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The role of theory in a discovery era The role of theory in a discovery era 

Is running a space-astronomy-mission like Is running a space-astronomy-mission like 
conducting an orchestra? Then what are those conducting an orchestra? Then what are those 
musicians without instruments good for?musicians without instruments good for?

Mahler-like-mottos: Mahler-like-mottos: 

    What nature tells me;What nature tells me;

●  Tradition is sloppiness;Tradition is sloppiness;

●  Try to understand obs, live to understand nature.Try to understand obs, live to understand nature.



  

A new robust predictive theoryA new robust predictive theory
ready at the CoRoT launchready at the CoRoT launch

• Physical foundations of planetary mass from Physical foundations of planetary mass from 
formation theory – Peformation theory – Peččnik, Broeg, Schönkenik, Broeg, Schönke

• Planetary Statistics – Neptunes rule, Broeg Planetary Statistics – Neptunes rule, Broeg 
2005, 2006, 2009 – CoRoT Mark 1,2,32005, 2006, 2009 – CoRoT Mark 1,2,3



  

2006 Dec. 262006 Dec. 26thth: CoRoT Launch : CoRoT Launch 
Prediction: Planetary Masses from Prediction: Planetary Masses from 

Formation TheoryFormation Theory
Wuchterl et al.;  2006+n, Lammer et al. 2006+nWuchterl et al.;  2006+n, Lammer et al. 2006+n

Dec. 26th:Dec. 26th: astro-ph/0701003 ;astro-ph/0701565 astro-ph/0701003 ;astro-ph/0701565



  

Planet formation theoryPlanet formation theory

The unknown, randomness and chaos (week and The unknown, randomness and chaos (week and 
strong) require a statistical approach: a general strong) require a statistical approach: a general 
theory of planets that rest on simple, phyiscal theory of planets that rest on simple, phyiscal 

assumptions and produces a probabilistic mass-assumptions and produces a probabilistic mass-
radius-diagram (MRD) for sorting the main radius-diagram (MRD) for sorting the main 

observables.observables.



  

The CoRoT Mark-1R The CoRoT Mark-1R 
theoretical planet atlas theoretical planet atlas 

• 100 x 100 x 3 x 5 x 8 = 1.2 Mio (15 TB) of 100 x 100 x 3 x 5 x 8 = 1.2 Mio (15 TB) of 
planets and planetary evolutionsplanets and planetary evolutions

• 200 Mio planetary structures + radii + lum.200 Mio planetary structures + radii + lum.

• 0.8 – 2 solar mass hosts (A,F,G,K stars);0.8 – 2 solar mass hosts (A,F,G,K stars);

• 1 d – 128 d  orbital periods;1 d – 128 d  orbital periods;

• Complete: all „simple“ core – env. objects from Complete: all „simple“ core – env. objects from 
stable nebulae – including zero core mass;stable nebulae – including zero core mass;

• Mass spectra;Mass spectra;

• Radii-distributions for ages from 0 to > 14 Ga;Radii-distributions for ages from 0 to > 14 Ga;



  

Probabilistic Probabilistic 
MRDMRD

from statistical theory from statistical theory 
of planetsof planets



  

Low density giants – what anomaly?Low density giants – what anomaly?
CoRoT-2, -18, the hot giant sampleCoRoT-2, -18, the hot giant sample

CoRoT-2: tells about the properties of young planets, see M. Havel's talk



  

CoRoT-3: the nature of planethoodCoRoT-3: the nature of planethood



  

What CoRoT-7 tells usWhat CoRoT-7 tells us
 remember V. S. Safronov remember V. S. Safronov

• 6 times the mass, 5 times the volume of earth→ 6 times the mass, 5 times the volume of earth→ 
high density, condensible element planet;high density, condensible element planet;

• Planetesimal hypothesis holds Planetesimal hypothesis holds outsideoutside the solar  the solar 
system and for stars unlike the Sun;system and for stars unlike the Sun;

• Planetesimal accretion can be even more Planetesimal accretion can be even more 
efficient than in the SoSy;efficient than in the SoSy;

• Ultra-compact system b,c,d → dynamically full Ultra-compact system b,c,d → dynamically full 
like SoSy;like SoSy;

• „„terrestrial“ systems common in our terrestrial“ systems common in our 
neighbourhoodneighbourhood



  

CoRoT-9b: A quantum of solaceCoRoT-9b: A quantum of solace

• 100 d – far enough away; 100 d – far enough away; 

• Radii of remote Jupiters are consistent with Radii of remote Jupiters are consistent with 
standard theory;standard theory;

• … … as are the radii of planet-BD-transition mass as are the radii of planet-BD-transition mass 
objects (CoRoT-3b, -15b, -27b).objects (CoRoT-3b, -15b, -27b).



  

CoRoT-13 supercritical exo-coresCoRoT-13 supercritical exo-cores
(like an extrem HIP 80 838 b aka HD 149 026 b)(like an extrem HIP 80 838 b aka HD 149 026 b)



  

CoRoT-18b: fast clues to early CoRoT-18b: fast clues to early 
evolution and origins of diversityevolution and origins of diversity



  

CoRoT-20: monster cores point to CoRoT-20: monster cores point to 
efficient planetesimal accretionefficient planetesimal accretion

• Guillot/Havel: 400 to > 1000 M_earth coreGuillot/Havel: 400 to > 1000 M_earth core

• Jupiter mass(es) of condensibles!Jupiter mass(es) of condensibles!

• Maximum mass nebula: Maximum mass nebula: 
1.14 M_Sun * 0.1 (stable nebula) * 0.02 (Z) ~1.14 M_Sun * 0.1 (stable nebula) * 0.02 (Z) ~
800 M_earth ~ 2.4 M_Jup of condensibles;800 M_earth ~ 2.4 M_Jup of condensibles;

• Entire condensible inventory of a stable nebula Entire condensible inventory of a stable nebula 
in one planet;in one planet;

• : Planetesimal mechanism extremely efficient in : Planetesimal mechanism extremely efficient in 
non-standard (low ang. momentum?) nebulae.non-standard (low ang. momentum?) nebulae.



  

Practical theory – resolving the age Practical theory – resolving the age 
CoRoT-27: planets as clocksCoRoT-27: planets as clocks



  

CoRoT on to migrate or not to CoRoT on to migrate or not to 
migratemigrate

• Test 1: Ultra compact systems are hard to Test 1: Ultra compact systems are hard to 
migrate; CoRoT-7; no violent migration;migrate; CoRoT-7; no violent migration;

• Test 2: Hot Neptunes (supercritical close-in Test 2: Hot Neptunes (supercritical close-in 
planets) grow when migrating; CoRoT-7c,d, planets) grow when migrating; CoRoT-7c,d, 
-13b; no violent migration;-13b; no violent migration;

• Test 3: The binary snowplough – secondary Test 3: The binary snowplough – secondary 
star excluding snow-line origin; CoRoT: not yet star excluding snow-line origin; CoRoT: not yet 
– time to worry?– time to worry?

• Stellar spin – planetary orbit misalignmentStellar spin – planetary orbit misalignment

• : Theorists return to in-situ or throttle migration : Theorists return to in-situ or throttle migration 
(alternative: “dark angular momentum”?).(alternative: “dark angular momentum”?).



  

Farwell standard model.Farwell standard model.
Hello planet diversity!Hello planet diversity!



  

Sum: CoRoT's cosmogonic fossilsSum: CoRoT's cosmogonic fossils
• Impossible planets - Planets inconsistent with the standard model Impossible planets - Planets inconsistent with the standard model 

2b, ...2b, ...
• Extremely supercritical planets (low env./core) – in-situ vs. migration  Extremely supercritical planets (low env./core) – in-situ vs. migration  

(CoRoT-13b, 18b)(CoRoT-13b, 18b)
• Supercores (20b) - extreme solid accretion (400 - > 1000 M_earth, 1 - Supercores (20b) - extreme solid accretion (400 - > 1000 M_earth, 1 - 

>3 M_jup solids) – non-standard nebulae and theory>3 M_jup solids) – non-standard nebulae and theory
• super massive megaplanets (3b, 27b)super massive megaplanets (3b, 27b)
• MissingMissing links to Brown Dwarfs (3b, 15b, 27b) links to Brown Dwarfs (3b, 15b, 27b)
• The  nature of planethood (3b, 15b, 27b)The  nature of planethood (3b, 15b, 27b)
• A quantum of solace for theory (9b) – remote giants are sosy-likeA quantum of solace for theory (9b) – remote giants are sosy-like
• The planetesimal mechanism works widely (7b, 13b) The planetesimal mechanism works widely (7b, 13b) 
• Ultra-compact systems – key to the migration dilemma (7b,c,d)Ultra-compact systems – key to the migration dilemma (7b,c,d)
• The absence of circumprimary planets (needs more work) The absence of circumprimary planets (needs more work) 
• Hot Neptunes (planetary statistics, migration test) (7c,d, 24b,c)Hot Neptunes (planetary statistics, migration test) (7c,d, 24b,c)





  

CoRoT-25b about Saturn-massCoRoT-25b about Saturn-mass
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