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This presentation outlines the utility of stable xenon as a persistent signature of illicit
nuclear activities that can be employed over timescales beyond that of radioxenon. We
outline a new methodology, employing a Thermo 253 Ultra dual-inlet dynamic mass
spectrometer, that can measure stable xenon isotope ratios with 10 permeg precision. In
addition, we will discuss our sample purification technique.

Note: Presenting author Hayden Miller *not* attending in-person.
Please direct questions to hmiller@lanl.gov
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High-precision stable xenon isotope ratio measurements of atmospheric 
samples

Nuclear explosion monitoring techniques such as those
used by the International Monitoring System (IMS),
setup as a verification tool for the Comprehensive
Nuclear-Test-Ban Treaty (CTBT), rely primarily on
radioxenon isotopes to detect illicit nuclear activity.
However, nuclear power plant operation and isotope
production facilities produce large amounts of the
radioxenon isotopes making distinguishing background
from potential illicit activity extremely difficult. Stable
xenon offers an additional constraint on the nature of
fission producing events.
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Future Work

Objectives:  
Nuclear explosion monitoring systems, such as those used to verify the Comprehensive Nuclear-
Test-Ban Treaty (CTBT), rely primarily on radioxenon isotopes to detect nuclear explosions. 
However, nuclear power plant operation and isotope production facilities produce large amounts 
of the same radioxenon isotopes making distinguishing background from potential illicit activity 
extremely difficult. While radioxenons are typically used to monitor for nuclear activity, all nu-
clear fission also creates large amounts of stable xenon. We will utilize a combination of gas and 
solid mass spectrometry techniques to measure stable xenon isotopes while also measuring the 
cesium decay products of radioxenon in the same sample. This novel approach to nuclear explo-
sion monitoring will increase our ability to distinguish peaceful industrial radioxenon releases 
from illicit nuclear activity. 
 
Problem and Proposed Innovation: The International Monitoring System (IMS) is a network of 
80 radionuclide particulate and gas monitoring stations around the world in support of the Com-
prehensive Nuclear-Test-Ban Treaty (CTBT)[1]. These monitoring systems primarily rely on the 
detection of the radioactive xenon isotopes 131mXe, 133+133mXe, and 135Xe as indicators of nuclear 
explosions. However, IMS stations routinely observe non-zero radioxenon backgrounds, with at 
least one station observing radioxenon in 85% of their collects[2]. Over a 6-month span, the 
amount of 133+135Xe observed at a single station may also vary by 4 orders of magnitude due to 
medical isotope production and nuclear power plant operations[3-5]. Global Xe emissions from 
nuclear reactors and isotope production have been estimated to be 1-4 PBq/yr [6] and make distin-
guishing nuclear explosions from other sources difficult[7]. Variability in background inputs of 
Xe can hamper our ability to detect a crucial signature of nuclear explosions thereby we believe 
that LANL is uniquely positioned to develop the capabilities to lower the discrimination threshold 
for a nuclear event by combining novel high precision stable xenon isotope analysis and ultra-low 
level cesium isotope ratio measurement.  

The most commonly observed Xe iso-
topes in nuclear explosion monitoring 
systems, like the IMS, are 133Xe (t1/2 
129 hr) and 135Xe (t1/2 9.4 hr). 133/135Xe 
decay to stable 133Cs and long-lived 
135Cs (t1/2 2.3x106yr) respectively. 
The solid Cs products will remain in 
the collection vessel indefinitely. IMS 
monitoring stations routinely reach 
activities in 133+135Xe that correspond 
to femtograms (10-15) of Cs. Recent 
work at LANL using Thermal Ioniza-
tion Mass Spectrometry (TIMS) has 
demonstrated an ability to obtain iso-
topic data on attograms (10-18 g) of 
purified Cs. Therefore, 133Cs/135Cs de-
terminations allow for an indirect 
measurement of 133Xe/135Xe long af-

ter it has decayed. Furthermore, removing the need of immediate analysis allows for reanalysis of 
historic samples and the use of Cs isotopes as a time integrated proxy for Xe. 

 
FIGURE 1. Xe isotope ratios for natural and 235U thermal fission 
sources. Percent cumulative fission yields for each isotope are in green 
below the ratio. Data from ENDF-349. 
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Duel-inlet gas-source isotope ratio mass
spectrometry
• Extremely high-precision isotope ratio

determinations
• Large samples by mass spectrometry standards
• Requires close chemical and isotopic sample –

standard matching
• Isotope ratio data reported in delta notation,

where 1 permil = 1000 permeg:
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Thermo 253 Ultra Gas Source IRMS

Xe isotope ratios for natural and 235U thermal fission sources. 
Percent cumulative fission yields for each isotope are in green 

below the ratio. Data from ENDF-349.
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Current Ultra precision

Typical dual inlet gas mass 
spectrometer precision

Typical static noble gas mass 
spectrometer precision

Moles Xe from 235U(th) fission

• Characterize natural background (currently ongoing)
• Collect air samples where stable xenon perturbations

are expected
• Sample processing methodology can be applied to

water samples → apply to suite of National Nuclear
Security Site (formerly Nevada Test Site) groundwater
samples



1) Connect sample flask and pump line to high
vacuum.

2) Isolate line, expand sample to preconditioned
getter for 5 minutes to begin to react away
active species.

3) Cryo-focus gas onto Si gel trap submerged in
liquid-N2 bath (77 K).

4) Isolate getter side of line, warm Si gel trap.

5) Getter additional 15 minutes, trap onto Si gel
for 15 minutes while open to sample side of
line again

6) Isolate Si gel trap, open line to turbo (pumps
He, H2)

7) Warm Si gel trap, open to getter side of line
for additional 2.5 hours

8) Cryo-focus onto detachable sample tube
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Simplified Sample Purification Procedure
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Sample

1 mL
dilution 
volume

100 mL
dilution 
volume

Water
trap

1000 torr
capacitance
manometer

1 torr
capacitance
manometer

Pirani

1000 torr
BaratronTurbo

pump

Rough
pump

detachable
sample tube

Ti sponge getter 
furnace (1173 K)

Si gel
(77 K to 773 K)

Swagelok SS-4BG valve 

Si gel

400 mL STP air → 4 mL STP pure Ar + Kr + Xe


