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Introduction

e Models of massive stars

- Grids of stellar models at various metallicities

(Maeder & Meynet 1987; Schaller et al. 1992; Schaerer et al. 1993;
Charbonnel et al. 1993; Meynet et al. 1994; Mowlavi et al. 1998)

e Inclusion of rotation

Surface enrichments
q 0.553 1
of massive stars \

The B/R ratio (N/HY/10 27

Nature of the supernova
progenitor

Stellar yields
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Introduction

e Models of solar-type stars

Grids for low mass stars
(Charbonnel et al. 1996, 1999)

Solar models

(Lebreton & Maeder 1986, 1987; Charbonnel et al. 1994; Richard et al.
1996, 2004)

Stellar models of asteroseismic targets
(Eggenberger et al. 2004, 2005, 2006)

Input physics:

. Equation of state: MHD and OPAL
. Inclusion of microscopic diffusion
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Modeling of microscopic diffusion

e The diffusion equation
Oc 10 ([,  0Oc
— = D——7r2%pcV | — A
pc’?t r28'r( p or rpe ) pe
e Chemical elements:

- 15 isotopes:
H, 3He, 4He, 12C, 13C, 14N, 15N, 160, 170, 180,
ZONe’ 22Ne’ 24Mg’ 26Mg’ 26Mg

- Changes due to diffusion / nuclear reactions
- A : only for lithium and beryllium

e Microscopic diffusion:

- Routines of the Toulouse-Geneva version of the code
- Radiative acceleration is neglected
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Modeling of microscopic diffusion

e The Chapman-Enskog method (Chapman & Cowling 1970)

- Boltzmann equation
- Expansion of f in a series of decreasing order
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Modeling of microscopic diffusion

e Computation of the diffusion coefficients

- Formalism of Paquette et al. (1986)
B 3E 5C(xsSs — 24St)
~ 2nm(1 — A)

and Qg

Dy =
‘ angs + J’%Qt + wsthst

- Collision integrals:
QU9 _ kT
st 2am MM,

¢g? = 27T/ (1 — cos’ xs)bdb and Xst =7 — 2] .
0 ,in

st
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with r,™" defined by: 1-—
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Modeling of microscopic diffusion

o Computation of the collision integrals

. kT 1/2
P \une? Y n, 22

. 3 \1/3
' \dmn,;

- Static screened potential:

- Analytic fits:

- Dimensionless collision integrals

F(”) = ﬁ with €st =T ZaZse” 2 L v
st T T St 2%kT 2rmM, M,

- Independent variable

AT\

Yo =Inlln(l +75)]  where =7y
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Modeling of microscopic diffusion

o Computation of the collision integrals

TABLE 4
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Modeling of microscopic diffusion

e Summary

Computation of the collision integrals using the analytic fits
of Paquette et al. (1986)

Determination of the diffusion coefficients D,; and a,;, as
well as the diffusion velocity V;;

The diffusion equation is then solved
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Numerical Methods

e Crank-Nicholson finite differences

9%c dc

- Kshells: C = (¢y;...;¢) with S=r-r; and P=r, -1

] J

0
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82
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dc
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o eap(Be) P20
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- Diffusion equation:
9c;
ot

0%c
ﬁ = AQCj_l -+ Bng -+ Cij_|_1
™/

= (DAQ + EAl)Cj_l + (DBQ + EBl + F)Cj aF (DCQ + E01)8j+1

oC
o e

in vector form:
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Numerical Methods

o Implicit finite elements

- Method used by Glowinsky and Angrand (Schatzman et al. 1981)
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Application to solar-type stars

e Stars with a shallow convective envelope

- Exemple: n Bootis (GO IV)

diffusion, no rotation

4He Mass fraction

- Rotation counteracts 3. , 0.996
the effects of microscopic /M
diffusion in the external
layers

tot

diffusion and rotation

4“He Mass fraction

0.996
M /M

T tot

Carrier et al. 2005, A&A, 434, 1085
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Conclusion

e Summary

Diffusion routines of the Toulouse-Geneva code
Chapman-Enskog method is used

Collision integrals calculated from the analytic fits of Paquette et
al. (1986)

Numerical methods: Crank-Nicholson finite differences or Implicit
finite elements

e Future perspectives

- Models of solar-type stars including microscopic diffusion and

a comprehensive treatment of rotation
- Internal gravity waves (Talon et al. 2002; Charbonnel & Talon 2005)

- Inclusion of magnetic field:

- Magnetic instabilities (Maeder & Meynet 2004; Braithwaite & Spruit 2005;
Eggenberger et al. 2005; Brun & Zahn 2006)

- Secular torque (Charbonneau & Mac Gregor 1993; Mathis & Zahn 2005)
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