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Z historie kosickeho kozmického vyskumu

O Tradicia uz od za¢iatku 50-tych rokov 20. storocia, prof. Dubinsky na LS
d  INTERKOZMOS — kozmické lety, uz odr. 1970

Prof. Juraj Dubinsky Prof. Karel Kudela Ing. Jozef Rojko, CSc
(*1914 — $1994) (*1946 - +2019) (*1934 - +2011)

[ Kozmicka fyzika: vyskum fyzikalnych vztahov v systéme Sinko—Zem a heliosfére
prostrednictvom kozmického ziarenia a kozmickych energetickych castic.

[ Kozmické inZinierstvo: vyvoj pristrojovej techniky pre vesmirne sondy
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Primary cosmic rays

Registracia kozmického ziarenia

o na Lomnickom Stite
o (2634 m. nm)

i IGY 1957 / 58
=7 _ UEF zabezpecuje dodnes
goor fv/ N p‘i ( http://neutronmonitor.ta3.sk )

shower
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Detektory

kozmického ziarenia

na Lomnickom sStite
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Nuklearne emulzie a PG-1 ... od r. 1970

RNDr. Ladislav Just, CSc PG-1
(*1946 - +2004) ( UK-Praha, IK-3,IK-5, IK-13)
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Nuklearne emulzie

] 2
Orbitalna stanica :Q MIR (423 03 2001

DOZIMETRIA
Misia STEFANIK

2

“©NASA-STS 12.06.1998
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SK-1 DOK-T DOK-1 SPE-1
Interkozmos-17 (1977) Prognoz-10 (1981) Active (1989), MIR (1996)

DOK-S SONG-E DOK-2 SLED-2
Coronas-| (1994), -F.(2001)

NUADU MEP-2 PICAM

Double Star (2004) ESA-Rosetta (2004) Radioastron (2011) BepiColombo (2018)



" ‘Interkozmos-17
24.91977
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< DOK-1

DOK.T ] PROGNOZ

PROGNOZ-10
(1981)

INTERSHOCK
(1985)

DOK-2
INTERBALL-T
(1995)
INTERBALL-A
(1996)
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" ACTIVE
1989
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. "I\/I,AGI':ON-Z, ACTIVE (1989) "
 MAGION-3, APEX (1991) |

. MAGION-4, IN'I"EI-’{BALL-.T (1995)
MAGION-5, INTERBALL-A (1996)
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MAGION

a
ACTIVE

(AUOS-2)

CYKLON
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' CORONAS - |
2.3.1994
CORONAS-F
31. 7. 200
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Kozmicka fyzika vo vztahoch SIinko-Zem

J SInko je zdrojom, ktory uz takmer 5 miliard
rokov zasobuje pozemské zivotné prostredie
energiou nevyhnutnou pre zivot najma svojim
svetlom a teplom (elektromagnetické Ziarenie)

1 Az moderna veda odhalila (Explorer-1, 1958,
Van Allen), ze SInko na Zem vyznamne pdsobi a]

energetickymi Casticami (korpuskularne ziarenie)
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SInecny vietor

0 Je nepretrzity prid nabitych energetickych castic (plazma),
ktoré SInko vyvrhuje do kozmického prlestoru S —

B Typlcké zloZenie (16ny): 95% H, 4% z % tazSie prvky
N,O,.. Fe plus elektrony — ;

',ii Typicka rychlost’ ustalen¢ho slnecn€ho vetra je oko 0_40Qk&£5:
~no niekedy dosahuje az 800km/s -

0 Typlcka hustota ustaleneho slne¢ného vetra v blizkosti Zeme
je 6 idnov / cm?3



Vyrony korondlnej hmoty CME

1 Homogenitu
ustalen¢ho
slne¢ného
vetra najviac
narusuju tzv.

vyrony
koronalne; -‘.'3:;'&‘ -
hmoty o N

¥
d~2-3 CME / .
den v sol F
maxime, -~1
CME/tyz
sol. min.
J CME st obrovské mraky nabitych slne¢nych castic previazanych
vlastnym magnetickym pol'om (tzv. plazmoid)
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ISES Zelar Cycle Sunspot Number Progression
Observed data through Dec 2017
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Updated 2018 Jan B MNOA8/SWPE Boulder,C0 LSA

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

H>0.0% E>0.1% M1>1.0%

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA)

1910 1920 1930 1940 1950 1960 1970 1980 1990
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Vyrony koronalne] hmoty CI\/I E

J CME smerujtce k u
Zemi mbzu vyznamne N
zasiahnut’ a ovplyvnit’ "?{‘}ﬁ"_ 2 X
magnetosféru, nieckedy % b
aj s fatalnymi g AR
nasledkami

J Rychlost’, hustota a
lokalny smer ; A,
slne¢ného vetra a b e
medziplanetarne e =
magneticke pole IMF
su veliCiny vel'mi
premenlive a urcuju
tzv. kozmické pocasie
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Efekty kozmického pocasia

O Ohrozene elektronické systemy satelitov
O NepredvidateI'né zmeny orbit satelitov (predCasny zanik)
a Ohrozene posadky kozmickych lodi (ISS)

O Ohrozena posadka a pasazieri dial’kovych leteckych liniek, nayma v
polarnych oblastiach (oZiarenie)

a Poruchy radiovych komunika¢nych systémov
a Poruchy energetickych sustav

0 Elektro-koro6zia dial’kovych potrubi

O Zdravotne problémy citlivych jedincov

0 Vplyv na pozemsku Klimu, pocasie, Zivotné prostredie (ohrev,
oblac¢nost’, atmosférické chemické a jadrové reakcie)

2 Polarna ziara
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Efekty kozmického pocasia

Galactic

Cosmic

Rays

Computer and Memory :
Surface and Upsets and Failures ’ ol
Interior cx Micrometeoroids >4
Charging ‘ ¥ Astronaut
= Safety
\\\\ (9" Solar Flare
Magnetic Solar Cell RIoLonS
Attitude Control Damage ’

Atmospheric Drag

e

lonosphere currems ' 6
- Plasma Bubble >

Rainfall
NVater Vapor

Telecommunication Cable Disruption
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Magneticke pole Zeme

The Earths Magnetlc Fleld N - O dipdlovy

S R‘dgg:etm » ﬁg?tghl’;gllgc 3 .' | Chal’aktel‘

Pole loa
> !

d Povod:
elektrickée
prady
(geodynamo)

-0 nie je stale,

zmeny
e ic - soun® Intenzity aj
,_. .. " .Southole  pganetc T - o polarity
Larger versions of this image are availa bl ontact peter.reid@ed.ac.uk 2 X , : Peter Reid (SCI-FUN), 2003 —~ 1 mil rOkOV
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Magnetosféra Zeme

0 oblast, kde
dominuje
magneticke pole
Zeme

Bow shack

O Je produktom

urrent

interakcie
geomagnetického
: pol’a, slne¢ného
trintie 7 vetra a
Plasma shest boundary medZIPI anetémeho

magnetickeho pol'a

0 Dominuje zona
> b ¥ e zachytenej radiacie
i B ‘ radiacné pasy

-0 Nadennej strane

stlacena slneCnym
vetrom (~70000km)

0 Na nocnej strane je

P silne pretiahnuta do
/ \ Dayside Magnetopause ChVOSta (~m1hény
é )

Solar wind
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Pohyb nabitych ¢astic v geomagnetickom poli a
zachytena radiacia
(Van Allenove radiacné pasy)

0 Nabita c¢astica podlieha v magnetickom poli silovému
posobeniu. Lorentzova sila: F =q(v x B)

a Silové pdsobenie geomagnetického pola odklana nabité
castice slnecného vetra od priamociarecho pohybu

a Dipolové geomagnetického pole sposobuje Spiralovy
pohyb a zachyt velkého mnozstva energetickych Castic
do radia¢nych pasov

3 Driftovymi pohybmi ¢astic vznikaju elektrické prudy

« LAB strana 24



Juzny zrkadlovy bod

SiloCiara zemskeho
magnetického pola

Spiralova trajektoria
zachytenej nabitej Castice



( PRIEMET DO
ROVNIKOVEJ

GEOMAGNETICKY ST

ROVNIK h TRAJEKTORIA
. . ENERGETICKEHO

.

R IONU

GRADIENT

: INDUKCIE
Y MAGNETICKEHO
DRIFTOVA POLA

ZLOZKA
POHYBU



Geomagnetické buarky a Prstencovy prud
(Ring Current RC)

372 31+
OaY QF YEAR Z20C4

DST-index (Disturbance Storm Time)

Magneticka burka: Masivny prienik nabitych energetickych Castic
do magnetosféry pri prichode CME a vhodne] konfiguracii

medziplanetarneho magnetického pola IMF.
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'--Spek’tr-R f"(Radi,ost.rO 1) » 2011 2019

EI Radlo- .
astronomicky
satelit:s'10

.metrovou

“parabolickou
" anténou na
orbite Zeme

Orbita4e
vhodna pre
kozmo-
fyzikalne-
experlmenty

. . . . B
* -
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Polovodicovy detektor ionizujuceho ziarenia

Metal contact

photon

p+ implant

(_7

n-type bulk oje

e ¢electron

“ hole

polavization voltagemustt n+-type implant
be high enough to deplete
jithe fall getectprititichnes)
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MEP 2—- blokova schéma

(Monitor of Energetic Particles)

240mV/MeV 3.2V/IMeV
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MEP-2 je kosicky rekordeér, 7,5 roka funkcny na orbite !!!
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MEP-2 (zatial) najprestiznejsi vysledok

&JAGU PUBLICATIONS

Journal of Geophysical Research: Space Physics

RESEARCH ARTICLE

10.1002/2015JA021077

Key Points:

« Oscillations of energetic ions are
found in the foreshock

- Energy range is 4-400 keV, periods
10-60s

- Events are related to fast solar wind

Supporting Information:
- Readme

- Data Set S1

« Table S1

Correspondence to:
A. A. Petrukovich,
apetruko@iki.rssi.ru

Oscillations of energetic ions flux near the Earth’s bow shock

A. A. Petrukovich!, T. Inamori', J. Balaz?, K. Kudela?, M. Slivka?, I. Strharsky?, V. A. Gladyshev?,
T. Sarris®, and E. Sarris?

!Space Research Institute, Russian Academy of Sciences, Moscow, Russia, 2Institute of Experimental Physics, Slovakian
Academy of Sciences, Kosice, Slovakia, >Electrical & Computer Engineering Department, Democritus University of Thrace,
Xanthi, Greece

Abstract A new type of variability in the foreshock and magnetosheath is revealed with the recent
energetic particle experiments monitor of electrons and protons (MEP) onboard Spectr-R spacecraft

and solid-state telescope onboard Time History of Events and Macroscale Interactions during Substorms
spacecraft, which have high time resolution. Oscillations of energetic ion fluxes are observed in the broad
energy range ~4-400 keV, with periods 10-30 s, often rather monochromatic waveform and accompanied
with magnetic oscillations. Such events are not so rare (~100 cases are found for 2007-2012) but are
associated mostly with high-speed solar wind.
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Double Star y X
. . . :ZM’—\,\“’}\\ \ R%,F
(Dvojhviezda, Shuang Xing) & u&?‘*@
"”&g@

0 Spolupraca Cinskej kozmickej agentary CNSA a
Europskej kozmickej agentiry ESA

a Dva satelity pre magnetosféricky prieskum TC-1 a
TC-2 (Tan Ce — Explorer, Prieskumnik)

0 ENA imager NUADU vyvinuty na UEF na palube
TC-2

LAB strana 33



Shimkovaci detektor
(imager)
Energetickych
Neutralnych Atomov
NUADU

' AT

b ¢
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Orbity TC-1 a TC-2 v Magnetosfére ™%
’ . .o . ' . : e

pla&t magnetosfery
Hraniéna zona (magnetopauza)
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Generovanie ENA v magnetosfére Zeme

Nabita energeticka
castica .

; i Kyslikovy
(Kyslikovy ion) preskok yENAL Novoutvoreny

elektréonu vodikovy ion

A (1 x) B __— Trajektéria ENA
v geomagnetickom poli

Neutralne vodikové|| \ Neutralne vodikoveé
. atomy geokorény atomy geokorony
% ' /
L L

\Trajektdria nabitej energetickej | N Trajektoria nabitej energetickej
Castice v geomagnetickom poli|| - *Castice v geomagnetickom poli
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ENA-Iimaging

Geocoronal Density {enrd)
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NUADU - funkéna blokova schéma (Neutral Atom Detection Unit)
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VN izolatory Aktivne plosky  p|pg
Solarny detektorov
ofickior 1 BT detektory

T —
" —
S — —
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Platne VN
deflektora

Tlenlaca

Vstupna prepazka
apertura Doska elektroniky
predzosilnovacov

VN konektory ‘ ll
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NUADU — DPU (Data Processing Unit)
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Kalibrdacia na casticovom urychl’ovaci Cryring
Manne Siegbahn Laboratory, Stockholm

-

M
,a“‘ 5
-
- e

-

A N 5

Hydrogen ENA
512.4 keV
293.0 keV
150.6 keV

60.4 keV

(ree = .'_
L.“:TI~&;"4. #,-

Oxygen ENA
501.8 keV
393.5 keV
301.1 keV
229.9 keV
149.8 keV
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Of cmlne odovzdame vedeckeho nakladu
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I Data graph
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NUADU ENA IMAGE AT SOUTH POLE (50keV) 14-SEP-2004
UG

... Time: 12:09:00 UTC

J.000

G U0 e e

LOG CTS

2.000
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Magneticka burka 8.11.2004 (Dst —373nT)

ScHO EIT 304 ¢—-Nov-2004 07:13:05,428 UT
T T T T T T T

"IEEEER YA'TAT A
;. : ; = =
i 4 i 155 3| 26

LAB Kosice, 04. 04. 2019
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Magneticka burka 8.11.2004 a ENA image
prstencoveho prudu zaznamenany NUADU

2004-11-08 / 10:09:00 UTC S/C position:
AE =81 - 158keV [-1.0, -1.3. 3.6] |
=t =26min

23

18

CTS

14
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NUADU - séria hodnotnych vedeckych vysledkov

JGR Space Physics

Magnetospheric Physics

Moderate geomagnetic storm (21-22 January 2005) triggered by
an outstanding coronal mass ejection viewed via energetic
neutral atoms

Susan McKenna-Lawlor g%, Lu Li, lannis Dandouras, Pontus C. Brandt, Yihua Zheng, Stas Barabash,

Radoslav Bucik, Karel Kudela, Jan Balaz, Igor Strharsky

Annales Geophysicae. 23, 2053-2939, 2005 —1&—
SRef-ID: 1432-0576/ag/2003-23-2933 ¢
© European Geosciences Union 2003 G

Electron pitch angle variations recorded at the high magnetic
latitude boundary layer by the NUADU instrument on the TC-2

spacecraft

L.Lu', 5. McKenna-Lawlor?, S. Barabash®, Z. X. Liu', J. Balaz, K. Brinkfeld’, L Strharsky”, C. Shen', J. K. Shi',
J.B. Caol, 5. Y. Fu*, H. Gunell™*, K. Kudela®, E. C. Roelof®, P. C. Brand(®, I. Dandouras’, T. L. Zhang®, C. Carr®,
and A. Fazakerley!?

SCIENCE CHINA
Earth Sciences

Available online at www.sciencedirect.com
SCIENCE @nln ECT®

e ]
ELSEVIER  Nudear Instruments and Methods in Physics Research A 530 (2004) 311-322

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
RESEARCH

Secton &

www.elsevier.com/locate/nima

The energetic NeUtral Atom Detector Unit (NUADU) for
China’s Double Star Mission and its calibration
Susan McKenna-Lawlor®*, Jan Balaz®, Igor Strharsky®, Stas Barabash®,

Klas Brinkfeldt®, Lu Li®, Chao Shen®, Jiankui Shi¢, Qingang Zong®, Karel Kudela,
Suiyan Fu®, Edmond C. Roeloff, Pontus C: son Brandt', [annis Dandouras®

Science in China Series E: Technological Sciences -
www.scichina.com

-RESEARCH PAPER - doi: 10.1007/511430-015-5121-7

The causal sequence investigation of the ring current ion-flux
increasing and the magnetotail ion injection during a major
storm

LULi". s MCKENNA-LAWL OR®, CAO JinBin®, K KUDELA® & T BAL A7>*

tech.scichina.com

©2008 @ SCIENCE IN CHINA PRESS ! I
www.springerlink.com

@ Springer

Iterative inversion of global magnetospheric
information from energy neutral atom (ENA)
images recorded by the TC-2/NUADU
instrument

LU Li"", S. MCKENNA-LAWLOR?, S. BARABASH’, J. BALAZ* *, LIU ZhenXing',
SHEN Chao', CAO JinBin' & TANG ChaoLing®

SCIENCE CHINA
Earth Sciences

@ CrlossM:ark
Sk oy e

hitps://doi.org/10.1007/511430-018-9307-x

*RESEARCH PAPER*

Close up observation and inversion of low-altitude ENA emissions
during a substorm event

Li LU". Susan MCKENNA-LAWLOR® & Jan BALAZ™

strana 72




... a este d’alej ...

LAB KosSice, 04. 04. 2019 strana 73



Misia: MARS-96 .

- (1996). ~ 7

\  STIL - Maynooth.
‘MPAe - Lindau

1 IKI-Moskva .

UEF - Kosice - -

AsU - Praha .

KFKI - Budapest’ - "+
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MARS-96 $tart 16. 11. 1996
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Misia ESA-ROSETTA na komeétu

] Misia ESA na kométu 67P/Curjumov-Gerasimenko

) Prva misia v historii I'udstva, ktora pristala na kométe
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Na realizacii  elektronického
systému ESS sondy sa podielal
aj UEF-SAV

ESS  procesor  zabezpecoval
komunikaciu medzi pristavacim
modulom Philae a hlavnou
(orbitalnou) sondou.
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Zakladneé technicke 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

Hmotnost' pri starte:
celkova: 2900 kg
palivo 1720 kg
g vedecky naklad 165 kg

= Lander Philae 100 kg

‘4 = Propulzny systém: 24 thrusterov 10N
= palivo MMH +N,0,
' Operaéna doba: 12 rokov (2004-2016)
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ROSETTA a Philae v laboratoriach ESA-ESTEC

-~
»
L

Kosice, 04. 04. 2019

@esa

Sonda ROSETTA
pOzostava z
dvoch cCasti:

Orbiter —
zdrziaval sa 2
roky na roéznych
orbitach okolo
kometarneho
jadra,

Lander — pristal
priamo na
povrchu jadra.
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Solarne panely Rosetty (rozpétie 32m, plocha 64m?2)
. / . s
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ESS-procesor (Interface Orbiter — Lander)

Wax

Mgchanirctal Release »
ROSETTA uppo oushooff Moto[ ROSETTA

Orbiter _System > Lander
(Philae)

Power Power Cogtrol ESS
Distribution Distrib. Timing

4 Umbilical

* Cpble C d & Dat
omman ata
Jaia / Management
System

Dact)g:1 ﬁ;ﬁéﬁng Communication >

)

LN
A
N Radio-Link
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Z realizacie servisného systemu ESS

|2 115)
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Z realizacie servisneho systemu ESS
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Kosice, 04. 04. 2019
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V 4

Uplny ESS procesor
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Lander

lead nut
{on Lander) \/

""1“]’

oddelovaci mechanizmus (MSS)

umbilical

: \1“.... t‘/ @H‘ .\ ‘T

emergency
release rod

{_Uf

LI \"I
“\I:i oy J e
= 1, L

push-off plate
{on Lander)

[ interface

push-off mechanism
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L ander - oddelovaci mechanizmus

\
%ﬁ
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Rosetta-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

B ROl e W D =

RPC Rosetta Plasma Consortium
10. RSI Radio Science Investigation
11. VIRTIS Visible and Infrared Mapping Spectrometer
& LAB strana 88



Orbiter — rozmiestnenie vedeckeho nakladu

ROSINA DFMS

COSIMA GIADA

MIDAS ROSINA COPS

MIRO CONSERT

RPCIES

ROSINA RTOF

RPCICA

RPC MIP

RPC LAP

VIRTIS

OSIRIS NAC

Philae

0SIRIS WAC

ALICE

RPC MAG

RPC LAP
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Lander Philae - Vedecky naklad

APXS Alpha-X-ray spektrometer

CIVA Panoramaticka a mikroskopické stereo-kamery

CONSERT Radiova tomografia jadra (s CONSERT — orbiter)
COSAC Analyzator plynov - prvkova a molekularna analyza (chiral.)
PTOLEMY Analyzator plynov -1zotopova analyza

MUPUS Meranie podpovrchovych vlastnosti (penetrator)

ROLIS ,,Down looking camera‘“ — detailné snimkovanie povrchu

ROMAP Magnetometer a plazmovy monitor

©ope S e Ol e B R

SD2 Vftaci systém a transport vzoriek na analyzu

10. SESAME Seizmicky, elektricky, akusticky a prachovy monitoring
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Lander - rozmiestnenie vedeckeho nakladu

SESAME

CIVA

COSAC

PTOLEMY

CONSERT

SESAME

® SESAME
APXS

MUPUS

SD2

SESAME
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Start sondy ROSETTA Ariane 5G+
02-MAR-2004

( kozmodrom ESA Kourou,
Francuzska Guyana )
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The amazing adventures of Rosetta and Philae
(11 Tube] ( Uzasné dobrodruzstva Rosetty a Philae)

GJ LAUNCH 02/03/2004
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Letovy plan sondy
ROSETTA

2004-03-02 Start (Kourou)
2005-03-04 Zem (prelet 1950km)

2007-02-25 Mars (prelet 250km)

LUTETIA

2007-11-13 Zem (prelet 5300km)
2008-09-05 Steins (prelet 802km)

STEINS

2009-11-13 Zem (prelet 2481km)

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

\~~
S

R
"

o R A

2014-08-06 67P (rendezvous~100km’
10.2014-11-12 67P (pristatie Philae)

----

11.2015-08-13 Perihélium (1.2432AU)

2 , 12.2016-09-30 Koniec misie (Grand Finale)
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Rosetta nad
planetou Mars
25. 02. 2007

h =250.6 km

316 mil km od Zeme

“Stavka o miliardu”
(One-Billion Gamble)”

foto:

CIVA-P
Credit:
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Druhy prelet nad planétou Zem
(13. 11. 2007, 5300km , Catalina Sky Survey: 2007 VNg, 11!)



Asteroid 2867 Steins (os.09. 2008, 802km, 8,6 km-s)

,Dlamantovy tvar®,
- Rozmery 6.67 x 5.81 x 4.47 km?3

Pokryty plytkymi kratermi

Rosetta Steins flyby, 05 Sep 2008
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Posledny prelet nad planétou Zem (13.11.2009,
2481 km)

© AFP/Getly Images =
< LAB KosSice, 04.04. 2019 strana 98




Asteroid 21 Lutetia

(10. 07. 2010, 3162 km,
15km-s)

OSIRIS imaging
(1px = 60m)
Hmotnost” 1.7 x 1018 kg,
Hustota ~ 3.4 g-cm?3

Vnutro asi bolo Kkedysi
pretavené.

Credit:
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Prebudenie z hibernacie
20. 01. 2014

| _mum.—-"—_.’-_——/—"’_—'_—‘ N
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Rendezvous s 67P (august 2014)

"y \ Comet 67P/Chury i ko from Ri - 31August 2014
ESA/Rosetta/NAVCAM/Ken Kremer/Marco Di Lorenzo
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Rendezvous s 67P (august 2014)
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Nové data o 67P/C-G z ,,Blizkeho stretnutia“
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Nove data o 67P/C-G z ,,Blizkeho stretnutia*“

ROSINA (Rosetta Orbiter Sensor for lon and Neutral Analysis)

Detected gases, organic compounds and radicals in the coma

H,'60
H,"70
H,'80
CO;
H,S
H,S
SO,
CS,
HCN
Ar36
Ar38

& LAB

HDO
N,
co
C,H,
C,H,
C,H,
CH,N
C,HN
C,

Cs
C,N

HCI
H¥7Cl
CH,OH
OCS
CH,0,
CeHe
C,H,
OH
C#S
NO,
C180160

Kosice, 04. 04. 2019

C,HgO and
CsH, many
N,H, more
N8O

H,NO

HSNO

0,

H,0,

PH,

CH,CN

SO
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Vyber miesta na pristatie (sep. 2014) vybrany bod ,,J* Agilkia

Bezpecnostné kritéria: Plochy terén s malym sklonom a bez vicSich balvanov.

Technické kritéria: Profil osvetlenia, teplota povrchu, kompaktnost’ povrchu,
spol’ahliva komunikacia s orbiterom.

Vedecké kritéria: Reprezentativne materialové zloZenie, primerana povrchova
aktivita po pribliZeni k Slnku.
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AGILKIA

OSIRIS telefoto

14 September
2014

Zaber z vySky
30 km.

Polomer kruhu
500 m.
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Pristatie na komete 67P (12 november 2014)

e 32
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Pristatie na komete 67P (12 november 2014) | .
ye-bye Orbiter

Bye-bye Philae

ALRTL T
~» ' N3

ROLIS 40m [
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Kde je Philae ? ( NavCam )
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Chemické rodiny detegované Philae

— /

Alcohol Ca rbo:nyls

1,2-Ethanediol Ethanal
(CH,OH), CH,CHO

2-Hydroxyethanal
CH,OHCHO

2-Propanol Propanal

(CH,),CHOH  C,H.CHO

Propanone

(CH,),CO

Amines

Methylamine
CH5NH,

Ethylamine
C,H.NH,

Nitriles <> Amides < Isocyanates

Methanenitrile Methanamide Isocyanic acid

HCN HCONH, HNCO

Ethanenitrile Ethanamide Isocyanatomethane

CH,CN CH,CONH, CH,NCO
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MUPUS, SESAME

, Vrtacie kladivo“ MUPUS nedokazalo pri
obmedzenom napajani prerazit’ tvrdua
Padova krustu. Ta je pokryta vrstvou

prachu.

Podobné vilastnosti potvrdil SESAME.
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CONSERT - radiova tomografia

@ SFALE-:

Kosice, 04. 04. 2019

CONSERT

zistil pomerne
homogénne
vnutro jadra
kométy, Ziadne
dutiny vicsie
ako 100m.
Prachova
zlozka
zodpoveda
uhlikatym

chondritom.
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Philae pracoval 57 hodin, vykonal asi 80% planovanych uloh a potom
sa kvodli nedostatku energie hibernoval

SA

‘ .
. ' .

®

&
Goodnight Philae... Sleep Well... and Thank You...
LAB Kosice, 04. 04. 2019 strana 116




Spojenia s Philae

| comecton | pae | Dumton
12-Nov-2014 25 days

13.Jun 2015
14.Jun 2015

& | oownaoss | 3totmin
s | oaweaoss | a7aimn

ESS procesor ,,nacuval®, ¢i sa Philae neozve aZ do augusta 2016 !
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Skoro ziadne magneticke pole

2 MAGN D MEASUREMENTS BY ROSETTA AND
PHILAE JUST BEFORE SECOND TOUCHDOWN

s DAMAD
7 ;QONI.’\..[

1721

Rster ot o R0
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sopievajuca komeéta“

Slneény vietor reaguje s ionizovanym plynom a prachom a
vyvolava jemné variacie magnetického pola. Prevedené do
pocute’ného rozsahu (20Hz-20kHz) jej vyniesli prezyvku
»Spievajuca kométa“.
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AN

Vel'ka diamagneticka kavita (bublina) okolo jadra

Rosetta detegovala
podstatne  vicSiu
kavitu nez Dbola
predpovedana

modelmi.

2 RPC-MAG MEASUREMENT OF DIAMAGNETIC CAVITY

Diamagneticka  kavita  vznika

60

reakciou slne¢ného vetra a plynovo-

oy [\ fN

kométy V perihéliu- 104;-’1[1 1450 15:00 15:10 15:20

Time (UT) on 26 July 2015

plazmového prostredia  okolo

Magnetic field strength, B_ (nT)
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67P vznikla ,,pomalou zrazkou* dvoch telies

2 COMET 67P/CHURYUMOV—-GERASIMENKO'S LAYERS

Main terraces (green) and exposed layers (red
dashed lines) seen in the Seth region. Close-up:
sets of terraces in two locations (small-pointed
white and yellow arrows) with examples of parallel
layers (large-pointed white arrows).

Outline of exposed layers (red dashed lines) in the
Imhotep and Ash region on the comet’s large lobe
[some layers also indicated on small lobe in the
1km background). Close-up: parallel layers in a section
—  along the Imhotep~Ash boundary.

www.esa.int ESA/Rosetto/MPS for OSIRIS Teom MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA; M. Massironi et ol. (2015).

)/ LAB Kosice, 04. 04. 2019

Main layers (red dashed lines) and cross-cutting fractures [blue
dashed lines) in the Hathor cliff face on the comet’s small lobe.
Close-up: layers in an alcove at the Hathor—Anuket boundary.
White arrows indicate terraces.

Layers (white dashed lines) at the boundary of Anubis and Seth.
The three arrow heads point to a terrace margin in Anubis and
the single white arrow points to a terrace in Atum.

European Space Agency
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Bio-prekurzory fosfor a aminokyselina glycin

ROSETTA'S COMET CONTAINS INGREDIENTS FOR LIFE %,

Rosina-DFMS

]

The measurethents were made with the Rosetta Orbiter Spectrometer

for Ion and Neutral Analysss Double-Focusing Mass Spectromete

[ROSINA-DFMS)

Bt o L W &

The data were collected between August 2014 and August 201

> LAB

5

The measurementsswere made when Rosetta was between 10 and 200 km from the comet

Glycine detection

. . ®
Spectrum indicating glycine (L H NO.) detection on 9 July 2015. The simple

amino aad glycine 15 3 biologically smpe

tant organic compound commondy
found in prothns

Phosphorus detection

us [P] detection, along with other gases,

ctober 2014, Phe arus is @ key element in all

VDG Organisms

s
chemical energy withift cells for

und in DNA, RNA and in cell membranes, and it s used in tansporting

metabolism
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Voda z komeéty 6/P je ina... (viac tazkého vodika)

Iiosetta's ROSINA instrument finds | Zem: 1.'56:>< 10',4 (0.6156 %) ' '
Comet 67P/Churyumov-Gerasimenko's o ' s ' @esa
‘water vapour to have a significantly B.IR; i 5.3 X 1Q 5 (O=_O53 %)

different composition to Earth's oceans.
- v — ——

S . a = w
< R s g
D/H ratio o L ¥ L]
o = — =
' ~ oz =
. 2 35 -'Kv
2eo8s £ 2
. an3 [ e . > :
10° - 289 35BN @ =
q55 e Y g L 1
7 w0 "’\D Q. S - w
- w N =5 @ o ~ ~N
- .g = ] ~n O & o o > :
o = o H.\:l (=] - ™ — )
- 8 8 S5e8 | &S =3 >
i @ (] o ~ <) . :':.E
Taille e R o S ==
- oo <o = — N o=
= . 'S PY S 'Qg
4 = e e 'V ‘9 z
e, = :
. N Oort cloud Jupiter family

-@- Neptune

Belt (grey), comets originating from the Oort cloud (purple) and Jupiter family comets (pink). Comet 67P/C-G, a Jupiter family comet,

D/ for different Solar System objects, grouped by colour as planets and moons (blue), chrondritic meteorites from the Asteroid
is highlighted in yellow. 4 = data obtained in situ ®= data obtained by astronomical methods

AJATG medialab; Comet: ESA/Rosetta/NJ

- al. 2014 and references therein,
= :

L g
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Detekcia mnozstva molekularneho kyslika (ROSINA)

Vel'mi stary kyslik, uvazneny v zmrazenom materiali a uvolnovany pri slnecnej erozii.

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

ROSINA-DFMS

The measurements were made with the Rosetta Orbiter Spectrometer
for Ton and Neutral Analysis Double-Focusing Mass Spectrometer

(ROSINA-DFMS).

:__:\

it

September 2014

% March 2015

<

LAB

The results were collected between September 2014 and March 2015.

Intensity [arbitrary units]

0,/H,0

\

\

€-esa

X X full dataset

17-23 Oct 2014 X

The strong correlation
of molecular oxygen
abundance with water
vapour indicates a
shared origin and
release mechanism
from the nucleus.

27
T T T T T High-resolution measurements 10.
02 — 1 August 2014 (pre-encounter) allowed molecular oxygen
— 18 June (after thruster firing) [0?] to be distinguished from
0 — 30 km orbit, 11 September o e ki i
10 ] other species like sulphur (S) £
- o e and methanol (CH,0H). The Sl
: detection of the coma gases §
. N0 is stronger closer to the comet 3
107} S | R | nucleus, as expected. The = 105 L
ysig contribution to the detection f,—.\‘
|,H NO from contamination from §
the spacecraft thruster firings 3
107k H.NO during manoeuvres is very low. g 10% |
o
p
1023
10—3 102
10“‘%’%_ ,
v /. I |I| ! I ! 1
31.94 31.96 31.98 32.00 32.02 32.04 32.06
m/z [Dale]
0.15 T T T T T T T
010} * o o S . . |
Lol Sl .
e v e e (6 "; R TR £
* “w et 4, % & % #
A T 210 3@2 P38 N e Iy
L W % ol - ¥ s ! 250 i 4
S5 . 3 e | B g g
L P .0 O B B L
13 -Caiaea L+ i i ¥
* + 3 - 4 + b
0.00 -
_005 L . L 1 1

L
Oct 2014 Nov 2014 Dec 2014 Jan 2015 Feb 2015 Mar 2015

The 0,/H,0 ratio does not vary significantly over the study period. Short-lived strong variations are attributed to
the decrease of the 0, ratio for occ Ily higher H,0 abundances linked to the daily water-ice cycle. The overall consistent
level implies that O, is not produced today by solar wind or UV interaction with surface ices, otherwise it would rapidly
decrease due to the comet’s increased activity. Instead, the 0, must have been incorporated into the comet’s ices during its
formation in the early Solar System, and is being released with the water vapour today.

KosSice, 04. 04. 2019

T I T
0, number density [arbitrary units]

105
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2 PROFILE OF A PRIMORDIAL COMET

Positive relief feature

67P je ozaj prvotny material , ktory nepresiel formaciou

Supervolatiles

The comet is rich in carbi on.

monoxide, oxygen, nitrog

argon, suggesting it forme

temperature and did not
thermal processing by
radioactive decay

High porosity

Nucleus and ejected du:
of highly porous material
implying low-speed ac

7

collisional processing

XpE and excluding further high

=t

No alteration by liquid \

Absence of an absorption feature ';
shows that minerals in the comq
been altered by liquid water, im)
significant heating by radioactive dé
not take place

Two lobes
Similar properties of both I
imply similar evolution, am‘igr
against collision e

a0} ‘ ]
ANAC | -
oA J’ Y & i
s 008 W | E
3 { (|
= 004k i\ -
'3 N |
soe ]
oozt 4
a0
@0 @00 1000
Wanvtlengh jom]

KosSice, 04. 04. 2019

Low strength

Low density, high poros

weak strength reflect
of early cometesimals
low speed accretion
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- Prebudzanie komé.ty... '
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67P v perihéliu (1s.s.2015)
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Prachove prostredie v perihéliu (Osiris)
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Nahle vzplanutie ,,outburst® (19.2.2016 )
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Pohl'ad na kométu z jej chvosta...27. 3. 2016)
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Philae najdeny !!! (5. 9. 2016)

ce, 04.04. 2019

Abydos z vysky 2700 m

1
-~

o
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Rosetta “Grand finale” 30 septembra 2016

.-
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Posledne zabery 5700m

> N

r 119 119
Posledné . 1919
4 J]C 4 191 191
radiové po: o
signaly 0019 -

ar19
1319,
1110

ar 19,
131
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Rosetta a Philae — odpocivajte v pokoji
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Report
67P/Churyumov-Gerasimenko, a
Jupiter family comet with a high D/H
ratio

K. Altwegg et al.

n situ mass spectrometry reveals a deuterium-to-hydrogen
ratio three times that of Earth, which is suggestive of
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.

The reflectanc e behavior of an illuminated comet is
consistent with the presence of nonvolatile organics and
sparse water ice

Report

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

V. Hassig et al.

Mass spectrometry performed in situ shows a highly
neterogeneous coma with large diurnal and possibly
asonal variations

» RELATED PODCAST

Report

Birth of a comet magnetosphere: A
spring of water ions

H. Nilsson et al.

The interaction of the solar wind and a comet atmosphere is
characterized through detection of the energetic ion
environment

Report

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

S. Gulkis et al.

Measurements at a comet yield water production rates and
an assessment of low thermal inertia

Nespocet vedeckych publikacii v prestiznych
casopisoch... (doposial, aj v buducnosti)
This is only the beginning...

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.

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

nature International weekly journal of science

Home | News & Comment ‘ Research | Careers & Jobs | Cur

Current |ssue

ARTICLE PREVIEW
view full access options

NATURE | LETTER

BFFER

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, EImar K. Jessbherger, Pascale
Ehrenfreund, Christian Koeberl & Ove Havnes

Affiliations | Contributions | Corresponding author

Nature 537, 73-75 (01 September 2016) | doir10.1038/nature19091
Received 17 December 2015 | Accepted 06 July 2016 | Published online 31 August 2016

The presence of clathrates in comet
67P/Churyumov-Gerasimenko

Article /1 Science Advances - April 2016

DOL: 10.1126/sciadv.1501781

Properties of the 67P/Churyumov-
Gerasimenko interior revealed by CONSERT
radar

Article /' Science - July 2015

DO 10.1126/science.2ab0639
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Rosetta - zaverom

d ROSETTA sa ako prva sonda v histérii stala spolu-
putnikom komeéty a sledovala ju zblizka pri e

ceste okolo SlInka

d Prvykrat v historii dielo vytvorene c¢lovekom
kontrolovane pristalo na komete a analyzovalo

vzorky je] materialu.
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~ ESA-BepiColombo misia na planetu Merkur
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ES'A-BepiCoIOmbo, Mission to Mercury

SERENA
PICAM (Planetary lon CAMera)
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PICAM- Ebox pevnostne analyzy (FEA)
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PICAM - STM (Structural Thermal Model)
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- Ebox (Made in Slovakia)

PICAM
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BepiColombo start 20.10.2018
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ESA - JUICE (JUpiter ICy moons Explorer)

2022 - 2030 - 2032
i

IRF

PEP (Plasma Environment P.ackage)

JDC (Jovian plasma Dynamics and Composition)

» P Nreads
N & 3 o
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Anti-koincidenény modul

ACM pre PEP-JDC

LAB

Anti-coincidence S8D Anti-coincidence SSD

Conversion surface

secondary e-  (stop signal) secondary e

penetrating

nominal electron

plasma
ion

™ Solid

State
detector
of ACM

Electronic
Processing
Unit

, of ACM
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Anti-koincidencny modul ACM pre PEP-JDC
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Dakujem za pozornost’!
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