The combined effects of escape and

magnetic field histories at Mars
Eric Chassefiere et al.,2007
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Fig. 1. Mass fraction with respect to planetary mass of volatiles on the
terrestrial planets (by taking into account all known reservoirs, in
particular terrestrial carbonates for CO2).
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gassed fraction of argon (atmospheric argon normalized to total
nosphere + mantle) as a function of time for different Rayleigh
" the mantle (from Xie and Tackley, 2004). Arrows indicate
one half or argon is outgassed. Note that, when the Rayleigh
pirge, the degassed fraction decreases at later stage, due to the
he argon content within the mantle.
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Fig. 3. ®chematic chronolofy of atmospheric escape on Mars. A factor of
rIT-%)%E Fl:ﬁ :n\ 100 loss 1s expected to have occurred during the heavy bombardment
. f—- period, by impact loss and possibly hydrodynamic escape. In the
—_ ﬁo)ﬁ&ﬁb\/T#T-/H%{t'“ subsequent period, by using radiogenic argon as a tracer of sputtering
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2. Thermal Escape

* Jeans Escape
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3.Non thermal escape

» NonthermalZ8 & D FELE
— B EES LEELT-IEFEDEHE
« BNKICKLEBRBAAUNEFLHEBELT. KENGFRT
BRI HRHEIRILE—%2ED
— (AR
o MZE DexospherelZHBIT5IHEAA 1. EFERE., BRI, X5
DHIFZDENEIZHH B TREZ D DL EIIITU2IE-TL,
— B EEEOut flow

— lonANEBB N TSN T, ionopauseFE TEA>TKRBHEAIRICEST
RERZEEAEVDED>TLIDINSD,

— ATV RIYBY Y
- A0FHANIERBD R TON-AF AR IERREBERT 5,




ANISEUVFlux

171200 AE THES

° F(ergS Cm'z S_l)=29-7 X(AgE)'1-23iO-1
* Flux=Flux(present average cycle conditions)
x[Age(Sun)/Age]t-23+0.1

BEOKGEHEB/NMNIORREIELTES
1EUV IR7E

3EUV KGR M TETIEFE28{EEHI

6EUV KGR N TETIEE

EUVDIRNIEIZKABUERDEL
EUVI SV D RIZKGHAIILIZKBEIEDRHAE. TDRECET T VI ADEN

AREDHEICEETE—HLULEDRELGD,



/\

REREBRFDBLEFREL
e

fREE B S [Luhmann 1997]
X /\WA
KERZNDBEEAAY
[Jonson an Luhmann1998]
BT AR R[N FICHEERT SR
[Leblanc and Jonson 2002]
7T A7 [Lammer 2003a,b]
B EEE 7T 0O—[Ma et al., 2004]

KiZEBRIB/NDBHEBEESICLKIRFBIRFDEL
% [Fox 2004]

cRINVRIZKDEHE ([RF M7 F)

[Jhonson and Luhmann 1998]

BT vT

CO,* D EEEE 70 —[Ma et al., 2004]

Loss rate in particles/s

Less rate in particles/s

102?

1026

1025

102+

1028

1025

1024

1023

b
-
S

T —r
— O sputtered

__ O Dissociotive Recombinatidn
+—y O picked up ions

ionospheric outfllow

1
i
I
1
1
I‘,ZELW epoch ~ Sollar Maximum
L. P P 1.

..... | PP R

2 3 4

Time in Gyr

—— C sputtered ]
-- C Dissociative Recombination

—y C picked up ions

C ienospheric outflow

2 3 4

Time in Gyr

Fig. 4. Evolution of the escape rate of oxygen (upper panel) and of carbon
(lower panel) due to non-thermal mechanisms of escape applied to the
Martian atmosphere (estimated as described in the text). On the upper
panel are also indicated the measured escape rate of total ion oxygen
(probably the sum of the ion escape and ionosphernc outflow) reported by
Lundin et al. (1989) for solar maximum conditions (from ASPERA on
Phobos spacecraft) and the escape rate recently estimated from ASPERA
electron measurements on board Mars Express for solar minimum
conditions (Sauvaud A,

personal communication).
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Fig. 5. Cumulate oxygen loss (upper panel) expressed in term of water loss
(in depth of an ocean covering the whole surface of Mars) and cumulate
carbon loss expressed in term of pressure of CO, (lower panel). We
consider that any oxygen atom lost comes from a molecule of H,O and
any carbon atoms loss comes from a molecule of CO,. Also indicated is
the estimate of the time when the Martian dynamo collapsed. The two
black solid lines correspond to a lower and upper estimates for the total
water loss (see text for further explanations).
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Table 1
Noble gas isotopic composition®
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[ °Ar A 55+1.5 3.4-40 5.32
AT TAr 3000 + 500 1900 =+ 100 705.5
e s . . ’ffKr ‘f"Kr ~0.210 0202
He: BICHRELTOWTEBEDELDI —H—T kK 0205 0201
Ly r i 1 A A5
A AW 129 o132 g 25 (42, —1) 2.60+0.05 0.983
» (o} 131 132 iy B TR
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*Source: Garrison and Bogard (1998); Ozima and Podosek (1983);

Swindle (1995).
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Fig. 8. Equivalent magnetization (radial component) of an equivalent
dipole layer that could produce the observed magnetic field. Solid line
circles denote craters for which one can look for demagnetization
signature using the present-day model resolution (from West to East,
Copernicus, Sirenum, Newton, Kovalsky, Daedalia). Dashed-line craters
are between 100 and 300km in diameter.
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Fig. 9. (top) Magnetic field signature associated to a 100-km diameter
partially demagnetized impact crater (white area, bottom) within a
uniformly 2 A/m 40-k thick magnetized plate (gray area, bottom). The
different lines (from bottom to top) correspond to different altitudes.
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Table 2
Example of payload

i é m Magnetometer : sampling rate of 2-20 Hz, associated to a precise attitude

determination

Energetic particle analyzer : thermal ions, pick-up ions, electrons, ENAs
Neutral and ion mass spectrometer : thermal neutrals, thermal/
suprathermal ions, hot neutrals (sputtered neutrals)

V— ., ) i
ngti\, ﬁ&:@ Plasma package : n, T and v, electrostatic, eleciromagnetic waves

o > =N - A FUV-EUYV spectrometer : 70-300nm.
Zl \‘)9'))7 &%O)j‘(ﬂﬁ’%@]"ﬁ#éyﬂ% Radio science exp;]'imem : gravity field

Table 3

égzﬁ)(— I\)[,O)]K Budgets and parameters

100mbar®:ﬁ§1bﬁ§ Payload mass NSke
Power rate I0W
Data rate 00 Mbats/dav
Periapsis altitude 100-120 km

= h= 73
KEO) >_<L1|9E0)%§0)55ﬁ¢ Apoapsis altitude = 1500km

Mission duration 2 years (1 Mars yr)
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