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PLATOPLATO

… guiding astrophysics out of … guiding astrophysics out of 

the cave.the cave.

AccuracyAccuracy: M,R: 1%  Age: 10%: M,R: 1%  Age: 10%



   

View of the cave 1605View of the cave 1605



   

View of the cave Feb 2011View of the cave Feb 2011

• The light: 115 planet hostThe light: 115 planet host

• The shadows: 122 transiting planetsThe shadows: 122 transiting planets

• The sound: p-modes l=0,1,2 for 5+ hostsThe sound: p-modes l=0,1,2 for 5+ hosts

• The wallThe wall
– Measurement of stellar parametersMeasurement of stellar parameters
– Quantitative origin an early evolution of stars Quantitative origin an early evolution of stars 

and planetsand planets
– Convection Convection 



   

AccuracyAccuracy
nownow

Spectro-Spectro-
scopic scopic 
Stellar Stellar 
RadiiRadii

F,G,KF,G,K
<25 pc<25 pc

Fuhrmann 2011, MNRAS



   

Accuracy – spectro vs. interferometryAccuracy – spectro vs. interferometry

Fuhrmann 2011, MNRAS,  Baines et al. (2008, 2009),  van Belle & von Braun (2009)



   

Present Accuracy Limit for Radii of Present Accuracy Limit for Radii of 
Bright StarsBright Stars

2%2%

Fuhrmann 2011, MNRAS



   

Chronology I: AgeChronology I: Age

• No sit, watch and count in stellar evolutionNo sit, watch and count in stellar evolution

• Age is not a  direct empirical quantity Age is not a  direct empirical quantity 

• A parameter in a theoryA parameter in a theory

• NeedsNeeds
– epoch (zero – point)epoch (zero – point)
– clock clock 

• Clock: well constraint, controlled and Clock: well constraint, controlled and 
understood physical processunderstood physical process

• : Clock=mature theory in the PLATO context: Clock=mature theory in the PLATO context



   

Chronology II: On Clocks and CloudsChronology II: On Clocks and Clouds
• Cloud collapse Cloud collapse 

to PMSto PMS

• Age zero: Age zero: 
formation of the formation of the 
photospherephotosphere

• Contraction- Contraction- 
clockclock

• Radiative YSORadiative YSO

• PMS: 10% atPMS: 10% at
UMa ageUMa age

• Memory?Memory? Wuchterl and Tscharnuter 2003



   

Chronology III:  The Convection Chronology III:  The Convection 
TrilemmaTrilemma

• The clock – stellar interior: The clock – stellar interior: ΛΛ/H/HPP
 = 1.5 – 2.0 = 1.5 – 2.0

• The temperature – atmosphere: The temperature – atmosphere: ΛΛ/H/HPP
= 0.5= 0.5

– Seismo density needs TSeismo density needs Teffeff
 or T(r) for sound- or T(r) for sound-

speed to get the mean stellar densityspeed to get the mean stellar density

• The planet radius – ingress with limb-darkeningThe planet radius – ingress with limb-darkening
ΛΛ/H/HPP

 = ? = ?

  Present heuristics: freeze convection to 1958Present heuristics: freeze convection to 1958
 MLT,  MLT, Christensen Dalsgaard et al. 2009Christensen Dalsgaard et al. 2009



   

Mach about PlatoMach about Plato

Mach, Wärmelehre, p.551, Leipzig 1900

It would be easy to demonstrate from other areas of physics that humans generally tend to To 
ascribe material existence to their self­created abstract concepts, to ascribe to them a reality 
outside the consciousness. Plato just used this tendency rather freely in his theory of ideas. 
Even scientists like Newton where, in spite of the principles, not cautious enough.



   

What CoRoT tells me - IWhat CoRoT tells me - I

Theory: Theory: 

• systems to be systems to be 
expected (expected (Lissauer 1995, Lissauer 1995, 

pre Peg, Funk et al. 2009pre Peg, Funk et al. 2009))

• 2/3 Neptunes, 1/3 2/3 Neptunes, 1/3 
Jupiters (Jupiters (Wuchterl et al. Wuchterl et al. 

2006, pre CoRoT; Broeg 200);2006, pre CoRoT; Broeg 200);    

Observations:Observations:

• RV for planet mass: 2 RV for planet mass: 2 
measurements at measurements at 
extremes → extremes → 
CoRoT-7: 110 meas. CoRoT-7: 110 meas. 
to disentangle systemto disentangle system

• Kepler: no RV-mass Kepler: no RV-mass 
for half the multis (… for half the multis (… 
“America waives the “America waives the 
rules”) - rem. Neptunerules”) - rem. Neptune



   

What CoRoT tells me - IIWhat CoRoT tells me - II

• ::  make correctable theory tools accessible to   make correctable theory tools accessible to 
data analysis design and procedures as well as data analysis design and procedures as well as 
observation-planning.observation-planning.

e.g. consistent limb darkening, stellar e.g. consistent limb darkening, stellar 
atmospheres, planet radii and ages for your atmospheres, planet radii and ages for your 
favourite flavour of convection.favourite flavour of convection.



   

One planet analysis one physicsOne planet analysis one physics



   

CoRoT-13b: density and theoryCoRoT-13b: density and theory



   

MACH - the PLATO clockmakerMACH - the PLATO clockmaker

• Theoretical mission support with age accuracy Theoretical mission support with age accuracy 
managementmanagement

• Consistent theory for Consistent theory for 
–   stellar and planet formation and evolutionstellar and planet formation and evolution
–   seismological and planet-transit analysisseismological and planet-transit analysis

• Motto: try another convection this morningMotto: try another convection this morning

• determine limb darkening for transit-planet-radii determine limb darkening for transit-planet-radii 

with same convection theory used for seismo with same convection theory used for seismo 
stellar structure and stellar atmos for Tstellar structure and stellar atmos for Teffeff

  



   

Remember Socrates' remark:Remember Socrates' remark:

  "As for the man who tried to free them and lead "As for the man who tried to free them and lead 
them upward, if they could somehow lay their them upward, if they could somehow lay their 
hands on him and kill him, they would do so."hands on him and kill him, they would do so."



   

ConclusionConclusion

• Inter community theoretical mission support Inter community theoretical mission support 
needed to unify tools in seismo and exoplanets needed to unify tools in seismo and exoplanets 
and to control the better than 10% age and to control the better than 10% age 
accuracy.accuracy.

• Break the de-facto freezing of convection to Break the de-facto freezing of convection to 
1958 MLT in all theory domains.1958 MLT in all theory domains.

• Bridge the gap between data analysis and Bridge the gap between data analysis and 
theoretical progress.theoretical progress.

• Build a toolbox for PLATO-astrophysics.Build a toolbox for PLATO-astrophysics.



   

Plato.astronomy2009.atPlato.astronomy2009.at
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