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Uvaha

Slhecna sustava:

e 8 planét

Extrasolarna planéta
Exoplanéta

Planéta

Planéta SInecCnej sustavy

Ostatné hviezdy:

* tisice kandidatov

— planéta ,mimo Slnka“
— trochu lepsi nazov

— vSeobecny nazov

— specificky nazov



Definicia

Planéta podla IAU:
* Obieha okolo Slnka

* Ma dostatocnu hmotnost na udrZanie priblizne gufového
tvaru (hydrostaticka rovnovaha)

* \Vycistila“ svoje okolie

PLANETS

DWARF
PLANETS




Definicia

Exoplanéta:
* Nepouziva sa definicia planéty podla IAU

 Planéta obiehajucu hviezdu inud ako SInko, ktorej hmotnost
je nizsia ako 13 M Jupitera.

* Objekty v intervale hmotnosti: 13 - 80 Miup, spalovanie
deutéria ——> hnedy trpaslik

* Objekty s M nad 80 Miup =———> termonuklearna premena
vodika na hélium



Defl nI,Cia Hnedi trpaslici alebo velké planéty?
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Definicia

Osamela planéta:

* Volné objekty s vhodnou hmotnostou, ktoré neobiehaju okolo hviezd

(,planemo” ,rogue planets”, , free-floating planets”)
e Unikli zo sustavy po zrazke, alebo su to hnedi trpaslici

e \/yzaruju zvyskové teplo
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Viditelné svetlo Infracervené svetlo




Historia

¢ 21.4.1992:
Wolszczan & Frail — prvé 3
planéty (pulzar PSR 1257+12)
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Historia

* 6.10.1995: Mayor & Queloz — prva exoplanéta pri
,nhormalnej“ hviezde (51 Peg)

b 0472+ 0,053 4,23




Historia

* 16.10.2012: viaceri autori — exoplanéta velkosti
Zeme (a Cen)

P[d] 87,969 3,24
M[M,] 0,055  >1,13
R[R,] 0,383 1
d[AU] 0,387 0,04
T[°C] 67 877
ES| 0,39 0,27




Historia

¢ 27.12.2006: Start teleskopu COROT (convection

Rotation and planetary Transits)

e 2013: koniec misie

* priemer zrkadla: 27 cm
e polarna orbita (900 km)
4 CCD kamery (16 Mpix)

* zorné pole 3.5 deg?

32 exoplanét



Historia

e 7.3.2009: start teleskopu KEPLER

e priemer zrkadla: 0,95 m : ;

* heliocentricka drdha (P=372,5 d) %

+ 42 CCD &ipov (95 Mpix!) AN

* zorné pole 116 deg? - l = ‘J ;.. ‘ -
* pozorovacie okno: 430 — 890 nm ‘ o AHJ
* limit hviezd: 9 — 16 mag S :. =] €
 Oktéber 2017: 5011 kandidatov |~ “¥ag I+ imes I

* Potvrdenych 2512 exoplanét = Yoo SN ~

on 20m



Prave teraz...

» 18.4.2018: The Transiting Exoplanet Survey Satellite (TESS)

* Hladanie tranzitujucich exoplanét na ploche ~ 400x vacsej ako to bolo
v pripade Kepler projektu

* Jasne hviezdy v okoli SInka, prehliadka 85% oblohy.
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Statistka

(podla http://exoplanet.org)
K15.11.2018:
= > 5000 nepotvrdenych kandidatov

= 3 838 potvrdenych planét

= 2 896 exoplanetarnych sustav

" v 645 viacnasobné sustavy

" najpocetnejsia: HD10180 - 7 planét
Kepler-90 - 7 planét


http://exoplanet.org/
http://exoplanet.org/
http://exoplanet.org/
http://exoplanet.org/
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Jupiter transiting the Sun ——» @
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Ako ich hladame?
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Tranzity

Ry [Ro]
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Falosné exoplanéty




[Jupites Mass]

Planet Mass
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Exoplanéty na Slovensku



Projekt YETI =
Young Exoplanet Transit Initiative
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YETI (zaciatok 2010)

* Ciel: detekcia tranzitujucich exoplanét obiehajucich
hviezdy v mladych (< 100 mil. rokov) a relativne
blizkych (< 1 kpc) vybranych otvorenych
hviezdokopach.

* Kandidati: Tr-37, 25 Ori, NGC 7243, IC 348

* Observatoria: v sucasnosti > 20 observatorii
pokryvajucich rovhomerne zemep. dlzku ——

kontinualne pozorovania — trvajuce tyzdne
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YETI
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Uz mame “Jupiter”, a co dalsie...?







Obsarved minus calculated (minutes)
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Orbital penods of planet WASP-3b




DWARF

* Ciel: detekcia cirkumbinarnych planét - exoplanét

* Materska hviezda — malo hmotna dvojhviezda (zlozky — sp.
’l%p M a K, biely trpaslik a horuci podtrpaslik sp. typu O a

* Metoda: casovanie okamihov minim (angl. timing),
pritomnost planetgl sposobuje zdanlive zmeny obezne;
periddy dvojhviezdy —— O-C rezidua

* S klesajucou hmotnostou dvojhviezdy narasta amplituda
tychto zmien, o zvysSuje Sancu detegovat exoplanétu.

* Amplituda zmien narasta s orbitalnou periodou tretej
zlozky v sustave

e Planovana dizka projektu 5 — 10 rokov.
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Dvojhviezdne sustavy
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Dvojhviezdne sustavy

a Kepler-34 0.5 au b Kepler-35

- To Earth

0.5

: To Earth



Planetarne sustavy

» Kepler-22 System
Kepler-47 System

Solar System

Kepler-62 System Kepler-69 System

{ C

o 62e 62d 62  62b
DP9 99 e I




Vlastnosti

* Hmotnosti
* Povrchova gravitacia

* Polomery
 Kamenna alebo plynna planéta, atmosféra

* Teploty

» Teplota strednd, der/noc




Hmotnosti

e Casto len minimalna hmotnost
* Metddy objavovania favorizuju tazké a velké planéty

* 55% tazsich ako Jupiter a 10% s hmotnostou do 10x Zeme

Number count

S50

30}

10}

yey

U]

v
exoplanets.org | 7/18/2013

Msin(1) [Jupiter Mass]



Hmotnosti

e Casto len minimalna hmotnost
* Metddy objavovania favorizuju tazké a velké planéty

a 10% s hmotnostou do 10x Zeme

exoplanets.org | 7/18/2013

Number count

501

40

30

201

10

13,08 hmotnosti Jupitera

LF

Msin(l) [Jupiter Mass]



Number count

501

Ul
diH e

30

204

10

Hmotnosti

e Casto len minimalna hmotnost

* Metddy objavovania favorizuju tazké a velké planéty

* 55% tazsich ako Jupiter a 10% s hmotnostou do 10x Zeme

ye—

exoplanets.org | 7/18/

2013

Msin(l) [Jupiter Mass]

< 0,01 hmotnosti Zeme




Polomery

Sizes of Planet Candidates

Totais as of November, 2013
: ""r,';. : 1 ,457 - Efﬁ;;:'g.l_x'iﬁfﬁ;ize
+33% e 1 59, Rl

-, \ s eth iy
Super Earth-size -

(1.25-2 R.)

+78%
[_mh-:size - 674

AN
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3\ B A

+13%
229 - Jupiter-size, (6 -15 R.)

1 02 - Larger, (> 15 Ry)
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Polomery

2,04 x jupiterovho

20

0,30 x zemského
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Radius (Rg)

Hustoty

0.001  0.01

Mass (M
3 5 J)

15

10

LERALL | T 1 "'0"" LR A5 LU |

"42.0

lo.o
10 100 1000 10°
Mass (Mg)

* Plynni obri
* vodik, hélium

e Tadovi obri

* voda, COy, l'ad...

* Terestrické planéty
* kamenno-zelezné



Hustoty
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6 400 kg/m3 (1,16 zemskej)

80-185 kg/m3 (0,01-0,03 zemskej)




7 178 K (6 905°C)

3000°
Iron melts mp

2500°

Gold melts mp

2000°
Molten lava map

1500° 50 K (-223°C)

1000°

Lead melts m)p

500°
Water boils mp 212°
Water freezes mp  32°
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Teplotna klasifikacia

Hypo-psychro-
planéta

Psychro-planéta

Mezo-planéta

Termo-planéta

Hypertermo-planéta

Mars
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Zona Zivota

Hotter Stars
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Hladanie zivota mimo nasej Zeme

Zivot tak ako ho pozname vyzaduje:

1)
2)

3)
4)

Vodu v tekutom stave

Nejaku formu energie (svetlo materskej hviezdy, chemické reakcie, vulkanicku
cinnost)

Organické materialy

DostatocCne stabilné prostredie (dostatok ¢asu na vznik a vyvoj)



Fakty, ktoré nas predurcuju hfadat mimo Zeme

Existencia zivota v miestach s >

extréemnymi podmienkami. Donedavna Hydrotermalne &%, :
v s s kominy na dne oceanu

sa pokladalo za nemozné najst tam = Nty

Zivot.

Organické molekuly boli najdené aj v

medzihviezdnom priestore... Medzihviezdne
mraky, form. hviezd

Pocas poslednych 20 rokov bolo najdenych
mnozstvo planét pri inych hviezdach, kde by zivot
mohol existovat’

Hviezdy podobné
Slnku s planetami

zemského typu



DalSie fakty...

Salmonella typhimurium

- Biologicky experiment, raketoplan
Atlantis (2005-6).

- Baktérie boli pocas celej misie vystavené
prostrediu mikrogravitacie (tzv. beztiaze).
- Mutacia bakteérii, po prichode na Zem

-> 3-4x silnejsie ucinky ako predtym

Mikroby rodu Gloeocapsa

-,,prilepené“ na vonkajsiu stranu stanice
ISS

- prezili v otvorenom vesmire 553 dni

- Ide o vobec najdlhsiu dobu, aku
fotosyntetizujuce bakteérie prezili vo vesmire.




Zona Zivota

Circumstellar Habitable Zone Simulator reset about

Earth

General Settings Star and Planet Settings and Properties

initial star mass: 1.0
[(none selected) | ¥ |

dlagiars cotins: mass: 1.00 Msun t
C . >
select a star system staF properties now: luminosity: 0.739 Lsun z
show scale grid investi ' s ]
;’ g afoyet a8 "";St’gatf RS temperature: 5700 K 2
v 3 planets, or choose "none . E °
V| show solar system orbits to experiment with the radius: 0.890 Rsun 3
full range of star masses >k :
and planet distantes initial planet distance:  1.00

planet distance now: 1.00 AU @ Temperature



Zona Zivota

Circumstellar Habitable Zone Simulator

reset

about

General Settings

diagram aptions:

(.
v

=

show scale grid

show solar system arbits

Earth

Star and Planet Settings and Properties

[(none selected) X

select 3 star system
above to investigate its
planets, or choose "none"
to experiment with the
full range of star masses
and planet distances

initial star mass: 1.2
mass:
. luminosity:
star properties now: y
temperature:
radius:

initial planet distance:  1.00

planet distance now:

1.20 Msun
1.76 Lsun

6250 K
1.14 Rsun

1.000 AU

Luminosity »

& Temperature



Circumstellar Habitable Zone Simulator

reset about

Venus ' Earth

General Settings Star and Planet Settings and Properties

initial star mass: 1.0
\ 1 v |
diagram options: opesEcRed) mass: 1.00 Msun

select a star system luminosity: 1.02 Lsun

show scale arid 5 5 : star properties now:

= : sl o temperature: 5860 K

V| ) 4 :

[V] show solar system orbits oy ey iment with the radius: 0.991 Rsun
full range of star masses e /
and planet distances initial planet distance: = 1.00

planet distance now: 1.00 AU

Timeline and Simulation Controls

time since star system formation: 4.57 Gy

A 4

w
[
<

star stops
fusing H
-

Luminosity =

&€ Temperature

rate:

star becomes
white dwar?

-
planet Is

destroyed



Circumstellar Habitable Zone Simulator reset about

Venus Earth

General Settings Star and Planet Settings and Properties

initial star mass: 1.0
[(none selected) |~

J . !
diagram options: mass: 1.00 Msun -
select a star system star properties now: luminosity: 1.11 Lsun x
show scale grid i i i c o
L el 9 E":""’E'r 2 ’””isr’gatf s temperature: 5890 K E:
\f . pianeals, or Choose none ) ; . E -
¥ show solar system orbits tn experiment with the radius: 1.02 Rsun 3
full range of star masseas o . .
and planet distances initial planet distance: 1.00
planet distance now: 1.00 AU ¥ Temperature
Timeline and Simulation Controls
time since star system formation: 5.43 Gy run | rate:
v
| I ' i i ' I
0 5 Gy 10 Gy
star stops star becomes
fusing H white dwarf

planet is
destroyed



Sme sami?
N=R x x fox X .x],

Vznik hviezd v Galaxii: 7,7 /rok




Sme sami?

N=R x x xf x x  x]
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Sme sami?
N=R x x fox X . x],

Vznik hviezd v Galaxii: 7,7 /rok

Planéty so zivotom: 1%




Sme sami?
N=R x x fox X . x],

Vznik hviezd v Galaxii: 7,7 /rok

Planéty so zivotom: 1%




Sme sami?
N=R_x X X X X X [,

Vznik hviezd v Galaxii: 7,7 /rok




Sme sami?
N=R x x fox X .x],

Vznik hviezd v Galaxii: 7,7 /rok

Planéty so zivotom: 1%

Dlzka trvania: 1 milion rokov




Sme sami?

N = X X X X X X [,

Dlzka trvania: 1 milion rokov

PocCet v Galaxii: 2
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Vesmirne okolie

Size of Hubble eXtreme Deep Field on the Sky

XDF

-

Digitized Sky Survey (ground-based image) for comparison

- — —~ 1° - LIPS,




Galakticka zona zivota

Milky Way Habitability Explorer reset  about

Catastrophic Event Probability Graph

the graph below estimates the likelihood of a planet experi i the graph below shows the distribution of elements heavier
a sterilization event, such as from a nearby supernova explosion than hydrogen and hellum, from which planets are made

—>

extinction risk
heavy elements abundance

10 15 2 10 15
distance from center (kpc) distance from center (kpc)




Galakticka zona zivota

Milky Way Habitability Explorer reset

NASA/JPL-Caltech

Catastrophic Event Probability Graph Heavy Elements Abundance Graph

the graph below estimates the likelihood of a planet experiencing the graph below shows the distribution of elements heavier
a sterijization event, such as from a nearby supernova explosion than hydrogen and hellum, from which planets are made

ts abundance
e

extinction risk

10 15 10 15
distance from center (kpc) distance from center (kpc)




Hladanie zivota

* Povrch vesmirnych telies, vzorky meteoritov

* Dialkové skimanie atmosfér planét
* Hladanie komplikovanych organickych molekul
* Medzihviezdna komunikacia

Starlight
filters through
sodium-rich

planetary
atmosphere

Absorption-line
spectrum

Spectrdgraph’ I.

Sodium absorption
in star's spectrum is
enhanced by sodium
in planet's atmosphere
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Radiovy hluk
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72-second window
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Identifying the source of perytons at the Parkes radio
telescope
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Kde hladat

* Hviezdy typov G, K, M

e Starsie hviezdy
e Zemi-podobné planéty
* Velké mesiace obrov




Co ndm zostava:

* Preskimat dokladne Slneénu sustavu

* Byt schopni navstivit aspon blizke hviezdy
* Postavit citlivejsSie pristroje

* Mat trpezlivost a Stastie



DAKUJEM
ZA POZORNOST

“ Existuju dve mozZnosti: alebo sme vo vesmire sami,
alebo nie sme. Obidve su rovnako desivé!

-- Arthur C. Clarke



