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INTRODUCTION & MOTIVATION

Source: Alexander Zemlianichenko, Associated Press  

New START between Russia and the

United States recently extended until 2026

NEW START EXTENSION

Limits number of deployed strategic nuclear 
weapons to 1,550 on each side

Source: www.vandenberg.af.mil/News/Photos/igphoto/2000614747

New START verification is based on data exchange, 
notifications, and a limited number of onsite inspections

NEW START VERIFICATION

The only specialized equipment used are neutron 
detectors to confirm the non-nuclear nature of an object 



Source: Sandia National Laboratories, Randy Montoya

share-ng.sandia.gov/news/resources/news_releases/treaty_equipment

Modified U.S. Eberline ESP-2 Detector
Defense Threat Reduction Agency, 2011

https://share-ng.sandia.gov/news/resources/news_releases/treaty_equipment/


MISSION RELEVANCE

Source: Sandia National Laboratories, Randy Montoya

TOWARD ALL-WARHEAD AGREEMENTS

Building on the experience with New START, 
confirming compliance with all-warhead agreements 
could similarly rely on absence measurements with 

minimum access to treaty accountable items

Source: Korean Central News Agency (KCNA)

Simple inspection systems and approaches, 
minimizing intrusiveness, could play an important role 

in other nuclear arms control contexts

NON-CONVENTIONAL APPLICATIONS

Need instruments that can detect plutonium and uranium



Using Gamma-ray Measurements
to confirm the absence of kilogram quantities 

of plutonium and uranium



GAMMA-RAY EMISSIONS
FROM ASSUMED MINIMUM QUANTITIES OF SPECIAL NUCLEAR MATERIAL



MINIMUM DETECTABLE QUANTITIES

E. Lepowsky, J. Jeon, and A. Glaser, “Confirming the Absence of Nuclear Warheads via Passive Gamma-Ray Measurements”

Nuclear Instruments and Methods in Physics Research A, 990, 2021, doi.org/10.1016/j.nima.2020.164983

OF PLUTONIUM AND URANIUM VERSUS MEASUREMENT TIME & SHIELDING

Scenario

• The inspector selects a container for inspection that the host 
considers sensitive though the content is not treaty accountable


• The configuration introduces 1 cm of lead-equivalent shielding


• The host proposes a measurement time of 5 minutes


• The system is able to confirm the absence of 4 kg of HEU 
For the chosen measurement time, the system can confirm with 
high confidence the presence of 2 kg of HEU

In contrast, 3 cm of lead-equivalent shielding would have 
resulted in an inconclusive measurement (and requires a longer 
measurement time)

Measurement time [minutes] for a standoff distance of 70 cm

http://doi.org/10.1016/j.nima.2020.164983


TECHNICAL APPROACH
STEPS OF THE PROPOSED VERIFICATION PROTOCOL FOR ABSENCE MEASUREMENTS

In Step 4, system looks for plutonium and uranium in separate regions of interest

(300–500 keV for Pu-239 and Am-241; 950–1050 keV for U-238) 

Based on these data, system reports: “absence confirmed”, “inconclusive result”, or “anomaly detected”

In Step 2, system confirms presence and strength of reference source (Cs-137) in region of interest (661.7 keV ± 50 keV)

In Step 3, the same region of interest is used to estimate the amount of shielding (millimeters of lead-equivalent) introduced by the object



SAMPLE RESULTS

E. Lepowsky, J. Jeon, and A. Glaser, 2021, op. cit.

MCNP SIMULATIONS FOR A SHELL OF PLUTONIUM



Making Absence Measurements
for teaching & inspection exercises



MTV COURSE DEVELOPMENT & OFFERINGS
PRINCETON UNIVERSITY, SPRING 2020

registrar.princeton.edu/course-offerings/course-details?term=1204&courseid=013115

http://registrar.princeton.edu/course-offerings/course-details?term=1204&courseid=013115


EXPERIMENTAL DEMONSTRATION

E. Lepowsky, J. Jeon, and A. Glaser, 2021, op. cit.

USING STANDARD CHECK SOURCES FOR TEACHING AND INSPECTION EXERCISES



Construction of a portable version of the system

should be (relatively) straightforward

EXPECTED IMPACT & NEXT STEPS 

Credit: Swedish Defence Research Agency

Field-testing of such a system could help 
develop the concept further and enable red-teaming 

of the proposed verification protocol

BUILDING A FIELDABLE SYSTEM SUPPORTING FUTURE INSPECTION EXERCISES

Credit: Egan Jimenez, Princeton University

In a verification regime based on absence measurements,

no weapons should ever be part of an inspection, and 

safety & security concerns would therefore be dramatically reduced
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