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OGHOBHble HanpasaeHna-nccneqoBaHuin

e AHanAU3 U NHTEPNpeTauna HabnraeHnm co
cnyTHMKoB «Mapc 2Kcnpecce» n «BeHepa dKcrpeccy

* HazemHaA:cnekTpockonna BeHepbl n Mapca

* TpéxmepHble Mmoaenn UMPKYIAUNN B aTMOCPEPaX
Mapca, BeHepbl U TutaHa # cbomxmmmqecme
Moaenn 3TuX atmocoep |
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Water vapour vertical profiles in MY 29 and supersatyrati

the middle atmosphere m

..
40

L. Maltagliati, F. Montmessin, A. Fedorova et al. Evidence of water vapor in excess of saturation in the atmosphere of M

Maltagliati L., F. Montmessin, O. Korablev et al., Annual survey of water vapor vertical distribution and water-aerosols coupling in the Mart:an atmosphere
observed by SPICAM/MEx solar occultations, Icarus, Volume 223, Issue 2, p. 942-962, 2013

northern SPICAM data GCM predictions
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Altitude , km

Evidence for a bimodal size distribution of aerosol particles
on Mars by SPICAM/MEX

A.A. Fedorova, F. Montmessin, A.V. Rodin et al. Evidence for a bimodal size distribution

for the suspended dust particles on Mars, submitted to Icarus, 2013
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Latitude

Annual water vapor cycle by SPICAM IR (Trokhimovsky et al. 2012)
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Example of water vapour loss

during global dust storm at MY28
(seasonal dependence for H,O
averaged on latitude stripe (-45:-55))
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Summary

* (Good dataset of four Martian years for further analysis

*  “Nothing” else to add to the retirement algorithm

* New solar spectra, resulted in more then 10 % increase of water vapour abundance for polar cap, and up
to 20% increase for other areas.

* For the first time water vapour map for MY27 with dust-aerosol (years 28 and 29 coming up soon), to be
compared with GCM and other instruments results.

Dust optical depth

Dust optical depth



[paBUTaUMOHHbIE BOMHbI B aTMochepe Mapca Ha KapTax
AHeBHoro ceeveHna O, 1.27 Mkm
¢ =55-75°S, Ls =170-182°

O;+hv > 0,a'd,) +0, 0.20<A<0.31um

Ob6HapyKeHbl BNepsble.

OCHOBHbIM TPUITEPOM FPaBUTALMOHHbIX BOJIH B B
BbICOKMX LUMPOTAX FOXKHOMO NMoayLapua ABNAETCS
TonorpadwuA.

Estimated fluctuations for integrated airglow in %
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N306parkeHna amuccnum O,, NONYyYEHHble AmMnanTyna rpaBUTALMOHHbBIX BOJH.
runepcnekTpometrpom OMETA, HanoxeHbl Ha HanoxeHo Ha Tonorpadwuio . Pesynbrat
anetumetputo MOLA MGS. me3omacwtabHoro mogenmposaHmna GCM



SPICAV VIS-IR AOTF spectrometer
(Korablev et al. 2009)

Short-wavelength range Long-wavelength range

Spectral range 0.65—1.05 ym 1.05-1.7 ym
Spectral resolution 7.8 cm-1 (1600) 5.2 cm-1 (1500)
FOV 2 ° circular (0.07° in occultation mode)
AOTF TeO2, Two actuators, Aperture 6 x 4mm?, 2°
Detector Two bicolor diodes (Hamamatsu K3413-05)

"' Science modes:
Nadir:

1 day side (H,0 above clouds, clouds top variations, polarization);
) night side (0.9-1.3 um windows, H,0 near the surface, 0, A, at 1.27 um)

Solar occultations (atmospheric structure above the clouds, clouds properties,
particle size, extinction from 0.7 to 1.7 um)

Limb (0,4, emission at 1.27 pm, cloud structure)



N3mepeHuna cogepXaHUA OKUcen cepbl Hag, obnakamu BeHepbl
(opbuTtanbHbIii annapaTt «BeHepa IKcnpecc»)

1. ConHeyHoe npocseuymBaHne npubopom SPICAV/SOIR (no
cnektpam 200-240 HM n 4 MKM).

- BEPTUKANIbHOE pacnpeaeneHmne cogepaHuma SO wu
SO,;
- “X”-06pasHan cTpykTtypa SO&SO, B BepxHem cnoe

=> poToxmmmna mexay SO n SO,.

2. N3mepeHuna B Hagmp npmbopom SPICAV (no cnektpam 200-
240 HMm).
- WWMPOTHOE pacnpeneneHune cogepxaHmna SO, no
YPOBHIO BEpHEN rpaHmubl 061aKkoB (yObIBaET K NOOCAM);
- rogoBoe pacnpegeneHue cogepxavma SO, (3sontouma
nosTopseT AaHHble Pioneer Venus 1980-1990 rr.)

Ny6aukauum:

1) Belyaev et al., 2012. Vertical profiling of SO, and SO above Venus’
clouds by SPICAV/SOIR solar occultations. Icarus, 2012.

Zhang X. et al., 2012. Sulfur chemistry in the middle atmosphere of
Venus. Icarus, 2012.

Marcq et al., 2013. Variations of sulphur dioxide at the cloud top of
Venus’s dynamic atmosphere. Nature Geoscience, 2013.
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Altitade (km)

Bezard B., Fedorova A., Bertaux J.-L.

et al.. The 1.10- and 1.18-um

nightside windows of Venus observec
by SPICAV-IR aboard Venus Express,

50

30 f

20

10 f

Icarus 216, 173-183, 2011.

H,0 ~ 30*% . ppm near the
surface from 5 to 25 km

Larger abundances yield too much

absorption in some regions of the H,0O

band

= H,0 likely uniform from 0 to 40 km
as predicted by chemical models (e.g.
Krasnopolsky 2007)
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Altitude, km

Vertical distribution of H,0 above and within the upper
clouds (Fedorova et al. 2012)
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from 2.56 um 68-70 km,
uniform distribution with mixing ratio 3-4 ppm

The altitude range of the spectral sensitivity to water vapor
profile in 1.38 um is very wide: 55-70 km

Located to 5-8 km below t=1 level

The band looks to be more sensitive to water distribution
within a lower layer of the upper clouds where a gradient of
water should be strong than to the water distribution above

the cloud top level



Long-term trend: acceleration of the mean flow from 2006 to 2013

v Cloud level winds from the Venus Express Monitoring

2006 2007 2008 2009 2010 2011 2012 2013 2014 Camera imaging
T T T - T T T T T T T T | T T T Khatuntsev I.V,, Patsaeva M.V, Titov D.V. et al.,

-120 | Icarus 226 (2013) 140-158
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Long-term variations of the mean zonal winds at
202+2.59S over the mission time. Black are the season of
observation averages derived by manual and red are
automated (solid line) methods.

Mean zonal (top) and meridional (bottom) wind profiles
for cloud tracking seasons I-VII (color codes in the upper
panel). Error bars show 99.73% confidence interval (3).
The standard deviation of zonal component varies from
12-17 m/s in the low latitudes to 25-34 m/s at 60° S. The
standard deviation of meridional component is in the F Ll
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Diurnal variations of the mean flow

Cloud level winds from the Venus Express Monitoring Camera imaging
Khatuntsev LV., Patsaeva M.V., Titov D.V. et al., Icarus 226 (2013) 140-158

Latitude, deg
Latitude, deg

Local time, hrs

Local time, hrs

Complete coverage of the day side in the Southern hemisphere by the VMC UV imaging enables the study of
diurnal variations of the mean wind pattern and search for solar locked features in the zonal and meridional wind
components. The zonal wind field in figure shows semi-diurnal variations with minimum speed close to noon (11-
14 h) and maxima in the morning (8-9 h) and in the evening (16-17 h). The meridional component clearly peaks
in the early afternoon (13-15h) at 40-509S. The minimum of the meridional wind speed is located at low latitudes

in the morning (8-11h) (Khatuntsev et al., Icarus 226 (2013) 140-158 ).



O, night glow in the Venus atmosphere from VIRTIS —M observations

. 7= profiles near

and circulation at mesopause (Zasova et al.)
1) Northern hemisphere (limb observations) .«
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Temporal variation of the O, night glow in
the Northern hemisphere has periodic
character. Emission rate decreases with
increasing latitude. Maximum emission at
low latitude is shifted to morning.

From the 02 night glow observations in
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. %  retrograde circulations) and thermal tides
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Ha3zemHble HabntoaeHna Mapca n BeHepbl

* NASA IRTF, laBanun, ropa MayHa Kea,
4.2 Kkm, P =0.6 6ap, H,0 =2 mm

* Teneckon D = 3 m, cnekTporpad
CSHELL, obnactb cnektpa 1.08 — 5.6
um, v/6v =40 000



NASA Infrared Telescope Facility



http://en.wikipedia.org/wiki/File:Afshin_Darian_-_NASA_Infrared_Telescope_Facility.jpg
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Search for methane on Mars
(Krasnopolsky 2012a)
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Ground-based and MSL observations
of methane on Mars

1 Krasnopolsky et al. (2004)
2 Mumma et al. (2009)

3 Krasnopolsky (2011, 20128
4 Villanueva et al. (2013)

T upper limits

3
T

2000 2002 2004 2006 2008 2010 2012
Year

MSL observations of methane neither contradict
nor support the ground-based observations

C,He < 0.2 ppb; SO, < 0.3 ppb (Kr2012)




D/H in H,O, HCI, and HF on VVenus
(Krasnopolsky, Belyaev et al. 2013)

Venus, 5°N, LT = 08:00
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CO dayglow at 4.7 um on Mars: Variations of T
and CO at 50 km (Krasnopolsky 2013d)
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YncneHHoe moaenmpoBaHMe NiaHETHbIX aTmocdhep

Mukpodunsmka o6nakos n asaposonen

Mapc

Bcnaeckn amnantyabl CTalMOHapPHbIX BOAH npu Ls = 60° u 145°

GrADS 2.0.1 =y g | 0015

00055

0.02 0.05 0.08

GADS: COL/IGES 2013-Jlbos-1427

BeHepa
HeruapocTaTMueckas moaenb obwein LMpKynaumm

NoaconHe4yHO-NPOTUBOCOIHEYHAA

LUMpKynauma Ha 110 km TuTaH
cyneppoTauma U nonapHblie BUXpU

Cyneppotauyus




Photochemical model for Venus middle atmosphere (Krasnopolsky
2012c): calculated and observed variations of SO,, SO, OCS, and S,
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Chemical kinetic model for Venus lower
atmosphere (Krasnopolsky 2013b)
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Photochemical model for Titan: 83 neutral
and 33 ion species (Krasnopolsky 2012d)

_10° _10* 10° 10° 107 cm?s
50 100 150 200 K il

oL
10° 1_08 1010 1012 1014 101‘5 1018

1500 E CeH, CH

O - P BT | 23 axasaal 2 a3 aanaal 1 a sassmil 23 s sasasl MR TIT]
10" 10° 10®° 107 - i ] < 10® 107 10° 10° 10"
Mixing Ratio Mixing Ratio




letepoauHHbIN cneKTpomeTp UK amnanasoHa
[MpOCTON, KOMMAKTHbIN CMEKTPOMETP A1 CONHEYHbIX 3aTMEHMUM
C paspewatoLei cmnom ~108

MerTtopa npegnoxkeH ana peannsauum B npoekte ExoMars 2018
(npn6op M-ANC)

CneKTp nponycKkaHua atmocdepbl Hag MockBou
[lonnepoBCcKUit cABUT BCAeACTBUE CTpaTochepHoro BeTpa?

02t
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Mpubop M-AJ1C ana nocagoyHon naatpopmbl «Ik30Mapc» 2018 .

MHOroKaHa/ibHbIN 1a3ePHbIN CNEKTPOMETP C BO3MOXKHOCTbIO reTepoANHMPOBAHUA
CneKtpanbHbin Anana3oH 1.3 - 1.8 n 2.7-3.3 MKm

AKTMBHbIE U3MEPEHWNA B MHOTOMPOXOAHOM ONTUYECKOWN KIOBETE, OTKPbITON B
OKpY:Katouyto atmocoepy, ¢ 3¢PeKTUBHON AJIMHOMN ONTUYECKOTO NYTH He meHee 10 m.

AKTMBHbIE U3MEpPEHUNA B MHOronpoxoaHo KioseTte cuctembl ICOS ¢ apdeKkTUBHOM ANMHOM
ONTUYECKOro NyTM OKONO 1 KM

AKTUBHbIE U3MEPEHUA B 3aMKHYTOM KIOBETE, COEANHEHHOW C MUPOJIMTUHECKOM AYENKOM
MTAK, ¢ apdeKTnBHON ANIMHON ONTMYECKoro Nyt okono 20 cm. MeTogmKa coBnagaeT C
oTpaboTaHHOW AnA nocagoyHoro annaparta «Poboc-MNpyHT»

[laccuBHble namepeHnAa Ha OTKprTOVI Tpacce CO/IHEYHOro npocsevynBaHUA retTepoanHHbIM

NPUEMHUKOM CO CNeKTpanbHbiM paspewerHmem ~3 Ml rm---=="=--=--- :
PACT

Hay4Hble 3agaun: H,O, HDO, N
C130, CH,, BeTep o

OKnpaeman 4yBCTBUTE/NIbHOCTb B
MO METaHy CyLWeCTBeHHO %\_‘
npesbiWaeT BO3MOXHOCTU SAM 1-5. POC-azepsi

6-9,20. OnTUYeckne BONOKHa, ,
pas3BeTBUTENN, COEAUHUTENN

10-12. OnTU4eckme KroBeTbl.

19. BbIHOCHOM MUKpOTENecKon.
13-18. doTOonpmemHble VCTPOMCTBaA.




Jk3oMapc: Trace Gas Orbiter .
Poccuiickme npnbopbi: ACS R

Atmospheric Chemistry Suite (ACS) — Komnnekc npubopoB Aans
N3y4deHnsT XMMUYECKOro coctaBa atMmocdepbl U knnumarta. CoctouT m3
TpeX CNEKTPOMETPOB N cUCTeEMbl cbopa Hay4YHoM nHdopmaunn. Macca:
33.3 KI.

Pycanka (MKC)

Quwenne-cnektpometp (6nwxkHun UK. 0.7-1.7 mkm, R~20000) gn4d
MOHUTOPUHIa U n3MepeHus BepTukanbHbix npodunen CO, H,O, O,,
nccneaoBaHus OHEBHOro cseyeHus O,, NOUCKa HOYHbIX CBEYEHWUW.
Macca: 3.5 kr. QHepronoTpebneHue: 15 BT.

ACS-NIR

TUMM (®-T)
dwenne-cnektpometp (cpegHun WK: 2.2-4.4 wmkm, R>50000).
N3mepeHnss meTaHa, oTHoweHna D/H, nomMck marbix COCTaBMSIOLWMX,

ACS-MIR nccrnegoBaHus aspo3ons. Macca: 12 kr. QHepronotpebnerune: 20 BT.

dypbe-cnektpomeTp (2-17 Mkm, 0.2 cmt). MOHUTOPUHT TPEXMEPHbIX
nonen Temneparypbl, aspo3osis, KapTUpOBaHWE U LETEKTUPOBAHUE

ACS-TIRVIM Manbix cocTtasnawwmx. Macca: 12 kr. QHepronoTpebnerune: 20 BT.




NIR: Near-IR Echelle/AOTF spectrometer

1

prototype

XSW-640: High resolution
;:ooled) shortwave infrared Telescope+AOTE block
SWIR) module

*TE1 cooled InGaAs array il e custom TeO, AOlTF
*640 x 512 pixels , * bandpass 70 cm-
¢0.4 to 1.7 um bandwidth
(extended)

*20um pixel pitch

*50 Hz framerate

RGL/Newport catalogue
echelle grating 24.35 gr/mm

Collimator: Diamond turned
off-axis aluminum parabolic
mirror F=200 mm on a stress-
relief mount




MIR: Mid-IR Echelle/cross-dispersion

200 gr/mm grating

Y

3 gr/mm echelle grating




TIRVIM overview continued

2 — Scaner module
4 — Blackbody unit
9 — Interferometer
10 — Stirling cooler
11 —ZnSe aspheric
lens unit
12 — Dichroic &
parabolic mirror
unit




* PEMOHT 1 OCHaUleHne NnomelLLeHUn
Aabopatopuun Ha PunsTexe

e Kypc nekunm « CnekTpocKonmsa u
POTOXMMUA NNAHETHBIX aTMOCHEP»

e HasemHble HabatoaeHUsa Ha NASA IRTF:
Mapc:AaHBapb n man 2012

BeHepa: MapT 1 aBryct 2012, oktabpb 2013



