
1

Reactor and Radioactive Source Experiments

Snowmass NF02 - Sterile Neutrinos

Karsten Heeger
Yale University

19 LOIs, a range of technologies at different stages of developments
opportunities for training, various physics goals, potential for discovery science 



Karsten Heeger, Yale University Snowmass NF02, September 25, 2020 2

LOIs

1. HUNTER: A Facility for a Trapped Atom Sterile Neutrino Search and Other Studies
2. Physics with Electron Capture Neutrino Sources
3. Laboratory searches for KeV sterile neutrinos
4. Laboratory-Based keV-Scale Sterile Neutrino Searches and the BeEST Experiment
5. Secondary Physics Potential of the Project 8 Experiment
6. Prospects for keV Sterile Neutrino Searches with KATRIN
7. COherent Neutrino-Nucleus Interaction Experiment (CONNIE): Status and Plans
8. Reactor neutrino detection experiment using Skipper CCDs
9. NuLat: A Compact Anti-Neutrino Detector
10. Joint Experimental Oscillation Analyses in Search of Sterile Neutrinos
11. An Application of Pulse Shape Sensitive Plastic Scintillator - Segmented AntiNeutrino Directional Detector (SANDD)
12. CHANDLER: A Technology for Surface-level Reactor Neutrino Detection
13. Forthcoming Science from the PROSPECT-I Data Set
14 The Expanded Physics Reach of PROSPECT-II
15. MIνER CEνNS Experiment - A Tool for Discovery of New Physics and Applied Reactor Monitoring
16. Measuring Inelastic Charged- and Neutral-Current Antineutrino-Nucleus Interactions with Reactor Neutrinos
17. Prediction and Measurement of the Reactor Neutrino Flux and Spectrum
18. The JUNO-TAO Experiment
19. ROADSTR: a Mobile Antineutrino Detector Platform for enablingMulti-Reactor Spectrum, Oscillation, and ApplicationMeasurements

include current and proposed experiments, R&D efforts
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Neutrino Sources

Big-Bang neutrinos ~ 
0.0004 eV 

Neutrinos from the Sun 
< 20 MeV

Atmospheric 
neutrinos ~ GeV

Neutrinos from accelerators  
 up to GeV (109 eV) 

Antineutrinos from nuclear 
reactors      < 10.0 MeV
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Precision Oscillation Physics

https://cerncourier.com/a/
tuning-in-to-neutrinos/
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Detection Channels of (Anti)neutrinos from Reactors and Sources

Inverse Beta-Decay Direct Kinematics Coherent Elastic Neutrino 
scattering

LOIs



Karsten Heeger, Yale University Snowmass NF02, September 25, 2020 7

Detection Channels of (Anti)neutrinos from Reactors and Sources

Electron Capture

LOIs



Karsten Heeger, Yale University  CWRU, February 6, 2020 

mean energy of νe: 3.6 MeV
only disappearance 
experiments possible
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Reactor Antineutrinos

νe from β-decays, pure νe source
of n-rich fission products
on average ~6 beta decays until stable

> 99.9% of νe are produced by fissions in 
235U, 238U, 239Pu, 241Pu
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Precision Measurements with Daya Bay

Ling, Neutrino 2020
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Precision Measurements with Daya Bay

Ling, Neutrino 2020
joint analysis provides some of the most 
stringent oscillation limits

LOIs
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Reactor Antineutrino Anomaly (RAA) and Spectrum Anomaly

Ling, Neutrino 2020
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Understanding the Reactor Spectrum 

Ref: Mumm
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Precision Oscillation and Spectrum Experiment

Antineutrino 
Detector

HFIR Core

RAA best-fit exclude: 98.5% CL.PROSPECT and Daya Bay are consistent with 
all isotopes playing equal roles in the 5-7 MeV 
data disagreement

Littlejohn, Neutrino 2020
no indications of sterile yetLOIs LOIs
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Recent Results from STEREO 

Schoppmann, Neutrino 2020

Joint analysis with PROSPECT 
in progress

LOIs
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Antineutrinos from Research and Power Reactors

HEU core provides static spectrum of 235U

highly-enriched (HEU): 
mainly 235U, ~10-100 MWth, 

High-powered research reactors
HFIR, ORNL

~93 % 235U enrichment 
(>99% νe from 235U)

reactor cycles: ~25 days, 
low 239P buildup (< 0.5%)

Commercial power reactors

low-enriched (LEU): 
many fission isotopes,  ~GWth

research and power reactors offer 
complementary information

“Point Source” vs Extended Core

both facilities exist in the US

LOIs
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JUNO Tao

Meng, Neutrino 2020

JUNO-TAO (design and construction)

LOI
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PROSPECT-II (proposed)

complementary to DYB and KATRIN

Ref: PROSPECT collaboration

increased sensitivity

235U spectrum 
uncertainties

LOI
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Reactor Neutrino Detector Development - CHANDLER

a mobile neutrino lab

LOI
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Reactor Neutrino Detector Development - NuLAT

Ref: Dorrill, Neutrino 2020
LOI
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Reactor Neutrino Detector Development - SANDD
SANDD: A small directionally sensitive detector prototype

Ref: Bowden, Dazeley et al

Plastic form of 6Li PSD scintillator enables a highly 
segmented, position sensitive readout with no dead material. LOI



Karsten Heeger, Yale University Snowmass NF02, September 25, 2020 21

Reactor Monitoring Using Antineutrinos 

development of mobile, above-ground detection 
systems 

LOI
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Reactor Neutrino Detector Development - MINER

Ref: Mohapatra LOI
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Reactor Neutrino Detector Development - CONNIE
A reactor experiment using CCDs

expected recoil energy spectrum
LOI
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Secondary Physics Potential of Project 8

Oblath, Neutrino 2020
Project 8 Collaboration

sterile neutrinos would create a 
distortion in the beta spectrum

LOI



Karsten Heeger, Yale University Snowmass NF02, September 25, 2020 25

KATRIN and Sterile Neutrinos

Light sterile neutrinos 

Mertens, Neutrino 2020 LOI
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KATRIN and Sterile Neutrinos

keV sterile neutrinos 

Mertens, Neutrino 2020 LOI
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Outlook

• 19 LOIs, a vibrant field of small and medium-scale experiments

• complementary to other sterile searches, potential to address open questions 
about reactor anomaly and spectrum

• potential for discovery science

• range of technologies at different stages of developments, running and 
proposed experiments in next 5-8 years, opportunities for R&D and training

• capitalize on existing investments and leverage unique US facilities   

• fundamental and applied physics goals, cross-disciplinary opportunities between 
HEP and other DOE offices 


