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PROSPECT is a short-baseline reactor antineutrino experiment consisting of a segmented liquid
scintillator detector designed to probe the existence of sterile neutrino oscillations and precisely
measure the antineutrino spectrum of the primary fission isotope 235U. This LOI will describe the
physics measurements achieved using data taken during the now-completed phase of the PROSPECT
experiment, termed PROSPECT-I. It will also emphasize the additional physics impact that can be
expected from modest continued research investment in PROSPECT-I data analysis.
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Introduction
PROSPECT is a reactor antineutrino experiment consisting of a segmented liquid scintillator antineu-

trino detector [1] designed to probe the existence of sterile neutrino oscillations and precisely measure the
antineutrino spectrum of the primary fission isotope 235U [2]. Existing data was taken in 2018 and 2019
with a first-generation detector called PROSPECT-I located on the Earth’s surface at distances between
6.7 and 9.2 meters from the 85 MW, compact, highly 235U enriched High Flux Isotope Reactor (HFIR) at
Oak Ridge National Laboratory. This dataset has already had a substantial impact on the current state of
many of the topical groups in the Snowmass 2021 Neutrino Frontier, specifically those related to sterile
neutrinos (NF02), artificial neutrino sources (NF09), and applications (NF07). This letter of intent will
summarize these impacts and show how further research support for analysis of existing PROSPECT-I data
will continue to advance understanding for these and other Neutrino Frontier topical groups.

PROSPECT-I Sterile Oscillation Physics Accomplishments (NF02)
PROSPECT has pursued the physics associated with neutrino mass, one of the five P5 Science Drivers,

by probing the existence of neutrino mass states beyond the three associated with the Standard Model
neutrinos. In particular, an array of anomalous experimental results may be collectively explained by the
existence of one or more new sterile neutrino states with mass splittings of order 1 eV [3]. At nuclear
reactors, a transition of electron antineutrinos to undetectable sterile neutrinos can cause deficits in measured
inverse beta decay (IBD) detection rates or distortions in measured IBD positron energy spectra [4].

PROSPECT has performed reactor-based oscillation searches with uniquely high sensitivity to large (2-
20 eV) mass splittings relative to other reactor-based searches [5–8] due to its use of a high-resolution,
segmented short-baseline detector at the spatially compact HFIR core. This small-scale project has
yielded high-impact sterile oscillation physics results within five years of release of the P5 report. The
first PROSPECT sterile neutrino oscillation search using 33 days of reactor-on data-taking, published in
PRL [9], excluded substantial new regions of θ14 and mass splitting parameter space. An improved analysis
extending sterile neutrino exclusion limits using the full PROSPECT-I dataset is now publicly available [10]
and has been submitted for publication in PRD.

Future Sterile Oscillation Physics Goals with PROSPECT-I (NF02)
The PROSPECT and STEREO experiments provide competitive or leading limits on the sterile mixing

parameter θ14 in the mass splitting regime above a few eV2 [11], where much of the remaining un-addressed
sterile neutrino oscillation parameter space suggested by the reactor flux anomaly lies [12]. PROSPECT
plans to improve θ14 limits with its existing PROSPECT-I dataset via three avenues:

• Improving signal and reducing background by roughly a factor of two through enhanced IBD selec-
tion strategies such as dataset sub-division, cosmic veto development, and machine learning tech-
niques.

• Improving sensitivity at high mass splitting by increasing the granularity of PROSPECT’s baseline
binning, which will require the use of new statistical techniques [13]

• Enhancing statistical power and L/E coverage by performing joint oscillation analyses with the Daya
Bay and STEREO experiments, as previously demonstrated with Bugey-3 and Daya Bay data [14]

We expect these analysis improvements to further expand constraints on θ14 in the high mass splitting
region. The benefits of joint reactor oscillation analyses to the NF02 topical group are described further in
another Snowmass LOI [15].
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PROSPECT-I Reactor Spectrum Physics Accomplishments (NF09)
By baseline-integrating the PROSPECT IBD signal and performing detailed calibrations [16], PROSPECT

can measure the energy spectrum of neutrinos created following fission of 235U. The combination of pure
235U measurements with knowledge from experiments at low-enriched reactors can yield a more complete
picture of the true broad-scale and fine-scale structure of isotopic neutrino spectra and better understanding
of the origin of the reactor spectrum anomaly [17–19]. We see these developments as one essential focus
of the NF09 topical group, as they would substantially benefit physics outcomes for many topical groups,
including NF01 (reactor-based mass hierarchy measurements [20, 21]), NF02 (probing the relationship
between reactor spectrum and flux anomalies [22]), NF03 and NF06 (reactor-based CEvNS measure-
ments [23, 24]), and NF07 (relevance to the nuclear data community [25]). The physics impacts of better
reactor spectrum knowledge will be described further in another Snowmass LOI [26].

By comparing its first 235U spectrum measurement to the beta-conversion prediction for 235U [27],
PROSPECT was able to verify the general accuracy of the model, while providing first indications that
235U is not solely responsible for deviations of Daya Bay’s measurement from predictions at high energies.
This is by far the most precise absolute measurement of the HEU reactor neutrino spectrum ever performed,
and is now published in PRL [28]. Upgrades to the spectrum analysis are complete, and are also reported in
Ref. [10]. When considered alongside Daya Bay results [29], this PROSPECT analysis disfavors at greater
than 2σ CL the hypothesis that 235U is not at all responsible or entirely responsible for LEU spectrum
data-model disagreements.

Future Spectrum Physics Goals with PROSPECT-I (NF09)
Improved signal and background statistics from enhanced PROSPECT-I data analysis will also produce

a more precise absolute 235U spectrum measurement. In particular, improved cosmic veto rejection is ex-
pected to greatly improve PROSPECT’s signal-to-background ratio at high energies, thus substantially en-
hancing any conclusions PROSPECT-I can draw about the isotopic origin of spectrum discrepancies. Joint
neutrino spectrum analyses using the existing PROSPECT-I selection are also currently being performed
with the STEREO and Daya Bay collaborations, a short-baseline HEU experiment and a long baseline LEU
experiment respectively, to determine the level of compatibility between different HEU and LEU measure-
ments, and to produce new ‘data-driven’ models of neutrino production by 239Pu and 235U.

Future PROSPECT-I Goals for other Topical Groups (NF07, NF03, NF10)
Beyond its oscillation and spectrum physics goals, future PROSPECT-I analysis will also yield new

physics relevant to a variety of Neutrino Frontier topical groups:

• NF07: PROSPECT is the first reactor neutrino experiment to achieve a high signal-to-background
ratio despite deployment in an overburden-free location. Future PROSPECT-I analysis will demon-
strate other capabilities for reactor monitoring applications, such as neutrino directional reconstruc-
tion, 3D reactor location, reactor power load-following and sensitivity to plutonium breeding.

• NF03: Due to its on-surface location and excellent pulse shape discrimination capabilities, PROSPECT
has unique capabilities in direct detection of boosted light dark matter signatures [30]. Analysis ef-
forts are currently underway to using PROSPECT-I data to perform a boosted dark matter search
capable of probing regions of parameter space unaddressed by previous direct searches.

• NF03, NF04, and NF09: PROSPECT has the capability to perform uniquely precise on-surface
cosmogenic neutron, muon, and isotope production measurements. Analyses currently underway
using PROSPECT-I data are likely to aid in background modelling for other on-surface experiments,
such as NoVA and those in the Fermilab SBN program.
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