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Introduction:  The Tunable Laser Spectrometer 

(TLS) is a powerful new instrument for NASA’s plane-
tary missions that can make precise measurements of 
gas abundances and their isotope ratios in C, H, N, O, 
S not only in planetary atmospheres but also in gases 
evolved from in situ processing of rock or soil samples 
– as demonstrated on MSL’s Curiosity rover [1, 2, 3].  
TLS excels in capability for isotope ratio measure-
ments in C, H, O and S (all three isotopes are needed in 
O, S), while the mass spectrometer (MS) excels at sur-
vey exploration of a variety of gases and the unique 
capability of noble gas measurements.  

TLS-SAM-MSL on Curiosity: For Mars, TLS 
within the SAM instrument suite has made critical 
measurements (atmospheric methane [3] and isotope 
ratios of C, O in carbon dioxide and of H, O in water 
[1], and the D/H and O isotope ratios in ancient clays 
[2], etc.) that have established its high science return. 

Isotope Ratios for a Venus Probe Mission: Triple 
isotope plots for oxygen [4] and sulfur [5] are powerful 
tools for identifying meteorite origin in context with 
planetary formation and evolution determined by inter-
action between the atmosphere and surface. Even with 
enriched isotope ratios found on Mars and Venus due 
to atmospheric escape processes the extent to which 
triple isotopes follow mass-dependent or mass-
independent fractionation [6] is a powerful tool for 
scientific analysis. For Venus as an example, unravel-
ling the transition from photochemical to surface ther-
mal equilibrium requires triple isotope (32SO2, 

33SO2, 
34SO2) measurements at a precision of 1 per mil that 
must be made repeatedly in a short timescale (minutes) 
during probe descent, a requirement not met by TLS-
SAM-MSL (5 per mil) nor any mass spectrometer. 

Digital Venus TLS (VTLS): For a Venus probe, 
TLS will be upgraded with fast, agile digital electronics 
that drive several lasers simultaneously to maximize 
the data quality and return during these short but very 
important missions. Target gases include CO, OCS, 
H2O, CO2, and SO2 (Fig. 1). 

For a Venus probe descent, VTLS be housed in a 
room-temperature pressure vessel that would ingest 
several gas samples at low pressure (10-50 mbar) and 
analyze them.  Venus requirements vs VTLS capability 
is given in Table 1. At a precision of ~1‰, VTLS will 
be able to distinguish the Venus fractionation lines in O 

and S in context with other planets and therefore test 
formation and evolution scenarios.  

 
Fig. 1. VTLS is designed to accommodate 3 wave-

length channels (2.78 to 7.4 µm). The spectrum is what 
VTLS would see at its sampling pressure of 20 mbar. 

 
Table 1. Limits of detection and measurement ca-

pability for a 3-channel VTLS. 
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