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Abstract. In this paper, we revisit the problem of the determination of the frequency of occurrence of galactic nova outbursts
which involve an oxygen-neon (ONe) white dwarf. The improvement with respect to previous work on the subject derives from
the fact that we use the results that our evolutionary calculations provide for the final mass and for the chemical profiles of
intermediate-to-massive primary components of close binary systems. In particular, the final evolutionary stages, such as the
carbon burning phase, have been carefully followed for the whole range of masses of interest. The chemical profiles obtained
with our evolutionary code are of interest in determining the chemical composition of the ejecta after being processed through
the thermonuclear runaway, although such other factors adfbierecy of the mixing between the accreted material and that

of the underlying white dwarf must also be considered. In our calculations of the frequency of occurrence of nova outbursts in-
volving an ONe white dwarf, we also take into account the observational selefféotsantroduced by the fierent recurrence

times of the outbursts and by the spatial distribution of novae. In spite of the v@eyediit evolutionary sequences, we find

that approximately /B of the observed nova outbursts should involve an oxygen-neon white dwarf, in agreement with previous
theoretical estimates.
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1. Introduction actual mass distribution of white dwarfs in galactic nova sys-

i ) . , tems is skewed toward higher masses. In fact, the mass dis-
The formation of massive oxygen-neon white dwarfs in calibution for galactic nova systems is peaked arour@ML

aclysmic binaries and the occurrence of ONe novae was fif§fephink 1990). Moreover, the observed abundances in the
suggested — and its consequences investigated — by Law,i&qa of some novae — see, e.g. Gehrz et al. (1998), for a recent

Ritter (1984), even before any observational evidence for syeRiie\y of the abundances inferred from observations of novae

objects was found. Subsequently, the determination of the fr_e—shOW high neon enhancements (Saizar et al. 1992; Andre”

quency of occurrence of ONe white dwarfs in galactic classiy 5 1994; Austin et al. 1996; Vanlandingham et al. 1997).
cal nova systems has also been considered by other authofgis 54ain strongly suggests, when compared with theoretical
see, for instance, Truran & Livio (1986), Ritter et al. (1991),e5 (Jos '8 Hernanz 1998), that the underlying white dwarf
and Livio (1992). If the evolution of primary COmponents ifs s de of oxygen and neon, and therefore that it is a massive

close binary systems (CBSs) were identical to those of S{jpite gwarf. We should thus expect that a significant fraction
gle stars, and if observational selectioffieets were negligi- ¢ ova systems contain ONe white dwarfs.

ble (which is not the case), one would expect a peak in the
mass distribution of white dwarfs around the canonical value Ritter et al. (1991) estimated that the frequency of occur-
of 0.6 M, (Bergeron et al. 1992) found for single white dwarfgience of nova outbursts hosting an ONe white dwarf in the
We would thus expect to find a small number of oxygersalaxy was between 25% and 57%, in good agreement with
neon white dwarfs in nova systems. In contrast, there is an the previous work by Truran & Livio (1986), and compatible
creasing body of observational information indicating that ttvéith the available observational data. However, in a subsequent
discussion of this issue in which the observational uncertain-
Send gfprint requests toE. Garea-Berro, ties were further scrutinized, Livio & Truran (1994) adopted
e-mail:garcia@fa.upc.es a more cautious approach to the identification of ONe novae.
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They chose to classify novae into three distinct groups. The fiteir ejecta have distinguishing imprints: €giis produced in
group corresponds to novae with high helium abundances ayrdater amounts by CO novae while bétNa and?®l are un-
modest CNO nuclei enrichment. The second group includdsrstood to be produced by ONe novae ¢J&$1ernanz 1998).
novae with high CNO nuclei enrichment and moderate neon The mechanism responsible for the outward mixing
enhancement. Finally, the third group corresponds to those (dredge-up) of white dwarf core matter into the hydrogen-rich
vae with high helium to hydrogen abundance ratio and bathvelope remains to be clearly identified. A variety of possible
neon and heavy element enrichment. The well established ONechanisms have been examined, including shear-driven tur-
novae should then be the ones belonging to the third grouppwent mixing (Kippenhahn & Thomas 1978), Eckman spin-
constituting two or three objects out of 18 according to Liviap (Livio & Truran 1987), difusion induced core convec-
& Truran (1994) — whereas less restrictive ONe nova identifion (Prialnik & Kovetz 1984), dredge-up driven by convective
cations predict that ONe novae constitute about one third of threershoot (Glasner et al. 1997), and most recently mixing by
sample. Whatever the appropriate fraction of ONe novae mighind-driven gravity wave breaking on the surface of the white
be, it is worth noting at this point that observational selecticwarf (Rosner et al. 2001; Calder et al. 2002). Although it is
effects also play a key role in determining this frequency (Livibue that it is not yet known how much material is mixed, it is
& Soker 1984; Ritter & Burkert 1986; Ritter et al. 1991). also clear that reliable initial models for the masses and com-
Another factor that has a considerable influence on the massitions of the white dwarf components of nova systems, as
distribution of novae is the evolutionary history of the binarg function of the mass of the progenitor, are required for a full
system previous to the formation of the nova. Indeed, the evolirderstanding of the chemical composition of the ejecta from
tionary history of the precursor system can influence the conovae.
position of the nova ejecta. It is clear now that all the possibil- In this paper we recompute the frequencydfite dwarfs
ities for an in situ formation of the abundance pattern founwdth ONe coresin novae, taking into account both the ob-
in the ejecta of novae must be rejected for several reasoservational selectionfiects and our recent evolutionary se-
First, the amount of CNO products observed in the ejecta gifiences for binary systems with intermediate-to-massive pri-
novae is much greater than can be expected to characterizenheies (Gil-Pons & Gane-Berro 2001, 2002). As will be
matter accreted from a companion star of solar-like composhown below, we expect that some novae hosting massive white
tion. Second, breakout from the CNO cycle to produce nuckhivarfs (e.g., an ONe degenerate core) will show Ne enrich-
like Ne, Na, and Mg cannot occur at the temperatures smalteents while others will not, due to the presence of a relatively
than 300 million degrees achieved in nova thermonuclear rihick CO bufer. We also discuss the consequences of these evo-
aways. Third, the abundance pattern of the ejecta of novae dationary sequences, and in particular of this C@éuy for the
not be explained by a previous case BB mass-transfer episagected abundance pattern of the ejecta. The paper is orga-
It then follows that the explanation of the enriched heavy elaized as follows. In Sect. 2, we briefly comment on the standard
ment composition of the ejecta of classical novae must involdeuble common envelope scenarios leading to novae that host
some degree of dredge-up of matter from the underlying COmassive white dwarfs. Section 3 presents our main results for
ONe white dwarf. the remnant masses and their compositions. In Sect. 4, we dis-
Helium and carbon-burning reactions that occur in the coceiss the observational selectiofieets arising from both the
of the primary during the prior evolutionary history of the whiteéecurrence intervals between successive nova outbursts in in-
dwarf progenitor can explain the formation of the neon and tdé/idual systems and the spatial distribution of novae in the
heavy elements that characterize the abundance pattern ofGhéxy. In Sect. 5, we comment on the expected abundances
ejecta from ONe novae. Thus the importance of reliable coof-the nova ejecta. Discussion and conclusions are presented in
position profiles for massive white dwarfs, resulting from desect. 6.
tailed evolutionary calculations, becomes clear. In this context,
it is worth noting that, due to the lower carbon abundance
the outer layers of ONe white dwarfs, these objects are a
to accrete more massive envelopes éJ@41ernanz 1998) be- Evolutionary sequences for primaries of mass.0M,
tween successive outbursts and, therefore, the degree of de¢@i-Pons & Garea-Berro 2001) and .O My (Gil-Pons &
eracy reached at the bottom of the accreted layers is higlaraa-Berro 2002) have previously been computed. For the
and the explosions are more violent than in CO white dwanfsesent work, we have computed additional evolutionary se-
of similar masses. The higher temperatures that ONe whitgences for primaries of massbyaus = 105, 11.0, 11.5,
dwarfs in novae are able to reach, together with the presemacel 120 My. The physical inputs are the same as in Gil-
of “seed” nuclei withA > 20, have also consequences for thBons & Garca-Berro (2001) and the results are very similar
nature of the material processed during the outbursts: spetifthose presented there for the whole range of masses. The
ically, we expect that heavier nuclei can be formed in thesaly significant dfference with respect to our previous work
environments. However, due to the relatively small massesamfcurs for the primary of 12 Mg, which ignites carbon at
nova ejecta, and in spite of their moderately high frequendtg center (see Sect. 3 below). For binary systems hosting pri-
novae do not represent a significant source of heavy elemerdries with a mass smaller tharD91, we have adopted the
enrichment of Galactic matter. Finally it should be said thagsults of Iben & Tutukov (1985) and Iben (1990). Our sys-
although the characteristic isotopes ejected by novae involems undergo the so-called case BB mass transfer (Delgado &
ing CO and ONe white dwarfs are simildfC, *°N, and'’0), Thomas 1981; de Loore & Doom 1992). The first Roche lobe

g?eScenarios leading to novae
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Fig. 1. Outline of pre-nova scenarios hosting massive white dwarfs. :
MS, SAGBand WD represent, respectively, main sequence, super- () () b IR IR R B E N N AR

asymptotic giant branch star and white dwaRiLOF and C.E. re- 8 9 10 11 12
fer to Roche lobe overflow and common envelope phase, and the
subindicesl and2 correspond to the primary and the secondary com- MZAMs/M@

ponent, respectively. . . - . .
Fig. 2. Size of the CO cores at the beginning of carbon burning (trian-

gles) and mass point at which carbon is ignited (squares). The results
for the evolution of a single star are represented as solid lines, whereas
dotted lines show the results for the evolution in a CBS. See text for

overflow (RLOF) from the primary component occurs whe‘rrj%dd't'o'”‘”le details.

hydrogen burning has begun in a shell and a deep convective
envelope forms around the helium core. Mass loss in the pres-

ence of convection induces unstable mass transfer between%hghe degenerate cores

components and leads to the formation of a common envelogs size of the CO core just before carbon burning sets in, and
(Paczyiski 1976). This, in turn, induces orbital shrinkage. Thghe mass at which carbon ignition occurs are shown in Fig. 2, as
primary loses most of its hydrogen-rich envelope during thefunction of the mass on the zero age main sequence (ZAMS);
first RLOF, and most of the mass is lost from the system. These are shown both for the case of single stars (solid lines)
second RLOF episode leaves a remnant which consists ofzgi for stars in close binary systems (dotted lines). These cores
ONe core surrounded by a COffer and a thin helium layer. are the result of considering a case BB non-conservative mass
Roche lobe overflow from the secondary (and thus reveitsansfer episode between the components. The first mass trans-
mass transfer) can occur, whether due to further evolutionfef episode occurs when the primary star is ascending the red
this star or to angular momentum losses. A nova can only @iant branch, and a deep convective envelope is formed. In such
cur for suitable mass transfer rates, specificallp® M, yr-!, a scenario, a common envelope phase is very likely to occur,
However, systems in which the mass transfer rates are largad significant amounts of mass and angular momentum can
are not necessarily prevented from evolving to novae. In p&e lost from the system. Systems initially closer may undergo
ticular, Politano (2002) has suggested the possibility that sutiass transfer while the donor is still surrounded by a radia-
systems might undergo first a violent phase during which tkige envelope. In this case, we would obtain somewhat more
mass transfer rates are large, ensuing important mass andnaassive ONe white dwarfs. Theflirences we have found in
gular momentum losses from the system, and then a second calculations are aboutd® M, between the ONe core re-
phase, involving mass transfer rates low enough to allow the @giting from the conservative and non-conservative mass trans-
velopment of nova outbursts. Another possibility for the occufer case, whereas thefilirences between considering single
rence of nova outbursts involving a phase of high mass transséar evolution and evolution in a close binary are aboli,.
rates has been discussed by Shara & Prialnik (1994), and Shgace, for reasonable choices of the orbital parameters the size
(1994), who suggested the build-up of an ONe-rich layer on tofthe resulting He core is quite insensitive to the computational
of a CO white dwarf as a consequence of weak hydrogen atefails (Gil-Pons & Ganei-Berro 2002). It follows that, even
helium flashes. A subsequent phase of low mass accretion réli@sigh the initial-to-final mass relation of the primary compo-
would then trigger a nova explosion. However, fine tuning @fents is not unique but depends to some extent on the initial
model parameters is necessary to obtain a realistic nova eve@paration and mass ratio of the binary, thegtedinces are
for the conditions proposed by these authors. It thus seems that)siderably smaller than those resulting from taking into ac-
while we may have a good qualitative picture of the nature agdunt the consequences of binary evolution.
evolution of the progenitors of novae, many detailed features As one can see, the remnant cores of close binary com-
of their evolution remain to be fully explored numerically. Aponents tend to be smaller. This behavior has also been
schematic view of our scenario is presented in Fig. 1. found in several other theoretical works — see, for instance,
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Table 1. Size of the final cores as a function of the ZAMS mass for L L L L B

binary star evolution. 1.4 - ]

Mzams  Mone  Moneraco = 1.2 = ]

9.3 1.00 1.07 C ]

10.0 1.05  1.09 1.0 - = M onesaco -

10.5 1.14 1.15 - SINGLE MOﬁ\le ............... -

110 121 122 0.8 HHH—+H+

11.5 1.30 1.31 1.4 — —

12.0 1.33 1.33 B N

= 1.2 = -]

Iben & Tutukov (1985) and references therein. Note that for B — ]

this range of masses, carbon is ignitett@enter and that, as C e MONe+ACO ]

the mass of the primary increases, the mass at which carbon - BINARY Moﬁqe --------------- ]

is ignited approaches the center. In particular, we find that for 0.8 “— Lo b e L

the case of isolated evolution, stars of md&gsws ~ 11 Mg 9 10 11 12

ignite carbon at the center, whereas this limit turns out to be M /M
ZAMS o}

Mzams = 12M, for the case of the evolution in a CBS. We

also note that, as the mass of the star decreases frdvly, 12Fig. 3. Size of the final cores as a function of the ZAMS mass for
to 9M,, the mass of the degenerate CO core correspondingjlygle and binary star evolution.

decreases, whereas the point at which carbon is ignited ap-

proaches the He-C discontinuity. The intersection of the two )
curves determines the minimum mass required for carbon igfiRminant constituents, and a carbon-oxygen layer surround-

tion to take place. The lines intersectMiams ~ 8.1 M, and N9 this core, wher_e extens_iye helium burning h_as oc_curred,
8.7 Mo, respectively. This represents the lower mass limit f&Ut where the physical conditions are not compatible with car-
the formation of ONe white dwarfs. However, this mass cannen Puming. As one can see in Table 1, the size of this CO
be taken as the limiting mass separating CO from ONe whlgyer decreases as the total white dwarf mass increases, from
dwarfs, since the fact that carbon ignition occurs does not néd¥lco = 0.07 Mo for the remnant of the.8 Mo, star, down to
essarily imply that burning is going to be extended enough {Mco < 0.01Mo, for the remnant of the 1®l; primary. The
the CO core to change drastically its composition and form Bf¢sSence of this CO Ifier has two foreseeable consequences
ONe white dwarf. In fact we find that the limiting masses af@" the nova outbursts. First, one can expect that the first nova
somewhat larger,.0 M, and 93 M, respectively and that for outbursts_ occurring on suc.h a core Wlll_ not show sups_tanUaI
masses smaller than these the carbon burning reactions n&#n enrichments. Depending upon tfteogency of the mixing
proceed at a significant rate. Note, however, that in any Cageet_ween the r_naterlal of the inner core gnd of the accreted ma-
we always obtain smaller cores for the evolution in CBSs. TH&'al, neon might not be detectable until most of the C@eu
result influences the expected frequency of ONe white dwarfs dredged-up and ejected. Also, the presence of an important
since the larger value of the minimum mass allowing for trmount of carbon increases the rate of energy generation by the
formation of novae hosting an ONe white dwarf obtained hefgNO cycles at lower temperatures and thus ensures an earlier
combined with the fact that IMF tends to favour the formatioficcurrence of thermonuclear runaway. A “naked” ONe white
of low-mass stars, will also favour the formation of CO nodwarf would be able to accrete more mass between outbursts
vae. The @ects of binary evolution, even though they may band would allow for more massive ejecta (@@ al. 2003).
weaker than the observational selectidfeets, will thus act
against novae hosting an ONe white dwarf. 4. The observed rates of oxygen-neon nova

Another factor which influences the expected frequency of

; . : ; ~ outbursts

nova systems hosting an ONe white dwarf is the relationship
between the initial and final mass. The degenerate cores dhe observed fraction of nova outbursts in which an ONe
tained in our simulations have an ONe core surrounded bywvaite dwarf is involved depends upon the relative frequency
CO bufer. Figure 3 shows the relationship between the initiaf ONe white dwarfs in close binary systems and upon several
mass of the primary and the mass of the white dwarf (soliglection &ects. We will consider here selectiofiexts of two
line), and the size of the ONe core (dotted line) for both tHgpes. First we will take into account those related to the re-
single and the binary cases. For the sake of completeness, tloegseence time between outbursts. Since massive white dwarfs
two quantities are also presented in Table 1. — and, hence, ONe white dwarfs — experience nova outbursts

With respect to the final chemical composition profiles olmmore frequently, there will be a clear selection bias favouring
tained in our evolutionary sequences after carbon has bdleeir detection. Second, more massive white dwarfs produce
exhausted in the central regions, the most important charawere luminous outbursts, thus favouring their detection as well.
teristic of the degenerate cores is the existence of two dif- In deriving the frequency of nova outbursts in which an
ferent regions: an inner core where oxygen and neon are @ie white dwarf is involved, we follow closely the treatments
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o5 TR 1' (') rrrr Table 2. Frequency of occurrence of novae oftdrent types.
a=1.0 — A
- a=0.7 e . SS CBS
2.0 ] Pco  Pone Pco  Pone
=5 R a=10 n=0 0.54 0.46 0.68 0.32
C ] n=12 051 0.49 0.63 0.37
glor - n=34 049 051 058 042
< o 7 a=07 n=0 0.55 0.45 0.67 0.33
s Lob - n=12 051 049 063 037
Tk B n=34 0.50 0.50 0.60 0.40
05 = N ] mass of ONe white dwarfs. As one can see, the mass of the ac-
i \: creted layers changes by a factor of roughly 4.5 for this range
0.0 T e e of masses ifx = 1.0 is used, whereas this change is slightly

smaller (only a factor of 3) ifr = 0.7 is adopted. If we assume
that mixing is not icient enough to allow for significant neon
MWD/MO enrichments until most of the CO-rich layer is removed, the re-
Fig. 4. Mass accreted between outbursts as a function of the Wh?t%ltmg m_ass of the white dwarf will be smaller when the first
dwarf mass. néon enrichments show up. Thus, more mass needs to be ac-
creted in order to produce an outburst, as clearly seen in Fig. 4.
This could possibly lead to a correlation between high neon
of Truran & Livio (1986) and Ritter et al. (1991). We assumgng heavy metal enrichments and high ejected masses, as ob-
that a white dwarf undergoes a thermonuclear flash when a G@iryed in some novae, but detailed calculations, which are out
tain critical pressureRcit, is reached. A good approximation topf the scope of this paper, should be carried out in order to

(@)
©
—_
o
—
—
—
[AN)
—
()

this quantity is (MacDonald 1983): check whether this is true or not.
The time interval between outbursts can be computed as
GMWDAm . .
Perit = W (1) the ratio between the mass accretion rate and the mass of the
D

layer required to reacPRq. Following Ritter et al. (1991), a
whereMwp andRyp are the white dwarf mass and radius, reselection function is defined as:
spectively, andAm is the critical mass of the accreted layer a
(Truran & Livio 1986). The amount of accreted mass necessa&y(Myp) = L”(Mwo)( MWD]
for the ignition to take place can be obtained from a fit to full R3\/D

numerical simulations (Fujimoto 1982; Prialnik et al. 1982): HereL(Mwp) is the luminosity of the hydrogen burning shell

3)

M -a — for which we adopt the prescription of Kippenhahn (1981) —
Am « [ WE;] MQfD (2) andR(Mwp) is determined using the mass-radius relationship
Rwp of Nauenberg (1972). The exponenin Eq. (3) accounts for

wherea andg are parameters to be fitted to detailed nova sirf1® Possible spatial distribution of novae (Ritter 1986). For a
ulations, andMiyp is the accretion rate. The calculations of°lume-limited sample the exponentis- 0; the valuen = 1/2
Fujimoto (1982) and Prialnik et al. (1982) show only a wegkorresponds to a flux-limited sample from a disk-like distri-

dependence on the mass accretion rate (Ritter et al. 1991) Mion where interstellar extinction is taken into account; the
therefore, we will assumg = 0. This is tantamount to as-valuen = 3/4 corresponds to a flux-limited sample from an

suming that the recurrence time does not influence the ndsgtropic distribution where interstellar extinction is taken into

distribution (Ritter et al. 1991). Note as well that calculatiorRccount (Ritter et al. 1991). ,
(MacDonald 1983), show a weak dependence on the initial lu- The relative probability of observing an outburst from a

minosity, which will also be neglected here. On the other harf¢?Va ©n & white dwarf which descended from a main sequence
a is typically ~1.0 (Truran & Livio 1986). However, numeri- Star Of masizavs is given by
cal calculations which include a detailed treatment Gidion P(Mwb) = Sn(Mwp) X Mzams 2% (4)

(Kovetz & Prialnik 1985) show that = 0.7 may be a more
appropriate value. Therefore, we will perform calculations favhere we have assumed a Salpeter IMF (Salpeter 1955). A
botha = 1.0 anda = 0.7. more precise treatment of the problem should include a sta-
Figure 4 shows the masses of the layers accreted betwtstical study of the orbital parameters of the binaries leading to
successive outbursts as a function of the mass of the whitevae (Politano 1996) and of th&ects of mass loss from the
dwarf, for both choices of:. The thin lines indicate the ac-white dwarf, but for our purposes the approach adopted here
creted masses for allM, and a 12 M, white dwarf, which is adequate. With all these inputs our results for the frequen-
are, respectively, the lower mass limit allowing for the formazies of occurrence of novae of theférent types are shown in
tion of an ONe white dwarf and a representative value of tfi@ble 2. Columns 3 and 4 give the occurrence frequencies for
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dredged-up and expelled until significant erosion of the sur-
L Het - rounding CO layer has occurred, due to earlier nova outbursts.
-1 — It is not easy to give a precise estimate of the number of out-
r i 1 bursts that must occur before a significant amount of neon can
be observed, since there are two factors which are not well un-
derstood and play an important role. The first factor is the mix-
ing eficiency in the uppermost layers of the white dwarf: how

N fast this process operates and how much material synthesized
i during carbon burning is dredged up to its surface. The second
8 factor, of a very dierent nature, has to do with the possibility
Nt of a variation in the recurrence time. Even though it is often
assumed that the recurrence time remains constant, there are

LogY

: | reasons to suspect that it may change.
L - '\'.'-./.1..{_._' - NeZ 4 First of all, changes in the mass transfer rate from the sec-
SN N \ e 8 ondary that may occur as a consequence of the nova outbursts
g bl Lo e L can modify the recurrence time. However, Kolb et al. (2001)
1.06 1.08 1.10 1.1z 1.14 have shown that these nova-induced mass transfer variations
M,/M, do not play an important role if mass transfer igfigiently

Fig. 5. Number abundances of the uppermost regions of an ONe wtﬁ@ble' _There is another pO§SIbIIIty for changes in the rec‘%r'
dwarf resulting from the evolution of a 1d, ZAMS primary compo- '€nce time, that has to do with eventual changes of the white

nent in a close binary system. dwarf mass. These changes are not easy to quantify but the
fact that some nova abundance patterns show high metal en-

) o ] ) ) hancements, together with our results for the ONe white dwarf
the case for which the initial-to-final mass relation obtained f%mposition profiles (ONe core surrounded by C@éx), sug-

the evolution of isolated stars is adopted; Cols. 5 and 6 shgwst that erosion of the surface material of the degenerate com-
the results obtained for evolution in close binaries. Note that,ent must exist. and therefore. the white dwarf mass must
when the results for the evolution of isolated stars are adoptgderease. The chemical composition of the surrounding layers
the frequency of novae hosting an ONe white dwarf is alwaygn, 4150 modify the recurrence time in the following sense: if
larger than that obtained for the evolution of a CBS. Thus, ¢ amount of carbon increases, the reactions of the CNO cycle
effects associated with binary evolution act to reduce the fragx enhanced and. as demonstrated bg 8odernanz (1998)

tion of ONe white dwarfs in nova systems relative to a sing smaller amount of matter needs to be accreted between out-

gle star distribution. This stems directly from the fact that th§,,sts in order to develop a thermonuclear runaway. Hence, the
masses of the cores are considerably smaller for the evolutjgg rrence time decreases.

in a CBS.

With regard to the #ects of the spatial distribution it is
worth noticing that: (1) for the case of a volume-limited dis5.1. The carbon-oxygen rich layer
tribution the fraction of novae in which an ONe white dwarf
is involved is roughly 13; (2) for a disk-like distribution this For comparison purposes, we present in Fig. 6 the profiles of
fraction is slightly higher; and (3) for the case of an isotropighemical abundances at the outer shells of a CO white dwarf.
distribution it increases up to a value of 40%. This means thidte main isotopes are carbon and oxygen, as they were for the
the choice of a disk-like distribution, which is more appropriagurface (béer) region of the ONe white dwarf, but the dif-
to account for the distribution of Galactic novae, also increag@sent prior evolutionary histories of these remnants have left
the selection bias favouring more massive white dwarfs. THReir imprints in the compositions of other isotopes. In partic-
trend is even clearer for an isotropic distribution in which irdlar, non-negligible abundances #Ne, *>Na and**Mg ap-
terstellar absorption is taken into account=£ 3/4). Finally, Pear at the innermost part of the CO layer of an ONe white
the dfects of adopting dierent values fou (that is the €ects dwarf, whereas these elements are absent in a CO white dwarf.
associated to dierent choices of the critical pressure) are mucpuch composition dierences should be kept in mind in inter-
weaker than those associated with consideritfgint spatial Pretations of the observed abundance patterns in nova nebular
distributions (dfferent values o). remnants.

It is also interesting to compare the CO-richfilaus of the
remnant of the 18, ZAMS primary (Fig. 5) with that of the
corresponding single star — Fig. 9 in Ritossa et al. (1996) —
Figure 5 shows the profiles of the chemical abundancesioforder to illustrate the importance of our consideration of
the remnant of the 1M, primary component of a CBS. Asthe dfects of binary evolution. The most significantfdi-
discussed previously, this profile is characterized by an OMece is in the size of the CO fiar layer, that may be seen
rich core on top of which there is a CO richfber. The ex- to be thicker for the remnant of the primary in a CB){0OM,,
istence of this layer has consequences for the expected alugmsus 001 M, for the isolated white dwarf). Since the rela-
dances of the nova ejecta, as the innermost material cannotite size of the ONe core is important to considerations of the

5. The chemical composition of the ejecta
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6. Discussion and conclusions

10 L ; ] The calculations described in this paper may be summarized as
Tl ciz i i follows:

- ________ ;" — We have computed self-consistent evolutionary sequences

N for the formation of white dwarfs with ONe cores in close
binary systems involving intermediate mass stars. We have
found that the minimum mass at the ZAMS which allows
for extensive carbon burning in the CO core=i8.3 M,
and that the mass of the resulting white dwarf is, in this
case,Mwp = 1.1 M. This value is somewhat lower than
previous limits on the masses of ONe white dwarfs.

— We have obtained the initial-to-final mass relationship and
used our evolutionary sequences to revisit the question of
the relative fraction of novae which contain white dwarfs
with ONe cores. Our motivation to reconsider this prob-
lem has been the major influence of the white dwarf mass

M, /M, (through the mass-radius relation) on the selectiacts

that favour the observation of outbursts produced in more

massive novae. In our determination of the relative fre-
guency of novae with ONe cores, we have followed closely
the treatments of Truran & Livio (1986) and Ritter et al.

relative frequencies of occurrence of CO versus ONe novae, the (1991).

change of about. My, is of interest. Moreover, the remnant of — We have found that the primarffect of binarity consists

the binary component has a somewhat larger carbon abundancef a noticeable reduction in the frequency of novae hosting

than that of the single ONe white dwarf, which can influence ONe white dwarfs. Specifically, when we take into account
the runaway timescale and the size of the accreted envelope. our results for evolution in a CBS, we find that approxi-
mately 37% of the observed nova outbursts are expected
to host ONe white dwarfs for a disk-like distribution. This
fraction decreases to 32% for a volume-limited sample.

The comparison of the inner ONe cores obtained from the evo- Since the Galactic distribution of classical novae extends

lution of a 10M,, single star with the remnant of the M), beyond the thickness of the Galactic disk and interstellar

primary component of a CBS shows that the final masses areabsorption plays an important role, the relevant distribu-
slightly different (118 My, and 106 M, respectively). This im- tion is therefore given by a disk-like distribution — that is,
plies that neon-enriched outbursts will occur in a less degener-n = 1/2 in Eq. (3). These results imply that flux limita-
ate medium than that expected if single evolution is followed tion favours observation of the most luminous novae: those
and, therefore, they will be less violent. In fact we obtain a occurring on the most massive white dwarfs.

LogY

_30 — 25

—40 L 1 | 1 1 1 |

Fig.6. Number abundances of the CO core resulting from a
9 My ZAMS primary component in a CBS.

5.2. The oxygen-neon cores

degeneracy parameter at the bottom of the C@douwvhich — We have also calculated detailed composition profiles for
is considerably smalle~33%) for the case of the remnant of these remnants. This is one of our major results. We have
the primary star of a CBS. Additionally, the critical mass found that the remnants of the evolution in CBS always

needed to develop a thermonuclear runaway also changes. Thidhave a relatively thick CO lter on top of the ONe core.
effect can be estimated with the help of Fig. 4. As one can see, This means that novae hosting massive white dwarfs with

the critical mass that can be accreted by a M3Bwvhite dwarf ONe cores can show Ne enrichments only if either the
(the remnant of the CBS) is about 2.6 times larger than the crit- CO bufer has been removed by successive nova outbursts
ical mass that can be accreted by a IM8white dwarf (the or been mixed with material from the ONe core by some

remnant of the single star). Consequently, the possibility of ac- other mechanism. In contrast, if the mass transfer process
creting more mass between outbursts arises. This may help ushas started only recently, the thermonuclear runaway will
to understand an apparent observational trend that is somewhaproceed on top of the CO Her and the ejecta will reflect

of a challenge to theory: the fact that high neon and heavy ele- the abundance pattern of a massive CO nova. Of course,
ment enrichments are sometimes found to be associated withultimately the CO surface layer will be eroded and the
novae with larger ejecta masses. Subsequent to the dredge©ONe core will be exposed.

up and ejection of the overlying carbon-oxygerftbu layer, — As pointed out by Livio & Truran (1994), the interpreta-
the masses of the residual ONe cores we have calculated al-tion of the observed yields of novae remains somewhat
low the possibility of accreted envelopes approaching M),. uncertain. Stellar evolution theory clearly predicts that, at

Moreover, if the remaining parameters of interest are kept con- birth, ONe white dwarfs are more massive than CO white
stant, the recurrence time between outbursts will change as thedwarfs. However, the rather massive nebular remnants in-
mass of the critical accreted layer and, therefore, the frequency ferred for some novae with large neon enrichments are dif-
in this case will decrease by roughly a factor di-2.6. ficult to reproduce on the basis of current theoretical nova
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simulations. Our models seem to give some hints towar@#-Pons, P., & Gang-Berro, E. 2002, A&A, 396, 589

a (partial) solution to this problem. First, we have pointe@lasner, S. A, Livne, E., & Truran, J. W. 1997, ApJ, 475, 754

out that ONe white dwarfs do not have a homogeneolgn, I., Jr. 1990, in Confrontation between stellar pulsation and evo-
composition profile but, rather, consist of two clearly dif- lution, ed. C. Cacciari, & G. Clementini, ASP Conf. Proc., 11,
ferent regions. The dominant elements in the inner zone are 83

oxygen and neon, while the overlying layer is mainly com{2€" |-+ J\-, & Tutukov, A. 1985, ApJS, 58, 661

posed of carbon and oxygen. This CQlleuturns out to be 0%, J-, & Hernanz, M. 1998, ApJ, 494, 680

: . o . Jo%, J., Hernanz, M., & Gara-Berro, E. 2003, Nucl. Phys. A, 718,
important when interpreting the nature of the nova ejecta, ,cg

since its size is not the same for all ONe white dwarfs: it igippenhann, R. 1981, A&A, 102, 293

smaller for more massive white dwarfs (see Table 1). Wh@ippenhahn, R., & Thomas, H. C. 1978, A&A, 63, 265

the CO buier is expelled after a series of outbursts, we amlb, U., Rappaport, S., Schenker, K., & Howell, S. 2001, ApJ, 563,
left with a naked ONe white dwarf, whose typical mass is 958

between approximately 1.0 and ML, but ranges up to the Kovetz, A., & Prialnik, D. 1985, ApJ, 291, 812

Chandrasekhar limit. For the lowest mass cases, the wHif, W. Y., & Ritter, H. 1983, A&A, 123, 33

dwarf cores can even be somewhat less massive than &, M. 1992, in Vifia del Mar Workshop on Cataclismic Variable
most massive CO white dwarfs, and thus can be expected to St;rs,;i.r L\lr;a\\r:o%t’ V’?/Sgg:”;pierzgg’?g?

accrete rather massive envelopes before_the thermonuc ég, M. & Truran. J. W, 1987, ApJ. 318, 316
runaway ensues. This may help to explain the rather la

! 08I0, M., & Soker, N. 1984, MNRAS, 208, 783
masses that have been quoted for the ejecta of such idgny oo ¢ & Doom, C. W, H. 1992, Structure and evolution of

tified “neon novae” as V1370 Agl 1982 and QU Vul 1984 singie and binary stars, Astrophysics and Space Science Library,
(Saizar et aI. 1992, Andmet al. 1994, SChWarZ 2002) vol. 179 (Dordrecht: K|uwer)
MacDonald, J. 1983, ApJ, 267, 732
It seems clear that the last word on these questions has N&tenberg, M. 1972, ApJ, 175, 417
yet been told, but we believe that our results for ONe whit®aczynski, B. 1976, Structure and Evolution of Close Binary Systems,
dwarfs resulting from close binary evolution will help to pro- ed. P. P. Eggleton, S. Mitton, & J. Whelan (Dordrecht: Reidel), 75
vide a solid basis for a better understanding of nova explosioRslitano, M. 2002, in Classical nova explosions, ed. M. Hernanz, & J.
Jog, AIP Conf. Proc., 637, 409
Politano, M. 1996, ApJ, 465, 338
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