Mise ROSETTA

— PRUBEH A VYSLEDKY Z POHLEDU KOMETARNi ASTRONOMIE




I Historicke ohléednuti

start 2. brezna 2004

Ariane 5 G+

Korou




I Rosetta — technické specifikace

2 900 kg (1 670 kg paliva, 165 kg pristroju)

I . 2,86x2,1x2,0m
solarni panely 14 m




I Rosetta — pristroje

ALICE

CONSERT

COSIMA
GIADA
MIDAS
MIRO
OSIRIS
ROSINA
RPC

RS
VIRTIS

(Ultraviolet Imaging Spectrometer)

(Comet Nucleus Sounding)

(Cometary Secondary lon Mass Analyser)
(Grain Impact Analyser and Dust Accumulator)
(Micro-Imaging Analysis System)

(Microwave Instrument for the Rosetta Orbiter)
(Rosetta Orbiter Imaging System)

(Rosetta Orbiter Spectrometer for lon and Neutral Analysis)
(Rosetta Plasma Consortium)

(Radio Science Investigation)

(Visible and Infrared Mapping Spectrometer)



Rosetta — pristroje

ROSINA DFMS
COSIMA GIADA
. MIDAS ROSINA COPS
MIRO o CONSERT
RPC IES
ROSINA RTOF
RPCICA
RPC MIP

RPC LAP

ALICE

ca —

VIRTIS
OSIRIS NAC
Philae
OSIRIS WAC

RPC MAG

RPC LAP



file:///D:/Prezentace a Prednasky/Prednaska - Rosetta2014/1409_012_AR_EN.mp4

I Philae
. 100 kg (27,6 kg pristroju)
I I1x1x1m

(pfed uvolnénim podvozku)




I Philae — pristroje

- 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)



Philae — pristroje

5p2
SESAME
ROMAP
CIVA
s CIVA
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PTOLEMY MUPUS
CONSERT
ROLIS
SESAME
SESAME
APXS
MUPUS
SD2

SESAME
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Rosetta — casova osa mise

. bfezna 2004

bfezna 2005
unora 2007
listopadu 2007
listopadu 2009

. zari 2008

cervence 2010

. ¢ervna 2011 do 20. ledna 2014

kvéten — srpen 2014
srpna 2014
listopadu 2014
cervna 2015

srpna 2015

2./5. zari 2016
31 presinee2015 (30. zari 2016)



osetta — casova osa mise

2 ROSETTA’S JOURNE Eesa
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67P a ty dalsi

1P/Halley - 16 X 8 x 8 km
Vega 2,1986

« -

S a0 B -

19P/Borrelly 103P/Hartley 2
8 X4 km 2.2x0.5 km
Deep Space 1,2001 Deep Impact, 2010

9P/Tempel 1

7.6 X 4.9 km
Deep Impact, 2005

81P/Wild 2

55%x4.0x33km
Stardust, 2004

14 July 2014
Rot = O deg




67P — miry a vahy

Inage ESARTANAVCAM Devrnany ESAResata W5 fe OSTRTS Team MPSAPOA ANTAL SSOVINTAAPWCASP (TDA



I 67P — miry a vahy

sekundarni jadro (hlava) 2,6 x 2,3 x 1,8 km
primarni jadro (telo) 4,1 x 3,3 x 1,8 km

celkovy objem ~ 21,4 km?
hmotnost na 10 miliard tun
stfedni hustota 470 kg/m?3

I - jadro je slozeno ze dvou ¢asti (kontaktni binar)

46P/67P — pristani Philae

prekvapive komplexni tvar

nadhodnoceni puvodniho
odhadu hmotnosti
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6/P — vznik komet




2 HOW ARE COMETS BORN?

lion years



Solar nebula: 0-3 million years

size jump i

: due to gas :
: streams and :

gravity

heating
+

: compaction :




Primordial disc: 3—400 million years

Formation of
Trans-Neptunian
Objects (TNOs)

5 — present

up to 2000

-
---------------------------

Comets form from
leftover material that




www.esa.int

Prim

Solar System: 400 million years — present

Comets form from
fragments created in
TNO collisions

Comets form from
leftover material that
did not form TNOs

European Space Agency



I 67P — vznik podvojneho jadra

a. lokali 3-aktivi oblast krku)
I Problém s dlouhodobou

stabilitou utvaru.

V4

b. jader nestejné velikosti

c. kolizni destrukce asymetrickeho jadra a opetovne spojeni
materialu




67P — vznik podvojneho jadra

Comet 67P/C-G shape formation
by sub-catastrophic collisions

M. Jutzi, W. Benz




67P — vznik podvojneho jadra

a. lokali 3-aktivi oblast krku)
, , - : . stabilitou utvaru.
b. jader nestejné velikosti

C.

Problém s dlouhodobou

kolizni destrukce asymetrického jadra a opétovné spojeni
materialu

sokove a tepelné je ovlivheno radove nekolik procent hmoty,
zbytek je zachovan v puvodnim primitivnim stavu

kometarni jadra nemohou byt koliznimi pozustatky
rozpadlych vetsich teles (TNO)



I 67/7P — hmota a vnitrni stavba

hmota je velmi primitivni (obsahuje vsak i tepelné
I modifikované prachové ¢astice)

smes ledu a prachu v pomeru od 0,4 az po 2,6
=> \etsina hmoty jadra je v podobée prachu !!!

vysoka porosita (asi 75-85 %)

vyloucena makroporosita (v radu ~100 m)

detekovana mista, kde klesa
smeéerem do nitra

Modelové rozlozeni porosity po vzniku (dvoj)jadra dle

impaktniho scénare.




6/7P — morfologie povrchu

2 PROFILE OF A PRIMORDIAL COMET

Positive relief features ‘I | Supervolatiles Tﬁgh porosity | sl Goosebumps and clods

Spherical 'caps’ hint at emaant wmmﬁh»a The comwt is rch in arben Nucleus and mected dust mnsist b P Internal Iuﬂnnm hints at mmﬂmd comatesamals
- - monoxide, oxygen, nitrogen and of highly porous material, ! : 3
argon, suggesting It formed ot low implying love speed accretion :
temperature and did not expenence and excheding further mab-spu‘ !
thermal processing by heat s’ colksionad processing
radwactive decay ‘

Low strength ‘

Low density, high potssity and
weak strength reflect proparties

No alteration by liquid water of early cometesientit ARSI

, X low spead accrotion
Extensive lapenng implies material accumulated over a lengthy : Absence of an absorption feature at muﬂ [
E SO S 3 shows that minerals in the comet have m].
been altered by liquid water, imphgng that
significant heating by radioactive decay did
not take place

Two lobes

Similar properties of both lobes
imoly similar synlution, and
against collisien

Doty Gawet oroge: £SUResrmuMalim « (T 8¥58 50 12 Jeewt duial ond 295 SRSt /NIS Av DNTRTS Team AVIVLAATALSSSOVTATAAPAMTLL S T Em"‘" s’“. M."w
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6/7P — morfologie povrchu

Pet zakladnich morfologickych struktur:

prachem pokryty terén
= jemne rozlamany teren

* rozsahlé propadliny

hladky terén

= obnazeny zpevneny terén




6/7P — morfologie povrchu

Ma'at
4 oen, Serqget

ESAMRusetta/MPS for 0SIRIS Team MPS/UPD/LAMTANSSSO/INTA/UPM/DASP/IDA




6/7P — morfologie povrchu

2 COMET 67P/CHURYUMOV—GERASIMENKO'S LAYERS

Main layers [red dashed lines] and cross cutting fractures [blue
Main terraces [green) and exposed layers [red ¢ » WD e dashed lines) in the Hathor clitf on the comet’s small labe.
dashed lnes] seen in the Seth ¢ ! L o e N | ¢ up: lirgers 1o an akove at the Hathor-Anuket bounidary
sots of terracos m twe locations {small-pointed ! L X > White arrows indicate terraces
white and yellow arrows) with exarmgles ol parafel .
layers {large-ponted white arrows)

Qutline of exposed kayers (red dashed lines) in the

Imhotep anc Ash regun on the comet's lage lobe

[samue |ayers 350 indicated en small lobe in the L 5 [white dashed lines) at the houndary ol Anubis and Seth

batkgroond]. Clese up: paraliel layers in a secten three amew heads point to 3 termace marcin in Anubs and
g the Tmbstep-Ash boundary the single whte aTow points to 3 terrace in Atum

www.esaint ESA/Rasotta/MOS for GSIRIS Toam MPS/UPD/LAM/TAAISSOVINTA/UPMABASE/IDA; M. Massirani ot ol 20151 European Space Agency




6/P — morfologie povrc

% THE TWO LOBES OF COMET 67P/CHURYUMOV—GERASIMENKO

‘ 3‘-%??34@"-

www.esa.int

Left: high-resolution OSIRIS images were used to visually idenlify over 100 terraces [green)
or strata — parallel layers of matenial (red dashed lines] = in exposed diff walls and pits all
over the comet surface (left top: Hathor and surrounding regions on comet's small lobe; bottom:
Seth region on comet's large lobe).

Above: 3 3D shape madel was used to determine the directions in which the terraces/stra-
ta are sloping and to visualise how they extend into the subsurface. The strata 'planes’ are
shown supenmposed on the shape model [above left] and alone [above right) and show the
planes coherently onented all around the comet, in two separate bounding envelopes {scale
bar indicates angular deviation between plane and local gravity vector).

Right: local gravity vectors visualised on the comet shape model perpendicular to the terrace/
strata planes further demonstrate the independent nature of the twa lobes.

ESA/Rosetta/MPS for OSIRIS Team MES/UPI/LAM/TAAISSD, SUPM/DASP/IDA; M. Massivory of ol [2015]

U

European Space Agency




67P — morfologie povrchu




P — morfologie povrchu




6/P — morfolo

e povrchu




I 6/P — vlastnosti povrchu

podle méreni VISTIS je povrch komety je pokryt vrstvami
bohatymi na organicke slouceniny

nejbohatsi povrchové zdroje vody ji obsahuji asi 4%
presto je kometa velmi aktivni ...

v miste pristani Philae je pod vrstvou prachu je povrch
velmi tvrdy, patrne se jedna o usedle vrstvy uhlikateho
a mineralniho prachu (mozna ve smesi s vodou)
vetsina hmoty komety je zrejme tvorena uhlikatymi

slouCeninami a mineralnimi kompaktnimi prachovymi
zrny o velikosti 0,1 — 1,0 mm



6/7/P — vlastnosti povrchu
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I 67P — povrchova teplota

asl 3,6 au od Slunce - maximum na povrchu ... asi 230 K

v hloubce 1,5 cm... asi 180 K
v hloubce 5 cm... asi 160 K

| pokud by jadro bylo pod 1,5 cm hloubky z Cistého ledu,
nestaci to, k uvolnéni pozorovaneho mnozstvi vody

vetsina pozorovane vody je z vrstvy do 1 cm !!!

k uvolnovani prachu (a velkych shluku) z povrchu
dochazi pusobenim sil, které jsou nezavislé na tlaku
vodni pary, ten prebira ulohu az pri urychlovani castic
v kome !!!



67P — povrchova teplota
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67/7P — chemické slozeni

pomeérne zastoupeni D/H
detekce O,, N,, CO,
detekce vzacnych plynu (Ar, Xe, Kr)

detekce fosforu

organické slouceniny:
metyl isokyanat | . ‘?'??f 2
aceton s :
propionaldehyd |
acetamid ] : %
it

glycin
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67/7P — chemické slozeni

. molekularni kyslik: 1 — 10% obsahu H,O (vice

% ROSETTA HAS MADE THE FIRST DETECTION OF MOLECULAR OXYGEN AT A COMET

Highr-esolen meaamenents

ROSINA-DFMS

et choer bn 1he roomet Yom Be nudhees
Turkeus. a5 eapected. (Y

Mrbtisn to the detection

ter donity las

0=
0, seeder ternty [tivary ususl

lay 2015 Feb 2015 N 2215

The 0UH,0 e oy watiliom we attrdated iy

e -

- o dvcrvwne of Ay wetorxn cile The ewwen | covedent

lewed argiies that 0. o set prochaced tackey by g e with surace wes, whweraeae £ waskd rpeety
trety Dreteped, toe O, rmasst hewe been intoepested & v oot 'y ey dhaing ity

s bewng redoaned weth the water w0 Sy

The secidts weve collected between Sootemaer 2014 and Maxch 2014

WAWasa. Int Maplom = OF §F-SA 160 30, Deto: A Sl #) ¢ furspean Sgace Agency




I 6/P — kometarni aktivita

inklinace drahy asi 7°

sklon rotacni osy k rovine
obéhu asi 52°




I 6/P — kometarni aktivita

pocCatecni lokalizace aktivity (oblast krku)
I . globalni rozlozeni pomérné rovhomeérné (led)
jety, vytrysky, aktivni ,jamy’ (pits)
lokalni zvysena aktivita maximalne 5% povrchu

makroskopické struktury komy jsou dusledkem tvaru
jadraa nikoli lokalizované aktivity !!!

vlastnosti komy lze poslat prakticky rovhomernym
rozlozenim aktivity (faktor 3), modely nevylucCuji malé

(50 m) aktivnejSi lokality, ale jsou rovhomeérné rozlozeny
po povrchu a jsou jich stovky



I 6/P — kometarni aktivita




I 6/P — kometarni aktivita

vyrazna denni variace (dana vlastnostmi jadra)
sezonni variace (dana sklonem rotacni osy)

distribuce prachu po povrchu

v okoli prisluni je jizni polokouli velmi aktivni (Iéto 1,7 au
pred az 2,6 au po prisluni), severni je naopak ve stinu

ukladani prachu (v noci nebo na zastinenych mistech)
=> hladky teren (vrstvy az radu m)

v ramci chyb usedajici prach obsahuje jisté mnozstvi
vody, takze stale muze byt zdrojem aktivity



I 6/P — kometarni aktivita




I 6/P — kometarni aktivita

v komé pomeér prach/voda — asi 6:1 az 100:1
I - pomeér prach/plyn asi — asi 4:1 (5:1)
Cl chondrity maji pomér prach/plyn 3 a porositu 70 %

hmota povrchu obsahuje méne nez 1% vody
(lokalné nékolik %, planiny v okoli severniho polu az 15%)

ztrata 1 m hmoty (lokalné az 15 m)
na pruchod pfislunim




6/P — kometarni aktivita
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6/P — kometarni aktivita

2 COMET ACTIVITY AND CLIFF EROSION

1. Cliff with insulating layer of dust 2. Cracks generate and propagate 3. Heat reaches buned ices, sublimation 4. Weakened wall collapses; freshly
covers mix of ice and dust from cliff edge due to thermal intensifies cracking exposed ices and fallen boulders
and mechanical stresses generate additional activity

Ewropean Space Agency




I 6/P — kometarni aktivita

voda na povrchu




6/P — kometarni aktivita

2 ACTIVE PITS ON COMET 67P/CHURYUMOV-GERASIMENKO

* (lose-up of Seth_01 shows Heis 9 Active pits contribute to the comet's
emanating from the pit walls overall activity seen from afar.

Ma'at_01
Ma'at_02
\ Ma'at_03

The pis woee identifod in DSIRIS mages taven Asquat-Octsber 2014

1. Hest causes subsuriace bees te sublimate [Bius arrows), lorming a cavity [Z), When the tefing becomes 1oo weak th suppart its awn
woght, it collapses, creating & dosp, arcdar pit (3, erangs arrow]. Newly mxpasec matenal in the pit walls sublimatos, accounteg for
the observed aclvity (3, blue arrows)

www.esa.int Contity: ESA/Rasects/MP5 for DSIRTS Trome MPSURDAAMIAASSSOVINTAVUPM/DASP/IRA; S8 Winoeat of of (20157 European Space Agency




67/P — prachové castice




I 67/P — prachové castice

kompaktni zrna
. hustota 800 az 3 000 kg/m3
- 0,03-1mm
castice s vyznamnym tepelnym pretvorenim
podobny typ zachycen u komety 81P/Wild
vétSina hmoty (nedochazi k sublimaci ani rozpadu)

konglomeraty
sprsky/roje trvajici 0,1 s az 30 s (subsprsky)
0,2-2,5 mm
pocCetne prevazuiji, jejich celkova hmotnost je minimalni
volne vazaneé sub-mikronové Castice
celkova hustota 1 kg/m3 (velmi vysoka porozita)
neobsahuji vodu/vodik (nebo jen velmi malo, < 15%)
obsahuji sodik Na
obsahuji rozsahlé uhlikate molekuly
vV noci a po prisluni se zpet ukladaji na povrchu
efektivné se prenaseji po povrchu



I 67/P — prachové castice




67/P — prachové




I 67/P — prachové castice

ve vzdalenosti 3,7 az 3,4 au od Slunce

I . vazaneé castice
4cmaz2m

detekovano 350

ne blize nez 130 km od Rosetty

unikajici Castice
<1,7cm
detekovano 48
do vzdalenosti 20 km od Rosetty



67P — magneticke pole

velmi slabé ( ~ 2 nT)

3+ MAGNETIC FIELD MEASUREMENTS BY ROSETTA AND
PHILAE JUST BEFORE SECOND TOUCHDOWN
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67P — magnetickeé pole

velmi slabé ( ~ 2 nT)

+ PHILAE'S MAGNETIC FIELD MEASUREMENTS BEFORE AND AFTER SUFACE COLLISION

The measurements are compared with a hypothetical model assuming a slightly magnetised surface.
The model also includes the strength of and varfation in the interplanetary magnetic field near the comet nucleus

0 1

Hevght auve surface {mi

held strangth {nT)

4 5 6

Heght Showe surface [m)

Comet: ESA/Rosetta/NAVIAM-CC BY-5A IGO0 3.0; Data from Auster et al (2015]




I 67P — magnetickeé pole

magnetické poruchy v okoli = reakce na IMG

_Rosetta Magnetometer on July 26, 2015
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