TIRVIM Science Goals

- Search/monitoring of minor constituents

* Monitoring of atmospheric dust and ice clouds
 Monitoring of the thermal state from the surface to 50-55
km with resolution of a few km

 Monitoring of surface temperature
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Brightness temperature, K
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PFS / Mars Express spectra and retrieved temperature field, orbit 68 (Grassi et al., 2005)
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Dust & ice clouds monitoring
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Dust and ice bands in PFS / Mars Express spectra over Olympus Mons and Hellas
(Zasova et al., 2005)
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Surface properties

0.10
0.08 !
0.06 !
0.04

0.02

2000

&oo'j\LiLl

0.08

0.06 -

BDR (sr-1)

0.04

_ 0.02
] I
J 0.00 L)

Mg I

4000

Wavenumbers (cm™')

4500 2000 2500

RN N S T L L |
3000 3500 4000 4500

Wavenumbers (cm-1)

PFS reflectance spectra of the polar cap fitted with CO2 + H20 ice surface, different grain
sizes and dust % (Giuranna, Hansen et al., 2007)



Solar occultation mode

" TIRVIM” FOV is kept * The Sun disk diameter at limb is ~10km
pointed to the Sun

* About 70 spectra are taken during an

*The Sun occultation (~140 sec)

approaches the

|imb, sampli.ng - Self-calibration is provided, as the sequence
different heights begins when the Sun is well above the

atmosphere (~200km)
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TIRVIM simulated transmittance spectra (dust t =0.1, hwp = 70 km)
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TIRVIM simulated transmittance spectra (dust t =0.1, hwp = 20 km)
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TIRVIM simulated transmittance spectra at 20 km (dust 7 =0.1, hwp = 20 km),

with and without 20 ppb CH4
3005 3010 3015 3020 3025

-] ﬂm?“”\ J N- VI
H

o “ “ "
o I o

o

O H

c

o

=

S

0

c

2

| -

o) 00
o o
N N
O. L] L] ! L] ! ! L) L Ll L) L) J ' ] ] J d
3005 3010 3015 3020 3025

Wavenumber, cm™!



TIRVIM simulated transmittance spectra at 20 km (dust 7 =0.1, htop = 20 km),
with and without 200 ppb O3 and 18 ppb H202

O3 H202
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H20

1-500 ppm

co 500-1000 ppm

02 0.13%

CH4 10 ppb ? 3.3
_ Present upper limit, ppb

HO2 200 Vi3 50 2.94
C2H4 4 Vi3 5 3.36
_ 0.2 K11, V13 50 3.35
H2CO 3 K97, V13 100 5.68
oH 7 vi3

NO2 10 mM77 1 6.25,3.43
N20 65 Vi3 3 4.55,4.44
_ 5/45 M77 / V13 5 2.3,3,5.7
HNO3 0.3 5.85
_ 2 Vi3 0.5 3.05
CH3CN
_ 0.3 E11, K11 50 4

SO
_ 10 M77 1 3.42,2.44
H2S 50 2.59
_ 0.3 H10, V13 0.2 3.42

HF 0.05 2.48

100 mM77 2 4.14

CH3Cl 14 V13 5 3.34



References to minor species
measurements (upper limits)

V13 - Villanueva et al. (2013). A sensitive search for organics (CH4, CH30H, H2CO, C2H6, C2H2, C2H4),
hydroperoxyl (HO2), nitrogen compounds (N20, NH3, HCN) and chlorine species (HCI, CH3Cl) on Mars using
ground-based high-resolution infrared spectroscopy. Icarus 233, 11-27.

K11 - Krasnopolsky (2011). Search for methane and upper limits to ethane and SO2 on Mars. Icarus 217, 144-
152.

E11 — Encrenaz (2011). A stringent upper limit to SO2 in the martian atmosphere. Astron. Astrophys. 530,
A37.

EO8 — Encrenaz et al. (2008). Simultaneous mapping of H20 and H202 on Mars from infrared high-resolution
imaging spectroscopy. Icarus 195, 547.

K97 — Krasnopolsky et al. (1997). High-resolution spectroscopy of Mars at 3.7 and 8 um: A sensitive search for
H202, H2CO, HCI, and CH4, and detection of HDO. J. Geophys. Res. 102, E3, 6525-6534.

H10 - Hartogh, P. et al., 2010. Herschel/HIFI observations of Mars: First detection of 02 at submillimetre
wavelengths and upper limits on HCl and H202. Astron. Astrophys. 521 (L49), 1-5.

M77 - Maguire (1977). Martian isotopic ratios and upper limits for possible minor constituents as derived
from Mariner 9 infrared spectrometer data. Icarus 32, 85-97.
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