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Why study neutrinos?

Neutrino oscillations requires non-
zero mass at odds with SM.
- Precision tests of standard model 
are required to elucidate how to 
expand the theory.
- Properties: Size, Magnetic Moment, 
Majorana, Sterile candidates
- Interactions: Quark-lepton couplings, 
flavor dependent radiative corrections, 
axial couplings

Standard Model is incomplete Evolution of the Universe Related BSM Searches

Core-collapse Supernova

- Neutrinos play critical role in SN 
dynamics

- Neutrino detection essential for 
testing models.

- Neutrino cross sections below 50 
MeV never measured in critical 
targets: argon, oxygen

Dark Matter Searches

- SNS is an intense source of pions 
and photons that could couple to dark 
sector

- Light DM, Leptophobic Models, QCD 
Axion, Axion-like particles

- Right-handed neutrinos, heavy 
neutral leptons (HNLs) JHEP 09 (2023) 1

COHERENT DM in Snowmass

❑COHERENT is represented as a significant LDM
experiment for Snowmass review

• Already included in overview plot for NF03 
white paper (from P deNiverville)

• DUNE only competitor there, let’s see how we
compare as more experiments put on the plot

• Regardless, will be great exposure

4
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Many scientists envisioned a thriving neutrino program at the 
SNS

20-ton Liquid Scintillator Detector 
20-ton Solid-target Gas Detectors

νSNS

2000-ton Cherenkov Detector

ORLaND

Year 2000 Year 2005

• SNS construction completed in 2006 and began neutron scattering program in 2007. 
• In 2009, CLEAR proposed to install 0.5-ton detector 46 m from source. 

Workshop at ORNL in 2013 considered what could be done with a ~10kg detector.
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COHERENT Collaboration
• 120 members, 28 institutions 
• Formed in 2013 to observe CEvNS in multiple 

nuclear targets to measure N2-scaling of cross 
section  

• Spallation Neutron Source (SNS) at Oak Ridge 
National Laboratory (ORNL) is also a perfect 
source of neutrinos. 

• Intense flux of low-energy pulsed neutrinos also 
useful for studying inelastic neutrino-nucleus 
interactions  

• Intense proton pulses also useful for dark sector 
searches

COHERENT Collaboration - May 2023

https://sites.duke.edu/coherent/ arXiv:2204.04575v1

https://sites.duke.edu/coherent/
https://arxiv.org/abs/2204.04575v1
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Coherent elastic neutrino-nucleus scattering (CEvNS)
• Predicted in 1974 by D. Freedman 

• Interesting test of the standard model, but 
difficult to detect, “act of hubris”.

A neutrino scatters on a nucleus via exchange of a 
Z, and the nucleus recoils as a whole; coherent up 
to Eν~ 50 MeV

CEvNS cross section is well calculable in the Standard Model 

Sensitive to non-standard interactions 

Largest cross section in supernovae dynamics 

Background for future dark matter experiments 

Sensitive to nuclear physics, neutron skin (neutron 
star radius) CEvNS cross section is large!

Max recoil energy is 
2Eν2/M or 25 keV for 
31-MeV ν on Ge

5

5 10 15 20 25 30 35 40 45 50 55
 Neutrino Energy (MeV) 

5−10

4−10

3−10

2−10

1−10

1

10

210

)2
 c

m
-3

8
 C

ro
ss

-s
ec

tio
n 

(1
0

Cs CEvNS133

I CEvNS127

Ge CEvNSnat

Ar CEvNS40

Na CEvNS23

I CC127 eν

Ar CC40 eν

O CC16 eν

 d CCeν

 NIN totaleνPb 
 NIN 1neνPb 
 NIN 2neνPb 

 

FIG. 2. Neutrino cross sections for neutrino energies up to 100 MeV relevant for COHERENT, from Ref. [9].

individual electron or nucleon within a nucleus. Cross sections of relevance to COHERENT are shown in
Fig. 2.

The di↵erential cross section of CEvNS predicted by the Standard Model is given by [10]
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where T is the recoil energy, E⌫ is the incident neutrino energy, GF is the Fermi constant, M is the target
nuclear mass,

GV = (gpV Z + gnV N)FV
nucl(Q

2), (2)

GA = (gpA(Z+ � Z�) + gnA(N+ �N�))F
A
nucl(Q

2), (3)

gn,pV and gn,pA are vector and axial-vector coupling factors, respectively, for protons and neutrons, Z and N

are the proton and neutron numbers, Z± and N± refer to the number of spin up or down nucleons, FV,A
nucl are

vector and axial nuclear form factors, and Q is the momentum transfer. As the numbers of spin up and down
nucleons in a nucleus are either precisely zero or much smaller than the number of nucleons, the axial-vector
contribution GA is small. The couplings are subject to percent-level Q-dependent radiative corrections [11],
with values of gnV ⇠ �0.511 and gpV ⇠ 0.03.
The vector contribution GV is hence mainly determined by the total number of neutrons in the target

nucleus. The cross section as a function of the number of neutrons is shown in Fig. 3.
Even though CEvNS has a relatively large cross section, it was not until recently that this process was

observed [3, 4] due to the low recoil energy of the nucleus. A pulsed neutrino source optimized for generating
high-flux neutrinos in the tens of MeV range and detectors that are sensitive to nuclear recoils down to keV
or even sub-keV range enabled the first measurements, and this setup provides further opportunities for
detailed study of CEvNS.

P.S. Barbeau, Y. Efremenko and K. Scholberg, 
COHERENT at the Spallation Neutron Source,
Annual Reviews of Nuclear and Particle Science
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Completing the N-squared Cross Section Dependence
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Future CEvNS Measurement Planned

• Lightest-Nucleus 
• 3.4 ton NaI Array 
• 3𝞼 CEvNS/yr 
• 2 of 5 modules installed for 

commissioning 

Sodium (NaI)
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FIG. 2. Best-fit maximum likelihood estimates of the signal (orange) and background (blue) distributions projected in energy
and time for both o!-beam and on-beam data. The energy region of interest is from [0.5, 20] keVee, while the time region of
interest is from [-4, 40]µs with respect to an external beam trigger such that the neutrino arrival is expected to begin at -160 ns.
Calibration data, simultaneously fit to constrain the parametrization of the background, is not shown here.

constraining datasets, including o!-beam data and high-
statistics calibration data. The signal normalization is
treated as a free parameter, while the steady-state back-
ground is described by a parametric model whose shape
and rate are constrained by the auxiliary datasets and
profiled in the fit.

The fit is performed over the full analysis window in
energy and time for each detector separately. Figure 2
shows the o!-beam data, on-beam data, and the best-fit
results for all detectors summed.

The per-detector likelihoods are then combined in a
global fit to the CEvNS cross section, yielding a total
of 124+14

→12 signal events, consistent with the standard-
model expectation within 1 ω. A simultaneous fit across
detectors was performed to determine the total flux-
averaged cross section, with the neutrino flux normal-
ization treated as a nuisance parameter with a Gaussian
prior of 10 percent. The best-fit flux-averaged cross sec-
tion normalized to the SM expectation of 5.9→10→39 cm2

yielded a value 1.00± 0.14.

The results reported here are combined with the first
Ge-Mini CEvNS result in Ref. [6] by summing the corre-
sponding profile likelihoods. Figure 3 shows the resulting
profile likelihood for the ratio of the observed signal yield
to the standard model. The combined result is consis-
tent with the standard-model prediction within 1ω and

the combined statisical uncertainty is 9%. While the sys-
tematic uncertainties for both data sets are comparable,
the increased exposure and lower analysis threshold led
to a significant reduction of the statistical uncertainty
from 30% to less than 10%.

The distinct timing structure of the prompt muon-
neutrino component and the delayed electron- and
antimuon-neutrino fluxes enables sensitivity to flavor-
dependent CEvNS rates. This dataset is interpreted in
the context of non-standard neutrino interactions (NSI)
a!ecting vector neutrino–quark couplings [21–23]. In
the presence of a heavy mediator, the coherent scat-
tering cross section is modified through e!ective flavor-
dependent coupling strengths, parameterized by coe”-
cients εωεq , where ϑ,ϖ denote the neutrino flavor and q
the quark type.

Using the same global likelihood framework, con-
straints are derived by profiling over the standard-model
CEvNS normalization and experimental nuisance param-
eters. Figure 4 shows the resulting confidence regions in
the (εeeu , εµµu ) plane.

Summary and outlook.— The COHERENT Ge-Mini
detector array at the Spallation Neutron Source has mea-
sured the coherent elastic neutrino-nucleus scattering
cross section with improved precision, making it the col-
laboration’s first measurement with a dominant system-
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Broad Impact of Future -DAR CEvNS Studiesπ

Supernova 1987a

J.R. Wilson, PRL 32, 849 (1974) 
C. Horowitz et al., PRD 68, 02005 (2003)

Largest σ in Supernovae 
dynamics Nuclear Form Factors

Accelerator DM searches Neutrino Magnetic Moment

See also Kosmas et al., arXiv:1505.03202

Non-Standard 
Interactions

BSM light mediator 
searchesWeak Mixing Angle

Sterile Searches

COHERENT Snowmass whitepaper 2022

K. Scholberg

(keVnr)

Matteo Cadeddu presentation M7s ‘23

COHERENT Snowmass whitepaper 2022

Matteo Cadeddu presentation M7s ‘23
COHERENT Snowmass whitepaper 2022

Mattia Attori Corona 
presentation M7s ‘23

arXiv:2204.04575v1

https://arxiv.org/abs/2204.04575v1
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COHERENT Precision Program now underway

• 750kg LAr 
• Single phase 
• Light Collection Options 

• 3” PMT TPB 
• SiPM, Xenon Doping, … 

• ~3000 CEvNS/yr 
• Fabrication underway @ 

Seoul and IU

Precise Flux Normalization High Statistics CEvNS

Walt Fox, IU
• Deuteron Charged Current 

• 2-3% Theoretical Uncertainty* 
• Calorimetry: no Ring Imaging 
• 2.5% Statistical in 2 yrs 
• Module 1 now operating

𝜈𝑒 + 𝑑 → 𝑝 + 𝑝 + 𝑒−

*S.Nakamura et. al. Nucl.Phys. A721(2003) 549

Significantly Improve NSI Constraints

US-Japan Workshop on Measurements for 
Supernova Neutrino Detection, ORNL Mar 2023

Module 1 Module 2
UTK/CMU/VT/ORNL

COHERENT 2021 JINST 16 P08048

https://indico.phy.ornl.gov/event/217/
https://indico.phy.ornl.gov/event/217/
https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08048
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Future COHERENT Detectors
Cryogenic 

Scintillating Crystals
Time Projection 
Chambers

KEYU DING 7

Light yield measurements at low energies

New cryostat (designed for QF 
measurement), smaller crystal, 
less shielding

Old cryostat

COH-CryoCsI 
• Undoped CsI 
• Maximal Light Yield, Minimal 

Afterglow at 77K 
• Well matched for SiPM readout 
• ~0.4 keVnr thresholds possible 
• 10kg and 750kg concepts

Time-Projection Chamber

SOLIDWORKS Educational Product. For Instructional Use Only.

20

Cathode

Anode

Field shell

HV power 
supply

HV filter 
(low pass)

PicoAmmeter
(Current 

measurement)

High voltage 
(HV) power 

supply ground = 
building ground

Nominal field: 
500 V/cm    

(15 kV total)

SLACube
30x30x30 cm3

SLACube 
• Compact LAr TPC Design 
• LArPix Readout 
•  Charged Current 

Gas TPC 
• CEvNS recoil direction

νe

Concept Yun-Tse Tsai, SLACUSD, Prototype

Lead Glass

Measuring Inelastic-Neutrino Scattering on Lead(Pb)

using a Cherenkov Detector at the SNS at ORNL.
Nixon Ogoi †,‡, Ana Zaalishvili §,‡, Natalie Jones §,‡, Tyler Johnson §,‡,

Phil Barbeau §,‡, Diane Marko� †,‡, and the COHERENT Collaboration.
†Dept. of Mathematics and Physics, North Carolina Central University, Durham, NC 27707

§Dept. of Physics, Duke University, Durham, NC 27708
‡Triangle Universities Nuclear Laboratory (TUNL), Durham, NC 27708

Background

•There are two types of neutrino interactions:

‹e +208 Pb =∆208 Biú + e≠ (CC)
»

208≠yBi + x“ + yn

‹x +208 Pb =∆208 Pbú + ‹
Õ

x (NC)
»

208≠yPb + x“ + yn

Motivation for the Study

•Study first stage of charged-current (CC)
interactions in 208Pb

•Are we sensitive to beam-related neutrons
(BRNs)?

Neutrinos at the Spallation

Neutron Source (SNS)

•World-leading neutron research facility that
runs a 1.7 MW pulsed beam accelerator

•Mainly produces neutrons but also creates
some flavors of neutrinos (‹µ, ‹e, ‹̄µ).

Fig. 1: Neutrino production from proton beam at the SNS

•Existence of Neutrino Alley at the SNS:
– Shielded neutron-quiet basement
hallway
– Allows for placement of detectors for
neutrino research

Fig. 2: Diagrammatic representation of detector systems
deployed by COHERENT collaboration in Neutrino Alley

Prototype design

•The prototype detector consists of:
– 40kg Lead glass block

– 2 photomultiplier tubes (PMTs)

– No shielding

•Cerenkov detector (sensitive to electrons)

Fig. 3: Rendering of the PbGlass prototype

Building the Prototype

•Lead glass block wrapped in highly reflective
mylar and black vinyl

Fig. 4: Anna and Natalie wrapping lead glass (left) and a pile of
lead glass blocks (right)

•Home-made bases for PMTs
•Manually calibrated PMTs:
– 3.5 inch Bicron PMTs (2)

•Data Acquisition (DAQ) configuration:
– CAEN 4 channel 12 bit 250 MS/s

desktop digitizer
– Waveform recording software

•Deployed Cerenkov prototype detector

in July 2023 at the Neutrino Alley at the SNS

Fig. 5: Some COHERENT collaboration members assembling the
PbGlass prototype in Neutrino Alley

Fig. 6: PbGlass prototype in Neutrino Alley

Challenges

•Reusing Lead glass with radiation damage:
– Reduced light transmission
– Heat treatment to increase transmission

•Better PMTs optimized for Cherenkov signals
•Space constraints in Neutrino Alley at SNS

Fig. 7: Current deployment in Neutrino Alley and space
considered for full PbGlass detector

Proposed Initial Detector

•Horizontal design for space considerations
•Planned deployment at SNS for summer 2024

Fig. 8: Initial PbGlass detector rendering by Ana

Future work

•Currently analyzing ¥ 12 TB of beam-on

data with additional beam-o� data
•Fine-tune prototype to minimize background
noise and maximize signal:
- Hardware optimizations
- Software (advanced analysis techniques)

•Use findings to design initial detector

•Deploy initial detector by 2024 summer
•Study the electromagnetic component

of CC neutrino interactions on 208Pb

Acknowledgements

We gratefully acknowledge the generous support provided
by the National Science Foundation (NSF), the Department
of Energy(DOE), and the Oak Ridge National Laboratory.

Neutrino 2024 Conference, Milan, Italy Poster #568

Prototype NCCU, TUNL, DUKE

Lead Glass Array 
• 40 kg Module 
• Duel ended light readout 
• - Pb Charged Current 
• Multi-ton in Neutrino Alley 
• Deploy in 2025 

νe

Neutrino Alley limited to 1-ton, 1-meter width deployments
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Beyond Neutrino Alley in STS Era
STS Nu Working Group (Chair Kate S.) 

• COHERENT Institutions, SLAC, UT-
Arlington, TAMU 

• Weekly Meetings to Consider 
– Science Program 

– Detector Technologies 

– Distance & Proton Beam Angle 

– Shielding 

– Installation Constraints 

– Utilities

• 2020 Jul  10  Discussion with STS Project Team 

• 2020 Sep      Snowmass LOI ORNL/NScD Senior Mgmt 
• 2021 Jan 21 Briefing of ORNL Deputy Directory 

• 2021 Jan 21 ORNL email to BES Director 
• 2021 Jan 22 Briefing with OHEP Director 
• 2021 Feb 9   First STS Nu Working group meeting 

• 2021 Apr 13  STS Nu Briefing of STS Project Team 

• 2021 Jul 13   STS Project Neutrino Charrette 

• 2021 Dec 14 Joint Briefing of BES and HEP	  

• 2022 Sep 22   STS Project Director confirms Neutrino 
Laboratory to be considered in Preliminary Design	

Snowmass 2021 Decadal Planning Exercise Began in April 2020



11

Second Target Station Opportunities 
• Neutrino Laboratory approved for STS 

Project Preliminary Design in 2021
• STS Basement concept location offered 

facility integrated neutron shielding for 2 
10-ton scale detectors and adjacent 
utility room
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Science Capability of Second Target Station
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FIG. 5. Sensitivity to discover vector-portal dark matter at the SNS. The dashed curves give the sensitivity to the
proposed argon calorimeter and cryogenic CsI scintillator. For comparison, the reach of COHERENT at the FTS is
shown by the solid curves. The shaded purple and grey regions give current constraints from COHERENT and other
experiments, respectively.

tions [22]. The couplings consistent with the dark matter relic abundance are shown as black lines. These
expectations depend on the spin and mass phenomenology of the dark matter particle. At the STS, expected
sensitivity lies near the most conservative scenario, a pseudo-Dirac fermion yielding powerful discovery po-
tential, particularly for dark matter masses between 10 and 300 MeV/c2.

D. Axions

The STS can be used to search for axion-like particles (ALPs) by utilizing their large photon flux. Tradi-
tional searches for pseudoscalar ALPs rely on their decay in beam dumps or their conversion into photons in
haloscopes and helioscopes. Through Primako↵-like or Compton-like channels at stopped pion experiments,
the sensitivity to the ALP-photon/electron couplings can improve upon existing limits [26].

E. Inelastic Neutrino-Nucleus Cross Sections

Neutrinos from stopped pions overlap significantly with the expected energy range of neutrinos from core-
collapse supernovae, which go up to several tens of MeV. The SNS therefore o↵ers excellent opportunities
for the study of neutrino-nucleus interactions of relevance for supernova neutrino detection, as well as for
understanding of processes within the supernova itself, including both astrophysical mechanisms and nucle-
osynthesis. The energy regime of interaction products is of the same order as the neutrino energies. Target
nuclei of particular interest (i.e., relevant for existing or planned supernova neutrino detectors, as well as for
understanding of nucleosynthesis) are Ar, O, Pb, Fe and C.

Solar neutrinos, which have energies up to about 15 MeV, are an interesting physics target for DUNE [27],
and knowledge of the CC ⌫40e Ar cross section will enable interpretation of that signal also.

Measurement of inelastic neutrino-nucleus cross sections is also of intrinsic interest for study of the weak
interaction and for nuclear structure physics [1].

arXiv:
September 8, 2022
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global preferred sterile neutrino parameter space along with individual results from LSND and MiniBooNE. The reach
is very favorable with potential for CEvNS measurements to probe mixing angles two orders of magnitude lower than
current best fits. The reach of COHERENT at the FTS is also shown.

low-threshold bolometers. Generally, good event-by-event timing resolution is desirable, in order to take
advantage of the background rejection a↵orded by the beam timing.

We describe in the following sections a handful of specific concepts, but recognize that there are broader
possibilities for deployment at the STS.

A. Single-Phase Argon

An ⇡ 10-tonne single-phase liquid argon detector in a well-shielded location, within ⇡ 20 m of the ⇡ 1 MW
neutrino source will enable an impressive suite of high-sensitivity, low-energy physics measurements such as
the study of NSI with CEvNS, accelerator-produced dark matter, and sterile neutrino searches, as described
in Sec. III. A conceptual design for such a detector is shown in Figure 7. This particular configuration shows
the single-phase liquid scintillation detector with 8” PMT readout. One may also consider using SiPMs for
light collection in full, or sparingly. to provide additional detectors to increase the detector dynamic range
and perhaps allow for better direction reconstruction for inelastic events with Cherenkov light. The same
cryostat configuration, and to first approximation, the same support utilities, would allow a LAr TPC as
well.

The space of approximately 5⇥ 5⇥ 5 m3 would accommodate this detector but would require assembly in
another location. This is required to maintain our strict shielding requirements to allow a low-energy exper-
iment near such a high-power stopped pion neutrino source. The COHERENT experiment [37], currently
running at the SNS FTS, has made measurements of signals and backgrounds. This experience will enable
optimized plans for large detectors at the SNS within a dedicated facility at the SNS STS.

In addition to the required shielding for a low-background location near the STS, many aspects of the
detector design should be optimized for maximum physics sensitivity. For LAr, an important consideration
is the detector medium itself. Argon sourced in the usual manner derives from the atmosphere and contains
⇡ 1 Bq/kg of 39Ar, a �-emitter which contributes to the steady-state background underlying the beam-
related signal. A significant amount of work has gone into finding a source of underground argon [38],

Dark Matter Searches

Sterile Searches
10-ton LAr
FSD Bern

10-ton WbLS
EOS (LBNL)
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FIG. 7. Left: The angular distributions in the SM (solid red), vector (solid blue) and scalar (dashed blue) for He (Top) and F (Bottom) detectors
using SNS neutrinos. Right: The corresponding event yield in angular bins of size 10�.

distribution although with a deficit instead of an excess, while
a 50 MeV mediator only leads to a rescaling of the SM spec-
trum. For F, at 30 MeV mediator mass the NP spectrum is
already a rescaling. As the energy threshold is increased, both
the discontinuity and the lower end of the distribution move
towards larger cosqr.

Since detectors sensitive to Er already exist and angular in-
formation could come at an expense of energy resolution, it
is useful to compare the angular spectrum with the associated
energy spectrum (Fig. 9). The vector induced deficit is more
dramatic than in the angular distribution and occurs at large
values of Er, which are accessible with current technology.
The scalar curve at high recoil energies coincides with that of
the SM. Finally, one can note that dips in the recoil spectra
are smeared out in nuclear angle space. For example, in he-
lium and for mV = 30MeV the recoil spectra exhibits a well
localized dip at about Er = 70keV. At the angular distribution
level, that sharp downward spike results in a way less pro-
nounced feature at cosqr ' 0.3.

It is insightful to use Fig. 9 in conjunction with Fig. 8
to understand the effect of detector thresholds on observables.
From Fig. 9 one can directly read off the recoil spectrum from
any energy threshold between 1 keV and 100 keV, and a higher

value necessarily leads to lower NP sensitivity. This can be
compared to one of the representative threshold values in Fig.
8 to see how the shape discrimination appears in the angle
domain.

The excess regions are more interesting to compare since
with larger signals backgrounds and systematic errors become
less challenging. Comparing the plots we can see a quali-
tatively unique feature in the lower cosqr distribution com-
pared to that of low Er: the three scenarios (SM, SM+Vector,
and SM+Scalar) lead to slopes that are negative, positive and
vanishing respectively. The discriminating region in the en-
ergy domain is roughly between 1 keV and 100 keV, while in
the angle domain it is between 85� and 60�. It is unclear at
this stage which choice would lead to stronger limits. For that
a likelihood analysis using various combinations of detector
resolutions is necessary.

One crucial difference is that increasing the detection
threshold, say, to 10 keV would eliminate a large portion of
the signal discrimination region, while the small cosqr region
would still be accessible. In other words, it could be beneficial
to trade a higher detection threshold with finer angular resolu-
tion at large angles. The ratios of events with NP to that in the

Directional CEvNS with GasTPCs
sensitive to light/vector mediators

Broad International Interest in SNS/STS Science Program 

Phys. Rev. D 102, 015009
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Exploring First Target Station Opportunities for Larger 
Detectors

ORNL LDRD 2022-2023 to consider FTS spaces
• Neutrino flux at FTS a factor of 3 higher than STS
• SNS Engineering and Operations identified additional 

4 candidate spaces with facility integrated shielding for 
neutrino experiments. 

• Overburden and cosmic ray reduction similar to 
Neutrino Alley.

• Locations 10-17 meters from the target.
• Beam related neutron backgrounds are the critical 

unknown to establish viability.
• Limited to ton-scale detectors
• Modest facility infrastructure required in these 

locations.
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ORNL initiative to explore modest facility upgrades to 
enable new capabilities 

First Target Station ramped to 2.0 MW in 2026
ORNL FY24 LDRD explored feasibility and cost of dedicated neutrino laboratory at FTS.
• Subterranean pit 45 meters from neutrino source: 3.8 m x 3.8 m x 4.3 m
• 8 ft of overburden cosmic shielding.
• Accommodate EOS WbLS or 10-ton LArTPC, or both simultaneously to be evaluated in preliminary design
STS Site Construction cost for March 2025 authorization and December 2028 closeout: $6.3M including 25% contingency 

SNS First Target Station Neutrino Detector Hall
2.0 MW 
1.3 GeV 
27 mA 
60 Hz 

FTS 
2 MW 
60 Hz 

Concept by John Ramsey
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Exploring science opportunities in Second Target Station Era

Neutrino Program inclusion in STS Project Preliminary Design phase approved by BES-HEP
Similar neutrino laboratory design at STS could benefit from STS construction mobilization and allow single 
detector to simultaneously observed two pion-decay-at-rest neutrino sources at different baselines.

SNS Site with Second Target Station 

Dueling Neutrinos Sources 
K. Scholberg

FTS 
2 MW 
45 pulses/sec

2.8 MW 
1.3 GeV 
38 mA 
60 Hz 

STS 
0.7 MW 
15 Hz 

See Snowmass STS Whitepaper https://arxiv.org/abs/2209.02883

Neutrino lab located 
between FTS/STS

15
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Neutrino Oxygen Cross-Section Measurement with EOS at FTS 
Inelastic cross sections Ar, O essential for DUNE, HK Supernova Physics

EOS - Hybrid Water-Scintillator
Candidate tech for DUNE Module 4
NNSA/DNN - $10M Instrument 
Construction Complete in 2024

SNS – Beamline 8
5-Year+ Window For Neutrinos
ORNL funded by DNN for feasibility 
study

EOS @ SNS Sensitivity
Simulations indicate backgrounds are 
manageable at surface – 5% in 3 years
Informs future Argon TPC at 10-ton scale

NNSA-funding identified for transportation and installation in June 2027
DOE HENP funding is under negotiation for operations 2027-2029

If BL8 or similar location identified at FTS, broader interest in DUNE LArTPC 2.4T, PbGlass 20T 
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Summary
• The Low Energy Neutrino Program at ORNL is a highly productive, user-facing international effort 

utilizing a globally-unique DOE user facility to create a “national landmark for neutrino science” - HEP 
Comparative Review 2024

• The COHERENT experiment addresses all three P5 science themes and is well-aligned with Office of 
High Energy Nuclear Physics priorities.

• Inelastic neutrino cross-section measurements at ORNL have direct impact on DUNE for supernova and 
low energy science.

• Partnership of NScD and Physics Division has been significantly strengthened in the past year with 
programmatic, engineering, and operational integration for planning future detector deployments.

• ORNL engagement with the HEP community has identified compelling new initiatives to expand the 
impact of the Low Energy Neutrino Program to the HEP mission.

Neutrino and BSM Physics Opportunities at SNS Workshop planned for October 26-31


