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The instrument COSIMA [1] on-board of the ESA mission Rosetta 
collected tens of thousand cometary dust particles at distances between 10 
and some 100 km from the comet 67P/Churyumov-Gerasimenko. The 
particles were imaged [2], and the composition of the particle surfaces 
analysed by secondary ion mass spectrometry (SIMS) with a time-of-flight 
(TOF) mass analyser [3]. An essential aim of the project was obtaining 
information about presumable organic compounds on the comet.  

Selected sets of mass spectra - either measured on the background or on 
cometary particles - have been transformed to data matrices suitable for 
binary multivariate classification. The variables used are ion counts in mass 
intervals (TOF time bins) relevant for ions containing C, H, and potentially 
N and O. Typically, the data sets contain 300 - 600 variables for the mass 
range 12 - 70 Da, and 30 - 500 objects (spectra) per class.  

The instrumental mass resolution of about 1400 (at mass 100) allows a 
separation of elemental ions from H-rich organic ions; e. g., of 56Fe+ (mass 
55.935) from the possible nine CHNO-ions (giving overlapping peaks) in 
the neighbouring mass range 55.996 - 56.063. The ions from organic 

species around nominal mass 56 are distributed over about 20 TOF time 
bins (variables), and a deconvolution of the peaks is not feasible with the 
available data. The 20 variables can be considered as linear combinations of 
the signals from up to nine different CHNO ions.  

The search for signals from any CHNO compound has been performed by 
applying methods that estimate the significance of variables for 
discriminating spectra from the background and from the particle surfaces. 
This task is similar to the search of biomarkers in high-dimensional data. 
Several methods have been tested: (1) comparison of the class means (of 
single variables) by the t-test or similar methods; (2) standardized 
regression coefficients of a discriminant variable obtained by D-PLS; (3) 
mean decreasing accuracies obtained by the random forest method; (4) 
robust pair-wise log-ratios [4]. The results are consistent with the previously 
claimed presence of high-molecular, carbon-rich material [5], and provide 
additional information about presumable carbon containing substances in 
cometary material.  
.  
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