Giant Planet Formation

via Core-Nucleated Accretion
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Mass Distribution of Planets
Detected by Doppler Method

=~ 0 W
< < <

h
<

mber of Planets (389)

u

<

Number of planets by mass

Difficult to observe

r &

=—

iINN

59
Real dropoff

63

0.032 006 01 I

00186
| exoplanet.eu (03/03/10)

0254 0506 1 01

2014 4019 8019 16
Planet Mass (Mj)




Mass Distribution of Planets
Detected by Doppler Method
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 Mass-radius relationship ~ Solar System

« Larger fraction of more massive stars have giant



Neptune




Jupiter

Saturn

Uranus




Jupiter

Saturn

Uranus




Jupiter
Saturn

© 1999 Lynette Cook -

Giant Planets




M/ Mg

(=)
(o2}
o
=0}
(@)
~
o
o]
-
w0
o
<
Q
™
o
o
o
—

0

] | | ¥ \Truncated
E Jupiter

— Omi = 10 g/cm?® | by gap

3 | formation
|

= Embryo /,E y

= isolation ST

E P —— /;”/ -

) Figusavecers: :12 """ | 1 8! -

Pollack et al. 1996






Jupiter

Saturn

Uranus




BRH =

-0.5

- 1 . O [P URT VRT WY VR (AT S WA WY N (ST VR ST SR WU (Y SN S W T

-1.0 -=0.5

0.0

Ty

0.5 1.0

Initial positions

1 i
0t
w2 B
_2 —;_A 1 A . A 1
-2 -1 0 1
. . Ty
Trajectories

Mp =10 Ilearth






Jupiter

Saturn

0.01 0.10 1.00 10.00
"'Y'l LA N B A A 4 L B B B 4 " Ll Al L B A B

10™°F 1
s : S ?
Q, ; :
~—4
o 10 3 E

rannl

dMyy/dt (.7
-

LR LLL |

F—
-
F
\
|
- ' -
-
- \ g
= N




Jupiter

Saturn

40 T T Y T T T Y Y T T T T Y T T T T T ] T T T Y L T

- = &y
- I ,.3
a
- 16— M
= 1 B p g= '?
- { -2 3
. L Ol

- "

/) 2 | EE—— ll)
hj 1_}’ J =)
-.’" &

20 . 3hd
M,

RN Y

MCER T T RN

ll;lllllllllllllllllll_.l

M, -

|

L

llllllllll




N\

-
- 1sG .
e R i
B 3hJ = A | 5 -
- -
i ,__ﬁﬁh N
B —
: E
E -
L
= -3
-
m —
I~ -
5 3
B ,’ S BN BN S SRR R N BN NN WEEE SRR SRR S . E TR R e e - - e —
=/ R,
- // C 3

o
N



T

10Loo
1G

3hJ

__-«‘quqqﬁa_«q‘_q—-aqa——«AA—«ﬂ

i T N

R G (] M N AR U M |

Lo 9 9 e § 9 15 F 4 )

-

-

11 1 1

S0

o
M

-
n
N

o
o
N

W) “‘w

o
n

—

|
o
o

o
Tp)

3.0

2.4 s 2.b 2.7 2.8 2.9

2.5

t (Myr)



Jupiter
, Saturn
— s 3

A . A ]
- ” . . - - - _a— -
10Lo0
€ e
> 107 1 -
Q. [ ]
Q 3hJ I 1
5
105E
N 1 ' A A L L ' A A l 1 A 1 A L 1 1




Jupiter
’ Saturn
-

1074

1077

I lIlIlHI ] Il]leIl T IITUIII I I]T”Il] I ITHIII] UL

| B | IIIIIII

Z2hJ

3hJ

L Ll

1 llLulll ! lLLlLlll

Ll llLlll

Ll uul

A

- Jlllll

I | lllul

N



Jupiter
’ g

| IPE FENN TR rom ENN [MSN Fum fCHN DR | SN PSRN PN RN PN TIN SN Cun EENS SN D e | TR . T O ST

B —
*4‘_

e

0

=

o 100 .

o = -

© I i

T i 1G _—— 1

S’ o of a

> -

o

m B 2qJ _ T

= 3hJ

u I T A

10 ==

lllll

2.3 2.4 2:3 2.6 2.7 2.8 2.9 3.0



Jupiter
, Saturn
— s 3

T T Y T T T T Y Y [ T T T T T T T Y T T T T T Y 11 T T ‘\-
.

: M o

300 [ * p'~' e

- " -

= ".\~\ “1

| — ~ - o

290 = =

200 - 7

~ s m

& i «

= ) |
p—

= 150 o

100 - ]

i Z

<19 & iy ~

O - ) -~

N




Jupiter

Saturn

”

100

T 11 III
"
l"l.l-\..n,
~,
,
L lllll

i

I
)
\

!

M (Mg)

Time (Myr)



Jupiter

Saturn

10*

T T T T T T L T 1 T T T T T T T T L4 T T T T T T T T T L4 ]
- ‘ |
- -1
- “1
~ &

lx]llll

L Ll

I
.|

i e —————— ———— —— — —— e = TS -1
/

% / Rc —
- / 3
-/ :
- / ]
-/ ]

1 1 1 1 L L 1 1 1 1 1 1 1 L L L 1 1 1 1 1 L y s 2 uf



-

.

_:____ I

1

_:_ﬂ_~" 1

_:____ |

1

-.34 | B J.:.qJ mIrrrr r  purrrecr ;_«« TTTrT ﬁ}ﬂ,‘.—: Tr 'qJ\«,\ﬂ\\J
-

_:_~__ 1

-4

<
|

10

T
o

(°71) 7

T
o

T
o

t (Myr)



Jupiter

Saturn

J L L

A

JL AL_LJ‘Ll‘.

A

R

S —— S S — — —— ———————————

S0 100 150 200 250 300
M (M)



Jupiter

Saturn

Uranus




90

80

70
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Core-nucleated accretion: Big rocks accumulated gas
One model for rocky planets, jovian planets, moons, comets...
Explains composition vs. mass

Detailed models exist
lakes millions of years (depends on M

core’

atmosphere opacity)

Fragmentation during collapse: Planets form like stars
Rapid

Binary stars are common

Mass gap

Requires M > 7 M,

Separate model for solid bodies,; no model for Uranus/Neptune

Gravitational instability in disk: Giant gaseous protoplanets
Rapid growth, but cooling rate limits contraction

Requires unphysical initial conditions (density waves stabilize)
Separate model for solid bodies; no good model for Uranus/Neptune
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Core-nucleated accretion: Big rocks accumulated gas
One model for rocky planets, jovian planets, moons, comets...
Explains composition vs. mass

Detailed models exist
Takes place within typical disk lifetime

Fragmentation during collapse: Planets form like stars
Rapid

Binary stars are common

Mass gap

Requires M > 7 M,

Separate model for solid bodies,; no model for Uranus/Neptune

Gravitational instability in disk: Giant gaseous protoplanets
Rapid growth, but cooling rate limits contraction
Suitable physical conditions may exist far from stars - HR 8799
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