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Motivation for Titan Studies:

W Titan’s atmosphere is similar to Earth’s
early atmosphere

B Titan may help us understand the origin
of life in the solar system

B Titan may help us unlock the mysteries
to organic formation in other regions of
our galaxy and universe




Cassini Huygens Measurements



Orbiter In Situ Measurements



Mass Spectrometry
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Cassini Huygens Measurements



Orbiter Remote Sensing Measurements
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Cassini Huygens Measurements



Probe Measurements



Cassini Huygens Measurements









A Mocdel of
Titan's Interior



Cryo Volcanism



High Latitude Lakes










Organic Molecules in the Interstellar Medium, Comets and Meteorites: A Voyage from Dark Clouds to the Early Earth,
Pascale Ehrenfreund & Steven B. Charnley, Annual Review of Astronomy & Astrophysics, 38:427-83, 2000







Namid Desert

Arabian Desert










Methane Cycle




About the mission and the instrument







In this presentation:

- Neutral densities
from closed source

- lon densities
from open source

Note:

A molecule of N,
penetrating inside the
closed source can be

lonized and dissociated
into N,* and N* and be
observed in the detector on
mass channels 28 and 14.
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Neutral Gases




Titan Neutral Species Density Profiles
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Titan Minor Neutral Species Density Profiles
(All Flybys Co-added)
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Evolution of the atmosphere of Titan
—QOutgassing of the interior

—Escape of gases from Titan

Production of organic compounds

—lon and neutral photochemsitry

—The role of the magnetospheric interacation




The isotopes of Argon tell us
about outgassing from the
interior

— 40ATr tells us how much of the
volatile material has been
outgassed from the interior 70
A

o OAr =0.8 ppm --> ~2% of
interior volatiles are
outgassed

— 3bAr tells us how volatile materials
like molecular nitrogen and
methane were formed

e 3Ar < 0.6 ppm --> most
nitrogen is derived from
ammonia




The isotopes of molecular
nitrogen and methane tell us
about escape of volatiles from
the atmosphere

— The ratio of 14N to *N in molecular14N 14N
nitrogen tells us how much of the
atmosphere has escaped over 15N 14N
geological time

— The ratio of *2C to 3C in methane
tells us about escape of methane 126 4
and isotopic fractionation from 4
photodissociation of methane

ECH),




The isotopes of molecular
nitrogen tell us about escape
of nitrogen

1N/**N Isotopic Ratios by Flyby

— The ratio of *N to *N in molecula
nitrogen tells us how much of the
atmosphere has escaped over
geological time

g

isotopic ratio

— The change in the ratio as

g

a function of altitude is due
to diffusive separation in
the presence of gravity

altitude (km)
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Methane isotopic ratios give us complimentary information

12C/*3C Isotopic Ratios by Flyby

isotopic ratio
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altitude (km)
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INMS also sees direct
evidence of heating of
the upper atmosphere
of Titan by energetic
particles from
Saturn’s

magnetosphere

Divergence between
the thermal exospheric
profiles and the INMS data

(z>1600 km)




And these elevated coronal temperatures imply
escape of nitrogen and methane

Table 6: Liouville fit results for the INMS 7}, 7 and 75 exospheric data, using the kappa function
as energy distribution at the exobase.

Resulting Parameters Characterizing Solar
Fit Parameters the Suprathermal Population Input
K T X2 n* D, E}, EX
(K) (em™)  (em 2571y (eVem™3s™Y)  (eVems71)

ingress 148 1380 5x<10 % 30x10°  14x10° 6.1x10! 9.0x10°
egress 886 1199 4x107*  14x10°  13x10° 4.7x10! ”

egress 187 1723 3x10% 1.6x10° 1.2x10° 2.0x10? 8.9x10°

ingress 857 147.9 4x107% 64x107'  2.8x107° 7.0x<107* 8.9x10°
egress 778 1155 2x107%  1.1x10°  22x10° 3.4x10! ”
ingress 874 1342 5x10°%  77x107  1.5x10° 2.1%10! 9.0x10°
egress 585 1267 6x107* 7.0x10*  1.3x10’ 2.6x10! 7

egress 978 2105 5x10°°  3.1x10° 49x103 4.9%10! 8.9x10°

ingress 17.0 1264 35x107% 4.0x<10*  7.5x<10° 2.7x107! 8.9x10°
egress 426 1188 5x107%  86x10*  51x107 3.6x 10! ”

Fit parameters characterizing the energy distribution at the exobase

Parameter characterizing the quality of the fit

Density of the suprathermal particles at the exobase (numerically)

Escape flux at the exobase (numerically)

Suprathermal energy density in the exobase region, assumned to be 85 kin-thick (numerically)

Energy brought by solar photons mto the 85 kin-thick exobase layer




But not enough escape (104) to explain the implications
of the measured isotopic ratio of molecular nitrogen

mHowever, we note t




Observed




Production of Complex Organics at High Altitude

via lon Neutral Chemistry







The neutral composition at 1200 km
In addition to the primary
constituents N,, CH,, and H,
Includes a host of hydrocarbons:
C,H,, C,H,, C,H,,C.H,, C;Hg, C H,,
HCN, HC;N, C,N,, and C H,.

==> TITAN”S UPPER ATMOSPHERE IS A
KEY SOURCE of CARBON NITRILE
COMPOUNDS

Correspondingly, the ionospheric
composition has a complex
hydrocarbon/nitrile chemistry that
iIncludes almost all possible
hydrocarbon and nitrile species
through C7.




Nitrogen
N(*S)+N(*D)

N
H
—
—
—
_)
%

Methane

Mordaunt et al. (1993)
scheme 1 scheme 2
CH;+H 0.51 0.49
3CH, +2H 0.25 0
ICH, + H, 0.24 0
\CH, +2H 0 0
CH+H,+H 0 0.51

Products

Acetylene

Scheme 1
Olabe (1981, 1983)
Seki and Okabe (1993)
1470 A 1849 A 1933 A
GH;* 0.6 0.84 0.6
CG:H+H 03 0.06 0.3
C,+H, <01 <01 <0.

1216 & 1933 A

Ethylene

Ethane

Smith and Raulin (1999)

0.41
0
0.53
0
0.06

Scheme 2
uitton and Yelle (2005)
Lduter et al. (2002)




The chemical scheme starts from the photo- and electron
Impact dissociation and ionization of Nitrogen and Methane

— Creation of the first key neutrals: C,H, and HCN
— Production of the major ions: H,CN*, C,H:*, CH,;*




Local time dependent

production rates
for C,H,

Local time dependent
production rates

for H,CN*




Production of
hydrocarbons:

- C:2H2
— CH,
- C:2H6
- C4H2
— CiHg ...

Local time dependent

production rates
for C,H,




Species

INMS (TA)

CH,

3.3x102

C,H,

2.8 x 104

C,He

1.2 x 104

4.0x 10°

2.3 x 106

Waite et al. 2005

Mass (Daltons/Z)




Production of
Hydro- Key

carbons: ions:
— C,H, — CH.*
- C3H4 - CZHB+
- C6H6 - CBHS+
— CgH7"

Local time dependent
production rates

for c-C4H
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An Increased Role for the Magnetospheric Interaction

and Nitrile lon Chemistry
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IONOSPHERIC ALTITUDE PROFILES
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Keller et al. model flowchart

Black = CH, Red = CoH, Blue = CoH,4
Turquise = C,Hg Orange = C3H,
Plum =N Green = proton transfer




INMS / Keller et al. model

Missing masses:

18, 30, 42, 54, 56
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Ultimate Fate of Complex Organics




(Closed source)

Minor species determined from the mass spectral deconvolution with one sigma error.

Species INMS-Derived Values Stratospheric Values (/)
CH, 2.19 +0.002 x 10 2.2x 107
H, 4.05 +0.03 x 10° 1.1x 107

C,H, 1.89 +0.05 x 10* 2.2x 10°
C,H, 2.59 £0.70 x 10* - 5.26 +0.08 x 10" 9.0 x 10°
C,H, 1.21 +0.06 x 10* 9.4 x 10
C.H, 3.86 £0.22 x 10 4.4x 10°

C,H, value depends on the value adopted for HCN.
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