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Abstract. We present new theoretical calculations of the line profile of Lymahat include transitions in which a photon

is absorbed by a neutral hydrogen atom while it interacts with a proton. Models show that two absorption features located
near 992 A and 996 A are due to Htidollisions. These quasi-molecular satellites are similar to those that were identified in
the wings of Lymarnx and Lymang lines of hydrogen-rich white dwarfs. We compute synthetic spectra that take account of
these new theoretical profiles and compare them to the spectra of four DA white dwarfs that were obseri#&iS®ithhe

models predict the absorption features that are observed in the wing of Lymear 995 A, and confirm that these features are
guasi-molecular satellites.
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1. Introduction New calculations for the absorption profiles of Lymgan

. . . line of atomic hydrogen perturbed by protons have been used
Quasi-molecular satellites are absorption features due to tr?bnbredict synthetic spectra of hot hydrogen-rich white dwarfs

sitions that take place during close coliisions of a radiating hy d allow the identification of a strong feature near 995 A. This

drogen atom with a perturbing atom or proton. These spect}rg ture was present in th€JT spectrum of Wolf 1346 (Koester

features, which are present in the red wings of the Lyman Tt al. 1996) but it is only in Koester et al. (1998) that a simi-

ries lines, provide an important source of opacity in the atm%l—r feature present iIORFEUSspectra of WD 1032114 and

spheres of hydrogen-rich white dwarfs. o .
The IUE spectra of the DA white dwarf 40 Eri B were theWD 0644+375 was suspected to be a new satellite in the wing

) : .~ of Lymany. It was also distinctly detected IRUSE spectra
first ones which revealed a strong, unexpected absorption foiCD —38°10980 (Woff et al. 2001) and of Sirius B (Holber
ture near 1400 A (Greenstein 1980). Absorption features n%@OZ) ' 9
1600 A were thereafter detected in spectra of coole_r DA white Thése last two recent observations provided motivation to
d:/v%rfsd (l_rﬁllnll et talé 1tQEiS).19'I'8r;esenc1;el\?tl|Jris&r\?vma:]nerd 1%%%(-\;/estigate the theory of the Lymanline profile using ac-
giriuﬁanueouslyc/)eé:ntﬁiez. 'Ehem )az G|uaesi{ilmolecslgilresa(ltelIitgsrate theoretical molecular potentials, instead of using the
of the Lymana line. The H and H satellites at 1600 A imple Stark broadening approximation. Our new calculations

A . ) of Lyman y satellites are summarized in Sect. 2. We present
and 1400 A were thereafter observed in other DA white dwarf§, sect 3 a comparison between synthetic spectra including
as well as in laboratory plasmas (Kielkopf & Allard 1995). Th

) X ,?_yman v satellites and thé-USE spectra of four DA white
H} satellite absorption features at 1058 A and 1076 A were fir§f arfs The results are discussed in Sect. 4.
identified in the spectrum of the DA white dwarf Wolf 1346, as
observed withHUT (Koester et al. 1996 ORFEUS(Koester

et al. 1998) andFUSE(WoIff et al. 2001; Hbrard et al. 2002b) 2. Theoretical line profiles

obhservanons allow these Lymaghsatellites to be observed iNThe theoretical approach is based on the theory of pressure
other targets. broadening due to Baranger (1958), developed in an “adiabatic
Send gfprint requests toG. Hébrard, e-mailhebrard@iap. fr representation” that does not exclude degeneracy of atomic lev-

* This paper is dedicated in memory of J. L. Greenstein, discove@ﬁ- A detailed description of our S_emi'C|aSSica| approach as ap-
of the quasi-molecular lines in white dwarfs, who passed away gfied to the shape of the Lyman lines has been given by Allard
October 21, 2002. et al. (1994) and Allard et al. (1999).
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Table 1. Targets.

Target Observation Obs. date  Mode Slit Exp. (ks) CalFUSE T logg

Wolf 1346 B1190501 Jul. 2001 TTAG LWRS 5.8 1.8.7 20000 8.0

EG 102 B1190301 May 2001 TTAG LWRS 10.7 1.8.7 20435 7.9
S6010401 Jan. 2002 TTAG LWRS 17.4 1.8.7

BPM 6502 79104501 Jun. 2002 TTAG LWRS 32.0 1.8.7 21380 7.9

CD-3810980 Q1100101 Jul. 2000 HIST MDRS 4.8 221 23000 7.9

aVersion of the pipeline used for spectral extraction.

The Lymany profile and its satellites are calculated for 2_0><10'77

physical conditions encountered in the atmospheres of whi 6T - 10
dwarfs. Because the density of the hydrogen atoms is low (1C I T g
to 10" cm3), we computed the line profile by using the low 1 51t =~ =\ |- 7io_ - 2po
density approximation as described by Allard et al. (1994 I — Total Profile

This approximation uses the expansion of the autocorrelatic I A
function in powers of density. We also used accurate theore_3 1,0x10'7*, \
cal potentials describing the binary interactions of one hydrc R \
gen atom with a ionized hydrogen atom. Thgdolecular po-
tentials are available for the Hh (< 3) states (Madsen & Peek 5,Ox10'8
1971). We computed all those relatedrto= 4 using a code

kindly provided by J. Peek. I

Our theoretical approach allows the variation of the radic L. T S S B -
tive dipole moment during a collision. But through lack of ap- 985 990 995 1000 1005
propriate data for Lymary, we assumed that the dipole mo- A (A)

ment for t_he transitions is constant. Such approximation h‘gﬁ 1. The 995 A-region Lymary wing. The individual contribution
been applied to the calculations of the quasi-molecular satgithe two transitions that give rise to the two main satellites are over-
lites observed in thBJE andHSTspectra of white dwarfs (see,plotted.1,, is the normalized line profile proportional to the absorption
e.g., Koester & Allard 1993; Koester et al. 1994; Bergeron et @beficient as described by Allard et al. (1999).
1995). In the last section we discuss the possililects of a
variable dipole moment on the line profile calculations.

An Hj correlation diagram was constructed for Lyman i i
(Allard et al. 2003), to which 14 transitions contribute. Two of W& used observations of four DA white dwarfs performed
these transitions, ks, — 6hm, and 2pr, — 7o, yield satel- with FUSE(Moos et al. 2000). The s_pectra were obtained be-
lites in the red portion of Lymap at 992 A and 996 A. Figure 1 tween 2000 and 2002 and were retrieved fromRRkSE pub-
shows the profiles of both individual satellites and théieet 'IC database (see Table 1). The one-dimensional spectra were
on the total profile of Lymary. We obtain a blend of the line extracted from the two-dimensional detector images and cal-
satellites with a maximum near 992 A. The profile gives a shajpsated using the CalFUSE pipeline. When possible, we did

similar to the 995 A feature observed in white dwarf spectra 10t US€ exposures with strong airglow emission. We also ex-
cluded regions of the spectra near the edges of the detector seg:

ments, which provide poor quality data. The eigltSEdetec-

tor segments of the flerent exposures were co-added together
and projected on a.06 A-pixel base, so pixels about 25 times
larger than the origindfUSEdetector pixels. This degradation
Atmosphere models have been calculated using the progréththe FUSEspectral resolution (typically/A4 ~ 15000 for
TLUSTY (Hubeny 1988; Hubeny & Lanz 1992, 1995). Wdhis kind of target with the slit LWRS or MDRS; seeehirard
considered LTE model atmospheres with pure hydrogen cofii-al. 2002a or Wood et al. 2002) has riteet on the shapes of
position that explicitly include the Lyman and Lymang the large stellar features which we study and allows the signal-
quasi-molecular opacities. The resulting spectra were coffi=noise ratio to be increased.

puted by using the spectral synthesis code SYNSPEC that in-In Fig. 2 we compare thEUSE spectra with the models
corporates the quasi-molecular satellites of Lymabymang, that we obtained for these targets. THEeetive temperatures
and Lymany. Models predict that the Lymap satellites are are within the intermediate temperature range for the visibility
visible roughly for éfective temperatures between 15000 Kf both the Lymarg and Lymany satellites. The agreement in-
and 30000 K. We verified that non-LTHfects are unimpor- dicates, by the coincidence of position and approximate shape,
tant in the range of féective temperatures considered in thithat the large feature near 995 A is indeed a satellite of Lyynan
study. due to the blend of two close features at 992 A and 996 A.

3. Astronomical applications to synthetic spectra
for DA white dwarfs
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Fig. 2. A comparison of thé&eUSEspectra of the white dwarfs and the theoretical models. Top to bottom: Wolf 1346, EG 102, BPM 6502, and
CD-38°10980. The flux is in ergn?/s/A. The Lymang satellites are at 1058 A and 1076 A; the Lymagatellites (enlarged in right panel)
are at 992 A and 996 A. The narrow emission features are due to terrestrial airglow.

The first target plotted in Fig. 2 is Wolf 1346. The comatmospheric parameters are slightly smaller than the ones de-
parison for theFUSE spectrum shows that the far UV is welltermined from optical spectra (Vauclair et al. 1997) to get a
fitted with a synthetic spectrum computed with our new profilgetter agreement with the Lymarsatellite.
calculations for log = 8.0 andTe = 20000 K. These atmo- ~ CD-38°10980 is near the upper limit of the expected visi-
spheric parameters are close to those determined from optluility range of the LymarB satellites. Nevertheless, Lymgn
spectra (7.9; 20 000) and adopted by Koester et al. (1996) tagfild Lymany quasi-molecular satellites have been observed
the HUT spectrum of that white dwarf. The Lymansatellite, in the FUSE spectrum of the ultra-massive white dwarf
already observed in thdUT spectrum, is well-reproduced byPG 1658+ 441 (Teg = 30500 K, logy = 9.36) as reported by
our synthetic spectrum. Dupuis et al. (2001). We speculate that the presence of quasi-

The next two objects, EG 102 and BPM 6502, are slightiypolecular satellites in this star is related to its high surface
hotter white dwarfs, with smaller gravities. We used tiiee gravity and we will investigate the question in more details
tive temperatures and gravities determined from optical spedtreDupuis et al. (2003). It is interesting to note that Sirius B
(Finley et al. 1997; Bragaglia et al. 1995). The predicted spdd=r = 24 790K, logg = 8.57; Holberg et al. 1998), which also
tra for EG 102, withTer = 20435 K and log = 7.87, and for has a relatively high surface gravity, shows the quasi-molecular
BPM 6502, withTez = 21380 K and log = 7.86, fit quite satellites (Holberg 2002).
well the FUSEspectra. In the case of BPM 6502, all tReSE Finally, the four spectra show a kink in the profile around
exposures present strong airglow emissions, so it was not pp837 A that is well reproduced by our models (Fig. 2). This
sible to remove them. These two stars are not normal DA whfgature is probably the first identification of thg Batellite of
dwarfs: EG 102 presents metallic lines (Holberg et al. 199IZymang, as predicted in Fig. 7 of Allard et al. (1998a)
and BPM 6502 is in a post common-envelope binary system
(Kawka et al. 2000, 2002). These particularities seem however .

. ) 4. Conclusion
to have no fects on the quality of the fits.

The hottest object we present is G38°10980. Th&cFUSE The good agreement between fdSEspectra and our calcu-
observation that we used is the same as the one presentethtigns allowed the line satellites near 995 A to be identified,
Wolff et al. (2001), but our data reduction was performed witkithough there are still some systematic discrepancies between
a more recent version of CalFUSE. Our best fit was obtaintte predicted and observed profiles. The shape of the profile in
using Ter = 23000 K and logg = 7.9. The values of the the region of the satellites is sensitive to the relative strength
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a N, = 1x10° cm®
— N, =5x10°cm”®
= N, = 1x10° cm®
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