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Stellar microphysics
Atomic diffusion, accretion, thermohaline convection,

links with asteroseismology



Basics of stellar physics : two kinds of processes in competition
• « microscopic processes » (atomic diffusion)
• « macroscopic processes » (mixing, mass loss, accretion)

Importance of precise microphysics for stellar structure and evolution
1) gravitational settling (many codes)
2) thermal diffusion     (not as precise)
3) concentration gradients    (mostly important in case of mac motions)
4) radiative accelerations (Montreal, Yale, Toulouse)

-Large data basis on atomic physics, in relation with opacity projects:
OPAL , OP…

-Helio and asteroseismic tests
e.g. helium gradients below convective zones and many other consequences

Element Diffusion in Stars
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Some models obtained with the TGEC

Observations: 01



Models: 01



Some approximate expressions

Diffusion velocities:

Diffusion time scales:

with:

Radiative accelerations:

with:



Radiative accelerations (cont’d):

unsaturated line                              saturated line

grad independent of N                               grad when N



Orders of magnitude

•Atomic diffusion is a very slow but efficient process

•Vd increases and td decreases towards the surface

•Below the solar convective zone: td ~ 1010 yrs

•In atmospheres: td ~ 102 ~ 104 yrs

•At the bottom of the second convective zone in Am stars:
Dm ~ 100 cm2/sec , td ~106 yr,  vd ~ 10-6 cm/sec,  tcol ~10-10 sec

•Competition with macroscopic motions : selective vs homogenizing processes

D+DM
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Richard , Michaud, 

Richer et al 2002

Ap.J. 568, 979

Using OPAL

See also: 

Théado, Vauclair, 

Alecian, Leblanc, 

ApJ 704, 1262, 2010

using SVP and OP 

Radiative accelerations, full method



Examples of color intensity coded elements concentrations after pure diffusion
Richier, Richard, Michaud



Richard, Michaud et al

Iron convective zones :



Institute of Theoretical Astronomy,  Cambridge

International symposium on « supermassive stars »

July 1971



thermohaline convection

C.f. Pascale Garaud



CS22964-161

A Metal-poor Double-lined Spectroscopic Binary with C, Li, and s-process Overabundances

Thompson (Ian!!!) et al.  2008 
Thompson, Ian B.; Ivans, Inese I.; Bisterzo, Sara; 
Sneden, Christopher; Gallino, Roberto; Vauclair, Sylvie; 
Burley, Gregory S.; Shectman, Stephen A.;Preston, George W.
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1.7 M
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Théado, Vauclair,

Alecian, Leblanc, 

ApJ 704, 1262, 2009
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C.f. Vauclair 2004
Théado, Bohuon, Vauclair 2010
Garaud 2011 (see also Traxler et al. 2011)
Théado & Vauclair , submitted to ApJ

What’s next ?


