130 and the Origins of Hydrogen Deficient Carbon Stars and R Coronae Borealis Stars
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_* Abstract: We have detected enormously enhanced abundances of 80 and correspondi‘n;qu small values of O/80 in many hydrogen-deficient carbon (HdC) stars and
R Coronae Borealis (R CrB) stars, essentially all of stars of those types of stars that are cool enough to possess detectable overtone bands of CO and for which we have
obtained K band spectra. In the HdC stars 80 is more abundant than 60O, in one case by roughly a factor of 5 ('°0/'80 ~ 0.2). In R CrB stars values of 1*O/180 range from 10

to near unity. The solar and interstellar values of the ratio are approximately 500. The abnormal but similar ratios suggest a common origin for the two types of stars and
provides a clear way to discriminate between various scenarios . Of the two leading candidates for the origin of R CrB stars, white dwarf mergers and final helium flashes, the
former appears more plausible, although further detailed modeling of the merger process and the thermonuclear reactions that occur during it are required. TP T

FORMATION THEORIES FOR R CrB and HdC STARS
GEMINI SOUTH - GNIRS SPECTRA

In 2004 November we discovered that in the K-band spectrum of the hydrogen-deficient carbon (HdAC) o - e The spectacular high abundances of 180 revealed in these spectra imply a
star, HD 137613, the overtone (Av=2) bands of 2C18.0, a normally rare isotopic species of carbon close relationship between R CrB and HdC stars; the two classes of stars
monoxide (CQO), are as strong as those of the normally heavily dominant isotopomer, 2C'00, indicating must have similar evolutionary paths. Little is kno,wn about the origins of HdC

that the abundances of **0 and O are approximately ?unfy in this star, an unprecedented stars, but the origins of the R CrB stars have been the subject of considerable
phenomenon (Clayton et al. 2005). As strong bands of 2C1°Q are present in the spectrum, the finding research. The two leading candidates are (1) the merger of a helium white

implies a huge overabundance of 80, rather than a huge depletion of 1*O. A spectrum of HD 137613 L VIV e f i dwarf (He-WD) and a carbon/oxygen white dwarf (C/O-WD) (Webbink 1984)
obtained at UKIRT in 2005 March and shown in Fig. 1 confirmed the discovery. The solar and . P Sl | B 11 i il T W N Y Il 2nd (2) the final He flash (FF) of an incipient WD (Iben et al. 1996).
interstellar values of 0O/'80 are ~500 and previously only two stars had been found in which the ratio is RUTIVIICY ; ' B W i

less than 100.

INTRODUCTION

The FF hypothesis appears to fail on at least two fronts. First, recent
observations of FF events suggest that after the FF the star spends too short
an amount of time in the temperature-luminosity regime occupied by R CrB
stars to account for the number of R CrB stars in the Galaxy. Second, the
isotopic ratios of oxygen and carbon observed in the few known FF events
and predicted theoretically do not match those observed in R CrB and HAC
stars (low 1€0/180, high 12C/13C).

From a nucleosynthesis point of view the unusual O istopic signature points to partial He-burning, either
in time or spatially. The latter is realized in Fig. 2. In the outer layers of the He-burning shell 180 is
produced via a-capture on “N nuclei which itself results from the CNO cylce H-burning

("*N(a,y)18F (B,v)180). In these cooler, outer layers 180 will not be immediately destroyed by the next a-
capture, but a thin (marked) layer with a high 80/100O layer can form. Only a bit deeper in the He-shell Ay
proper no 80 can survive. Our initial interpretation of HD 137613 was that the star had somehow el SR
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1 O-capture reactions fo mixing Fig. 3 Spectra of HdC and R CrB stars. All but those of HD 137613 and Z Umi the C/O-WD, with remainder of the disrupted He-WD forming the envelope of
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Fig. 2 Abund d isotopic ratios of carbon, . .
Fig. 1: 2.2-2.5um spectrum of the HdC star nilt?ogen ::d g;;ge:nai?] téseoﬁg Enrg ﬁzﬁeﬁ: Lf%nZM Our initial calculations indicate that the merger takes only a few days and
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HD 137613 obtained at UKIRT in 2005 Z=0.01 stellar evolution model during the E-AGB, soon produces temperatures of 1-2 x 108 K at the base of the accreted envelope (see
|\/_|61rch-f ?;ngertone bands of 2G'®0 and after the end of He-core burning. The red-shaded band ANALYSIS OF SPECTRA Fig. 4). If that time scale and temperature regime are both correct then partial
PIOTE 81 "L e 55 e ied IRdlcate indicates the region in which **0/"®*0 < 1. The He-burning occurs only over a short time interval, and it is plausible that the

i s [eripsyate Yigs fipmifhy right i |5 Gromy o qhneige Synthetic spectra for T = 5000, 5500, and 6000 K photospheres, with
typical carbon star abundances and with 160/180 = oo, 10, 3, 1, 0.33,

merger provides conditions for the a-capture reaction to produce a significant
amount of 80 and not destroy it shortly afterwards (see Fig. 5). Our model also
provides qualitative agreement with observed values of 2C/13C and CNO
elemental abundances. Possible problems are (1) under some circumstances
160 /180 can attain values much less than or much greater than those observed,
dependent on temperature, density, and duration of the He-burning, and (2) our
simple model does not account for s-process element enhancements observed
in R CrB stars. However, admixture of hydrogen during the accretion process
Table 2. Estimated sotopic Ohovgen Abundances from the small H-rich outer portion of the C/O-WD envelope may play an
important role in producing the observed abundances. Overall, our analysis
shows that WD mergers are viable as progenitors of the R CrB and HdC stars,
and that more detailed modeling of the mergers is justified.

to the interior).

and 0.1, based on MARCS model atmospheres, were generated and
compared with the observed spectra. Equivalent widths of observed
and modeled CO bands were compared and interpolated to produce
the estimated ratios of band strengths and isotopic ratios given in the
table below (from Clayton et al. 2007).

OBSERVATIONS AND RESULTS

Spectra in the long wavelength half of the K window were obtained in 2005 September with GNIRS,
using its 110 I/mm grating and 0.3” slit, which yield a resolving power of ~5900. Data were reduced
using standard IRAF and FIGARO routines.

The reduced spectra are shown in Fig. 3. All data are from Gemini South except for HD 137613
(UKIRT) and Z UMi (Steward). Lines of CN contaminate the entire specitral region, but the bands of CO
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can be easily seen in most stars. To summarize:
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Every HdC and R CrB star cool enough to have detectable CO has unusually strong bands ) 146839 L G500 0.7 05 ;
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Fig. 6: 10/180 and 12C/13C
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