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Outline

• Background context of reactor neutrino physics

• Introductions to PROSPECT experiment

• PROSPECT-II upgrades and physics goals
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ORNL’s Opportunities: World Class Neutrino Sources
Spallation Neutron Source: SNS


• Pulsed neutron source


• 1 GeV protons on Hg target


• 1.4 MW beam power


• 2nd target station


High Flux Isotope Reactor: HFIR


• 85 MW research reactor


• Fresh highly-enriched 235U fuel


• Compact core

Phys. Rev. Lett. 129, 081801

Phys. Rev. Lett. 126, 012002

PhysRevLett 122 (2019) 251801

PhysRevLett 121 (2018) 251802
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Reactors as man-made abundant neutrino source

Jeremy Lu

• 85MW highly enriched 235U fuel (while in LEU 235U, 238U, 239Pu 241Pu)


• 24 days reactor-on cycle ( >~99.9% neutrinos from 235U)


• Compact core (h=0.6m, d=0.4m) (great for oscillation study)


• High electron anti-neutrino flux ~2.0x10^19/sec


• Reactor-on/off cycle for background subtraction
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Reactors as neutrino source in history

Jeremy Lu

Savannah River Reactor Neutrino 
Detector schematic

1995 Nobel Prize timeline
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2015 Nobel Prize
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Motivations

Jeremy Lu

The main physics goals of PROSPECT 
includes:


• Reactor model-independent search 
for oscillations into eV-scale sterile 
neutrino


• Precise measurement of 235U anti-
neutrino prompt spectrum

Pdis ∼ sin2 θ14 sin2(1.27Δm2
41(eV 2)

L(m)
Eν(MeV ) )

• Flux deficit of 6% from 2010's precision 
measurements and re-evaluated 
predictions (~eV-scale sterile neutrino)


• As of now it appears the RAA is likely due 
to miscalculations in 235U data from 
1980s


• Spectral deviation centered around 5 
MeV
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PROSPECT experiment

Jeremy Lu

7-9m

HFIR reactor core

Size ~0.5m

PROSPECT detector:


• the Precision Reactor Oscillation and 
SPECTrum Experiment


• Short baseline reactor neutrino experiment 
located at HFIR, ORNL 


• ~4 ton 6Li-loaded liquid scintillator detector


• Optically segmented into 14 x 11 identical 
detectors

• In-situ internal calibration access 


• Less than ~1m w.e. overburden 
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Inverse Beta Decay as neutrino signal

Jeremy Lu

Prompt signal

Delayed signal

ν̄e + p → e+ + n

Prompt signal Delayed signal

• Distinctive spatial/temporal correlation


• Particle ID capable LS via PSD (tail fraction) 


• Segment fiducialization, veto cuts, etc

Sequential application of event selection

PRD103, 032001(2020)

JINST 13 (2018) P06023
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Reactor model-independent search for sterile neutrinos

Jeremy Lu

• Prompt energy spectra grouped into 
baseline bins 


• Relative spectral comparisons between 
data and predictions (non-oscillated, 
oscillated), enabling 𝜒2-based statistical 
searches sterile neutrinos

Pdis ∼ sin2 θ14 sin2(1.27Δm2
41(eV 2)

L(m)
Eν(MeV ) )
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PROSPECT spectrum
• Per-baseline IBD spectra offers model-independent search for sterile 

neutrino oscillation

• High statistics(~50k) IBD candidates 
energy spectrum from 235U fuel

Absolute spectra Relative spectra

PROSPECT collaboration, PRD103, 032001(2020)
Jeremy Lu



PROSPECT oscillation results
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PROSPECT collaboration, PRD103, 032001(2020)

•Δ𝜒2 map relative to the best fit point to generate exclusion curves 
(Gaussian CL/Feldman-Cousins frequentist approach)


• Ability to address RAA at 2.5σ confidence level

ability to exclude



PROSPECT spectrum results

12 PROSPECT collaboration, PRD103, 032001(2020)

• High precision 235U spectrum (over 50,000 IBDs detected) 


• The isotopic origin of the spectral bump; disfavors no bump at 2.2σ 
and 235U solely responsible for LEU bumps at 2.4σ

Bump size fit

A=0;no bump

A=1.78; 235U solely responsible



Final PROSPECT spectrum results

13

• Final spectrum (arXiv:2212.10669) analysis on the same dataset using 
multi-period + usage of single ended dead segments analysis 
approach (accepted for publication on PRL)


• ~20% increase of detected IBD counts ~50,000 to 60,000 ; double 
effective statistics (background-free IBD counts), signal to 
background ration increased to 3.8 from 1.4 arXiv:2212.10669



Preliminary final PROSPECT oscillation results

14

• Oscillation (ongoing, but soon) analysis benefits from the same 
improved dataset


• Great improvement in high mass-splitting, address Neutrino-4[Phys. Rev. D 

104, 032003] claimed sterile neutrino observation/BEST allowed regions[Phys. 

Rev. Lett. 128, 232501] (reaffirming gallium anomaly)

prelim
inary

prelim
inary

2021
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Moving on 

Jeremy Lu

Liquid 
scintillator

PMTs

• Preparing for an upgraded version, PROSPECT-II detector to further 
expand the physics


• Movement of PMTs outside the scintillator volume (~25% longer 
segments)


• Increased active detector volume by ~20%


• Reduction of material in contact with LS


• adjust calibration scheme


• redeployment to LEU power reactors



16

PROSPECT-II physics projections

Jeremy Lu

• Estimated x6 more IBD statistics and x10 more effective statistics, with 
improved signal to background ratio 4.3 from 1.4


• Much better sensitivities compared to published PROSPECT-I results

arXiv:2107.03934
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PROSPECT-II sterile neutrino sensitivities

Jeremy Lu

• Competitive coverage in high mass-splitting among short-baseline 
reactor experiments


• Coverage of the parameter space gap between Daya Bay and 
projected KATRIN experiment

arXiv:2107.03934

Phys. Rev. Lett. 113, 141802

Phys. Rev. Lett. 126 091803
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Summary

• Introduced the short-baseline reactor neutrino PROSPECT experiment


• Described the method for model-independent searches for sterile 

neutrino at eV scale


• Described the PROSPECT-II detector upgrades and expanded  

sensitivity in sterile neutrino space


• Discussed the PROSPECT sterile neutrino search in the global context


• Ongoing absolute flux analysis & joint analysis with STEREO and Daya 

Bay


• Sub-GeV dark matter constraints

Jeremy Lu

PHYSICAL REVIEW D 104, 012009 (2021)



SESAPS2018 

Thank you!
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Backup slides

Jeremy Lu

Limits on sub-GeV dark matter from the PROSPECT reactor antineutrino 
experiment 

PHYSICAL REVIEW D 104, 012009 (2021)

• isolated proton recoil 
signatures within 440 kg of 
target liquid scintillator


• identified 37522 candidate 
interactions of energetic dark 
matter upscattered by cosmic 
rays


• do not exhibit any statistically 
significant degree of diurnal 
sidereal modulation
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Backup slides

Final PROSPECT spectrum analysis
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