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▸ Decay-at-rest 
(DAR) neutrino 
sources can be 
organized into four 
types based on 
parent meson or 
isotope 

▸ Have several useful 
characteristics
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interaction oscillation measurement with a common de-
tector and multiple baselines. The main technical issue
in the two-target cyclotron design is maintaining a good
vacuum in the two-prong extraction line. The beam will
be “painted” across the face of each target in order to
prevent hot spots in the graphite, an e↵ect which will
dominate the ±25 cm uncertainty on the experimental L
from each neutrino source. The targets will be arranged
in a row enveloped within a single iron shield, with the
detector located 20 m downstream of the near target and
40 m downstream of the far target. This configuration
has been found to provide the best overall sensitivity to
the LSND allowed region.

The analysis below exploits the L dependence of neu-
trino oscillations. Therefore, the flux of protons on each
target must be well understood in time; standard proton
beam monitors allow a 0.5% measurement precision. The
absolute neutrino flux is less important, as sensitivity to
the oscillation signal depends on relative detected rates
at the various distances. The systematic uncertainty as-
sociated with the flux normalization is 10% if there is no
large water or oil detector available and 1.1% if such a
detector does exist [36]. A high statistics ⌫-electron scat-
tering measurement at a large water detector provides a
precise determination of the flux normalization.

IV. DETECTING COHERENT NEUTRINO
SCATTERING

Coherent neutrino-nucleus scattering, in which an in-
coming neutrino scatters o↵ an entire nucleus via neu-
tral current Z exchange [41], has never been observed
despite its well predicted and comparatively large stan-
dard model cross section. The coherent scattering cross
section is
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where GF is the Fermi constant; QW is the weak charge
[QW = N � (1 � 4 sin2✓W )Z, with N , Z, and ✓W as
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FIG. 1: Energy distribution of neutrinos from a DAR source.

the number of neutrons, number of protons, and weak
mixing angle, respectively]; M is the nuclear target mass;
T is the nuclear recoil energy; and E⌫ is the incoming
neutrino energy. The ⇠5% cross section uncertainty, the
actual value depending on the particular nuclear target
employed, is dominated by the form factor [42].
Coherent neutrino scattering is relevant for the under-

standing of type II supernova evolution and the future de-
scription of terrestrial supernova neutrino spectra. Mea-
suring the cross section of the process also provides sensi-
tivity to non-standard neutrino interactions (NSI) and a
sin2 ✓W measurement at low Q [31]. Cross section mea-
surements as a function of energy on multiple nuclear
targets can allow the cross section dependence on NSI
and ✓W to be isolated and understood. As demonstrated
here, neutrino oscillations can also be cleanly probed us-
ing coherent scattering.
The di�culty of coherent neutrino scattering detection

arises from the extremely low energy of the nuclear recoil
signature. For example, a 20 MeV neutrino produces a
maximum recoil energy of about 21 keV when scattering
on argon. Both a CDMS-style germanium detector [34]
and a single phase liquid argon detector, such as the one
proposed for the CLEAR experiment [33], are consid-
ered in this paper for detecting these low energy events.
Other dark matter style detector technologies, especially
those with ultra-low energy thresholds, can be e↵ective
for studying coherent neutrino scattering as well.

A. Experimental Setup

The envisioned experimental setup is consistent with
the current DAE�ALUS accelerator proposal and follows
a realistic detector design. A single DAE�ALUS cy-
clotron will produce 4⇥ 1022 ⌫/flavor/year running with
a duty cycle between 13% and 20% [37, 39]. A duty cy-
cle of 13% and a physics run exposure of five total years
are assumed here. With baselines of 20 m and 40 m,
the beam time exposure distribution at the two baselines
is optimal in a 1 : 4 ratio: one cycle to near (20 m),
four cycles to far (40 m). Instantaneous cycling between
targets is important for target cooling and removes sys-
tematics between near and far baselines associated with
detector changes over time. The accelerator and detector
location is envisioned inside an adit leading into a sharp
300 ft rise at the Sanford Research Facility at Homes-
take, in South Dakota. The neutrino flux normalization
uncertainty at each baseline is conservatively expected
at 1.5%. We assume the flux has been constrained to
this level by an independent measurement of ⌫-electron
scattering with a large water-based Cerenkov detector
also assumed to be in operation at Sanford Labs. The
1.5% uncertainty estimate takes into consideration the
theoretical uncertainty in the ⌫-electron scattering cross
section and the statistics achievable with a large water
detector. The flux normalization correlation coe�cient
between the near and far baselines is conservatively set
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▸ Energy spectrum and 
flavor ratios are from 
the Standard Model 

▸ Energies are low and 
over a fairly narrow 
range — even mono-
energetic species 

▸ At these energies, nue-
bar interact via Inverse 
Beta decay (IBD), 
whose xsec uncertainty 
is small (<1%)
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▸ Several ways to make DAR sources 

▸ Spallation neutron sources 

▸ DAR neutrinos from beam targets and/or 
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OPPORTUNITIES WITH DECAY-AT-REST (DAR) SOURCES
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▸ In this talk, I’ll review current, planned, and proposed 
experiments using decay-at-rest neutrinos 

▸ Cover roughly one experiment from each type of 
DAR source 

▸ Demonstrate the range of physics that can be done

IsoDAR!DAR "DAR KDAR
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!DAR/"DAR: Coherent Neutrino-Nucleus Elastic Scattering
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interaction oscillation measurement with a common de-
tector and multiple baselines. The main technical issue
in the two-target cyclotron design is maintaining a good
vacuum in the two-prong extraction line. The beam will
be “painted” across the face of each target in order to
prevent hot spots in the graphite, an e↵ect which will
dominate the ±25 cm uncertainty on the experimental L
from each neutrino source. The targets will be arranged
in a row enveloped within a single iron shield, with the
detector located 20 m downstream of the near target and
40 m downstream of the far target. This configuration
has been found to provide the best overall sensitivity to
the LSND allowed region.

The analysis below exploits the L dependence of neu-
trino oscillations. Therefore, the flux of protons on each
target must be well understood in time; standard proton
beam monitors allow a 0.5% measurement precision. The
absolute neutrino flux is less important, as sensitivity to
the oscillation signal depends on relative detected rates
at the various distances. The systematic uncertainty as-
sociated with the flux normalization is 10% if there is no
large water or oil detector available and 1.1% if such a
detector does exist [36]. A high statistics ⌫-electron scat-
tering measurement at a large water detector provides a
precise determination of the flux normalization.

IV. DETECTING COHERENT NEUTRINO
SCATTERING

Coherent neutrino-nucleus scattering, in which an in-
coming neutrino scatters o↵ an entire nucleus via neu-
tral current Z exchange [41], has never been observed
despite its well predicted and comparatively large stan-
dard model cross section. The coherent scattering cross
section is
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FIG. 1: Energy distribution of neutrinos from a DAR source.

the number of neutrons, number of protons, and weak
mixing angle, respectively]; M is the nuclear target mass;
T is the nuclear recoil energy; and E⌫ is the incoming
neutrino energy. The ⇠5% cross section uncertainty, the
actual value depending on the particular nuclear target
employed, is dominated by the form factor [42].
Coherent neutrino scattering is relevant for the under-

standing of type II supernova evolution and the future de-
scription of terrestrial supernova neutrino spectra. Mea-
suring the cross section of the process also provides sensi-
tivity to non-standard neutrino interactions (NSI) and a
sin2 ✓W measurement at low Q [31]. Cross section mea-
surements as a function of energy on multiple nuclear
targets can allow the cross section dependence on NSI
and ✓W to be isolated and understood. As demonstrated
here, neutrino oscillations can also be cleanly probed us-
ing coherent scattering.
The di�culty of coherent neutrino scattering detection

arises from the extremely low energy of the nuclear recoil
signature. For example, a 20 MeV neutrino produces a
maximum recoil energy of about 21 keV when scattering
on argon. Both a CDMS-style germanium detector [34]
and a single phase liquid argon detector, such as the one
proposed for the CLEAR experiment [33], are consid-
ered in this paper for detecting these low energy events.
Other dark matter style detector technologies, especially
those with ultra-low energy thresholds, can be e↵ective
for studying coherent neutrino scattering as well.

A. Experimental Setup

The envisioned experimental setup is consistent with
the current DAE�ALUS accelerator proposal and follows
a realistic detector design. A single DAE�ALUS cy-
clotron will produce 4⇥ 1022 ⌫/flavor/year running with
a duty cycle between 13% and 20% [37, 39]. A duty cy-
cle of 13% and a physics run exposure of five total years
are assumed here. With baselines of 20 m and 40 m,
the beam time exposure distribution at the two baselines
is optimal in a 1 : 4 ratio: one cycle to near (20 m),
four cycles to far (40 m). Instantaneous cycling between
targets is important for target cooling and removes sys-
tematics between near and far baselines associated with
detector changes over time. The accelerator and detector
location is envisioned inside an adit leading into a sharp
300 ft rise at the Sanford Research Facility at Homes-
take, in South Dakota. The neutrino flux normalization
uncertainty at each baseline is conservatively expected
at 1.5%. We assume the flux has been constrained to
this level by an independent measurement of ⌫-electron
scattering with a large water-based Cerenkov detector
also assumed to be in operation at Sanford Labs. The
1.5% uncertainty estimate takes into consideration the
theoretical uncertainty in the ⌫-electron scattering cross
section and the statistics achievable with a large water
detector. The flux normalization correlation coe�cient
between the near and far baselines is conservatively set
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▸ Low energy neutrinos from 
!DAR/μDAR is expected to 
undergo coherent elastic 
neutrino-nucleus scattering 
(Cevens) 

▸Louis Stragari (Session 8) 
explained Cevens and the 
importance of measuring it 

▸COHERENT Experiment: multi-
detector measurement of Cevens 
at the Oak Ridge Spallation 
neutron source (1 MW, 1.4 GeV)
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▸Coherent consists of collection of 
detectors made of different 
elements 

▸capable of 10-100 keV recoil 
detection 

▸  different targets reduce 
systematic uncertainties and 
allow one to look at  dependence 
with number of nucleons

!DAR/"DAR: Coherent  

Siting for deployment in SNS basement
(measured neutron backgrounds low)

LAr
NaI

Ge CsI
NIN	
cubes

View
looking
down 
Neutrino
Alley

Nuclear
Target

Technology Mass
(kg)

Distance	
from	source
(m)

Recoil	
threshold	
(keVr)

Data-taking	start	
date;	CEvNS detection	
goal

CsI[Na] Scintillating
crystal

14	 20 6.5 9/2015;	3σ in	2	yr

Ge HPGe PPC 10 22 5 Fall	2016

LAr Single-phase 35	 29 4 Fall	2016

NaI Scintillating	
crystal

185*/
2000

22 13 *Summer 2016

• Measurements indicate SNS basement is neutron-quiet
• CsI installed July 2015
• Three more detectors to be deployed summer/fall 2016

Posters: 2.037, 2.038, 2.039, 3.002

Nuclear
Target

Technology Mass
(kg)

Distance	
from	source
(m)

Recoil	
threshold	
(keVr)

Data-taking	start	
date;	CEvNS detection	
goal

CsI[Na] Scintillating
crystal

14	 20 6.5 9/2015;	3σ in	2	yr

Ge HPGe PPC 10 22 5 Fall	2016

LAr Single-phase 35	 29 4 Fall	2016

NaI Scintillating	
crystal

185*/
2000

22 13 *Summer 2016

• Measurements indicate SNS basement is neutron-quiet
• CsI installed July 2015
• Three more detectors to be deployed summer/fall 2016

Posters: 2.037, 2.038, 2.039, 3.002

COHERENT collaboration @ SNS  

Two-phase LXe CsI 

HPGe PPC 

Three possible technologies under consideration 

arXiv:1310.0125 

@ Oak Ridge 
SNS

drawing of detectors in 
SNS basement/ N2



▸ !DAR/μDAR source also used 
for 
sterile osc. searches 

▸Get pure flux of          from 
muon decay, which happens 
after initial pion decay 

▸Minimal intrinsic         : 
negatively-charged mesons 
absorbed 

▸Source used by LSND, which 
will be tested by JSNS
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Figure 2: Left: The neutrino flux at the J-PARC MLF source. Right: The sensitivity
achievable by the JSNS2 experiment with a 5 MW·years exposure at 24 m baseline from the
neutrino source. This figure is from Ref. [2].

physics measurements [35–37]. The MLF source at J-PARC is the world’s most intense
source of these neutrinos, which are important mainly because they are the only relevant
known-energy muon neutrino above the charged current threshold. The neutrino flux distri-
bution from the MLF source is shown in Figure 2. The kaon decay-at-rest (“KDAR”) source,
easily seen in the flux plot, can be used to search for ⌫µ ! ⌫e appearance, provide a set of
standard candle cross section measurements using a monoenergetic neutrino, highly relevant
for future CP-violation measurements, and study nuclear structure for the first time using a
known-energy, weak-interaction-only probe. With a 5 MW·years exposure at 24 m baseline,
the 50 ton JSNS2 detectors can expect to collect between as many as 300,000 236 MeV ⌫µ
charged current events.

JSNS2 will feature a total of 300 10 inch PMTs surrounding the cylindrical inner detector
volumes. The main US contribution to the experiment will be the dilute Gd-loaded liquid
scintillator that makes up the target layer (see Figure 1). Employing doped scintillator
capable of producing detectable Cherenkov and scintillation light will represent a world-
first, and will thus be an important technological contribution and step for a variety of
sub-fields within particle physics, next-generation neutrino experiments, and beyond. There
are many aspects of the liquid scintillator development for JSNS2 to consider, well beyond
light yield and energy resolution. Separating the fast Cherenkov contribution from the slower
scintillation light is important for (e.g.) di↵erentiating signal IBD positrons, which are above
threshold, from cosmic- or beam-related neutron-induced protons, which are below threshold.
Given that the energy deposit behaviors of protons and positrons are di↵erent, there is also
a possibility of separating the two event classes via PSD. In preparing for JSNS2 scintillator
fabrication and deployment, the US groups will optimize and study the characteristics of
the liquid, including Cherenkov and scintillation light yields in time, attenuation lengths,
neutron capture properties, degradation and e↵ect on detector components, and PSD.

The JSNS2 physics goals and detector R&D contributions are maximally in line with the
three “medium and small-scale neutrino activities (that) need to be pursued”, as identified by
the Snowmass 2013 report [30], the WINP report [31], and the P5 report [32]: “resolution of
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Example of design 

⌫µ ! ⌫e, ⌫e + p ! e+ + n
Sterile neutrino search with: 

w/ timing selection, excellent purity, high energy resolution  

µ+ ! e+⌫e⌫µ ; ⌫µ ! ⌫e (osc.) ; IBD

25 Hz

4

 (GeV)νE
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

/M
eV

/P
O

T
ν

-910

-810

-710

-610

-510

-410

-310

-210
 totalµν

π from µν

µ from µν

 from Kµν

 totalµν

<-0.16zθ-0.25<cos

Global time (ns)
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Fl
ux

 (a
rb

itr
ar

y 
un

its
)

1

10

210

310

410

510

610

 totalν

π from ν

µ from ν

 from Kν

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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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.

• Target volume is Gd-loaded liquid scintillator 

• 25 tons x 2 detectors = 50 tons 

• detector location is 3rd floor of existing MLF 
(24 m baseline) JSNS2
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achievable by the JSNS2 experiment with a 5 MW·years exposure at 24 m baseline from the
neutrino source. This figure is from Ref. [2].

physics measurements [35–37]. The MLF source at J-PARC is the world’s most intense
source of these neutrinos, which are important mainly because they are the only relevant
known-energy muon neutrino above the charged current threshold. The neutrino flux distri-
bution from the MLF source is shown in Figure 2. The kaon decay-at-rest (“KDAR”) source,
easily seen in the flux plot, can be used to search for ⌫µ ! ⌫e appearance, provide a set of
standard candle cross section measurements using a monoenergetic neutrino, highly relevant
for future CP-violation measurements, and study nuclear structure for the first time using a
known-energy, weak-interaction-only probe. With a 5 MW·years exposure at 24 m baseline,
the 50 ton JSNS2 detectors can expect to collect between as many as 300,000 236 MeV ⌫µ
charged current events.

JSNS2 will feature a total of 300 10 inch PMTs surrounding the cylindrical inner detector
volumes. The main US contribution to the experiment will be the dilute Gd-loaded liquid
scintillator that makes up the target layer (see Figure 1). Employing doped scintillator
capable of producing detectable Cherenkov and scintillation light will represent a world-
first, and will thus be an important technological contribution and step for a variety of
sub-fields within particle physics, next-generation neutrino experiments, and beyond. There
are many aspects of the liquid scintillator development for JSNS2 to consider, well beyond
light yield and energy resolution. Separating the fast Cherenkov contribution from the slower
scintillation light is important for (e.g.) di↵erentiating signal IBD positrons, which are above
threshold, from cosmic- or beam-related neutron-induced protons, which are below threshold.
Given that the energy deposit behaviors of protons and positrons are di↵erent, there is also
a possibility of separating the two event classes via PSD. In preparing for JSNS2 scintillator
fabrication and deployment, the US groups will optimize and study the characteristics of
the liquid, including Cherenkov and scintillation light yields in time, attenuation lengths,
neutron capture properties, degradation and e↵ect on detector components, and PSD.
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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.

• Target volume is Gd-loaded liquid scintillator 

• 25 tons x 2 detectors = 50 tons 

• detector location is 3rd floor of existing MLF 
(24 m baseline)

▸ 2 25-ton Gd-loaded liquid 
scintillator detectors, located at 
the J-PARC MLF: 1 MW, 3 GeV 
spallation  
neutron  
source 

▸ Signals are  
nue-bar  
IBD events 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Figure 2: Left: The neutrino flux at the J-PARC MLF source. Right: The sensitivity
achievable by the JSNS2 experiment with a 5 MW·years exposure at 24 m baseline from the
neutrino source. This figure is from Ref. [2].

physics measurements [35–37]. The MLF source at J-PARC is the world’s most intense
source of these neutrinos, which are important mainly because they are the only relevant
known-energy muon neutrino above the charged current threshold. The neutrino flux distri-
bution from the MLF source is shown in Figure 2. The kaon decay-at-rest (“KDAR”) source,
easily seen in the flux plot, can be used to search for ⌫µ ! ⌫e appearance, provide a set of
standard candle cross section measurements using a monoenergetic neutrino, highly relevant
for future CP-violation measurements, and study nuclear structure for the first time using a
known-energy, weak-interaction-only probe. With a 5 MW·years exposure at 24 m baseline,
the 50 ton JSNS2 detectors can expect to collect between as many as 300,000 236 MeV ⌫µ
charged current events.

JSNS2 will feature a total of 300 10 inch PMTs surrounding the cylindrical inner detector
volumes. The main US contribution to the experiment will be the dilute Gd-loaded liquid
scintillator that makes up the target layer (see Figure 1). Employing doped scintillator
capable of producing detectable Cherenkov and scintillation light will represent a world-
first, and will thus be an important technological contribution and step for a variety of
sub-fields within particle physics, next-generation neutrino experiments, and beyond. There
are many aspects of the liquid scintillator development for JSNS2 to consider, well beyond
light yield and energy resolution. Separating the fast Cherenkov contribution from the slower
scintillation light is important for (e.g.) di↵erentiating signal IBD positrons, which are above
threshold, from cosmic- or beam-related neutron-induced protons, which are below threshold.
Given that the energy deposit behaviors of protons and positrons are di↵erent, there is also
a possibility of separating the two event classes via PSD. In preparing for JSNS2 scintillator
fabrication and deployment, the US groups will optimize and study the characteristics of
the liquid, including Cherenkov and scintillation light yields in time, attenuation lengths,
neutron capture properties, degradation and e↵ect on detector components, and PSD.

The JSNS2 physics goals and detector R&D contributions are maximally in line with the
three “medium and small-scale neutrino activities (that) need to be pursued”, as identified by
the Snowmass 2013 report [30], the WINP report [31], and the P5 report [32]: “resolution of
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Example of design 

⌫µ ! ⌫e, ⌫e + p ! e+ + n
Sterile neutrino search with: 

w/ timing selection, excellent purity, high energy resolution  

µ+ ! e+⌫e⌫µ ; ⌫µ ! ⌫e (osc.) ; IBD
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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.

• Target volume is Gd-loaded liquid scintillator 

• 25 tons x 2 detectors = 50 tons 

• detector location is 3rd floor of existing MLF 
(24 m baseline)

JSNS2
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Figure 2: Left: The neutrino flux at the J-PARC MLF source. Right: The sensitivity
achievable by the JSNS2 experiment with a 5 MW·years exposure at 24 m baseline from the
neutrino source. This figure is from Ref. [2].

physics measurements [35–37]. The MLF source at J-PARC is the world’s most intense
source of these neutrinos, which are important mainly because they are the only relevant
known-energy muon neutrino above the charged current threshold. The neutrino flux distri-
bution from the MLF source is shown in Figure 2. The kaon decay-at-rest (“KDAR”) source,
easily seen in the flux plot, can be used to search for ⌫µ ! ⌫e appearance, provide a set of
standard candle cross section measurements using a monoenergetic neutrino, highly relevant
for future CP-violation measurements, and study nuclear structure for the first time using a
known-energy, weak-interaction-only probe. With a 5 MW·years exposure at 24 m baseline,
the 50 ton JSNS2 detectors can expect to collect between as many as 300,000 236 MeV ⌫µ
charged current events.

JSNS2 will feature a total of 300 10 inch PMTs surrounding the cylindrical inner detector
volumes. The main US contribution to the experiment will be the dilute Gd-loaded liquid
scintillator that makes up the target layer (see Figure 1). Employing doped scintillator
capable of producing detectable Cherenkov and scintillation light will represent a world-
first, and will thus be an important technological contribution and step for a variety of
sub-fields within particle physics, next-generation neutrino experiments, and beyond. There
are many aspects of the liquid scintillator development for JSNS2 to consider, well beyond
light yield and energy resolution. Separating the fast Cherenkov contribution from the slower
scintillation light is important for (e.g.) di↵erentiating signal IBD positrons, which are above
threshold, from cosmic- or beam-related neutron-induced protons, which are below threshold.
Given that the energy deposit behaviors of protons and positrons are di↵erent, there is also
a possibility of separating the two event classes via PSD. In preparing for JSNS2 scintillator
fabrication and deployment, the US groups will optimize and study the characteristics of
the liquid, including Cherenkov and scintillation light yields in time, attenuation lengths,
neutron capture properties, degradation and e↵ect on detector components, and PSD.

The JSNS2 physics goals and detector R&D contributions are maximally in line with the
three “medium and small-scale neutrino activities (that) need to be pursued”, as identified by
the Snowmass 2013 report [30], the WINP report [31], and the P5 report [32]: “resolution of
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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.

• Target volume is Gd-loaded liquid scintillator 

• 25 tons x 2 detectors = 50 tons 

• detector location is 3rd floor of existing MLF 
(24 m baseline)

A direct test of LSND

50 tons 
5 years @ 24 m

  use delayed nu’s to 
remove prompt 

backgrounds  
(fast neutrons)

total 
from μ 
from ! 
from K



▸ Received Stage-1 approval 
from KEK and J-PARC 
directorates in March 2015 

▸ Recently received funding to 
build first of two detector 
modules 

▸ JSNS  expects to take data in 
2018-2019
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"DAR: JSNS  2

J-PARC Sterile Neutrino Search at the  
J-PARC Spallation Neutron Source (JSNS

2
)

• JSNS2 received Stage-1 approval from the KEK 
and J-PARC directorates in 4/2015. 

• Just received 140Myen to build first (of two) 
detector modules from Japan grant-in-aid. 

• JSNS2 expects to begin taking data in 
2018-2019.

JSNS2 collaboration meeting at BNL (Sep. 2015)!
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!DAR/"DAR for Neutrino CP-violation 

!DAR "DAR ⇡+

µ+

⌫µ

e+
⌫e

⌫̄µ

▸ !DAR/μDAR can also be used  
to measure δCP with 

▸Goal of the Daedalus experiment 

▸Experiment setup: a single 
detector and multiple (DAR) 
sources

⌫̄µ ⌫̄e

1 km 8 km 20 km
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▸ Aim is to measure                osc. probability vs. L/E 

▸ Do this using the 3 sources at different baselines

1 km 
near site

8 km 
mid site

20 km 
far site

⌫̄µ ⌫̄e

δ = π/2 

δ=0`

Daedalus 

constrain initial flux constrain rise measure near osc. maximum
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Daedalus 

▸ This works, because 
of the identical DAR 
fluxes from each 
source

3

interaction oscillation measurement with a common de-
tector and multiple baselines. The main technical issue
in the two-target cyclotron design is maintaining a good
vacuum in the two-prong extraction line. The beam will
be “painted” across the face of each target in order to
prevent hot spots in the graphite, an e↵ect which will
dominate the ±25 cm uncertainty on the experimental L
from each neutrino source. The targets will be arranged
in a row enveloped within a single iron shield, with the
detector located 20 m downstream of the near target and
40 m downstream of the far target. This configuration
has been found to provide the best overall sensitivity to
the LSND allowed region.

The analysis below exploits the L dependence of neu-
trino oscillations. Therefore, the flux of protons on each
target must be well understood in time; standard proton
beam monitors allow a 0.5% measurement precision. The
absolute neutrino flux is less important, as sensitivity to
the oscillation signal depends on relative detected rates
at the various distances. The systematic uncertainty as-
sociated with the flux normalization is 10% if there is no
large water or oil detector available and 1.1% if such a
detector does exist [36]. A high statistics ⌫-electron scat-
tering measurement at a large water detector provides a
precise determination of the flux normalization.

IV. DETECTING COHERENT NEUTRINO
SCATTERING

Coherent neutrino-nucleus scattering, in which an in-
coming neutrino scatters o↵ an entire nucleus via neu-
tral current Z exchange [41], has never been observed
despite its well predicted and comparatively large stan-
dard model cross section. The coherent scattering cross
section is

d�

dT
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W M
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◆
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where GF is the Fermi constant; QW is the weak charge
[QW = N � (1 � 4 sin2✓W )Z, with N , Z, and ✓W as
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FIG. 1: Energy distribution of neutrinos from a DAR source.

the number of neutrons, number of protons, and weak
mixing angle, respectively]; M is the nuclear target mass;
T is the nuclear recoil energy; and E⌫ is the incoming
neutrino energy. The ⇠5% cross section uncertainty, the
actual value depending on the particular nuclear target
employed, is dominated by the form factor [42].
Coherent neutrino scattering is relevant for the under-

standing of type II supernova evolution and the future de-
scription of terrestrial supernova neutrino spectra. Mea-
suring the cross section of the process also provides sensi-
tivity to non-standard neutrino interactions (NSI) and a
sin2 ✓W measurement at low Q [31]. Cross section mea-
surements as a function of energy on multiple nuclear
targets can allow the cross section dependence on NSI
and ✓W to be isolated and understood. As demonstrated
here, neutrino oscillations can also be cleanly probed us-
ing coherent scattering.
The di�culty of coherent neutrino scattering detection

arises from the extremely low energy of the nuclear recoil
signature. For example, a 20 MeV neutrino produces a
maximum recoil energy of about 21 keV when scattering
on argon. Both a CDMS-style germanium detector [34]
and a single phase liquid argon detector, such as the one
proposed for the CLEAR experiment [33], are consid-
ered in this paper for detecting these low energy events.
Other dark matter style detector technologies, especially
those with ultra-low energy thresholds, can be e↵ective
for studying coherent neutrino scattering as well.

A. Experimental Setup

The envisioned experimental setup is consistent with
the current DAE�ALUS accelerator proposal and follows
a realistic detector design. A single DAE�ALUS cy-
clotron will produce 4⇥ 1022 ⌫/flavor/year running with
a duty cycle between 13% and 20% [37, 39]. A duty cy-
cle of 13% and a physics run exposure of five total years
are assumed here. With baselines of 20 m and 40 m,
the beam time exposure distribution at the two baselines
is optimal in a 1 : 4 ratio: one cycle to near (20 m),
four cycles to far (40 m). Instantaneous cycling between
targets is important for target cooling and removes sys-
tematics between near and far baselines associated with
detector changes over time. The accelerator and detector
location is envisioned inside an adit leading into a sharp
300 ft rise at the Sanford Research Facility at Homes-
take, in South Dakota. The neutrino flux normalization
uncertainty at each baseline is conservatively expected
at 1.5%. We assume the flux has been constrained to
this level by an independent measurement of ⌫-electron
scattering with a large water-based Cerenkov detector
also assumed to be in operation at Sanford Labs. The
1.5% uncertainty estimate takes into consideration the
theoretical uncertainty in the ⌫-electron scattering cross
section and the statistics achievable with a large water
detector. The flux normalization correlation coe�cient
between the near and far baselines is conservatively set
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Very	different	from	other	approaches!
Antineutrino-only	 mode	signature	(traces	the	oscillation	wave)
Statistics-limited,	not	systematics	limited.
Short	baseline	and	low	energy	means	no	matter	effects,	no	NSIs.

Excellent	stand-alone	sensitivity.
Even	better	when	combined	with	a	DIF	beam	run	 in	neutrino-only	mode.

Combine
Pick	and	choose	– graphclick or	ask	Mike	for	plot	you	want.
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▸Strong δCP sensitivity on its own 

▸Can be combined with long-baseline experiments, e.g. JPARC-
to-HyperK, for further sensitivity 

▸Daedalus provides anti-neutrino only measurement (also short 
baseline so no confounding  
matter effects) 

▸Long-baseline 
experiment can  
focus on more efficient  
neutrino-only running
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Figure 16: Top: The sensitivity of the CP -violation search in various configurations: Dark Blue
– DAE�ALUS@LENA, Red-DAE�ALUS@Hyper-K, Black–DAE�ALUS/JPARC(nu-only)@Hyper-
K. Bottom: Light Blue– LBNE; Green– JPARC@Hyper-K [93] Black–DAE�ALUS/JPARC(nu-
only)@Hyper-K (same as above). See Table 5 for the description of each configuration.
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Figure 16: Top: The sensitivity of the CP -violation search in various configurations: Dark Blue
– DAE�ALUS@LENA, Red-DAE�ALUS@Hyper-K, Black–DAE�ALUS/JPARC(nu-only)@Hyper-
K. Bottom: Light Blue– LBNE; Green– JPARC@Hyper-K [93] Black–DAE�ALUS/JPARC(nu-
only)@Hyper-K (same as above). See Table 5 for the description of each configuration.
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Configuration Source(s) Average Detector Fiducial Run
Name Long Baseline Volume Length

Beam Power

DAE�ALUS@LENA DAE�ALUS only N/A LENA 50 kt 10 years

DAE�ALUS@Hyper-K DAE�ALUS only N/A Hyper-K 560 kt 10 years

DAE�ALUS/JPARC DAE�ALUS Hyper-K 560 kt 10 years
(nu only)@Hyper-K & JPARC 750 kW

JPARC@Hyper-K JPARC 750 kW Hyper-K 560 kt 3 years ⌫ +
7 years ⌫̄ [93]

LBNE FNAL 850 kW LBNE 35 kt 5 years ⌫
5 years ⌫̄ [89]

Table 5: Configurations considered in the various CP violation sensitivity studies.

tagging e�ciency, assumed to be 0.5%, and the antineutrino flux uncertainties that are constrained
as described next.

The DAE�ALUS CP violation analysis follows three steps. First, the absolute normalization of
the flux from the near accelerator is measured using the >21,000 neutrino-electron scatters from that
source in the detector, for which the cross section is known to 1%. The relative flux normalization
between the sources is then determined using the comparative rates of charged current ⌫

e

-oxygen (or
⌫
e

-carbon) interactions in the the detector. Since this is a relative measurement, the cross section
uncertainty does not come in but the high statistics is important. Once the normalizations of the
accelerators are known, then the IBD data can be fit to extract the CP -violating parameter �

CP

.
The fit needs to include all the above systematic uncertainties along with the physics parameter
uncertainties associated with, for example, the knowledge of sin2 2✓

13

and sin2 ✓
23

, which are assumed
to be known with an error of ±0.005 and ±0.01, respectively.

DAE�ALUS must be paired with water or scintillator detectors that have free proton targets. The
original case was developed for a 300 kt Gd doped water detector at Homestake, in coordination
with LBNE [91]. Subsequently, DAE�ALUS was incorporated into a programa with the 50 kt LENA
detector [92] (called “DAE�ALUS@LENA”). This paper introduces a new study, where DAE�ALUS
is paired with the Gd-doped 560 kt Hyper-K [93] (“DAE�ALUS@Hyper-K”). This results in inprece-
dented sensitivity to CP violation when “DAE�ALUS@Hyper-K” data is combined with data from
Hyper-K running with the 750 kW JPARC beam. (“DAE�ALUS/JPARC@Hyper-K”). In this sce-
nario, JPARC provides a pure ⌫

µ

flux, rather than running in neutrino and antineutrino mode. This
plays to the strength of the JPARC conventional beam, while DAE�ALUS provides a high statistics ⌫̄

µ

flux with no ⌫
µ

contamination. A summary of the assumptions for the various configuration scenarios
is provided in Table 5.

CP violation sensitivities have been estimated for 10 year baseline data sets for all the configura-
tions given in Table 5 using a ��2 fit with pull parameters for each of the systematic uncertainties.
For the DAE�ALUS configurations, data from all three neutrino sources are included along with the
neutrino-electron and ⌫

e

-oxygen (or ⌫
e

-carbon) normalization samples. As an example, Table 6 and
Figure 14 presents a summary of the events by category for the DAE�ALUS@Hyper-K configuration.
The precision for measuring the �

CP

parameter in the DAE�ALUS@Hyper-K configuration is given in
Table 7 for sin2 2✓

13

= 0.10 [88], both for the total and statistical-only uncertainty. The distribution
of the uncertainty as a function of �

CP

is shown in Figure 15. From these estimates, it is clear that,
even with the large Hyper-K detector, the measurement is dominated by statistical uncertainty. Also

23

arXiv:1307.6465#

Daedalus CP-sensitivity
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▸Need compact, relatively 
low-cost sources 

▸One solution is to build 
cyclotron complexes — 
injector+primary 
cyclotron 

▸Most of the technical 
challenges are in the 
injector cyclotron 
delivering needed current 

▸Plan is to proceed in 
stages — first, develop the 
injector cyclotron which 
can be used for an 
isotope DAR experiment

The	challenges	are	the	cyclotrons

Primary	
Cyclotron,
Separated
Sector,
800	MeV/n

Injector	Cyclotron,
Compact,
60	MeV/n

Target/shielding

Reach	800	MeV	in	multiple	 stages…

The	art	is	in	the	
injector	cyclotron.

Plan:		develop	the	injector	cyclotron	first,
using	 it	for	another	 type	of	decay-at-rest	experiment…

Daedalus Cyclotron

Primary Cyclotron, 
Super-conducting, 
800 MeV/n



ISODAR: STERILE NUE-DISAPPEARANCE SEARCH

T. Wongjirad (MIT) Neutrino 2016

A
Z+1X

0
IsotopeDAR A

ZX
e� ⌫̄e

⌫̄e

IsotopeDAR
8Lie.g. A search for 

      -disappearance⌫̄e

16



Proton	beam	→ Be	→ n	→ captures	on	7Li	→ 8Li	→ νe

▸ 8
Li has a lifetime of 840 msec — need a driver to 

continually produce isotope 

▸Use the injector cyclotron:                                                                                                                                                                                                                                                                                                                                                         

T. Wongjirad (MIT) Neutrino 2016

ISODAR: STERILE NUEBAR DISAPPEARANCE SEARCH

Proton	beam	→ Be	→ n	→ captures	on	7Li	→ 8Li	→ νe

injector cyclotron 
about 4 m in 

diameter — can fit in 
underground 

laboratories

17

Ion source
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▸ IsoDAR@KamLAND would be able to 
observe oscillation periods within 
detector (in talks with KamLAND 
about bring IsoDAR to Kamioka) 

▸ This gives IsoDAR@KamLAND 
excellent sensitivity. Shown in RED is 5 
sigma CL curve for IsoDAR.  Grey is 
99% allowed region for global fit pars. 

▸ Further sensitivity with bigger detector 
e.g. JUNO. Shown in BLUE is 5 sigma   
CL curve for IsoDAR@JUNO. Purple is 
combined nuebar-appearance global-
fit at 99% CL (assuming CPT) 

▸ IsoDAR@KamLAND can also do EW 
tests as well

ISODAR @ KAMLAND/JUNO
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signal in KamLAND

arXiv:1310.3857v2 
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R&D PROGRESS

1. Ran	a	test	beam	to	understand	
high	 intensity	injection
at	Best	Cyclotrons,	 Inc.

2. Developed	and	are	constructing	
new	state-of-art	ion	source
(first	beam	late	July)

3. Received	NSF	MRI	for	
state-of-art	injection	system
that	is	usable	in	the	first	IsoDAR

4. Published	 Conceptual	Design	Report
for	running	 at	KamLAND
https://arxiv.org/abs/1511.05130

5. Identified	new	Li-Be	sleeve	mixture,
that	produces	x1.5 the	flux
(can	reduce	cyclotron	intensity	reqs).

▸Making excellent progress towards increased 
injector cyclotron current                                                                                                                                                                                                                                                                                                                        

▸Developed and are constructing new state-
of-art ion source (first beam in late July) 

▸Ran beam tests to understand high-
intensity injection of ions into cyclotron at 
Best Cyclotrons, Inc. 

▸Received NSF MRI for state-of-art injection 
system for IsoDAR 

▸ Identified new Li-Be mixture that produces 
x1.5 the anti-neutrino flux (can reduce 
cyclotron intensity requirements) 

▸Published Conceptual Design Report for 
running at KamLAND:  
https://arxiv.org/abs/1511.05130
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1. Ran	a	test	beam	to	understand	
high	 intensity	injection
at	Best	Cyclotrons,	 Inc.

2. Developed	and	are	constructing	
new	state-of-art	ion	source
(first	beam	late	July)

3. Received	NSF	MRI	for	
state-of-art	injection	system
that	is	usable	in	the	first	IsoDAR

4. Published	 Conceptual	Design	Report
for	running	 at	KamLAND
https://arxiv.org/abs/1511.05130

5. Identified	new	Li-Be	sleeve	mixture,
that	produces	x1.5 the	flux
(can	reduce	cyclotron	intensity	reqs).

https://arxiv.org/abs/1511.05130
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KDAR: NUMU-DISAPPEARANCE STERILE SEARCH

T. Wongjirad (MIT) Neutrino 2016

     - disappearance 
never observed at 
short-baseline, but 
must occur if sterile 
neutrinos exist

KDAR K+µ+ ⌫µ

Proposal for a  
      -disappearance search 
at JPARC MLF which uses 
the mono-energetic 
numu from KDAR 

20

⌫µ

⌫µ

arXiv: 1506.05811



T. Wongjirad (MIT) Neutrino 2016

▸ If one can detect a numu-CCQE coming from J-PARC MLF, there is 
>98% chance that it is a KDAR neutrino 

▸Would be first time true neutrino energy of detected numu-CCQE 
interaction is known
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Figure 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.
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KDAR: KPIPE
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▸ Like IsoDAR, aiming for observing oscillation wave — a definitive 
measurement 

▸236 MeV neutrino needs long detector (100-120 meters), filled with 
liquid scintillator, to contain oscillation period for sterile neutrinos 
with mass splitting O(eV 

 
) 

▸To keep cost down, use industrial plastic chemical storage containers 
for vessel and instrument with 0.6% with photocoverge 

▸Can do this since high-energy resolution not required

KDAR: KPIPE

22
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KDAR: KPIPE SENSITIVITY
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▸KPipe provides a high-precision numu-disappearance 
search with minimal systematic uncertainties from cross 
section and flux 

▸under 5 million (not including civil construction cost) 

▸For more details,  please see poster P3.066 this evening
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KDAR: MORE OPPORTUNITIES

T. Wongjirad (MIT) Neutrino 2016

▸We can utilize KDAR neutrinos produced at beam 
targets and dumps [1510.08431,1402.2284,1203.6050] 

▸@ FNAL: MiniBooNE trying to measure KDAR 
neutrinos for the first time (results soon!) 

▸@ FNAL: Sizable sample in LArTPC detectors of SBN 

▸ idea for how to use them: Poster P3.075 

▸For the first time ever, the mono-energetic 236 MeV 
neutrino from KDAR provides a probe of the nucleus 
with a known-energy, weak-interaction-only particle 

▸Part of JSNS2 physics program
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CONCLUSION

T. Wongjirad (MIT) Neutrino 2016

▸Existing and planned stopped-meson/isotope sources 
provide opportunities for precision experiments 

▸A large range of physics can be explored 

▸$-nucleus cross sections (Cevens) 

▸precision EW tests 

▸search for non-standard interactions 

▸CP-violation measurement 

▸sterile neutrino oscillation searches 

▸Let’s continue to use DAR neutrinos
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