Near-suiace convection In selar
lIkErstars’ —Hirom simuUlations

=3

RegnerTrampedach

October24th, 201 1 Asteroseism. Across StellamAstrophys., KITP, Santa Barbara, €A




What are 3D Convection
Simulations Geod for?

s Impreved stellarmodeling

s mproved interpretation el NBNA-SEISMIC
PPSeR/ations

* |mpreyved seismic MEeEdeEng:

= Granulationrvackgrounad
- Excitation/damping of modes
- Suiiace; effects — y, ofi turoulent pressure

s feach usfwhat convection Isiconceptially,

October24ih, 2011 Asteroseism. Across StellarmAstrophys., KITP, Santa Barbara, (©A Regner TrampedaChT ‘A "' T
Y rSieire U] =



And thersD convection simulations?
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 Grid off 37 sims.

» Realistic EQS,
@pacities and
radiatiVe transt: _
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IMPreVving

Stellar Models

1 (T)Erelations,
g(T) + T =, (TIT )"

x~-callbration of
Mmixing-length 1D
COnV.

log,o(g/[cm s7°])

= matching 1>
envelope; tor 1520
at bottom of sim®

Only: converdifiiens
Tere/ K]
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Synthetlc Non:=seismic Glservales

» Broadifeandiluxes ='Inel. Kepler passhband

«fimib darkening fior relativesmode
amplittides andeclipse shape

s [Limbbrdarkening fiactors for INtErEremELrY,

» ...all'for thegknown 7., g.and [Fe/H] ofithe
SIMUuIatIonNs
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Full (ODF)
Speetra oi all
SNaPShOLS off
alli.sims.,
fiolded

WEESES

October24th, 201 1



Bread band fluxes

Calibrated 2ZMASS

andfHipp/lyche
photemetny agalnst
S@lar twins

libration of the Tycho filter system
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Huxmethod

Relativerabundance
determination

:{educed tO Solar t by C d (2011)
3 - ¢ ¢ ¢ Solar twins asagrande,let al.

| Fe/H ] =O from trl— * % % Obs. reducedyt'.o [Fef’ll-l]=0

S 5 < ¢ < Intrp. in 3D sim grid

inear regression . .
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Limb Darkening

e Linear LD is sty
rarely adequate.

« Claret (2000) 4- M.
terms =1gpod fitg
to all sims.

& SMoeoLE Variakie
WIEh atmeSsSpHENIC
Params.
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Granulation ‘noise’ from simulations

Moenoechrematic
Intens. ®ikepler
filter
, — . ¢ Kepler red giants
="0bs' Time-series + 3D simulation

Fittead granulation
SPECta

Predict amplittide
and time-scalé

Still loekin@ginte
cause ofidiifierence
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e Three cc

Atm. e
Effect]

e Not co
..or for
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Rosenthal et al. (1999)
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Viorpnelegy. oirConvection
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No! It's...

.plasma movingralong a density gradient,
Underthe constiaint of Mass-conservation.

» Allraction offwhat moVves: up.has tor over-turn
IAto the, downdraiits te keeprdine/dz

s Continueus everturnineratiall Relgnits.

s Mixing lengthr="overturniing scalenelght
= [dInv_o/drl*

« BUt Up-/down-fleWws are cenerent fior many: t:

e .wand granulesiiast muchrionger thankt/v.
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A=z or'" A=aHj, Of A=oH,,
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Trampedach & Steini(2010)
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A trip throudh dymnamic scale
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A trip Ehreugh dynamic Scales

ASH by Mieschiréetial. (2008), 2mRP<1386IMm
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m *.4 I
SCales at top
largerinterior dynamics

s Colerent structures Span
| convectlon ZONE.



Globall AEHS simulations anad
latitu@inal effiects

rotation

s Meridional Hlows
* [Largenir contifast:
e [3titude depend

e Ohservablereffiec
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Conclusions

» ConVvection affects

= Strlictures adiabat, atmosphEeric ExXpansion
* Surface layers = all observakles (except v)
= Me@es through'interactions With, copvection

s Compute therabove and Nt Between: sims

s and/erimprove our understandingrol stellar
convection termprove 1D fermulations

* And then there'are large; scale dynamics thal
Just mightiaiiiect the general stellar structure!
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