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Sterile neutrino global fit
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Motivation: Reactor Antineutrino Anomaly

Anomaly:
Å Observed flux shows 6% deficiency with 

respect to theoretical predictions

Possible explanations: 

Å Oscillations of Ӷ’ to sterile neutrinos, 1 eV2-
scale, short-baseline

Å Flaws in the models/underlying nuclear data

PROSPECTperformssearchfor short-
baseline sterile neutrino oscillations

Flux deficit

Daya Bay - CPC 41 (1) (2016)
PROSPECT - J Phys G 43 (2016)
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RAA best-fit point

Global-fit : best-fit point at ίὭὲς— πȢρφυȟЎά ςȢσωeV2

(RAA best-fit point)



Experiment

Inverse beta decay(IBD)
mechanism of detection of antineutrinos (6Li-doped liquid 
scintillator EJ-309):
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Reactor:  
Å 85 MW High Flux Isotope Reactor (HFIR) at Oak Ridge 

National Laboratory (ORNL)
Å Burns highly enriched uranium fuel 235U

Antineutrino Detector

HFIR Core

Å 1-10 MeV prompt signal ςionization and annihilation of 
positron 

Å 0ͯ.5 MeV delayed signal ςfrom neutron capture on 6Li
Å Distinctive tag ς50 µs delay in neutron capture
Å Strong background rejection due to coincident signature

ὴ Ӷ’ᴼὲ Ὡ

Detector: 
Å 11 x 14 (154) array of optically separated segments
Å Distance from reactor ς7 m
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Sterile Neutrino Oscillations Search

Segmented detector design:

Å 154 segments = 154 individual-detectors within one 

full-volume detector

Å Segments are at different baselines from the reactor

Relative spectral comparison:

ÅCompare measured energy spectrum for each baseline 

to the scaled full detector energy spectrum

ὖ ρ ίὭὲς— ɇίὭὲρȢςχɇЎά
ὒςbaseline 
Ὁ- energy

One segment unit

Ҧ Relative and reactor model-independent search for 

sterile neutrinos

with double-ended 
PMT readout
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MC-generated oscillated spectra for different baselines for 
RAA best-fit point (ίὭὲς— πȢρφυȟЎά ςȢσωŜ±н)

Oscillations Baseline Dependence

ὖ ρ ίὭὲς— ɇίὭὲρȢςχɇЎά

Before spectral shape relativization After spectral shape relativization
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Reactor Neutrino Analysis Dataset

Å33 days of Reactor On

Å28 days of Reactor Off

Å24,461 IBDs detected (0.8-7.2 

MeV)

ÅAverage of ͯ 771 IBDs/day

ÅCorrelated S:B = 1.32

ÅAccidental S:B = 2.20

ÅBest demonstrated S:B for an 

on-surface reactor experiment

Reactor On Reactor On

Maintenance 
Calibration

Reactor Off

PROSPECT, Phys. Rev. Lett. 121, 251802
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IBD Rate vs Baseline

ÅEvents from 108 fiducial segments 

binned into 14 baseline bins

ÅFlux follows ρȾὶ behavior 

throughout detector volume

Å40% flux decrease from front of 

detector to back as expected

ÅThe experiment covers range of 

different baselines

PROSPECT, Phys. Rev. Lett. 121, 251802
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