F7514 Exoplanety

3-Drahy exoplanet, krivka
radialnich rychlosti

Marek Skarka
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Sveételné eleme

Pohyb planet je periodicky jev -> vyhodné pouzivat fazovou krivku
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Svételné elementy

Pohyb planet je periodicky jev -> vyhodné pouzivat fazovou kfivku
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Svetelné elementy

Pohyb planet je periodicky jev -> vyhodné pouzivat fazovou kfivku
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Svetelné elementy

Pohyb planet je periodicky jev -> vyhodné pouzivat fazovou kfivku
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Svetelne elementy

Pohyb planet je periodicky jev -> vyhodné pouzivat fazovou kfivku
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Elipsa a jeji parametry

Hmotna télesa obihaji okolo spole¢ného
stfedu hmotnosti po eliptickych drahach

Elipsa je kfivka se dvéma ohnisky pficemz
soucet vzdalenosti bodu na elipse od obou
ohnisek je konstantni




Elipsa a jeji parametry

auxiliary circle elliptical orbit

F,, - ohniska, a - velka poloosa; b - mala poloosa;
e - excentricita, E - excentricka anomalie, v - prava anomalie;
r - vzdalenost télesa od primarniho ohniska;

Q - vzdalenost F, od nejvzdalenéjsiho bodu drahy (apocentrum)
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Elipsa a jeji parametry

i, planet

auxiliary circle elliptical orbit

F,, - ohniska, a - velka poloosa; b - mala poloosa;
e - excentricita, E - excentricka anomalie, v - prava anomalie;
r - vzdalenost télesa od primarniho ohniska;

Q - vzdalenost F, od nejvzdalenéjsiho bodu drahy (apocentrum)
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Elipsa a jeji parametry

______________________________ Hmotna télesa obihaji okolo spole¢ného
stfedu hmotnosti po eliptickych drahach
Elipsa je kfivka se dvéma ohnisky pficemz
soucet vzdalenosti bodu na elipse od obou
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apsid), pro e=0 neni definovan

i - inklinace (Uhel mezi rovinou drahy télesa a nebeskou sférou).
i<90° - progradni; i>90° - retrogradni
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Ill. Kepleruv zakon -> radialni rychlosti
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1. Keplertiv zakon -> radialni rychlosti
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Krivka radialnich rychlosti

M3 si n3 i Funkce hmotnosti - pfi znalosti hmotnosti hvézdy
p jsme schopni urc€it jen spodni mez hmotnosti planety

K (ZnG)”?’ Mpsini 1
-\ P

(M*+Mp)2/3 (1-—e2)1/2 (M* N Mp)z

V kombinaci s metodou tranzitu jsme ale schopni
w urcit hmotnost planety absolutné!
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Kfivka radialnich rychlosti

Ovérovani exoplanetarni povahy kandidatl identifikovanych ve fotometrickych prehlidkach

EPIC 201534540=HD 99458 - identifikovan v K2, Barros et al. 2016, A&A, 594, 100
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Krivka radialnich rychlosti

Ovérovani exoplanetarni povahy kandidatl identifikovanych ve fotometrickych prehlidkach

EPIC 201534540=HD 99458 - identifikovan v K2, Barros et al. 2016, A&A, 594, 100
Méreni radialnich rychlosti v Ondrejové - souputnik je Cerveny trpaslik, Skarka et al. 2019, MNRAS, 487, 4230
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Krivka radialnich rychlosti

Ovérovani exoplanetarni povahy kandidatl identifikovanych ve fotometrickych prehlidkach

EPIC 201534540=HD 99458 - identifikovan v K2, Barros et al. 2016, A&A, 594, 100
Méreni radialnich rychlosti v Ondrejové - souputnik je Cerveny trpaslik, Skarka et al. 2019, MNRAS, 487, 4230
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Krivka radialnich rychlosti

Ovérovani exoplanetarni povahy kandidatl identifikovanych ve fotometrickych prehlidkach

EPIC 201534540=HD 99458 - identifikovan v K2, Barros et al. 2016, A&A, 594, 100
Méreni radialnich rychlosti v Ondrejové - souputnik je Cerveny trpaslik, Skarka et al. 2019, MNRAS, 487, 4230

TOI-503 - Prvni hnédy trpaslik objeveny TESS, Subjak et al. 2020, AJ, 159, 151
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Kfivka radialnich rychlosti

Ovérovani exoplanetarni povahy kandidatl identifikovanych ve fotometrickych prehlidkach

EPIC 201534540=HD 99458 - identifikovan v K2, Barros et al. 2016, A&A, 594, 100
Méreni radialnich rychlosti v Ondrejové - souputnik je Cerveny trpaslik, Skarka et al. 2019, MNRAS, 487, 4230

TOI-503 - Prvni hnédy trpaslik objeveny TESS, Subjak et al. 2020, AJ, 159, 151

TOI-503 orbital solution
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Metoda radialnich rychlosti - zajimaveé vysledky

Vogel 1890, PASP, 2, 27

ORBIT AND Mass OF THE VARIABLE STAR AZLGOL (3 Persei).

On the 28th of November a very important discovery was com-
municated to the Academy of Sciences of Berlin by Professor H. C.
VoGEL, Director, and Dr. SCHEINER, Astronomer of the Astrophysi-
kalisches Observatorium of Potsdam. I condense from the Sitzungs-
berichte of the Academy, 1889, (page 1045), the following :—

“Three photographic negatives of the spectrum of Algo/ taken
during the winter of 1888-9 showed that before a minimum A/go/
was moving away from the sun, and after a minimum it was moving
towards it. Three new exposures of November, 1889, confirm this
result. The observations taken together afford a very strong support
to the theory that the cause of the variations in the light.of 4lgo/ is
to be found in the eclipses of this star by a dark (invisible) satellite
revolving about it. The phenomena can be explained by assuming
the following particulars of the dimensions of the two bodies :—

‘¢ Diameter of 4gol . . . . = 230,000 geographical miles.
‘¢ Diameter of the invisible satelhte = 180,000 ¢ ¢
‘¢ Distance between their centres. = 700,000 o s
“ Satellite’s velocity in orbit . . = 12.0 <& €
““Mass of dlgo/ . . . . . . = 4of the Sun’s mass.

‘¢ Mass of the satellite =% ¢ §¢ 6

q

¢¢ Motion of both bodies in the line of 51ght (toward the Sun) o.5geographical

miles.”
E. S. H.



Metoda radialnich rychlosti - zajimaveé vysledky

Keeler 1895, ApJ, 1, 41 - Saturn rotuje jako tuhé

téleso, prstence keplerovskou rotaci Vogel 1890, PASP, 2, 27

ORBIT AND MaAss OF THE VARIABLE STAR ALGOL (B Persei).
One millimeter. ’

T N R e On the 28th of November a very important discovery was com-
) municated to the Academy of Sciences of Berlin by Professor H. C.
VoGEL, Director, and Dr. SCHEINER, Astronomer of the Astrophysi-
kalisches Observatorium of Potsdam. I condense from the Sitzungs-
berichte of the Academy, 1889, (page 1045), the following :—
“Three photographic negatives of the spectrum of Algo/ taken
— P during the winter of 1888-9 showed that before a minimum A/go/
Tj’ was moving away from the sun, and after a minimum it was moving
5 towards it. Three new exposures of November, 1889, confirm this
result. The observations taken together afford a very strong support
to the theory that the cause of the variations in the light.of 4lgo/ is
to be found in the eclipses of this star by a dark (invisible) satellite
revolving about it. The phenomena can be explained by assuming
the following particulars of the dimensions of the two bodies :—
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o “ Diameter of 4fgo/ . . . . . = 230,000 geographical miles.
E i ¢ Diameter of the invisible satellite = 180,000 ¢ ¢
H ‘¢ Distance between their centres. = 700,000 <8 ““
~~~~~ — l . “ Satellite’s velocity in orbit . . = 12.0 €t g
""""" 5 F—o ¢ Mass of Algol = 4§ of the Sun’s mass.
™ ; ‘¢ Mass of the satellite =% ¢ §¢ 6

! :‘-\ | ¢¢ Motion of both bodies in the line of sight (toward the Sun) 0.5 geographical
i miles.”
E. S. H.
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dRV[m/s]

Metoda radialnich rychlosti - zajimave vysledky

Endl et al. 2004, ApJ, 611, 1121
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Metoda radialnich rychlosti -

Tamuz et al. 2008, A&A, 480, 33
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Metoda radialnich rychlosti -

Mayor et al. 2009, A&A, 493 639 Tl A
Hd i)
Parameter HD 40307 b HD 40307 ¢ HD 40307 d 2 Bl ﬂ+ 3
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Metoda radialnich rychlosti -

Fischer et al. 2008, ApJ, 675, 790 - 5 planet okolo 55 Cnc
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TABLE 2
ORBITAL PARAMETERS FOR THE FIVE-PLANET MODEL
Period w K M sini a
Planet" (days) T e (deg) (ms™") (Myyp) (AU)
2.81705 £+ 0.0001 249999.83643 + 0.0001 0.07 £ 0.06 2489 +38  5.07 +0.53 0.034 & 0.0036 0.038 + 1.0 x 107¢
14.65162 + 0.0007  2450002.94749 + 1.2 0.014 + 0.008 131.94 +£30 71.32 + 0.41 0.824 + 0.007 0.115 & 1.1 x 107
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? Planets are listed in order of increasing orbital period; however, the planet designations, b—f, correspond to the chronological order of their discovery.
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Metoda radialnich ryc
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Doppleruv jev

Zmeéna pozorované frekvence vlivem pohybu zdroje a pozorovatele

(B 5 1 O V
f poz — —— B2 f 0 /

C + Uzdroj

f, - frekvence vinéni

fpOZ - pozorovana frekvence
C - rychlost vinéni

v ., - r'ychlost pozorovatele

p

Vadroj - rychlost zdroje

Konvence:
Objekt se vzdaluje (Cerveny posuv): K je kladné
Objekt se priblizuje (modry posuv): K je zaporné

Christian Doppler (1803-1853)



Doppleruv jev

Zmeéna pozorované frekvence vlivem pohybu zdroje a pozorovatele
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C + Uzdroj
f, - frekvence vinéni
fpOZ - pozorovana frekvence
C - rychlost vinéni
v___-rychlost pozorovatele
0z

p

Vadroj - rychlost zdroje

Christian Doppler (1803-1853)

Konvence:
Objekt se vzdaluje (Cerveny posuv): K je kladné
Objekt se priblizuje (modry posuv): K je zaporné
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Doppleruv jev

Zmeéna pozorované frekvence vlivem pohybu zdroje a pozorovatele

C = VUpoy
f}')()z a ] f()
C + Uzdroj

f, - frekvence vinéni

fpOZ - pozorovana frekvence
c - rychlost vinéni

Voor - rychlost pozorovatele

Vo ~ rychlost zdroje

Christian Doppler (1803-1853)

Konvence:
Objekt se vzdaluje (Cerveny posuv): K je kladné
Objekt se priblizuje (modry posuv): K je zaporné

(c—v) = —
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Doppleruv jev

v Apos— Ao _ A

A0 A0

Posuv spektralnich ¢ar AA je nepfimo umérny rychlosti svétla => nutnost mérit velmi malé posuvy

Amplitudy zpisobené exoplanetami typicky < 1 km/s — na 400 nm posuv AA 0.0013 nm!
=> Extrémni naroky na stabilitu spektrografu, zpracovani dat a analytické metody

https://www.compadre.org/osp/EJSS/5105/423.htm
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SPATNA ANIMACE! PROC?

”~

/ DOPPLER EFFECT IN LIGHT WAVES_

When the frequency of light wave changes, the colour of the light al:
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