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Abstract. I have developed a new opacity-sampling version of my model 
atmosphere program called ÄTLAS12. It recognizes more than 1000 atomic 
and molecular species, each in up to 10 isotopic forms. It can treat all ions 
of the elements up through Zn and the first 5 ions of heavier elements up 
through Es. The elemental and isotopic abundances are treated as variables 
with depth. At present ATLAS 12 reads atomic line data from Kurucz CD-
ROM 1 and diatomic molecular data from Kurucz CD-ROM 15. For each 
line the wavelength, identification, lower energy level, gf, radiative, Stark, 
and van der Waals damping constants are packed into 16 bytes. At each 
wavelength point in a frequency integration the Voigt profiles of all the 
significant nearby lines are computed and summed. The H, He, and auto-
ionizing lines are treated with the appropriate profile functions. 

The fluxes predicted by ATLAS12 are not accurate in intermediate or 
narrow bandpass intervals because the sample size is too small. A special 
stripped version of the spectrum synthesis program SYNTHE is used to 
generate the surface flux for the converged model using the line data on 
CD-ROMs 1 and 15. That high resolution spectrum can be used directly or 
can be instrumentally broadened to compare to low resolution observations. 

ATLAS12 can be used to produce improved models for Am and Ap stars. 
It should be very useful for investigating diffusion effects in atmospheres. 
It can be used to model exciting stars for H II regions with abundances 
consistent with those of the H II region. These programs and line files will 
be distributed on CD-ROMs. 
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1. Introduction 

There are three methods for dealing with line opacity in a model stellar 
atmosphere. The first is direct calculation of the spectrum of all the lines 
which can number more than 100 million. It requires a wavelength resolu-
tion small enough to resolve the spectrum, smaller than the Doppler width. 
In an A star model a resolving power of 500000 produces 3.5 million points. 
Iterating such a model to convergence is just beyond the state of the art. 

The second method is to sample the spectrum by choosing a small 
number of wavelength points that do not resolve the spectrum in detail. In 
computing a model the quantity of interest is the integral over the spectrum 
at each depth which determines the total energy flowing through the atmo-
sphere. Only 1% as many points as are used in the detailed calculation are 
needed to get accurate integrals. This approach is called opacity sampling. 

The third approach is to tabulate statistical distribution functions for 
the line opacity as a function of temperature and pressure for a fixed 
set of abundances. The complete opacity spectrum is computed for each 
temperature-pressure pair and then divided into small wavelength inter-
vals. For each interval a distribution function is computed that tells the 
fraction of the interval having opacity less than a given value. I have per-
formed distribution function calculations for many scaled solar abundances 
and I have distributed the tables on Kurucz CD-ROMs 2 to 12. By using 
these tables a model can be computed for the given abundances using only 
a few hundred wavelength points. A large amount of computer time is re-
quired in the pretabulation but the models can be computed quickly and 
in large grids. 

ATLAS 12 is an opacity sampling program that I originally wrote in 
1992 to allow computation of models with individual abundances. It is 
described in Kurucz (1993). The reader should consult that paper for details 
about ATLAS12 and about my existing grids of models computed with 
scaled solar abundance distribution function line opacities. That paper has 
figures showing sample calculations. Castelli and Kurucz (1994) present an 
ATLAS12 model for Vega. 

ATLAS12 seemed to be working well and had no trouble producing mod-
els for A stars with abundances within a factor of three of solar. Fiorella 
Castelli and I were able to compute models for Vega and Sirius includ-
ing variations in helium abundance. However when I subsequently tried to 
compute models that were 50% helium, the program would no longer con-
verge. I tried various schemes such as computing a series of models with 
helium abundance gradually increasing from solar. Nothing worked. I fi-
nally understood that the program uses pretabulated Rosseland opacity in 
two places, in the temperature correction to account for the change in op-
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tical depth as the temperature changes, and in convection to determine the 
opacities of hot and cold elements. If the Rosseland table was not far off, 
as in the case of Vega and Sirius, the program would work because itera-
tion made up for the small errors. But with large opacity changes, it was 
hopeless. The pretabulated Rosseland opacity was an end result of comput-
ing the distribution function opacities. They existed only for scaled solar 
abundances and each abundance required 100 Cray hours to compute. In 
order to make opacity sampling viable I had to find a way to determine the 
Rosseland opacity using no computer time. Michèle Gerbaldi finally forced 
me to solve the problem in May 1995. 

2. Virtual Rosseland opacity 

All versions of the ATLAS model atmosphere program compute the Rosse-
land opacity for the temperature and pressure of each layer of the model 
for each iteration. ATLAS12 now saves all these values as it iterates. It 
finds the Rosseland opacity for convection and the temperature correction 
by guessing from the nearest saved values. The procedure is to divide the 
T,P plane into quadrants around the point of interest, then to pick out the 
nearest tabulated point in each quadrant, and then to linearly interpolate 
among those points. Often not all the quadrants are occupied so various 
ad hoc guesses are made. Since these Rosseland opacities are computed for 
the abundances actually used in the model they can be more accurate, even 
when guessed, than pretabulated values. The models now converge well. 

3. Computing the whole spectrum 

When actually working with ATLAS12 sampled fluxes, Castelli and I found 
that, while quite accurate for predicting the total flux, the fluxes are not 
accurate in intermediate or narrow bandpass intervals because the sample 
size is too small. I wrote a special stripped version of the spectrum synthe-
sis program SYNTHE to generate the surface flux for the converged model 
using the line data from CD-ROMs 1 and 15. Plots showing sample calcula-
tions of complete spectra are given in Kurucz (1994) and Kurucz (1995). As 
most of the line positions are predicted, the computed flux spectrum is not 
realistic when compared to a high resolution observed spectrum. It is pos-
sible to select only the subset of lines with accurate wavelengths, but many 
lines will be missing. This difficulty can be removed only by improving lab-
oratory spectrum analyses. When more energy levels are known, more line 
positions can be computed accurately. 

The spectrum is computed in pieces typically at resolving power 500000. 
It is actually computed as 17 intensity spectra spread across the disk of 
the star from center to limb. These pieces are merged into 17 continuous 
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intensity spectra. Then rotationally broadened flux spectra are computed 
for a number of values of ν sin i, still at a resolving power of 500000, 
by interpolating and integrating over the disk. Alternatively, the pieces 
can be rotationally broadened and then merged. In these calculations all 
information about individual lines is thrown away. To get the complete 
information the calculation must be made with the full SYNTHE program. 
These high resolution spectra can be used directly or can be instrumentally 
broadened to compare to low resolution observations. The intensity spectra 
from different models can be combined to mimic surface features. 

4. Distribution 

I will distribute a CD-ROM with programs ATLAS 12, the fast SYNTHE, a 
new distribution function program, and a new Rosseland opacity program. 
These programs all read line data from CD-ROMs 1 and 15. All the CD-
ROMs cited in this paper can be requested from the author at the email 
address listed above. 
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