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Abstract

Secondary lon Mass Spectrometry (SIMS) technology has been applied for a decade to the
analysis of swipe samples collected by IAEA inspectors in and around nuclear facilities, in order
to assess the absence of undeclared nuclear activities. The main analytical task is to analyze the
uranium isotopic abundances of individual micrometer size particles present on the swipe taken
from the inspection. For this purpose, the IAEA implemented in 2010 a new Large —Geometry
SIMS CAMECA IMS 1280 instrument as a replacement for its CAMECA IMS 4f. The IMS 1280 is
the only large geometry SIMS commercially available with a design allowing the simultaneous
measurement of as many as 5 species in the uranium mass range (e.g., U-234, U-235, U-236, U-
238, and U-238H, the latter being used to correct the U-235 hydride contribution to the U-236
signal) using five electron multiplier (EM) detectors.

There are two difficulties inherent to particle analysis using SIMS: i) it is not possible to increase
the sputtered volume (which is limited by the particle size) in order to improve the counting
statistics of a respective measurement. As a result, useful ion yields (referring to the resultant
of ionization yield, ion transmission and detection factors) need to be improved if higher
precision analysis are desired; ii) the sputtering of sub-micrometric particles to a nearly
complete consumption results in transient signals having a large dynamic range. To overcome
this challenge, the use of multi-collection proved to be highly beneficial for isotopic analyses in
particles compared to mono-collection (i.e. a single collector), since it considerably increases
useful ion yields and negates measurement uncertainty terms inherent to sequential
measurement of transient signals. However, multi-collection is likely to introduce additional
measurement uncertainty terms in isotopic measurements compared to mono-collection.
These have been carefully investigated and an evaluation of the capability of the IMS 1280
multi-collector system to measure U-234 and U-236 at ppm-level abundances. The results
obtain from LG-SIMS are far more superior in every aspect which lead to higher confidence
level in drawing conclusion of absence of undeclared nuclear activities.
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