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* Major Atmospheric components
N, and CH

* Trace components

Ar, CO, CQ

as well as Hydrocarbons and nitriles resul
from atmospheric photolysis

* |sotopes
D/H, 1*N/*N, 180/180, 12C/13C



STORY OF N,AND CH,,
* Evolution of N
* N, produced from NEduring the post-accretion phase
* Atmospheric escape &6MN1“N higher than that 0PN'“N

* Confirmed by the GCMS measurements aboard Huygens \
revealed a depletion éfN

14N/PN = (183 +/- 5) compared to the terrestrial value of 278
(Niemann et al. 2005)



Comparison between the internal structure after acc
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Evolution of CH,

Atmospheric CHlis efficiently photolysed in 10 to 50 Myr.
Its presence in the atmosphere of Titan today regu reservoir.

Tobie et al (2008) advocated that O#itgasses randomly
or periodically from the interior of the satellite

Similar outgassing of Ar, CO.
Also of other gases which condense at the sur{ez®, CO,, H,S ?)



Evolution of the interior and consequences for outg assing of methane



The fate of Argon

4Ar/(N,+ CH)) = (4.32+/-0.1) x1® (Niemann et al. 2005)

* 40Ar results from the radioactivity ¢fK trapped in the
silicated core

* The non detection of Ne suggests t8Ar was trapped in ices
Incorporated in the planetesimals which formed Titan, consistent
with a nebula origin for Clicy grains



DEUTERIUM IN TITAN

* At equilibrium in CH,
(CH;D is the main reservoir of deuterium)

From Cassini CIRS measurements
D/H in CH, = (1.32 +0.15/-0.11) x 1® (Bézard et al. 2007)
This is about 6 times the value i, in the solar nebu

* Out of equilibrium from UV photolysis
In H,(HD) 2.3 x 16-->2.85 x10¢ ?



Deuterium in early Titan (in methane)
Origin

Scenario 1

*Methane ices D-enriched in the presolar cloud

and subsequently incorporated in the planetesimals which
formed Titan

*Favoring the scenario: GHetected in 8 comets
CH,/H,O in the range 0.14 - 1.5 %

*Difficulty: CH3D not yet detected in comets



Scenario 2

» CH, chemically produced in Titan interior from,@ and CQ
In this case, D/H should have the value in cometary water
Difficulty: D/H about twice higher in comets than in Titan.

A possible mechanisi: isotopic exchange in an hypothetical w
Saturn subnebula prior to the formation of Titan

Difficulty: scenario not yet modelled



Oxygen Isotopes

160 and'®0O isotopes of oxygen can be measured in Titan in
CO and CQ

In CO :

e CO submillimeter lines recently measured from the grc
led to a new value of th€O/180 ratio (Liang et al, 2008)

e preliminary results : 400 +/-41 (solar = 500)

makes obsolete the value of 250 previously determined by
Owen et al. (1999).



In CO,

*The CIRS infrared instrument abord Cassini aldeaed G°0*0 and CQ
In Titan’s atmosphere from limb sounding in the medrared
(Q branch of @0*0 at 662.5 cm-1, Nixon et al. ApJ 2008, 681)

160180 = 346 +/-110, consistent with Liang et al (2008)

* New results not consistent with the photochemitaldelling in Titan
advocated by Wong et al (2002) which permits gdarariation of%0/180
over the story of Titan, but requires a very higiial arbitrary'®0/80 ratio.



12C/13C in Titan’s atmosphere

Huygens (GCMS) 82.3 +/-1 (Niemann et al. 2005)
Cassini (INMS) 95.6 +/-0.1 (1200 knfyVaite et al. 2005)
extrapolated to the surface 81

Cassini CIRS 82 +17/-18 in ¢KBézard et al 2007)
89 +22-18 in HCN(Vinatier et al 2007
68 +16/-12 in HCN at 83N

84 +/-17 in CQ (Nixon et al. 2008)

Combined in Cl GH,, CH, at several latitudes :
12C/23C = 81 +/- 2(Nixon et al. 2008)



Conclusion
 Evidence for some escape of CH
* The D/H measured in ; in Titan must be somewh

different from the D/H in Clitrapped in the planetesimals
which formed Titan



