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The Mission (Russian perspective)
Completion of previously planned missions:
¥ Investigation of the Mars structure and climate at the surface
(Mars-96 1 Mars-Net).

¥ Atmospheric science, search for methane, climate monitoring from
the orbit (Phobos-Grunt).

New science goals:
» Exploration of Mars habitability.
¥ Subsurface water mapping with higher resolution.
¥ Volcanism (search for volcanic gases).

Development of a joint (ESA-Roscosmos) ground segment for
interplanetary missions.

Integration of Russian and European experience in technology
development for interplanetary missions and in quality control.

Preparation for the next steps in Mars exploration:
¥ Reconnaissance of landing sites, subsurface water as a resource.
» Monitoring of radiation during cruise and on the surface
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ESA + NASA TGO configuration

> ESA + Roscosmos TGO configuration

@ nomap

Atmospheric composition

4 O gce specie otope

UVIS (0.20 — 0.65 um) A/AA ~ 250

IR (2.3-3.8 um) A/AX ~ 10,000
IR (2.3 -4.3 um) A/A\ ~ 20,000

Atmospheric composition

4 (O gce shecie otopes)

2 NOMAD

UVIS (0.20 — 0.65 um) A/AA ~ 250

IR (2.3-3.8 um) A/AA ~ 10,000
IR (2.3 - 4.3 um) A/A\ ~ 20,000

Vertical distribution of
water, methane
and trace species

@ MATMOS

High-Resolution FT spectrometer

Infrared (2.3 — 12 um) A/AA ~ 130,000

EMCS Monitoring of atmospheric

Limb radiometer structure, water and aerosols

Monitoring of
clouds and ozone

@ MAGIE

Wide-angle camera

Mapping of sources;
landing site selection

& Hiscl

High-resolution camera

Near IR (0.7 — 1.7 um) A/AA ~ 20,000
IR (Fourier, 2 — 25 um) A/AA ~ 4000 (s0)/500 (N)
Mid IR (2.2 - 4.5 um) A/AA ~ 50,000
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TGO. Russian contribution. FREND.

Fine Resolution Epithermal Neutrons Detector (FREND) — a neutron detector with a
collimation module that significantly narrows the field of view of the instrument, thus
allowing to create higher resolution maps of hydrogen-abundant regions on Mars.
Additionally, dosimeter module for monitoring of radiation levels is installed.

Energy ranges:
Epithermal neutron detectors: 0.4 eV — 500 keV

Fast neutron detector: 0.5 — 10 MeV

Time resolution: 5 s

Spatial resolution: ~ 40 km from 400 km orbit:10
times better than HEND (Mars-Odyssey)

Mass: 36 kg

Power: 11W
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Key questions of Mars science and ACS
Internal structure/Volcanism

By measuring minor gases of potentia| ----

volcanic origin ACS/MIR  2.2-4.3 0.28- >50 000
Km 0.3pm

Climate: present and evolution ACS/NIR  0.73-1.6  ~0.17 20000

By characterizing atmospheric state, Hm Hm

climate, and isotopic ratios (D/H in ACS/TIRVI  2.05-17 full 0.2cm-1 occ

particular) M pm range gf(;ilrﬁ cm-1
Past and present habitability
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The legacy of ACS

Venera-15 B Mars 96 [ Mars Express Bl Phobos-Grunt : PFS,
AOST (Fourier-Spectrometry)

- Planetary Fourier Spectrometer (initiated by V.I. Moroz): two channel 2”
Fourier-spectrometer for atmospheric chemistry and atmospheric structure

- PFS is the catalyzer of methane discovery in 2004
- ACS/TIRVIM is the scaled version of AOST/Phobos-Grunt

Phobos 88 PIMars 96 [ Mars Express : Auguste, SPICAM (Solar
Occultations)

- The versatile instrument initiated by J. Blamont employing solar occultations
for profiling and sensitive measurements

- Profiles of water, aerosol, ozone, etc

Venus Express, ISS, Phobos-Grunt : SOIR, VIRTIS-H, Rusalka,
TIMM-2

- Echelle/AOTF spectrometry in solar occultation initiated by Korablev&Bertaux,
underlving NOMAD and two ACS channels
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ACS Accommodation at the Spacecraft

occupies the MATMOS slot on the upper deck
four separate blocks integrated into a single unit
two solar occultation apertures (NIR and MIR)
one nadir aperture (NIR)

1-D scanner in XY plane to observe open space, internal BB, nadir and sun (TIRVIM)
radiators
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ACS: Organization of the Project

ACS if fully funded by Roscosmos (since last decade of 2012)
CNES funds the proximity electronics of ACS-MIR detector (since recently)
cancellation of CSA contribution: Solar imager channel discontinued



. Science Team ACS Team

Oleg Korablev, Anna Fedorova, Nicolay Ignatiev, Alexei
Grigoriev, Alexander Trokhimovsky, Alexei Shakun, Ludmila
Zasova, Denis Belyaey, Igor Khatunstsev, Dmitry Patsaey,
Boris Moshkin, Alexander Rodin (IKl), Ruslan Kuzmin
(Vernadsky), Valery Shematovich (INASAN), A[elaxander
Stepanov, Natalia Duxbury (MSU)

Franck Montmessin, Jean-Loup Bertaux, Emmanuel Marcq,
Franck Lefevre, annie Maatanen, (LATMQOS), Francois Forget,
Aymeric Spiga, Thomas navarro, Eduard Millourn, (LMD),
Thierry Fouchet, Emmanuel Lellouch (LESIA), Mathieu
Vincendon (IAS)

Davide Grassi, Francesca Altieri, Giancarlo Bellucci (INAF)

Gabriele Arnold (DLR), Paul Hartogh, Alexander Medvedev
(MPS)

Nick Thomas, Jean-Caude Gerard, Ignacio Arruego, Colin
Wilson

Vladimir Krasnopolsky, Mark Allen, Dan McCleese, Scot
Rafkin

Victoria Hipkin, Paul Wennberg

Yasumasa Kasaba
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* Technical Team

Konstantin Anufreichik, Tatiana
Kozlova, Nick Semena, Denis
Timonin, Dmitry Serbinoy,
Alexander Stepanov, Andrei
Titov, Alexander Gvozdey,
Alexander Zharkov, Alexander
Kiselev (IKI), Yurii Kalinnikov
(VNIIFTRI),

“Polyus”, NIIKI OEP, KBSP,
“Astron Electronics”

Yurii lvanov (GAO NANU)

Jean-Pierre Goutail, Mustapha
Meftah Laurent Lapauw
(LATMOS)

SOFRADIR, Steel (TBC)

AMOS




Detailed talks on NIR and MIR
channels follow



ACS Block

ACS BE redundant set
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Main Parameters of ACS

Parameter NIR MIR TIRVIM ACS
, Nadir (dayside and Solar occultation Nadir (dayside and : :
Operation modes nightside), SO, Limb (SO) nightside), SO Nadir, 50, Limb
: , : : 3°
Field of FOV 20%0.02 10x0.5
ield of view ( ) arc min arc min full solar disk in SO
2.2-43 um 2-17 um 0.25-17 pm full
Spectral range 0.73-1.6 pm 5 photometers 1.7-4 um Nadir 0.73-17 um
0.25-0.9 pm “CH,” spectral
Instantaneous 50 x100 cm '; 7 % (0.28-0.32 pm) Full ran
spectral range 16 nm at 1.37 pm ex. 3.13-3.46 um b g
: 4 s Nadi
Time to measure 2 s Nadir ’ .a“1r »
0.5-1s 10 s Nadir “CH,
one spectrum 50 ms SO
2sS0O
Number of spectra <3 Lor?2 lor2
per measurement
Spectral 1.6 cm ' Nadir
_1 : (13 k]
resolution/resolving AMAL > 20,000 MAL > 50,000 0.2cm j\ladlr CH,
power 0.2cm SO (WAM=
15,000 at 3.3 pm)
Mass 3.3 kg 12.2 kg 11.6 kg 33.5kg
39-85 W
P 15W 30W 28W
ower survival 22 W
Volume 12x35%25 cm’ 20x50x60 cm’ 20x44x30 cm’ 52x60x47 cm’
Data rate 0.1 Gb/day 0.7 Gb/day 0.7 Gb/day 1.5 Gb/day




Data volume

 Reference fig 1.5 Gbit per day imposed by ESA
* E.g. NOMAD: 2.5 Gbit

* Downlink capacity 1.2-31 Gbit depending on
distance to Mars with ESA stations only

* Current approach MIR&TIRVIM: 0.7/0.7 Gbit;
NIR 0.1 Gbit

* We generate 500 Mbit per ingress or egress
baseline is working on 1, max 2 eclipse per day
(out of 12)
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