PG 0112+104:The Hottest Helium- Line White Dwarf Below the DB Gap

P. Du. Dufour, F. Wesemael, A. Beauchamp & P. Bergeron (Universit four, F. Wesemael, A. Beauchamp & P. Bergeron (Université de Montr de Montréal) & R.A. Saffer (Villanova University) al) & R.A. Saffer (Villanova University)

Abstract No helium- line white dwarf has been observed up to now with an effective temperature between 45,000 K, the coolest DO star, and 30,000 K, the hottest DB star. This gap in the cooling sequence is likely to hold important clues for our knowledge of the spectral evolution and cooling of white dwarf stars. PG 0112+104 is the hottest known DB star (T hold important clues for our knowledge of the spectral evolution and cooling of white dwarf stars. PG 0112+104 is the hottest known DB star (T_{effeff} ~ 30,000 K), which - - - according to current spectral

~ 30,000 K), which - - - according to current spectral evolution schemes - - - may well have become a helium- line object only fairly recently. As a hot, non- variable star, it also defines the blue edge of the instability strip of the variable DB (V777 Her) stars. We present a preliminary reanalysis of this star which makes use of a variety of data, namely archival low- dispersion IUE data, more recent FOS observations, high- dispersion GHRS data at L

We present a preliminary reanalysis of this star which makes use of a variety of data, namely archival low- dispersion IUE data, more recent FOS observations, high- dispersion GHRS data at Lα , as well as, as well as optical spectroscopy in the blue part of the spectrum and around H optical spectroscopy in the blue part of the spectrum and around Hα . Our aim is to determine self- consistent values for the hydrogen abundance and effective temperature of this key object, values which may

. Our aim is to determine self- consistent values for the hydrogen abundance and effective temperature of this key object, values which may help us constrain the evolutionary history and structural properties of this unique star.

Fig. 2-

Fig. 2- Observations for PG 0112+104 :(a) UV energy distribution from

Observations for PG 0112+104 :(a) UV energy distribution from HST and IUE (open circle). (b) Lyman alpha region. (c) Blue optical spectrum. (d) Red spectrum around H spectrum. (d) Red spectrum around Hα.α.

Fig. 3- (a) Fit to optical spectra with log N[H]/N[He] = - 3.0. Tick marks indicate the position of Hβ and Hγ. (b) Spectrum at 1215Å with two theoretical ISM absorption profiles at log N[H] = 19.5 and 19.8. (c) Synthetic Lα spectra at log g = 8.0, T_{eff} = 28,000 K and log N[H]/N[He] = - 3.0, - 3.5 and - 4.0. The photospheric Lα profile is obtained by dividing the observed spectrum with the theoretical ISM profile. (d) Fit to the HST UV energy distribution with log N[H]/N[He] = - 3.0 and log g = 7.76 from optical fit. Tick marks indicate He1 lines.

Fig.4-

Fig.4- Temperatures determined by fitting the various data as a function of

Temperatures determined by fitting the various data as a function of hydrogen abundance. Also shown are the limits of visibility for the H hydrogen abundance. Also shown are the limits of visibility for the Hα and H and Hβ lines and the value found by Provencal et al. (2000) on the basis of lines and the value found by Provencal et al. (2000) on the basis of their fit to the L their fit to the Lα profile only.

profile only.

Preliminary results Effective temperatures determined from the optical spectrum can be several thousand degrees hotter than the one derived from the UV energy distribution. This disagreement is most likely related to the presence of unseen traces of hydrogen, since the effective temperature determined from the optical spectrum of a hot DB star depends on the value of the abundance we assume in our models. To estimate the hydrogen abundance we use the L the hydrogen abundance we use the Lα region. Simulations show that for DB stars, region. Simulations show that for DB stars, the wings of L the wings of Lα are more pronounced than the H are more pronounced than the Hα line for high temperatures (fig.

line for high temperatures (fig.

1), and can be used to estimate the photospheric hydrogen abundance. Since the L

1), and can be used to estimate the photospheric hydrogen abundance. Since the Lα profile is contaminated by interstellar hydrogen absorption, we fitted a saturated Voigt profile to the core of the line to estimate the

Voigt profile to the core of the line to estimate the hydrogen column density. The hydrogen column density. The photospheric profile is then obtained by taking the ratio of the observed profile with this theoretical ISM profile.

To find a value of hydrogen abundance and effective temperature consistent with all our observations, we determine the effective temperature by fitting all data with models which include different hydrogen abundances. Typical fits are shown in fig.3. Additional constraints can fig.3. Additional constraints can be inferred from the absence of H be inferred from the absence of Hα and H and Hβ lines. lines.

Since observations (fig.2) do not show these lines, limits can be put on the maximum hydrogen abundance. Fig. 4 shows the limit at which these hydrogen lines can be seen in a spectrum with S/N = 100. The region at the right of the dashed lines is fobidden by our observations.

Our combined results, based on our current analysis of the ultraviolet continuum slope, of the observed L slope, of the observed Lα profile, and of the blue optical spectrum, suggest a profile, and of the blue optical spectrum, suggest a temperature near 27,500K and a hydrogen abundance near log N[H]/N[He] = - 3.0. We note, however, that this combination of parameters is inconsistent with the stringent limits which are imposed by our own H stringent limits which are imposed by our own Hα observations, which suggest log observations, which suggest log N[H]/N[He] = - 4.2 at T

N[H]/N[He] = - 4.2 at T_{effeff} = 27,500K. The origin of this internal inconsistency is not

= 27,500K. The origin of this internal inconsistency is not fully understood at this stage.

The Provencal et al. (ApJ,

The Provencal et al. (ApJ, 542542, 1041, 2000) best fits to this object are based

, 1041, 2000) best fits to this object are based exclusively on their L exclusively on their Lα observation which we use here as well. Their acceptable observation which we use here as well. Their acceptable range is indicated as a short horizontal bar in fig.4. They assume a fixed effective temperature of 30,000K, and find log N[H]/N[He] = between - 3.5 and - 4.0. This value of hydrogen abundance is a factor ~10 lower value of hydrogen abundance is a factor ~10 lower than the one determined with our than the one determined with our models (log N[H]/N[Ne] between - 2.5 and - 3.0) for the same temperature models (log N[H]/N[Ne] between - 2.5 and - 3.0) for the same temperature.

Fig 1-

Fig 1- Variation of the L

Variation of the Lα and H and Hα profiles in DB stars at 18,000 K (top) profiles in DB stars at 18,000 K (top) and 24,000 K (bottom). The H and 24,000 K (bottom). The Hα profiles are degraded to a resolution of 6 profiles are degraded to a resolution of 6 Å . The hydrogen abundances range from log N[H]/N[He] = - 5.0 to - 3.0,

. The hydrogen abundances range from log N[H]/N[He] = - 5.0 to - 3.0, in steps of 0.5

Background image: M57 (OPIOMM)