
Quasi-molecular satellites of Lyman � observed withORFEUSNicole Allard1Observatoire de Paris-Meudon, D�epartement Atomes et Mol�ecules enAstrophysique, 92195 Meudon Principal CedexDetlev Koester, Ulrich Sperhake, Stefan JordanInstitut f�ur Theoretische und Astrophysik, Universit�at Kiel, 24098 KielDavid FinleyEureka Scienti�c Inc., Oakland, CAAbstract. The dependance of quasi-molecular satellites of Ly� on tem-perature and surface gravity is studied in ORFEUS observations of fourDA. For the interpretation we use theoretical atmosphere models, whichincorporate new pro�les for Ly� including the variation of the transitionprobability with distance between emitter and perturber.1. IntroductionQuasi-molecular features were �rst noted on the red wing of Ly� (Greenstein1980). The theoretical description of these satellites and the successful applica-tion to the analysis of ZZ Ceti stars has been described in several recent papers(Allard & Koester 1992; Koester et al. 1994; Bergeron et al. 1995; Allard et al.1998). In 1995, similar features were observed by HUT in the wing of Ly� at1060 and 1078 �A, and interpreted quantitatively with the same theory (Koesteret al. 1996). Here we report on an improvement of the theoretical descriptionand on ORFEUS observations of the Ly� satellites in 4 DA.2. New pro�le calculationsThe new calculations by Allard et al. (1998) include the variation of the elec-tric dipolemoment (and corresponding transition probability) with radiator-perturber distance instead of assuming the constant asymptotic value for verylarge distances. The only signi�cant change resulting from the new calculationsis stronger absorption near the satellites.1CNRS Institut d'Astrophysique, 98 bis Boulevard Arago, 75014 Paris1



3. Observations and comparison with theoryObservations of the four DA white dwarfs were obtained in a guest observerproject in Nov, Dec 1996 with the ORFEUS-SPAS II platform (wavelength range� 900-1400 �A, resolution ��� = 104). Table 1 gives a list with the observedobjects and observational and stellar parameters. For comparison, Wolf 1346 isincluded, which was not observed by ORFEUS but by HUT in 1995.Table 1. Four DA white dwarfs observed with ORFEUS. Te� andlog g are from Finley et al. (1997). The �nal column gives the e�ectivetemperature of the best �t to the far UV spectra, holding log g �xedat the literature value.WD name Obs. Date Exp. time Te� log g Te�WD0413-077 40 Eri B Dec 2, 1996 1995 16490 7.77 16490WD0644+375 He 3 Nov 22, 1996 4313 21000 8.04 21780WD1031-114 L825-14 Nov 22-23, 1996 4133 24960 7.76 25390WD1134+300 GD 140 Dec 3, 1996 4276 21030 8.41 22350WD2032+248 Wolf 1346 HUT (Mar 1995) 19920 7.84Since the small wavelength range covered by ORFEUS is not suited foran independant determination of both Te� and log g, we have allowed Te� tovary with log g �xed at the value of Table 1. Only for the HUT spectrum ofWolf 1346 we have used exactly the parameters of Finley et al. (1997). In Fig. 1,we compare the observations with theoretical models as well as the new and oldpro�les in enlargements of the satellite regions.4. ResultsAs can be seen from the comparison in Fig. 1, the general agreement of theoverall lineshapes in the region between the centers of Ly� and Ly� is good:� The two prominent satellites at 1060 and 1078 �A are exactly at the pre-dicted positions.� In the hottest object, WD1031{114, at about 25000 K, the satellites arenot visible any more at this S/N in accordance with theory.� In the next two objects with similar Te� , the higher surface gravity ofWD1134+300 causes broader wings of both, Ly� and Ly�, and a lowerresidual intensity at the satellites in complete agreement with theory.� In the spectrum of 40 Eri B, the satellites are still very strong in observationand theory, but at slightly cooler temperatures, the absorption of Ly� andhigher series lines will suppress the ux totally shortward of 1100 �A.2
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 λ [Α]Figure 1. Comparison of observed spectra with theoretical models.The objects are ordered according to Te� from top to bottom; thesecond object from the bottom is the HUT spectrum of Wolf 1346.The dotted lines in the right column are the best �ts using the olderpro�les. The features between 1100 and 1160 �A in several ORFEUSspectra but not visible in the HUT spectrum are very likely artifacts ofthe reduction process in the overlapping range of echelle orders. On theother hand, a feature near 995 �A in WD1031{114 and WD0644+375is also visible in the HUT spectrum and may be a new satellite in thewing of Ly.
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� The enlargements of Fig. 1 show that the detailed agreement in the satelliteregion is good, though not perfect. The new pro�les �t the line wings evenbetter than the old calculations.� The comparison for the HUT spectrum of Wolf 1346 shows that the far UVspectrum is very well �tted with parameters determined in a completelydi�erent wavelength range.Acknowledgments. Work on ORFEUS observations in Kiel is supportedby grants from the DLZ (Deutsches Zentrum f�ur Luft- und Raumfahrt) undergrant 50 QV 9703. We thank the T�ubingen ORFEUS team for providing theinstrument and especially Dr. J. Barnstedt for reducing the raw data for us.ReferencesAllard, N. F., & Koester, D. 1992, A&A, 258, 464Allard, N. F., Driria, I., Gerbaldi, M., Kielkopf, J., & Spiel�edel, A. 1998, A&A,335, 1124Bergeron, B., Wesemael, F., Lamontagne, R., Fontaine, G., Sa�er, R. A., &Allard, N. F., 1995, ApJ, 449, 258Finley, D. S., Koester, D., & Basri, G. 1997, ApJ, 488, 375Greenstein, J. L. 1980, ApJ, 241, 89Koester, D., Allard, N. F., & Vauclair, G. 1994, A&A, 291, L9Koester, D., Finley, D. S., Allard, N.F., Kruk, J. W., & Kimble, R.A. 1996, ApJ,463, 93
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