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Disclaimers
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Focus of this talk:

• eV-scale sterile neutrinos

• Finished or currently running experiments  

• A bit US-centric

https://arxiv.org/abs/1301.5516
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JHEP06(2017)135

Reactor Antineutrino Anomaly (RAA)
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•Reactor Antineutrino Anomaly (RAA)

•Measured data show ~6% (~3σ) deficit w.r.t updated reactor models

https://arxiv.org/abs/1703.00860
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Galium Anomaly (GA)
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• Solar neutrino experiments GALLEX and SAGE used 51Cr and 37Ar as calibration sources

• Measured electron neutrinos 16% (~3σ) lower than predicted

JHEP06(2017)135

https://arxiv.org/abs/1703.00860
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As of 2015

Interpretation of Anomalies
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• Both RAA and GA could be explained by 
eV-scale sterile neutrinos

• Similar parameter space as suggested by 
the appearance experiments (see M. Ross-
Lonergan’s talk)

•Catalyzed several (particularly reactor 
neutrino) experiments

JPhys.G: 43 113001

Anomalies motivated searches for eV-scale sterile neutrinos
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Testing RAA: Searching for Sterile Neutrinos with Reactors
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•Sterile neutrinos at eV scale: 
=> High frequency oscillations at short distances (<10 m)

3ν oscillation   
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Relative spectral searches essential to irrefutably test eV-scale sterile neutrinos

3ν oscillation   
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•Sterile neutrinos at eV scale: 
=> High frequency oscillations at short distances (<10 m)

•Spectrum measured as a function of baseline would be a 
smoking gun evidence for sterile neutrino oscillations

•Measure spectrum within a single detector, move the 
detector, or both

Baselines: 7–9 m
Δm2 = 1 eV2

Sin22θ = 0.3

Testing RAA: Searching for Sterile Neutrinos with Reactors



Pranava Teja Surukuchi, Snowmass 2021 CSS,  July 2022

Testing RAA: Recent Reactor Experiments
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Experiment Baseline(m) Reactor type Reactor 
power (MWth) Mass Target Search 

strategy

DANSS 11-13 m LEU 3000 ~1 m3 PS +Gd 
coating Movable 

NEOS 24 m LEU 2800 ~1 m3 GdLS Relative to

Daya Bay

Neutrino-4 6-12 HEU 100 ~1.8 m3 GdLS Movable

PROSPECT 7-9 m HEU 85 ~4 ton 6LiLS 2D 
Segmentation

STEREO 9-11 m HEU 57 ~2.4 m3 GdLS 2D 
Segmentation

* Other reactor neutrino SBL experiments that haven’t performed oscillation search not included 
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* Other reactor neutrino SBL experiments that haven’t performed oscillation search not included 

Experiment Baseline(m) Reactor type Reactor 
power (MWth) Mass Target Search 

strategy

DANSS 11-13 m LEU 3000 ~1 m3 PS +Gd 
coating Movable 

NEOS 24 m LEU 2800 ~1 m3 GdLS Relative to

Daya Bay

Neutrino-4 6-12 HEU 100 ~1.8 m3 GdLS Movable

PROSPECT 7-9 m HEU 85 ~4 ton 6LiLS 2D 
Segmentation

STEREO 9-11 m HEU 57 ~2.4 m3 GdLS 2D 
Segmentation

PROSPECT is a US-led domestic experiment 

Testing RAA: Recent Reactor Experiments
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PROSPECT Experiment: Leveraging Unique Domestic Facility

PROSPECT detector as installed 
at Oak Ridge National Laboratory

Liquid Scintillator

Antineutrino Detector Performance

Liquid Scintillator

PROSPECT Segmented 6Li-Loaded 

Antineutrino Detector Design

Initial Performance of the PROSPECT 

Antineutrino Detector

N.S. Bowden (LLNL) for the PROSPECT Collaboration  

LLNL-POST-XXXXXX

Prepared by LLNL under Contract 

DE-AC52-07NA27344.

Liquid Scintillator

Stability of Antineutrino Detector Response 

Liquid Scintillator

Antineutrino Detector Self-Calibration 

Liquid Scintillator

Uniformity of Antineutrino Detector Response 

Liquid Scintillator

Signal and Background Characteristics

Conclusions

Conclusions

Monday 112 

http://prospect.yale.edu

See also posters 139, 146, 188, 194; Talk Friday 12.15pm

PROSPECT Publications

arXiv: 1506.03547, 1508.06575,   

1512.02202, 1805.09245 

Background events provide a myriad of ways to measure segments 

performance – observed segment-to-segment  variation is small

The PROSPECT antineutrino detector (AD) in now 

operating 7-9m from a research reactor core: 

• The recently commissioned PROSPECT AD is performing very well

• Detector design features provide multiple observables to calibrate and track system 

stability and uniformity 

In addition to calibration sources, AD data can be used to 

measure system stability, validating our calibration procedures 

• 4 ton 6Li-loaded liquid scintillator ( 6LiLS) target 

• Low mass optical separators provide 154 optical 

segments, 117.5x14.6x14.6cm 3

• Double-ended PMT readout

• Internal calibration access along full segment length

Prospect has begun to study the characteristics of IBD signal and 

cosmogenic background events

• Energy resolution, position resolution and detection efficiency meet expectations

• Antineutrinos have been detected in the high background environment close to a 

research reactor core and on the Earth’s surface

Antineutrino 
Detector

HFIR Core
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Overlaid collection 

curves for all 308 

PMTs

Position Calibration
Pinwheel tabs alter local light 

transport, causing ‘tiger stripes’

Known tab positions 

anchor absolute 

position scale in 

every segment

Segmented PROSPECT AD design and Li-6 and Ac-227 doping provide a 

wealth of data for position, timing, and response calibrations for all 

segments and axial positions

Response Calibration
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The AD light yield & PSD performance are very good (poster 146), as is 

axial position resolution. Other performance parameters are assessed via a 

combination of measurements and simulation.

Antineutrino detection efficiency

Antineutrino selection cuts preferentially 

reject cosmogenic backgrounds. Some 

PMTs have exhibited anomalous current 

behavior, with these segments being 

excluded from analysis for now. 

Simulation is used to understand the 

effect of these factors on IBD detection 

efficiency across the detector.

6Li neutron capture gives fixed 

energy events distributed 

throughout entire AD – track 

system response in time and 

measure variation along segments

Optical collection along 

segment length

Axial variation in single PMT 

light collection is almost 

exponential and has minor 

variation amongst PMTs 

Relative energy scale 

between segments

Tracking  6Li neutron capture 

feature in time demonstrates  

effectiveness of  running 

calibration and segment-to-

segment uniformity 

Timing Calibration

Muon tracks traversing 

multiple segments provide 

coincident events to extract 

segment-to-segment and 

PMT-to-PMT timing 

information

Axial position 

reconstruction

BiPo events provide a 

uniformly distributed event 

sample with which to validate 

axial position reconstruction

Time stability of energy 

reconstruction

Tracking  reconstructed energy 

of BiPo events distributed 

uniformly throughout the 

detector independently 

validates energy calibration

Time stability of neutron capture efficiency

The LiLS contains three species with non-negligible capture 

cross sections: 6Li, 1H, and 35Cl. Tracking  relative capture 

fractions demonstrates stable efficiency of the 6Li capture 

reaction used for antineutrino detection

Time variation of 

cosmogenic backgrounds

Several cosmogenic background 

event classes are observed to 

vary with the depth of the 

atmospheric column. This ~1% 

effect is corrected for in 

background subtraction 

Axial Position Resolution

212Po decays produce b-a

correlated events in the 

same location - provide 

direct measure of AD 

position resolution
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The PROSPECT AD has successfully detected antineutrinos in the high 

background environment close to a reactor core and on the Earth’s surface
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Neutron Capture Time

The prompt-delayed 

event separation time 

for IBD candidates 

exhibits the expected 

exponential behaviour

Detector 
Maintenance 

Period

Observation of reactor antineutrinos at the Earth’s surface

Accidental backgrounds vary due to g-rays background from 

nearby neutron scattering experiments. Cosmogenic correlated 

backgrounds are measured during Reactor Off periods. 

Preliminary selection cuts that emphasize statistical precision 

yield a Signal-to-Correlated Background ratio of 1.3.

A 5s observation at the surface is achieved with ~4 hours of 

Reactor On & Off data
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• Source: HFIR reactor at ORNL in Tennessee

• Detector: 

• Segmented detector at 7-9 m baselines
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PRD:03.032001

Feldman-Cousins 
CLs method

PROSPECT Experiment: Leveraging Unique Domestic Facility

• Source: HFIR reactor at ORNL in Tennessee

• Detector: 

• Segmented detector at 7-9 m baselines

• Excluded best fit point at 2.5σ

• Limited by statistics (~50k events)

• Improvements in analysis underway (D. Venegas-Vargas on Saturday)

• Phase-II detector is at an advanced design stage (F. Sutanto on 
Saturday)

https://doi.org/10.1103/PhysRevD.103.032001
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PRD:03.032001

Feldman-Cousins 
CLs method

PROSPECT Experiment: Leveraging Unique Domestic Facility

Major portion of the suggested sterile neutrino parameter space excluded by 
PROSPECT and other reactor neutrino experiments (except Neutrino-4)

• Source: HFIR reactor at ORNL in Tennessee

• Detector: 

• Segmented 6LiLS detector at 7-9 m baselines

• Excluded best fit point at 2.5σ

• Limited by statistics (~50k events)

• Improvements in analysis underway (D. Venegas-Vargas on Saturday)

• Phase-II detector is at an advanced design stage (F. Sutanto on 
Saturday)

• Not discussed here: Spectrum measurements by PROSPECT (and 
others) help understand issues with modeling

https://doi.org/10.1103/PhysRevD.103.032001
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Conventional Explanation for Flux Anomaly

13

• Reactor Antineutrino Anomaly: Flux predictions disagree with measurements

• Could the flux predictions be wrong ?

PLB 2022.137054
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Daya Bay: PRL 118 (2017)

Individual IBD Yields Disagree with Models 

•Neutrino flux at LEU reactors could be measured 
as a function of fission fractions of 235U/239Pu 

•One can extract the contribution (IBD yield) of 
single isotope to the measured flux
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Individual IBD Yields Disagree with Models 

PRL 118 (2017)

Reactor neutrino modeling of 235U disputed by modern IBD yield measurements

•Neutrino flux at LEU reactors could be measured 
as a function of fission fractions of 235U/239Pu 

•One can extract the contribution (IBD yield) of 
single isotope to the measured flux

•239Pu yield agrees with models 

•But 235U yield disagrees

•STEREO’s modern pure 235U IBD yield 
measurement also agrees with Daya Bay/RENO
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Beta Decay Measurements Point Toward 235U Mismodeling 

•Reactor (conversion) models reliant on the β-decay 
measurements done in 1980s

•Recent claim: Issue with calibration in the original β-
decay measurements

•New measurement of 235U/239Pu β-decay spectra 
performed at Kurchatov Institute

•Shows that 235U normalization was overestimated 
(assuming 239Pu normalization is correct)

PRD 104, L071301

235U mismodeling seem to be the source of RAA 

ILL (1980s)
KI (2021)
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Current Reactor Neutrino Status

17

RAA (HM Model)

PLB 2022.137054

• Updated models don’t agree with canonical 
Huber-Mueller (HM) model

• Updated models agree with Daya Bay + RENO 
evolution + STEREO 

95% CL
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Current Reactor Neutrino Status
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Reactor rates (KI Model)


PLB 2022.137054

95% CL• Updated models don’t agree with canonical 
Huber-Mueller (HM) conversion model

• Updated models agree with Daya Bay + RENO 
evolution + STEREO 

• Reactor mismodeling and sterile neutrinos not 
(yet) mutually exclusive


• Rely on baseline-dependent spectral 
measurements to mitigate model-dependence


• Significant portion of the suggested parameter 
space excluded

• ~Δm2 > 5 eV2 yet to be excluded
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Current Reactor Neutrino Status
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Allowed
RAA (KI Model)

PLB 2022.137054

95% CL• Updated models don’t agree with canonical 
Huber-Mueller (HM) conversion model

• Updated models agree with Daya Bay + RENO 
evolution + STEREO

• Reactor mismodeling and sterile neutrinos not 
(yet) mutually exclusive


• Rely on baseline-dependent spectral 
measurements to mitigate model-dependence


• Significant portion of the suggested parameter 
space excluded

• ~Δm2 > 5 eV2 yet to be excluded
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Global relative fits

JHEP02(2022)055  


Neutrino-4

 PRD 104, 032003

Allowed

Current Reactor Neutrino Status

20

95% CL• Updated models don’t agree with canonical 
Huber-Mueller (HM) conversion model

• Updated models agree with Daya Bay + RENO 
evolution + STEREO

• Reactor mismodeling and sterile neutrinos not 
(yet) mutually exclusive


• Rely on baseline-dependent spectral 
measurements to mitigate model-dependence


• Significant portion of the suggested parameter 
space excluded

• ~Δm2 > 5 eV2 yet to be excluded
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Current Reactor Neutrino Status

21

• Updated models don’t agree with canonical 
Huber-Mueller (HM) conversion model

• Updated models agree with Daya Bay + RENO 
evolution + STEREO

• Reactor mismodeling and sterile neutrinos not 
(yet) mutually exclusive


• Rely on baseline-dependent spectral 
measurements to mitigate model-dependence


• Significant portion of the suggested parameter 
space excluded

• ~Δm2 > 5 eV2 yet to be excluded

Baseline-dependent reactor spectra are essential to probe flavor transformation scenarios
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• BEST: Gallium source experiment similar to GALLEX and SAGE

• Source: 3 MCi of 51Cr source 

• Two zones:

1.Inner sphere (L ~ 0.660 m)

2.Outer cylinder (L ~ 1.096 m)

• 71Ge production at each distance measured separately

Testing Galium Anomaly: BEST Experiment

22

752 keV (8.49%) 

747 keV (81.63%)

432 keV (0.93%)

427 keV (8.95%)

PRL:128.232501
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BEST Results
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PRL:128.232501

• Data taking  July - Nov 2019

• Measured rate lower than expected in both volumes

• Rin = 0.79 ± 0.05, Rout = 0.77 ± 0.05

• BEST reinforces Gallium Anomaly at > 5 σ

• Conventional nuclear physics can’t resolve the large discrepancy
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• Data taking  July - Nov 2019

• Measured rate lower than expected in both volumes

• Rin = 0.79 ± 0.05, Rout = 0.77 ± 0.05

• BEST reinforces Gallium Anomaly at > 5 σ

• Conventional nuclear physics can’t resolve the large discrepancy

Gallium Anomaly Persists after BEST

24

BEST reinforces Gallium Anomaly and is consistent with eV-scale sterile neutrino hypothesis

95% CL Gallium 
Anomaly

Adapted from  PRL:128.232501

PRL:128.232501
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Reactor + Gallium Experiments

25

Gallium 
Anomaly

95% CL• The deficit from GA is too high to be compatible with 
updated reactor rates

• Also major portions of 3+1 suggested parameter space 
by GA excluded by relative reactor spectral data

• KATRIN is starting to exclude parameter space from 
high Δm2

• Solar experiments also exclude all of the suggested 
parameter space in agreement with reactor rates

• Vanilla 3+1 model becoming increasingly less likely to 
explain a combination of anomalies

Reactor rates (KI Model)

PLB 2022.137054
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Global relative fits

JHEP02(2022)055  


Reactor + Gallium Experiments

95% CL• The deficit from GA is too high to be compatible with 
updated reactor rates

• Also major portions of 3+1 suggested parameter space 
by GA excluded by relative reactor spectral data

• KATRIN is starting to exclude parameter space from 
high Δm2

• Solar experiments also exclude all of the suggested 
parameter space in agreement with reactor rates

• Vanilla 3+1 model becoming increasingly less likely to 
explain a combination of anomalies
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KATRIN

Exclusion


PRD:105.072004

Reactor + Gallium + β-decay Experiments

95% CL• The deficit from GA is too high to be compatible with 
updated reactor rates

• Also major portions of 3+1 suggested parameter space 
by GA excluded by relative reactor spectral data

• KATRIN is starting to exclude parameter space from 
high Δm2
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Complex Situation

95% CL• The deficit from GA is too high to be compatible with 
updated reactor rates

• Also major portions of 3+1 suggested parameter space 
by GA excluded by relative reactor spectral data

• KATRIN is starting to exclude parameter space from 
high Δm2

• Complex situation: Vanilla 3+1 model seems increasingly 
less likely to explain combinations of datasets (see M. 
Hostert’s talk)
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More Data to Clarify the Complex Situation

95% CL• The deficit from GA is too high to be compatible with 
updated reactor rates

• Also major portions of 3+1 suggested parameter space 
by GA excluded by relative reactor spectral data

• KATRIN is starting to exclude parameter space from 
high Δm2

• Complex situation: Vanilla 3+1 model seems increasingly 
less likely to explain combinations of datasets (see M. 
Hostert’s talk)

• Upcoming and planned experiments will clear up the 
controversial Neutrino-4 hints and help deambiguate 
future LBL data

Improved reactor and radioactive source experiments are essential to probe flavor transformations scenarios

LBL  
Disambiguity

Neutrino 4

Cover this 
 region
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Summary and Outlook

30
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Relative shape @ compact 
HEU core (90 % CL) 

β-decay experiment (95 % CL)

Relative + absolute shape @  
commercial LEU core (90 % CL) 

• Past decade experimental program successfully followed 
through the recommendations from Snowmass 2011 

• New data and updated models increasingly suggest reactor  
mismodeling as the cause for RAA

• The significance of gallium anomaly is strengthened by the 
BEST experiment

• Complicates the situation and highlights the need for more 
data

• Models beyond 3+1 sterile neutrinos increasingly need to be 
invoked to reconcile all data

• Complementary data from upcoming and planned 
reactor and radioactive source experiments essential to 
address the anomalies

ν̄e
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Back up



Pranava Teja Surukuchi, Snowmass 2021 CSS,  July 2022

Reactor Neutrino Predictions

32

9

• Two main methods:

• Ab Initio approach:

• Calculate spectrum branch-by-branch  
using beta branch databases: 
endpoints, decay schemes

• Problem: many rare beta branches with 
little information; infer these additions 

• Conversion approach

• Measure beta spectra directly

• Convert to νe using ‘virtual beta branches’

• Problem: ‘Virtual’ spectra not well-defined:  
what forbiddenness, charge, etc. should they have? 

• Devised in 50’s, each method has lost  
and gained favor over the years

Predicting Si(E), Neutrinos Per Fission

Example: Fit virtual beta branches

King%and%Perkins,%Phys.%Rev.%113%(1958)
Carter,%et#al,%Phys.%Rev.%113%(1959) Schreckenbach,%et%al,% 

Phys%LeA%B160%(1985)

Conversion Approach

Electron
NeutrinoSpectrum

Spectral Structure of Electron Antineutrinos from Nuclear Reactors

D. A. Dwyer*

Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

T. J. Langford†

Yale University, New Haven, Connecticut 06520, USA
(Received 18 September 2014; published 7 January 2015)

Recent measurements of the positron energy spectrum obtained from inverse beta decay interactions
of reactor electron antineutrinos show an excess in the 4 to 6 MeV region relative to current predictions.
First-principles calculations of fission and beta decay processes within a typical pressurized water reactor
core identify prominent fission daughter isotopes as a possible origin for this excess. These calculations
also predict percent-level substructures in the antineutrino spectrum due to Coulomb effects in beta decay.
Precise measurement of these substructures can elucidate the nuclear processes occurring within reactors.
These substructures can be a systematic issue for measurements utilizing the detailed spectral shape.

DOI: 10.1103/PhysRevLett.114.012502 PACS numbers: 28.41.-i, 14.60.Lm, 14.60.Pq, 23.40.-s

Determination of the mixing angle θ13 required a new
generation of reactor antineutrino experiments with unprec-
edented statistical precision [1–3]. The Daya Bay and
RENO experiments have each detected ∼106 reactor ν̄e
interactions [4,5]. Proper characterization of the ν̄e energy
spectrum emitted by nuclear reactors is important for
such measurements of neutrino properties. The standard
approach uses measured energy spectra of the β− from
beta decay to estimate the corresponding ν̄e emission. Here
we refer to this method as “β− conversion.” For a single
measured β− decay spectrum, the corresponding ν̄e spec-
trum can be predicted with high precision. In the 1980s,
foils of the fissile isotopes 235U, 239Pu, and 241Pu were
exposed to thermal neutrons from the ILL reactor, and
the cumulative β− spectra of the fission daughters were
measured [6–8]. More recently, a similar measurement was
made for 238U [9]. The fission of these four main parent
isotopes represent>99% of reactor νe emission. Given that
each measured β− spectrum is composed of thousands of
unique beta decays, the conversion must be done en masse.
This introduces uncertainties of a few percent in the
corresponding prediction of the cumulative νe spectra.
Detailed descriptions of such calculations can be found
in Refs. [10–12]. A recent study suggested that the
uncertainties in converting the β− spectrum to the νe
spectrum may have been underestimated due to shape
corrections for forbidden beta decays [13].
In this Letter, we discuss an alternative calculation of

the νe spectrum based on nuclear databases. This ab initio
approach relies on direct estimation of the νe spectrum from
the existing surveys of nuclear data. This method suffers
from rather large uncertainties in our knowledge of the
fission and decay of the >1000 isotopes predicted to be
present in a nuclear reactor core. Despite these uncertainties,
we find that an ab initio calculation involving no fine-tuning

predicts an excess of νe ’s withEν̄ ¼ 5–7 MeV relative to the
β− conversionmethod. Recent measurements of the positron
energy spectra from νe inverse beta decay (ν̄e þ p →
eþ þ n) show a similar ∼10% excess from 4 to 6 MeV,
consistent with the kinematic relationship Eν̄ ≃ Eeþþ
0.8 MeV. We also observe substructures at the level of a
few percent in the calculated energy spectra, which are diffi-
cult to demonstrate from the β− conversion method. These
substructures are due to discontinuities introduced by the
Coulomb phase space correction in the νe spectrum of each
unique decay branch. Precise measurement of these substruc-
tures could provide a unique handle on the nuclear processes
occurringwithin a reactor. If not properly accounted for in the
model, these substructures can present a systematic problem
for measurements relying on the high-resolution features of
the reactor νe energy spectrum, for example [14,15].
Calculation of the νe spectrum.—The collective νe

emission from a reactor is due to >1000 daughter isotopes
with >6000 unique beta decays. The ab initio method of
calculating the νe spectrum follows that presented in
Refs. [13,16,17]. The total νe spectrum is the combination
of many individual beta decay spectra SijðEνÞ,

SðEν̄Þ ¼
Xn

i¼0

Ri

Xm

j¼0

fijSijðEν̄Þ: ð1Þ

The equilibrium decay rate of isotope i in the reactor core is
Ri. The isotope decays to a particular energy level j of the
daughter isotope with a branching fraction fij.
For the fission of a parent nucleus A

ZNp, the probability of
fragmenting to a particular daughter nucleus A0

Z0Nd is given
by the instantaneous yield. The majority of these fission
daughters are unstable, and will decay until reaching a stable
isotopic state. The cumulative yield Yc

pi is the probability
that a particular isotope A0

Z0Ni is produced via the decay chain

PRL 114, 012502 (2015) P HY S I CA L R EV I EW LE T T ER S
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Branching Fraction 

Decay Rate
Predicted 
Spectrum

Summation approach
• Use existing databases and sum the spectra from all the beta decay branches

• 1000s of branches; Databases are incomplete/wrong 

Conversion method
• Measure beta spectrum and fit it to virtual branches to convert to neutrino spectrum

• Is all relevant physics captured by virtual beta branches

Reactor antineutrino predictions are very complicated
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eV-scale Sterile Searches: Prospects

33

• Experimental progress in the past decade successfully followed 
through recommendations from Snowmass 2011 

• New data and updated models increasingly suggest reactor  
mismodeling as the cause of RAA

• Meanwhile, the significance of gallium anomaly is strengthened 
by BEST experiment, making situation complex, highlighting 
need for more data

• Models beyond 3+1 sterile neutrinos increasingly need to be 
invoked to reconcile all data

• Complementary data from upcoming and planned 
reactor and radioactive source experiments will be 
needed to identify the sources of the anomalies

• Addressing the anomalies will clear up the N4 and LBL situation

ν̄e

Joshua Spitz @ Neutrino 2022
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•Spectra shapes measured by θ13  experiments at LEU reactors disagree with state-of-the art models 
•Sterile neutrinos cannot explain this anomaly
•Points towards reactor models being wrong

T.J. Langford - Yale University Date/Seminar4
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PRL 116, 061801(2018)

Daya Bay DC-IV fit results  

"  Data$MC'(it'including'Bugey'4'normalization'
"  sin22θ13$=$0.105$±$0.014'(stat.+syst.)'
"  Multi'detector'(it'robust'against'spectral'distortion'

12 

New! 

Neutrino 2018

Double Chooz

PRD 98, 012002 (2018)

RENO

LEU Reactors: 
235U ~ 45-65% 
239Pu ~ 25-35%
238U,241Pu < 10% each

More Reactor Neutrino Context
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STEREO Experiment

35

• 334 (543) rx-on (rx-off) days

• Segmentation provides 
baselines

• Excluded RAA best-fit at >4σ

• Data taking ended CLs method
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NEOS Experiment

36

• 180 (46) days reactor-on(off)

• Single volume stationary detector

• Excluded RAA best-fit at >4σ

• NEOS-II: Refurbished NEOS detector 

• Data taking finished: Sep 2018 - Oct 2020

• Results expected this year

PRL 118, 121802 (2017)

https://arxiv.org/pdf/1610.05134.pdf
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DANSS Experiment

37

Preliminary

• 5 years of data: 5.5 million events

• Oscillation search using movable detector

• Excluded RAA best-fit at >5σ

• Detector upgrade underway 
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Neutrino-4 Experiment: Claim

38

PRD:104.032003

RAA best-fit

• 5 years of data

• Oscillation search using movable detector

• Claim oscillation: 

• (Δm2 = 7.3, sin22θ = 0.36) @ 2.9σ 

• Detector upgrade underway 

https://arxiv.org/abs/2005.05301
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95% CL
PROSPECT Exclusion
STEREO Exclusion
KATRIN Exclusion
Neutrino-4 Allowed Region
SBL + Gallium Anomaly RAA

PROSPECT and STEREO already  
disfavor Neutrino-4 BF @ > 95% CL! Several questions raised: 

* Statistical approach to oscillation search (arXiv:2006.13147;  EPJC.81,2;  PLB.136214 ) 

* Inclusion of systematics in the analysis (arXiv:2006.13147,  JETP Lett 112, 452–454) 

* Impact of backgrounds on the results ( JETP Lett 112, 452–454)

Neutrino-4 Experiment: Questions

• 5 years of data

• Oscillation search using movable detector

• Claim oscillation:

• (Δm2 = 7.3, sin22θ = 0.36) @ 2.9σ 

• Detector upgrade underway 
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Why Do We Care ?

40
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Reactor Neutrino Flux: Modeling

PRL 123, 022502

• Questions on the validity of conversion method

• Inclusion of forbidden decays, doesn’t change the picture much

• For summation method: corrections in databases (Sonzogni et.al., 
PRL 116, 132502)

• Pandemonium effect also plays a systematics effect

• TAGS measurements of the individual β spectra of various high 
yield and high Q isotopes (Estienne et.al. and Rasco et.al.)

• Summation data:

• Agrees with DYB for 239Pu 

• For 235U agreement gets better by day

• Caveat: No uncertainties assigned, expected to be at ~5% level
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• Initially the spectral deviation were thought to be with the 
conversion approach

•Databases updated 

• Included new data TAGS data 

•Shows a better agreement b/w conversion and summation 
=> Disagreement between LEU data and conversion method

•Treatment of forbidden decays called into question

•Proper understanding of the shape factors important in 
modeling the spectra

Reactor Neutrino Flux: Modeling



Pranava Teja Surukuchi, Snowmass 2021 CSS,  July 2022

PROSPECT

43

•PROSPECT and STEREO experiments highest statistics HEU experiments 

•PROSPECT

•50k events 

•S:B = 1.4:1

•Spectrum not in disagreement with Huber (p-value: 0.48)

•235U solely (not at all) responsible disfavored at 2.4σ (2.2σ)

PhysRevD.103.032001 

https://doi.org/10.1103/PhysRevD.103.032001
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PROSPECT

44
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N4 Stats

45
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• Conversion method is reliant on the β-decay measurements done at ILL, 
France in 1980s

• Recent claim: Issue with calibration for the original ILL β-decay 
measurements

• Kopeikin et.al., (arXiv 2103.01684) performed a measurement of 235U/
239Pu β-decay spectra

• Shows that 235U normalization was overestimated (assuming 239Pu 
normalization is correct)

• No systematic uncertainties presented and peer-reviewed results not yet 
published

• If confirmed, it would effectively resolve the original motive for RAA

KI

JHEP: 167 (2021)

Even More Reactor Neutrino Context

https://link.springer.com/article/10.1007/JHEP01(2021)167

