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Abstract

The COmetary Secondary Ion Mass Analyser (COSIMA) on
board the Rosetta orbiter will collect and analyse dust grains in
the coma of comet 67P/Churyumov-Gerasimenkov beginning in
2014. COSIMA is a high-resolution time-of-flight mass spectrom-
eter (m/Am ~ 2000 at m = 100 amu; from FWHM; [2]). We expect
to obtain thousands of COSIMA mass spectra during the entire
Rosetta mission at the comet. In order to be able to handle and
efficiently evaluate such a large amount of data, we develop an
automatic data processing software. The resulting data is a peak
list, giving — for each peak identified in the spectrum — peak in-
tensity, exact mass, suggested ion species, etc. This peak list will
serve various purposes: 1) identification of interesting spectra for
subsequent more detailed evaluation; 2) input for statistical multi-
variate analyses (e.g., Corico, Principal Component Analysis [1]);
3) input for further automatic data processing, like, e.g., intensity
maps from COSIMA raster scans. We present the current status
of our pipeline software and show examples for its application to
COSIMA laboratory spectra.
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Figure 4: Sample peak list generated from a COSIMA spectrum.

Future Improvements

e Extensive testing required!

e Peak profiles of TOF-SIMS instruments are well-known for be-
Ing non-Gaussian shaped. Peak fitting with a "standard” profile
derived from the spectrum itself (e.g., lines used in Figure 2)
will be tested.

e Deconvolution of unresolved double peaks.

e Assignment of ion species: consider isotopic ratios, poten-
tial hydride contributions, organic compounds, etc. to improve
peak assignment [3].

e Improve removal of instrumental artefacts (e.g., non-linearity
correction for TDC, improved background determination).
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Overview

e After Rosetta’s arrival at comet 67P/C-G in 2014, COSIMA will
produce thousands of mass specitra.

e Automatic data processing will be required to manage this large
amount of data (Figure 1).

e Mass calibration, dead time correction, background removal
and removal of instrumental artefacts can be performed auto-
matically.

e Single and double peaks can be identified from FWHM//(m)
(m being the peak mass) obtained from a Gaussian fitted to the
peak profile (Figure 2).

e Deconvolution of double peaks is rather straighforward for re-
solved double peaks (Figure 3).

e Peak lists are generated, containing exact mass, line intensi-
ties, etc. (Figure 4).

e Peak list serves as quick-look data and as input for higher level
data processing, e.g., maps (Figure 5) or multivariate statistical
techniques [1].

Flow Chart

[Start from raw spectrum]

v

[ Apply mass calibration }

with up to 8 lines in mass range 1 to 200 amu

v

Apply dead time correction
(Stephan et al., 1994)

v

[Calculate total counts in spectrum]

v

{ Apply background correction }

Background taken as average from left and right of peak

v

Identify single and double peaks from FWHM/sqgrt(mass)
in each peak window (Fig. 2)

v

Fit single peaks with Gaussian profile and
calculate peak mass and intensity

v

{ Subtract Gaussian and make new Gaussian fit J

to the residual. Calculate peak mass and intensity
for second peak

v

[ Calculate uncertainty in mass]

v

[Assign chemical formula to each peak from given list if possible}

v

[ Remove artefacts from peak Iist]

v

[ Write peak list to filej

Figure 1: Simplified flow chart for COSIMA spectra processing.
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COSIMA instrument in-flight configuration
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Figure 2: The FWHM//m from fitting a Gaussian curve to peaks
In the mass range 1 to 400 amu is used to identify single and dou-
ble peaks in the COSIMA spectira. The reference line for single
peaks (dashed red line) is defined by a list of 'standard’ peaks:
masses 12, 13, 14, 23, 24, 52, /3, 115, 147, 148, 197, 255 amu

(positive ion mode); 1, 13, 16, 17, 25, 35, 37, 163, 197 amu (neg-

ative ion mode).
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Figure 3: Examples of peaks fitting. Left three columns: Single
peaks and clearly resolved double peaks with Gaussian fitted to
the stronger component. Right three columns: Residual lines af-
ter removal of the stronger component of the double peak and
Gaussian fitted to the residual.

COSIMA Raster Maps
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Figure 5: COSIMA raster maps generated from peak lists (in
colour) and an optical image (bottom right panel). The measure-
ments were taken on synthetic forsterite (Mg, Si O4) prepared on a
blank gold substrate. Left two columns: Positive ion mode; Inten-
sities of 23Na and °7Au, intensity ratios 28Si/197Au, and %*Mg/?8Si.
Third column and top right panel: Negative ion mode; Intensities
of 1°"Au and intensity ratios 1°0/23Si and 28Si/1%"Au. High inten-
sities or intensity ratios are shown in red while low values are
shown in blue. In the intensity ratios the sample is easily iden-
tified as the location with the highest ratio, while in the intensity
maps the highest signal comes from the gold substrate.



