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POSSIBLE OUTCOMES
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but the half-life IS well determined
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with planet-planet scattering only
with planet-planet scattering only
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Adams & Laughlin 2003, Icarus, 163, 290

Change in Planetary.
Mass Distribution
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Solar Birth Aggregate

)
©
>
e
C
| -
)
Q.
-
7))
| T
@)
>
—
@)
©
O
@)
. -
al




Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

d
C
O
>

LL
(@))
c

—
)

-
©
O

0]

e
@
>

=

@)
©

@)
O
S

al




Page 17

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

suoljezijeal

000‘00L=N ‘S/wy 0 = A ‘sioue|d juelb y
suoljezijeal

000‘00L=N ‘s/wy Ot = A ‘Ajuo yue3
suonezifeal 000‘0e=N ‘s/w | = A ‘s}08lq0 gy
suoljezifjeal

000°0S=N ‘s/wy | = A ‘siaue|d juelb y
suolnezieal 000‘0y=N ‘s/wy L = A ‘Ajuo Jaudnp

Sjuswiiadx3 ojue ) ajuo|\

g g ‘191 31q50 L1e3aued (zemoIp) € Suiquosap sijaweIe] g
¢ ‘g ‘A y ‘A RunoouR sy SulquRsIp sRPWRIR] T
e ‘;‘a “au T g1quo Areuiq ay) Suiquosap sisjewere] [

‘szajpwered ¢ Aq paypads are s1ajunosus Supayeds Areurg-jauej-reis

nqiQ Areurg ay jo auelg

. .
| ,f sjuawadxy Suuaperg 1oy LAjpwoan




Page 18

Fred Adams, U Michigan (K1 TP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

_ spemp pal Jo Jred Areuiq

Oyl YUMm Slixe yueg /

uonoelaul
reah 0006
_
uoiuedwod Aleuiqg e se

LIEMP PaJ 8UO YlIM SHIX8 ung

yue3 ay) saeinydeo pemp pay

ypeg SeAes Liemd peH




Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

Semi-major axis
1sruption

Cross Section for

Solar System D

)
>
wn
—
o
@)
(7))
—
2
O .
_
O .
Sl
8
= |
(s}
q),
—_
(@)
e
—
O
—
®
O
0P

) A1I01JUS00]




Page 20

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

N
0001 00T

_—-__—_‘ T _d—_——

<«— |IUd

_______ 1 ] _______ 1 L

JO uonouny se N > N yium sajebaibbe Jejals ul
D} 1Y) SJelS JO uonoeiH :uonnguisig aAne|nwng

laquinu Je|e1s

oog
JrroT T

001
__-,

N)d Anligeqoid

—

9160y yuig Jejje1s ayi jo 8zig pajoadxy




Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

Q
()

c 5
~ O
S O
s
E<
—
=
o M
S
Q ®
O o
)

Probability as function of system size




o1sAs Aleuiq e ul Jaue|d a)I|-yue3

¢l +.G¢1 HSd Jes|nd ay} punoJe
11040 Ul paJaA0dsIp sioue|d [el1salIa ]| .
sa1poq Axoo0.
19Y]0 pue ‘spiodalse ‘suoow Jo siaqunu
ob.e| apew sey walsAs Jejos InQ -

anbiun aJe
UOI1BaJ0 |BOIWIOUOJ]ISE JO SBJURISUl OU pue
sjeue|d [ell1salla) sey woelsAs Jejos inQ -

sjoue|d [ell1salo |
Je|os-eJ)x3 1o} 8sen ay|

o)
=
o
5
o)
c
S
Q-
@
c
S
o
=
@®
8
S
o
o]
T
g
o
=
E
c
i)
©
S
=
T
3
o
)
Ty
o
=
)
I
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L




Fred Adams, U Michigan (K1 TP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering Page 23

Log[T,/yr]
Log[Tej/yr]

Distribution of Ejection Tim¢

=
|_
C
9
-]
O
O
LL
[ -
@
o
9
=]
2
| -
e
B2
O




Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering Page 24

0.1M,

3

60

40
Semi-Major Axis a (AU)

_ MW

.

1 1 1 1 i 1 1 1 L I 1 1 1 1 | 1 1 | 1 |
2 2.5
R..=all — €) (AU)

Time of Planetary Ejection (Years)

i

20

—
-

A

(ATAN | |||||||| 1 IIHIIII | Ju_nlll 1 _lulllll 1 Lullul 1
@
(= =
4

i

3 AIo1usnoy (ak) P

Ejection Time versus Binary Perias

E%
S
c
e,
C
©
Q.
S
@)
o
pes
O
[ Wil
o
=
—
©
>
S
-
-]
w
-
o
C
©
ol




Page 25

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

iNY 2 <d uosiselsad sey uonejndod
Areuiq paAlasqo ayj JO uoinoel) 1leym

Joue|d ayI|-yue3
pue Jo Ajjigels wua) buoj ayy 1oy
NV . <d uoJiseuad Areuiq pesN

:9]eWI1ST 9AlJBAIaSUO))

seliad Areuig snsioA awil| uoioal3




Page 26

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

(nvr) / (3-1) e =d
01 01 0001 001 01

mivrr a1 m:-q—u- L —:_-_uq T m:—q-_- L] ?«q_-_ 1

il!ll[!]

[d]ui=3
(,5L820°0 + ST01°0)-|dxo11L°0= (4)"4

ﬁ

T O

il q 1 w:___.- 1 _____n_ | m_:_-_- i _-:___ |

uaAIb uey) ssa| uoJiseniad yym saLieuiq JO uonoei

np(Mm ="gp  3p3g = gp

ox
dxo !l|4wt\(l

!

=puip(vuyp)f ="dp

suonnNgLisig paAlesqO




“HSTP 9 urpim

SSew JO uonnqLIsIp

U1 uo Surpuadap ‘premino
10 premul sajeagru Joued
oy L, *Aroap 11910 Y} W
01 spu?) pue jaue[d ay) uo
yorq sjind oyeam uijren
Ay} A[IYM “(premino

11 saysnd) sixe Jofew
-1was Jag1e] 01 Jaued ay)
QJRIJ[A20® 0] SPU} Ayem
SuIpea] AL, NSIp o

ur ayem Jeaids e sajeaId
1SnNp pue ses JO YSIp

© Ul pappaquia jaue[d v

9.N101d 9|dwig ay | :uone.bipy Arelaueld | 9dA L

o)
£
o
I
@
o)
=
S
-
@
3
o
I
@®
8
S
o
o]
T
g
o
=
E
c
=)
®
S
=
T
3
o
o)
=
o
c
=)
®
S
o]
L
o
=
S
o
o
=
<
=
®
=y
=
=
=
]
c
e
<
B
-




o)
=
o
5
o)
c
S
2
@
c
S
o
=
@®
8
S
o
o]
T
g
o
£
E
c
i)
IS
S
=
T
3
o
)
o,
o
=
)
©
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L

STp oty

20U[NgIn] pPAONPUI-TYIN
A[eIS-331R] AY) JOJJe
jou 1M Jouejdoload

pappaquio [[eWS Y

'sanbio) [euOnIR)IARIS
JTISBYI0)S JO 92INO0S
snonunuod e dpraoid
suoneqinad Aysudp
90BJINS ISAYJ, "YSIp oY
ur suonenjon[y AJIsuap
QoeJIns AJIun-Iapio

0} SpeI 2uUANgIn}
PIoNPUI-TYIN UL

ASIP

ul ®@ausjnaJn} paulelsns-jjes Ajdwi suoneinwis gHIN 4s




Page 29

A
/1

Nb\ NA ....Tbl%m«\

Ny, y
mq rlus[17g5 — d — Qui]sod

~

:uonoduny [enudjod onsLMay B SUIDUAIRJJIP AQ uone[NWIS
[eOTWRUAPOIPAY AHIN-UOU B 9210] M ‘SYIoM $sa001d s1y) moy
Apnis 03 19p10 uj “1auefdojoid pappaquia ue uo sanbioy sonpoid
suoneqImrad AJIsuap 20rLINS 99y} WOIJ SIIIO0] [RUONBIIARIS o[,
"SIP 9Y) UI SUOTIBLIBA AJISUSP Q0v]INS 0] ped[ sanijiqeisul qHN

oUdNQIn], QHIN SuneIduan)
10J [9POJA d1ISLNAY V

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

"Q0UQ[NQIN] PIBIAUIS-AHIN JO 2INJBIJ JNSLIAOBILYD

© ST SOPOW JOPIO-MO[ UT I9m0od JO Uonenuaduo.) *ouI[dap
[enpei3d & MOUS SUOHB[NWIS (HIN Y} Ul pIAIdsqo sopmirjduwe
ISLINO, 9Y) ‘PIsLaIoul SI UQ=u/ IdqUINU SPOW [BYINWIZE ) SY

ut

(8154 Se ne Sk Dk S 4]
N s e e s e ) ey e e
i . ]
L e ® i
rEE TP o L 1

"8 U i a o g . ] - |
Hﬂ L ﬁ“l adﬂﬁaﬂltn(::_I_m. .
. v ™ e

~ vy ® e e
L Y v [ ] ~1
— \A ¥ v — ¥
@ MOU IO JJNS SIY) [[2 2I0US] ¥ ] 0T
- " 1 (FD)"'8o7
g=u . n]
4 ° e
L L v 4
L .V”: ° A =
[ uonernuis g [ea1d4) _ ° -
| e ur paa1asqo sepmrduwe ol = 1°
- ISLINOY [8qO[D I= .
1_ 1 1 | 1 _ 1 | 1 1 _ I 1 1 1 ] l | | 1 1 | | _ 1 1 1 1 .1 r|




:UOT}0IP Je[n3ue Ay
Ul Quwi) JUISSOId puUNos Ay} SI apow
[ENPIAIPUL UR JO UONRIND Y],

")y oW I9)je Aeme papej sey pue Y
qwin) Je suI3aq Spow [BNpIAIPUL UY
*9ouspuadop swin [BPIOSNUIS B YIIM

03 pue WO SOPOW [BNPIAIPU] ¢

~

(‘1U02) [opOowW JNSLINAYH

(suonenuwis QHIA Y

U1 Ud3s se) wioj [eids e asuodsar
AJISUQp 2981INS ) SIAIS A[[eInjeu
Te9US YSIP Ay [, ‘MO[J ueLd[day] oy
)M SUOJe [9ABI) 0] apouwl [enjuajod
JY) SMO[[e W) Je[n3ue AY) Ul
PIHE R —2es noads ursyed o4 ‘7

"QWI) UJAIS AUB Ik sopow

(S SUTBIUOD UOLB[NWIS AY) Jey) OS
uasoyo St yorym ‘% owmn je sreadde
ISIIJ SpOW [ENPIAIPUT Uy ° [

A
/1

Nb\ - clbl.wM«\

(ponunuod) [opow JNSTINAY

J

]
_% wurs[ 15 — b — gui]sod

~

o)
=
o
5
o)
c
S
Q-
@
c
S
o
=
@®
8
S
o
o]
T
g
o
£
E
c
i)
IS
S
=
T
3
o
)
o,
o
=
)
©
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L




G-90'S=V UM UOHR[NUIS © WOIJ S}IQI0 0]~

SNQIQ ATe1dueld 0]

%y pue "y 1@ suonpuod
Arepunoq , a3uodg,,

p-01XS ‘c-0TXS ‘6-0IXS=V
pe="" 9 1="y
el M
'S'O'H . [ewIoyost A[[e007,,
0 0="/"IN

UOT]IO2APE J29] UBA

SoUOZ G 7S 4 96T

suoneqiniaad Jua[ngin) Yy SUOHB[NWIS UONRISIW ([T

o)
=
o
5
o)
c
S
2
@
c
S
o
=
@®
8
S
o
o]
T
g
o
£
E
c
i)
IS
S
=
T
3
o
)
o,
o
=
)
©
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L




Page 32

0=V UM paaIasqo sepmyijdwe oyl moys so[a110 an[q pIjos
"-0TXS=V Uaym paAIasqo sopmrjdure ay) moys sarenbs par uadQ
'+-01XS=V uaym “)H sopmyrjdure ay) Moys s9[3ULLI) P PI[OS

ut
(8154 Se ne Stk Dk S D
L s S I B s R
i . ]
L e ® 4
=® » : = e LR 1
. 0 -
Hu ﬂqmﬂﬁ"ld.-dﬂm{wtmmtcCD .,aﬁ ®_
e - ege’ =] (5]
L vey e ° -
vy . -1
— L — ¥
" @ v 0 _
e i w ~\01
S=u v, o1 (CO)80T
. ¥
- ® — e
- c=u e i
i suone[nus GHN ~_w =u e i
F1¢ ut sopmijdwy 1atnoy eordAx, = 1
1._ W | 1 | 1 _ 1 l | 1 _ ] 1 1 | ] 1 | | 1 1 1 | _ 1 1 1 1 .1 r|

Fred Adams, U Michigan (K1 TP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering

‘Tenuajod juangany parjdde oy woy
sonb10} o1388Y203s 9y} uo pasodwiradns st oyem Arejouejdojoid
oy} woij Sursue anbio) 1BMO3S Y] ‘UOnB[NWIS YoBd Uf

-OIXe=V o-01XC=V




o)
£
g
5
©
=
S
2
o)
=
S
o
e
c
@®
8
S
o
o]
T
g
o
=
E
c
=)
g
=
=
g
o
o)
o,
o
c
=)
IS
S
o]
L
©
=
S
o
o
=
<
=
®
=y
=
=
=
]
%)
S
©
e
<
B
-

I=F e

durs — (b — up)urs 2L S

:AQ UAIS SNy} ST 9powt )
JO QWINAJI] oY) I9A0 pageraae ‘11 opowt 1od anbio) ueow oy,

[=.P = ot

duts — (b — xv)urs 1y 402 dp 13vu

:opow Jod wnjudwow Jen3ue
u1 93uBYD 19U Y} UILIqo 0) AW} I9A0 Inbio) Ay AJvIZAUI UBD IMN

A
/1

B
AREL
;ST 9poul ©
Aq 1oueld ay; uo parIaxa anbioy oy ‘suondwnsse 9saY) YIAA

[/ mlus[ s - d-gulus

‘1> 10108] ® AQ Se3 9y} U0 JUNIE JBY) WOIJ PIdNPAI
3q im Jaue(d o) uo Sunoe Tenudjod ayy Jo spmyrpduwe Ay,

‘Tenuajod SUTALIP ONSLINAY 9y} S8 WLIOJ
[euonouny awes Y3 sey YSIp sed paginizad oyl woaj SuIsLe
[enuajod [RUOTIRIIARIS SU) 1BY) SWINSSE dM ‘SIY) Op O,

-anbio} uoneadrw | od4 I, 9y pa9oxa 03 anbioy
JuaTNgIn) pajdadxa o) 10J parnbar ’y apmidwe uoryenonyJ
[eonLId 3Y) JO 2JeWINSA dNA[RUR YINOI B UTRIQO 0] JUBM A\

opnijdwy [eonu) syl




o)
=
o
5
o)
c
S
Q-
@
c
S
o
=
@®
8
S
o
o]
T
g
o
£
E
c
i)
IS
S
=
T
3
o
)
o,
o
=
)
©
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L

"9suodsar A31sudp dorpIns Ay} JASUONS Y] ‘P
JO UONBLIBA [RIpel oY) pider 10w Ay, * * P/PP=Y ULJIP M

0_(4p/dP) - B — (5w — ")
®"0_(4p/Dp)

:d [enuajod (umouy “2'7) pasoduur

Jy) pue sniper udAI3 e je syead Aysuap 2oejans pagqrnyrad

JY) JO ‘§ ‘OnJeA WNWIXEW Y} UIIMIAQ UOTIR[AI J18IqRT R UB
Suraea ‘pageuruny are 44 pue 4 sono[aa pinyy ay L, ‘uonenbo
Amunuod 3y (1) pue ‘uonenbs wnjuawow Ay) Jo syuduodwod
Y1 (£°7) ‘uonzenba s, uoss104 () Surzueaur] Aq duop SI SIY],

=

‘Surkrea Appider st [enuajod 2y jey) jrwny ay) ur enudjod
3urqinyzad Arenigre ue 0} YSIp U} JO asuodsar AJsuap adeJins
oy} sAe[aI YIIyMm (686 durewal], 2 Louurg 10 ‘7661 NYS
995) SISATeUR A B 3N ISIJ M ‘P [enuajod paonpur-RIA
JNSUNAY Y} 01 A [enudjod JSTP Y3 JO T OIIeI ) AJRWIISI O,

:Aq uaAI13 st jaued ay) uo parraxa 2 anbioy aferaAe
oY) “90USH ‘67 0~<",I> 18] SMOUS SUONBZI[BI AURL JIAO
05,7 Surpdwres A[jeouowny ‘anbi1ol oy Jo YISua1s 9A13091J9

ay) Jo ainseaw e sapraold ‘<% ,7> ‘onfea SIWY 2y} Inq ‘0137 0)
oZe1oae prnoys % wonounj 9y J, ‘SUOTIR[NWUIS Qm QY] Ul pasn
st se uonduosaid awes oy Sursn pajdwres are 7 oy a1oyMm

:Aq 5,7 uonounj 3uroio] ayy Andwod
UBD A\ “INO0 JAYJO OB [20URD 0] PU) YIIYM ‘. JO SUONBZI[BII
QS SUTRIUOD YSIP ) ‘SUONB[NWIS ([ INO UT W) UIAIS AUe 1y




o)
£
g
5
©
=
S
2
o)
=
S
o
I
@®
8
S
o
o]
T
g
o
=
E
c
=)
®
S
=
©
3
o
o)
o,
o
c
=)
IS
S
o]
L
©
=
S
o
o
=
<
=
®
=y
=
=
=
]
%)
S
©
e
<
B
-

N-SLM_ 9q 01 pIeAp AQq parewnsa apmijdwe ssoquorsuawip e st Ig
m *E
LB 00) (' = 12

:anbi10} uoneiSw 1 adA 1, ay3 10J ‘sputj (L661) PIEM

‘uoneIsiw [ od4 I, woiy pa1oadxa anbioy ayy 01 suonendon(y
Kyisuop 2orLIns oY) woiJ onbioy s1y) aredwod 0] pasau ap

"aATIR3AU 10 2ATIISOd IQUIIQ 9q UBD pUR 9[qRLIBA-IWI) ST
onbi10) 9y} JO an[eA Tenjor Y I, "an[eA uone1dadxa ay) TSIy,

q
/1 . z
priemmn 01 {0 B
Ny
;o) UAAIS Aue Je anbio) Jud[ngin) pajoadxa 9y Jo apnrusew
JY) JO IJLWIISI IMNATRUR UB IPRUW A IA\ (,QUOP IM dARY JBUM

05— (5w = ") o

y'onug A

:910J2191 st yueld ayi £q 119) [enuaiod ay)
01 Tenudod onsumay parjdde oy Surky [ 10308 Ssuodsar ayj,

DIW] YA SY UT UMOUY [[9M ST UOTR[aI ST

¢yauerd ayy Aq 3[9F ST 1BY) (S WOIJ SUISLIR)
A [enuajod jueynsar 9y} SIjeym YSe ued Im ‘P [enudjod onsundy
pasoduir oY) woiy § dsuodsar AJ1sudp 0BLINS AY) SUIMOUY




o)
=
o
5
o)
c
S
Q-
@
c
S
o
=
@®
8
S
o
o]
T
g
o
£
E
c
i)
IS
S
=
T
3
o
)
o,
o
=
)
©
£
o]
L
o
c
S
o
o
=
<
c
®
Rl
=
=
=
D
%)
£
©
o
<
B
L

. 11q40 1140

Jd~"51 “aduay "*°g Aysnoi 10y 1se[ K],
*anb10) Ju9[NQIN ) 01 SUOTINGLNUOD 1SATIR] AY) JAIT SOpOW U
I9pI0-MO[ ) ‘(. AHINH,, (JZ PU® AHIN (J§ Y10q) SUOne[nuIs Ino uf

:ST Wwnjudwow Jengue ur a3ueyod
3unynsar ayy ‘N awin 19AQ “uonoaIIp suo ul Jouedojoid o
saysnd Ajsnonurjuod jey) anbio} 1e[ndas e st anbao) [ adA T, oy,

<dus

ﬁQEJ

:ST WMUIWOW Je[n3ue ul d3ueyd SUn[nsaI ay] " I\ 2w
B I9A() Y[em wopuel e st anbioy s1yy 03 1oued oYy Jo asuodsax
oy L, ™1 awn 9NSLIAJORIRYD B IOA0 IN[BA S) SSUBRYD JI pup

‘aAne3au Jo 9AnIsod 19yire 2q ued Inbaoy Jud[nqan) jau Yy,

i $109]J9 9ATIBYI[END JUAIAPYIP dA®BY sAnbI0) JO SISSB[D OM] Y,

dIA 01 TeuonIodoxd ApoaIIp st ’y 1ey) 90N

"(youerd
SSEW-)IBH UR [JIM JUOP 2I9M [IIYm) SUOTJR[NWIS [BILIQWNU
O} YIIM JUIWIZ. J[QBUOSEAI UT ST’ JOJ dN[BA STU,

H_ "W ;
WIOM 2= NAG&VNZ&MAHVAQV AQ Hﬁ.—u ¢ =7

:uoneisiw [ odA [, prepuels wody anbiog ay) uey) 19318 ULyl
1931e] ST 90U3[NQIN) 0) anp anbioy pajoadxa ayy yorym aaoqe 'y
opmpdure [eonLId Ay 10§ A0S 0] 12 pue 1 9jenba snyj ueo opp




Page 37

Fred Adams, U Michigan (KITP Planet Formation 3-15-04) Planet Migration with Disk Torques and Planet-Planet Scattering
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