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h. l. Introduction
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Tracers for processes that were predominant in the protosolar nebula

The different conditions prevailing during the formation of the Solar System have left
traces that can be found today in cometary material (structure, composition of ice,

dust fractions, and pre solar-grains)
Fractional abundances of ions, atoms, and

molecules in different regions of the ISM
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Tracers for processes that were predominant in the protosolar nebula

PAHs are a significant constituent of the ISM, of Circumstellar Dust Disks. and it is
present in comets. Ist detection provides important clues on the processes that
ocurred during the formation of our Solar System
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Fig. 3. Observed 5-20 pm spectra for: (a) Protoplanetary disk around HAeBe star
HD 141569A (B9.5V; T.g 22 10,000 K; Sloan et al. 2005); (b) Protoplanctary disk
around T Tauri star SU Aur (G1I1I; Tog ~= 5945 K; Furlan et al. 2006); (c¢) Debris
disk around HD 34700 (GOV; T.r =~ 6000K; Li et al. 2008); (d) Clrcumstellar disk
around red giant HD 233517 (K2III; Ter ~= 4390 K; Jura et al. 2006); (e) Reflection
nebula NGC 2023 (illuminated by HD 37903 [B1.5V; Teg ~2 22,000 KJ]; Verstraete et
al. 2001). Also shown (f) is the emission calculated for phenanthrene C14Hio and
its cation CMHB at r, =1 AU from the Sun (Li & Draine 2008).
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Fig. 7. PAH mass spectrum distribution for a Stardust sample obtained with
the two-step laser mass spectrometry. The most commonly found PAH species are
naphthalene (Ci10Hs), phenanthrene (C14Hin), pyrene (CieHio), perylene (CanHiz),
and their alkylated homologs. Interspersed within these species is a rich suite of
auxiliary peaks which appears to represent the presence of O and N substitution,
where the heterofunctionality being external to aromatic structure. Taken from
Clemett et al. (2007).




_Tracers for processes that were predominant in the protosolar nebula

m D/H ratio in cometary water. This will provide further constraints for evolutionary

Solar Nebula models.

D/H ratio brings important information on the formation conditions of icy molecules,
as the deuterium enrichment in ices increases at low temperatures.

HDO

Hyokutake

¢ o +
Halley Hele—Bopp

D/H ratio

Protosolar

Jupiter  Saturn Uranus Meptune Comets

Figure 1: D/H ratios in the Solar System.

11.9.2008

D/H ratio in comets
is 15 times the
prostellar value
(information on the
formation temp of
the cometary water
ice)

twice the terrestrial
(terrestrial water could
not come enterely from
comets).




Tracers for processes that were predominant in the protosolar nebula

Ortho:para ratio (OPR)
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OPR has been measured in comets:
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Inferred temperatures are 25- 30 K ' Wavelength (um)
11.9.2008 Encrenaz, Annn. Rev. Astro. Astrophysics 2008




Il. Missions

™ The driving quest of cometary research is to learn about the composition of the
primordial nebula mixture and the formation of our Solar System

Archieving this goal by space programmes:

In 1986 Giotto Fly-by a comet

In 2005 Deep Impact Impact a comet

In 2007 Stardust Collection of Dust

N
In 2014  Rosetta Orbit and land a comet Triple

sk Nud\eus Sample Return Wissinr

In ? Nucleus Sample Return

11.9.2008 '
Kueppers et al., Exp. Astronomy, in press .




Stardust

Wild 2 material (< 1 mg) in the Stardust sample
IS:

Fine dust from our Solar Nebula (MacKeegan
et al. 2006)
mostly crystaline
not amorphous
at least 10 % of this material originated
in the inner ss

An organic component was identified, which is
different than compounds in meteorites and
Halley dust -

Different chemical composition - dlfferent
pathways to ist formation b

PAHs

One presolar grain
11.9.2008

to by Rhonda Stroud, Maval Res

Bright-field TEM image of a mineral
assemblage from Comet Wild 2.
Pyroxene (MgSiO3; Px), silicates (Am),
Fe-Ni sulfides (black arrowheads). The
aerogel capture material occurs around
the assemblage. (Credit: Naval

Research Laboratory)




N JDeep Impact

NASA Deep Impact space mission on 4th July 2005

Credits: Nasa
Goals of the Deep Impact mission:
Understand the difference between the surface of a cometary nucleus and its interior, and

the physical properties of the outer layers of the comet
11.9.2008




e

Remote sensing from Earth

Credits: NAS A

-Continuous monitoring of the

comet for more than two weeks

-Offered a slightly different

viewing geometry. It was closer

to the comet than Earth-based

observers (0.53 AU vs. 0.89 AU)
11.9.2008

Deep Impacit,
HST,
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Rosetta was activated for
an observational
campaign of Tempel 1
during 17 days




= Optical, Spectroscopic,
and Infrared Remote
Imaging System
P.l.: Horst Uwe Keller, MPS
(Germany)

Continuous monitoring of the comet
for more than two weeks

Filters used Pixel scale:

NAC 4 at 648-92_30 nm 1:1500 km
and clear filter

WAC OH,CN,Na,Ol, near-UV

and red continuum 7800 km
11.9.2008

FOV=3.88 arcsec

g» Rosetta Orbiter Instruments
““‘0 = |

OSIRIS: Scientific cameras onboard Rosetta

Cameras

Keller et al, 2007, SSRVv.
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Results of general interest

impact site indicated by arrows

*Oblique impact - 36° from horizontal by
shape model but 20 to 35° from assuming
circular craters (A’ Hearn).

*Crater size: 30 m

mIlmpactor = Energy 2x107° J, Weight 364 kg, v= 10.3 km/s
= Nucleus is highly porous, and material weaker than ice. Bulk density of the

comet: 350 kg /m3

Density of cometary nuclei is low (<1000 kg/ m3)

wig®Bof the mass of the impact is in the dust component (Kippers et al. 2005)




Results of general interest

Total dust mass = OWN

M, (21.4 um) = 1.5x 105
M, (<100:um) = 1-14 x 10 6

Moo= 4-9—9X 10 6 kg (Kiip
. (Schleicher et al. 2006), 5 x 1C
‘€omposition: '
ek ast

0 are Harker et al. 2007

aterial | “amorphous carbon grai

- --l-.._.
Subsurface: amorphous'p s L

| Amount of refrac € SN
ome questions: * v/gjacity of the dust clouit N

h - - - . S . = -
Acceleration mechanism of particles produced by the impact?

Creation of an active area? s,
Strenght vs gravity regime?




Phenomenology of the event:

1.- Hot plume (impact flash)
was generated (within 150
msec)

2.- Slow ejecta was created
3.- Material moved in a form
of dust cloud

4.- Cloud dissipated during
several days

What are the Velocities of the
ejected Material (dust cloud) ?

Ejected particles moved with
different velocities.

Therefore an important
physical parameter of the dust
cloud produced during the

Credits: NASAS pDs — Deep Impact experiment is
the velocity distribution of the

ejected particles.
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1.- Hot plume (impact flash)
was generated (within 150
msec)

2.- Slow ejecta was created
3.- Material moved in a form
of dust cloud

4.- Cloud dissipated during
several days

What are the Velocities of the
ejected Material (dust cloud) ?

Ejected particles moved with
different velocities.

Therefore an important
physical parameter of the dust
cloud produced during the
Deep Impact experiment is
the velocity distribution of the
ejected particles.




ll.- Observations of DI

2277 Images required data-reduction: OSIRIS pipeline
Correction from cosmic events

Appearance of the impact-generated dust cloud at different times after the impact.

The preimpact coma has been subtracted from the images by centering on the brightness
maximum at the nucleus. The resolution is about 3000 km

TIME FROM IMPACT: + 21.5 hrs
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Keller et al. 2005. Science, 310, 5746




Characterizing the brightness
of the cometary dust

1 pixel = 1500 km

~ MIDAS_00display_0 2
Light curve of the cometary dust with (FFP-VIS,FFP-IR) Filter

Time from impact [h]

Clear Filter

11.9.2008 Keller et al., 2007, Icarus Volume 187, Issue 1, p. 87




Distribution is quite close to
a Gaussian

t:12 4_8 h Velocity Distribution
L — — T — T

0.12

Peaks at 225 m/s

o
o
@®

Very good temporal

coverage of the OSIRIS
observations and a good
sampling of the
parameter space

Coefficients Distribution

T I T R
200
Dust velocity [m/s]

Error bars represent £SD

11.9.2008 ;
Rengel et al., in press




The wide variety of phenomena that have been seen at Tempel 1 provide a lot of
information that can be used to constrain the internal structure of comets.

m Although an evolutionary explanation has
not been ruled out, the structure and the

chemical heterogeneity of Tempel 1 as
observed by Deep Impact suggest that
large cometesimals may contain materials
from different parts of the protoplanetary
disk

11.9.2008




5 km

Borrelly

Tempel 1
Courtesy: Keller

Very active Oort cloud
comet, but activity still
localized

Very ablated, most of
the nucleus mass in
meteor stream

Accentuated
topography
Depressions, range of
hills, high outcrop

Evolved (ablated) JF
comet

No craters anymore
visible
Localized activity

Smooth and mottled
terrains, mesas
Long ridges, large
terrain unities

Strongly cratered
surface (saturated)

Young JF comet
From early history
Craters eroded

Material lost in the
order of 100 m

Suggests only short
time of sublimation
activity

Eroded surface but
craters (still?) visible

Indication of thick
layers

Smooth (avalanche)
layers

Low thermal inertia

Active spots covered
only by thin dust layer

Most evolved

Strongly evolved

Least evolved

Evolved

Appearances of the nuclei are quite different
— from smooth to heavily cratered surfaces-
Does this indicate different origins and formation histories?

11.9.2008




lll.- Helping us to solve problems

Resolution of the evolutionary effects from the primordial situation requires observations
of other comets, a key goal of the extended mission of the Deep Impact flyby spacecraft
_~ DIXI Flyby Hartley 2 in 2010

~ EPOCh: extra solar planets during 2008

NASA's EPOXI

In order to provide a
complete record of the
processes in the solar
nebula we would want
to select comets that
were formed at
different stages of
nebular evolution.

11.9.2008




lll.- Helping us to solve problems

From next year, Herschel Space Observatory will observe the ,,cool universe*

p— Key Programme with guaranteed time:

R "Water and Related Chemistry in the Solar System®

P.l.: Paul Hartogh (MPS Lindau)

Credits:ES A/ AOES Medialab

The Program will result in a

comprehensive set of sensitive and

well-calibrated spectra of water, its

isotopologues, and chemically related

species in Solar System objects:

Mars, Outer Planets, Titan and Hss$3 |

Entélddtis, comets Water and ReIate;LChelﬁ‘;"%try in the Solar System

Guaranteed Time Key Programme with the Herschel Space Observator




= Obtain full spectral scans with PACS and SPIRE.

determination of the comet spectral energy distribution (SED)
mineralogy

cometary dust observation will provide important clues for interpretation
of the evolution of dusty disks around young stars

m Observe HDO and H,O to determine D/H in cometary water.
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.‘.ppearénce'and structure of the nuclei ?

aracterization of t comet is crutial --> size_,.-l bedo, shape, rotation period of
the nucleus. velocities, gas production rates, dustfand gas activity
ombined ground-based and space observations:
tate-of-the art models of the gas dlstr|but|on around the nucleus
boratory experlments
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Rengel, M. , Kueppers, M.; Keller, H. U.; Gutierrez, P.; Hviid, S. "A Study
of the Velocmes of the Ejected Dust and of the Rotatlonal Variability
of Comet 9P/Tempel 1 aroundithe D,geg Impact Event ". American
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H.U. Keller, M. Rengel , M. Kueppers, P. Gutierrez and S. Lowry
"Monitoring of Comet 9P/ Tempeli arogﬂ%p Deep Impac event with
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Republic, August 14-25,20( 2006. :

M. Rengel , M. Kueppers, H.UL

Terminal Velocities of the DustiEE 4
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Rengel M., Kiippers, M., LellermsRIRNETLEREZ P, “Analysing the Post
Deep Impact Brightness distributiontofitherCometary Dust of the
Comet 9P/Tempel 1 with OSIRISZHGenerallAssembly of the European
Geosciences Union, Vienna, Austria, April 2-7, 2006.




B questions

B bonus material

For extra-material (eg. Movies, papers, etc.) or any
Inquires, please contact Rengel by
rengel@mps.mpg.de
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