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TASK 1TASK 1

ResultsResults andand Implications:Implications:

WhatWhat needsneeds to to bebe donedone andand howhow??

Yveline LEBRETONYveline LEBRETON11 & Mario MONTEIRO& Mario MONTEIRO22

1: GEPI 1: GEPI –– Observatoire de Paris, FranceObservatoire de Paris, France

2: 2: CentroCentro de de AstrofAstrofíísicasica da da UniversidadeUniversidade do Porto, Portugaldo Porto, Portugal
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TASK1TASK1 proposedproposed duringduring COROT W7, GranadaCOROT W7, Granada

7 7 specificspecific, , fullyfully identifiedidentified stellarstellar cases (cases (targetstargets))

•• representativerepresentative range in range in stellarstellar masses, composition, agesmasses, composition, ages

•• physicsphysics specifiedspecified/ / numericsnumerics to to bebe investigatedinvestigated

MS--0.350.020.285.01.7

ZAMS--0.690.010.283.01.6

TAMS0.15-1.9 1070.010.020.262.01.5

preMS----0.020.282.01.4

postMS-0.1M☼☼☼☼
--0.010.261.21.3

ZAMS---0.690.020.281.21.2

MS---0.350.020.280.91.1

stateααααOVMHe coreTC (K)XCZ0Y0M/M☼☼☼☼
case

MHe core���� mass of the central region where X<0.01
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TASK1TASK1 : : «« standard standard »» set set ofof physicsphysics

EquationEquation ofof statestate:: OPAL tables (Rogers et OPAL tables (Rogers et alal. 96, 01). 96, 01)

OpacitiesOpacities :: OPAL tables (OPAL tables (IglesiasIglesias & Rogers 96) + AF tables & Rogers 96) + AF tables atat lowlow

temperaturestemperatures (Alexander & (Alexander & FergusonFerguson, 94), 94)

NuclearNuclear reactionreaction ratesrates:: NACRE (NACRE (AnguloAngulo et et alal. 99). 99)

ConvectionConvection:: MLT (MLT (BBööhmhm--VitenseVitense 58, 58, HenyeyHenyey 65) 65) withwith ααααααααMLTMLT=1.6=1.6

OvershootOvershoot:: fullyfully mixedmixed andand ∇∇∇∇∇∇∇∇==∇∇∇∇∇∇∇∇adad withwith ααααααααOVOV= 0 or 0.15= 0 or 0.15

No diffusion/No diffusion/settlingsettling

MixtureMixture:: solarsolar mixture mixture ofof GrevesseGrevesse & & NoelsNoels (93)(93)

AtmosphereAtmosphere:: EddingtonEddington’’s s greygrey atmosphereatmosphere
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ModelsModels fromfrom 6 6 stellarstellar evolutionevolution codes have codes have beenbeen comparedcompared

ASTECASTEC:: J. J. ChristensenChristensen--DalsgaardDalsgaard ((DenmarkDenmark) ) 

CESAMCESAM:: P. P. MorelMorel, Y. , Y. LebretonLebreton (France) (France) 

CLESCLES:: J. J. MontalbanMontalban, R. , R. ScuflaireScuflaire ((BelgiumBelgium))

FRANECFRANEC:: M. Marconi, S. M. Marconi, S. DeglDegl’’InnocentiInnocenti ((ItalyItaly))

STAROXSTAROX:: I. Roxburgh (U.K.)I. Roxburgh (U.K.)

TGECTGEC:: M. Castro (Toulouse)M. Castro (Toulouse)
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PHYSICSPHYSICS

EquationEquation ofof statestate::

TABLES TABLES fromfrom OPAL 96,01 OPAL 96,01 

ASTEC, CESAM, FRANECASTEC, CESAM, FRANEC �������� OPAL interpolation OPAL interpolation schemescheme

CLESCLES �������� interpolation interpolation methodmethod ensuresensures continuitycontinuity ofof 11stst derivativesderivatives atat

cellcell boundariesboundaries in in thethe 4D 4D spacespace (variables log(variables logρρρρρρρρ, logT, X, Z), logT, X, Z)

STAROXSTAROX �������� interpolation : 4 point interpolation : 4 point cubicscubics withwith continuouscontinuous 11stst derivativesderivatives

TGECTGEC : ?: ?
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OpacitiesOpacities ::

OPAL95 + AF94 (Alexander & OPAL95 + AF94 (Alexander & FergusonFerguson) ) atat lowlow temperaturetemperature

heavyheavy elementselements mixture mixture takentaken to initial valueto initial value

ASTECASTEC: : HoudekHoudek interpolation interpolation schemescheme : : bibi--rationalrational splinessplines

CESAMCESAM: : HoudekHoudek schemescheme or 4 point Lagrange polynomial interpolation, tables or 4 point Lagrange polynomial interpolation, tables 

mergedmerged atat T=10T=1044 K, K, conductiveconductive opacityopacity includedincluded ((ItohItoh))

CLESCLES: interpolation : : interpolation : samesame methodmethod as for as for thethe equationequation ofof state, state, smoothsmooth

mergingmerging ofof tables in tables in thethe domaindomain 3.9<logT<4.153.9<logT<4.15        , , nono conductiveconductive opacityopacity

STAROXSTAROX: tables (log T, : tables (log T, loglog((ρρρρρρρρ/T/T33),X,Z); interpolation : 4 point ),X,Z); interpolation : 4 point cubicscubics withwith

continuouscontinuous 11stst derivativesderivatives

FRANECFRANEC: : splinespline interpolation in Z, interpolation in Z, cubiccubic in T, in T, ρρρρρρρρ, , linearlinear in X, in X, tables tables mergedmerged atat

log T<4.2, log T<4.2, conductiveconductive opacityopacity includedincluded (2 formulations possible)(2 formulations possible)

TGECTGEC: ?: ?

IsIs thethe fittingfitting betweenbetween thethe twotwo sets sets ofof tables tables worthworth to to bebe investigatedinvestigated ??
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NuclearNuclear reactionreaction ratesrates: : pp pp chainchain + CNO cycle+ CNO cycle

NACRE : NACRE : approximateapproximate analyticalanalytical formform ((AnguloAngulo et et alal. 99). 99)

•• CESAM, STAROXCESAM, STAROX : : followfollow allall elementselements but but 77Li, Li, 22H, H, 77BeBe

•• CLES, FRANECCLES, FRANEC : : followfollow allall elementselements includingincluding 77Li Li andand 22H, H, exceptexcept 77BeBe

•• TGECTGEC ??

rates by rates by BahcallBahcall & & PinsonneaultPinsonneault (95)(95)

• ASTEC : : 33He He andand CN part CN part ofof CNO cycle CNO cycle atat equilibriumequilibrium

NACRE has been NACRE has been recentlyrecently implementedimplemented

ScreeningScreening::

•• ASTEC, CESAMASTEC, CESAM: : weakweak screeningscreening SalpeterSalpeter 5454

•• FRANEC, STAROXFRANEC, STAROX: : weakweak: : SalpeterSalpeter 54, 54, weakweak--intermediateintermediate andand

intermediateintermediate--strongstrong: : GrabroskeGrabroske et et alal., de Witt et ., de Witt et alal 7373

•• TGECTGEC??
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ConvectionConvection: : MLT : MLT : BBööhmhm--VitenseVitense (58)(58)

CESAM, ASTECCESAM, ASTEC ((probablyprobably) ) �������� HenyeyHenyey et al.et al.’’ formalismformalism (65) (65) 

ααααααααMLTMLT=1.6, =1.6, ξξξξξξξξ==1/162, 1/162, ΦΦΦΦΦΦΦΦ=9/49/4

CLES, FRANEC CLES, FRANEC �������� CoxCox & & GiuliGiuli (1968) (1968) formalismformalism

STAROXSTAROX �������� mmodifiedodified MLT (Roxburgh 04)MLT (Roxburgh 04)

TGECTGEC??

MIXINGMIXING--LENGTHLENGTH

CLESCLES: : l=l=ααααααααMLTMLTminmin((HHpp,h)  ,h)  wherewhere h h isis thethe thicknessthickness ofof thethe convection zoneconvection zone

CESAM:CESAM: l=l=ααααααααMLTMLTminmin((HHpp,h) ,h) modifiedmodified to to vanishesvanishes atat convection zone convection zone boundariesboundaries

MIXINGMIXING

STAROXSTAROX : : modelledmodelled as a diffusion as a diffusion processprocess, , chemicalchemical profile profile smoothedsmoothed

for a for a shrinkingshrinking corecore

nono turbulent pressureturbulent pressure:: CESAM, CLES, ASTEC, STAROXCESAM, CLES, ASTEC, STAROX
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OvershootingOvershooting

fullyfully mixedmixed withwith ααααααααOVOV= 0.0 or 0.15 = 0.0 or 0.15 HHpp

CESAMCESAM ((∇∇∇∇∇∇∇∇==∇∇∇∇∇∇∇∇adad in in thethe overshootovershoot layer)layer)

CLESCLES ((∇≠∇∇≠∇∇≠∇∇≠∇∇≠∇∇≠∇∇≠∇∇≠∇adad in in thethe overshootovershoot layer)layer)

STAROX, ASTEC, TGECSTAROX, ASTEC, TGEC ? ? 

fullyfully mixedmixed withwith ααααααααOVOV= =  ∆ ∆ ∆ ∆ ∆ ∆ ∆ ∆MMovov//HHpmpm wherewhere HHpmpm==--dM/dM/dlnPdlnP

FRANECFRANEC
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AtmosphereAtmosphere ::

EddingtonEddington’’s s greygrey atmosphereatmosphere

ASTECASTEC: : outerouter boundaryboundary atat ττττττττ=10=10--22,, connectionconnection withwith envelopeenvelope atat T=T=TTeffeff((ττττττττ=2/3)=2/3)

CESAM_V0CESAM_V0: : outerouter boundaryboundary atat ττττττττ=10=10--44,, connectionconnection withwith envelopeenvelope atat ττττττττ=10=10

CLESCLES : : internalinternal modelmodel truncatedtruncated atat ττττττττ=1, 10 or 100=1, 10 or 100

STAROXSTAROX: : outerouter boundaryboundary atat ττττττττ= 10= 10--22 or 10or 10--33

Krishna SwamyKrishna Swamy’’s (1966) s (1966) scaledscaled solarsolar T(tau) T(tau) lawlaw

FRANECFRANEC : : atmosphereatmosphere down to down to ττττττττ=2/3=2/3

HopfHopf’’s s atmosphereatmosphere

CESAM_V1CESAM_V1: : outerouter boundaryboundary atat ττττττττ=10=10--44,, connectionconnection withwith envelopeenvelope atat ττττττττ=10=10

TGECTGEC??
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ReferenceReference valuesvalues

MM
☼☼☼☼☼☼☼☼
=1.98919 10=1.98919 103333 erg.serg.s--11

GMGM
☼☼☼☼☼☼☼☼
=1.32712438 10=1.32712438 102626 cmcm--33.s.s--11

RR☼☼☼☼☼☼☼☼ =6.9599 10=6.9599 101010 cmcm

LL☼☼☼☼☼☼☼☼ =3.846 10=3.846 103333 erg.serg.s--11

FRANECFRANEC : : MM
☼☼☼☼☼☼☼☼
=1.989 10=1.989 103333 erg.serg.s--1 ; 1 ; G =6.668 10G =6.668 10--88 dyndyn cmcm22.g.g--22

MixtureMixture

solarsolar mixture mixture ofof GrevesseGrevesse & & NoelsNoels (93)(93)

IsotopicIsotopic ratios to ratios to bebe checkedchecked
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modelsmodels startingstarting pointpoint ((exceptexcept for case 1.4: PMS)for case 1.4: PMS)

ASTEC, CESAM(PM)ASTEC, CESAM(PM): ZAMS: ZAMS

CLES, CESAM(YL), STAROXCLES, CESAM(YL), STAROX : PMS : PMS 

FRANEC, TFRANEC, TGECGEC??

numbernumber ofof shellsshells

ASTECASTEC: 601 : 601 shellsshells betweenbetween centercenter andand photospherephotosphere

CESAMCESAM: 1030 to 1300 : 1030 to 1300 shellsshells in in thethe interiorinterior + 100 + 100 shellsshells in in thethe atmosphereatmosphere

CLESCLES: 700 to 1400 : 700 to 1400 shellsshells in in thethe interiorinterior

STAROXSTAROX: 2000 : 2000 shellsshells

FRANECFRANEC: 800: 800--900 + 300900 + 300--400 sub400 sub--atmosphereatmosphere

numbernumber ofof stepssteps fromfrom ZAMS to TAMSZAMS to TAMS

ASTECASTEC: 30: 30--40(200) 40(200) timetime stepssteps in in modelsmodels withoutwithout ((withwith) convective ) convective corecore

CESAMCESAM: about 400 : about 400 timetime stepssteps fromfrom PMS to TAMS in 2MPMS to TAMS in 2M
☼☼☼☼☼☼☼☼
modelsmodels

CLESCLES: about 100 : about 100 timetime stepssteps (1.4 M(1.4 M
☼☼☼☼☼☼☼☼
model)model)



COROT - ESTA Workshop - Nice - Sep 2005 13

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON

1.0%2.5%1.2%1.5%4.4%2.2%5.0%∆∆∆∆max-min/max

0.2%0.2%0.1%0.3%0.3%0.4%0.5%CESAM0 vs CLES

0.00733.90.018810.02850.0198347∆∆∆∆max-min

0.6954 

0.7027

150.0 
153.9

1.443 
1.461

5408 
5489

0.6237 
0.6522

0.8916 
0.9114

6539

6886

min

max

Renv/RρρρρcTc/10
7TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

CASE 1.1CASE 1.1

0.9 M0.9 M
☼☼☼☼☼☼☼☼

XXcc=0.35=0.35

Z=0.02Z=0.02

MSMS
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.1CASE 1.1 : MS: MS

0.9 M0.9 M
☼☼☼☼☼☼☼☼

XXcc=0.35 ; Z=0.02=0.35 ; Z=0.02

�

�

0.5% ASTEC,STARROX 
(centre), TGEC

1.5% FRANEC (centre), 

0.2% CLES, CESAM

���� He3 peak?���� C,N

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

m/M

0

0.001

0.002

0.003

0.004

0.005

0.006

C13
C12
N14
He3
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : MS MODELS: MS MODELS

CASE 1.1CASE 1.1

0.9 M0.9 M
☼☼☼☼☼☼☼☼

XXcc=0.35=0.35

Z=0.02Z=0.02

MSMS

�

�

0.9% TGEC, 0.4% FRANEC, 0.2% ASTEC, STAROX, CLES, CESAM

But outer regions !
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CASE 1.2CASE 1.2

1.2 M1.2 M
☼☼☼☼☼☼☼☼

XXcc=0.69=0.69

Z=0.02Z=0.02

ZAMSZAMS

2.7%17.9%17.9%2.1%0.9%2.0%4.5%3.1%3.0%∆∆∆∆max-min/max 

0.3%0.2%0.3%0.0%0.02%0.1%0.0%1.8%CESAM0 vs CLES

0.8265

0.8497

0.00760.0076

0.01060.0106

86.46

88.31

1.575

1.590

6166

6290

1.775

1.859

1.146

1.183

74.4

106.0

min

max

0.00190.0019

MMcorecore/M/M

0.02321.850.0151240.0840.03731.6∆∆∆∆max-min

Renv/RρρρρcTc/10
7TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.2CASE 1.2 : ZAMS: ZAMS

1.2 M1.2 M
☼☼☼☼☼☼☼☼

XXcc=0.69 ; Z=0.02=0.69 ; Z=0.02

0.6% TGEC

0.3% : ASTEC 

<0.15% FRANEC, CLES, STARROX, CESAM

�

�

���� conv core

���� He3 peak
���� C,N

0 0.1 0.2 0.3 0.4 0.5 0.6

m/M

0

0.001

0.002

0.003

0.004

0.005

0.006

He3
C12
C13
N14
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : MS MODELS: MS MODELS

CASE 1.2CASE 1.2

1.2 M1.2 M
☼☼☼☼☼☼☼☼

XXcc=0.69=0.69

Z=0.02Z=0.02

ZAMSZAMS

LessLess thanthan 0.0015 but 0.0015 but outerouter regionsregions !!
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CASE 1.6CASE 1.6

3 M3 M
☼☼☼☼☼☼☼☼

XXcc=0.69=0.69

Z=0.01Z=0.01

ZAMSZAMS

0.07%0.4%0.1%0.04%0.1%0.2%0.1%2.0%CESAM0 vs CLES

0.5%

0.5%

2.2%

8.1%

1.6%

6.2%

0.4%

3.5%

0.6%

8.9%

3.0%

24.9%

0.6%

6.5%

8.3%

35%

∆∆∆∆max-min/max 

0.9938

0.9990

0.9989

21.04

21.51

19.76

42.48

43.17

40.50

2.479

2.488

2.401

13432

13517

12223

101.4

104.5

78.5

1.852

1.864

1.981

13.71

14.95

21.00

min

max

0.47

1.75

MMcorecore/M/M

0.0052

0.0051

0.60

2.67

0.009

0.087

85

1209

3.1

26

0.012

0.129

1.24

7.29

∆∆∆∆max-min

Renv/RρρρρcTc/10
7TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.6: ZAMSCASE 1.6: ZAMS

3 M3 M
☼☼☼☼☼☼☼☼ ; ; XXcc=0.69 ; Z=0.01=0.69 ; Z=0.01

conv core ����

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m/M

0.69

0.692

0.694

0.696

0.698

0.7

0.702

0.704

0.706

0.708

X

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m/M

0

0.001

0.002

0.003

0.004

0.005

He3
C12
C13
N14
O16



COROT - ESTA Workshop - Nice - Sep 2005 21

SOUND SPEED COMPARISONSOUND SPEED COMPARISON : MS MODELS: MS MODELS

CASE 1.6CASE 1.6

3 M3 M
☼☼☼☼☼☼☼☼

XXcc=0.69=0.69

Z=0.01Z=0.01

ZAMSZAMS

CASE 1.7CASE 1.7

5 M5 M
☼☼☼☼☼☼☼☼

XXcc=0.35=0.35

Z=0.02Z=0.02

MSMS

0.00680.00740.00740.270.01510432.90.0532.15∆∆∆∆max-min

0.7%4.5%4.5%1.4%0.5%0.7%4.3%1.4%3.8%∆∆∆∆max-min/max 

0.1%0.2%0.05%0.04%0.1%0.3%0.3%0.8%CESAM0 vs CLES

0.9928

0.9996

0.15640.1564

0.16380.1638

19.49

19.77

2.829

2.844

15291

15395

739.4

772.3

3.852

3.905

54.73

56.88

min

max

MMcorecore/M/M Renv/RρρρρcTc/10
7TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.7CASE 1.7: MS: MS

5 M5 M
☼☼☼☼☼☼☼☼ ; ; XXcc=0.35 ; Z=0.02=0.35 ; Z=0.02

conv core ����

���� zone where X=Xini

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m/M

0

0.002

0.004

0.006

0.008

0.01

0.012

3He
12 C
13C
14N
16O

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m/M

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

X
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : MS MODELS: MS MODELS

CASE 1.7CASE 1.7

5 M5 M
☼☼☼☼☼☼☼☼

XXcc=0.35=0.35

Z=0.02Z=0.02

MSMS



CASE 1.4CASE 1.4

2 M2 M
☼☼☼☼☼☼☼☼

TTcc=1.9 10=1.9 1077

Z=0.02Z=0.02

preMSpreMS

0.7%13.8%1.9%0.0%0.4%2.6%0.5%8.7%CESAM0 vs CLES

0.7%30.2%30.2%6.6%0.2%0.8%7.5%0.9%19.9%∆∆∆∆max-min/max 

0.9915

0.9989

0.09270.0927

0.13280.1328

46.86

50.17

0.6993

0.7009

8419

8484

15.27

16.50

1.862

1.879

6.643

8.292

min

max

0.04010.0401

MMcorecore/M/M

0.00743.310.0016651.230.0171.639∆∆∆∆max-min

Renv/RρρρρcXcTeffL/L
☼☼☼☼

R/R
☼☼☼☼

age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.4CASE 1.4: : preMSpreMS

2 M2 M
☼☼☼☼☼☼☼☼ ; ; TTcc=1.9 10=1.9 1077 KK

Z=0.02Z=0.02

����

conv core

����nuclear region

0 0.1 0.2 0.3 0.4 0.5

m/M

0

0.001

0.002

0.003

0.004

0.005

3He
12C
13C
14N
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : : preMSpreMS MODELMODEL

CASE 1.4CASE 1.4

2 M2 M
☼☼☼☼☼☼☼☼

TTcc=1.9 10=1.9 1077

Z=0.02Z=0.02

preMSpreMS

COROT - ESTA Workshop - Nice - Sep 2005 28

CASE 1.3CASE 1.3

1.2 M1.2 M
☼☼☼☼☼☼☼☼

MHe core

Z=0.01Z=0.01

postMSpostMS

0.7794

0.8013

3110

3276

2.183

2.205

5937

6038

5.513

5.808

2.164

2.275

4207

4552

min

max

2.7%5.1%1%1.7%5%5%7.5%∆∆∆∆max-min/max 

0.02191660.0221010.2950.111345∆∆∆∆max-min

Renv/RρρρρcTc/107
TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.3CASE 1.3 : post: post--MSMS

1.2 M1.2 M
☼☼☼☼☼☼☼☼

MHe core=0.10M☼☼☼☼

Z=0.01Z=0.01

0.1 0.2 0.3 0.4 0.5 0.6

m/M

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

X
CLES
Cesam_V1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m/M

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

3He
12C
13C
14N
16O
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : TAMS MODEL: TAMS MODEL

CASE 1.3CASE 1.3

1.2 M1.2 M
☼☼☼☼☼☼☼☼

MHe core

Z=0.01Z=0.01

postMSpostMS



CASE 1.5CASE 1.5

2 M2 M
☼☼☼☼☼☼☼☼

XXcc=0.01=0.01

Z=0.02Z=0.02

ααααααααOVOV=0.15=0.15

TAMSTAMS

0.4%22.1%1.4%0.6%2.6%3.3%3.1%3%∆∆∆∆max-min/max

0.9854

0.9894

0.07700.0770

0.06000.0600

129.9

131.8

2.784

2.801

6644

6823

22.62

23.38

3.537

3.652

1173

1209

min

max

18.4%18.4%

0.01700.0170

MMcorecore/M/M

0.08%0.1%0.2%0.7%2%2.5%2%CESAM0 vs CLES

0.00401.90.0171790.760.11536∆∆∆∆max-min

Renv/RρρρρcTc/107
TeffL/L

☼☼☼☼
R/R

☼☼☼☼
age

GLOBAL PARAMETERS COMPARISONGLOBAL PARAMETERS COMPARISON
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HYDROGEN PROFILEHYDROGEN PROFILE

CASE 1.5CASE 1.5: TAMS: TAMS

2 M2 M
☼☼☼☼☼☼☼☼ ; ; XXcc=0.01 ; Z=0.02=0.01 ; Z=0.02

ααααααααOVOV=0.15=0.15

conv core ����

���� ZAMS conv core

0 0.1 0.2 0.3 0.4 0.5

m/M

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

X

Xc=0.001

Xc=0..45

Xc=0.70
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SOUND SPEED COMPARISONSOUND SPEED COMPARISON : : postMSpostMS modelmodel

CASE 1.5CASE 1.5

2 M2 M
☼☼☼☼☼☼☼☼

XXcc=0.01=0.01

Z=0.02Z=0.02

ααααααααOVOV=0.15=0.15

TAMSTAMS
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CONCLUSIONSCONCLUSIONS

GLOBAL PARAMETERSGLOBAL PARAMETERS

modelsmodels are consistent to are consistent to firstfirst orderorder ::

differencesdifferences in global in global parametersparameters range range fromfrom 1 to 5% 1 to 5% 

but age but age �������� upup to 10to 10--20%20%, , MMcorecore �������� upup to 20to 20--30%30%

but PMS but PMS �������� 77--8% on L, 8% on L, ρρρρρρρρcc

part part ofof thethe differencesdifferences resultresult fromfrom

specificationsspecifications for for thethe targetstargets notnot preciselyprecisely followedfollowed

referencereference physicsphysics notnot fullyfully implementedimplemented in in somesome codescodes

must must bebe checkedchecked andand quantifiedquantified ! ! STEP 0STEP 0 !!

CLES/CESAMCLES/CESAM00: : veryvery close close physicalphysical inputs inputs �������� differencesdifferences <0.5%<0.5%

but PMS, but PMS, overshootingovershooting increaseincrease differencesdifferences
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CONCLUSIONSCONCLUSIONS

INTERIORINTERIOR

main main differencesdifferences appearappear atat thethe edgeedge ofof thethe convective convective regionsregions

•• narrownarrow regionsregions appearappear wherewhere differencesdifferences are are highhigh

•• evolvedevolved modelsmodels carry carry thethe signature signature ofof convective convective corecore displacementsdisplacements

zones zones ofof nuclearnuclear energyenergy production production alsoalso identifiedidentified

large large differencesdifferences atat thethe surfacesurface
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TASK1 : WHAT SHOULD BE DONE?TASK1 : WHAT SHOULD BE DONE?

11STST STEPSTEP ::

•• eliminateeliminate remainingremaining evidentevident differencesdifferences in in thethe physicsphysics : : checkcheck

isotopicisotopic ratios, ratios, screeningscreening, formulation , formulation ofof convection, convection, overshootingovershooting, , 

conductiveconductive opacitiesopacities

•• trytry to to estimateestimate thethe weightweight ofof numericsnumerics: : 

easyeasy?? numbernumber ofof shellsshells, , ofof timetime stepssteps, interpolation , interpolation methodsmethods for for 

opacitiesopacities, EOS, , EOS, nuclearnuclear rates, rates, fittingfitting temperaturetemperature for for opacityopacity

tables, interface tables, interface withwith atmosphereatmosphere ((fittingfitting levellevel, , boundaryboundary

conditions)conditions)……

more more difficultdifficult!! treatmenttreatment ofof convective convective limitslimits andand theirtheir evolutionevolution in in 

timetime, , overshootingovershooting, , associatedassociated mixingmixing…… cancan wewe explore explore thethe

methodsmethods andand agreeagree on a on a preferredpreferred oneone??

••simplifysimplify thethe physicsphysics for for specificspecific difficultdifficult cases: cases: compare case1.5 compare case1.5 

withwith//withoutwithout overshootingovershooting……
…/…
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TASK1 : WHAT SHOULD BE DONE?TASK1 : WHAT SHOULD BE DONE?

11STST STEPSTEP ::

•• compare compare thethe wholewhole sequencessequences ofof evolutionevolution

evolutionaryevolutionary tracktrack in HR in HR diagramdiagram

modelmodel originatingoriginating fromfrom PMS vs. ZAMS PMS vs. ZAMS modelmodel

interiorinterior ofof modelsmodels atat particularparticular evolutionevolution stages (constant stages (constant XXcc on on thethe MS)MS)

evolutionevolution ofof : : sizesize ofof thethe convective convective corecore, convective , convective envelopeenvelope depthdepth

•• decidedecide nownow whatwhat quantitiesquantities to to bebe comparedcompared nextnext

•• decidedecide ofof thethe acceptable acceptable degreedegree ofof agreementagreement necessarynecessary for COROTfor COROT

global global parametersparameters//internalinternal differencesdifferences
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TASK1 : WHAT SHOULD BE DONE?TASK1 : WHAT SHOULD BE DONE?

22NDND STEPSTEP ::

•• sophisticatesophisticate thethe physicsphysics : : includeinclude diffusion/diffusion/settlingsettling, , overshootingovershooting

NOW :

Decide what quantities to be compared

NEXT COROT WEEK

Presentation of the results of the comparisons (end of Step 1)

Go further on step 2: decide what more sophisticated physics to be
considered


