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Low temperature opacities 
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Abstract 

The importance of low temperature opacities in stellar calibrations led us 
to compute new sets of Rosseland mean opacities for different Z-values. For 
the solar metallicity, these tables have been compared to those of Alexander 
(1975), Cox (1983), Sharp (1991) and Kurucz (1992). 

43.1 Introduct ion 

Opacities in the atmospheric layers are generally not considered of great 
importance in the calculation of theoretical evolutionary tracks since the 
atmosphere of a star only comprises a tiny part of its mass (see however, 
section 1.2). 
Until recently, the most commonly used "atmospheric" or "low-T" opacity 
tables were those of Cox & Stewart (1970), Alexander (1975) and Cox (1983) 
but there are rather large discrepancies between these different tables for 
typical T and p ranges encountered in stellar atmospheres of solar type 
stars. 

Furthermore, for pop I stars, low-T opacities are calculated for very few 
values of the metallicity, Z, and the solar chemical composition is generally 
used in the calculation of tracks, whatever the actual value of Z. 
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43.2 Low-T opacit ies and stellar cal ibrations 

Theoretical evolutionary tracks depend on mass, age, chemical composition 
on the zero age main sequence and convection parameter, a (ratio of mixing 
length to pressure scale height in the convective layers). Calibrating a star 
consists in computing evolutionary models that reproduce, at given age, 
chemical composition on ZAMS and convection parameter, the observed 
values of the luminosity and effective temperature of the star. 
It has been shown that uncertainties that may affect low-T opacities (due 
to missing or wrongly estimated contributors) lead to uncertainties on the 
convection parameter. Consequently, the calibrated value of a in the Sun 
actually contains an "opacity component". Unfortunately, problems may be 
encountered in binary systems, whose components have different effective 
temperatures. This is the case of the Alpha Centaury system, in which the 
masses of the two components (alpha Cen A and B) can be determined ac
curately. Their age t and chemical composition on the ZAMS are assumed 
to be the same, since both stars have very probably the same origin. Alpha 
Cen A and B being solar type stars, it seems reasonable to assume that their 
convection parameter is identical. Then, Y, Z, t and a can, in principle, be 
adjusted to the two observed luminosities and effective temperatures. 
But. if the low-T opacities are not known with accuracy, the "opacity com
ponent" in a may be different for the two stars (of different Teff) making a 
calibration in the frame of a unique convection parameter probably incon
sistent! 

43.3 N e w low-T opacity tables 

Problems encountered in stellar calibrations led us to compute new opacity 
tables for different Z-values around the solar metallicity: Z= 0.04, 0.03, 0.02 
and X= 0.6 and 0.7. The tables were computed for T values ranging from 
3000 to 15000 K and for Q values, where Q = In ^ (where T7 = j jy ) , 
ranging from -3.838 to 4.605. 

We included the following contributors: HI bf and ff (Karzas and Latter, 
1961), H" bf and ff (John, 1988), H+H bf (Doyle, 1968), H2~ ff (Somerville, 
1964), H+ bf (Mihalas, 1965), CI, Mgl, All, Sil, Hel bf and ff (Peach, 
1970), e~ scattering, HI and HeJ rayleigh scattering (Dalgarno, 1962), He~ 
ff (Carbon et al., 1969). Line absorption is included under the form of 
opacity distribution functions (Gustafsson et al., 1975). Missing UV opacity 
is also included, according to the relation given by Magain (1983). 
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Fig. 43.1 Comparison of our new opacities and the opacities of Alexander 
(1975), Cox (1983) and Sharp (1991) with those of Kurucz (1992). The 
ratio of the different, opacities are given as a function of LogT and Log(/v). 

43 .4 Compar i son with o ther tables 

For the solar mixture, we compared our results, those of Alexander (1975), 
Cox (1983) and Sharp (1991) with the results of Kurucz (1992). It is en
couraging for us to see that our opacities give the best agreement with those 
of Kurucz calculations, although we used far less lines than he did. Our re-
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suits remain within less than 13 % of Kurucz's while the other computations 
show far larger discrepancies. 

43.5 Conclus ion 

We have extended our calculations for X= 0.0, 0.2, 0.5, 0.7 and 0.9 and 
Z= 0.0001, 0.001, 0.005, 0.02 and 0.04. For X < 0.5, UV line absorption 
is not included, while for X=0.0 , only continuous absorption is calculated. 
These new low temperature opacity tables are available on request (e-mail : 
U2126CN Q BLIULG11). 
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