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Key questions of Mars science and ACS

L Three channels of ACS
| to space

ACS/MIR 2.4-4.2 ym 300 nm 50000

TIRVIM ACS/NIR 0.7-1.6pum  ~02pum 20000

ACS/TIRVIM  490-4880 fullrange  0.2cm-1 occ
cm-1 0.2-1.6 cm-1
nadir

Internal structure/Volcanism

By measuring minor gases of potential
volcanic origin

| - Climate: present and evolution
to Sun td

By characterizing atmospheric state, climate,
and isotopic ratios (D/H in particular)

Past and present habitability

By measuring minor gases of potential
biological significance
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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 (TIR)
> radiators

High-gain
Antenna
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NIR: Near-IR EcheIIe/AOTF spectrometer

- Spectral range: 0.7 - 1.6 pm (not covered by NOMAD)
- Spectral resolving power: ~20 000
* Operation modes: Nadir, Solar Occultation
‘FOV: 30 x 0.3 mrad

-Mass / Power / Data rate: 3.5 kg / 15 W / 0.5 Gbit/day

prototype
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NIR spectrometer

Advantages compared to SPICAM )
High spectral resolution ZOOOOvQ
Higher SNR
Better spatial resolution in SO

Nadir viewing (day side) NR )
(abundant
- H20 abundance at 1.38 um ;¢ cjes)

- 02 dayglow — ozone tracer

i

Xsc

A
qﬁp
[ ] \--."-———-"-‘—
Solar occultation v

- C02, H20, 02, aerosols NIR (abundant species) ' NIR
(nightglows)

Nadir viewing (nlght side)
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NIR design
3

A simplified optical scheme of the NIR channel. 1- solar FOV periscope; 2- blocking filter; 3- entry telescope; 4- AOTF
in the converging beam, 5, 6- folding mirrors, 7- slit, 8-main collimating mirror of the spectrometer, 9- diffraction
grating, 10- detector array
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NIR design

180

v

100/<

300

NIR major improvements

‘Optical scheme thorough developmental work
‘Detector array -> integration over slit’s height
*AOTF design

Prototype: RUSALKA/ISS spectrometer
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NIR AOTF by Y. Kalinnikov
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New productions facilities and team members!
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NIR AOTF by Y. Kalinnikov

A * Spectral range: 0.7-1.6 pm
‘HW 70 cm-1
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ok 3:0 fvj/ >
0

| 5.8 .0 -

/ 0

> 05 slelels ooooooOOO“"‘..
< |27 T
00 : e Barmme .
0y5 0080 085 00950 095 .1,IJTI ",0% 1,10 . 1415 120 125 130 135 140 145 150 155 160

—— MNopAagkn —=— MokpbITMe gWana3oHa NopAgKaMu —— AO (NonylwupuHa) < MokpbiTUe AO-0i NopRAKa Aud

Crystal inclination

High slit (4 mm) illumination [ difficulties in orders separation
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NIR AOTF by Y. Kalinnikov

A * Spectral range: 0.7-1.6 pm
‘HW 70 cm-1
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Stray light
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NIR AOTF by Y. Kalinnikov

Advanced sinc-shape

S

relative unit

x 10
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Rusalka Earth spectrum
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S . Detection limit Detection limit
Scientific Objective] Current Knowledge Wavelengths, pm Solar Occultation Nadir
Abundant species
co2 Profiles, pressure, 0.965 1.43, 1.58, 1.60, 2.7, 5-140 km Temperature field
temperature field 3.8, 4.3, 15 etc
Profile isotopes 13C/12C=0.967 1.47, 1.45, 2.6, 2.9, 3.0,
CO2 isotopes 180/160=1.018 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 4 ppm 100 ppm
Aerosol Properties, extinction | opacities, integrated and 0.65-1.65, 0.1 um <reff <10 um Mapping of dust and ice
profiles limb profiles, particle sizes 2-25 Distinguish H20/dust cloud opacity
02 Profile 0.13% 0.76 Profiling up to 50-60 km with 0.02-0.05%
abundance 0.13%
02(alAg) Dayglow (ozone)+ 0-30MR (dayglow) 1.27 0.1MR (in nadir) and 10kR
Nightglow 0-0.3MR (nightglow) column in limb
Trace species
CHA4 Detection, profiles 10-50 ppb 33 0.02 ppb
D i <2 A
C2H2 etection ppb 3 0.1 ppb
i <
C2H4 Detection 4 ppb 3.2 0.5 ppb
D i <0.2 . .
C2H6 etection 0.2 ppb 33 0.05 ppb
. = .
S Detection 20 ppb 2.6 5 ppb
0CS Detection <10 2.44,3.4 0.3 ppb
HDO Detection 0.1-1 ppm 3.7 0.2 ppb
Detecti < . .
H2CO etection 3 ppb 3.6 0.03 ppb
HO2 Detection 200 2.94 1 ppb
NO2 Detection <10 345Talk by Anna Fed6b6rdva aftert the coffee
Detection <0 R 2bfea k 0 04 nnh
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‘Onboard image averaging 1..256; .
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NIR nadir measurements (H20)
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NIR nadir measurements (H20)
—=— SPICAM — NIR/ACS
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Nightglow 02(1.27pum), OH(1.43 um) u NO(1.224 um)
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O+0+M-> 02*+M
02 at 1.27 um for nadir, 240kR
S/N ~ 500
In detail by Anna
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" MIR: Mid-IR Echelle/cross-dispersion

Concept of the
cross-dispersion

Yurii lvanov (GAO NANU)
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MIR spectrometer

MIR (mir}or species)
Solar occultation

A
{Qp

> High spectral resolution ~ 50000 v

> SNR ~500 (current estimation)

> Spatial resolution in SO ~5 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 km#¥

> Isotopic ratios HDO/H20, 13C02/C02,
CO180/C02 etc.

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

>

MIR (minor species)
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MIR design

‘1 15 ’ 14
b
¥

200 gr/mm grating

3 gr/mm echelle grating

A simplified optical scheme of the MIR channel. 1, 3, 9- folding mirrors; 2- entry telescope; 4- slit; collimator of the main spectrometer: 5-
primary mirror, 6- secondary mirror, 7- corrector; 8- echelle diffraction grating, 10- collimator of the secondary grating; 11- steerable
secondary grating; 12-14 detector’s focusing lenses; 15- detector array
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MIR design

‘1 15 ’ 14
b
¥

200 gr/mm grating

3 gr/mm echelle grating

A simplified optical scheme of the MIR channel. 1, 3, 9- folding mirrors; 2- entry telescope; 4- slit; collimator of the main spectrometer: 5-
primary mirror, 6- secondary mirror, 7- corrector; 8- echelle diffraction grating, 10- collimator of the secondary grating; 11- steerable
secondary grating; 12-14 detector’s focusing lenses; 15- detector array
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MIR design
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‘Close to the diffraction limit (5-6 mkm)
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MIR/ACS single footprint

Line height 150 - 200 mkm

3.8468 mkm
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EXPERIMENT OPERATION PLAN

TGO operational orbit T ~ 2 hr orbital period
B 12 orbits per day, 12 sunrises and 12 sunsets — 24 occultation’s per day

-)

MIR + NIR

Xsc (once a day?)
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(nightglows)
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S . Detection limit Detection limit
Scientific Objective] Current Knowledge Wavelengths, pm Solar Occultation Nadir
Abundant species
co2 Profiles, pressure, 0.965 1.43, 1.58, 1.60, 2.7, 5-140 km Temperature field
temperature field 3.8, 4.3, 15 etc
Profile isotopes 13C/12C=0.967 1.47, 1.45, 2.6, 2.9, 3.0,
CO2 isotopes 180/160=1.018 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 4 ppm 100 ppm
Aerosol Properties, extinction | opacities, integrated and 0.65-1.65, 0.1 um <reff <10 um Mapping of dust and ice
profiles limb profiles, particle sizes 2-25 Distinguish H20/dust cloud opacity
02 Profile 0.13% 0.76 Profiling up to 50-60 km with 0.02-0.05%
abundance 0.13%
02(alAg) Dayglow (ozone)+ 0-30MR (dayglow) 1.27 0.1MR (in nadir) and 10kR
Nightglow 0-0.3MR (nightglow) column in limb
Trace species
CHA4 Detection, profiles 10-50 ppb 33 0.02 ppb
D i <2 A
C2H2 etection ppb 3 0.1 ppb
i <
C2H4 Detection 4 ppb 3.2 0.5 ppb
D i <0.2 . .
C2H6 etection 0.2 ppb 33 0.05 ppb
. = .
S Detection 20 ppb 2.6 5 ppb
0CS Detection <10 2.44,3.4 0.3 ppb
HDO Detection 0.1-1 ppm 3.7 0.2 ppb
Detecti < . .
H2CO etection 3 ppb 3.6 0.03 ppb
HO2 Detection 200 2.94 1 ppb
NO2 Detection <10 345Talk by Anna Fed6b6rdva aftert the coffee
Detection <0 R 2bfea k 0 04 nnh
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Photometric channels on TIMM2 (Phobos Grunt)

#q Target A [nm] AN [nm] Ape[:::;? @ Diaphragm @ [um] Detector
6 Ozone 250 10 11 100 Si 2.4x2.4 mm Hamamatsu S1336-5BQ
8 Aerosol, ozone 340 10 8 100
5 Aerosol 990 10 3 100
INnGaAs @ 1 mm
7 Aerosol 1550 12 3 100 Hamamatsu G8370-01
_— . Si 4x 1x1mm
1-4 Pointing monitoring 550 1 3 - OI19KK
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Photometric channels on ACS (BC)

#q A[nm] AA [nm] Detector !z e .

1 200 ] -

: - ! B £ =100 i
3 430 10 Si 2.4x2.4 mm Hamamatsu 7

4 580 S1336-5BQ |

5 750 x7

6 900

7 N

1 1 | 1 |
300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900
A, nm

dust ---02

The dust characterization in the width spectral
range from the solar occultations. The refractive index
of Martian dust was taking from Ockert-Bell model,
refraction index of H20 was taking from Warren. Lig-
PN normal distribution was used: for H20 veff=0.2 mum,
300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 360 2O for dust veff=0.4 mum. The color marks a reff
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To-do list until 2014

NIR

*Optical and mechanical test with qualification model without flight electronics

*Production of flight hardware
*Accelerate electronics production

MIR

Finalizing instrument design (best effort for S/N improvement)
*Partial production of flight hardware and tests

*Accelerate electronics production

*Final decision on photometric channels

*Accelerate electronics production
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