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Abstract

We present an update of the grid of detailed atmosphere models and homogeneous synthetic
spectra for hot, high-gravity subdwarf stars. High-resolution spectra and synthetic photometry
were calculated in the wavelength range 1,000 & — 10,000 & using Non-LTE extensively line-
blanketed atmosphere structures.
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Résumé

Une grille de structures atmosphériques non-LTE entiérement recouvertes de lignes et des
spectres synthétiques pour les sous-naines. Nous présentons une mise a jour de la grille des
modeles d’atmosphere détaillés et des spectres synthétiques homogenes pour les étoiles sous-
naines chaudes de haute gravité. Les spectres haute résolution et la photométrie synthétique
ont été calculés dans la gamme de longueurs d’onde 1.000 A-10.000 A a I’aide de structures
atmosphériques non-LTE entierement recouvertes de lignes.

Mots-clés : spectres synthétiques, atmospheres stellaires, profils de ligne, sous-naines

1. Introduction

The formation mechanism and evolution of subdwarfs (sd) is yet to be fully understood.
Hot sd stars are thought to have evolved from low to intermediate-mass stars and reach far
beyond the main sequence, at the blue end of the horizontal branch (HB) [1]. While most of sds
are found between the main sequence and the white dwarf (WD) regions in the HR diagram,
some do overlap with WDs. Perhaps this is due to the most accepted formation scenario being
that these are extreme HB stars that have had their envelopes stripped through binary system
interaction and are left with an exposed core [e.g. 2]. This is supported by observations [3].
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Homogeneous and widely available models for such objects are necessary in order under-
stand the fundamental parameters and evolution of these unusual objects. As such, these must
be computed using radiative transfer, non-local thermodynamic equilibrium (NLTE) physics,
with extensively blanketed atmosphere structures [4, 5].

In [6] we present our original grid of model, covering eight temperatures within 10,000
< T [K] < 65,000, three surface gravities in the range 4.5 < logg [cgs] < 6.5, two helium
abundances matching an extreme helium-rich and helium-poor scenarios for sds, and two metal-
licities representatives of the solar neighborhood ([Fe/H] = 0) and Galactic halo ([Fe/H] = -1.5
and [a/Fe] = +0.4). In this work, we provide an update by adding 56 new models with three
additional effective temperatures and two more surface gravity values, whilst still covering the
same parameter space.

2. Atmosphere Structure and Synthetic Spectra

Atmospheric structure models in this work were computed using the TLUSTY code v205
and v208 [7, 8], which calculates self-consistent solutions of radiative transfer and physical at-
mosphere states. Additionally, the most used stellar atmosphere models have been computed in
LTE frameworks. However, in the case of hot sds a NLTE computation has revealed significant
differences that should be considered [e.g. 4], and that approach was taken in this work. A full
description of this methodology can be found in [6].

As an addition to that work, here we expand our grid by including sd-structure models
composed of one additional surface gravity point (logg [cgs]: 5.0) for five effective tempera-
tures (Tegr: 15,000, 20,000, 25,000, 30,000 and 35,000 K). Moreover, we computed a new set
with three effective temperatures (T ¢ 17,500, 22,500 and 27,500 K), each one with three sur-
face gravities (logg [cgs]: 4.5, 5.0, and 5.5) and four different chemical abundances: solar and
He-rich, solar and He-poor, halo and He-rich, halo and He-poor. The numerical He-rich and
He-poor variations were chosen based on linear fits as a function of temperature based on [9] as
shown in table 1 for the new models. See table 2 from section 2 of [6] for the He abundances as
a function of temperature originally used and not show here.

Table 1: Numerical He Abundances !
Te [K]  log(npe/nn) poor log(nye/ny) rich

17,500 -4.05 -2.80
22,500 -3.41 -2.12
27,500 -2.78 -1.45

We computed the grid of spectra using the SYNSPEC code which is designed to synthesize
the spectrum from atmosphere model structures. We used NLTE assumption based on TLUSTY
models, using reference atomic line lists from [10] and with special treatment of the H and He
lines computed using tables from [11]. This method is identical to that described in [6], where

Ifor the remaining He abundances please see table 2 of [6].
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examples of sample spectra can be found and comparisons between existing models for sample
targets are found to be in good agreement (see section 3 of [6] for more details).

0.1p o B oo

0.0p

—01F e

ook 45000
20 —0.3F 35000
o 30000
- 25000
—0.5F 20000
' 15000

—0.6r
[ . e 10000

—0.5 0.0 0.5 1.0 1.5
u-g

Figure 1: Color-color diagram (g - r vs. u - g) composed of observational data on subdwarfs
from SDSS (see text) with a hue scale and gray crosses representing determined and undeter-
mined effective temperatures, respectively. The new synthetic colors (wiht black contours) from
our grid are plotted with the same hue scale as observational data showing effective tempera-
tures; circles indicate solar abundances and triangles the low halo metallicity.

With these models in place, we are able to compute predicted magnitudes for several stan-
dard photometric filters and compare with observations. Figure 1 shows a color-color diagram
of the composed observational data on sds from SDSS from Geier catalog [2] where we include
our synthetic colors from [6], along with updated results from the present work in the same hue,
size and scale for comparison.

3. Conclusions

In this manuscript we present an extension to our grid of theoretical spectra computed with
NLTE, based on extensively line blanketed models for sd stars and compare it with photometric
observations. We find good agreement between modeled and observed colors.
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