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Introduction

A >400 planets detected (08 Nov. 2009)
A 45 multiple planet systems (http://exoplanet.eu/)
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A Many hot planets;

A Many planets in eccentric orbits;
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Our solar system

A Giant planets in moderate-
distance orbits

A Near circular orbits

Tasks of dynamical
study

(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.



Classical Scenarios of Planet Formation

(1)core accretion scenario
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(2)gravitational instability scenario
Q=2 c~JT

Disk: Low temperature and high density
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Chronology( 9 )of Solar system planets
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) <1Myr, Isolation mass of terrestrial region

s <3-5 Myr, giant planet formation
e > 10-30 Myrs: terrestrial planet formation



But, things are not D A

type-I migration type-ll migration
Lin & PapaI0|zou (1985),....

Goldreich & Tremaine (1979),

Ward (1986, 1997), Tanaka et al. (2002)
|l anet 6s,_pert i

M>(O.1' 1)MA p< | >

viscous diffusion

disk torque imbalance

'S &M BM 6 3 QL °
asS. ., &M, BM, 23 a &
| © 005 osn e a g oMyr
ae
¢ %EM%\"— +

us disk %cretlon “'
L..*

mg Il

| ODOI
&PBFL’
Q

v(j)u T
g »

a8y sn 9aM,,
0

ppt borrowed from D Lin

“"?B




Good or bad?
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A Type I: (if quick) lost of planet cores---
bad ; (if moderate) good for close-in

super Earth.

A Type ll: close-in orbits---good for
exoplanets (Lin et al. 1996), but bad for

solar system.

Planet Semi-Major Axis" vs "Planet Eccentricity" (32
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Coming next é
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|. Formation of Hot Super Earth

ll. Formation of Planet systems: N body
si mulations (LIiu H.G. O0s

lll. Planetesimal accretion in Binary Star



| Formation of Hot Super Earth

Definition of Hot Super Earths (HSE):

C Period ¢ 10 days (0.1AU, 900K)

C Mass ¢ 10Earth mass (critical core mass, Netune 17ME)

C 17 withmass<24 ME and a<
21days

¢ <10HSE
C 14 planet systems
C All by radial velocity
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"Planet Period" vs "Planet Mass" (75)
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List of 17 HSE & HSN

GI 876 (0.32M_ )

sun

GJ 436 (0.452M_ )

sun

55 Cnc (1.03M__ )

GJ 674 (0.35M_ )

Gl 581 (0.31M_ )

HD 40307 (0.766M_ )
HD 47186 (0.99M_ )
HD 219828 (1.24M_ )
HAT-P-11 (0.81M_, )
HD 285968 (0.49M_ )

sun

HD 69830 (0.86M_)
HD 181433 (0.78M_)
HD 160691 (1.08M__)

HD 4308 (0.83M__ )

HD 190360 (1.04M_, )

Label: Period (days)

By Zhao gang & Chen YuanYuna
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Different models of HSE formation:

X In Situ Accretion (M1)

x Giant Planet Migration Shepherding (M2)

x Secular Resonance Shepherding during Disk Dissipation (M3)
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MI. In situ formation (
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257 Planets

M[sini]
(M jup)

Period

(days)

s-M AXIis
(AU)

Ecc.

GI1581Db
Gl581 ¢
G1581d

0.0492
0.0158
0.0243

0.041
0.073
0.25

0.02
0.16
0.2

]

C Need 40~50 Me inside
0.5AU,17-50 x MMSN

C Several HSEs, space
20-60 RH

C Relatively dray, 0.1-1%
water

C Tyep_I migration is not
included

(Raymond et al. 2007)

M3 dwarf
M., =0.31IM
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i C One or several HSE exists
- . inside 2:1 resonance
$ F +  CTidal evolution will decay
° ] the orbits out of resonance
| C Type_I| migration is not
. included
gl b by ey b T ]
0 2 4 6 8 1 1.2 1.4
t(Myr)
Zhou et al. 2005
257 Planets M[Sllll] Period s-M Axis Ecc.
Gliese 876 b 1.935 60.94 0.20783 0.0249 M4 dwarf
Gliese 876 C 0.56 30.1 0.13 0.27 M* :OSZM
Gliese 876 d 0.018 1.93776 0020807 | 0O Q
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Boundary of dead and active region

ACTIVE LAYER

< DEAD ZONE
thermal cosmic ray .
ionization ionization Gammie, 1996

critical radius
0.1 AU

v = a(r)c.h

0.05 ?'(fu) 015 020 Y = Mg/(37TV(r))

8
(Kretke & Lin 2007)
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Masset et al. 2006, Morbidelli et al. 2008

C Surface density radial jump results in a positive torque > outer
negative Lindblad torque;

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



p
£ 5.

. i )_ T2 Z PRy
Application : HD40307 a7 K

NANJING UNIVERSITY

PLANET N[ .sinnJ] Radius PERIOID SEM-NMAT AXIS ECC. INCL..
(M) - stats| (Ry,p) - stats|(days) - stats (AU) - stats (deg) - stats
HD 40307 b ' 0.0132 | _ 43115 0.047 0 _
c | 0.0216 | . | 9.62 | 0.081 | 0 | : |
d ! 0.0288 ! . ! 20.46 ! 0.134 ! 0 | _ !

Mayor et al. 2008

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

Semi-major
Name

Diameter Mass Orbital period Inclination
Image axis Eccentricity | Discovered Group
(Pronunciation key) (km) (kg) (d)3K4) (°)(5)
(km)3)

8.9E
| lo caI0s 3660.0%x3637.4%3630.6 42170001  +1.768137786(2) 0.050° 0.0041 1610

+22

4.8E
Il Europa jo-rosp: 3121.6 671034(1)]  +3.551181041(2) 0.471° 0.0094 1610

+22

Galileans

1.5E
Il Ganymede .gan1mi-d 5262.4 1070 412(1) +7.15455296(2) 0.204° 0.0011 1610

+23

. GANYMEDE 4:1

EUROPA 2:1
. 101:1
@ JUPITER

http://en.wikipedia.org/wiki/Moons_of Jupiter
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By Zhang hui



2 7
7 7[) iy
I INA

NANJING UNIVERSITY

C,=0.1:



