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Visible Coma Spectrum
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Orbit of Binary
: Kuiper Belt Object
"me<1'998 WW31

5

The Oort Cloud
(comprising many
billions of comets)

Oort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
iMustraton (NASA, JPL)
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Orbit of Binary

B Kuiper Belt Object
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Kuiper Belt and outer
Solar System planetary orbits
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UV Photometry and Spectra
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Hydrogen Coma

- predicted in 1963 by
Biermann

- detected around
comet TSK in Jan. 1970
by Code et al. with
OAO-2



Lyman a Isophotes

Comet Bennett (1970 Il)

Bertaux et al. (1973) on
April 1, 1970 (r=0.61 AU)
during spin-up mode of the
0GO-5 satellite.
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OGO-5 U. Colorado
photometer (Keller and
Thomas (1975))

Radiation pressure

Curvature due to cometary
orbit (after perihelion)

Extension due to fast
outflow velocity of
hydrogen atoms.

Bimodal distribution with
7 km s and 21 km s-1

Photo dissociation of water
provides excess energy

H,O -> H+ OH
OH->H+O0
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UV Spectra
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OH the brightest emission line

Strongly underestimated in
ground based spectra (ozone
absorption!)

=> water is the dominant
volatile of comets



In the 70ties

Cometary nucleus is solid icy conglomerate
body

— contains large fraction of volatiles (H,O, CH,, NH,
etc) as ices and dust (Whipple 1950)

— the most pristine material

Water is the dominant volatile of comets (UV
observations!)

Comets were formed and then stored in Oort
cloud (Oort 1950)

— Material is primordial (pre-solar)

The highly active comet Halley was about to
re-appear after 75 years



20.7 Km/s
79.2 Km/s

. 68.4 Km/s
76.8 Km/s -

73.0 Km/s
75.3 Km/s

Bow shock N _ Contact surface

107.2°

Halley
nucleus

- Suisei ey Gl icL
f | (8 Mar.’86) VPga 1 =11 (14 Mar.86) (11 Sept ‘85)
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(11 Mar.’86) _ Vega 2 Giacobini Zinner
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Elongated

15.3 x 7.2x7.2 km?3
Very dark albedo
No impact craters
Activity limited

Surface
morp
(limited
information)
- smooth terrains
- hilly areas

- bright areas
- large
outcroppings
Topographic
roughness:
0.5to 1 km

Comet Halley

-

Central
Depression

r ‘ Mou ntain




Nucleus Shape 3 D

Size 15.3x 7.2x 7.2+ 0.5 km

VEGA 1

ading indicates
ted area

= o In disagreement with H
@~/ b~ image, no straight limb










Comets — the most volatile minor bodies
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IR Observations

H,0, CO,, CO
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Why are comets so exciting?

Nearly solar aBundanees (high fraction of
volatiles)

Gas phase molect milar to interstellar
abundances %

Temperatures duri fmation similar to

interstellar environmient (T < 30 K)

Temperatures during storage low enough to
sustainoriginal condensates (T, ., < 50 K)

Cometary material reflects the composition
of the pre-planetary nebula

Most pristine material — large organic
molecules expected




Cometary Encounters

Giotto Stardust

1P/Comet Halley 81P/Comet Wild 2
retrograde orbit 76 y Jupiter family orbit
perihelion 0.84 AU perihelion 1.58 AU
Oort cloud

Deep Space 1 Deep Impact

19P/Comet Borrelly 9P/Tempel 1
Jupiter family orbit Jupiter family orbit
perihelion 1.36 AU perihelion 1.32 AU



Smoath™

Terrain® “

Dark Spots
Unit Boundary ——

Mesa v
Ridge 4—4

omet Borelly (DS-1 Mission 2001) Fracture — — —

Soderblom et al. (2002) Terrain
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Soderblom et al. (2004)

Temperature K
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IR Spectra of 19P/Borrelly
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IR Spectra of 19P/Borrelly

Soderblom et al. (2004)
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Stardust flyby of 81P/Wild 2 at 236kmon 2 |an. 2004 (6.1knVs)
B Y 4]

Nucleus
55x4.0x 3.3km
Albedo = 3%
r,=1.86 UA Q,,,=0.21/s




Stardust results from comet Wild 2
Sampling the coma (not the nucleus!)

Spinel, Al-diopside, Anorthite, Gehlenite

A

in Glass

Ti phaze

COmpreSs seed
aerogel

CAl-like grain
Zolensky et al. (2006)

within the CAl-like
particle require high
temperature for formation
(> 2000 K)

Polymeric-heterocyclic
aromates (CIDA, Kissel et al)
Amine-rich organic polymers
Nitrogen rich organic
compounds (methylamine and
ethylamine)

Proto stellar origin (Sandford
et al. 2006)

Total mass < 1 mg, therefore chronology not possible!




y nuclei

Tempel 1
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Cometary nu'clei_are Kilometre sized bodies of low density

Show localized'aetivity

Dark albedo (0.04), no (water) ice visible

Very rough surface

Fragile with low tensile strength

These paradigms were fully confirmed by Deep Impact




Deep Impact

i

~Very low thermal
‘Inertia:

<50 Wm=2 s12 K-

159 m/pixel
204 m/pixel

consequently very low
heat conductivity:

' kK=0.01 Wm™ K-~
o (Groussin et al. 2007)




Deep Impact
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I ce Very low thermal
\ H ‘ inertia:

[
<50 Wm=2 s12 K-

consequently very low
heat conductivity:

' kK=0.01 Wm™ K-~
| (Groussin et al. 2007)




Sequence of Deep Impact images
of the limb of the nucleus of comet
Tempel 1, showing at least four

small jets coming from the surface
(“a”_“d”).

AS the horizon shifts with time (3
top panels), the jets pass through

i ithe plane of the sky where they are
highlighted and can be traced back
to their source region on the
surface. (Farnham et al. 2006)




Conclusions from Deep Impact

Cometary nuclei:ss
of low density .?
very weak tensilél

y

very low thermaliinertia
very Tow heat conductivity
ice not visible

Question: How thick is the dust layer on
top of the ice?




Surface Heat Balance
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Thermal Skin Depths

— 5 — e
Tdiurnal = 10°s => Xdiurnal="'1'5 cm

! . L e -
Torbital ' 210°s => Xorbital — 44 Xdiurnal™

Orbital skin depthis only 70 cm, smaller than the
thickness or'thi@surface layer that is removed by
sublimation activity




Schematics

cometary surface

Diurnal skin depth — 0.015 m

Orbital skin depth ~ 0.7 m

Erosion per orbit
~2m

active area




Conclusion




How to get hold of the pristine material?

 Take a sample of the nucleus from an
active area after pemhetion

50 cm depth SHOBEESUffice (> 25 times
the diurnal skin *pth)

.. A ¢omet nucleusfsample return (CNSR)
MisSION"IS proposed to ESA:




Yriple

CQowekNwe\eus Sample Return Missior

will answer key questions:

What were the conditions during the formation of the solar
nebula from its parent molecular cloud (e.g. Orion-like versus T
Tauri-like conditions)? .

To which extent are co posed of pristine interstellar

grains? Do they carry p complex molecules?

What are the formation es and chronology of cometary
refractoriesg :

nse to ESA’s Cosmic Vision Call
'_,g?tion with ROSCOSMOS

Miehael Kiippers
Max-Planck-Institut fiir Sonnensystemforschung

kueppers@mps.mpg.de

for the Triple F Team




Triple
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the time is ripe!

» Comets contain interstellar matter, organics, and
matter processed olar nebula

Pristine material ca und close to the surface
because erosion i than heat penetration

Sampling is easy b of the low tensile strength

wil dellvgr pristine material including
complex organic sules to Earth

olffBogation with ROSCOSMOS

Michacl I\'iippt’l‘h;
Max-Planck-Institut fiir Sonnensystemforschung
kueppers(@mps.mpg L]L




Triple

Comek " \w\eus Sample Return Missior

A propﬂ@l in nse to ESA’s Cosmic Vision Call
y joir aboration with ROSCOSMOS
irst flyby — itlezvous — irst sample return
fehael Kiippers
Max-Planck-Institut fiir Sonnensystemforschung
kueppers@mps.mpg.de

for the Triple I' Team




