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Å>400  planets detected (08 Nov. 2009)

Å45  multiple planet systems (http://exoplanet.eu/)

ÅMany hot planets;

ÅMany planets in eccentric orbits;

Introduction



Our solar system

ÅGiant planets in moderate-

distance orbits

ÅNear circular orbits

(1) To explain the statistics of observed exoplanets,

(2) To understand what makes the difference 

between exoplanet systems and the solar system

(3) To predict statistics of undetected planets.

Tasks of dynamical 

study



(1)core accretion scenario

(2)gravitational instability scenario
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Isolation mass in core-accretion

snow line
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(Kokubo & 

Ida1998)
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Chronology( ף ) of Solar system planets 

ÄMM iso 1.0~

Kleine et al. 2002, also Yin et al. 2002

<1Myr, Isolation mass of terrestrial region

<3-5 Myr,  giant planet formation

> 10-30 Myrs: terrestrial planet formation

Previous results: -60Murs for 

Terrestrial plant formation



type-II migration

planetôs perturbation

viscous diffusion

type-I migration

disk torque imbalance
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But, things are not so easyé.

viscous disk accretion

Goldreich & Tremaine (1979), 

Ward (1986, 1997), Tanaka et al. (2002)

Lin & Papaloizou (1985),.... 

ppt borrowed  from D Lin



Good or bad?

ÅType I: (if quick) lost of planet cores---

bad ; (if moderate) good for close-in 

super Earth.

ÅType II: close-in orbits---good for 

exoplanets (Lin et al. 1996), but bad for 

solar system.



I. Formation of Hot Super Earth

II. Formation of Planet systems: N body 

simulations (Liu H.G.ôs talk)

III. Planetesimal accretion in Binary Star 

Coming nexté



I  Formation of Hot Super Earth

Ç 17 with mass< 24 ME and a < 

21days

Ç <10 HSE

Ç 14 planet systems

Ç All by radial velocity 

(http://exoplanet.eu/)

ÄM32

ÄM2.3

Definition of Hot Super Earths (HSE):

ÇPeriod       10 days  (0.1AU, 900K)

ÇMass        10 Earth mass (critical core mass, Netune 17ME )
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List of 17 HSE & HSN

Label: Period (days)

By Zhao gang & Chen YuanYuna



10 ~12 HRÄM1.0~

Snow line
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Formation Scenarios of HSE

Different models of HSE formation:

× In Situ Accretion (M1)

× Giant Planet Migration Shepherding  (M2)

× Secular Resonance Shepherding during Disk Dissipation  (M3)

× éé



MI. In situ formation ( )

ÇNeed 40~50 Me inside 

0.5 AU,17-50  x MMSN 

ÇSeveral HSEs, space 

20-60 RH

ÇRelatively dray, 0.1-1% 

water

ÇTyep_I migration is not 

included

Q= MM 31.0*

M3 dwarf

(Raymond et al. 2007)



M2,M3:MMR or SR shepherding

Zhou et al. 2005

ÇOne or several HSE exists 

inside 2:1 resonance

ÇTidal evolution will decay 

the orbits out of resonance

ÇType_I migration is not 

included

M4 dwarf

Q= MM 32.0*



Stop Type-I migration

(Kretke & Lin 2007)

Gammie, 1996

Boundary of dead and active region



10Me

5Me

2

1

Masset et al. 2006, Morbidelli et al. 2008

ÇSurface density radial jump results in a positive torque > outer 

negative Lindblad torque;

ÇA surface density jump of 50% over 3~5 disk thickness is enough

Planet trap
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Application : HD40307

Mayor et al. 2008

http://en.wikipedia.org/wiki/Moons_of_Jupiter

c.f. First 3 Galileans satellites of Jupiters  1:2: 4



Proposed scenario for HD40307

By Zhang hui



C1=0.1:


