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Abstract:
The J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron Source (JSNS2) experiment is

searching for neutrino oscillations with ∆m2∼ 1 eV2 from ν̄µ to ν̄e, detected via the inverse beta decay (IBD)
reaction (ν̄e + p→ e++n) and tagged via gammas from neutron capture on Gadolinium. A 3 GeV 610 kW
(with 1 MW upgrade expected soon) proton beam incident on a mercury target at the Materials and Life
Science Experimental Facility at J-PARC produces an intense neutrino flux from muon decay at rest (µ+→
e++ ν̄µ + νe). The first of two planned and funded liquid scintillator detectors has been completed and is
located at a distance of 24 m from the neutrino source. An initial data taking run took place in Summer 2020
with the 50 ton detector, and the results are currently being analyzed.



The JSNS2 Experiment
There are a number of significant indications of neutrino oscillations at short-baseline1–5 which may

point to the existence of one or more sterile neutrinos. Unfortunately, however, the experimental situation is
complicated with the apparent observation of both muon-flavor to electron-flavor transitions and electron-
flavor disappearance at ∆m2 ∼ 1 eV2 , but no muon-flavor disappearance at this frequency; Muon-flavor
disappearance is required in any scenario involving one or more sterile neutrinos, and the simplest “3+1”
model is effectively ruled out6. A number of other explanations for some subsets of the results do exist, but
there is likely one or more experiments with an unknown issue.

In any case, it is clear that the neutrino community needs to understand these possible indications of new
physics. In much the same way that the atmospheric and solar neutrino anomalies were pursued in earnest
(and with enormous reward), short-baseline mixing should be studied with similar fervor. Such a dedicated
effort involves probing this possible novel neutrino behavior with multiple baselines, energies, L/E, neutrino
flavors, and with both neutrinos and antineutrinos. The global neutrino community has responded to this
call, with a set of sensitive experiments relying on both accelerator decay-in-flight (νµ→ νe and νµ→ νµ;
see, e.g., Ref.7) and reactors (ν̄e→ ν̄e; see, e.g., Refs.8–10), with more planned (see, e.g., Ref.11).

The J-PARC Sterile Neutrino Search at the J-PARC Spallation Neutron Source (JSNS2) experiment
is unique among these in searching for short-baseline mixing with a well-understood muon decay-at-rest
antineutrino source coming from the eventually 1 MW (currently 610 kW) spallation source at J-PARC and
a 50 ton (17 ton fiducial volume) liquid scintillator detector with Gd-doping. A picture of the inside of
the first detector is shown in Figure 1. For additional details about the experiment, see Ref.12. JSNS2 can
be considered both highly complementary to the other short-baseline probes and powerful by itself, with
the ability to trace the oscillation wave across a large swath of L/E values. Importantly as well, JSNS2

represents the only planned direct test of the 3.8σ LSND antineutrino (ν̄µ→ ν̄e) anomaly1.

Noting that a second JSNS2 detector is now funded, with the optimal mass and baseline for this new
detector currently under study, the one-existing-detector sensitivity from the JSNS2 TDR12 is shown in
Figure 2. Figure 3 shows a number of one-detector data collection examples from some characteristic
mixing scenarios. In addition to the sensitive oscillation search, JSNS2 will also produce a set of im-
pactful measurements using monoenergetic 236 MeV kaon decay-at-rest (KDAR) neutrinos and study 10s-
of-MeV-scale neutrino cross sections relevant for our understanding of supernovae and nuclear physics12.

Detector construction (2017-2020)
� The detector construction was 

finished 2020-Feb.
� Stainless steel tank was produced by 

Japanese company (2017-2018: 
Morimatsu)

� Acrylic tank was produced by Taiwan 
company (2018-2019: Nakano).

� 10” PMTs : 
� ~53% is reused from RENO.
� ~30% is newly purchased.
� ~17% is reused from Double-Chooz.

� 35 ton of pure liquid scintillator was 
produced by Korean collaborators at 
RENO site (2018)

� 17 tons Gd loaded liquid scintillator 
was donated by Daya-Bay (2019).

� Electronics and DAQ system: 
� FADCs are donated by DC – Japan.   
� Front End Elec. are donated by DC.
� HV are reused from DC.
� Elec. upgrade will be done (See backup)

� New Fast LED calibration system
Very efficient experiment using reused or 
donated materials from various experiments.
We do appreciate Daya-Bay, RENO and DC.
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Figure 1: A picture of the JSNS2 detector.



5.3 Sensitivity for ⌫̄µ ! ⌫̄e oscillation

Figure 73 shows the 90% C.L sensitivities with this condition.
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Figure 73: Sensitivity of the JSNS2 experiment with the latest configuration (1 MW ⇥ 3
years ⇥ 1 detector). The red line shows the 90% C.L.. The exclusion line of the OPERA
experiment is also shown [66]. The region to the right of the line is excluded with 90%
confidence.

We expect to have the preliminary result in 2021 because our background and energy
reconstruction uncertainty is small using the DAR neutrino flux and IBD signal. The
calibration scheme is relatively straight-forward (with only 200 PMTs). Compared to the
world experiments, especially, the SBN program, it is possible to have competitive results
from JSNS2.

6 Summary

The JSNS2 experiment can provide timely, competitive results in the sterile neutrino
search via the ⌫̄µ ! ⌫̄e mode by utilizing the best existing facility (the J-PARC MLF)
and established detector techniques. JSNS2 is a direct test of LSND and can have a large
impact on our current picture of neutrino physics. JSNS2 can also provide measurements
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Figure 2: The one-detector sensitivity of JSNS2 to oscillations in a 3+1 scenario after 3 years of running
(5000 hours/year at 1 MW). This plot is from Ref.12.
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Figure 71: Energy spectra of ⌫̄e from µ� (red),12C(⌫e, e
�)N (blue), accidentals (pink),

and the oscillated signal with (�m2, sin2 2✓) = (2.5, 0.003) (brown shaded; best �m2 for
the MLF experiment) are shown. Black points with error bars correspond to the sum of
the all components. All spectra of the neutrino signals and all backgrounds except for
the beam neutrons include the e↵ect of the energy resolution shown in Fig.63.

the target, and three years of operation with 5000 hours of exposure each year is achieved.
The signal detection e�ciency is assumed to be 38% in Table 13. The number of events in
each energy bin is statistically small, therefore we use maximum likelihood instead of the
usual minimum �2 method. The fitter estimates the oscillation parameters by varying
the size and shape of the brown histogram to best reproduce the energy distribution of
the black points.

For this analysis, the following equation is used to compute the likelihoods:

L = ⇧iP (Nexp|Nobs)i (3)

P (Nexp|Nobs) =
e�Nexp · (Nexp)

Nobs

Nobs!
(4)

where, i corresponds to i-th energy bin, Nexp is expected number of events in i-th bin,
Nobs is number of observed events in i-th bin. i starts from 20 MeV and ends at 60
MeV because the energy cut above 20 MeV is applied for the primary signal as explained

before. Note that Nexp = Nsig(�m2, sin2 2✓) +
X

Nbkg, and Nsig(�m2, sin2 2✓) is cal-

culated using the two flavor neutrino oscillation equation shown before, P (⌫̄µ ! ⌫̄e) =

sin2 2✓ sin2(1.27·�m2(eV 2)·L(m)
E⌫(MeV )

).

The maximum likelihood point gives the best fit parameters, and 2�lnL provides the
uncertainty of the fit parameters. As shown in the PDG [28], we have to use the 2�lnL
for 2 parameter fits to determine the uncertainties from the fit.
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Figure 72: Energy spectra of ⌫̄e from µ� (red),12C(⌫e, e
�)N (blue), accidentals (pink),

and the oscillated signal with (�m2, sin2 2✓) = (1.2, 0.003) (brown shaded; LSND best
�m2 for the MLF experiment) are shown.

5.2 Systematic uncertainties

Equation 3 takes only statistical uncertainty into account, therefore the systematic
uncertainties should be incorporated in the likelihood. Fortunately, the energy spec-
trum of the oscillated signal and background components are well known, thus the error
(covariance) matrix of energy is not needed. In this case, uncertainties on the overall
normalization of each component have to be taken into account, and this assumption is
a good approximation at this stage.

In order to incorporate the systematic uncertainties, constraint terms should be added
to Equation 3 and the equation is changed as follows:

L = [⇧iP (N
0
exp|Nobs)i] ⇥ e

� (1�f1)2

2��2
1 ⇥ e

� (1�f2)2

2��2
2 (5)

where fj are nuisance parameters to give the constraint term on the overall normalization
factors. N

0
exp = f1 · Nsig(�m2, sin2 2✓) + f2 · Nbkg. ��i gives the uncertainties on the

normalization factors of each component.
In this TDR, the profiling fitting method is used to treat the systematic uncertainties.

This method is widely known as the correct fitting method. The profiling method fits all
nuisance parameters as well as oscillation parameters.

As mentioned above, the flux of the ⌫̄e from µ� decays around the mercury target has
very poor constraints from external information. For this situation, the uncertainty of this
background component is set to be 50% and the uncertainty of number of 12C(⌫e, e

�)N
events is set to be 10%. We neglect the contributions from the beam and the cosmic-
induced neutrons in this study.
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Figure 3: Two example oscillation ν̄µ → ν̄e scenarios in one-detector JSNS2 after 3 years of running
(5000 hours/year at 1 MW). (Left) A 3+1 mixing scenario with ∆m2 = 2.5 eV2 and sin2 2θ = 0.003. (Right)
A 3+1 mixing scenario with ∆m2 = 1.2 eV2 and sin2 2θ = 0.003. These plots are from Ref.12.
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