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Abstract: Since 2013 the Oak Ridge National Laboratory has been developing the utilization of
its neutron user facilities for fundamental neutrino science. The Neutron Science, Nuclear Science
and Engineering, and Physical Sciences Directorates have collaborated with neutrino scientists to
deploy two cutting edge neutrino experiments, PROSPECT and COHERENT, at HFIR and SNS
respectively with the support of laboratory investments in site infrastructure, local supporting
laboratories, computing and data storage, and administrative user support for visiting scientists
and students.

We have demonstrated that these facilities can deliver world class neutrino science while main-
taining their commitments to their primary missions to the Office of Basic Energy Sciences. Both
the SNS and HFIR are planned to operate at production levels beyond the next decade with sig-
nificant power upgrades and a new target station planned for the SNS in the next five years that
expand opportunities for the neutrino experimental program.

With continued support from the Office of High Energy Physics and ORNL management, we
envision a thriving collaborative experimental neutrino program to deliver world-class science that
utilizes the unique capability of these neutrino sources that is highly complementary to global
neutrino experimental community efforts[1–12].

1



ORNL Snowmass LOI ORNL Neutrino Sources

High Flux Isotope Reactor (HFIR)

The High Flux Isotope Reactor (HFIR) is an
85 MW research reactor that produces 1019 an-
tineutrinos per second. The reactor is one of only
a few reactors remaining in the United States
fueled with highly-enriched uranium (HEU).
The higher enrichment compared to commer-
cial reactors results in > 99% of fissions coming
from 235U. The core is one of the most com-
pact in the world, at 0.5 meters in diameter.
Being a research reactor with a 50% duty cy-
cle means there is ample opportunity to study
backgrounds, which is critical for a short base-
line experiment. Therefore HFIR is an excellent
neutrino source to study neutrino properties and
the 235U spectrum.

HFIR will be undergoing a replacement of its
permanent beryllium reflector in the mid 2020s.
Following this replacement, HFIR will be able to
continue operation for basic energy sciences for
approximately another two decades. There are
also potential plans to upgrade HFIR with new
and improved scientific facilities, which would
extend its lifetime for many more decades. The
continued operation of the reactor will allow for
use of the facility for subsequent neutrino exper-
iments.

HFIR core during a defueling operation

HFIR already has experience with host-
ing a neutrino experiment. HFIR hosted the

Precision Reactor Oscillation and Spectrum
(PROSPECT) experiment in 2018[13–16]. The
mission of PROSPECT is two-fold: to make a
precision measurement of the 235U spectrum and
to search for sterile neutrino oscillations. The
PROSPECT collaboration designed and con-
structed a ton-scale, segmented liquid scintil-
lator detector that used inverse beta decay to
see neutrinos coming from HFIR. PROSPECT
has since achieved the highest statistics mea-
surement of the 235U spectrum and excel-
lent signal-to-background for an above-ground,
short-baseline detector. PROSPECT was also
able to achieve short baseline (7-10 meters) from
the core center.

PROSPECT detector at HFIR

HFIR is a dedicated user facility with world-
class operational excellence. The compact core
and facility allow for very short baselines (< 10
meters) from the core and a variety of deploy-
ment locations. Additionally, the HFIR core is
also well-modeled with state-of-the-art simula-
tion tools [17]. Many HFIR staff are familiar
with the efforts of neutrino science and have con-
sistently demonstrated support for groundbreak-
ing science experiments. The tacit knowledge
and experience is invaluable to neutrino experi-
ments seeking to measure reactor neutrinos.
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Spallation Neutron Source (SNS)

The Spallation Neutron Source at the Oak
Ridge National Laboratory is an extraordinary
machine and user facility supporting the mission
of the DOE Basic Energy Sciences in materials
and biological research.

The SNS is also the world’s most in-
tense source of neutrinos from stopped-pion de-
cays. These neutrinos were recently used by
the COHERENT collaboration to make the
first observation of a neutrino interaction that
had eluded experimental detection for over 40
years, coherent elastic neutrino-nuclear scatter-
ing (CEvNS)[18]. The success of the COHER-
ENT experiment[19, 20] was primarily due to the
intensity, pulsed time structure, and total annual
neutrino production of the neutrino source.

The Spallation Neutron Source Complex

As currently operating, the SNS utilizes a
superconducting linear accelerator to bring hy-
drogen ions to a kinetic energy of 1 GeV. The
ions are stripped of their electrons and the pro-
tons stored in a 1 microsecond period storage
ring. Within a millisecond, 1200 of these pro-
ton pulses are accumulated before the beam is
extracted and directed on a massive liquid mer-
cury target with a width of only 350 ns. This
entire process is repeated 60 times a second to
deliver 1.4 MW of protons to spallate neutrons
off the target nuclei. The neutrons are heavily
moderated and sent down beam lines to neutron
scattering instruments and a single fundamental
neutron physics experiment hall. The SNS oper-
ates 5000 hours per year with exquisitely consis-
tent beam conditions with a premium on reliable,
scheduled operations for the user program.

For every 300 neutrons produced in the tar-
get, you also get a positively charged pion that
decays to three flavors of neutrinos with a char-

acteristic energy and time structure that is pre-
served by the short proton pulses. The proton
beam energy is fortuitously in a sweet-spot to
efficiently produce pions without producing too
many kaons and the target is sufficiently thick to
minimize decays-in-flight. This results in an ex-
tremely clean (>99%) source of neutrinos from
decay-at-rest pions that is well understood.

Neutrino Alley at SNS First Target Station
with planned COHERENT instruments

The SNS Proton Power Upgrade (PPU)
project to be completed by 2024 will provide 2.0
MW of proton power at the currently operat-
ing First Target Station. The proton pulses will
be delivered at a rate of 60 pulses per second
until the completion of the Second Target Sta-
tion(STS) in 2028. When the STS comes online
that same 2MW will be delivered in 45 pulses
per second to the first target and 15 pulses will
be directed at the new tungsten target at the
Second Target Station. The civil design of the
target building is now underway and Second Tar-
get Station project management is working with
the neutrino scientists to understand facility re-
quirements for future neutrino experiments. The
second target station will expand opportunities
for neutrino science in several ways:

• Purpose designed laboratory spaces will al-
low for a factor of 10 larger detector masses
for high precision experiments to probe
topics including non-standard interactions,
neutrino magnetic moment, and the weak
mixing angle, and

• On-axis and off-axis locations will provide
highly competitive searches for accelerator
produced dark matter[21].
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