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Convection from two perspectives

CoRoT­7 with CoRoT­7b authentic and to scale – Feb 2009

The Sun and Venus – June 2004



   

The cave of convection



   

The need to specify a framework
for algorithmic convection:

Algorithmic Box for Convection

For the summer of 2020 – PGSRQDR!



   

Mach 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.



Example: modified Kuhfuß convection

● Kuhfuß 1987, W+F 1998,
Flaskamp 2003,
Wuchterl+Tscharnuter 2003

● deduced* from fd; robust: 
gas+rad, L<0, g<0, Mach > 100

● time-dependence with finite rise 
and damping times

● start from zero-gradients
● combination with stellar/planetary 

radiation-fluid dynamics

● Minimise complexity and flow-interaction physics 
checks for protoplanet / protostar work:
– Regularised equations, transport limit by convective flux 

limiter

– Standard solar convetion OK;

– MLT-limit;

– Standard set of parameters for “overschooting” and 
alfa_ML, eddy-thermal losses 

● Protostellar Collapse – Wuchterl + Klessen, Wuchterl 
+ Tscharnutern,

● RR Lyrae ok (pre-space) 
● Stellar Evolution Flaskamp, Strakka : mass dependent 

overshooting but limits of the three equations version.
● Wuchterl 1995, Wuchterl and Feuchtinger 1998
● Difficult with classical stellar evolution algorithms

The deduction of the Kuhfuß equations is not necessarily endorsed by all theorists and mathematicians



Mass-dependent properties of K-convection

● M⊙ Helio-Seismo ● M* Overshoot 

 Kuhfuß 1987, Flaskamp 2003



Modified 
Kuhfuß
convectio
n in 
dynamic
action
● Mach 20

supercrit.
accretion
shock ->

● RR-Lyrae
driver
---------->

Kuhfuß 1987, 
Wuchterl and 
Feuchtinger 1998, 



   

Mission footprint of convection challenges
the glorious 7

1) energy transfer in stellar evolution, the core of the 
mission's age concept;

2) overshooting and mixing, that feed back to ages;

3) surface boundary conditions for the seismic analysis;

4) excitation and damping as feedback to mode-
detectability;

5) photosperic convection for stellar spectral analysis: Teff

6) limb darkening in transit fitting;

7) feedback to FU, e.g.  line-bisectors in RV-campaigns;



   

Convection “instances” of the mission

● distributes physics-packages to work packages;
● minimum algorithm necessary to server the mission tasks (limb 

darkening, atmos, evol, modes for theory class and parameter);
● connect convection development to the mission by providing 

equation-forms and parameter estimates from detailed convection 
studies  (3D, non FD, multiple equations, lab experiments);

● allows constraints from the mission on the convection algorithm;
● provides (component for) accuracy management by enabling 

theoretical distributions (theory uncertainties – range of confidence);



   

New observables
for convection-theory

● b_i, c_i, nue_max
● Synoptic description of power density 

spectra
● Power density spectra connect osci- to 

granulation

● The connection between stellar 
granulation and oscillation as seen 
by the Kepler mission, Kallinger et 
al. 2014,  A&A...570A..41K

● correlates to log g



   

PLATO convection algorithm requirements
Any class of convection theory should provide quantitative info, suiteable for the 
mission istance on the following observables (with Kallinger)

1) The two time-scales of granulation (Kallinger et. 2014);

2) the parameter governing the limit cycle / the ballance between excitation and 
damping, the nue-max (scaling with the accousting cut;

3) the parameter governing the determination of the frequency with the 
maximum net-energy ("largest amplitude mode");

4) limb darkening for transit fits for all PIC-spectral types;

5) the three classical constraints - radius of the Sun, age of the Sun, bottom of 
convection zone;

6) mode lifetime;

7) Balmer-line wings alf_ML_phot;

8) accoustic exitation - mode power excess (with respect to the granulation 
signal



   

The PLATO consense convection theory

CП= 0



   

The PLATO convection class

● Simple but not too simple [implement at PDC from 2021 to 
launch

● At least three extra new nonlinear PDEs (3 for modified 
versions of the Kuhfuss 3 equation model);

● Convective transport anisotropy factor (eddington factor);
● Provide feedback on what you think is absolutely needed for 

the convection algorithm with implementation rules;
● What *form* do we need – variables, parameters, equation 

types: strictly algorithmic!
● No solution for convection – a workaround for PLATO goals!



   

The PLATO convection form/class/box

CП [MLT(1D); 
MLT(3D); 

CCT;MKT;XKT?]
= 0



   

The PLATO convection form/class

● Helio CП [MLT(1D); 
MLT(3D); 

CCT;MKT;XKT?]
= 0

● Evolution

● Calibration at 
stars

● Teff

● Convection studies
– 3D LES

– Num. Theory

– lab

● Pre flight transit
– CHEOPS

– ground



   

The shape of the convection system

Shape + Calibrations => CBB => distribution to 
mission tasks



   

Please put the ABC into the Requirements

● An algorithm that also contains the modified Kuhfuß model;
● A requirement to the PDC to built the ABC;
● A requirement for the ABC to learn from the mission, particularly the 

planet-transit curves;
● A requirement for the ABC to be open for two extra equations for 

convection;
● A requirement for the ABC to “instance” the “current convection” 

from the ABC for all covection usage in other algorithms (exoplanet 
transit fitting) according to the data processing cadence.  

ABC = Algorithmic Box for Convection



   

View of the cave 1605



   

Remember Socrates' remark:

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



   



   



   

Time Critical Photometry with Small Time Critical Photometry with Small 
Telescopes (143 200)Telescopes (143 200)

• Axiom Beta by ApertusAxiom Beta by Apertus

•



   

Why another convection algorithm?

● CoRoT R-lgM planet-
density

● CoRoT-Mark 1R theory 
planet-density



   

Towards the Hayashi Line:
Bonnor-Ebert vs. Cloud Fragmentation

Wuchterl und Klessen 2001



   

Formation HRD with Isopleths

Wuchterl und Tscharnuter 2003



Mass and Luminosity Evolution



Farewell standard model.Farewell standard model.
Hello planet diversity!Hello planet diversity!



   



   

AGEAGE
concepts, stars, planets, concepts, stars, planets, 

and and 
what CoRoT tells me what CoRoT tells me 

Günther WuchterlGünther Wuchterl
CoRoT / DLRCoRoT / DLR

Thüringer Landessternwarte TautenburgThüringer Landessternwarte Tautenburg



   

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 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 and planetsQuantitative origin an early evolution of stars and planets
– Convection Convection 



   

AccuracyAccuracy
nownow

Spectro-Spectro-
scopic scopic 

Stellar RadiiStellar Radii

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 Bright Present Accuracy Limit for Radii of Bright 
StarsStars

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 understood Clock: well constraint, controlled and understood 
physical processphysical 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 to Cloud collapse to 

PMSPMS

• Age zero: formation Age zero: formation 
of the photosphereof the photosphere

• Contraction- clockContraction- clock

• Radiative YSORadiative YSO

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

• Memory?Memory?

Wuchterl and Tscharnuter 2003



   

Chronology III:  The Convection TrilemmaChronology III:  The Convection Trilemma

• 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-speed to get  or T(r) for sound-speed to get 

the mean stellar densitythe 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 expected systems to be expected 
((Lissauer 1995, pre Peg, Lissauer 1995, pre Peg, 
Funk et al. 2009Funk et al. 2009))

• 2/3 Neptunes, 1/3 Jupiters 2/3 Neptunes, 1/3 Jupiters 
((Wuchterl et al. 2006, pre Wuchterl et al. 2006, pre 
CoRoT; Broeg 200);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. to CoRoT-7: 110 meas. to 
disentangle systemdisentangle system

• Kepler: no RV-mass for Kepler: no RV-mass for 
half the multis (… 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 stellar with same convection theory used for seismo stellar 
structure and stellar atmos for Tstructure 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 needed to Inter community theoretical mission support needed to 
unify tools in seismo and exoplanets and to control the unify tools in seismo and exoplanets and to control the 
better than 10% age accuracy.better than 10% age accuracy.

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

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

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



   

Plato.astronomy2009.atPlato.astronomy2009.at
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