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Introduction: Accompanying the development of Wenbngh (i)

lasers operating at room temperature, tunable Iaser“‘g

spectrometer instruments have enjoyed a huge growth o

in capability for a wide range of applications tien- g CH, HO
tific research, medicine, industry, Earth and plane Sapn

space missions. Miniaturization has enabled thvelde &

opment of powerful new instruments for planetarg-mi % - |

sions to planets, satellites and primitive bodied for : il |h‘ M ”
the International Space Station (ISS) cabin moimi¢pr £ 1000 1500 T T—Tn 3000 !‘3‘5[00 4000

The first atmospheric measurements were made in _ Weneromsber ) )
the 1980's [1] using the newly invented lead-safta Fig. 1._IR bands of species of interest to plaryesar-
ble diode lasers that required liquid helium coglémd ence, in particular for Venus, Saturn and Uranus.
produced only a few microwatts of output power. The i o
BLISS high-altitude balloon instrument weighed 1150 _Stgble Isotope ra_tlos in C H, N, O and S are pewer
kg and a single laser package (cryostat) weighelj70 ful indicators of a wide variety of pla_metary geyph
By the 1990's when liquid-nitrogen cooled lasersave cal processes that can identify origin, transptlmml-
available, several groups [2] from all over the Mor perature hlstory, rad|at|9n exposure, atmosphesic e
were flying tunable laser spectrometers on a walé v cape, environmental habitability and biology [5].
ety of aircraft to understand Earth’s ozone holencis-
try and dynamics. In the early 2000’s with Quantum
Cascade (QC) lasers available, the transition tonro
temperature operation began in earnest [3], solihat

2005 miniature laser spectrometers were being densi (SAM) .sum.a [,6] on the Curiosity rover.
ered for planetary missions. During its’ first three years in operation, Slhas

Today, room temperature QC, Interband Cascadedetermined the abundance of methane on Mars [7] and
' ’ its variability at the Gale crater region, as Vaé up-
dated during the workshop. In addition, both TLS an

est to planetary science not just at the shortar-te SAM's Quadrupole Mass Spectrometer (QMS) have

wavelengths but also mid-IR wavelengths (Fig. ayrfr measured atmospheric isotope ratios (see table with
HF (2.3 pum) to NK(L0 pm). references [8, 9, 10, 11]) at unprecedented pretisi

IR Tunable Laser Spectroscopy: Tunable laser that in comparison with meteoritic data, tell argtof
spectrometers are uniquely suited to making high- prolonged atrn.ospheric escape that has been ongoing
precision gas abundance and stable isotope ragios b for nearlyé_llbllhon years. ,
cause of their ability to scan at ultra-high resiol In addition to atmospheric measurements, TLS
(0.0001 crt) over targeted individual rovibrational complements  the SAM QMS in analyzmg_ gases
spectral lines of the gas of interest without ifeer evo!veq from pyrolyzing rock samplles acquired by
ences that can be of concern with mass spectrosneter Curlos_lty, at RO(_:kHESt [12], John Klgm, and Cumber

For light molecules at pressures below ~100 mbar, land S|te_s. One important resu_lt [13] is measureroé
IR tunable laser spectroscopy offers a direct, non- the D/H in clays from YeIIO\_/vknlfe bay. The I,OWW
invasive, unambiguous method for measuring stable of the measured D/H (=3 tlmes_SMOW) indicates that
isotope ratios to sensitivities of ~1%o for plangtamw- the mudstone was created significantly before mafch
mass (<3 kg), all-solid-state instruments. Tunéser the atmospheric escape occurred, and when Mara had

spectrometers are well suited teQ4 NO, NQ, HNOs, global equivalent layer of water of around 150 m.
O3, CO, CQ, NHs, SG, HCI, N;O and CH.

TLS in SAM on MSL'’s Curiosity Rover: The Tuna-
ble Laser Spectrometer (TLS) is one of three instru
ments that make up the Sample Analysis at Mars

(IC) and tunable diode lasers are available [4]rave
large wavelength region, accessing molecules ef-int
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Fig. 2. Spectral scan regions used by MSL-SAM’s Fig. 3. Planetary tunable laser spectrometersviarie-
TLS instrument for measuring isotope ratios inCH, ty of platforms: for CubeSats, Mars airplane, ptane
O. For the methane scan, the vertical axi$36Ha probes, balloons, quadcopters and rovers.

and CHD is multiplied by 100, 500.

We will review science results to date from TLS-SAM
TLS for Venus, Saturn, Titan and Uranus Probes: MSL and also discuss laser spectrometers planmed fo
In combination with the QMS, TLS is currently on future missions including the ExoMars lander.
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