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The PIP-II Project
• Upgrade to the current Fermilab accelerator 

complex driven by DUNE physics goals
• Among highest power ~GeV proton beams in 

the world 
- Capable of 1.6 MW at 800 MeV proton energy CW
- Small percentage of protons (1.1%) needed to 

support DUNE 
• Can we leverage existing upgrade plans to 

search for other exciting physics at Fermilab?
- Upgrade path for FNAL accelerator complex: https://

arxiv.org/pdf/2106.02133.pdf
- O(1 GeV) stopped-pion neutrino source program 

leveraging the available beam
• Possible if PIP-II is coupled to an accumulator ring
- O(10 GeV) dedicated proton beam dump search at 

BNB using the existing SBN detectors 
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PIP-II will support a world-leading neutrino program @ FNAL

• Expected completion in FY27
- Ready for baselining (CD2/3a) this year

• Will be among the highest-power ~GeV 
proton beams in the world  

• Key high-level metrics for SC LINAC: 
- Capable of 2 mA @ 800 MeV (1.6 MW)  

- DUNE only uses 1.1% of this beam to achieve 
its physics goals 

• How can we best leverage this advanced 
beam facility to search for new physics?
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PhysRevD.98.112004

MiniBooNE-DM pioneered accelerator-based searches for benchmark models 
such as vector portal dark matter with a light U(1) gauge boson that kinetically 
mixes with the photon by running off target in beam dump mode

New Physics Searches Beyond 3+N Sterile Neutrinos on the BNB
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Short Baseline Neutrino program integration

ν

ν

Current short-baseline neutrino program uses horn-focused, decay-in-flight neutrino beam:

Impinging proton beam on absorber enables LDM search program:

Currently at 35 kW, but we can imagine a similar setup with much higher intensities

With kicker magnets and second target station, can run concurrently with the above
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Booster Beam Line in the PIP-II Era

• PIP-II enables higher power to be delivered to the BNB concurrent with LBNF
• The BNB neutrino target and horn have a power limit of 35 kW, but a new 

dedicated beam dump could be designed to handle increased power
• We consider a light dark matter search in SBND 100 m downstream of a 

dedicated beam dump receiving 80 kW of beam power
- Future upgrades could increase the beam power to 1.2 MW
• 6×1021 Proton on Target (POT) in a five-year run 
- Achieve an order of magnitude better sensitivity to a benchmark vector portal scalar dark 

matter model than the current MiniBooNE dark matter sensitivity
- Reduced neutrino background from the dedicated beam dump, the detector’s close 

proximity to the beam dump, and higher protons on target.
• LOI submission on this topic: https://www.snowmass21.org/docs/files/

summaries/RF/SNOWMASS21-RF6_RF0-NF3_NF0-AF5_AF0-084.pdf
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DM Event Sensitivities

• Setup also has sensitivity to other dark sector models, e.g. hadrophilic DM
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Stopped-pion (or decay-at-rest) neutrino source
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PIP-II is simultaneously capable of driving a MW-class GeV-scale 
proton fixed target program and a 2.4 MW beam line for DUNE

M. Toups | Proton Fixed-Target Searches for New Physics at Fermilab 

𝜈𝜇 with pion decay lifetime (~26 ns), 𝜈e and anti-𝜈𝜇 with muon decay lifetime (2.2 𝜇s)

Such a source possible at Fermilab if PIP-II coupled to an accumulator ring!
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Physics available with O(1 GeV) stopped-pion source 
• Physics Opportunities At Such a Facility 

- Light dark matter (LDM) / dark sector searches
• Decay and/or scattering signatures 

- Coherent elastic neutrino-nucleus scattering (CEvNS)
• Provides new way to search for LDM and sterile neutrinos

- Light Sterile Neutrino Searches
• Both appearance and disappearance possible  

- Searches for Non-standard interactions (NSIs),  
tests of the Standard Model  

- Neutrino Cross Section Measurements

- Neutrino-Electron Scattering (LSND-like), MeV-scale  

- Additional topics:
• Searches for axion-like particles, 3-ν oscillations, etc.

8
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Possible evolution of PIP-II Accelerator Complex 

• Possible upgrade paths to an accumulator to either increase the beam power or decrease the 
pulse width to reduce backgrounds

9

Technology Booster 
Accumulator Ring

ENIGMA-like 
Accumulator Ring

RCS Accumulator 
Ring

Intensity 1e13 protons/spill 4.8e12 protons/spill 3.5e13 protons/spill

Repetition Rate 100 Hz 100 Hz 120 Hz

Proton Energy 0.8 GeV 1.2 GeV 2 GeV

Beam Power 130 kW 92 kW 1.3 MW

Pulse Width 2 us 20 ns 2 us

Timescale With completion of 
PIP-II

In the 2030s in the 2030s

https://www.snowmass21.org/docs/files/summaries/RF/SNOWMASS21-RF6_RF0_pellico-029.pdf
https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF5_AF0-RF5_RF0_Prebys-071.pdf
https://arxiv.org/pdf/2106.02133.pdf
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Liquid Argon (LAr) for low-energy new physics searches
• Large scintillation yield of 40 photons/keV
• Well-measured quenching factor
- Conversion between nuclear recoil response and 

scintillation response
• Strong pulse-shape discrimination (PSD) 

capabilities for electron/nuclear recoil 
separation
• First CEvNS detection on argon at >3𝜎 

significance by COHERENT!  
• Move toward precision physics and new 

physics searches with large detectors

10

D. Akimov et al. (COHERENT), Phys. Rev. Lett. 126 (2021) 1, 012002
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FIG. 3. Projection of the best-fit maximum likelihood probability density function (PDF) from Analysis A on ttrig (left),
reconstructed energy (center), and F 90 (right) along with selected data and statistical errors. The fit SS background has been
subtracted to better show the CEvNS component. The green band shows the envelope of fit results resulting from the ±1�
systematic errors on the PDF.

projected along E, F 90, and ttrig. Extraction of the rela-
tively low-energy CEvNS signal is robust in the presence
of the large prompt BRN background because of the lat-
ter’s much harder spectrum.

We compute the CEvNS flux-averaged cross section on
argon (99.6% 40Ar) from the ratio of the best-fit NCEvNS

to that predicted by the simulation using the SM pre-
diction of 1.8 ⇥ 10�39 cm2. This incorporates the to-
tal uncertainty on the fit NCEvNS along with additional
systematic uncertainties, dominated by the 10% incident
neutrino flux uncertainty, that do not a↵ect the signal
significance. The values are summarized along with ex-
tracted cross section values in Table I. The measured
flux-averaged cross sections are consistent between the
two analyses and with the SM prediction as shown in
Fig. 4. We average the results of the two analyses to ob-
tain (2.2± 0.7)⇥ 10�39 cm2 with uncertainty dominated
by the ⇠ 30% statistical uncertainty on NCEvNS.

This result is used to constrain neutrino-quark NSI me-
diated by a new heavy vector particle using the frame-
work developed in Refs. [3, 10]. Here we consider the
particular case of non-zero vector-like quark-⌫e NSI cou-
plings, ✏uVee and ✏

dV
ee , as these two are the least experi-

mentally constrained. The other couplings in this frame-
work [9] are assumed to be zero. A comparison of the
measured CEvNS cross section reported here to the pre-
dicted cross section including these couplings is used to
determine the 90% CL (1.65 �) regions of NSI parame-
ters as shown in Fig. 5. The same procedure was sepa-
rately applied using our previous CsI[Na] result [7] and
also plotted in Fig. 5. The Ar measurement, with a slight
excess over the SM prediction, favors a slightly di↵erent
region than CsI[Na] and results in a bifurcated region be-
cause the central area corresponds to values of ✏uVee and
✏
dV
ee that yield a cross section somewhat less than the
SM value. The data and predicted background are avail-
able [50] for alternative fits.

Summary — A 13.7 ⇥ 1022 protons-on-target sam-
ple of data, collected with the CENNS-10 detector in the
SNS neutrino alley at 27.5 m from the neutron produc-
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FIG. 4. Measured CEvNS flux-averaged cross section for the
two analyses, along with the SM prediction. The horizontal
bars indicate the energy range of the flux contributing. The
minimum value is set by the NR threshold energy and is dif-
ferent for each analysis. The 2% error on the theoretical cross
section due to uncertainty in the nuclear form factor is also
illustrated by the width of the band. The SNS neutrino flux
is shown with arbitrary normalization.

tion target, was analyzed to measure the CEvNS process
on argon. Two independent analyses observed a more
than 3� excess over background, resulting in the first de-
tection of CEvNS in argon. We measure a flux-averaged
cross section of (2.2±0.7)⇥10�39 cm2 averaged over and
consistent between the two analyses. This is the second,
and much lighter, nucleus for which CEvNS has been
measured, verifying the expected neutron-number depen-
dence of the cross section and improving constraints on
non-standard neutrino interactions. CENNS-10 is col-
lecting additional data which will provide, along with
refined background measurements, more precise results
in near future.
Acknowledgments — The COHERENT collaboration

acknowledges the generous resources provided by the
ORNL Spallation Neutron Source, a DOE O�ce of Sci-
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Proposed Detector at PIP-II
• Single-phase, scintillation only liquid argon 

detector
• Fiducial (active) volume - 4.5 m right cylinder 

inside box, ~100 ton fiducial volume
• Surround sides and endcaps of detector volume 

with TPB-coated 8” PMTs 
- TPB-coated reflector on sides and endcaps for 

photocoverage gaps
• Preliminary simulations suggest 20 keVnr 

threshold achievable with this detector
- Predicted O(100k) CEvNS events/year!
• Existing experiments such as COHERENT and 

CCM are key for testing many of the 
experimental techniques to successfully reach 
the physics goals of a 100-ton scale detector
• Fermilab-funded LDRD to study dark sector 

searches at proposed stopped-pion facility using 
PIP-II 

11
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PIP-II BD LDM Search at Fermilab
• Vector-portal model 
• Stopped-pion neutrino sources place 

strong limits on LDM
- Interaction identical to CEvNS
- DM signal excess over CEvNS 
• Understanding of beam-related backgrounds 

important!
• PIP-II BD light DM search probes 

these models
- Assumes beam power of 90 kW, 100 Hz 

with a 20 ns beam pulse
- 5 year run of 5.65e22 POT 
- On axis, 18 m downstream from target
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Summary
• Completion of PIP-II will support initial 1.2 MW beam to LBNF and can also 

simultaneously support 1 GeV and 10 GeV beams for other uses 
• Further upgrades such as an accumulator ring could produce a stopped-pion 

neutrino source on par with the most powerful in the world
• Stopped-pion sources provide access to a host of physics opportunities such 

as through CEvNS
• Can build stopped-pion neutrino program with facility optimized for 

HEP searches
• Preliminary studies using a 100 ton liquid argon detector show the ability for 

leading probes on light dark sector searches
• We are looking to grow our collaboration! If you’re interested in this effort or 

have questions, please contact us
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Backup
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Coherent CAPTAIN-Mills (CCM)

• Operating at Lujan Center at LANL
- 80 kW, 20 Hz, 270 ns beam width
• 10-ton single-phase scintillation-only LAr 

detector
• Plans for two identical detectors to 

perform sterile  neutrino search
- Upgrades to initial detector to improve light 

collection, additional shielding to reduce 
beam-related backgrounds

• Also search for sub-GeV dark matter 
and other BSM models such as axion-
like particles (ALPs)
• Successes and lessons learned will help 

inform large LAr detector at Fermilab 
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Los Alamos National Laboratory
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Lujan Experimental Area
- Space for large 10-ton liquid Argon ! detector.  
- Run detector in multiple locations.
- Room to deploy shielding, large overhead crane, power, etc

Intense source muon neutrinos: target MCNP
simulation flux 4.74x105 !/cm2/s at 20 m

LANSCE-Lujan Facility 20 Hz
270 ns beam width, FWHM = 135 ns
100 kW max

L= 20 m

L= 40 m

10 m
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FIG. 21. The blue line is the CCM200 dark matter full fit sensitivity with 10 keV threshold for a three year run (2.25⇥1022 POT)
and is based on the most recent CCM200 simulation with clean LAr and improved instrumentation. The background model is
taken from the measured CCM120 rates and shape that are adjusted for the e↵ects of the assumed improvements. The orange
CCM200 sensitivity line includes the e↵ects of upgraded shielding. The pink line could be achieved by using isotopically pure
LAr to further reduce the 39Ar backgrounds, or significant background rejection with improved analysis techniques. Limits
from previous neutrino experiments are shown in Fig. 19.

the beam-related background free signal window.
On the detector side, a number of improvements have

been made, including more main and veto phototubes,
filtering and recirculating the LAr, and using evaporated,
vs. painted, TPB coating on the foils. Addressing these
issues will improve the light output, e�ciency, and energy
resolution.

CCM120’s biggest success was its ability to use an en-
gineering run with 1.5 months of analyzable data to set
mass limits on LDM using the vector portal and lepto-
phobic models. In particular, new limits for LDM in the
mass range 10 < m� < 60MeV in the leptophobic model
are shown in Fig. 19. With the improvements already
implemented in CCM200 (filtered LAr, more shielding,
etc.), it is reasonable to expect that new mass limits for
LDM will be forthcoming using the vector portal and
leptophobic models.
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IX. APPENDICES

A. Gamma-Ray Measurements near the CCM120
Detector

Measurements of the �-ray backgrounds were recorded
immediately following the engineering run. A germanium
detector was set up near the CCM120 detector facing the
tungsten target, and data were recorded for both beam-
on and beam-o↵ conditions similar to the engineering
run. The beam-on data had a live time of 17.25 hours
and the beam-o↵ data were normalized to that (⇥4.01)
so comparisons could be made between the two spectra
(see Fig. 23).
Approximately 19 photopeaks were observed from 50-

2700 keV with prominent peaks (peaks 12 and 19) lo-
cated at 1465 and 2621 keV respectively. These were
determined to be neutron-induced photopeaks occurring
internally in the germanium detector. Their respective
Compton edges (i.e., highest energy e� recoils) are easily
identified in the plot and located at the expected ener-

https://arxiv.org/abs/2105.14020 [hep-ex]

https://arxiv.org/abs/2105.14020
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COHERENT LAr
• COHERENT operating LAr detector 

at the SNS at ORNL
- Beam at 1.4 MW. 60 Hz, 350 ns FWHM
• Currently operating 24 kg COH-

Ar-10 detector
• Moving towards ton-scale detector 

COH-Ar-750
- O(1000) CEvNS events/year
- Light dark matter search
- Design for sensitivity to MeV-scale 

physics in addition to CEvNS
•  𝜈e-Ar CC/NC measurements useful for 

DUNE low-energy program
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The CENNS-10 Detector
• Originally built in 2012-2014 by J. Yoo et al. at Fermilab for 

CENNS effort at Fermilab

• Moved to the SNS for use in COHERENT late 2016 after 
upgrades at IU and additional of substantial shielding and 
infrastructure at the SNS

• Single phase, scintillation only LAr detector, 24 kg fiducial volume

• 2x 8” Hamamatsu PMTs, 18% QE at 400 nm

• Tetraphenyl butadiene (TPB) coated side reflectors/PMTs

• 10 cm Pb/ 1.25 cm Cu/ 20 cm H2O shielding

• Engineering Run (early 2017): high threshold, no lead shielding, 
published results (Phys. Rev. D100 (2019) no.11, 115020)

• First Production Run (July 2017-December 2018): improved 
threshold, blind analysis with two parallel groups finished, 
published results (arXiv:2003.10630, Submitted to PRL)
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CENNS-750
• Single-phase, scintillation only LAr detector, 610 kg fiducial mass

• Leverage successful operation of CENNS-10

• Expect ~20 keVnr threshold in ~25x LAr volume, push for lower

• 3” PMTs or VUV/visible silicon photomultipliers (SiPMs) 

• Investigate optimal wavelength shifting scheme

• Ongoing testing at IU/ORNL

$4�
���	������������������������������ 

�!"�������+�+��������������	

$$%�&$'

( $>���6������	

( �+����������:

( 8�!��������+#��������G�����

( ������:���+*��

( ��+�����*������+�,�
����+�������

( ����������);� -������?3&/

$0�
���	������������������������������ 

�!"�������+�+����������);� ,�������

$$%�&$'

������?3&<�
( =���,�����+���# �������������������$&�,����������+�����

�������&$?

( ������� �����);� -�����������������	/��������������?3&%��� !

�����%"�#$���%
( 5+� ����,������,���	�������%)���� ����������,�,+���

��	������� ������H+���������%���� +����������

( )���������������<�4
51������7C7%7:����51� �%� ������2)��

������
( �����+���+������+�,�����+�,�-����4';�/������


( � 4&&&��������00&�������������%���������%	� B
������&��

��51 �����*�	4
�51�������*�	

$0�
���	������������������������������ 

�!"�������+�+����������);� ,�������

$$%�&$'

������?3&<�
( =���,�����+���# �������������������$&�,����������+�����

�������&$?

( ������� �����);� -�����������������	/��������������?3&%��� !

�����%"�#$���%
( 5+� ����,������,���	�������%)���� ����������,�,+���

��	������� ������H+���������%���� +����������

( )���������������<�4
51������7C7%7:����51� �%� ������2)��

������
( �����+���+������+�,�����+�,�-����4';�/������


( � 4&&&��������00&�������������%���������%	� B
������&��

��51 �����*�	4
�51�������*�	

$0�
���	������������������������������ 

�!"�������+�+����������);� ,�������

$$%�&$'

������?3&<�
( =���,�����+���# �������������������$&�,����������+�����

�������&$?

( ������� �����);� -�����������������	/��������������?3&%��� !

�����%"�#$���%
( 5+� ����,������,���	�������%)���� ����������,�,+���

��	������� ������H+���������%���� +����������

( )���������������<�4
51������7C7%7:����51� �%� ������2)��

������
( �����+���+������+�,�����+�,�-����4';�/������


( � 4&&&��������00&�������������%���������%	� B
������&��

��51 �����*�	4
�51�������*�	 37

 (MeV)χm
1 10 210

4 )
V

/m χ
'(m

α2 ∈
Y=

12−10

11−10

10−10

9−10

8−10

7−10

' = 0.5α

χ = 3mVm

 3 years
×

610 kg 

Thermal Target

 (MeV)χm
1 10 210

' M
at

ch
in

g 
Th

er
m

al
 T

ar
ge

t
α

3−10

2−10

1−10

1

χ = 3mVm

610 kg x 3 years

Figure 4. Expected sensitivity to constraining dark mat-
ter with a vector portal with three years of LAr-1t ex-
posure, with currently excluded regions in grey. The top
plot gives the limits on Y compared to the thermal flux
of dark matter, assuming ↵0 = 0.5. The bottom plot
shows the values of ↵0 for which the thermal flux would
be excluded.
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Figure 5. Expected sensitivity to constraining dark mat-
ter with a leptophobic portal with three years of LAr-
1t exposure, with currently excluded regions in grey.
All constraints are shown as a function of mV with
m� = 5 MeV/c2.

improves on current bounds of dark matter flux by
up to six orders of magnitude as �DM / ↵3

B .

4. FUTURE PROSPECTS FOR CEVNS
DETECTORS

CEvNS detectors can significantly improve on the
LAr-1t sensitivity with realistic assumptions on de-
tector configuration and systematic errors that are
achievable with the next generation of detectors. We
estimate that a liquid argon detector could probe
a dark matter flux up to 2000⇥ lower than cur-
rent constraints. A comparison of potential im-
provements is shown in Fig. 6, showing CEvNS
detectors have the potential to cover the pertur-
bative region of parameter space with ↵0 < 1 for
4 < m� < 100 MeV/c2 within the vector portal
model.

A detector capable of determining the direction-
ality of any observed nuclear recoil signal [39] from
dark matter may further improve background rejec-
tion techniques. Additionally, a confirmation of the
angular di↵erential cross section would serve as a
valuable check for confirming any observed excess
is consistent with dark matter scatters. A detector
with such capabilities would be very di↵erent from
the proposed scintillation detector described here,
though its sensitivity in the SNS beam line would
be an interesting future calculation.

4.1. E↵ectiveness of Analysis Strategy with
Higher Mass Detectors

As shown in Fig. 3, statistical errors dominate
at 610 kg ⇥ 3 years of exposure. We therefore
would expect continued improvement in dark matter
searches with a larger accumulated dataset. With a
next-generation detector with 10 tonnes of fiducial
volume, sensitivity would continue to improve after
several years of exposure. After 50 tonne-yr of ex-
posure, this measurement would not yet be system-
atically limited.

4.2. Reduction of Flux Uncertainty

In the years before LAr-1t is commissioned, un-
derstanding of the relevant systematic uncertainties
is likely to improve. Thus, we repeat the above sen-
sitivity calculation with assumptions of reduced er-
rors. The neutrino and dark matter flux uncertainty
is reduced from 10% to 3%, which we plan to achieve
through an independent measurement of the neu-
trino flux using a D2O detector in Neutrino Alley.
Using the precisely calculated ⌫e CC cross section
on deuterium [40], the measured event rate would
give the neutrino flux with small uncertainty. The
enhancement in sensitivity we achieve with this re-

7
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Coherent Elastic Neutrino-Nucleus Scattering (CEvNS)

• First mentioned by Freedman in 1974
• First detected by COHERENT 

Collaboration with CsI[Na] target in 
2017 at SNS at ORNL
• Neutrino interacts coherently with 

nucleons in target nucleus
• Signature is very-low-energy nuclear 

recoil
- O(10 keV) for O(10 MeV) neutrino
• Largest low-energy neutrino cross 

section on heavy nuclei
• Distinct N2 dependence of cross 

section

17

Why is CEvNS hard to detect?

• Cross section is large for a weak-
nuclear interaction

• Very-low energy nuclear recoils

• Detector needs low detection 
energy threshold!

• Background rejection paramount!

3

For 50 MeV neutrino

q <
1

RN

�2
peak = (

�SPE1

SPE1
)2 + (

�SPE3

SPE3
)2 + (

�gaus

µgaus
)2

�gaus =
�p
N

�2
y = (

dy

da
)2�2

a + (
dy

db
)2�2

b + 2⇢(
dy

da
)(
dy

db
)�a�b

�2
PE = �2

a + 2E⇢�a�b + E2�2
b

Window Without PSD cut With PSD cut
Strobe BRN CEvNS Strobe BRN CEvNS

0-200 keVee Prompt 16463 ± 128 5280 ± 124 72 ± 7 413 ± 20 597 ± 28 54 ± 6
0-200 keVee Delayed 57620 ± 240 0 86 ± 10 1446 ± 38 0 68 ± 8
0-35 keVee Prompt 2616 ± 51 941 ± 52 71 ± 8 264 ± 16 298 ± 23 53 ± 6
0-35 keVee Delayed 9156 ± 96 0 86 ± 10 924 ± 30 0 67 ± 8

Table 1: Predictions for the full data set counting experiment. The errors on
the strobe data are from statistical fluctuations. The errors on BRN come from
computation of the covariance matrix of all excursions and the errors on CEvNS
come from statistics. Updated systematics are in progress for both BRN and
CEvNS

Energy Resolution = 1.3
p

Npe

In agreement with Phys. Rev. C81: 045803, 2010

� =
h̄

p
=

1200 MeV fm

50 MeV
⇠ 25 fm

Emax
r ' 2E2

⌫

M
' 50 keV

1
D. Akimov et al. (COHERENT). Science 357, 1123–1126 (2017)

CEvNS cross section
• CEvNS cross section is largest neutrino 

cross section (<100 MeV) on heavy 
nuclei 

• Via coherence of recoil and near-zero 
weak charge of proton, cross section 
takes on distinct N2 dependence 

• N is number of neutrons in target 
nucleus

2

D. Akimov et al. (COHERENT). Science 357, 1123–1126 (2017)

D. Akimov et al. (COHERENT). Science 357, 1123-1126 (2017)
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Backgrounds for CEvNS-based physics searches with LAr

• Main backgrounds to a low-threshold physics search in LAr:
-  Beam-related backgrounds (likely fast neutrons produced by the proton collisions with 

target)
• Mitigate with lower Z target material, less neutrons produced than spallation neutron sources 

with high Z material and shielding
- Shielding is a challenge, other measurements show this is an achievable goal in building a facility

- Cosmogenically produced 39Ar
• Rates of 1 Bq/kg in atmospheric argon, a steady-state background
• Mitigate with pulsed beam timing or acquiring argon with low 39Ar content (underground argon)
- Use in direct detection DM experiments show rate lowered to ~1 mBq/kg 

• Electron-recoil backgrounds also mitigated by PSD

18
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 Boosted Vector Portal Light Dark Matter (LDM)

• Proton-target collisions produce dark 
sector mediators (V) between SM and 
dark sector (𝜒)
- sub-GeV dark matter particle 
• Produced boosted dark matter particles 

tilted towards forward direction
• Signature in detector also low-energy 

nuclear recoil

19

Phys. Rev. D 102 (2020) 5, 052007

P. deNiverville et al., Phys. Rev. D 92 (2015) 095005
B. Dutta et al., Phys. Rev. Lett 124 (2020) 121802 
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CEvNS-based Sterile Neutrino searches

• Stopped-pion source at Fermilab provides 
excellent opportunity for smoking-gun sterile 
search
- Three flavors of neutrinos, with the 𝜈𝜇 separated in 

time from the 𝜈e and anti-𝜈𝜇

- Using CEvNS, there are several disappearance 
searches available
• Monoenergetic 𝜈𝜇 disappearance at 30 MeV
• Summed disappearance of 𝜈𝜇 ,𝜈e and anti-𝜈𝜇 to 𝜈s

• Constrain 𝜈𝜇 -> 𝜈e oscillation parameters

20

6Summed Disappearance of  !" , !̅" and !e to !sterile 

• One can gain sensitivity by combining the 
disappearance of coherent events for all 
three DAR neutrino types. 

• Need to develop techniques for detecting 
the delayed�νµ   and !e events 

• Must be able to reduce the neutron 
background significantly 

• The 39Ar will also be worse due to the 
acceptance time window so need to 
use particle ID to reduce  

• Need estimate of backgrounds and 
detection efficiency 

• Sensitivity code calculates oscillation 
sensitivities for combined analysis of !" , !̅" 
and !e to give allowed regions for Ue4 , 
U"4,  and US4 .

Use coherent measurements of 

νµ  plus combined νµ+  νe( ) disappearance.

to measure mixing elements  Ue4
2  and Uµ4

2

with at common Δm2. 
Unitarity constraint: US 4

2 =1−  Ue4
2 −  Uµ4

2

Oscillations to sterile neutrinos given by:

sin2 2θµS = 4Uµ4
2 US 4

2 = 4Uµ4
2 1−Ue4

2 −Uµ4
2( )

sin2 2θeS = 4Ue4
2US 4

2 = 4Uµ4
2 1−Ue4

2 −Uµ4
2( )

Standard Disappearance of active neutrinos:

sin2 2θµµ = 4Uµ4
2 1−Uµ4

2( )
sin2 2θee = 4Ue4

2 1−Ue4
2( )

Also, standard νµ→ νe  Appearance given by:

sin2 2θµe = 4Ue4
2Uµ4

2

M. Shaevitz, Columbia Univ.
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PIP-II Sterile neutrino search
• Two identical, O(100 ton) detectors at 

L = 15 m and L = 30 m from target
• Optimize facility to reduce beam-

correlated backgrounds to negligible 
levels
• Assume 1:1 signal/background for 

remaining beam-uncorrelated 
backgrounds
• Off-axis 
• 630 kW beam power at 800 MeV, 75% 

uptime
• 20 keVnr threshold with 70% efficiency 

above threshold
• 9% normalization systematic 

uncertainty correlated between two 
detectors
- 36 cm path length smearing

21

M. Shaevitz, Columbia Univ.
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Requires separation of prompt, delayed neutrinos!


