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"In regard to nuclear proliferation and arms control, the fundamental 

problem is clear: Either we begin finding creative, outside‐the‐box 

solutions or the international nuclear safeguards regime will become 

obsolete.” 

‐M. ElBaradei, then Director General of the IAEA 

Washington Post, June 14, 2006, page A23. 

Antineutrino detection is certainly creative and out of the box.  But it has not yet found  

application within the IAEA reactor safeguards regime. Why not ?  
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 Reactor antineutrino measurements in the near 

and far field  

 The IAEA and safeguards  

 Safeguards with antineutrinos 

 What’s working for A.A.P. in the area of 

nonproliferation  

 Unsolicited advice on what is not working and 

how to fix it 
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A  

Typical 

Power 

Reactor 

 

~10m overburden 

Physical characteristics 

 

• 25-100 meters from the core 

 

• Several hundred events per day 

 

• 10-20 mwe overburden 
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Change in LWR antineutrino rate from a 
switch of 10 assemblies (70 kg 239Pu 
235U, no change in total thermal power) 

 

Nn =
C

L2
× (Pth(t) × (1+ k(t))

k(t) = ci × fi (t)
i=1

4

å

SIMULATION 

 

 

 

k(t) varies from 0 to ~ 0.1 across  

a typical  PWR cycle 

 

fi are the fission rates for  

isotope i = 235U,239Pu, 241Pu,238U An example rate analysis  

• 5% false positive, 95% true positive 

• ~ 2000 events per day needed  

• 70 kg 239Pu-235U switch seen in 90 

days 

fi(t)µs i ×F(t)×Mi(t)
Mi(t)  = mass inventory 

F(t)   = neutron flux 

s       = fission cross section  

L       = distance from detector to reactor 

Pth(t) = reactor power is a required input 
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Spectral difference,  

after normalizing by rate 

Spectral difference,  

including increased emission 

probability for 235U antineutrinos 

Note: In a real detector with a mixed-fuel core, only the sum spectrum is measured 
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Ratio of beginning and end of cycle 

spectra – 

• spectrum ‘hardens’ due to plutonium  

ingrowth.  

 

Spectral DATA  
Russian Rovno experiment using 1,05 t 

Gd-scintillattor 
SIMULATION 
(P. Huber, Va.Tech) 

An example spectral analysis  

• 5% false positive, 95% true positive 

• 4624 events per day 

• 70 kg 239Pu-235U switch is detected in 90 days 

• Power not required as an input ! 

Atomic Energy, Vol. 76, No. 2, 1994 
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Goal Detector 

mass 

standoff Required reduction in  

bg rate relative to 

KamLAND 

16 events in 1 year from a 

10 MWt reactor, ( 25% 

accurate thermal power) 

10 kiloton 

 

~40 km 10x 

1 Megaton 

 

~400 km 100x 

Global reactor antineutrino fluxes 

 

http://arxiv.org/abs/0908.4338 

Science & Global Security, 18:127–

192, 2010 

 
The US WATCHMAN project is 

pursuing a 1 kiloton 

demonstration with Gadolinium-

doped water – See Steve Dye talk 
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 Founded in 1957 

 

 Headquarters in Vienna Austria 

 

 Operates under the authority of the Treaty for the Nonproliferation of 

Nuclear Weapons 

 

 Carries out inspections in Non-Nuclear Weapons States to detect 

diversion of nuclear materials from peaceful applications to military 

uses 
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Power Reactors 

~200 under IAEA safeguards 

Cooling 

pond/dry-

cask storage 

Reprocessing  

Plant/fuel fabrication 

(1-1.5 years) 

(months  

to years) (months) 

Underground 

Repository 

(forever) 

+  Containment  

+  Surveillance 

+  Check declarations 

+Containment  

+ Surveillance 

+ Cerenkov light 

+ Neutrons 

+ Assay 

+Containment  

+ Surveillance 

+ Various NDA 

    methods for  

estimating Pu 

inventory 
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Current reactor safeguards are effective but could be improved 

• Provide no direct Pu inventory or power measurement 

• Require inspector time onsite 

• Rely heavily on operator declarations 

• May be ineffective for future reactor/cycles 
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Real-time core operational status On/off change within ~5 hours 

thermal power changes the core  Detect 3% shift in ~1 week or 

better 

Recovery of lost ‘Continuity of 

Knowledge’ 

 

Occurs when tags or 

surveillance are compromised 

(power outages etc.) 

Material Accountancy: 

Independent, partial verification of 

operator power and/or inventory 

declarations 

Operator estimates are the only 

method for tracking actual fissile 

content of discharged fuel 

Reduced frequency of inspection 

visits (cost) 

Reduced reliance on surveillance 

and declarations 
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 Total fissile inventory at old reactors is much larger then 

measured core inventory – does not solve the ‘historical’ 

problem 

AND 

 Antineutrino detectors are larger than most other IAEA 

detectors and operate below ground  

 

AS A RESULT 

 Despite possible shortcomings, the IAEA does not 

consider reactor safeguards a major problem or priority 
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 Reactor safeguards are a relatively low priority 

for IAEA 

 Moving from item-based to material 

accountancy would be a major shift for the IAEA 

and for the facilities being inspected 

 A technologically better approach must also be 

cost competitive and easy to implement 

 Our community is not really trained to deal with 

such considerations 
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0. Learn more about how safeguards really work 

1. Demonstrate capabilities the agency has 

expressed interest in for the medium term 

2. Try to address IAEA and international 

safeguards needs for the long term 

3. The Trojan horse approach  (see item 0.) 
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IAEA has examined antineutrino based monitoring  in 

 2003, 2008, and a 2011 

 

 Detector features of interest: 

1. Smaller detectors –CENNS, IVB 

2. above-ground detection – segmentation/particle i.d 

3.  spectrally capable detectors 

4. More and better core modeling 
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! The International Atomic Energy Agency (IAEA) is responsible for 

implementing the Nuclear Nonproliferation Treaty worldwide 

! The IAEA Safeguards Regime tracks fissile material in the civil nuclear 

fuel cycle  

!  

In 2012, an IAEA review encouraged R&D into antineutrino-based 

reactor monitoring for Safeguards:  

1. Near reactor deployments for detailed analysis of fissile content in 

known reactors – demonstrations, above-ground technology 

2. Far-reactor (10-1000 km) deployments for discovery or exclusion 

of small unknown reactors 

The IAEA and Nuclear Nonproliferation  

2012 Ad Hoc Working Group report 
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• Plutonium disposition monitoring  
— A US-Russia agreement to render surplus weapons 

plutonium unusable for wweapons by irradiating it in US and 

Russian reactors 

 

• Long term monitoring of inaccessible cores 
— Future Small Modular reactors and others may never allow 

core access over the lifetime of the reactor 

 

• Remote detection of small reactors   
— WATCHMAN demonstration in the US is a step in this 

direction 
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 Theory Priorities 

• More accurate predictions of 
the emitted flux from 
reactors – is this  possible ? 

  

• Reduced uncertainties in 
estimates of fissile content 

 

•  Theoretical analysis of a 
reactors and applications 
beyond PWRs 
e.g. Secret Neutrino 
Interaction Finder, mini-
Time-Cube 

 

 Experimental priorities 

• More accurate 
measurements of reactor 
flux – empirical 
measurements for each 
reactor type may be the 
best recourse  

• Background suppression to 
improve deployability 

• Deployment against a wider 
range of reactor types 

• Discover CENNS 

• Demonstrate very large 
scale detectors 
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Research topics in Applied Antineutrino Physics that 

apply to Neutrino and Dark Matter Physics  

Water Cerenkov detectors 

Coherent Scatter/ 

Low threshold detectors 

Scintillator detectors 

• Supernovae antineutrinos !
• long baseline accelerator 

oscillations!

• Long baseline reactor 

oscillations*!

• Small footprint 
antineutrino detectors for 

reactor monitoring!

• improved 

reactor spectral 

measurements*!
• neutrino directionality*!

• Precision neutrino spectra!
• neutron/gamma detection!

• Long range reactor 
monitoring!

• Improved neutron 

detection!

• Sterile neutrinos!
• Reactor anomaly !

• WIMP or Axion searches!
• sterile neutrino search!

• Nuclear physics studies!

* Even harder than the other topics listed here 

Nonproliferation Physics 
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Due to  3He shortages , the 

IAEA must replace current 

“well” neutron multiplicity 

counters  for Pu and U assay  

 

 

 Work to replace with H2O (or 

scintillator) well neutron 

counters 

 Such counters are similar in 

footprint and operation to 

antineutrino detectors and to 

current IAEA technology 

 

Current IAEA well counter ~1 cubic meter 
Water well counter under development  

~1 cubic meter 
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Caveat venditor 

(experimenter)…  
 

 

Building a good  

neutrino detector is only a 

small part of the solution to a 

problem in nonproliferation.. 
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A. More dialog with agencies and facilities that use safeguards 

1. Member State Support Programs 

2. The IAEA (but not directly from US National Laboratories) 

3. ESARDA – Vacheret Deputy for Novel Technologies Working Group in ESARDA 

4. JAEA 

5. INMM 

6. Policy wings of APS and AAAS in the U.S. and equivalent in other countries 

B. Demonstrations at safeguarded facilties that IAEA will access 

C. Scholarly articles that compare antineutrino-based methods with other 

safeguards techniques 

• JNMM, ESARDA, Science and Global Security, …  

D. Presentations at Safeguards-oriented conferences and workshops 

• INMM, ESARDA, others..  
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 Technically, the global effort on applied 

antineutrino physics for safeguards remains 

strong 

• Many nonproliferation demonstrations worldwide, 

closely tied to basic neutrino physics   

 Our collective understanding of safeguards 

needs improvement  

 Demonstrations – especially in countries under 

safeguards, presentations at IAEA-related 

conferences, and continued engagement with 

Member States will help  

 


