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1. History of







Anclent views of Venus

M Babilon: Ishtar- the Mother of the
God who invokes the power of dawn
# zyz: Kukulcan - the Sun’s brother,
patron planet of warfare

M Early Christians: Lucifer

M Creeks / Romans: Aphrodite / Venus
—the goddess of beauty and love




M 1610 -  Galileo Galilel
observed phases of Venus.
Early indication of that the
planets rotate around the Sun
not the Earth

M VVenus transits were used to
determine distances In the
Solar System

M 1761 - discovery of the
atmosphere by Lomonosov




#L 20-th century — the
birth of spectroscopy
#L 1920s - cloud top
temperature of ~ 240K
# 1930s - CO,
composition, low H,0O

abundance

#L 1950s — radio
Investigations: planet
rotation, hot surface

L \Venus models: from K \f

Earth-like to hell-like | @,Lw A )E m“‘%ﬁ

Venus surface according to S. Arrhenius




Who will be the first to
reacn Venus?

#t 1960s — interplanetary spacecraft
for Mars and Venus exploration
was built by the Soviet Union. The
first launch failed. The second one
(12.02.1961) succeeded but
communication was lost.

1t 1962 — Mariner -2 — first Venus

fly-by and data returned
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Pioneer Venus multiprobe mission (1978-92)

# Atmospheric studies
from orbit
# |n-situ Investigations
2t Plasma monitoring

. #t Surface radar mapping
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Venus unveiled...
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From

= Accommodation of the new
payloads

+ Solar panels: smaller and different
composition

= Modified thermal design = Smaller dish of the main antenna

= Second antenna






Souyz launch #1703
November 9, 2005,
3:33:33 UTC

Arrival at Venus:
April 11, 2006




Venus Express payload

 VIRTIS (P. Drossart, G. Piccioni) - UV-vis-near IR imaging and high resolution
spectrometer (IPF/ DLR, MPS)

e SPICAV / SOIR (J.-L. Bertaux, O. Korablev, P. Simon) -UV & IR spectrometer for
solar/stellar occultations and nadir observations

e PFS (V. Formisano) - high resolution IR Fourier spectrometer (IPF/ DLR)
 VMC (W.J. Markiewicz) - Venus Monitoring Camera ( MPS, |IPF/ DLR, IDA/ TU-BS)

 VeRa (B. Hausler, M.Patzold) - radio
science experiment (Uni Bundeswehr,
Uni Koeln)

e ASPERA (S. Barabash) - Analyzer of
Space Plasmas and Energetic Atoms
(MPS)

e  MAG (T. Zhang) — Magnetometer (TU-
BS)




Pericentre observations

Orbit and operations

ot

Apocentre-
mosaic







Die Familie der terrestrischen Planeten
Merkur Venus Erd WETES

0.4 0.7

1.5
Abstand von der Sonne in Asfronomischen Einheiten
Venus as a Planet

#t Radius = 6070 km (0.95 Rg)
#t Mass = 0.815 M¢
2t Equator-to-orbit inclination = 3 deg

2t Distance to the Sun: 0.72 a.u.

¢t Solar flux =2 L4,




Venus strange rotation
# Sidereal Year «@0 225 days
2 Sidereal Day «@”) 243 days (retyograde)
# Solar Day (sol) «@@ 117 days

Sun in the Venus sky




3. Structure of the Atmosphere



Temperature structure
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Radio-occultation temperature profiles
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Radio-occultation temperature field
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4. Atmospheric composition
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Detected molecules:
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Examples of SOIR spectra
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Summary of composition results

[ ' B0\ SO, " f,',l'/’gb |
100 = —
e o ]
i ‘\\ -
80 | L -
i so, H0 . CO |
< 60
3 Clouds H,SO,
< SO I
40 — COS CcO 2 =
I HCl | +||4. 5 | !
- 2 -
20 |- I -~
[ H,0 i
0 i gl il L R R B B W | |+|||s|
0.001 0.01 0.1 1.0 10 100

Svedhem et al., Nature, 2007

Mixing ratio (p.p.m. by volume)



Mesospheric Photochemical
Factory

H,S0, CO

2t Decrease of SO, and H,0O abundance at the cloud tops
M Formation of H,SO, aerosols

#t Models do not explain observed amount of O,

f Unknown UV absorber

M Chlorine and sulfur chemistry in the Earth atmosphere




hemistry of the lower Atmosphere
+ Decomposition of H,SO,

H,S0, — SO, +H,0 + No photochemistry
+ High temperatures and pressure

+ Chemical disequilibrium except very
close to the surface

+ Buffering of the atmospheric compo-
sition by the surface

i Open questions
¥ surface composition
¥ CO and O, at the surface

F too high SO, abundance
— I volcanism replenishes SO,

CalSO4 CaS|O3 5 o
= = S
E—— g



So different twins

Surface P, bar 1

Surface T, ° C +15

Composition , %

N, | 0.78
O,|0.21
Atmospheric H,O | < 0.03 0.00005
Total H,O, cm | ~3.10° ~3
CO, | 0.0003 0.965
SO, [~0 0.0001
H,O H,SO, +7?







Basics of the greenhouse effect

05um  lpm s
Wavelength, microns




Absorption bands of the atmospheric gases
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Contribution of the atmospheric components to
the greenhouse effect on Venus

W s

H,SO, Clouds

CO,- 460K
H,0 - 220K
Clouds — 1001
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54
Lo
|
2
=
=




Greenhouse effect and water Ioss (1)

! Sirnilar volatile inventories at origin
nt water amount: H,O, s ~ 10° H, O 011

ium enrichment: (D/H)\/EJ\M 150 (DIH)z 0




Earth-like planet: greenhouse effect and water loss (2)

.

Moist
greenhouse

&8 Solar flux, W/

Kasting, JGR, 1988 %



Greenhouse effect and habitability zone

MERCURY

Runaway greenhouse
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6. Non-LTE emissions



Origin of airglow
on Venus

Recombination O+N-—>NO"

3-body recombination O+N+CO,—-—>NO+CO,
Emission NO™ —>NO + hv

Loss N+NO—>N,+0

R. Hueso, private communication




7. Clouds and hazes



_ WNDOH Venus Clouyeidiaciics
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Cloud morphology: Global UV view (VMC)
Orbit #462

Orbit #673

bit #458

Orbit #679







Orbit #920
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Cloud morphology: afternoon vs morning

I\;Iorning | N Evening

Orbit #637 § k Orbit #722
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Venus planetary vortex




S. Limaye et al., GRL, 2009




8. Atmospheric dynamics



Global Circulation Regimes

3l Zonal superrotation (>100 m/s

3 Poleward winds v~ 10 m/s

8 Zonal superrotation (~100 m/s

2 Solar-antisolar circulation
(~200 m/s)




Super-rotation

14154 OOEDl EODOEL O1.00

1 4 el
5 EEOS O E RIVED L ,I:I ATA

Altitude, km

O, 40, &0

Zonal wind, m/s




Zonal wind field
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Thermal (cyclostrophic) wind from 8u R oT
Radio-occultation
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Waves in polar
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Waves in polar region (65-70 N) (VMC) V







Radiance, erg/(s*cm*ums#sr)

Composite spectrum of the outgoing radiation
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Radiative flux

Latitudinal distribution of energy sources and sinks

300 - ‘f Received -

Earth from the Su

" & Venus gets less energy than
- the Earth !

+ Net heating at equator, net
cooling on poles

4+ Latitudinal distribution of
radiative balance implies
energy transport by circulation
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Vertical distribution of deposited solar energy
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Planetary balance of radiative energy and entropy

Energy balance:

Esoar— Erhir =0

y Entropy:
/ AS = E/T
|
2-d Law of
Thermodynamics:
AS 20

=0 - reversible processes

|

Entropy is a measure of
dissipative processes

>0 — irreversible processes




Flux of radiative entropy

No atmosphere Dense atmosphere
AS = E/T. - E/T.<0

Planets receive negative entropy from the Sun
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Entropy balance on Earth and Venus

Earth (Goody, Venus ||
2000)

Net radiative -70 -100
sink
Moist +55 0
convection
Mechanical +12 ~1
dissipation
Net balance -3 -100

Dissipative processes in the Venus atmosphere - ??7?



Equilibrium and non-equilibrium thermodynamics
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Non-equilibrium dissipative systems

Benard convection

+ critical temperature gradient Uus atmospher A

i:!g: levte' of Ofd(: ) ‘non-equilibrium
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11. Plasma investigations



Plasma | CLOUDS & STREAMERS
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E/q (eV)

lon escape (ASPERA)

Energy- mass matrix in the Spatial distribution of

b plasma sheet ... Escaping O
104 '

108

102

101

0 10 20 30
Mass ring (R

m)

« Escaping ions: H*, He*, O*

 Energy ratio O*: He*: H*~ 4:2:1 * Escape occurs th.OUQh the
) . plasma sheet and induced

- ion pick-up

magnetosphere boundary

 Flux ratio H:O*~ 2:12> H,O

Barabash et al., Nature, 2007
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Detection of lightning (MAG)
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Surface panoramas by Veneras
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Surface flux anomalies (VIRTIS)

Cocomama
Tessera
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e L 150 Flux Anomaly [%]
Y 5 BT =
DLR fiir Luft- und R: 180 Folie 91

-0 -5 0 5 10

in der Helmholtz-G > J. Helbert > LaThuile 2008



Future studies

+ Mission Is extended till the end of 2012

+ Venus Express: atmospheric drag
experiment and aerobraking

+ Joint observations with the Japanese
orbiter mission Akatsuki (2011-12)

+ Future In-situ missions (landers,
balloons)



Conclusions

+ About 2 Thits of data are collected in > 3 years

+ Venus Express delivers global and detailed
survey of the atmospheric and plasma
properties and processes

+ We are on the way to understanding how the
processes led to so different planet

+ Revival of the interest to Venus in science
community and Space Agencies

+ Main problem —the lack of science resources



Coordinated VEX-Planet-C observations

P
—

#* Simultaneous observations of cloud
morphology

# Complementary dynamics studies
#t Joint airglow observations

# Complementary radio-science
investigations
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