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FIG. 1: An aerial view from Google Maps (2015) of the Ma-
terials and Life Science Experimental Facility layout with a
superimposed schematic drawing [30] of the first floor, includ-
ing the target station. The proposed KPipe location (shown
with a dotted contour) is 32 m from the target station and
102� with respect to the incident proton beam direction. The
detector extends radially outward from the target station.

neutrinos is known, indications of ⌫µ disappearance may
be seen along the length of the KPipe detector as os-
cillating deviations from the expected 1/R2 dependence
in the rate of ⌫µ charged-current (CC) interactions. A
measurement of such a deviation over a large range of
L/E would not only be a clear indication for the exis-
tence of at least one light sterile neutrino, but also begin
to disambiguate among di↵erent sterile neutrino models.

II. THE KDAR SOURCE AND KPIPE
DETECTOR DESIGN

The Materials and Life Science Experimental Facility
(MLF) at the Japan Proton Accelerator Research Com-
plex (J-PARC) in Tokai, Japan houses a spallation neu-
tron source used for basic research on materials and life
science, as well as research and development in industrial
engineering. It is also an intense, yet completely unuti-
lized, source of neutrinos that emits the world’s most in-
tense flux of KDAR monoenergetic (236 MeV) ⌫µs. Neu-
tron beams, along with muon neutrinos produced from
kaons, pions, and muons, are generated when a mercury
target is hit by a pulsed, high intensity proton beam from
the J-PARC rapid-cycling synchrotron (RCS) [30]. The
RCS delivers a 3 GeV, 25 Hz pulsed proton beam, which
arrives in two 80 ns buckets spaced 540 ns apart. The fa-
cility provides users 500 kW of protons-on-target (POT)
but has demonstrated its eventual steady-state goal of
1 MW, albeit for short times [38]. The proton-on-target

FIG. 2: The KPipe detector design, featuring a 3 m inner
diameter high density polyethylene (HDPE) vessel filled with
liquid scintillator. Silicon photomultipliers (SiPMs) are seen
mounted on the interior panels in hoops spaced by 10 cm in
the longitudinal direction. The cosmic ray veto is a 10 cm
space between the panels and the outer HDPE wall.

interaction provides an intense source of light mesons, in-
cluding kaons and pions, which usually come to rest in
the high-A target and surrounding shielding.
KPipe will search for muon-flavor disappearance with

CC interactions of 236 MeV ⌫µs on carbon nuclei
(⌫µ12C ! µ�X) in liquid scintillator. This interaction
produces a visible muon and X, where X is some combi-
nation of an excited nucleus, de-excitation photons, and
one or more ejected nucleons after final state interactions.
The goal of the KPipe detector design is to e�ciently
identify these 236 MeV ⌫µ CC events, broadly character-
ized by two separated flashes of light in time coming from
the prompt µ�X followed by the muon’s decay electron.
The KPipe design calls for a relatively low cost, 3 m in-

ner diameter (ID) steel-reinforced, high-density polyethy-
lene (HDPE) pipe that is filled with liquid scintillator. As
shown in Fig. 1, the pipe is positioned so that it extends
radially outward from the target station. The upstream
location maximizes the sensitivity to oscillations by be-
ing the shortest possible distance from the source, given
spatial constraints. We have found that a long detector
(120 m, 684 tons) is most suitable for optimizing sensitiv-
ity to oscillations across a wide range of the most perti-
nent parameter space, in consideration of current global
fit results, the neutrino energy, 1/R2, and estimated cost.
The interior of the pipe contains a cylinder constructed

with an assembly of highly reflective panels that opti-
cally separate the active volume from the cosmic ray
(CR) veto. Hoops of inward-facing silicon photomulti-
pliers (SiPMs) are mounted on the interior of the panels.
There are 100 equally-spaced SiPMs per hoop, and each
hoop is separated longitudinally by 10 cm (see Fig. 2).
The space surrounding the inner target region on the
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The idea: 

Use a very long liquid scintillator detector to look for νμ


disappearance (in L) using 236 MeV KDAR νμ CC events

2

KPIPE

example @ J-PARC MLF Long LS detector surrounded by SiPMs 

Axani, Collin, Conrad, Shaevitz, Spitz, Wongjirad, Phys. Rev. D 92 092010 (2015)



KPIPEKPipe
Overall Design 

MLF$
Beam$$
dump$

3$GeV$proton$beam$in$

Monoenerge6c$
236$MeV$n’s$$
from$
K+$!$νµ µ

Kpipe$detector$

Not$to$scale:$
100$m$long,$3$m$diameter$

Detector$sits$at$cos$θ <0$
with$respect$to$the$beam$

JPARC$MLF$building.$
Red$is$poten6al$posi6ons$for$the$pipe.$
$
We$prefer$this$one,$which$orients$as$above.$
Source$to$pipeRface$difference$is$~100m$

(2) long detector to 
measure the oscillation 

wave

(1) pure, mono-energetic flux 
of muon neutrinos

DPF2015 Spencer Axani 13

3

Axani, Collin, Conrad, Shaevitz, Spitz, Wongjirad, Phys. Rev. D 92 092010 (2015)

8



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.

For each generated 236 MeV ⌫µ CC interaction on
carbon, NuWro provides the momentum of the outgo-
ing muon and any final state nucleons (typically a single
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 [49–51]
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 [52] and the Martini et al. RPA model [51],
which includes multi-nucleon e↵ects. The KDAR muon
kinetic energy prediction with three di↵erent generators
is shown in Fig. 6. Although the di↵erences among the
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FIG. 5: The muon and total kinetic energy (KEtot = KEµ +P
KEp) 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.

generator predictions are fairly substantial, the impact
on the detection e�ciency, which is loosely tied to muon
energy and event containment, is small. Using a di↵er-
ent model, we would expect the muon containment to
decrease but the muon identification to slightly increase.
Both e↵ects are small, and the combined e↵ect is even
smaller. We find that the di↵erence in the muon kine-
matic predictions among the models is not large enough
to significantly change the detector simulation and oscil-
lation sensitivity results.

Particle propagation through the detector is modeled
using the Geant4-based simulation package RAT [53].
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 in the detector are generated by first com-
piling a list of interactions using the energy distribution

A very pure flux of KDAR neutrinos!
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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.

For each generated 236 MeV ⌫µ CC interaction on
carbon, NuWro provides the momentum of the outgo-
ing muon and any final state nucleons (typically a single
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 [49–51]
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 [52] and the Martini et al. RPA model [51],
which includes multi-nucleon e↵ects. The KDAR muon
kinetic energy prediction with three di↵erent generators
is shown in Fig. 6. Although the di↵erences among the
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FIG. 5: The muon and total kinetic energy (KEtot = KEµ +P
KEp) 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.

generator predictions are fairly substantial, the impact
on the detection e�ciency, which is loosely tied to muon
energy and event containment, is small. Using a di↵er-
ent model, we would expect the muon containment to
decrease but the muon identification to slightly increase.
Both e↵ects are small, and the combined e↵ect is even
smaller. We find that the di↵erence in the muon kine-
matic predictions among the models is not large enough
to significantly change the detector simulation and oscil-
lation sensitivity results.

Particle propagation through the detector is modeled
using the Geant4-based simulation package RAT [53].
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 in the detector are generated by first com-
piling a list of interactions using the energy distribution

If you detect a muon-neutrino event, you can be 98.5% sure 
that it was a 236 MeV muon neutrino!
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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.

is 1.3 ⇥ 10�39 cm2/neutron. This is consistent with the
Random Phase Approximation (RPA) model’s [47–49]
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 [50] and the Martini et al. RPA model [49],
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 [51].
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
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FIG. 5: The muon and total kinetic energy (KEtot = KEµ +P
KEp) 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.

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.

In addition to the simulation of KDAR neutrino inter-
actions with the detector and surrounding material, we
simulate the propagation of CR throughout the volume.
We use the simulation package CRY [52] to study the
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events, mainly coming from kaon decay-in-flight.

For each generated 236 MeV ⌫µ CC interaction on
carbon, NuWro provides the momentum of the outgo-
ing muon and any final state nucleons (typically a single
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 [49–51]
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 [52] and the Martini et al. RPA model [51],
which includes multi-nucleon e↵ects. The KDAR muon
kinetic energy prediction with three di↵erent generators
is shown in Fig. 6. Although the di↵erences among the
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FIG. 5: The muon and total kinetic energy (KEtot = KEµ +P
KEp) 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.

generator predictions are fairly substantial, the impact
on the detection e�ciency, which is loosely tied to muon
energy and event containment, is small. Using a di↵er-
ent model, we would expect the muon containment to
decrease but the muon identification to slightly increase.
Both e↵ects are small, and the combined e↵ect is even
smaller. We find that the di↵erence in the muon kine-
matic predictions among the models is not large enough
to significantly change the detector simulation and oscil-
lation sensitivity results.

Particle propagation through the detector is modeled
using the Geant4-based simulation package RAT [53].
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 in the detector are generated by first com-
piling a list of interactions using the energy distribution

Since you know the energy of the neutrino, you don’t need to worry about 
energy resolution. KPIPE calls for 0.4% photocoverage.


Estimated cost of experiment: $4.5M
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KPIPE cost document: http://hdl.handle.net/1721.1/98388
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KPIPE; what would a signal 
look like?
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a ⇡+. The latter can then stop and decay to a muon fol-
lowed by a Michel electron. We assume that this back-
ground is negligible for this study. All in-time beam-
related backgrounds will be measured before deploying
KPipe, and adequate shielding will be installed in order
to mitigate them.

Overall, our studies indicate that the dominant back-
ground is from CR shower events that are not removed
by the above cuts. Of the 27 Hz rate that passes, the
simulations show that 70% of the rate is due to stopping
muons. The remaining 30% is due to showers involving
photons, electrons, and neutrons. In the simulation, we
do not include any additional passive shielding, for ex-
ample coming from overburden. If the detector is buried
or shielded, we expect these non-muon backgrounds to
be further reduced. The CR background should be dis-
tributed uniformly throughout the detector and can be
measured precisely using identified out-of-time stopped
muons. As a result, only the statistical error from the
total number of background events expected to pass the
cuts is included in the sensitivity analysis, described later
in Section V.

B. Detection e�ciency

The cuts introduce ine�ciency in the signal. We as-
sume that the neutrino events are distributed evenly in
radius and fall as 1/R2 throughout the detector. Signal
events near the lateral edge of the target region can exit
the detector before the muon can decay. This leads to
an acceptance that is a function of radius. Based on an
active detector radius of 1.45 m, we find an acceptance
of 87% with respect to KDAR ⌫µ CC interactions whose
true vertex is in the target region. The selection cuts
described above are 89% e�cient according to the simu-
lation. This includes events where the muon is captured
by the nucleus, which occurs in the target region 6% of
the time. For a subset of these events, there is also an
additional 0.75% dead-time loss due to the rate of CR
events in the veto.

In summary, the total e�ciency for all signal events
is 77%, leading to an expected total KDAR ⌫µ CC rate
of 7.8 ⇥ 104 events distributed along the pipe’s active
volume per year of running. This is on average 4.9 ⇥
10�5 KDAR events per proton beam window without
oscillations. This compares with 3.4⇥10�6 CR events per
proton beam window. In the most upstream 1 m of the
detector, the unoscillated signal to background ratio is
about 60:1; in the most downstream 1 m of the detector,
the unoscillated signal to background ratio is about 3:1.

V. SENSITIVITY

The expected number of ⌫µ events as a function of dis-
tance is determined numerically for a no-oscillation hy-
pothesis using the CC cross-section, ⌫µ production rate,
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FIG. 9: Three sample oscillation probability measurements as
a function of L for 3 years of running. The error bars incor-
porate statistical uncertainties of both the ⌫µ signal and the
cosmic ray background. The equivalent range of observable
L/E corresponds to 0.14 to 0.64 m/MeV.

detector up-time, and total e�ciency (values shown in
Table I). First events are generated in the detector with
a given energy and position. Each event is then oscil-
lated according to Equation 3 and smeared to incorpo-
rate the baseline uncertainties coming from the neutrino
creation point and the position reconstruction resolution.
The oscillation probabilities for three di↵erent �m2 val-
ues (1, 5, 10 eV2) can be seen in Fig 9. The error bars
correspond to the statistical uncertainty associated with
a 3 year ⌫µ measurement with a CR rate of 27 Hz. This
background rate corresponds to 132 CR events that pass
our selection cuts for each 1 m slice of the detector.
The sensitivity of the experiment is evaluated using

a shape-only �2 statistic similar to that described in

Parameter Value
Detector length 120 m

Active detector radius 1.45 m
Closest distance to source 32 m
Liquid scintillator density 0.863 g/cm3

Active detector mass 684 tons
Proton rate (1 MW) 3.75 ⇥1022 POT/year

KDAR ⌫µ yield (MARS15) 0.0072 ⌫µ/POT
⌫µ CC � @ 236 MeV (NuWro) 1.3⇥ 10�39 cm2/neutron
Raw KDAR CC event rate 1.02⇥ 105 events/year
KDAR signal e�ciency 77%

Vertex resolution 80 cm
Light yield 4500 photons/MeV

⌫µ creation point uncertainty 25 cm
Cosmic ray background rate 27 Hz

TABLE I: Summary of the relevant experimental parameters.

Eν=236 MeV

3+1 osc. model



over 50:1 in the scenarios considered. This large ratio means that the detector requirements, in particular
the photocoverage, can be quite modest. In fact, a preliminary estimate at Ref. [10] predicts that the entire
KPIPE detector would cost $5M.

The KPIPE detector was originally envisioned to be paired with the 3 GeV, 730 kW (currently, with
1 MW planned) J-PARC Spallation Neutron Source. Aside from the primary proton energy, which is above
the kaon production threshold, and the high power, this source is particularly attractive because the beam
timing structure, two ⇠80 ns pulses separated by 540 ns at 25 Hz, provides an extremely low duty factor
(4 ⇥ 10�6), essential for cosmic background rejection. The drawback of this source, however, is that the
3 GeV primary proton energy, while above threshold, is somewhat lower than optimal for charged kaon
production per unit power: at 3 GeV, the MARS15 software package [11] predicts 0.007 KDAR ⌫µ/POT.
With an increase in proton energy to 8 GeV, for example, the production rate increases by a factor of 10 to
0.07 KDAR ⌫µ/POT. Spatial and facility issues, especially in consideration of the existing materials-science-
focused beamlines and experiments, also means that optimal detector placement, with KPIPE calling for a
120 m long detector with closest distance of 32 m from the neutrino source, is challenging.

The future Fermilab particle accelerator complex [12], including PIP-II [13] and eventually a new rapid cy-
cling synchrotron (RCS) [14], can provide an optimal beam-dump/stopped-kaon neutrino source for KPIPE,
in terms of beam energy (8 GeV), beam timing (⇠ 10�5 duty factor), and spatial considerations. Using the
detector and Fermilab-accelerator assumptions shown in Table 1, and scaling based on the detailed study in
Ref. [9], we expect KPIPE could achieve the sensitivity to short-baseline ⌫µ disappearance shown in Figure 2.
As can be seen, this sensitivity surpasses, and is highly complementary to, SBN (6 years) at �m2 > 10 eV2

for both scenarios considered and �m2 > 1 eV2 for the RCS upgrade era case.

Experimental assumptions
Detector length 120 m

Active detector radius 1.45 m
Closest distance to source 32 m
Liquid scintillator density 0.863 g/cm3

Active detector mass 684 tons
Primary proton energy 8 GeV

Target material Hg or W
KDAR ⌫µ yield (MARS15) 0.07 ⌫µ/POT

⌫µ CC � @ 236 MeV (NuWro) 1.3⇥ 10�39 cm2/neutron
KDAR signal e�ciency 77%

Vertex resolution 80 cm
Light yield 4500 photons/MeV

Uptime (5 years) 5000 hours/year
⌫µ creation point uncertainty 25 cm

PIP-II era assumptions
Proton rate (0.08 MW) 1.0 ⇥1021 POT/year

Beam duty factor 1.6⇥ 10�5

Cosmic ray background rate 110 Hz
Raw KDAR CC event rate 2.7⇥ 104 events/year

RCS upgrade era assumptions
Proton rate (1.2 MW) 1.5 ⇥1022 POT/year

Beam duty factor 5.3⇥ 10�5

Cosmic ray background rate 360 Hz
Raw KDAR CC event rate 4.0⇥ 105 events/year

Table 1: Summary of the relevant KPIPE experimental parameter assumptions.
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Figure 2: The 90% CL sensitivities of the KPIPE at Fermilab scenarios considered here, in both the PIP-II
and RCS upgrade eras. For reference, we also show the expected 90% CL SBN sensitivity (6 years) [15],
existing 90% CL MiniBooNE+SciBooNE limit [16], and 99% allowed region from the Collin et al. global
fit [17].

4 Required Infrastructure

The new PIP-II linac will be able to deliver a proton beam of significantly higher power to the Booster than
the current linac. This will result in 15 Hz of beam to be delivered to the BNB achieving 115 kW, or about
three times the power of current delivery. The BNB neutrino target and horn have a power limit of 35 kW,
which leaves 80 kW of power for other uses. A new target station fed by the BNB, and on axis with the
existing SBN neutrino experiment could be built relatively quick and at modest cost. Such a facility could be
run concurrently with the SBN neutrino program, only using protons beyond the 35 kW limit. Events would
be trivially separated on a pulse by pulse basis based on the which target the beam is being delivered too.
The facility will require a Fe target about 2 m in length and 1 m in width to absorb the protons and resulting
charged pions. Shielding and cooling requirements up to 80 kW are straightforward. Such a target would
reduce backgrounds by another three orders of magnitude relative the regular neutrino running (see next
section for details). Besides the higher power, the reduced neutrino flux background enables a significantly
more sensitive search for dark matter relative to the MiniBooNE beam o↵ target run.

5 Decay-in-flight Neutrino Flux Reduction with Improved Beam
Dump

To leverage the increased dark matter signal rate production, a corresponding reduction in decay-in-flight
neutrino-induced backgrounds is required. The MiniBooNE-DM beam-o↵-target run steered the protons
past the Be target/horn and onto the 50 m absorber. This reduces the neutrino-induced background rate by
a factor of ⇠50, but there was still significant production of neutrinos from proton interactions in the 50 m
of decay pipe air and beam halo scraping of the target. Further reduction of neutrino production occurs by
directing the proton beam directly onto a dense beam stop absorber made of Fe or W. This puts the end of
the proton beam pipe directly onto the dump with no air gap. Detailed BNB dump beam line simulations,
which have been verified by data [6], demonstrate that this would reduce neutrino-induced backgrounds by
a factor of 1000 over Be-target neutrino running, which is a factor of twenty better than the 50 m absorber
as demonstrated in Figure 3.
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Figure 2: The 90% CL sensitivities of the KPIPE at Fermilab scenarios considered here, in both the PIP-II
and RCS upgrade eras. For reference, we also show the expected 90% CL SBN sensitivity (6 years) [15],
existing 90% CL MiniBooNE+SciBooNE limit [16], and 99% allowed region from the Collin et al. global
fit [17].

4 Required Infrastructure

The new PIP-II linac will be able to deliver a proton beam of significantly higher power to the Booster than
the current linac. This will result in 15 Hz of beam to be delivered to the BNB achieving 115 kW, or about
three times the power of current delivery. The BNB neutrino target and horn have a power limit of 35 kW,
which leaves 80 kW of power for other uses. A new target station fed by the BNB, and on axis with the
existing SBN neutrino experiment could be built relatively quick and at modest cost. Such a facility could be
run concurrently with the SBN neutrino program, only using protons beyond the 35 kW limit. Events would
be trivially separated on a pulse by pulse basis based on the which target the beam is being delivered too.
The facility will require a Fe target about 2 m in length and 1 m in width to absorb the protons and resulting
charged pions. Shielding and cooling requirements up to 80 kW are straightforward. Such a target would
reduce backgrounds by another three orders of magnitude relative the regular neutrino running (see next
section for details). Besides the higher power, the reduced neutrino flux background enables a significantly
more sensitive search for dark matter relative to the MiniBooNE beam o↵ target run.

5 Decay-in-flight Neutrino Flux Reduction with Improved Beam
Dump

To leverage the increased dark matter signal rate production, a corresponding reduction in decay-in-flight
neutrino-induced backgrounds is required. The MiniBooNE-DM beam-o↵-target run steered the protons
past the Be target/horn and onto the 50 m absorber. This reduces the neutrino-induced background rate by
a factor of ⇠50, but there was still significant production of neutrinos from proton interactions in the 50 m
of decay pipe air and beam halo scraping of the target. Further reduction of neutrino production occurs by
directing the proton beam directly onto a dense beam stop absorber made of Fe or W. This puts the end of
the proton beam pipe directly onto the dump with no air gap. Detailed BNB dump beam line simulations,
which have been verified by data [6], demonstrate that this would reduce neutrino-induced backgrounds by
a factor of 1000 over Be-target neutrino running, which is a factor of twenty better than the 50 m absorber
as demonstrated in Figure 3.
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• Strong sensitivity at high-Δm2.


• Highly complementary to SBN 
program.


• Extremely cost-effective.


• Basic requirements: high 
power, low duty factor (~10-5).
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