
Uniquely Large Ex
esses of 18O in HdC andRCB Stars: Eviden
e for White Dwarf MergersG.C. Clayton1, T. R. Geballe2, F. Herwig3, C. Fryer4 & M. Asplund5

1 Department of Physi
s and Astronomy, Louisiana State University, BatonRouge, LA 70803 g
layton�fenway.phys.lsu.edu
2 Gemini Observatory, 670 North A'ohoku Pla
e, Hilo, HI 96720tgeballe�gemini.edu
3 Keele Astrophysi
s Group, S
hool of Physi
al and Geographi
al S
ien
es, KeeleUniversity, Sta�ordshire ST5 5BG, UK fherwig�astro.keele.a
.uk
4 Los Alamos National Laboratory, Los Alamos, NM 87545 
lfreyer�lanl.gov
5 Resear
h S
hool of Astronomy and Astrophysi
s, Mount Stromlo Observatory,Cotter Road, Weston, ACT 2611, Australia martin�mso.anu.edu.auSummary. We have dis
overed, mainly using Gemini/GNIRS, that several hydrogen-de�
ient 
arbon (HdC) and R Coronae Borealis (RCB) stars, have 16O/18O ratios
lose to and sometimes less than unity, a value orders of magnitude smaller thanmeasured in other known stars (the Solar value is 500). This dis
overy is an impor-tant step in determining the evolutionary pathway of HdC and RCB stars in general,for whi
h two models have been proposed: double degenerate (white dwarf (WD)merger), and the �nal helium-shell �ash (FF). The FF model for produ
ing RCBstars has been dis
redited re
ently due to a mismat
h of abundan
es and times
alesneeded to produ
e the RCB stars. We have explored the idea that HdC and RCBstars originate in the merger of CO- and He-WDs in the light of the new obser-vations. Understanding the RCB and HdC stars is a key test for any theory thataims to explain hydrogen de�
ien
y in post-AGB stars. These new results on the
16O/18O ratio and our work on the FF star V605 Aql represent an opportunity fora huge breakthrough. Con�rmation of the WD merger s
enario, whi
h is suggested,by both the models and these observations, will allow the use of RCB and HdC starsas probes for WD merger simulations.Key words: R Coronae Borealis stars, evolution, abundan
esNew opti
al spe
tra have been obtained with VLT/FORS2 of the �nal heliumshell �ash (FF) star, V605 Aql, whi
h peaked in brightness in 1919 (Clayton et al.2006, 2007). New models suggest that this star is experien
ing a very late thermalpulse. The evolution to a 
ool luminous giant and then ba
k to a 
ompa
t hot startakes pla
e in only a few years. V605 Aql, the 
entral star of the Planetary Nebula(PN), A58, has evolved from T(e�) = 5000 K in 1921 to 95,000 K today. There areindi
ations that the new FF star, Sakurai's Obje
t (V4334 Sgr), whi
h appeared in1996, is evolving along a similar path. The abundan
es of Sakurai's Obje
t today
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 the hydrogen de�
ient RCB stars with 98% Heand 1% C, ex
ept that they show signi�
ant amounts of 13C. The new spe
tra showthat V605 Aql has stellar abundan
es similar to those seen in Wolf-Rayet [WC℄
entral stars of PNe with 55% He, and 40% C. In the present state of evolutionof V605 Aql, we may be seeing the not too distant future of Sakurai's Obje
t. Theshort times
ales of these FF stars with temperatures and abundan
es appropriateto RCB stars imply that the FF may not be the primary sour
e of these stars.Be
ause the re
ent studies above imply that a FF origin for the RCB and HdCstars is unlikely (Clayton et al. 2006, 2007), we have explored the alternative possi-bility of WD-WD mergers, and in parti
ular the details of the onset of He-burningnu
leosynthesis in a He-WD/CO-WD merger. Webbink (1984) proposed that anRCB star evolves from the merger of a He-WD and a CO-WD whi
h has passedthrough a 
ommon envelope phase. He suggested that as the binary begins to 
oa-les
e be
ause of the loss of angular momentum by gravitational wave radiation, the(lower mass) He-WD is disrupted. A fra
tion of the He is a

reted onto the CO-WDand starts to burn, while the remainder forms an extended envelope around the CO-WD. This stru
ture, a star with a He-burning shell in the 
enter of a ∼100 solar radiiH-de�
ient envelope, is believed to be that of an RCB star. Saio & Je�ery (2002)suggested that a WD-WD merger 
ould also a

ount for the elemental abundan
esseen in RCB stars.The sear
h for 12C18O in HdC and RCB stars has resulted in two signi�
ant�ndings: (1) in all HdC stars and most or all RCB stars where oxygen isotopi
ratios 
an be measured, 18O is enhan
ed relative to 16O by fa
tors of 100�1000 
om-pared to standard Gala
ti
 values; and (2) the lowest 16O/18O ratios are found inthe HdC stars. We are investigating evolutionary paths that might 
onsistently pro-du
e su
h high relative 18O abundan
es and distinguish between these two types of
arbon stars. Using the temperatures and densities inferred from our merger model,we 
onstru
ted a parametri
 nu
leosynthesis model (Clayton et al. 2007). We 
on-sider a single zone nu
leosynthesis model with a solar initial abundan
e distribution.The density is assumed to be 2 × 103g cm−3 and the temperature initially is 5 ×107 K. We follow the nu
leosynthesis with a nu
lear network 
ode until the H hasbeen burned to a mass fra
tion of 10−4. Initially the CNO H-burning equilibriumratios, in
luding the large 14N abundan
e are established. Then, as the temperaturein
reases, a modest in
rease in the 16O abundan
e 
an be seen (at 220 yr), result-ing from the a
tivation of 13C(α, n)16O. Thereafter, 16O remains largely un
hangedbe
ause the temperature does not be
ome high enough for 13C(α, γ)16O. Instead,just after 13C burning, 14N begins undergoing α-
apture and produ
es 18O. Thisrea
tion very qui
kly makes 18O the most abundant of the CNO isotopes, a situationthat lasts until 18O begins 
apturing a parti
les to produ
e 22Ne, at whi
h time it isovertaken by 12C whose abundan
e has been in
reasing sin
e 230 yr be
ause of thetriple-α rea
tion. Both the observed C/N and N/O ratios are 
onsistent with nu
le-osynthesis after full 
ompletion of H-burning and at the beginning of He-burning.The model N/O ratio is in good agreement at ∼250 yr whereas the C/N mat
his delayed. However, both times are 
onsistent with a very high and only slightlyde
reased He abundan
e at this early time of He-burning. The most interestinginformation 
omes from the 16O/18O and the 12C/13C ratios. The enormous pro-du
tion of 18O from 14N leads to a rapid de
rease of the 16O/18O ratio at the onsetof He-burning, whi
h passes through the observed value for HD 137613 at around250 yr. The 12C/13C ratio in
reases to the point that it ex
eeds its observed lower
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leosynthesis seems to have stopped at the point when
16O/18O is very low and 12C/13C is very high. Overall, our analysis shows that WDmergers may very well be the progenitors of 18O-ri
h RCB and HdC stars, and thatmore detailed simulations and modeling are justi�ed.Referen
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Fig. 1. The 2.28 - 2.45 µm spe
tra of RCB and HdC stars, with wavelengths of
12C16O and 12C18O band heads indi
ated by verti
al lines. The stars are orderedby the strengths of the 12C18O bands. The �rst three spe
tra at the top and thelast two at the bottom are of HdC stars. The rest are of RCB stars.


