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* Slunce “nic nedodava” < jen udrzuje rovnovazny stav

* skvrna najinak temné obloze = zdroj nizké entropie (Penrose2013)
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9 zdkladnich fazi

. ochlazeni ISM, gravitacni kolaps GMC

. TN reakce ve © » rovnovazny protoplanetarni disk

. akrece prachu: snézeni, sedimentace, spiralovani, turbulence
. akrece balvanu + treni, kolaps plynu -> ob¥i planety (~10 Myr)
. migrace v plynném disku

. srazky embryi > terestrickeé planety, Mésic (~100 Myr)

. migrace v disku planetesimal za Neptunem

. blizka priblizeni planet, vymrstéeni ,,9. planety

. priblizeni hvezd a galaktické slapy

. Jarkovského jev, gravitacni rezonance a srazky planetek
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Chemické sloZzeni meteoritd a Slunce

C1 meteorites abundances / log(Ny/Ny) + 12
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2. SnéZeni prachu z plynu
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2.Akrece prachu + turbulence

 klasicka akrece + gravitacni fokusovani (Goldreich 2004)
nefunguje! < spiralovani balvanu je rychlé

* nestabilita dvou proudéni (angl. streaming instability)
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Lambrechts & Johansen (2012)
* aerodynamické treni balvanu R r A e e :

v prvotnich atmosférach

* prekroceni kritické hmotnosti :
asi 20 Mg > gravitacni kolaps /
okolniho plynu )
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Fig.7. Trajectories for particles with dimensionless friction time 7y =
0.01,0.1,1 obtained from the 2D Hill equations including gas drag.
Pebbles with 7; = 0.1 and impact parameters below a Hill radius ef-
ficiently get accreted. Larger particles of v = 1 are pulled in from
wider separations, but cores lose particles on horseshoe orbits. Particles
strongly coupled to the gas, with ¢ = 0.01, need close encounters well
within the Hill sphere in order to fall onto the core.
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Flow field in the vicinity of a Jupiter mass planet (after Kley (1999)).

Figure 4



¥ samozrejmeé obfich, terestrické nejsou

4. Migrace planet v plynném disku

t=3141.6 =500 P,

* gravitacni interakce
disk © planeta

* Hillova sféra, spiralni
ramena, korotacni oblast

predepsana viskozita v,
migrace smerem dovnitr

density logg p

kod FARGO
Masset (2000)




Zdroje viskozity V?

 vertikalni strihova nestabilita (VSI ~ KH)
* baroklinicka nestabilita (SBI ~ RT, Klahr & Bodenheimer 2003)
* magneto-rotacni nestabilita (MRI, Balbus & Hawley 1973)

density p

kod PLUTO
Mignone et al. (2007)




Typy migrace .oy

Typ |: bez mezery, malé M, Lindbladovy rezonance

> spiralni vlny, da/dt o« =M 2 vyep /H?

Typ II: s mezerou, velké M, spiralni ramena, da/dt = -3v/(2a),
Typ lll: s casteCnou mezerou, stredni M, exponencialni da/dt
stochasticka: turbulence, nahodna chuize

prekryv mezer, zachyceni J & S v rezonanci 3:2, spolecna
migrace ven (Morbidelli & Crida 2007)

Chambers (2001), Armitage (2009)
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Eccentricity

5. Terestrické planety

* srazky embryi v terestrické zone (Chambers 2001)
* vznik Mésice velkym necentralnim impaktem (Canup 2009)
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6. Migrace planet v disku
planetesimal
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' model z Nice:

. Gomez et al. (2005)
. Tsiganis et al. (2005)
- Morbidelli et al. (2005)

- kompaktni systém

- stabilizace diskem, ale
. divergentni migrace
. sekularni perturbace

' rezonance J &S 2:1
. nebojiné

Levison et al. (2009)



Typy migrace (COnt.) < v planetesimalach!

tlumena: dM,/dt « -My, da/dt exponencialné klesa

podporovana prekotna: dMy/dt « My kvuli nabirani
,nhovych® planetesimal pri migraci samotné

podporovana nucena: prisun planetesimal kvuli
pritomnosti dalsi planety

osamoceny Jupiter migruje dovnitr, ale...

Jupiter dovnitr a Saturn, Uran, Neptun ven!

chaoticka: nestabilita systému, blizka priblizeni planet

Chambers (2001)
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“They say this is the closest Mars has been to
Earth in 60,000 years."



40

/. Blizka pFibliZzeni planet
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/. Vymrsténi ,,9.“ planety

(ne Pluto)
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Figure 2, Orbit histories of giant planets in a simulation with five initial planets, The five planets were started in the (3:2,3:2,4:3,5:4) resonances, Mgisk = S0 My,
and ri;, = 15 AU. After a series of encounters with Jupiter the inner ice giant was ejected from the solar system at 8.2 x 10% yr (purple path). The remaining planets
were stabilized by the planetesimal disk and migrated to orbits that very closely match those of the outer planets (dashed lines).

Nesvorny (2011)
Nesvorny & Morbidelli (2012)



8. priblizeni * a galaktické slapy

° trans-neptunické objekty: - s R
klasi Ck)'/ Kuip eriy pés, P '/, P T
Plutina (3:2), 2:1, 1054
rozptyleny disk, e
oddeéleny disk, s
Oortuv oblak

* transportz TNO: Bt
Kentauri, komety Edgew%retn Kuiper
Jupiterovy rodiny (JFc), . N inner  N\CT7T -
komety Halleyova typu... "\ %

- .I -4-.'
L™
.

Centaurs inner

Fernandez (2005) R AR L o
Nesvorny et al. (2013) L T e

~ . -
-~ . -
e o o - - -



9. Dlouhodoby vyvoj planetek

denni

* Jarkovského/YORP jev
e chaoticka difuze

* vzajemné srazky
* priblizenik @ qij.

Chrenko et al. (2015)
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Proxima Centauri b «nepis

exoplaneta

* spektrograf HARPS @ ESO 3,6 m, ory= 0,3 m/s, UVES @ VLT
e M55V, M=0,120 Mp, R=0,141 R, L =0,00155 Lo, Tex=3050 K
e P=11,186dne,RV=1,38m/s,e<0,35;\, ®

Anglada-Escudé et al. (2016)
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