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Nuclear forensic analysis of individual radioactive particles in the |im-size range can be
performed in two steps: in the first, an automated SEM screening of the loaded sample holder,
particles of interest (POIs) are located and classified according to their elemental composition
and size. In the second, the sample is transferred to a mass spectrometer (usually a SIMS),
and individual POIs are re-located and further analyzed for their isotopic composition.
Alternatively, selected POIs can be extracted after SEM screening or fission track analysis,
and then analyzed in a TIMS or ICPMS. In the SIMS, which has imaging capability of its
own, the whole sample is manipulated to bring specific POIs to the ion-beam point of
impingement. In all these cases, including re-visiting POIs in the SEM itself, a precise re-
location method is essential.

The re-location of POIs in the SIMS after they have been identified as such in the SEM is
based on the triangulation method [1,2]. A set of reference marks are 'printed' by vacuum-
deposition of metallic thin-film patterns on the sample holder, a flat-polished graphite
planchet. These marks, easily recognizable and precisely measurable by both instruments,
serve as inherent coordinate system for each sample.

The SEM screening provides a list of POIs, each with a data profile comprising stage
coordinates, composition, and size. Having measured the stage coordinates of at least 3
linearly-independent reference marks in the SEM and in the SIMS allows predicting the SIMS
stage coordinates where the POIs can be found.

It was demonstrated in SEM to SEM transfer experiments [1] that a single l|im particle can
be re-located within accuracy better than 10jJ.m, and in most cases better than 5|im, over the
entire sample area, 2cm in diameter. A thorough error analysis [1] showed a good agreement
between these values and the predicted expanded uncertainty.

Preliminary SEM to SIMS transfer results indicated that re-location within 20|im accuracy is
readily achievable [1]. The accuracy can be improved by increasing the number of reference
points from 3 to 6, and averaging the results. A POI can thus be brought close to the centre of
the SIMS field-of-view, visually located and analyzed.

This paper describes a joint IAEA-ITU experiment aimed at testing the feasibility of the re-
location method in two separate laboratories. A flat-polished graphite planchet was loaded
with a small number (a few hundreds) of (im-size uranium particles using the NIST method
[3] in the ITU clean laboratory. The sample was sent to the IAEA clean laboratory, where the
reference marks pattern was 'printed' by vacuum-deposition of thin metallic layer through
'finder grid' masks [1], without affecting the particles themselves. The sample was then
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screened, using the automated EDAX/FEI Particle Analysis software in the XL-30 SEM, and
about a hundred U-containing POIs were identified and their locations measured in several
repeated runs.

The initial particle search, as well as the re-location process afterwards, can be done in either
automated (A) or manual (M) mode. The feasibility of the re-location method was tested in 3
types of SEM-to-SEM experiments (A/A, A/M, M/M), and in a SEM-to-SIMS experiment.
The latter is invariably of the M/M type, in view of the destructive nature of the SIMS
analysis, which calls for a thorough SEM characterization (and thus for manual re-location) of
the selected POIs before the sample is transferred to the SIMS. Low magnification images of
the search area are taken, to serve as maps enabling the visual identification of the individual
particles according to their distribution patterns.

The first test was a 'SEM to SEM' experiment. After the initial screening, which yielded a list
P of POIs, {pi}, each defined by its SEM stage coordinates, the sample was removed from the
SEM stage and then re-inserted in an arbitrary new position. The stage-coordinates of the
reference marks were re-determined, their values used for predicting the new locations of {p,}
where they are expected to appear in the second run. Then, a second automated particle search
has been conducted, resulting in a list Q of POIs, {%}. P and Q are not identical, and exhibit a
different internal order. The problem of matching the particles which appear in both groups
will be discussed elsewhere. Here, the manual re-location process will be reported.

Out of the particles that appear in POQ, 22 U-containing particles and 8 others (Al, SiO2 etc.)
were selected, visually identified with the aid of the picture maps, and manually brought to
the central point of the SEM field of view. There, their stage coordinates were taken. The
deviation of the actual from the predicted location of each particle was calculated. Preliminary
data analysis shows that whereas the re-location accuracy obtained in the M/M case is in good
agreement with the previously reported results, 5-10 u.m [1], in the A/M experiments it was
about 5 times worse. In other words, the expanded uncertainty of the predicted locations
based on the data from the automated search was higher than expected, in contrast to the M/M
experiments. The reason is not yet understood.

The second test was a 'SEM to SIMS' experiment. The sample was brought to the ITU
Cameca-6F SIMS, where the same reference marks have been identified, their stage
coordinates measured, and fed to the coordinate transformation algorithm. The same 22 U-
containing and 8 other particles were then re-located in the SIMS, and positively identified
both visually and by mass analysis. The preliminary results agree with those quoted above [1].
In conclusion, the experiment reported in this paper demonstrates the feasibility of the method
for precise re-location of single (xm-size particles, a problem of practical importance in
nuclear forensics. Particles identified in automated or manual SEM screening can be re-
located for further analysis in the SEVIS or another instrument.
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