Z Kosic na kométu, Merkur a Ganymedes

Jan Balaz
Ustav experimentalnej fyziky SAV
Oddelenie kozmickej fyziky
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Rosetta _
...nedokéazali sme dostat’

komeétu do laboratoria, tak
sme poslali laboratérium
na kometu...
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Preco Rosetta ?

Rosettska doska, najdend v r. 1799, pomohla rozlustit' egyptské hieroglyfy, ¢im
poodhalila dejiny nasej civilizacie o tisicroc¢ia dozadu.
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Ciel’ Rosetty: Kométa 67P-Curjumov-Gerasimenko

67P/Ch Cor sk Rozmery jadra (odhad): ~ 4 km
uryumov-Gerasimenko o o )
ESO 3.6m Telescope, LaSilla, Chile Doba rotacie okolo vlastnej osi: 12,3 hodin

11.02.2003 04:55 UT Obezna doba okolo Sinka: 6.57 roka

Perihélium : 194 mil. km (1.29 AU)

Afélium : 858 miliénov km (5.74 AU)

Albedo: 0,04

Rok objavu: 1969

Objavitelia:  Klim Curjumov (UA)
Svetlana Gerasimenko (UA)
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Zakladné technickeé udaje sondy Rosetta

Rozmery:

hlavna struktura 28x21x2.0m

rozpatie sol. panelov 32 m

plocha sol.panelov 64 m?

vykon sol. panelov 8700 W-1AU \ @@
850 W-3.4AU &

395W-525AU WA |
\ S el

Hmotnost' pri Starte:
celkova: 2900 kg
palivo 1720 kg
vedecky naklad 165 kg
Lander Philae 100 kg

Propulzny systém: 24 thrusterov 10N
palivo MMH + N,O,

Operacéna doba: 12 rokov (2004-2016)
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ROSETTA a Philae v laboratériach ESA-ESTEC
L Cesa

ROSETTA
pozostavala z
dvoch casti:

Orbiter —na
orbite v
blizkosti
kometarneho
jadra,

Lander — pristal
priamo na
povrchu jadra.
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Lander (Philae)

Hmotnost’: 100 kg

Vypustenie z vySky: ca 22 km

Rychlost’ oddelenia: 0,05 - 0,52 m-s

Odpruzenie: Trojnohy podvozok,

Ukotvenie: 2 harpuny + 3 snezné skrutky,
Korekcie ndklonu, Rotécia 360°

Z KoSic na komeétu, Merkur a Ganymedes Noc vyskumnikov, 29. 09. 2023 strana 7



7 /7
/

testy

VR
B Ay S e

\ 3 =
\
gl -
\
e
-4 =
- -

é

W e oo e s S

\vd

cn

SRR S S S
e /

e e S T s =

e st

)
»\ \v - ‘K ~ J
\,, Y —— ] ey
NS =y e o
.\. / 4 / .( la
g s .Ac.. = = =
< o >

/

Noc vyskumnikov, 29. 09. 2023

S
S
~—
N
NS
~

vibracne a

|

DR |AlmFg '

Ilae
———

v 7

Z Kosic na kométu, Merkur a Ganymedes

Lander Ph




ESS-processor (Interface Orbiter — Lander)

Wax

Mechanical

Release
ROSETTA %l;gfe,org Push-off Moto ROEIBTTA

Lander
(Philae)

Orbiter

Power Power Cogtrol ESS
Distribution >| Distrib.

Timing

Umbilical

Y Cable
/ Command & Data
Management
System

On-Board Data S
Data Handling Communication

—

Radio-Link

ESS-processor zabezpecoval oddelenie pristdvacieho modulu Philae od
Orbitera a obojsmernt datovi komunikaciu medzi nimi.
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Z realizacie ESS-procesora (2000 - 2001)
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Zaverecné prace na ESS procesore (STIL 2001)
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Elektronicky Servisny System Rosetta / ESS

—y—

i ROSETTA - §
| ESS Processor Unit |

Flight Spare - 02
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Lander - oddel’ovaci mechanizmus (MSS)
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emergency
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A (on Lander)

push-off mechanism
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Lander - oddel’ovaci mechanizmus
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Orbiter — Vedecky naklad (payload)

ALICE Ultraviolet Imaging Spectrometer

CONSERT Comet Nucleus Sounding Experim. by Radio Transmission
COSIMA Cometary Secondary lon Mass Analyser

GIADA Grain Impact Analyser and Dust Accumulator

MIDAS Micro-Imaging Dust Analysis System

MIRO Microwave Instrument for the Rosetta Orbiter

OSIRIS Rosetta Orbiter Imaging System

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

10. RSI Radio Science Investigation

11. VIRTIS Visible and Infrared Mapping Spectrometer

© 0 N A W
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Lander Philae - Vedecky naklad

APXS Alpha-X-ray spektrometer

CIVA Panoramaticka a mikroskopicke stereo-kamery

CONSERT Radiova tomografia jadra (s CONSERT - orbiter)
COSAC Analyzator plynov - prvkova a molekularna analyza (chiral.)
MODULUS Ptolemy Analyzator plynov - izotopova analyza
MUPUS Meranie podpovrchovych vlastnosti (penetrator)

ROLIS Down looking camera® — detailné snimkovanie povrchu
ROMAP Magnetometer a plazmovy monitor

© 0 N O Ok W

SDZ Vrtaci systém a transport vzoriek na analyzu
10. SESAME Seizmicky, elektricky, akusticky a prachovy monitoring
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Lander - rozmiestnenie vedeckeho nakladu

SESAME
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Start sondy ROSETTA v Ariane 5G+
02. 03. 2004

( kozmodrom ESA Kourou,
Francuzska Guyana ) S
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10. 2014/11/12 67P (pristatie Philae)

2004 /03/02 Start (Kourou)
2005/03/04 Zem (prelet 1950km)
2007/02/25 Mars (prelet 250km)
2007/11/13 Zem (prelet 5300km)
2008/09/05 Steins (prelet 802km)

2009/11/13 Zem (prelet 2481km)

Letovy plan sondy
ROSETTA

2010/07/10 Lutetia (prelet 3162km)
(2011/06/08 - 2014/01/20) — hibernacia

2014/08/06 67P (priblizenie ~100km)

11. 2015/08/13 Perihélium (1.2432 AU)

12. 2016/09/30 Koniec misie (Grand Finale)
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Rosetta nad
planétou Mars

(25. 02. 2007,
250.6 km )

“One-Billion Gamble”

(Mawrth Vallis region)

foto:
CIVA-P

Z KoSic na komeétu, Merkur a Ganymedes Noc vyskumnikov, 29. 09. 2023 strana 20



Asteroid 21 Lutetia

(10. 07. 2010, 3162 km, 15km/s)
OSIRIS imaging (1px = 60m)

Hmotnost® 1.7 x 1018 kg,

Hustota ~ 3.4 glcm3 -
pomerne vysoka, obsah Fe

Povrch chondriticky

Vnatro asi  bolo kedysi
pretavene.

Lutetia je pravdepodobne
primordialna planetezimala.

(s

@esa
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OSIRIS telefoto
14 September

Polomer kruhu
500 m.
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Pristatie na komete 67P (12 november 2014)
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Pristatie na komete 67P (12 november 2014)
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Welcome to a Comet | ﬁ%
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Prebldzanie kométy... .
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2700 m

(2. 9. 2016)

Philae found
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Koniec misie (30.9.2016, 3.6 AU)
»Grand Finale“- kontrolovany Qé'r.az v-oblasti.Maat

.-
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Report
67P/Churyumov-Gerasimenko, a
Jupiter family comet with a high D/H

ratio
K. Altwegg et al.

ratio three tin at th, w

diverse origins for comets in this class

Report

The organic-rich surface of comet
67P/Churyumov-Gerasimenko as
seen by VIRTIS/Rosetta

F. Capaccioni et al.

of an illuminat omet is

resence of nonvolatile organics and

The reflectance be

Time variability and heterogeneity i
the coma of 67P/Churyumov-
Gerasimenko

M. Hassig et al.

rometry performed in situ shows a highly

ma with large diurnal and possibly

» RELAT

Report
Birth of a comet magnetosphere: A
spring of water ions

H. Nilsson et al.

Report

Subsurface properties and early
activity of comet 67P/Churyumov-
Gerasimenko

S. Gulkis et al.
Veasurements at a comet yield water production rates and

an assessment of low thermal inertia

Z Kosic na kométu, Merkur a Ganymedes

Nespocer vedeckych publikacii v prestiznych
casopisoch... (doposial’, aj v buducnosti)

Research Article

On the nucleus structure and
activity of comet 67P/Churyumov-
Gerasimenko

H. Sierks et al.

A comet with an unusual shape has an array of surface
features and high porosity, with early outgassing between its
two lobes

Research Article

The morphological diversity of
comet 67P/Churyumov-
Gerasimenko

N. Thomas et al.

mages with better than 1-met
a comet’'s morphology wit

processes

ner-pixel resolution shows

for complex active

Research Article
Dust measurements in the coma of
comet 67P/Churyumov-

Gerasimenko inbound to the Sun

A. Rotundi et al.

Observations of the dust outflow show bound and unbound
grains and imply a comparatively high dust-to-gas ratio of 4
Latest News

Close-ups of comet Churyumov-
Gerasimenko/67P reveal an actively
sculpted surface

E. Hand

Diversity of features points to a more complicated cometary

birth

Noc vyskumnikov, 29. 09. 2023

nature International weekly journal of science

Home | News & Comment | Research ‘ Careers & Jobs | Curent Issue ‘ Archive | Audio & Video | |

ARTICLE PREVIEW
view full access options

NATURE | LETTER

BFSEERH

Aggregate dust particles at comet
67P/Churyumov—Gerasimenko

Mark S. Bentley, Roland Schmied, Thurid Mannel, Klaus Torkar, Harald Jeszenszky, Jens
Romstedt, Anny-Chantal Levasseur-Regourd, Iris Weber, Elmar K. Jessberger, Pascale

Ehrenfreund, Christian Koeberl & Ove Havnes

Affiliations | Contributions | Corresponding author

Nature 537, 73-75 (01 September 2016) | doiz10.1038/nature19091

Received 17 December 2015 | Accepted 06 July 2016 | Published online 31 August 2016

The presence of clathrates in comet

67P/Churyumov-Gerasimenko

Article /7 Science Advances - April 2016

DOI: 10.1126/sciadv.1501781

Properties of the 67P/Churyumov-

Gerasimenko interior revealed by CONSERT

radar

Article  Science - July 2015

)I: 10.1126/science.aab0639
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Voda VA kométy 6/P je Iné. (Iné izotopové zloZenie - D/H pomer)

Iiosetta's RdSINA instrument finds | Zem: ]..'561>< 10'.4 (0.0156 %) ' .
Comet 67P/Churyumov-Gerasimenko's ~67P:; 5.3 x10% (0.053 %) | @esa
‘water vapour to have a significantly : 2

- - - .
different composition to Earth's oceans.
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iag ‘ g wh the Solar System | Belt ‘comets originating from the Oort cloud (purple) and Jupiter family comets [pink). Comet 67P/C-G, 3 Jupiter family comet,
[ proportion asteroids il i g \ is highlig \d in yellow. 4 = data obtained in situ ®= data obtained by astronomical methods

d to Earth's oceans

Hydrogen atom
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Bio-prekurzory: fosfor a aminokyselina glycin
ROSETTA'S COMET CONTAINS INGREDIENTS FOR LIFE - d-esa

Glycine detection

Rosina-DFMS

Phosphorus detection
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Rosetta — resume

(d ROSETTA sa ako prva sonda v historii stala suputnikom
kométy v studenej oblasti Slne¢nej suUstavy a zblizka
pozorovala jej aktivitu pri priblizovani sa k Slnku, prechode

perihéliom a pri navrate do zmrznutého stavu.

 Prvykrat v historii dielo vytvoreneé clovekom kontrolovane
pristalo na jadre komety, a analyzovalo praveky material, z

ktoreho sa kedysi zrodila nasa Slnecna sUstava.

Z KoSic na komeétu, Merkur a Ganymedes Noc vyskumnikov, 29. 09. 2023 Strana 36



alab

2
(S
)
=
3
3
W

Z KoSic na kométu, Merk




Z KoSic na komeétu, Merkur a Ganymedes Noc vyskunkbv, 29. 09. 2023 strana 38



Merkur

Najmensia planéta
NajblizSia k SInku

Ma vlastné magnetické pole
Priemer: 4880 km

Orbita: 0,3 - 0,47 AU

Dizka dfia: 176 pozem. dni
Dl'ika roka: 88 pozem dni

Albedo: 0 088

Teplota den: +427°C max
Teplota noc: -193°C min
Hustota: 5427 kg/m3
Kovové jadro >70% jeho
hmotnosti
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Preco ,,BepiColombo*

(1920 - 1984) oy
ESA: ,.Grandfather Of the. ﬂy«u )
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Vedecké zamery misie BepiColombo

Povod a vyvoj planéty v blizkosti materskej hviezdy
Vnutorna struktura a zlozenie planéty

Charakterizovanie a povod magnetického pola

I N N

Povrchové procesy, kratery, tektonika, depozity a
vulkanizmus

Struktura, zlozenie, povod a dynamika exosféry

U O

Struktira a dynamika magnetosféry

Qd Potvrdenie Einsteinovej Vseobecnej tedrie relativity
presnym meranim orbity a polohy satelitu
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Vedecky naklad (payload) MPO

PHEBUS UV spectrometer
SERENA Neutral and ionised particle analyser

1. BELA Laser Altimeter

2. ISA Radio science ACC: accelerometer

3. MERMAG Magnetometer

4, MERTIS IR spectrometer

5. MANGA Gamma ray and neutron spectrometer
6. MIXS X-ray spectrometer

7. MORE Radio science Ka-band transponder

8.

9.

10.SIMBIO  High resolution camera-spectrometer
11.SIXS Solar monitor
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Search for Exospheric Refilling and Emitted Natural Abundances

ELENA (Emitted Low Energy Neutral Atoms) INAF, Italy
MIPA (Miniature lon Precipitation Analyzer) IRF, Sweden  http://serena.iaps.inaf.it/
PICAM (Planetary lon CAMera) carried out IWF, Austria
STROFIO (STart from a ROtating Field mass spectrOmeter) SwRI, USA
« Chemical and elemental composition of the exosphere
 Neutral gas density profiles and asymmetries
» Exo0-ionosphere composition
 Exo-ionosphere spatial and energy distribution
« lon precipitation rate
« Surface emission rate and release processes (both neutrals and ions)
« Particle loss rate from Mercury's environment
» Remote sensing of the surface composition
» Magnetosphere structure and dynamics
» Planetary response to solar wind variations
* ENA imaging applications for comparative solar-planetary relationship
« Heavy ion sputtering products
Z KoSic na komeétu, Merkur a Ganymedes Noc vyskumnikov, 29. 09. 2023 Strana 43



http://serena.iaps.inaf.it/
http://serena.iaps.inaf.it/

SERENA

STROFIO
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SERENA v Space Science Review

Space Sci Rev (2021) 217:11
https://doi.org/10.1007/s11214-020-00787-3

SERENA: Particle Instrument Suite for Determining the
Sun-Mercury Interaction from BepiColombo

S. Orsini' - S.A. Livi*® - H. Lichtenegger® - S. Barabash® - A. Milillo' - E. De Angelis' -
M. Phillips® - G. Laky* - M. Wieser” - A. Olivieri® - C. Plainaki® - G. Ho’ - R.M. Killen® -
J.A. Slavin® - P. Wurz’ - J.-]. Berthelier'” - I. Dandouras'! - E. Kallio'* -

S. McKenna-Lawlor!? - S. Szalai'* - K. Torkar® - O. Vaisberg!® - F. Allegrini’ -

I.A. Daglis'®!” . C. Dong!'® - C.P. Escoubet!” - S. Fatemi® - M. Frinz*’ - S. Ivanovski*! -
N. Krupp?’ - H. Lammer* - Francois Leblanc!’ . V. Mangano! - A. Mura! - H. Nilsson® -
J.M. Raines® - R. Rispoli' - M. Sarantos® - H.T. Smith’ - K. Szego'* - A. Aronica' -

F. Camozzi*? - A.M. Di Lellis* - G. Fremuth* - F. Giner* - R. Gurnee?* . J. Hayes’ -

H. Jeszenszky* - F. Tominetti?? - B. Trantham? - J. Balaz*® - W. Baumjohann?* -

D. Brienza' - U. Biihrke?’ - ML.D. Bush” - M. Cantatore? - S. Cibella?® - L. Colasanti! -

Laboratory for Atmospheric and Space Physics, Boulder, CO, USA

Institute of Experimental Physics SAS, Slovak Academy of Sciences, 040 01 KoSice, Slovakia

[stituto di Struttura della Materia (CNR-ISM), 00133 Roma, Italy
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SERENA /PICAM
( Planetary lon CAMera )

¢ Ja-Propucrs

SPACE PHYSICS
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vlodeloa byl L |(FYY MISSION DATES
Date

20 October 2018
13 April 2020

16 October 2020
11 August 2021
1 October 2021
23 June 2022

20 June 2023

S 5 September 2024
2 December 2024
9 January 2025

5 December 2025

14 March 2026
1 May 2027
1 May 2028

Mission event
Launch

Earth flyby

First Venus flyby
Second Venus flyby

< Flfs:t }Ieary :ﬂirby >

Second Mercury flyby
Third Mercury flyby
Fourth Mercury flyby
Fifth Mercury flyby
Sixth Mercury flyby
Arrival at Mercury

MPO in final orbit

End of nominal mission

End of extended mission



BepiColombo
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BepiColombo

MMO (Mio) Mercury Magnetospheric Orbiter

MOSIF Magnetospheric Orbiter Sunshield
and Interface Structure
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MIPA N
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https://scifleet.esa.int/
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1 October 2021

BepiColombo, Monitoring Camera #2 534412 UTC
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Niektore zavery z prveho preletu (Nature comm.)

 Prudy proténov s energiou nickol’ko keV na nocnej strane vnutri

magnetosféry vypovedaju o distribucii plazmy s charakterom
prstencového prudu.

1 Magnetopauza a razova vina na dennej strane boli detegované ovela

blizsie k planéte, nez sa ocakavalo, ¢o sved¢i 0 magnetosfere silne
erodovanej slne¢nym vetrom.

O Pristroje vedeckéeho komplexu SERENA, PICAM a MIPA
detegovali rozlicné plazmové oblasti v magnetosfere a odhalili
detaily, ktore este nikdy neboli pozorovane
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Ganymedes
5286 km

Eurdpa
3120 km

Kallisto
4820 km (Merkur: 4880 km, Mesiac Zeme: 3475 km)



Metallic Core Ice Covering

- o \
160°C Liquid Ocean Under Ice

Hubble‘—HS'-I' Vytrysky vodnej pary  Galileo (1995-2003)

Z KoSic na kométu, Merkur a Ganymedes Noc vyskumnikov, 29. 09. 2023 strana 62



Europa
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M ag n e'[O Sfé a J u p |te a (oblast’ dominancie Jupiterovho mag. pola nad mag. polom Sinka)

« Jupiter ma vel'mi silné magnetické pole, predpoklada sa, ze je generované
tokom elektricky vodivého, tzv. kovového vodika.

« Magnetosféra Jupitera je radiacne najdrsneSie prostredie z celej slnecnej
sUstavy

» Mesiace Jupitera efektivne interaguju s jeho magnetosférou, Ganymedes ma
aj vlastné magneticke pole
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\Y} ag netosféra Ju P Itera (zachytené radiacia — Van Allenove pasy)

SiloCiara
magnetického pola

Lorenzova sila:
F=q(vx B)

Severny zrkadlovy bod

Mg

\‘

Juzny zrkadlovy bod ~ Spiralova trajektoria
zachytenej Castice
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Misia NASA-Juno

Launch: Aug. 2011
Jupiter arrival: July 2016
Deorbit: July 2021
Extension: Sep 2025
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Misia NASA-Juno
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Misia NASA-Juno Ganymede flyby
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Misia NASA-Europa Clipper

m—
— craf
.

Launch: 10.10.2024
Arrival : 11.4.2030
40-50 flybys
2700-25 km altitude
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Misia ESA JUICE

« JUICE (JUpiter ICy moons Explorer) je najvyznamnejsia ,,large-class® misia
ESA v ramci programu Cosmic Vision 2015-2025.

* Rozpocet misie je 1,6 miliardy EUR
« Start 14.4.2023, prelet Z->J 8 rokov, s grav. asistenciami Zem(3x) a Venusa(1x)

* Orbitu okolo Jupitera dosiahne v juli 2031, vedecky program na 3.5 roka,
27 preletov okolo mesiacov Europa, Ganymedes a Kallisto

 Zaver misie - orbita okolo Ganymeda cca 1 rok, zanik riadenym narazom

I
Perijoves A A A AA/IMAAIIIAAMIMMAA MA

Callisto T A AAMASAIAAA

Ganymede AN
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Sonda JUICE

Solarne panely
85 mz2, 820W,
SC,= 46W/m?
— 2 P
(SCe = 1360 W/m/)/,./-- 7

"

—

// A\ High gain antenna
: D=2,6m

Hmotnost pri Starte: 5963 kg
Palivo: 3650 kg
Sonda netto: 2420 kg
Max. rozmer: 27 m
Hlavny motor: 425 N
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Vedecky naklad sondy JUICE

JANUS - Camera system optical camera

MAJIS - Moons And Jupiter Imaging Spectrometer

UVS - UV imaging Spectrograph

SWI - Sub-millimeter Wave Instrument

GALA - GAnymede Laser Altimeter

RIME - Radar for Icy Moons Exploration

J-MAG - JUICE MAGnetometer instrument for

PEP - Particle Environment Package

RPW!I - Radio & Plasma Wave Investigation

10. 3GM - Gravity & Geophysics of Jupiter and Galilean Moons
11. PRIDE - Planetary Radio Interferometer & Doppler Experiment

© 00N o Ok Wb
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PEP (Particle Environment Package)

1. JDC - Jovian plasma Dynamics & Composition == |RF Kiruna
2. JEI - Jovian Electrons & lons = MPS Gottingen

3. JoEE - Jovian Energetic Electrons 2= JHU APL Maryland
4. JENI - Jovian Energetic Neutrals & lons = JHU APL

5. JNA - Jovian Neutrals Analyzer == IRF Kiruna

6. NIM - Neutrals & lons Mass spectrometer [#F Uni Bern

.|_

e
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PEP/JDC

Deflektor

/”

ACM

Elektrostaticky SSD
Analyzator PolovodicCovy
Detektor
CEM Koa’xiélny
Kanaltron kabel

Elektronicky

Reflektron Modul

MCP
Mlkrokanalkova )
platha
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ESA PECS kontrakt (Plan for European Cooperating States)

ESA Contract No. 4000125788/ 18/NL/ SC

with

Institute of Experimental Physics,
Slovak Academy of Sciences

Slovak contribution to ESA-JUICE mission:
Development of Anti-Coincidence Module ACM for
Particle Environment Package PEP
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ACM - Anti Coincidence Module of PEP/JDC

Anti-coincidence SSD Anti-coincidence SSD Electrical shielding (titanium housing) at GND=0V

Ceramic-based
carter (pcb) ;. to AZSOF
_..-bonds P

FANAN

[ /]
secondary e secondary e I"F“'
penetrating ; 7y

nominal electron . Conversion foil at -400V .
plasma Transfer tape SSD Chip ohmic side
ion metalization
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ACM funkcna blokova schéma
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ACM -

Antli
Coincidence
Module
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Kalibracia ACM
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[ Amptek ADMCA  DAAPPARATS\001-PEP-JUICE\0001-ACM_v3\MCAB000\2018-11-26-Cd109-woBLR2.mca
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TVAC ACM/FS 26.06.2020 f 12:13 - 17:00

--Shroud

ACM - OFF
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Cesta ACM 7 Kosic na Ganymedes zacina ...
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Integracia ACM do
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JDC

Konecna
podoba
S tieniacim
stitom
(W+Al)
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JDC na palube

oY
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JDC na palube
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JDC na palube JUICE

Instruments inside the spacecraft:
3GM:

« RIME :
/ i
/ - HAA

S/
/ = RPWI
. ——— PEP

SWI — JANUS
GALA
MAJIS
PEP
RPWI

PEP/JDC
s ACM

Magnetometer boom
(J-MAG, RPWI)
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TREMOVE FOR FLOHT
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JUICE launch 14.04.2023 14:14:00
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EUROPEAN SPACE AGENCY

Presents this certificate to” &

e =

Jan Balaz

e

In recognition of your outstandiﬁg contribution made
to the Juice mission

Launched on the 14 April 2023

G. Sarsi
Juice Project Manager

C. Mundell
Diretto; of Science

www.esa.int

* THE EUROPEAN SPACE AGENCY
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Dakujem za pozornost’ !
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