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WATCHMAN Project
• Non-proliferation remote monitoring demonstrator of a single 

reactor site

• A 1-kT Gd-loaded, water-based anti-neutrino detector for 
remote fission reactor monitoring

• Project goal is to observe reactor on/off at typically 10-30 km 
standoff from the reactor

• Rationale is to develop a medium-sized 
detector that can be scaled to MT masses 
required for longer standoff distance 

• Physics goals include directional SN 
detection and sterile neutrino searches 

• Provides test-bed for R&D- WbLS, 
LAPPD, etc.



WATCHMAN Collaboration



Reactor Antineutrino Signals at 
Morton and Boulby

• arXiv:1611.01575 
… presents calculations of reactor antineutrino interactions, from quasi-elastic 
neutrino-proton scattering (IBD) and elastic neutrino-electron scattering (ES)

… signal from the proximal reactor and background from all other registered reactors 

… interaction rates and kinetic energy distributions of positrons from (IBD) and 
electrons from (ES)

… reactor-site combinations are Perry-Morton (PM) on the southern shore of Lake Erie 
in the U.S. and Hartlepool-Boulby (HB) on the western shore of the North Sea in U.K. 

… signal from the proximal reactor is about five times greater at the Morton site than 
at the Boulby site due to shorter reactor-site separation distance, larger reactor 
thermal power, and greater neutrino oscillation survival probability

… although background from all other reactors is larger at Morton than at Boulby, the 
fraction of the total rate is smaller at Morton than at Boulby

… Hartlepool power plant has two cores whereas the Perry plant has a single core

… Boulby offers an opportunity for demonstrating remote reactor monitoring under 
more stringent conditions than does Morton



Reactor-Site Combos
Perry

3.8 GW
Hartlepool
2 x 1.5 GW

Morton Boulby

25 km13 km



Reactor Spectrum Model
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Oscillations

F. Capozzi et al., Neutrino masses and mixings: Status of known and unknown 3 parameters,” arXiv:1601.07777 (2016)
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Cross Sections
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IBD Interaction Spectra
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geoneutrinos.org

• site developed by A. Barna 

• supported by WATCHMAN 

• “Web Application for Modeling  
Global Antineutrinos”  
arXiv:1510.05633 

• http://geoneutrinos.org/reactors Antineutrino Energy (MeV)
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ES Interaction Spectra
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Antineutrino Energy (MeV)
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Ratios
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Integral Interaction Rates

Positron KEmin (MeV)
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Angular Distributions

Electron Scattering Angle
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See talk by M. Leyton 
tomorrow (12/2 at 2p)

“Neutrino geoscience and 
reactor monitoring 

using elastic scattering 
in directional-detectors” 



Conclusions
• WATCHMAN is evaluating 2 reactor-site combos

• Reactor antineutrino signal calculations completed

• Hartlepool-Boulby more challenging than Perry-Morton

• Evaluation of backgrounds almost complete

• Perry-Morton more challenging than Hartlepool-Boulby

• Evaluation of reconstructed signal significance 
ongoing


