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EXPERIMENT OPERATION PLAN

TGO operational orbit T ~ 2 hr orbital period
> 12 orbits per day, 12 sunrises and 12 sunsets — 24 occultation’s per day
Altitude ~ 400 km
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MIR once a day
Xsc NIR (abundant species)
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NIR: Near-IR Echelle/AOTF spectrometer

-Spectral range: 0.7-1.6 um

- Spectral resolving power: ~20 000

- Operation modes: Nadir, Solar Occultation

*FOV: 30 x 0.3 mrad
-Mass/Power/Datarate: 3.5 kg /15W /0.5 Gbit/day

Why this spectral range:
Intersection with SPICAM IR on Mars-Express and SPICAV Vis-IR on Venus-Express

SPICAM IR Mars-Express SPICAV Vis-IR Venus-Express
(LATMOS-IKI-BIRA)




SPICAM IR — AOTF spectrometer:

SpeCtra| range 1'1 7 IJm HouHascTo

poHa

Resolving power: 2000
Spectral resolution: 3.5 cm-1
0.5-1.2 nm
FOV nadir: 1°
solar occultation: ~0.07°

Different observation modes
Nadir viewing (day side)

- H20 abundance at 1.38 um «—

- H20 and CO2 ices Ag CO2

- 02 dayglow — ozone tracer : icé H20
Vv

Solar occultation 0 che

- C02, aerosols, H20 | v

Limb H2

'm 0 1

- Airglow in IR (021Ag 1.27 um) —
- aerosols |




SPICAM IR scientific results

10 vears of successful observations
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NIR spectrometer

Advantages compared to SPICAM 'R (abundant species) )

High spectral resolution ZOOOOvQ
Higher SNR
Better spatial resolution in SO

Nadir viewing (day side) NR )
(abundant

- H20 abundance at 1.38 um ;a0 jes)

- 02 dayglow — ozone tracer

0
Solar occultation §
- C02, H20, 02, aerosols NIR (abundant species)

NIR
(nightglows)

Nadir viewing (night side)

- OO 1A 1 97 11 viral Ay



NIR spectrometer (solar occultation)

Up to 10 orders for 0.5 sec - CO2 - density and temperature
Vertical resolution ~0.5 km 0-110 km
- H20 0-60(80) km

72 sec for occultation 0-100 km in
the atmosphere
AOTF 70 cm-1

- 02 0-40 km
- Aerosols 0 —80 km

transmittance
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NIR spectrometer (solar occultation)

- Up to 10 orders for 0.5 sec CO2 - density and temperature
0-110 km

H20 0-60(80) km
- 02 0-40 km
Aerosols 0 — 80 km

- Vertical resolution ~0.5 km

- 72 sec for occultation 0-100 km in
the atmosphere
AOTF 70 cm-1
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NIR spectrometer (dayside nadir)

H20 abundance at 1.38 um - order 56 in 100 p——

times more accurate than SPICAM supported by
aerosol and temperature profiles from TIRVIM

< 1 hour for nadir dayside 2 \\

1 order takes ~ 1-2 sec: 3-4 orders K m:%/
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NIR spectrometer (dayside nadir)

02
- 02 dayglow at 1.27 um — order 61 1A

- <1 hour for nadir dayside

U

- 1 order takes ~ 1-2 sec: 3-4 orders

Vertical emission rate
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NIR spectrometer (dayside nadir)

- CO2 u H20 ices mapping???
- Spatial resolution ~0.15x3km (1sec of integration) - do we need this?
- Very questionable with 3-4 orders for full range

Examples of CO2 and H20 ice observations in the range of 1.1 —1.65 um
by SPICAM IR
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The North Pole
vertical resolution <50 km vertical resolution =50 km

altitude, km
altitude, km

slant emission, MR

The South Pole
vertical resolution <50 km vertical resolution >50 km
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slant emission, MR
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NIR spectrometer (nadir nigthglow)

TGO can not provide the limb observations

Only nadir observations:

ORDER 61

Observed polar O2 emission: 0.25
Ml 280kR

100-500 kR

At low latitudes:

The current models give the s mes A e
intenSity from 13 to 100 kR. wawvelength, nm

Krasnopolsky et al. (2013):

10 £ 32 kR
O+ 0 +C02 02(alAg)
+CO2
NIR ACS: PGOPHER, a Program for Simulating Rotational
Structure, C. M. Western, University of Bristol,
<1 hour for nadir nightside http://pgopher.chm.bris.ac.uk

Order 61: 1257-1272 nm

1 order takec > § cer


http://pgopher.chm.bris.ac.uk/

NIR (OH nigthglow)

Clancy et al. (2013): limb observations by CRISM/MRO

Polar emissions at (2-0) and (3-1) OH bands - 1.45 pm. H+ 03— OH" + 04
at (1-0),(2-1) and (3-2) OH bands - 2.7-3.1 um
Meinel band (2-0) average limb intensity 200+100 kR. O+ HO; — OH" + 0
% Mars Polar OH (1.40-1.53 um) Nightglow (40-56km limb average)
s 1.0F T [ ¥ o o
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= 00F =
E _0.2F 0,('a,), 1.27umb" " L S
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Wavelength (um)
NIR ACS:
- <1 hour for nadir nightside " Toroerbs p—_—— Foenss

16/ kR

1490 1460 14§0 1480

- Order 53-55: 1390-1500 nm

- 1 order takes > 5-10 sec (averaging?)
- SNR~5 (for 16 kR) “ |||I | J
- Expected detection limit ~ 3 kR |-
- CO2 and H20 absorption?

rate kR/nm

emission

OH




112=115 km

NIR (NO nigthglow)

NO nightglow at 1.224 pum i |
N+O = NO+hv ?} T

1::': : 4_*‘_;’;4 MR
VIRTIS/Venus-Express — Garcia-Minoz et al., 2009 1w-r"[

night side limb on Venus. B e
i \ 34.6 kR/17.9 MR lJ
* NO infrared nightglow =20 kR for middle =11 min - 310

northern latitudes at 30°N-50°N.

All values are inside 7.9—-63 kR on limb!

NIR ACS:

- <1 hour for nadir nightside

- Order 63:1217.4-1231.6 nm

- 1 order takes > 5-10 sec (averaging?)
- SNR~10 (for 1.2 kR)

- CO2 and H20 absorption?

1.2KR  cnoenes

rate,kRinm

HO emission

M A AAAAARRNMS mn A AAAAA L.
1218 1220 1222 1224 1226 1228

wavelength,nm



MIR: Mid-IR Echelle/cross-dispersion

200 gr/mm grating

3 gr/mm echelle grating




MIR spectrometer

MIR (mir)or species)

Solar occultation

A

qqu
High spectral resolution ~ 50000 v
SNR ~500 (current estimation)

Spatial resolution in SO ~1 km?

0.5-1 sec for measurements — 1-2 position
of secondary grating angle

72 sec for occultation 0-100 km in the
atmosphere

CO2 measurements for density and
temperature from 10 to at least 140 km A

<]
Known species CH4 , H20, CO at 10-80 kmiv

Isotopic ratios HDO/H20, 13C02/C02,
CO0180/C02 etc.

Search of minor gaseous species C2H2,
C2H4, C2H6 1, SO2, HO2, H202, H2CO,
HCI, OCS etc.

(>

MIR (minor species)



MIR: Mid-IR Echelle/cross-dispersion

248-219 2.40-2.73 pm 232 110 nm 74000
221-201 20 2.69-2.97 um 208 137 nm 66000
51.8° 203-185 19 2.93-3.23 ym 193 159 nm 62000
187-173 15 3.18-3.45 uym 178 187 nm 57000
55.5° 174-160 14 3.42-3.74 pm 166 215 nm 53000
57.2° 161-149 13 3.69-4.01 pym 155 246 nm 49000
151-142 10 3.94-4.21 pym 146 277 nm 47000
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MIR / occultations

CH4 measurements 30

= RO
@ Ground-based observations 0
Variable values from 0 to 30 ppb

T
|

+ B7°W

10
0

a (PPD)

Krasnopolsky et al. (2004, 2007, 2011), Mumma el = o * 1 n-‘nzfzaﬁa o
10k /02/2006, Lg =
al., 2009, Villanueva et al. (2013) e TR : = n
Latitude

2 PFS on MEX: 10 ppb
Formisano et al. (2004); Geminale et al. (2011)

O TLS on Curiosity: ‘ C_)IF{DER_161W " 'ORDER 162
0.18 +0.67 ppbv corresponding to an upper limit of W ( W }[ T w I W [T ‘HW
only 1.3 ppbv Webster et al. (2013) 1 — —=
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2 MIR-ACS on TGO o | A0ppb o L=
the orders between 3.18-3.45 um (secondary ORDES@S%Okm ORDERm
grating angle=53.6°) W7 VW'“ T Bl
The detection limit is better than 0.3 ppb for target — -
altitude of 20 km (without averaging) S =




H20/HDO ratio

Ground-based observations
5.5%2 relative to the Earth’s ocean water
Krasnopolsky et al. (1997)

a

Future instruments:

a

a

ORDER 161

NOMAD on TGO

MIR-ACS on TGO
the orders between 3.18-3.45 pm or H20
from NIR 1.38 um band

MIR / occultations
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Figure 2. A small portion of the 2650-2800 cm” spectrum showing three Martian CO, (628) lines, three
Martian CO, (627) lines (absent in HITRAN-92), two telluric HDO lines with Martian satellites, and one

CH, telluric line with a possible Martian satellite.
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MIR and NIR Scientific Objectives and Expected Performance:

Species Scientific Current Knowledse Wavelengths, Detection limit Detection limit
P Objective 8 um Solar Occultation Nadir
Abundant species
Profiles, pressure, 0.965 1.43, 1.58, 1.60, 2.7, 5-140 km Temperature field
CcO2
temperature field 3.8
Profile isotopes 13C/12C=0.967 1.47,1.45, 2.6, 2.9,
CO2 isotopes 180/160=1.018 3.0, 4.0 etc
Ratios wrt Earth
H20 Profile. abundance | 1-500 ppm (variable with 1.13,1.38, 2.56 10-80 km 0.5 ppm
season)
CO Profile. abundance 300-1000 ppm 1.57,2.4 4 ppm 100 ppm
A I Properties, extinction | opacities, integrated and 0.65-4 0.1 pm <reff <10 um Mapping of dust and ice
eroso profiles limb profiles, particle sizes Distinguish H2O/dust cloud opacity
02 Profile 0.13% 0.76 Profiling up to 50-60 km 0.02-0.05%
with abundance 0.13%
02(alAg) Dayglow (ozone)+ 0-30MR (dayglow) 1.27 1 kR in nadir
Nightglow 0-0.3MR (nightglow)
Trace species
CH4 Detection, profiles <8 ppb (3-50) 3.3 0.08 ppb
C2H2 Cliedettrrdit Master stibtitle style 3 04 ppb
C2H4 Detection <4 ppb 3.2 3 ppb
C2H6 Detection <0.2 ppb 3.3 0.2 ppb
S Detection <20 ppb 2.6 20 ppb
OCS Detection <10 2.44,34 1 ppb
HDO Detection 0.1-1 ppm 3.7 0.8 ppb
H2CO Detection <3 ppb 3.6 0.1 ppb
o2 Repprted MEHEHAN abundances basetddn MIR R~50869, SNR~500 (SO);4 ppb
Detoction NRR 20\1@0, SNR~2P66 (803,;4§NR HPO-NH 04006

T . A




Acerosol studies 1n solar occultation by SPICAM UV and IR
Vertical profiles of UV and IR extinctions

Simultaneous observations of IR and UV .
muitaneou varor The southern hemisphere (Ls 61-97)
channels in solar occultation (SO) mode

SA0T lal——49.6 L_—82.7

118-320 | >100 3 wavelengths:
nm 200, 250, 300
1-1.7 ~2000 10 wavelengths :
pm 996.4, 1093.7,

1158.2, 1197.0,
1241.4, 1272.9,
1304.4, 1321.9,
1514.6, 1552.2

Line of sight
* SRS SEES

Blue lines are the UV extinctions,
black lines are IR extinctions with errorbars
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Particle size inversion for single and bimodal distribution

Mie theory is used to retrieve the particle size distribution

For 1 mode For 2 modes:
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Evidence for a bimodal size distribution of aerosol particles
on Mars by SPICAM/MEX

>60°N <60°N

large fraction small fraction large fraction small fraction
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Aerosol studies in solar occultations by MIR
Photometric channels of ACS/MIR (TBC)

Include the UV wavelengths to be sensitive to the small

particles and measure the bimodal distributions

The wavelengths should be outside the CO2 and ozone
absorption in Hartley band

The visible and near-IR wavelengths for better aerosol
characterization
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Aerosol studies in solar occultations by MIR and NIR

o The aerosol characterization in the wide spectral range:
> NIR: 0.763,0.857,0.99, 1.26, 1.38, 1.43, 1.55 um
> MIR: 3.2-3.7 um
> MIR photom. Channels: 0.2, 0.31, 0.43, 0.58, 0.75, 0.9 um
0 Possibility to separate the H20 clouds and mineral dust particles
0 Sounding of bimodal distribution. Difficulties: the different vertical resolution?

0 Altitude range from the surface to 80 km depending of season
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