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 Making good planets s hard!

. Un derstand N

e  Understand nebula fo'rmatio'n" -

. Understand planete3|mal
formatlcan



o You heard that we do not know a Iot of
thlngs s e

' 5 You heard that theory IS hankerlng behlnd
observatlons |

~« Can we change thls

« Can we bund a new theory that is both fast-
and predlctlve for all stellar masses and
periods? = - ~



General Theory of Planet
Formatlon e



Assumptlons and Pnncnples

L DlverSIty of nebulae study planet formatlon |n.'

- any grawtatlonally stable nebula for all stellar
. masses, | | |

'_ » Strong planetes:mal hypothes:s there are
| always enough planetesimals,

» Study cores i all masses mcludmg Zero -
Do not separate into nucleated |nstab|I|ty or
disk |nstab|I|ty, |



: _Callou.la_.te. e 'Cou nt '. e

L Choose host star and orbltal perlod
. Planetary equmbrla W|th aII core masses |
. Hydrostatlc equmbrlum (P VS. core and gas) |

-« Thermal equmbrlum (L vs. planeteS|maI St be
accr) | - - |

. Connected to the nebula

= mechanlcally force balance W|th neb. pressure
and

- thermally: radiate into equmbrlum temperature
nebula -



‘How to understand this?
. Th|nk of planet fofmatlon és analogy to thé van der' .

Waals gas W|th gravity as the Iong-range force

» Take planets as analogy to the liquid phase |n
coemstence Wlth the nebula as gas,

.« Look at

- Pecnlk and Pecn|k+W for the |sothermal case
- Schonke 2007 etc for stablllty and analytlcs. :
- Broeg and Broeg+W for realistic planets -

— Wuchterl et al. For the CoRoT-steIIar-mlxture
ﬁ_}



| 2 Results 5
o Planetary equmbrla |n stable nebulae

~Radiative/Convective gés'—sphereé; SCVH + Ferguson
L Stars: spectral types A,G,K,M; 0.4to2 M=
- Periods: 1 to 64 days.

: Mark1':' Dec 2005
- Mark 2: Sept 2007
Mark 3 June 2008

At Chrls Broegs webpage
http://www.space.unibe. chl~broegl
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- GJ 436 b+ HAT-P11b:

GJ 436 b

Silon etal 2007

- Hot Super-Neptunes
| . | Pl:ang_et'a-ry. 'l;na'ss_e's.

‘Blue: Co-RoT Mark 1 theoretical -

mass spectrum for 0.4 M_ and -

4 d period (Mark 1.1 Broeg '06);

Red: Earth and Jupiter;
Light-blue: GJ 436b.

'HAT-P-11"bNeptune

25.7 M_E
4,9 d



TheOretlcaI planet populahons for
L CoRoT Two Steps e

1. Fb-rMatioh at short -periods (“léuh.c.h L
prediction”): planetary IMFs for CoRoT
stellar masses and CoRoT planet perlods

2. Evolutlon for these initial populations: radu |
and epoch of observatlon radius |
dlstrlbutlons |



1: 2006 Dec. 26™: CoRoT Launch
Prediction: Planetary Masses from

Formation Theory

Wouchterl et al.; 2006+n, Lammer et al. 2006+n
Dec. 26th: astro-ph/0701003 ;astro-ph/0701565
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Fig. 1. Theoretical planetary initial mass fopctions calevlated from planet formation theory tor & typacal CoFoT-fizld. Results are shown for
plunclory vrbialal peneds of 1, 4, snd 16 days, Do lell o rght. The relauve requeney 1s plotted as funetion of g mass o kg Vertical red
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 How s this theory doing?

. Mlnlmum Embedded Equmbrlum I\/Iass

~versus observations
| byChrlstopherBroeg (Icarus submltted) '



Is this queer’? Comparlson to

_ see Broeg at

“conventional theory S

G2G2, 1-32d, -3..-5, 0.0 < a < (1L.2AL

L
— Morcasini,
-
—— Ergeg Same cores
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What about Observatlons’?

See Poster’ by Broeg

Maximum Fmbedded Fqulibriom Mass vs. obsarvec planss (23.Jan0 09
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“1: Planet around a metal poor star

“Star [Fe/H]" vs "Planet Mass" {43]'

Mumber of alanela by 2%ar [fafh]
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CoRoT-Exo-1 b Exo-2b
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day

| I N Lefrrrr]rren] e
- . ' CoRoT-Exo-2b 3
000 — —=  0.020 ! ! —
- C:GFInT E:-:n b =
N i N Db =
GU013 | = 50015 =
ﬁ i & —
5 — - 3 :
+H - = ]
r n R =
£0.010 [ T E0010 =
a = - = E .
R I i 3
ooos = 0003 —

0.000 1 0.000
24 25 26 2T 28 20 20 24 25 26 oy 28 24 3
o Af Lyl g M kg

Theoretical predictions: Broeg 2006, 2007, V\}uchtérl ét al. at éoRoT—Iaunch, astro-ph/0701003




o -3-:. Planet or fail:e_d.' star |
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z ~ Planet around fast rotator

Transiting planets
W

CoRoT-Exo0-3b
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Planets at 1d/1M_ vs CoRoT-Exo-3b -

Masses of planets, CoROT-Ex0-3 Case
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Normalised flux
-
0
e

140 150 160 170
HJD — 2454000

FOUV

V=13.7 mag
P*=8.87+/-1.12




* CoRoT-Exo-4b and theory for Exo-4
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. ‘COR(-)T' Exc_)_'_-_5'b clgle th-éo_rfy for Exo-5

=
=
o
-
L
=]
Z1.0
5
4]
L
o
-
o

o
h

1024 1025 102 1077 1028 10*°
total mass [kg]




. TranSitSignaIZLRa01;EZ_0165
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CoRoT Exo 7b
' the mowe



 CoRoT planets in red -

'Péﬂfde de la planéte” vs "Masse de |a planete™ (56 -'..--Planet |
e around fast rotator :
e around the most
‘metal poor star
~.eo0nloose
synchronous orblt
("10 days) |
'+ Super:Earth at very
‘short period -
Sl (Rp 1. 6REarth)

Période de la planéte (jours)
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2 Evolutlon and Age i
| ‘---_'--From |n|t|al to present radn o

~ Initial masses and interior structure for
o Ane “II\/IF”-ensembIe of planets 1
| Evolutlon of planetary populatlons ol

switch-off planete3|mal accretion
nebula decompression (if any)
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Evolutlon W|th Constant mass =
| -____radlus functlon M Sun 4d 2 Ga

Mark 1,1M 4d: Age =2.0 |Ga), n=1053, Median= 13.%1 K Earth
3000

i 1.5 A0
lg 14/ [14_Earth]




i :Co_nelUsien'

o General Theory is faster than observatlon

|s predlctlve for the entire dlscovery space
‘ ste lar masses 0.4 to 2, 1 to 50 day onllne

~» CoRoT- -planets at or near peaks in the mass
spectra |

. Dlstrrbutlon of radi blmodal as masses

. Transit searches need to “jump” from Juplters.."
to Neptunes with not much In between

.



| http_://cofot.T'LS-Taufe-hburg_.d_e/EXo.-_?b
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I\/Ialn sequence --requwements
ie Force equmbrlum

. Energy balance
. I\/Ialn Sequence

i Force equmbrlum

= Energy balance source (planeteS|maIS) Ioss -
( radlatlon |nto exterior ) - o



A planetary mam sequence
- To be or not to be '

L Planet formatlon and evolutlon is near statlc
_ most of the time: checked by non-linear rad—
- fluid- dynamlcs (Wuchterl 1993) S

'_ Dynamical paths to multiple planetary equmbrla ;

(Wuchterl 1995, Wuchterl, Guillot + Liss 2000) = -
. ... is hydrostatic for HD 149 026 case (huge

core) and short perlcds (< 16d) Ig general

(Broeg and Wuchterl) |



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34
	Folie 35
	Folie 36

