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Convection from two perspectives

The Sun and Venus — June 2004

CoRoT-7 with CoRoT-7b authentic and to scale — Feb 2009
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The need to specify a framework
for algorithmic convection:

Algorithmic Box for Convection

For the summer of 2020 — PGSRQDR!



Mach about Plato

It would be easy to demonstrate from other areas of physics
that humans generally tend to To ascribe material existence
to their self-created 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. 15. Es liesse sich leicht durch analoge Beispiele aus andern
Gebieten der Physik darthun, dass die Menschen iiberhaupt die
Neigung haben, ihre selbstgeschaffenen abstrakten Begriffe zu
hypostasiren, ihnen Realitit ausserhalb des Bewusstseins zuzu-
schreiben. Platon hat von dieser Neigung in seiner Ideen-

lehre nur einen etwas freien Gebrauch gemacht. Selbst Forscher
wie Newton waren, ihren Grundsitzen zuam Trotz, nicht immer
vorsichtig genug. Es verlohnt sich also wohl der Miihe, zu
untersuchen, vorauf dieser Vorgang in diesem besonderen Falle
beruhen mag. Wir gehen bei unsern Beobachtungen von der

Mach, Warmelehre, p.551, Leipzig 1900



Example: modified Kuhfuld convection

e Kuhfufld 1987, W+F 1998, « Minimise complexity and flow-interaction physics

checks for protoplanet./ protostar work:

Flaskamp 2003, .
Wuchterl+Tscharnuter 2003 :

» deduced* from fd; robust: = -
gas+rad, L.<0, g<0, Mach >100 r

* time-dependence with finite rise,

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, Wuchter|
+ Tscharnutern,

and damping times * RR Lyrae ok (pre-space)

 start from zero-gradients.

 combination with stellar/planetéry
radiation-fluid dynamics

 Stellar Evolution Flaskamp, Strakka : mass dependent
overshooting but limitsiof the three equations version.

Wuchterl 1995, Wuchterl and Feuchtinger 1998
« Difficult with classical stellar evolution algorithms

The deduction of the Kuhfuf3 equations is not necessarily endorsed by all theorists and mathematicians



Mass-dependent properties of K-convection

e M, Helio-Seismo « M.Overshoot

KAPITEL 6. SIMULATIONEN NICHTLOKALER KONVEKTION

. Abbildung 6.8: (links) UberschieBlinge in Einheiten der ]

e Eingleichungsmodell. Auffallend ist der starke Anstieg i
Abbildung 6.26: Sonnenmodelle mit der KuhfuBtheorie im nichtlokalen Fall. Verwen- 6M . In der rechten Abbildung ist die Druckskalenhohe a
det wurden unterschiedliche Parameter fiir vy, somit ergaben sich unterschiedliche 1111 nichtlokalen Fall abgebildet. Hier fallt auf, Wie dle

Ausdehnungen der UberschieBzone. Damit die sich ergebenden Schallgeschwindig-
keiten innerhalb des Fehlerbereichs mit der Helioseismologie iibereinstimmt, sollten 2]\4’0 Stark ansteigen

fiir cry Werte zwischen 0.05 und 0.1 gewihlt werden.

KuhfuB 1987, Flaskamp 2003
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Fig. 2. Flow structure in the vicinity of a protostellar accretion shock
with convective enthalpy flux-limiter. Each point in the lower panel
corresponds to one cell in the numerical computation. See text for

details.

radius [1 0" cm]

T T
3,16 3,18

G. Wuchter] & M.U. Feuchtinger: A simple convection model for selfgravitating fluid dynamics

44 48 48 50 52 54

5,6

J04

- 0.3

v, [1]

0,2

01

Luminosity

3,20
0,25 8
Jo,20
Jo.15
"
Jo,10 £
3
Jo,05
40,00
12
0,74
4110 o
0,6
X
1s mD 0,54
® — 04
= e
=
46 E ‘9‘: 0,3 4
)
Q S
£ 02
[
Ja = 1
0,14
0,0
J2 ]
3,20 -0,1

————— .
44 48 48 50 52 54

log (temperature) [K]

50

-
=]

30

=]
=}

3
radiative luminosity [L_]

5,6

Fig. 3. Convective structure for an RR Lyrae envelope with stellar pa-
rameters of M = 0.65Mg, log(L/Ls) = 1.72, Tog = 6400 K and
XYZ=(0.760, 0.239, 0.001). We use OPAL opacities and the equation

of state from Wuchterl (1990). The outer boundary is located on the
left-hand side while the right-hand side corresponds to some point in
the interior of the model. See text for details.



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: T
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);



T. Kallinger et al.: The connection betv

New observables TV
for convection-theory | i

* b_i, c_i, nue_max z
E

» Synoptic description of power density %
spectra 7

: _ 8

» Power density spectra connect osci- to 5

granulation

« The connection between stellar
granulation and oscillation as seen
by the Kepler mission, Kallinger et 01l Lkl _

» 6 7 89

100 1000
a.l . 20 14, A&A . 57OA 41 K Frequency (uHz)
e COIT el a.t es t 0 | 0 g g Fig. 7. Power density spectra of three typical stars with v =~ 22, 220,

and 2200 uHz, respectively, showing that all timescales and amplitudes
(granulation as well as pulsation) scale simultaneously. Grey and black
lines indicate the raw and heavily smoothed spectrum, respectively. The
global fit is shown with (red) and without (blue) the Gaussian compo-
nent. Green lines indicate the individual background and white noise
components of the fit.




PLATO convection algorithm reguirements

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 - radlus 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 (Wlth respect to the granulation
signal



The PLATO consense convection theory



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

Cr, [MLT(1D):
MLT(3D):
CCT:MKT:XKT?]
=0



The PLATO convection form/class

* Helio CL[MLT(1D); -+ Evolution
MLT(3D);
CCT,MKT,XKT?]
=0
* Pre flight transit * Convection studies e« Calibration at
- CHEOPS - 3DLES stars
- ground - Num. Theory . Teff

- lab



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 Kuhful3 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
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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."



.







Tlme Crltlcal Photometry Wlth Small
Telescopes (143 200) |

AX|om Beta by Apertus T




Why another convection algorithm?

« CoRoOT R-IgM planet- « CoRoT-Mark 1R theory
density . planet-density

Ig CoRoT-Mark1R theoretical probability density,Bias: CoRoT

= WGESP planet limit
== Schneider et al. limit
stellar MS limit

Ilg probability density of observed planet properties. CoRoT 0

— WGESP planet limit
— Schnel et al. limit
stellar MS limit 2.4

—_
u —_
2 w
=] 3
[1+] -
[ [=}
- T
a =4
= —
a I
] =
= =
-~ =
" =
> ~—
5 0
© e
" 5
-
1] o
c
o
o

5 r : . 1 2
10" 10? 10° 10 10 10
Planet mass / [Earth mass] Mass / [Earth Mass])




Towards the Hayashi Line:
Bonnor-Ebert vs. Cloud Fragmentation
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Mass / [Meartn] and L / [1078 Lsyn]

HD149026b: Mass and Luminosity CRFD+PiB(10)

I
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Age/[a]wuchterl and Tscharnuter 2003









L concepts stars planets
e L
what CoRoT tells me

Gunther Wuchterl
-+ CoRoOT/DLR .
Thurlnger Landessternwarte Tautenburg i



o thecave: - - .

| Accuracy: MR: 1% Age: 10%



Vlew of the cave Feb 2011

. de Ilght 115 planet host

-fne shadows 122 transmng planets _
» The sound p modes =0,1,2 for 5+ hosts i

- The wall

= I\/Ieasurement of steIIar parameters _ .
= Quantltatlve or|g|n an early evqutlon of stars and planets _
= Convectlon | € |




- Accuracy

. How .

- Spectro-.
scopic §

Stellar Radi

SCH
<25 pcC

Fuhrmann 2011, MNRAS



- Accuracy — Spectro vs, i_nt'erfer_ome',try’ e

Table 2. Stellar radii from Balmer line effective temperatures versus interferometry. The homogeneously derived spectroscopic data have
lor uncertainties at the 2 per cent level; the precision stellar radii from interferometry reach even down to (L5 per cent. The stars in this
table are arranged from dwarfs, turnoff stars, and subgiants, to the bottom of the red giant branch. The differences in the stellar radii,
while generally small, are tentatively related to this sequence. Wote that both sets of date refer here to the revised van Leewwen (2007)
Hipparcos parallaxes.
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Fuhrmann 2011, MNRAS, Baines et al. (\2008,\'2@09), van Belle & von Braun (2009)




Present Accuracy L|m|t for Radu of Brlght

Fuhrmann 2011, MNRAS



Chronology I Age

| '-'___No Sit, watch and count in stellar evolutlon
e Age |s not a d|rect emplncal quantlty -

* A parameter |n a theory
affNeeds-: |

k- epoch (zero p0|nt)
- clock |

- Clock: weII constralnt controlled and understood'- i

physical process

: Clock=mature theory |n the PLATO context s |




Chronology II On Clocks and Clouds '

 PMS

Cloud collapse to
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‘of the photosph_ere |

N
O

. Contraction- olo_ck' 1
- Radiative YSO .
© PMS: 10% ats

UMa age 0.0 05 1.0 1.5 2.0 2.5 3.0
Age / Million Years

-
I
N
N
= 15
‘0
O
C
-
|
—1

- Memory?

Wuchterl and Tscharnuter 2003




_-'Chronology III The Convectron Trrlemma

i The clock stellar |nter|or /\/H = 1 5 2 O

e The temperature atmosphere /\/H O 5 i |
| = Sersmo denS|ty needs T . or T(r) for sound speed to get
A the mean steIIar densrty ’

+ The planet radlus — |ngress Wrth limb- darkenlng &
NH. =7 | | |

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




I\/Iac_h about Plato

15. Es llesse sich leicht durch analoge Belsplele aus andern __
Gebieten der Physik darthun, dass die Menschen iiberhaupt die §
Neigung haben, ihre selbstgeschaffenen abstrakten Begriffe zu |
hypostasiren, ihnen Realitit ausserhalb des Bewusstseins zuzu- |
schreiben. Platon bhat von dieser Neigung in seiner Ideen-

lehre nur einen etwas freien Gebrauch gemacht. Selbst Forscher
wie Newton waren, ihren Grundsitzen zum Trotz, nicht immer
vorsichtig genug. KEs verlohnt sich also wohl der Mihe, zu
untersuchen, vorauf dieser Vorgang in diesem besonderen Falle
beruhen mag. Wir gehen bei unsern Beobachtungen von der

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

Mach, Warmelehre, p.551, Leipzig 1900



What CoRoT teIIs me - I

Theory Lo __'-,.'Observatlons

Sl -_systems to be expected g RV for planet mass_ 2
- (Lissauer 1995, pre Peg, o measurements at:
. Funketal. 2009) extremes -

- 2/3 Neptunes 1/3 Juplters e
(Wuchterl et al. 2006, pre dlsentangle SyStem e
CoRoT: Broeg200); =~ * Kepler: no RV—mass for

i ane s DU half the multis (.
~ “America waives the -
rules”) - rem. Neptune

- CoRoT-7: 110 meas. to




~ WhatCoRoTtellsme-1Il

1 make correctable theory tools accessible to
| *.'-.data analysis. design and procedures aswellas
| -observatlon plannlng T S |

e.g. consiétent limb. darkenihgstellar: 3
atmospheres, planet radii and ages for your :
favourite flavour of convectlon e S




'f  One planet analysis one physics



 CoRoT-13b: density and theory

CoRoT-13b 10™-4 M_E/a - total mass CoRoT-13b consistent

1 T T T T T
— ghs_58523: 1.29 M _Ju, 22.13 M_Er
— ghs_59889: 1.25 M _Ju, 26.65 M_Er
30|l — ahs_66443:1.33 M ju, 67.58 M_Er
: —— ghs_67067: 1.29 M _Ju, 81.40 M_Er
— ghs_67640: 1.26 M _Ju, 98.04 M_Er
ghs_69855: 1.28 M_Ju, 206.37 M_Er
> 5|| — aghs_70396: 1.35 M_ju, 248.57 M_Er
— ghs_70931: 1.28 M_Ju, 299.41 M_Er
—_ — ghs_71454: 1.27 M_ju, 360.64 M_Er
iy — ghs_71462: 1.34 M_Ju, 360.64 M_Er
E 2.0 — ghs_71625: 1.37 M_Ju, 434.39 M_Er
e
b=
2 15|
&g,
&
(]
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Age / [Ga]



MACH the PLATO cIockmaker 7

-'__.Theoretrcal mrssron support Wlth age accuracy .

~ management = e -

°' _Consrstent theory for o |

oo stellar and. planet formatlon and evolutlon i
f—' .selsmolo_glcal and planet t_ransrt analysrs _,"

Motto: try anoth-er convectioh this mcrning |
. determine limb darkenlng for transrt planet radu

with same convection theory used for selsmo steIIar
structure and stellar atmos for - |




 Remember Sovrates'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.”



Conclusmn

_ -_'___Inter communlty theoretlcal mission support needed to -
~unify tools in seismo and exoplanets and to control the

 better than 10% age accuracy

i -Break the de-facto freezmg of convectlon to 1958 MLT In '_

- all theory domains.

- Bridge the gap between data analy5|s and theoretlcal
progress. - it |

- Build a toolbox for PLATO astrophysms
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