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ROSETTA: an European space missic
t oward two aster
family comet

Followingthe greatsucces®f the GIOT TOnission
In 1986, in the new Centurythe EuropeanSpace
Agency (ESA)undertook a new more ambitious
missionnamedROSETTA

Primaryscientificobjective comet67/P (GG)
Secondary scientific objectives two asteroids
(Steins Lutetia).
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Why asteroids and

| Furthermore, they transport to the
Inside of the Solar System, several
molecular species like ices of H20,
CO, CO2, and other compounds of
Carbon, Hydrogen, Nitrogen,
Oxygen, Sodium, Iron, and so on, all
of them fundamental ingredients of life
as we know it on our Earth.
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comets?

Asteroids and
comets are an
ensemble of
primitive bodies
carrying information
on the origin of the
Solar System some
4.5 billion years
ago, and on the
subsequent
dynamical and
chemical evolution

| 1 ke verit
capsul eso.




A solar system In its infancy (HLauri)

"IN SEARCH OF
OUR COSMIC ORIGINS
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Giotto vs Rosetta: Different Orbits

Fositions on
Feb. 26, 2004

P 75 years retrograde

67P, P 6.5 years, direct, | = 11°
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Main Differences between Giotto
and Rosettal

Giotto:
direct launch to the comet,
very fdHygD, 0f |
small distance from Earth
spin stabilized

Rosetta:

Ocr ui seo0 nrli2gears dunatioroe?
orbit spanning from Earth to Jupiter K&
need of oOogravitae
three axis stabilized
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Main differences between Giotto
and Rosetta?

Relative kinetic energy

Giotto: v° 70 km/s, Rosetta: v° 0.5 km/s

Ratio of energies of dust grain impacts 2 20.000

Giotto © 1 year, Rosetta® 12 years or more
Radiation dose (solar wind),

Specs of electronic components MIL, Hard Rad
Mechanisms of OSIRIS:
Shutter 50.000, covers 10.000
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Why the name
Rosetta
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a page of Champollion note book
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Egypt: Rosetta and Philae
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Launcher Ariane-5 G+,

Mass of payload at launch:
Orbiter: 2900 kg (inclusive of
1670 kg propellant and165
kg scientific payload; Lander
(Philae): 100 kg.

“Lis )| Eilge 1)

Dimensions Orbiter:

) 2.8x2.1x2.0m

| 2 solar panels 14x2 m each
| Dimensions Philae:

| 1x1x1m with 3 legs of 1m
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ROSETTA Launch date: 2 March 2004
Journey milestones:

1st Earth gravity assist:

Mars gravity assist

2nd Earth gravity assist:
Asteroid Steins flyby:

3rd Earth gravity assist:
Asteroid Lutetia flyby:

Enter deep space hibernation:
Exit deep space hibernation:
Comet rendezvous manoeuvres:
Arrival at comet:

Philae lander delivery:
Crossing of Mars orbit:
Closest approach to Sun:
Mission end:

4 March 2005

25 February 2007 (loss of energy)
13 November 2007

5 September 2008

13 November 2009

10 July 2010

8 June 2011

20 January 2014

May - August 2014 (loss of energy)
6 August 2014

12 November 2014

early June, 2015

13 August 2015

31 December 2015 (?7?)

Launch vehicle: Ariane-5 G+, Launch mass: Orbiter: 2900 kg (including 1670

kg propellant and 165 kg science payload); Lander (Philae): 100 kg.

Dimensions: Orbiter: 2.8 x 2.1 x 2.0 m with two 14 metre long solar panels
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Journey of Rosetta
-

fascia
Asteroidi
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JOURNEY

Launch
1st Earth flyby

Mars flyby

end Earth fiyby
3rd Earth flyby

Asteroid Steins flyby
Asteroid Lutetia flyby

Nominal mission end

The journey of Rosetta

Eesa

» Comet closest to the Sun

Philae landing

Enter deep space hibernation

Exit deep space hibernation

DI R !
e AR R
L] °

o o
¢
15t Earth

Myby
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Arrival at comet

Rendezvous manoeuvres

Rosetta's journey
Comet orbit

» o tad
Oj ‘3"1’0\ “‘f

. Nominal

mission ond

Philae Comet closest
landing to the Sun




The Interplanetary Trajectory
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The large solar panels (62 sqm)

e,
£y
[

Y !
J 'L *\ 1]
e e A n o
The Iargest ever Iaunched In Space. Their sensmve area must always face

the Sun, so that the Spacecratft is articulated across their plane.
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Distance from Sun, power and bit rate, tim
of flight for signals

A The Sun spacecraft distance varies between 180 and 600
million km.

A The lighttime (one way) for communications is almost always
> 8min
A Signals are transmitted and received in two bands:
S (2 GHz) and X (8 GHz).

A ESA has three parabolic antennae of 35m diameter, in
Malargue(Argenting, New Norcia (Australid andCerebros
(Spain), plus smaller antennae in several other places.

A Support by NASA DSN (in particular the 70m antenna at
Goldstone, CA) is needed in several phases of the mission.
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Power [WV]

Spacecraft Power Avallability
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Data Downlink
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Severe consequences

AReal-time operation: NO

AMulti-instrument operation: occasional

ACompression algorithms needed for
Images, very few full frame images

ALong delay between data acquisition
and data examination (even
months)

A3D image reconstruction severely
hampered
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Orbiter Instrument complement

11 science instrument packages

ALICE Ultraviolet Imaging Spectrometer (NASA)
CONSERT Comet Nucleus Sounding

COSIMA Cometary Secondary lon Mass Analyser

GIADA Grain Impact Analyser and Dust Accumulator*
MIDAS Micro-Imaging Analysis System

MIRO Microwave Instrument for the Rosetta Orbiter (NASA)
OSIRIS Rosetta Orbiter Imaging System*

ROSINA Rosetta Orbiter Spectrometer for lon and Neutral Analysis
RPC Rosetta Plasma Consortium

RSI Radio Science Investigation

VIRTIS Visible and Infrared Mapping Spectrometer*

Partnerships: The scientific payload is provided by European scientific
consortia + NASA for Alice and MIRO.
* [talian PI-ship or strong participation
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Philae Instrument complement

10 science instrument packages

APXS Alpha Proton X-ray Spectrometer

CIVA / ROLIS Rosetta Lander Imaging System

CONSERT Comet Nucleus Sounding

COSAC Cometary Sampling and Composition experiment

MODULUS PTOLEMY Evolved Gas Analyser

MUPUS Multi-Purpose Sensor for Surface and Subsurface Science

ROMAP RoLand Magnetometer and Plasma Monitor

SD2 Sample and Distribution Device*

SESAME Surface Electrical Sounding and Acoustic Monitoring
Experiment

Partnerships: The scientific payload is provided by European scientific
consortia

* Italian PI-ship or strong participation
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Imaging & spectroscopy in
the optical, UV, IR, millimetre

OSIRIS,

ALICE, VIRTIS, MIRO

Gas & dust mass spectroscopy
ROSINA, COSIMA

Dust structure, distribution,
sizes, & microscopy

GIADA,

@esa

Plasma experiments

MIDAS

RSI

SOENCE AND ROBOTIC EXPLORATION

Rosetta wake-up and the year ahead
ES0OC, 10 December 2013

e panorama, &

microscopy
ROLIS, CIVA

. ""- " APXS, ROMAP

Analysis of surface &
sub-surface
SD2, MUPUS, SESAME

D
XA
o~ .‘.}6

.
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OSIRIS

2 high performance cameras
— NAC and WAC
— Optimized for comet observations
— 23 filters from 250 to 1000 nm (UV to IR)
Built by European consortium from:
— France, ltaly, Spain, Sweden, ESA,

Germany
ESA©2008 MPS for OSIRIS Team
MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA

Resolution Field of view Resolution from Filters
(2 pixels) 2800 km distance
: (2 px)
NAC garcsec (40 prad) 2.2°(2024 x 2024 px) 32m 12 broad band
WAC 42 arcsec (200 prad) 12°(2024 x 2024 px) 160 m 12 narrow and
2 broad band
15/04/2015
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Wide Angle Camera 1

Boresight direction

Intemnal Baffle

Suprasl| & ‘ e e
'VAH!,-.-.--#‘ o~ = Baffie

ceo—{lTT
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Wb ©IMSS - Firenze

The mirrors of the WAC are more or less as large
as the | e ns e scambcch@ad 1 |

15/04/2015 MasterClass Padova 28



15/04/2015

Wide Angle Camera 2

MasterClass Padova
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Shutters of WAC e NAC

Wil Up to 2 Feb 2015 we obtalned 8783 NAC images

/ -

and 6961 WAC images, with a very low error rate.
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T h éhirdeyed

ROSETTA

lllllllllllllllllllllllll
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Rogetta

The two navigation
cameras (NAVCAM).
Built by SELEX ES,
Italy.

Optics made by lenses
not mirrors.

CCD with 512x512 px
(OSIRIS 2048x2048),
Same spatial
resolution of WAC

no color filters but
beautiful images.

32



SeptembelP008:Steins

The first asteroid
ever reached by a
European
Spacecraft.

Looks like a

0di amondo |
Many impact craters,
one almost
destructive.

rotation axis

The rotation axis passes through the
large crater on top. Period of rotation
about 8 hours.

33
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Names of precious stones on Stein

Steins

Steins was discovered by Nikolay Stepanovich Chernykh, and named after
KUr Gti es.i n s
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July 10, 2010: Lutetia

A large asteroid, 120 km diameter, for a few months the largest encountered by
a Spacecraft, now is the third (after Vesta and Ceres).
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Latin names on Lutetia

Curvilinear features:
rima, fossa, cavus, dorsum, rupes, labes

1. Tiberis rima system (p.309)
2.  Sequana fossa (p.287)

3. Hiberus fossa (p. 107)

4.  Rhodanus rimae(p.263)

5. Ticinum dorsum (p. 310)

6. Rhenus rupes (p. 257)

7. Glana rupes (p.130)

8. Danuvius labes (p. 27)
0. Gallicum labes (p. 124)
10. Sarnus labes (p. 281)

AU approved featwre types:

' [

- Gizben: fossa

- Groove: cavus

- Frachue: nma

- Radze: dorsum

- Scarp: rupes

-Landshide:Jlabes
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July 2010, after Lutetia towards comet3C
/
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There are different types of comet
roughly speaking
t he Onewd o
and

t he oOoperi odi

15/04/2015 MasterClass Padova 38



15/04/2015 MasterClass Padova




Comets seen from .
Earth telescopes ; :

From Sun A s
S Photona ® it L APIasma tall (blue) jons.:
e et et "‘;. ﬂow radially outward
‘ solarwind. </ Plasma due to-solar wind
(protons and /.- - tall acceleratlon
electrons at/ = . . B
-300800 km/s) TRy ,-.-; Ly | e
+ 0/ RS | :-ADust tall (yellow) dust
reti | il acceleratedby. subliming-
ok . ices (water mostly)bent -

= — *.due to comet motion, dust
ﬁComa. 100; OO(km Iarge «partlcles of different size
clouds of gas and dust Rl .
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Very complex chemistry

Different processes transform the original molecules
present 1 n the 1T nner nucl ea
what can be observed from g

In situ observations from Rosetta may observe the
O0mot herso and clarify such

Photo dissociatiorfUV Solar) Atoms
Sublimation Molecules
Photolonisation lons

Free electrams
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Photo dissociatioUV Solar)  Sublimation Photo ionisation
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C/2012 S11SON Telescopio Galileo 122 cm  07.11.2013

4.0

CN J

2.5 3.0 3.5

abs. flux (x 10e—13 erg cm=2 s-! &-1)
2.0

Ol

A
‘wnjl‘/! ‘; ’

b ui "‘;J\
.y ,-)'b A1t

4000 5000 6000 ' 7000 A(R)

Cometary emission bands. The underlying solar-type spectrum
has a maximum at about 5500 A and represents sunlight

reflected from the cometary dust grains.
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UV-Vis spectrum of comet P/ Hartley -
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Original location of new comets

8 In a paper published in Astrophysical
Journal Letters (2015) E. Mamajek and
| collaborators analyzed the velocity and
| trajectory of a low-mass star system
nicknamed "Scholz'sst ar o ( WI
J072003.20-084651.2, a binary system
with flare star). They claim that about
g /0.000 the star passed so close to the

8 Sun to perturb the Oort Cloud. No other
i star is known to have ever approached
our solar system this close - five times
B closer than the current closest star,

e Proxima Centauri.
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Comet Churyumov-Gerasimenko

| i =
e 5= “LL ' . . .
SRRt A (67P C-G, the 67th periodic comet, is a
= /Rl Y8 | s3]l comet of Jupiter family not visible
by naked eye. It was discovered in1969.
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Comet 67P &5 from a ground telescope

Marzo 2003. TNG

e
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100

ST = | The comet was
Distance C-G - Jupiter Ocapturedod
In 1959, and since
then Is part of the
family of Jupiter
comets. Its orbital
g - period Is
1959 approximately 6.5
years.

r (AU)

0.01

1 1 1 1 1 1 1 1 1
-50000 -45000 -40000 -35000 -30000 -25000 -20000 -15000 -10000 -5000 0
Time (days)

Favored scenario
g for its origin: born
8 In the outer Kuiper
B Belt, may be as

fl two or more
bodies gently
colliding,.
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8 June 2011: deep space
hibernation of Rosetta

Per sopravvivere al grande freddo di quella zona esterna,
dove nessuna sonda europea era mai arrivata, si prese
la drastica decisione di ibernare tutto |1 sottosistemi non
Indispensabilli, tra cui quello di trasmissione di posizione e
dati.

Quindi dal giugno 2011 la sonda rimase totalmente silente e
Incapace anche di ricevere comandi.

Furono lasciati accesi solo alcuni termistori per scaldare le
parti piu delicate e un timer programmato per risvegliarsi
esattamente alle ore 10 di tempo universale del 20
gennaio 2014.
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20 Jan 2014, at

Il risveglio di
Rosetta avvenne
grazie a una serie
di operazioni pre-
programmate e
compiute
autonomamente,
senza nessun
comando da terra.

| primi segnali avrebbero dovuto essere ricevuti alle ore 18:30,
ma I n effetti arrivarono sol

spasmodica attesa!
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The oO6of f

http://www.youtube.com/watch?v=AB3fncWyVN4
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20 Jan 2014: operations to wake up
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Wake up Rosetta !!

Esultanza ad ESOC, dove Il
team di controllo di Rosetta e
coordinato daI:

Accomazzo.

s

54

15/04/2015 MasterClass Padova



Sequence of events from Jul. 2010 to Dec. 201
2015-08-1
o

4AU
2014-05-22

Orbita
Rosetta

the date was
finally set to

Orbita Nov. 12

cometa,

RVM#1 (Jan 2011)

RVM#] tnm
2011-02-10

J

/Inmhon2 14-08-09
2014-03-17
Hibemation exat OSIRIS
2014-01- wakes up
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Osiris finds the comet, 120 March 2014

The Spacecrafti
was aboutis
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Relative O Magnitude

Light curve and expected shape

0.0 —

0.2 67P/Churyumov-Gerasimenko

0.4

0.6 |
08 f
1.0 |

12 |

1.4 L—
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An image from VLT

-

20.000 km

Image from VLT (Chile) early August 2014.

At the end of June Rosetta had entered the coma
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The true shape was seen in Jul 7, 2014,
when the spacecraftcomet distance
was about 3000 km

1

a great surprise indeed!
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at 1000 km
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Accurate measurement of dimensions

2.0 km

2.5 km

3.2 km

Image: ESA/Rosetta/NAVCAM; Dimensions: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA
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Measurements of reflectivity and colours:

the comet is very dark (reflectivity less than 5%), darker than the darkest
lunar features.

20— T T T T —
L % 1 R
L 2 . G
L v 3 A1
8 - o4 A b
S 15 a5 N f. *
@ i st L 7
® *
= - -
T 1.0F o -
g @ -
I 2
o5 . .
200 400 600 800 1000

Wavelength [nm]

RGB colours of an area of
the comet. Colour
variations are very small.
Visually, the surface would
appear a pale grey body
with only slight variegation.

Relative reflectance spectra for 5 different
areas located on the comet surface. The slight
depression around 850 nm might be due to
hydrated minerals or silicates.

62
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Aug 6: orbital insertion

distance 100 km, plenty of details, jets of dust
and gas
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Walls 1000 m high, suggestive similarity
to Dolomites (but gravity very different)!
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Cuestas

Credits
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