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Introduction: The Sample Analysis at Mars 

(SAM) instrument suite is designed to analyze gases 
sampled directly from the atmosphere or thermally 
evolved from solid samples [1]. Gases are processed in 
various ways and ultimately detected by at least one of 
three detectors. One such detector, the quadrupole 
mass spectrometer (QMS), scans a range of masses for 
ions generated by positive electron ionization of 
compounds in the sample gas. The SAM QMS is 
unique in that it uses a smart scanning algorithm, and a 
byproduct of this algorithm is an inconsistent time 
resolution for any given mass-to-charge (m/z) 
measurement. This differs from commercial QMS 
acquisition, in which each sampled m/z is sampled at 
the same, consistent rate. Thus, SAM required custom 
data analysis software in order for scientists to evaluate 
SAM QMS data. SAGE, or Software for the Analysis 
of Gas Chromatography-Mass Spectrometry (GCMS) 
and Evolved Gas Analysis-Mass Spectrometry (EGA-
MS), was developed in the IGOR Pro v6.2-6.3 
(Wavemetrics, Inc., Portland, OR) environment 
specifically for processing SAM MS data. 

S. Teinturier developed another software tool 
within the IGOR Pro environment to handle SAM 
data: GATES4SAM (GCMS and TCD Experiments 
Software). GATES was originally devoted to the 
scientific analysis of GC-TCD signal (GC analysis 
using thermal conductivity detector), but it is now able 
to use the MS raw data to aid in peak identification. 

SAM Data Acquisition: To maximize sampling 
over a wide mass range at low sampling rates, SAM 
uses a method called smart scanning. SAM data is then 
processed to compensate for under sampling of 
individual peaks in the GC data.  

Smart scanning. SAM uses a smart scanning 
algorithm to optimize sample rate without losing the 
opportunity to detect less common, high masses.  If the 
QMS scanned its full range of unit masses 2-535 Da, 
each m/z would have a time resolution of 10.64 s 
because it takes SAM 0.02 s to scan one m/z [1]. With 
smart scanning, the time resolution for a given m/z 
with signal is often on the order of ~3-6 s.  To achieve 
this time resolution, the QMS frequently scans 22 
“bands”, which individually sum the signal for a range 
of masses. If the QMS detects a signal above a defined 
threshold in a band, it will individually scan the masses 
in that band, else it will ignore those individual masses 
until a signal above the threshold is detected. Even 
with smart scanning, the time resolution of SAM’s 

QMS is lower than most commercial GCMS 
instruments. As a result most peaks are under sampled. 

Peak fitting as a solution to under sampling. 
Contrary to GATES which uses only the under 
sampled data, SAGE mitigates the problem of SAM’s 
under sampled GC peaks by simultaneously fitting an 
equation to multiple data sets including masses and the 
higher time resolution bands (fig. 1a), using a built-in 
IGOR Pro capability called Global Fit.  Bands have a 
higher sample rate than individual masses, and bands 
are the sum of the mass signals. As a consequence the 
shape of peaks in the band data can be assumed to 
represent the approximate shape of corresponding 
peaks in the mass data.  

Data Corrections: Before fitting a peak, the raw 
data must be processed to eliminate effects from the 
QMS detector’s dead time and the background signal.   

Dead time correction. The dead time is the time it 
takes after a signal is detected for the detector to be 
ready to process another signal [1, 2]. In SAGE, the 
SAM dead time coefficients [3] are used to iteratively 
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Figure 1 - (a) SAM GC data prior to SAGE peak fitting 
(black), and the calculated EMG peak fits (red). (b) Mass 
spectrum from the same peak: the black lines are the 
GATES raw composite MS data and the red lines 
represent the SAGE-fitted MS from the above peak. 
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solve for a correction equation with an exponential 
relationship between the dead time and the signal. 

Background subtraction. In SAGE and GATES, a 
time-constant background can be calculated for each 
mass by averaging all points in a selected range. In 
SAGE, separate backgrounds can be selected and 
subtracted before processing each peak.  

Peak Fitting: Due to the previously discussed 
under sampling issue, peak fitting in SAGE is essential 
to getting meaningful quantitative results and making 
good identifications from SAM GCMS data.    

Mass/band selection. The initial mass/band 
selection for a peak is based on whether or not a band 
signal goes above a threshold. After the initial 
selection, users can verify that masses and bands 
contribute to the peak and manually add or remove 
masses or bands as necessary. 

Fit equations. SAGE has three options for fit 
equations: Gaussian, exponentially modified Gaussian 
(EMG), and Lorentzian. An EMG fit is most 
representative of chromatographic peaks [4, 5].  

Global Fit details. Global Fit is well-suited to 
dealing with SAM’s under sampled QMS data because 
it can be configured to link some coefficients across all 
data sets while allowing others to vary between each 
data set. The shape of a peak and its retention time (or 
x-offset) are linked across all masses and bands while 
the amplitude and y-offset of the peak are not. 

IGOR Pro’s Global Fit requires an initial guess of 
coefficients for each data set, and the better the initial 
guesses are, the better the fit will be.  SAGE estimates 
coefficient values from the data and user inputs.  

Fitting overlapped peaks. In real data, 
chromatographic peaks often co-elute or overlap due to 
close retention times. SAGE was designed to handle 
fitting an arbitrary number of overlapped peaks by 
generating a multi-peak equation from a sum of single-
peak equations.  

Removal of bad fits.  SAGE has a few methods of 
removing bad or irrelevant data in order to improve the 
overall fit.  After fitting, there is an option to 
automatically remove all peaks that have negative 
amplitudes or coefficient values empirically found to 
represent nonphysical peaks (Zp < -4 or Zp > 4 for 
EMG coefficients [5]).  In addition to the automatic 
removal of bad fits, the user can individually compare 
raw and fitted data for each mass/band.  After refining 
the mass/band selection, the fit can be performed 
again.  

Identification Tools:  The compounds detected in 
the GC are identified by the mass fragmentation 
pattern (mass spectrum) and the retention time.   

Mass spectra. Mass spectra are generated in SAGE 
by taking the average height of the mass signal within 
the peak’s FWHM range (fig. 1b).  Only masses that 
were used in the fit are processed when generating the 

spectrum.  Mass spectra can be saved as .MSP files 
that can then be compared to the NIST library, which 
aids scientists in compound identification.  Scientists 
can use GATES to generate composite mass spectra 
(determined by summing the signals for a given time 
range in the raw data) to verify that all relevant masses 
are included in the SAGE-processed mass spectrum. 
Thus, an accurate comparison can be made on the peak 
reconstruction processing with SAGE.  

Retention time.  The retention time of a compound 
will vary based on which of SAM’s six GC columns is 
used [1].  Calibrations are currently being performed at 
GSFC to determine the relative retention times for 
various common organic materials on SAM-like 
columns.  These calibrations will be incorporated into 
SAGE once they are complete, which will further aid 
in the identification of compounds. 

Quantification: In order to help quantify the 
detected compounds, GATES is able to quickly 
calculate the area of a fitted or non-fitted peak.   

Conclusions:  SAGE and GATES are 
complementary and powerful analysis tools that SAM 
scientists are using to process, interpret, and quantify 
the Rocknest GCMS [6-8] and EGA [9-12] data. 
Scientists can compare SAGE- and GATES-generated 
MS to the NIST MS library and export chromatograms 
from SAGE into commercial GCMS software. SAGE 
and GATES have the potential to be adapted for future 
missions carrying GCMS payloads. Quantification of 
the errors inherent to SAGE’s peak fitting method is 
ongoing. 
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