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Z.akladni prehled
F7514 Exoplanety

Cilem pfedmétu je podat obecny piehled o exoplanetach, metodach a prosttedcich k jejich vyzkumu
Ukonceni zk (10 otazek bez pripravy, 30 minut), 2 kredity
PrednasSky zivé + online, stiteda 15:00-16:50 hodin
Co byste méli (bylo by vhodné) znat:
Principy spektroskopie, fotometrie, odhad chyb
Stavba a vyvoj hvézd, HRD, fazova kiivka a svételne elementy, nebeska mechanika
F3170, F4200, F3080, F4190, F5540
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Co nas (vas) ¢eka:
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1) 20.9. Taxonomie, historie vyzkumu, obecny piehled

2) 27.9. Vznik planetarnich soustav, Slune¢ni soustava
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4) 11.10. -

5) 18.10. Spektroskopie a méteni radialnich rychlosti (Brno)

6) 25.10. Spektroskopie a méteni radialnich rychlosti (Zoom)

7) 1.11. Tranzitni metoda — principy (Brno)

8) 8.11. Tranzitni metoda — pozorovani (Zoom)

9) 15.11. Dalsi metody detekce exoplanet (Brno)
10) 22.11. Vlastnosti exoplanet a jejich atmosfeér (Brno)
11) 29.11. Vlastnosti matetskych hvézd (Zoom)
12) 6.12. Astrobiologie a hledani zivota ve Vesmiru (Brno)
13) 13.12. -

14) 20.12. Predtermin?
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Databaze:

https://exoplanetarchive.ipac.caltech.edu/ Diiraz na Kepler, TESS, Kelt; velmi Siroka databaze
https://exoplanets.nasa.gov/ Vizualné dobte zpracovana, PR
http://exoplanets.org/ Zastarala

http://exoplanet.eu/ Velmi Siroka databaze
https://exofop.ipac.caltech.edu/tess/view_toi.php Exoplanety z TESS

phl.upr.edu/hec Exoplanety v obyvatelnych zonach

Data:

https://archive.stsci.edu

Applety:
https://exoplanets.nasa.gov/eyes-on-exoplanets/#/
https://astro.unl.edu/animationsLinks.html

Skripta zatim nejsou k
dispozici

Novinky:
http://nccr-planets.ch/
https://www.exoplanety.cz/ arXiv, NASA ADS
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Motivace

Jsme ve Vesmiru sami? Jaké je nase misto ve Vesmiru?
Jak vypadaji exoplanety? Kolik jich ve Vesmiru je?

Jak planetarni systémy vznikaji a jak se vyvijeji?

Je naSe Slunecni soustava unikatni?

Technicky pokrok v ptistrojich, zpracovani a analyze dat
Spojeni mnoha disciplin nejen (steldrni) astronomie
Vyzkum na hranicich moznosti

URANUS NEPTUNE



Definice exoplanety

Planeta Slune¢ni soustavy
Z teckého 'planétes' = tulak

Planeta Vzdalenost Polomér Hmotnost Doba Hustota
od Slunce [R,] [M.] obéhu [kg/m?]
[au] [rok]
Merkur 0.4 0.4 0.06 0.24 5.4
Venuse 0.7 0.9 0.82 0.62 5.2
Zemé 1.0 1.0 1.0 1.0 5.5
Mars 1.5 0.5 0.11 1.88 3.9
Jupiter 5.2 11.2 317.8 11.9 1.3
Saturn 9.5 9.3 95.2 29.5 0.7
Uran 19.2 4.0 14.5 84.0 1.3

Neptun 30.1 3.9 17.2 164.8 1.8




Definice exoplanety

Planeta Slune¢ni soustavy

(IAU rezoluce B5, 2006):
Nebeskeé téleso, které:

Obiha okolo Slunce

Ma dostate¢nou hmotnost, aby vlivem
vlastni gravitace piekonalo sily tuhého
télesa a mélo tak ve stavu hydrostatické
rovnovahy ptiblizné kulovy tvar
Vycistilo okoli své drahy

! nefika nic o horni hmotnosti téles!

Z teckého 'planétes' = tulak

Planeta

Merkur
Venuse
Zeme
Mars
Jupiter
Saturn
Uran

Neptun

Vzdalenost
od Slunce
[au]

0.4
0.7
1.0
1.5
5.2
9.5
19.2
30.1

Polomér

[R,]

0.4
0.9
1.0
0.5
11.2
9.3
4.0
3.9

Hmotnost
[M.]

0.06
0.82
1.0
0.1
317.8
95.2
14.5
17.2

Doba
obéhu
[roK]

0.24
0.62
1.0
1.88
11.9
29.5
84.0
164.8

Hustota
[kg/m?]

5.4
5.2
9.9
3.9
1.3
0.7
1.3
1.8



Definice exoplanety

Doporucené definice IAU z roku 2003:

Planeta je t€leso s hmotnosti pod hranici, kdy je schopné fuzovat deuterium (cca 13 M~ 13x0.01 M,),
které obiha hvézdu nebo hvézdny zbytek. Minimalni hmotnost je stejna jako pro planetu slunecni soustavy

Hnédy trpaslik (brown dwarf, BD) je t€leso s hmotnosti nad 13 M, které ale nema dostatenou hmotnost
k f0zi vodiku. Nezalezi ptitom jak téleso vzniklo.

Hnédy podtrpaslik (sub-brown dwarf, rogue planet) je téleso volné se pohybujici prostorem
planetarnich hmotnosti (planetarni nomad)




Definice exoplanety

Doporucené definice IAU z roku 2003: OBECNE PRIJIMANA DEFINICE

Planeta je t€leso s hmotnosti pod hranici, kdy je schopné fuzovat deuterium (cca 13 M~ 13x0.01 M,),
které obiha hvézdu nebo hvézdny zbytek. Minimalni hmotnost je stejna jako pro planetu slunecni soustavy

Hnédy trpaslik (brown dwarf, BD) je t€leso s hmotnosti nad 13 M, které ale nema dostatenou hmotnost
k fazi vodiku. Nezalezi pfitom jak téleso vzniklo.

Hnédy podtrpaslik (sub-brown dwarf, rogue planet) je téleso volné se pohybujici prostorem
planetarnich hmotnosti (planetarni nomad)

STALE NEN| ZCELA JASNE DEFINOVANY PRECHOD
MEZ| PLANETAMI A HNEDYMI TRPASLIKY




Definice exoplan

hvezdy

- vznik kolapsem mezihvézdného mracCna

hnedi trpaslici
- vznik kolapsem mezihvézdného mracna
- nad 65 M fazuji Li
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Burrows et al. 1997, ApJ, 491, 856

log,, Age(yr)

planety

- vznik v protoplanetarnim disku

Alternativni definice planet
mmm> na zakladé zpusobu jejich
vzniku



Density (gm cm™)

Definice exoplanety — alt

Hatzes&Rauer 2015, ApJ, 810, 25
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Hranice mezi planetami a BDs~60 M,
M,<0.3 M, — malo hmotne planety
0.3<M_,<60 M, — obri planety



Taxonomie a znaceni exoplane

M(Earth)

Soucasné definice jsou velmi volné a

nepresné

Kategorie:

Terestricke (Zem¢), R,<1.25 R,
Super-Zemé¢, R,~1.25-2.0 R (<4 R))
Neptuni, R~2.0-6.0 R,

Jupitefi, R,~6.0-15.0 R,

Sub-Zemg, M~10°-0.1 M,

Zemé, M~0.1-2.0 M,
Super-Zemé, M,~2.0-10.0 M,
Neptuni, M,~10-100 M,,

Jupitefi, M,~100-1000 M,
Super-Jupiteti, M;~1000 M_-13 M,
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Obfi planety (gas giants) - Jupitefi
- obsah H a He > 50 %

Ledovi obfi — (Icy giants) - Neptuni
- obsah H,0 > 50 %

Horci Jupitefi (Hot Jupiters)

- POrb < 9 dni, velké poloosy
a<0.1au

- velmi horci Jupitefi (very hot
Jupiters, P_, <3 dny)

- ultra horci Jupitefi
(ultra-short-period hot Jupiters,
Porb<1 den, pouze u hvézd s
M.<1.25 M,)

Tepli Jupitefi (warm Jupiters)
-P_, <10 dni



Taxonomie a znacer

E. Plavalova Classifications for exoplanet «nd exoplanetary systems - could it be developed?

System of exoplanets classification

Eccentricity

used to only the first decimal position
of the value of eccentricity, which is
rounded

EGOt (Venus)

Surface attribute
| Mean Dyson temperature (K) ' g — Gaseous planet
(Mean Orbit temperature) w — Water planet

t — Terrestrial planet
F -10250K i— Iron planet

W - from 250 to 450 K . s — Super dense planet
G - from450to 1000 K
R - higher than 1000 K
P - pulsar class

K / Plavalova, 80A12023, Sep 14, 2023




Taxonomie a znaeni exoplanet

- Nazev podle katalogt (HD, WASP, HAT,
Kepler, K2, TOL...)

Pripony:

- Matefska hvézda: ‘a’ (neuvadi se)

- prvni objevena exoplaneta: ‘b’

- dalSi objevené exoplanety: ‘c’, ‘'d’, ‘e’ ...

- Ve dvojhvézdach podle konfigurace
- Exomeésice fimskymi Cislicemi

Priklady: K2-18 b, 61 Cyg Ab, HD 189733 b
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Hessman et al. 2010, arXiv:1012.0707




Znamé exoplanety

20.9. 2023 (https://exoplanets.nasa.gov/)

4112 systemu
74.69%0 Transit

19.390 Radial Velocity

3.7% Microlensing

Neptune-like

Gas Giant
Super Earth
Terrestrial

1.3% Imaging

Unknown

+9820 kandidata

1/3 v8ech znamych exoplanet jsou velikostné mezi
Zemi a Neptunem

https://exoplanets.nasa.gov/eyes-on-exoplanets/#/



https://exoplanets.nasa.gov/eyes-on-exoplanets/#/

Detections Per Year

07 Sep 2023

exoplanetarchive.ipac.caltech.edu
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O Transit (4086) Radial Velocity (1052) © Microlensing (10)
Imaging (20) Pulsar Timing (6) O Other (50)
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O Transit (4086) Radial Velocity (1052) © Microlensing (10)
Imaging (20) Pulsar Timing (6) O Other (50)
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Rekordmani

Nejjasnéjsi hvézda
NejkratSi perioda
NejdelSi perioda

Nejmensi polomer
Nejmensi hmotnost

NejvyssSi rovnovazna teplota
Nejvétsi excentricita
NejpocCetngjsi system

Proxima Cen b (RV)

Aldebaran (RV)
Pollux (RV)

PSR J1719-1438 b (PTV)
K2-137 b (T)

COCONUTS-2 b (IM)
HD 66428 ¢ (RV)

Kepler-37 b (T)

PSR B1257+12 b (PTV)
Kepler-138 b (RV)

Kelt-9 b
HD 20782 b
Kepler-90

1.3 pc

0.87 mag,
1.1 mag

0.09 dne
0.18 dne

402000000 d
39000 d

0.296 R,

0.02 M,
0.06 M,

4050 K
0.95
8

proxima Cen 1.3 pc (3), tau Cet 3.7 pc (4), 55 Cnc 12.3 pc (5), HD 2019134 6.4 pc (6), TRAPPIST-1 12.3 pc (7)



Prehistorie

* Filozoficke spekulace, zdsadni objevy a predpoveédi

Giordano Bruno (16. st.):
“Slunce neni stfredem vesmiru,
ale pouze jednou z mnoha
hvézd; vesmir je nekonecny,
existuje nekone¢né mnoho
slunci s planetami, které mohou
byt 1 obydlené.”

Bernard de Fontenelle (1686):
“Kazda hvézda je sluncem, které
dodava svétlo a teplo planetam, ktere
jej obklopu;ji”

Epikuros (3. st. pt. n. 1.):
“Existuje nekone¢né mnoho svéta,
podobnych tomu nasemu, i
naprosto odlisnych.”

Mikulas$ kopernik (1543):
“Planety obihaji kolem Slunce.
Zem¢ neni sttedem Slune¢ni
soustavy”




Prehistorie

* Filozoficke spekulace, zasadni objevy a predpoveédi

Giordano Bruno (16. st.):
“Slunce neni stfredem vesmiru,
ale pouze jednou z mnoha
hvézd; vesmir je nekonecny,
existuje nekone¢né mnoho
slunci s planetami, které mohou
byt 1 obydlené.”

Bernard de Fontenelle (1686):
“Kazda hvézda je sluncem, které
dodava svétlo a teplo planetam, ktere
jej obklopuji”

Epikuros (3. st. pt. n. 1.):
“Existuje nekone¢né mnoho svéta,
podobnych tomu nasemu, i
naprosto odlisnych.”

Poloméry planet mohou byt
velmi malé a nemohou byt

Mikulas$ kopernik (1543):

odhadnuty pouze ze
“Planety obihaji kolem Slunce. |::> svitivosti planety na obloze
Zemé neni sttedem Slunecni Pierre Gassendi (1632),

soustavy” Edmund Halley (1677): Z trvanzitlﬁ vnitfnich p.lane’F
moznost odhadu velikosti

astronomické jednotky

Prvni pozorovani tranziti Merkuru



Prehistorie

* Filozoficke spekulace, zdsadni objevy a predpoveédi

Christiaan Huygens (1698):
“Svétlo potencialnich planet u jinych
hvézd bude pfilis slabé nez aby
mohlo byt detekovano. Takoveé
planety splynou se svou hvézdou v
jeden svétly bod.”

Isaac Newton (1713):
“Pokud jsou hvézdy
sttedem podobnych

systémtl, jako je ten nas,

musely byt zformovany z

vile Boha a jsou pod jeho
dohledem.”

Dionysius Lardner (1853):
“Bylo navrzeno, Ze k periodickym zakrytim nebo
uplnym zmizenim hvézd by mohlo dochézet vlivem
planet, které kolem hvézd mohou obihat.”

W. S. Jacob (1855) + T. J. Jackson See (1895):
Objev planety u 70 Oph metodou astrometrie
(faleSna detekce)



A. van Maanen 1917,
PASP, 29, 258:

v v s

i
samostatného bilého trpaslika -0

s podivnym chemickym
slozenim — mozna akrece

okolnich téles

K.A. Strand 1943, PASP, 55, 29: Objekt .
s hmotnosti 16 M, obihajici
v systému 16 Cyg

D. Belorizky 1938, Lastr., 52, 359:
Jedinou moznosti, jak s tehdejSi
technikou detekovat nejvétsi planetu
Slunecni soustavy ze vzdaleného
vesmiru je pres tranzity (pokles 0.01
mag), nemozné pres radialni rychlosti
nebo pfimé pozorovani.

O. Struve 1952, Obs, 72, 199:
Spekuloval o planetach ve vzdalenosti
1/50 au. Amplituda radialnich rychlosti by
pak byla +- 0.2 km/s, pokles pfi tranzitu
0.02 mag, oboje detekovatelné tehdejSimi
pristroji.



THE ASTRONOMICAL JOURNAL VOLUMIE 68, NUMBER 7 SEPTEMBER 1963

Astrometric Study of Barnard’s Star from Plates Taken with the
24-inch Sproul Refractor

PETER VAN DE Kamp
Sproul Observatory, Swarthmore College
(Received 21 June 1963)

Twenty-five consecutive years of photographic observations of Barnard’s star show deviations from
uniform proper motion and secular acceleration which can be represented by Keplerian motion with a period
of 24 yr and semi-axis major of 702454"002 (p.e.). Assuming a value of 0.150® for the mass of Barnard’s
star, the mass of the companion proves to be [0.00150, or 1.6 times the mass of Jupiter. |
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THE ASTRONOMICAL JOURNAL VOLUME 78, NUMBER 8 OCTOBER 1973

An unsuccessful search for a planetary companion of Barnard’s star*
(BD + 4°3561)

George Gatewood
Allegheny Observatory, University of Pittsburgh, Pittsburgh, Pennsylvania

obtiZzne¢ a Zadna opticka soustava
nezlstava stabilni po desetileti

Heinrich Eichhorn

Department of Astronomy, University of South Florida, Tampa, Florida
(Received 8 February 1973; revised 30 April 1973)

The parallax, proper motion, and acceleration in position of Barnard’s Star have been determined from 241

Allegheny and Van Vleck Observatory photographic plates. The measurements were reduced by means of a N P . r

variant of a rigorous overlap type method previously proposed by one of us. (Eichhorn 1960). Despite relatively ZreJ me Vada OptICke SouStaVy
small rms errors, several test failed to confirm van de Kamp’s published orbit. The weighting system was

carefully studied from the adjustment residuals. In essence, the weight of a Thaw or Van Vleck plate is

proportional to the number of exposures.

NORMAL POINTS Gatewood, G. 1995, ApSS, 223, 91

X - Z astrometrickych méfeni vyplyva, ze
%094 1~ okolo Barnardovy hvézdy neobiha Zadné
B téleso hmotné&jsi nez 0.5 M na draze mezi
| * 1/20 a 2 au.
" /.\ \. ~
d'oo @ < . @
F / E: @ ' ; 4
7 RS 3 s
- . 2
pad \‘ =~ - A s e s e -~ 5
-0"04 |-
N B 1 T I 1 | !
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F1G. 1. Normal points.



PRECISE DOPPLER MONITORING OF BARNARD’S STAR

JIEUN CHoOTI', , CHRIS McCARTHY?, GEOFFREY W. I\IARCY1~ ANDREV\ W. HOWARD , DEBRA A. FISCHER JOHN A.
JOIII\bON . HOWARD Is: mcsom . JASON T. WRIGHT”

Draft version October 29, 2018
ABSTRACT Choi et al. 2013, ApJ, 764, 131

We present 248 precise Doppler measurements of Barnard’s Star (Gl 699), the second nearest star
system to Earth, obtained from Lick and Keck Observatorles during 25 years between 1987 and 2012.
The early precision was 20 m s~! but was 2 m s~ during the last 8 years, constituting the most
extensive and sensitive search for Doppler signatures of planets around this stellar neighbor. We
carefully analyze the 136 Keck radial velocities spanning 8 years by first applying a periodogram
analysis to search for nearly circular orbits. We find no significant periodic Doppler signals with
amplitudes above ~2 m s~1, setting firm upper limits on the minimum mass (M sini) of any planets
with orbital periods from 0.1 to 1000 days. Using a Monte Carlo analysis for circular orbits, we
determine that planetary companions to Barnard’s Star with masses above 2 Mg, and periods below
10 days would have been detected. Planets with periods up to 2 years and masses above 10 Mg (0.0 3
M jyp) are also ruled out. A similar analysis allowing for eccentric orbits yields comparable mass limits.
The habitable zone of Barnard’s Star appears to be devoid of roughly Earth-mass planets or larger,
save for face-on orbits. Previous claims of planets around the star by van de Kamp are strongly refuted.
The radial velocity of Barnard’s Star increases with time at 4.5154+0.002 m s~! yr—!, consistent with
the predicted geometrical effect, secular acceleration, that exchanges transverse for radial components
of velocity.
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Planet parameter Value

Barnard’s star b

Orbital period (d) 232.8010:38
Radial velocity semi-amplitude (m s1) 1.204+0.12
Eccentricity 0321322
Argument of periastron (deg) 107*22
Mean longitude at BJD2455000.0 (deg) 20317
Minimum mass (Msin 7, Me) 3.23+0.44
Orbital semi-major axis (au) 0.404+0.018
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The photometric method of detecting other planetary systems

Show GRaG Borucki & Summers 1984, Icarus, 58, 121
Borucki, W. J.; Summers, A. L.

The photometric method detects planets orbiting other stars by searching for the reduction in the light flux or the change in the color of
the stellar flux that occurs when a planet transits a star. A transit by Jupiter or Saturn would reduce the stellar flux by approximately
1% while a transit by Uranus or Neptune would reduce the stellar flux by 0.1%. A highly characteristic color change with an amplitude
approximately 0.1 of that for the flux reduction would also accompany the transit and could be used to verify that the source of the flux

reduction was a planetary transit rather than some other phenomenon. Although the precision required to detect major planets is
already available with state-of-the-art photometers, the detection of terrestrial-sized planets would require a precision substantially
greater than the state-of-the-art and a spaceborne platform to avoid the effects of variations in sky transparency and scintillation.
Because the probability is so small of observing a planetary transit during a single observation of a randomly chosen star, the search
program must be designed to continuously monitor hundreds or thousands of stars. The most promising approach is to search for
large planets with a photometric system that has a single-measurement precision of 0.1%. If it is assumed that large planets will have
long-period orbits, and that each star has an average of one large planet, then approximately 10 ¢ stars must be monitored
continuously. To monitor such a large groups of stars simultaneously while maintaining the required photometric precision, a detector
array coupled by a fiber-optic bundle to the focal plane of a moderate aperture (= 1 m), wide field of view (=50°) telescope is required.

Based on the stated assumptions, a detection rate of one planet per year of observation appears possible.
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1% while a transit by Uranus or Neptune would reduce the stellar flux by 0.1%. A highly characteristic color change with an amplitude
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Doyle et al. 1984, ApJ, 287, 307
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Campbell, Walker & Yang 1988, ApJ, 331, 902
A search for substellar companions to solar-type stars
12 hvézd béhem 6 let, X' Ori A a y Cep A dlouhodobé
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Campbell, Walker & Yang 1988, ApJ, 331, 902
A search for substellar companions to solar-type stars
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Marcy & Buttler 1989, ApJ, 344, 441
- hledani objekth substelarnich hmotnosti u malo hmotnych =y
hvézd (70 stars, 6~200 m/s) :

Cochran & Hatzes 1993, ApSS, 212, 281
- monitoring 33 hvézd sp. typl F-K s pouZzitim jodove cely
(0~<10 m/s)



szczan & Frail 1992, Nature, 355, 145

2 planety okolo pulsaru PSR1257+12: 2.8 a 3.4 M, + 0.02 M_, periody 98 a 66 dni

A planetary system around the .
millisecond pulsar PSR1257 +12 j A

A. Wolszczan* & D. A. Frailt

* National Astronomy and lonosphere Center, Arecibo Observatory,

Arecibo, Puerto Rico 00613, USA ¥ L v e ok ) E e Y | L
+ National Radio Astronomy Observatory, Socorro, New Mexico 87801, 1 . 2 3

USA - o .. - ; .
MILLISECOND radio pulsars, which are old (~10°yr), rapidly 0 . 5 = ]
rotating neutron stars believed to be spun up by accretion of matter 3

from their stellar companions, are usually found in binary systems £ 1. . ,' 4
with other degenerate stars'. Using the 305-m Arecibo radiotele- — . . 2 .
scope to make precise timing measurements of pulses from the 5 T e T R
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recently discovered 6.2-ms pulsar PSR1257 + 12 (ref. 2), we demon- O
strate that, rather than being associated with a stellar object, the 8 10 . i .
pulsar is orbited by two or more planet-sized bodies. The planetsT | .

detected so far have masses of at least 2.8 M, and 3.4 M, where o L . - G

4

M, is the mass of the Earth. Their respective distances from the ; A
pulsar are 0.47 AU and 0.36 AU, and they move in almost circular 1 3 <

orbits with periods of 98.2 and 66.6 days. Observations indicate . . *
that at least one more planet may be present in this system. The ) X

detection of a planetary system around a nearby (~ 500 pc), old R o N
neutron star, together with the recent report on a planetary com- 0.05! T
panion to the pulsar PSR1829— 10 (ref. 3) raises the tantalizing .
possibility that a non-negligible fraction of neutron stars observ- 1
able as radio pulsars may be orbited by planet-like bodies. 0|- §
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Baranne et al. 1996, A&AS, 119, 373,
spektrograf Elodie na 1.9m dalekohledu
observatoie Haute Provence, <15 m/s, 9 mag,
<30 min expozice
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Typical resolution power

Pixel sampling per FWHM

Usable wavelength domain (blaze response > 50%)
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A Jupiter-mass companion to a solar-type star
Michel Mayor & Didier Queloz Mayor&Queloz 1995, Nature, 378, 355

Geneva Observatory, 51 Chemin des Maillettes, CH-1290 Sauverny, Switzerland

The presence of a Jupiter-mass companion to the star 51 Pegasi is inferred from observations
of periodic variations in the star’s radial velocity. The companion lies only about eight million
kilometres from the star, which would be well inside the orbit of Mercury in our Solar System.
This object might be a gas-giant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.

100 =1
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Vysledek monitoringu 142
hvézd sp. typu G a K

¥ o7

Nobelova cena za fyziku 2019

TABLE 1 Orbital parameters of 51 Peg

-0, L L L L 4——0——+—¢——¢—Q——0——0: i

4.2293+0.0011 d
2,449,797.773+0.036
0 (fixed)
0.059+0.003kms™*
(34+2)10°m

M,sin i=047+0.02 M, (0.91 +0.15) 10 *° Mg

35 measurements
13ms™?




Planety mohou byt uplne jine,
nez jsme si predstavovali

100 =

50

Nobelova cena za fyziku 2019

TABLE 1 Orbital parameters of 51 Peg

4.2293+0.0011 d
2,449,797.773+0.036
O (fixed)
0.059+0.003 kms™*
(34+2)10°m
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35 measurements
13ms*
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100}

Buttler et al. 1999, ApJ, 526, 916

- Objev prvniho multiplanetarniho systému
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Charbonneau et al. 2002, ApJ, 568, 377 P I
- Prvni detekce atmosféry exoplanety [

(sodik u HD 209458) 1o
- v datech z HST STIS spektrografu (teoreticke 3

pfedpovédi radoveé mensi) Sl

2™ & 3" contact |, L 1% & 4" contact
T —— —

0.002[ T T T T T T T LB L - :
i ? 1.0x10° ! Lohy L L
585 590 595
- S 5 s ] . et . b wavelength (nm
0.0011- , F oo o5 XA : 4 5 ) gth (nm) )
- o * : : T S S . - ]
AR LRY 2 0.0001 4
r b Laaees o, 4 '”" K KR 3 E % % } .
0.000 - ARy e i St ey PROar i i 5 0.0000 [~ 1l = —%— 2 e e -g==-7q----- -
S et ‘. : A e s s o ]
T eskgm e g L o - .
A ot ¢ -0.0001 =
@ 3 : s s =
¥ [ & 7 e e : R % e ] o E ]
3 -0001- . e . % ] £ -0.0002 % =
r <. .. : : : % s 5 ° E ]
o . -
= F ]
° C 3 : : ] -0.0003 3
® o002 4y 4Ly b e E———————————————
= L : : . 0.0002 -
o 0.0004 : 3 = B a
g - . ' ~ g
o : : x - R
3 L { : 1 2 0.0001 - 7
5 0.0002 : 4 - o B ]
B : : ] 4 C ]
: | £ ooonof DRIPRIF SRS AT S
: : 2 C ]
r : 5 I 5 S 0.0000 - || s ¥ -39 - -tF3-sd4----- —
0.0000 : d I i { o C %§ % % % % ]
B v 3 1 @ B % ]
. — o
c - .
i i ® -0.0001 |- —
-0.0002 B 3 v C ]
s C ]
—0.0004 | : ? ] -0.0002 - 3
- C : : ] SIS, IR RN S SIS S S A LR ISl ST
I TR N S N SRS R N 580 590 500 610 620 630 540
0.0 0.02 0.04 0.06 0.08 0.10 0.12 wovelength (nm)

time from center of transit (days)



Dalsi historicke

Doyle et al. 2011, Sci, 333, 1602
- Cirkumbinarni planeta v systému Kepler-16 (prvni detekce CB planety Correia et al. 2005, A&A,

440, 751)
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Quintana et al. 2014, Sci, 344, 277
- Prvni exoplaneta velikosti Zemé v obyvatelné zoné
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Anglada-Escudé¢ et al. 2016, Nature, 536, 437
- Planeta u o Centauri C 5] oA e

Chasing nomadic worlds: A new class of deep space missions

- Planeta o hmotnosti M ,=1.17 M, s orbitalni periodou 11.2 dne g el s Mt Tl
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Planet Radius (Earth radii)

Dalsi historick

Hill et al. 2023, AJ, 165, 34
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Hyceani planety, detekce organickych molekul

NIRSpec G395H - White Light Curve
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g opaceticlescope Spitzer — start 24. srpna 2003 CoRoT — start 26. prosince 2006
start 23. duben 1990 —
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James Webb Space Telescope

. 7 Kepler
start 25. prosinec 2021 Cheops, start 18. prosince 2019 start 6. biezna 2009



Vyzkum exoplanet v CR

Skupina exoplanet AV CR v Ondfejové (2m Perkiv dalekohled, OES)

- PI Petr Kabath
- od 2015 monitoring exoplanet a exoplanetarnich kandidatt
- spoluprace v ramci KESPRINT, Tautenburg, IAC

. 2kx2k detektor chlazeny kapalnym dusikem
. VInovy rozsah — 380-9100 nm
. . R=50000, limit ~12 mag
.« Teplotné 'stabilni' £1 K
. 2019 upgrade na vlaknovy spektrograf




Vyzkum exoplanetv CR

PLATOSpec - vysokodisperzni echelletovy spektrograf na 1.52m dalekohledu na La Silla, Chile
(2023)

VInovy rozsah 360-680 nm
3 RozliSovaci schopnost 70000
Teplotni stabilita 0.1K
Pfesnost méreni 3 m/s
Kalibrace ThAr + jodova barnka

fcam = 513mm fcol = 1280mm echelle 41.59 lines/mm Blazed Angle 76 deg
X disp 340 lines/mm delta 47 pix. Incident Angle = 23.3
R = 68450 m_min = 68 m_max = 129 lambda_min = 360 nm, lambda_max = 680 nm
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Vyzkum exoplanet

Z4k et al. 2019, AJ, 158, 120 — detekce sodiku u dvou exoplanet v datech z HARPS
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Vyzkum exoplanet v

Kabath et al. 2022, MNRAS, 513, 5955, “TOI-2046b, TOI-1181b, and TOI-1516b, three new hot Jupiters from TESS: planets orbiting a
young star, a subgiant, and a normal star” - prvni exoplanety potvrzené s piispénim CR
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Budoucnost
E-ELT, Cerro Armazones, primér 39 m (798 1.4m zrcadel), 2025

Very Large Telescope Extremely Large Telescope Keck Telescope Thirty Meter Telescope Subaru Telescope South African.  New. Technology Giant Magedan Telescope Large Synoptic Survey Telescope
Large Telescope Telescope



B“doucnOSt The ARGUS Broject Deeg, 80AI2023, Sep 14, 2023

University of North Carolina at Chapel H

900 20cm telescopes with 61MPix cameras on common for survey in N-hemisphere
mount (not a small telescope!)

1 min temporal resolution (t.,, ~1min, ~1s); stars are tracked for ~15min before reset

exp

Science objectives: multimessenger time-domain astronomy, exoplanets , stellar
science, general transient science, solar-system science

Prototype ARGUS pathfinder with 38 telescopes, in commissioning since early 2023
at PARI obsv. in North Carolina.

Standard concept Alternative “Inside-out” concept. Window of ~90cm o

900 0.20m telescopes 900 61 MPix cameras

18.6m? collecting area 54.9 GPix total Tolescope FoV beams
Sm-diameter-mirror class 7,916 sq.deg. at 1.38" / pix /
Calibration system
Tracking rotation & sunshield p Dome wmoo:'
Temperature- [convergence
stabilized telescope beams)
geodesic dome
Geodesic dome Wem.hev
structure station

Tracking drive &

anti-wind-shake i
system |

Bearing
(at base L
of dome) _4 3 Data storage
o 7 and analysis
systems insulated dome walls
50ft diameter = watercooling lines
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Law+ 2022a Law+ 2022b (SPIE)
(PASP) 1

Raskin, 80Al2023, Sep 11, 2023 - projekt MARVEL
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Ceska spoluprace — fyzikalni
ustav AV CR
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Ceska spoluprace — vyroba kontejnert na
prepravu kamer, testovani CCD, software
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