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Introduction and 
Motivation

Potential Safeguards and Nonproliferation 
Applications of  Antineutrino Monitoring

1. Remote monitoring of reactor operation – core power, 
shutdowns

2. Robustness against tampering
3. Independent confirmation of operator-declared values
4. Ability to quantify isotopic content
(1) and (2) have been experimentally demonstrated.
(3) and (4) are under current investigation. 

Impact
• NNSA: Verification of reactor operating history and limit 

of material proliferation
• MTV: Collaboration with other PIs on related parts of the 

fuel cycle
• GT: Student involvement in research 
• Personnel transitions: Student internship in summer 

2021
• Technology transitions: Collaboration with LLNL

Results

Mission Relevance
Verifying reactor composition in real time is 
one of the steps of ensuring the security of 
SNM and limiting material diversion from 
peaceful use.

Technical Approach
High-Fidelity Reactor Modeling and Analysis

1. Different reactor types produce different antineutrino 
signatures (both temporally and spatially).

2. Initial core composition and operating histories affect the 
signatures.

3. Additional features of reactors (e.g., experimental vehicles 
in VTR or unique salt coolant composition) can further affect 
the antineutrino production.

4. Detailed core model, including any additional features, is 
required.

Evolution of antineutrino 
spectrum and antineutrino 
detector response as a function 
of reactor operational time. The 
emission rates of antineutrino 
particles at different energies 
vary with operating lifetime as 
reactors shift from burning 
uranium to plutonium. 

(a) The mass of 
plutonium and its 
constituent isotopes 
obtained by a proliferator 
for each scenario 
depends on 
- Number of irradiation 

cycles prior to removal.
- Location of the 

assembly. 
(b) The probability of 
detection via observation 
by RETINA with count 
duration of one, three, 
and six months following 
the resumption of 
operations.

Conclusions
• High-fidelity modeling of reactor cores was initiated
• Sodium-cooled fast reactor, molten salt reactor (with 

liquid fuel) and VTR reactor are the primary focus
• Preliminary results indicate the importance of “feature” 

modeling
• Students are getting trained on MCNP and Serpent

Next Steps
Task 2. Diversion scenarios and 
abnormal reactor conditions

Subtask 2.1: Development of criteria and quantification of 
effects. The analysis will focus on the limits of Pu purity 
and amount as well as include a search for other viable 
criteria. Subtask 2.2: Evaluation of feasibility of each 
scenario including probabilistic assessment to understand 
the relationship between low-frequency/high-impact and 
high-frequency/low-impact cases.

Deliverable 2. Analysis of diversion scenarios which span 
the space identified by the stated requirements.
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