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WATCHMAN: WATer CHerenkov  
Monitoring of Anti-Neutrinos 

 



Those who know me are well aware that for the last  
decade I have been going around the world  

spreading a certain message: 

Super-Kamiokande 
1KT @ KEK 
LBNE WC 
EGADS 
ANNIE 

nuPRISM 
TITUS 

Hyper-Kamiokande 
. 
. 
. 



Of course, the detector I’ve spent most of this time 
preparing to gadiate is my beloved Super-Kamiokande. 

(see or download my talk tomorrow) 
Here are the expected coincident signals with Gd2(SO4)3: 

Modern 
DSNB range 

νe  +  p      e+ + n   
 spatial and temporal 
separation between 

prompt e+ Cherenkov 
light and delayed Gd 

neutron capture gamma 
cascade: 

 λ=~4cm, τ=~30µs 

 But what about  
that big reactor signal? 



…then it can also see neutrinos 
emitted from nuclear reactors 
across international borders! 

Well, if a Gd-loaded detector  
can see neutrinos from SN 
explosions halfway across  

the universe… 



So very large scale anti-neutrino detection  
just might have another application or two… 



1000 tonnes scintillator  
1000 m  depth 

Per month: 
- 16 reactor antineutrinos 

- 1 background event  
From 130 GWt of reactors 

~3% of signal from South 
Korean reactors 

 @ 400 km standoff 

The KamLAND detector 

But hold on a minute… what about KamLAND? 



KamLAND saw neutrinos from huge power reactors (>1 GWt) 
but this must be compared with 

tiny clandestine plutonium production reactors (~10 MWt). 
Plus, considerably more rate will be needed to spot shenanigans. 

 

 Scaling KamLAND up 1000X is not going to happen!   



Now a new player in the game 
is aiming to find out for sure… and soon. 

In contrast, based on all our work so far  
scaling Gd-loaded WC technology  

appears to be entirely feasible: 





WATCHMAN is an initiative to demonstrate standoff  
detection of hidden reactors in a non-proliferation 

context for NNSA, while also doing physics for HEP. 



The WATCHMAN Collaboration 
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Defense Nuclear Nonproliferation 

Lawrence Livermore National Laboratory Sandia National Laboratories 

 WATCHMAN Construction/Operation Phase 
contingent on full project approval    

 
Goals for Construction/Operation Phase: 
 
• See reactor ON/OFF transition in 30 days or less @ 99% confidence 
 

• Demonstrate innovative, scalable, cost-effective Gd-H2O Cherenkov  
technology, pioneered by WATCHMAN collaborators 
 

• Provide a data-sharing and joint funding model for the scientific 
community  
(currently envisioned: $50,000,000 total, split ~60% NNSA/~40% HEP)  
 

• Hand off to science agencies at the end of nonproliferation 
demonstration 
 



Existing IMB lab only 13 km from commercial nuclear reactor 
 Reactor Location Perry Ohio 
Thermal Power 3875 MWt 

Detector Location  Morton Salt/IMB mine (!) 
 Painesville, Ohio 

Standoff  13 km - the only reactor in the 
US at a suitable distance from 

a deep mine  
Overburden 1670 mwe 
Approval status Morton Salt has approved 

installation – assuming cost-
neutral and no disruption to 

mining activities 

The IMB cavern in late 
1970's. Used by DOE HEP 
until 1991 for the IMB 
detector and other 
smaller experiments 



Defense Nuclear Nonproliferation 

Lawrence Livermore National Laboratory Sandia National Laboratories 

Current WATCHMAN Detector Design 

• Stainless cylindrical tank, assembled in place in 
existing IMB cavern   

• 3.5 kilotons total volume Gd-H2O, 1 kton fiducial 
• 4810 inner 12” PMTs, 40% + HQE  50% more 

light collection than Super-K 
– Largest cost item,  main schedule determinant 

• Active outer veto 
• Compatible with pure water, Gd+water,  or WbLS 

– Pure LS fill would require inner vessel 
• Gadolinium-doped water recirculation the key 

technical advance 
– DOE feels now an established technology due to 

EGADS 
   

24 
meters 

Drift layout at Morton Salt Mine Close-up of Veto PMT Wall  



Defense Nuclear Nonproliferation 

Lawrence Livermore National Laboratory Sandia National Laboratories 

Physics with WATCHMAN 
The Baseline (Gd-loaded water) WATCHMAN will provide:  
 

• The U.S.’s only world-class supernova neutrino detector   
 
• A test facility for future large neutrino detectors 
  (an LAPPD test deployment will be part of initial design)   
 

Requires  
nearby 
neutrino  
beam 

Requires  
upgrade 
with (Wb) 
scintillator 

Science benefit strengthens case for  
remote monitoring applications 

 
An upgraded WATCHMAN may also provide:  
• A measurement of the ordering of the neutrino masses  
 

• A search for a proposed 4th neutrino flavor  
             … ? 

• A search  for non-standard neutrino interactions 
 



Physics in three possible stages  

Non-
accelerator 

Physics – 
2016-2020 

Natural source 

 Pure Gd-H2O 
“WATCHMAN-

H2O” 

Gd-H2O + 1% 
scintillator 

“WATCHMAN-
WBLS” 

Pure scintillator 
“WATCHMAN –LS” 

 

Supernova Supernova   Supernova   

Proton Decay  Proton Decay Proton Decay 

Reactor Neutrino Mass 
Hierarchy 

Neutrino Mass 
Hierarchy 

Neutrino Mass 
Hierarchy 

Accelerator-
based physics 

2019-2024 
ISODAR beam 

Sterile 
Neutrinos 

Sterile 
Neutrinos 

Sterile Neutrinos 

Non-Standard 
Interactions 

Non-Standard 
Interactions 

Non-Standard 
Interactions 

2014 
 
 
2016 
 
 
2018 
 
 
2020 
 
 
2022 
 
 
2024 
 

NNSA-led NNSA/OHEP/NSF OHEP/NSF-led 



 2012-2014:  3 year scoping project finishes this September 
 2014-15:  Decision point to deploy WATCHMAN 

demonstrator at the old IMB site in Ohio 
  Proposed joint funding with Office of Science,  

High Energy Physics (DOE-SC-HEP)   
 
 
 

Wait… 2016?  Yes! 



Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
IMB Decommissioning        

IMB Infrastructure Installation
Detector Systems Design and Engineering
Procurements: DAQ, PMTs, Detector/Tank, Water System
Detector Analysis Studies and Simulations
Detector Construction

Water System
Detector: foundation, tank, cable support, PMT fixturing
PMTs
DAQ
Roof/Calibration system

Operations
Project Management

FY 2015 FY 2016 FY 2017

1st PMT Install

lower level hardware

DAQ system

funding decision

2nd PMT Install (if needed)

assumes two PMT manufacturers

At the beginning of last week, we were pressed to submit 
the full $50M proposal to NNSA and HEP… by the end of July! 

 
In order to meet the 2016 target, if the project is approved it 

would start less than 11 weeks from today. 
(1st Quarter of US FY2015 begins October 1st, 2014) 



So if all goes according to plan, it is possible 
that there will be a new, kiloton scale 
Gd-doped WC detector in operation 

in the next two years. 
 

 Keep watching the WATCHMAN! 



Supplemental Slides 



After the kiloton demonstrator  
in Ohio, what then?  

 

Examples of greatest interest   
• 1000 km -  verify reactor exclusion zone   

• 10-20 km  - ensure only declared reactors are operating 
Small reactor standard: 10 MWt yields 4 kg Pu/year 

  

“Gap analysis” for other technologies 
Thermal/visible satellite imagery – requires cueing, hard to cover large areas 

Radionuclide detection  - needs accidental release from reactor,  ambiguity about location 
 
 
 



νe 

e+ 

2.2 MeV γ-ray 
p 

n Possibility 1: 10% or less 

n+Gd →~8MeV γ 
∆T = ~30  µsec 

Possibility 2: 90% or more 
γ 

γ 
n+p→d + γ 

p 

Gd 

Inverse Beta Decay 
(~88% of events) 

Elastic Scattering  
(~3%  directional) 

~1,000,000  total SN 
ν  events from Betelgeuse 

 
 

~500  total SN ν events  
from galactic center 

Expected events in WATCHMAN from a Type II supernova 








	Slide Number 1
	Slide Number 2
	Of course, the detector I’ve spent most of this time preparing to gadiate is my beloved Super-Kamiokande.�(see or download my talk tomorrow)�Here are the expected coincident signals with Gd2(SO4)3:
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	The WATCHMAN Collaboration
	 WATCHMAN Construction/Operation Phase contingent on full project approval   �
	Existing IMB lab only 13 km from commercial nuclear reactor
	Current WATCHMAN Detector Design
	Physics with WATCHMAN
	Physics in three possible stages 
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

