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Nuclear Explosion Evidence: the OSIRIS Gamma-Ray
Spectrometer for On-Site Inspections Under the CTBT

The On-Site Inspection RadioIsotopic Spectroscopy (OSIRIS) system was designed to collect
evidence of nuclear explosions, under the provisions of the Comprehensive Nuclear-Test-Ban
Treaty (CTBT). OSIRIS features special gamma-ray spectroscopy software to comply with
CTBT requirements to limit disclosure of radioisotopes to a select set of 17 fission products.
These radioisotopes are relevant to identifying a recent underground nuclear explosion during a
CTBT on-site inspection.

Design Challenge
Detect evidence of underground nuclear explosions via gamma-ray spectroscopy during on-site
inspections under the Comprehensive Nuclear-Test-Ban Treaty (CTBT), without revealing other
information. 

Approach
The On-Site Inspection RadioIsotopic Spectroscopy (OSIRIS) system measures gamma-rays
with a high-purity germanium (HPGe) spectrometer. The system computer analyzes the
spectrum in real time, but using a measurement-restriction approach, it limits disclosure of
radioisotopes to a select set of 17 fission products: 140Ba, 141Ce, 144Ce, 134Cs, 137Cs, 131I, 132I,
140La, 99Mo, 95Nb, 147Nd, 144Pr, 106Rh, 103Ru, 99mTc, 132Te, and 95Zr. These radioisotopes, with half-
lives ranging from days to years, identify a potential nuclear explosion when detected during an
on-site inspection. An easy-to-read graphical user interface displays detected isotopes with
“thermometer bars” indicating the intensity of their identifying gamma-ray peaks.

OSIRIS features:
• Automatic spectral data interpretation, in real time.
• Only summary information is presented to the operators. Raw
spectral files are stored to hard disk after encryption using the
Advanced Encryption Standard-128.

• Automatic energy calibration from Eu-152, Th-228, or natural
background gamma rays.

• Hardware based on the ORTEC Interchangeable Detector Module
(IDM) gamma-ray spectrometer.

• A ruggedized toughbook computer serves as the OSIRIS control
panel and data display.

• OSIRIS software works with Windows 7 and Windows 10 operating
systems.

OSIRIS has been extensively tested under challenging environmental
conditions, including outdoor winter testing at Idaho National
Laboratory.

A prototype OSIRIS gamma-ray
spectrometer being set up during the
Comprehensive Nuclear-Test-Ban Treaty
Integrated Field Exercise-14, Jordan, 2014.
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ORTEC IDM-200-R features: 
• Convenient-to-mount, all-in-one integrated HPGe detector, cooler, cryostat,
and signal processing electronics; requires only AC/DC power and a USB
connection.

• No liquid nitrogen required.
• Operates in any orientation.
• Standardized large area HPGe crystal dimensions ensures uniform
performance unit-to-unit.

• Maintenance free.
• Withstands mechanical shocks up to 20 G.
• Hardened cryostat eliminates “partial warm up” problem.
• Mains power and DC operation.
• Low-power, reliable Stirling-cycle cooler.
• Seven-hour spectrometer battery lifetime. Battery may be “hot-swapped”
while the spectrometer is in operation.

Improved Isotopic Information
The minimum detectable activity (MDA) in becquerels is displayed for each fission-product gamma-ray peak. The list of displayed gamma-ray
peaks has been revised to eliminate very weak peaks and peaks below 125 keV to make it more concise. 
Spectral information for both Cs-134 and Cs-137 is displayed in the same window, along with the Cs-134/Cs-137 activity ratio.

Isotope library energy
(keV)

measured
energy (keV)

rank branching
ratio (%)

net peak area
(counts)

t* activity
(Bq)

MDA
(Bq)

Cs-134 569.31 569.10 3 15.0 879007±1047 839.5 627390±38391 12.1
Cs-134 604.70 604.54 1 96.6 5323644±2360 2256.0 616701±37275 2.0
Cs-134 795.85 796.03 2 85.4 3708330±1973 1879.9 623960±37769 1.6
Cs-134 801.93 802.12 4 8.7 365438±678 539.3 605778±37470 13.9
Cs-137 661.66 661.58 1 85.1 5672757±2431 2333.4 816341±49330 2.0

Cs-134/Cs-137 Information

Cs-134 to Cs-137 Ratio
activity ratio = 616701/816341 = 0.755±0.065



Specifications subject to change
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OSIRIS display of spectra analysis data from the spectrum to the left. Each green
“thermometer bar” indicates detection of a CTBT-relevant fission product isotope.
Information on other radioisotopes is not displayed to the user, except for three
natural occurring background isotopes, provided to assure users of correct system
operation.

OSIRIS was developed and tested jointly by Idaho National Laboratory, Lawrence Livermore National Laboratory, and Pacific Northwest National Laboratory, with support from the
Office of Nuclear Detonation Detection, NA-222, U.S. Department of Energy. OSIRIS was a 2018 R&D 100 award winner.
Caffrey, A. J., T. W. Bowyer, A. E. Egger, J. C. Hall, S. M. Kelly, K. M. Krebs, S. A. Kreek, D. V. Jordan, B. D. Milbrath, S. W. Padgett, C. J. Wharton, and N. G. Wimer, “OSIRIS—
Gamma-ray spectroscopy software for on-site inspections under the Comprehensive Nuclear-Test-Ban Treaty”, Nuclear Instruments & Methods in Physics Research, A784 (2015),
405–411, doi:10.1016/j.nima.2014.10.066.
Contact the factory for more information or to place an order.

OSIRIS System Detection Efficiency Calculation
• The gamma-ray detection efficiency for
OSIRIS spectrometers has been
determined for three counting modes: point
source counting, soil sample
measurements, and in-situ counting.

• Efficiency measurements have been
performed at INL for point sources 10 to
100 cm from the spectrometer end cap, in
10 cm steps, and the related efficiency vs.
energy curves have been calculated by
cubic-spline interpolation.

• The in-situ measurement efficiency curve,
has been determined by a combination of
measurements and Monte Carlo
calculations at LLNL.

Fission-product gamma-ray spectrum from an Ernst & Ziegler commercial source.


