor, MI, 48109, USA

7Department of Physics, Kitasato University, Sagamihara 252-0373, Kanagawa, JAPAN
8Gwangju Institute of Science and Technology, Gwangju, 61005, KOREA

9Department of Fire Safety, Seoyeong University, Gwangju 61268, KOREA
10Department of Physics, Chonnam National University, Gwangju, 61186, KOREA

11School of Liberal Arts, Seoul National University of Science and Technology, Seoul, 139-743, KOREA
12Division of Science Education, Physics major, Chonbuk National University, Jeonju, 54896, KOREA

13Department of Physics and Astronomy, Seoul National University, Seoul 08826, KOREA
14Department of Physics, Kyungpook National University, Daegu 41566, KOREA

15High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki, JAPAN
16Department of Physics, Kyoto University, Kyoto, JAPAN

17University of Florida, Gainesville, FL, 32611, USA
18Department of Physics, Sungkyunkwan University, Gyeong Gi-do, KOREA

19University of Alabama, Tuscaloosa, AL, 35487, USA
20Colorado State University, Tuscaloosa, AL, 35487, USA

21Brookhaven National Laboratory, Upton, NY, 11973-5000, USA

May 25, 2017

⇤Spokesperson:(takasumi.maruyama@kek.jp)

ar
X

iv
:1

70
5.

08
62

9v
1 

 [p
hy

sic
s.i

ns
-d

et
]  

24
 M

ay
 2

01
7

21 institutions, 53 collaborators, Japan/US/Korea



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 

400MeV 

25Hz 500kW now & 
will be 1MW 

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



No new beamline, no new buildings needed -> quick startup

J-PARC MLF：World best environment 

3GeV pulsed proton  
beam 

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

and Neutrino source  

50t Gd-loaded liquid  
scintillator detector 
(4.4m diameter x  
          4.4m height) 
                   150PMTs 

Searching for neutrino oscillation : νµ Æ νe  with baseline of 24m.   
no new beamline, no new buildings are needed Æ quick start-up   

MLF building (bird’s view) 

image 
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Detector design 
• The design of the tank was done 
• We calculated not only the static strength of the 

tank but also the endurance against the 
earthquake and movement of the detector. 

• Well established technology(100ton / detector) 
• E56 has Double Chooz / Daya-Bay collaborators   
 
• MLF 3rd floor is the maintenance area to manage 

the mercury target or beam equipment. 
• The interference between facility and 

experiment should be considered. Also the law 
to operate the LS is to be considered. 

28 
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JSNS2 beam timing

25 Hz
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FIG. 3: Left: The muon neutrino and antineutrino flux with �0.25 < cos ✓z < �0.16, representative of the full detector length,
where ✓z is the neutrino angle with respect to the proton direction (+z). Right: The neutrino creation time relative to the two
beam pulses (dotted lines). This distribution includes neutrinos emitted over all solid angles and energies.
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FIG. 4: The ⌫µ charged current event rate, for neutrinos with
�0.25 < cos ✓z < �0.16, along with the employed ⌫µ CC
cross section. The monoenergetic 236 MeV neutrino signal
is clearly visible above the “background” non-monoenergetic
events, mainly coming from kaon decay-in-flight.

proton). Fig. 5 shows the kinetic energies of the resulting
KDAR signal muons along with the non-KDAR muons.
The ⌫µ CC cross section on carbon at 236 MeV according
to NuWro and employed for the event rate estimate here
is 1.3 ⇥ 10�39 cm2/neutron. This is consistent with the
Random Phase Approximation (RPA) model’s [48–50]
cross section prediction of (1.3+0.2)⇥10�39 cm2/neutron
(RPA QE+npnh). While NuWro is the only generator
we use to produce simulated events, we did compare the
kinematic distributions given by NuWro to that provided
by GENIE [51] and the Martini et al. RPA model [50],
which includes multi-nucleon e↵ects. We find that the
di↵erence in the muon kinematic predictions among the
models is not large enough to significantly change the
detector simulation and oscillation sensitivity results.

Particle propagation through the detector is modeled
using the Geant4-based simulation package RAT [52].
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FIG. 5: The muon and total kinetic energy (KE
tot

= KEµ +P
KE

p

) for the signal 236 MeV ⌫µ charged current events
compared to all other ⌫µ. Only neutrinos with �0.25 <
cos ✓z < �0.16 are considered. The ratio of integrated sig-
nal (black) to background (red) is 66:1.

The detector geometry input into the simulation is as de-
scribed in the previous section. The detector is assumed
to be on the surface and is surrounded by air only. Neu-
trino events are distributed over a 5 m x 5 m x 140 m box
that fully contains the 120 m long, 3 m diameter cylin-
drical detector. The distribution of events in the box is
weighted to take into account the 1/R2 dependence of
the flux along with the density of the various materials
in the simulation. The small divergence in the neutrino
direction is also considered. The RAT package includes
a model for scintillator physics that derives from models
previously employed by other liquid scintillator experi-
ments such as KamLAND. The processes that are con-
sidered include scintillation, absorption, and reemission.
All three have wavelength dependence. The reflectivity
of surfaces in the detector is simulated using the models
built into Geant4.

Signal window
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K+ ! µ+⌫µ
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Example of design 

• Target volume is Gd-loaded liquid scintillator 

•  Phase 0: 17 tons w/ 193 8’’ PMTs 

• Future phase: multi-detector (34 tons) 

• Energy resolution ~15%/sqrt(E in MeV)

⌫µ ! ⌫e, ⌫e + p ! e+ + n

prompt signal delayed signal  
(n-capture)

Detector and Detection Principle (reminder) 

3 

Target volume => Gd-loaded LS 
(25tons x 2 detector ~ total 50tons) 
 
 

Delayed Coincidence (IBD) 

Detector 

Identify ν with detecting 
 e+ and γs from n capture on Gd. 
=>Can reduce accidental BKG 
    (Gd~8MeV γs, capture time ~ 30 μs). 

νμ => 
oscillation 

150 10” PMTs/detector 
E resolution ~ 15%/√MeV 

Selection criteria for IBD  

Time from beam Energy 

Prompt signal 1<Tp<10μs 20<E<60MeV 

Delayed signal Tp<Td<100μs 7<E<12MeV 

Prompt signal 

Delayed signal 

neutron 

proton 

positrons Anti 
neutrinos 

Gd 

gamma 

gamma 

gamma 

electrons 

IBD Signal in the detector 

JSNS2 detection principle
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JSNS2 sensitivity (3y , 1 MW, 17 tons) 

Case Δm2 = 2.5eV2, sin22𝜃 = 0.003 

Case Δm2 = 1.2eV2, sin22𝜃 = 0.003 

Expected spectrum 

21 (3 years of running)

⌫µ ! ⌫e ?

JSNS
2
 is highly sensitive to 

the smoking gun signature of 
oscillations: a wiggle in L/E

(dominant background: intrinsic nuebar)
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can provide directional, calorimetric, and particle iden-
tification information for reconstructing the events. The
muon is identified by requiring a delayed coincidence with
a characteristic decay electron and can also be distin-
guished with a Cerenkov signal since nearly 90% of mo-
noenergetic events produce a muon above the 36 MeV
kinetic energy threshold [in the commonly-used linear
alkyl-benzene based LS]. Stopping µ� are captured 8%
of the time on carbon in the LSND detector [35]. A
veto, in combination with beam timing, can render the
steady state background, mainly coming from cosmic ray
muon decay in the detector, negligible. Notably, the
JPARC-MLF source features an extremely tight beam
window with two 80 ns wide pulses of protons 540 ns
apart at 25 Hz, resulting in a steady state rejection fac-
tor of 4⇥10�6. It is also expected that the JPARC-MLF
LS detector will feature faster electronics than LSND,
although it is di�cult to estimate the achievable muon
momentum and angular resolutions until the detector pa-
rameters, such as photo-coverage and time resolution, are
finalized. For reference, LSND’s 25% photo-coverage re-
sulted in a muon directional reconstruction resolution of
about 12� for muons above threshold and an energy res-
olution of better than 10% at Tµ = 100 MeV [35, 36].

In a best case scenario, the contributions of
the scintillation- and (usually) Cerenkov-ring-producing
muon and scintillation-only proton (or protons, since FSI
and correlations can result in multiple ejected nucleons),
can be separated in LS for a more precise measurement
of the di↵erential cross sections, especially in terms of
reconstructing the momentum of the muon. In practice,
however, this is di�cult and will likely require success-
fully modeling the light production of both the outgoing
proton(s) and nuclear de-excitation gammas.

In a LArTPC, the charged particles created in a neu-
trino interaction, the reconstruction of which is required
in order to infer the energy and flavor of the neutrino
itself, propagate through the liquid argon medium and
create trails of ionization along their paths. An elec-
tric field is imposed in the liquid argon volume and the
trails are drifted through the noble liquid toward a set
of sensing electrodes. The signals in time captured by
the electrodes, usually in the form of a set of wire planes
oriented at an angle with respect to one another, pro-
vide a complete three-dimensional image of the neutrino
event. Calorimetric information is available as the ioniza-
tion collected by the electrodes is related to the amount of
energy deposited along the charged particle tracks. Scin-
tillation light (128 nm) is also produced readily as the
charged particles ionize atoms; argon’s high scintillation
yield is useful for detecting this aspect of the interac-
tion as well, although a wavelength shifter is required in
conjunction with photomultiplier tubes to shift the light
into the visible spectrum and detect it. With sensitiv-
ity to de-excitation gammas, neutrons, protons down to
the few-tens-of-MeV level, and precise calorimetric re-

construction abilities, LArTPC technology is attractive
for detecting and characterizing 236 MeV ⌫µ CC events.
Table I shows the expected number of monoenergetic

⌫µ CC events in both MicroBooNE and the LS detec-
tor at the JPARC-MLF. The MicroBooNE event rate
estimate assumes two years of running NuMI in neu-
trino mode at 700 kW (6 ⇥ 1020 POT/year), consis-
tent with the Fermilab roadmap. Interestingly, NuMI
neutrino mode and antineutrino mode each provide a
similar flux of monoenergetic neutrinos. The JPARC-
MLF event rate estimate assumes four years of running
with a 1 MW beam and 4000 hours/year of operation,
or 3 ⇥ 1022 POT/year, consistent with Ref. [34]. The
neutrino flux at each location has been determined us-
ing GEANT4 [37] (and FLUKA [38] also, in the case
of NuMI) simulations of the sources, noting that kaon
production is highly uncertain at both locations. As an
example, the kaon-induced monoenergetic ⌫µ production
at the 3 GeV JPARC-MLF source is 0.0035 ⌫µ/proton
with GEANT4 but is found to be about 75% higher with
the LAQGSM/MARS (MARS15) software package [39].
The GEANT4 results are used here in order to be con-
servative. The event rate estimates also assume a ⌫µ
CC cross section of 1.3 ⇥ 10�39 cm2/neutron, consis-
tent with the NuWro neutrino event generator for in-
teractions on both carbon and argon at 236 MeV [9] and
the theoretical predictions [40]. The expected neutrino
flux from the JPARC-MLF source in all directions, with-
out regarding potential detector location, in the energy
range 100-300 MeV can be seen in Fig. 1. The 236 MeV
⌫µ and three-body kaon decay “K+

e3” (K+ ! ⇡0e+⌫e,
BR=5.1%) ⌫e distributions are obviously quite promi-
nent.
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FIG. 1. The neutrino flux from 100-300 MeV provided by the
3 GeV proton-on-mercury JPARC-MLF source. The 236 MeV
charged kaon decay-at-rest daughter ⌫µ is easily seen.

The NuWro neutrino event generator has been used
here in order to simulate 236 MeV ⌫µ CC interactions on
carbon and argon. The simulation provides an idea of

Neutrino flux (over 4π) at JPARC-MLF

JSNS2 physics: KDAR
15

236 MeV ⌫µ from K+ ! µ+⌫µ (BR=63.6%) decay at rest
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FIG. 1. The neutrino flux from 100-300 MeV provided by the
3 GeV proton-on-mercury JPARC-MLF source. The 236 MeV
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The NuWro neutrino event generator has been used
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Neutrino flux (over 4π) at JPARC-MLF

• Use this neutrino as a probe of the nucleus 
and as a standard candle for xsec and 
energy reconstruction near 236 MeV. 

✦For the first time ever:
• 1. probe the nucleus with a known-

energy, weak-interaction-only particle. 
• 2. measure ω (energy transfer) with 

neutrinos as a test of the underlying 
nuclear model.

236 MeV ⌫µ from K+ ! µ+⌫µ (BR=63.6%) decay at rest

Event rate expectation

16

5

Detector (source) Target (mass) Exposure Distance from source 236 MeV ⌫µ CC events
JSNS2 (JPARC-MLF) Gd-LS (17 ton) 1.125⇥ 1023 POT (3 years) 24 m 30-60k

TABLE I. The expected monoenergetic ⌫µ CC event rate at two experimental locations along with the beam exposure and
detector assumptions.

what can be expected from these neutrinos, although the
employed impulse approximation is known to simulate
neutrinos, especially ⌫µ, poorly at these relatively low
energies. NuWro is used because it contains a spectral-
function-based simulation for both nuclei [41]. The re-
sults of the neutrino-on-carbon simulation are shown in
Fig. 2. The kinetic energy of the muon is seen along
with a Gaussian smeared energy, given an arbitrary 10%
detection resolution. Also, the post-FSI reconstructed
neutrino energy E⌫ (=Eµ +

Pn
i Ti,proton + Sp, where n

is the number of protons and Sp = 16 MeV is the proton
separation energy for 12C) with a perfect detector, af-
ter considering neutron and de-excitation gammas non-
reconstructable, is shown. The separation energy for a
single proton only is used for simplicity. The apparent
bimodal shape of the distribution is due to the shell struc-
ture of the nucleus and the energy levels of the neutron
within the spectral function implementation. The recon-
structed energy with a perfect muon-only detector Ẽ⌫ ,
given the usual two-body kinematics CCQE formula, as-
suming target nucleon at rest and a binding energy of
34 MeV, is also shown for reference. The shape of the
expected 236 MeV ⌫µ CC event rate distribution in muon
angle and kinetic energy, as simulated with NuWro, is
shown in Fig. 3.
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FIG. 2. The NuWro simulation results of 236 MeV ⌫µ (from
K+ ! µ+⌫µ) CC interactions on carbon. The kinetic en-
ergy of the outgoing muon, given a set of detector resolution
assumptions, is shown. The reconstructed neutrino energy
available with a perfect detector is also visible, noting that
de-excitation gammas and neutrons are considered missing
energy here. The reconstructed neutrino energy with perfect
muon-only tracking is also shown for reference.
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FIG. 3. The kinematics of the muon from 236 MeV ⌫µ CC
interactions on carbon according to NuWro. The z-axis units
are arbitrary.

The main requirement for a valuable monoenergetic
⌫µ cross section measurement is that the signal inter-
action is properly identified as such. This determina-
tion relies on the ability to precisely reconstruct the en-
ergy of the neutrino, with the actual energy resolution
needed depending on the background non-monoenergetic
⌫µ flux in the energy region of interest. In the case of
the JPARC-MLF source, for example, the monoenergetic
cross-section-weighted flux, without regard for detector
location, will be a factor of ⇠30 times higher than the
integrated background in an arbitrary true energy win-
dow of 80 MeV around 236 MeV. The actual signal-to-
background at the detector location will likely be signif-
icantly higher than this, given the tentative backward
orientation of the detector relative to the primary proton
beam direction, according to Ref. [34], and resulting de-
crease in the decay-in-flight component at the detector.
For example, the ratio increases to ⇠180 in the case that
only neutrinos with cos ✓z < 0 (where +z is the primary
proton direction) are considered. Regardless, if a ⌫µ CC
event is identified from this source, with even modest
energy resolution, one can be fairly confident that it is
monoenergetic.
The favorable signal-to-background ratio at the

JPARC-MLF may a↵ord the ability to perform these
cross section measurements with a water Cerenkov de-
tector, capable of providing lepton-only kinematic recon-
struction, for a cross section measurement directly appli-
cable to the Super-K and Hyper-K detectors [42] within
the T2K long-baseline program, and water-based devices

JSNS2 physics: KDAR



• J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron 
Source (JSNS2;17 tons of Gd-doped liquid scintillator in Phase-0)  

• Excellent sensitivity to a sterile neutrino above 2 eV2. 

• Expect ~50k monoenergetic numu (KDAR) events at 236 MeV. 

• First data in late-2018.

17

MLF 3rd floor @JPARC 
(JSNS2 will sit here)

Conclusion



Backup
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Complementarity to SBN (and others)
• JSNS2 has completely different systematics, energy, 

background, reconstruction issues, etc. compared to SBN, 
reactor, and source experiments. 

• The current situation at high-Δm2 clearly calls for multiple 
probes (neutrinos, antineutrinos, appearance, 
disappearance).  

• JSNS2 represents a direct test of LSND.  

• JSNS2 will use anti-neutrinos. A 3+1 sterile neutrino model is 
CP-invariant—but nature might not be. 

• Similar timeline—healthy competition!
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Signal and background

Fast Neutrons from Cosmic Rays 

Concrete, Iron, etc 

Gd loaded LS 

Cosmic ray muons 

p 

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

thermalized Gd 

Capture  
gammas 

• If recoil protons enter the time window after the 1-10µs, these events  
    can be the correlated background.    

n n 

⌫µ ! ⌫e, ⌫e + p ! e+ + n

prompt signal delayed signal  
(n-capture)

Signal

Background
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How to mitigate background? 
(separating prompt IBD signal e+ and background n-induced proton)

Cherenkov or/and PSD 
• Left；with small 

amount of 
scintillation light, 
Cherenkov light can 
be seen with timing. 

15 

• Right: Pulse Shape 
Discrimination between 
positron (IBD signal) and 
neutron-proton recoil BKG. 

• PSD variable Æ tailQ/totalQ  

Cherenkov or/and PSD 
• Left；with small 

amount of 
scintillation light, 
Cherenkov light can 
be seen with timing. 

15 

• Right: Pulse Shape 
Discrimination between 
positron (IBD signal) and 
neutron-proton recoil BKG. 

• PSD variable Æ tailQ/totalQ  

Cherenkov or/and PSD 
• Left；with small 

amount of 
scintillation light, 
Cherenkov light can 
be seen with timing. 

15 

• Right: Pulse Shape 
Discrimination between 
positron (IBD signal) and 
neutron-proton recoil BKG. 

• PSD variable Æ tailQ/totalQ  

Cerenkov light PSD

(50 MeV positron sim; dilution factor of 10->1600 photons/MeV)

TailQ/TotalQ
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JSNS2 will use PSD to 
mitigate fast neutrons 

Tail Q / Total Q
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

N
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Gammas

Neutrons

LAB+3g/l ppo+bis-msb 
(tabletop, Cf252 measurement)

For factor of 100 neutron rejection, 
73% efficient. 
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Expected PSD capability in JSNS2

• How to estimate
– Using test-beam and radio-

active source data of vial LS, 
liquid scintillator parameters 
were tuned.

– This parameters are used for the 
simulation to extrapolate from 
vial to JSNS2 detector.

– Plot: TailQ/totalQ.
• Red; signal neutrino events (IBD)
• Blue: fast neutron events induced 

by cosmic rays.

Rejection factor of 100 is achieved for 
fast neutron events induced by cosmic.
While, more than 99% of detection eff.
is also achieved for signal neutrino events. 

LAB+3g/l ppo+bis-msb 
(full-size detector expectation)

For factor of 100 neutron rejection, 
99% efficient. 



LSND JSNS2 Advantage of JSNS2?

Detector mass 167 ton  
(liquid scintillator)

17 ton in Phase-0 
(liquid scintillator) -

Baseline 30 m 24 m -

Beam kinetic energy 0.8 GeV 3 GeV Higher energy enables KDAR 
measurements

Beam power 0.056 MW 1.0 MW (eventually) Higher

Beam pulse 600 μs,120Hz 80 ns (x2), 25 Hz A factor of 300 less steady 
state background for IBD

Capture nucleus H (2.2 MeV) Gd (~8 MeV) Higher S:N and a factor of 6 
shorter neutron capture time

LSND and JSNS2 comparison
23



Energy distribution of events (L=17m) 

(MeV) (MeV) 

(MeV) (MeV) 

Signal  
Qe from P- 

'm2=0.5eV2  'm2=2.5eV2  

'm2=3.5eV2   'm2=5.5eV2   

 
• Energy is smeared by 15%/sqrt(E)  (detector E resolution) 

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

(plots are norm
alized by area) 

νe̅ intrinsic background shape
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Result of the RCS 1-MW trial

8.32 x 1013 : 999 kW-eq

7.24 x 1013 : 869 kW-eq

6.17 x 1013 : 741 kW-eq

7.71 x 1013 : 926 kW-eq

6.70 x 1013 : 804 kW-eq

5.66 x 1013 : 679 kW-eq

2014/12/27

2014年12月27日午前7時31分
１バンチ当たりの粒子数：8.32ｘ1013

（～1MW)
ビーム加速成功！

x 1013

1 MW (design goal) 
demonstrated at JPARC-MLF!

25

Please note: 
this was a short test! 

RCS/MLF is now slowly increasing the 
beam power from 300 kW (current) to 

maybe ~500 kW in this JFY.



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  

– 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 compensate dead space of inner 

vetos. 

– 1m x 1m or 1m x 2.3m, 1cm (t) 

scintillators are used. 
~3.5m 

~1.5m 

~1.0m 

• Direct measurements have been made w/ 500 kg 
of plastic scintillator and smaller ~10 kg detectors 
with various levels of shielding and at various 
positions relative to the source. 

• Beam fast neutrons 

• Accidentals 

• Prompt; gammas or neutrons from cosmics. 

• Delayed; gammas or neutrons from beam.

Is background at MLF ok?
26

Detector and Detection Principle (reminder) 

3 

Target volume => Gd-loaded LS 
(25tons x 2 detector ~ total 50tons) 
 
 

Delayed Coincidence (IBD) 

Detector 

Identify ν with detecting 
 e+ and γs from n capture on Gd. 
=>Can reduce accidental BKG 
    (Gd~8MeV γs, capture time ~ several tens μs). 

IBD Signal in the detector 

νμ => 
oscillation 

150 10” PMTs/detector 
E resolution ~ 15%/√MeV 

Selection criteria for IBD  
Time from beam Energy 

Prompt signal 1<T<10μs 20<E<60MeV 

Delayed signal T<100μs 6<E<12MeV 

Goal of this BKG Measurements 
• Direct measurements by a 500kg plastic scintillator 

and 10kg level small detectors  
– Beam fast neutrons (n+p (or C) -> X+π; π-> µ -> e). This 

was observed at BL13 (1st floor of MLF) 

– For accidental background estimation; 
• Prompt;  Gammas or Neutrons induced by cosmic rays 

• Delayed;  Gammas and neutrons induced by beam 

• Measured BKG rate Æ  detectors of P56 
experiment (25tons detector x 2) using MC. 

 

• Estimate whether we can perform the experiment 
 

JSNS2 Collaboration, arXiv:1502.02255
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Figure 4: Correlation between energy and timing of the events observed at Point 2.
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Delayed2;'beam'n'
p'bunch'

• TopOright;'E'vs'T'by'500kg.'Orange'region'is'
used'to'estimate'the'neutron'flux'from'Hg.''

• This'onObunch'neutron'is'thermalized'and'
captured'by'Gd'in'the'25'ton'detector.'�'
makes'delayed'BKG.''0.016/spill/MW/25t'

• OnObunch'neutron'hit'and'delayed'captured'
gamma'has'a'strong'spatial'correlation.''
(bottomOright;'red'distance'distribution)'''

• This'correlation'is'useful'to'eliminate'the'
delayed'BKG.'(no'correlation'events'such'as'
neutrino'has'random'phase'space'(blue))'

• Energy'loss'in'the'buffer'region'on'the'
proton'bunch'timing'also'helps'to'identify'
the'onObunch'neutrons.''

• Using'cuts'above;''
• Remained'delayed'n'rate;''

0.0004/spill/MW/25ton� '

• Inefficiency'for'neutrinos;''3.9%'

'
'

neutrons'
(10<Tn<200'
MeV)'on0bunch'

�'

thermalized'

p'

97.4%'

11%'

Is background at MLF ok?
Detector and Detection Principle (reminder) 

3 

Target volume => Gd-loaded LS 
(25tons x 2 detector ~ total 50tons) 
 
 

Delayed Coincidence (IBD) 

Detector 

Identify ν with detecting 
 e+ and γs from n capture on Gd. 
=>Can reduce accidental BKG 
    (Gd~8MeV γs, capture time ~ several tens μs). 

IBD Signal in the detector 

νμ => 
oscillation 

150 10” PMTs/detector 
E resolution ~ 15%/√MeV 

Selection criteria for IBD  
Time from beam Energy 

Prompt signal 1<T<10μs 20<E<60MeV 

Delayed signal T<100μs 6<E<12MeV 

• Fast neutron background is OK 
for IBD at 24 m baseline. 

• Some additional lead shielding 
is required for accidental 
gammas.

JSNS2 Collaboration, arXiv:1502.02255



David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	 14	

SBN νµ à νe Oscillation Sensitivity 

5σ

SBND	

D. Schmitz, Neutrino 2016 talk

SBN sensitivity (for comparison)
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3 years of running, 
including shutdowns, etc.


