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Abstract Accretion induced collapse (AIC) may be responsible for fibrenation of some interesting
neutron star binaries (e.g., millisecond pulsars, inteliate-mass binary pulsars, etc). It has been suggested
that oxygen-neon white dwarfs (ONe WDs) can increase thagsto the Chandrasekhar limit by multiple
He-shell flashes, leading to AIC events. However, the ptaseof He-shell flashes on the surface of ONe
WDs are still not well understood. In this article, we aim tody He-shell flashes on the surface of ONe
WDs in a systematic approach. We investigated the long-tamiution of ONe WDs accreting He-rich
material with various constant mass-accretion rates by-tiependent calculations with the stellar evolution
code Modules for Experiments in Stellar Astrophysics (MESAwhich the initial ONe WD masses range
from 1.1 to 1.35V/. We found that the mass-retention efficiency increasestwél©®Ne WD mass and the
mass-accretion rate, whereas both the nova cycle duratgbthe ignition mass decrease with the ONe WD
mass and the mass-accretion rate. We also present the muadacts in different accretion scenarios. The
results presented in this article can be used in the futumarpipopulation synthesis studies of AIC events.
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1 INTRODUCTION suggested that AIC process may also relate to the r-
process nucleosynthesis, the formation of rapidly spignin
It has been widely accepted that carbon-oxygen whitenagnetars and ultra-high-energy cosmic rays like gamma-
dwarfs (CO WDs) can form type la supernovae when theyay pursts (e.g.Wheeler et al. 1998Fryer etal. 1999
grow in mass close to the Chandrasekhar liniifcf)  Qian & Wasserburg 2007Dar et al. 1992 Usov 1992
(e.g.,Nomoto et al. 1997Hillebrandt & Niemeyer 2000 Moriya 2016 Piro & Kollmeier 2016 Lyutikov & Toonen
Nevertheless, oxygen-neon white dwarfs (ONe WDs) mayo17. Furthermore, AIC is a potential source of gravita-
undergo accretion-induced collapse (AIC) when their masggonal wave emission (e.gAbdikamalov et al. 2010 For

approachMcy, eventually forming neutron stars (NSs) a recent review on the AIC of ONe WDs, séf&ang & Liu
(e.g.,Miyaji et al. 1980 Nomoto 1984 Nomoto & Kondo (2020.

1991 Zhaetal. 2012 AIC events are predicted to be

very faint and fast transients, which have not been Although the AIC process is a non-negligible channel
identified directly so far (e.g.Woosley & Baron 1992 to form NSs, their progenitor model is still unclear. There
Dessart et al. 2006However, it is notable that AIC pro- are two classic progenitor models of AIC events: the
cess can form some interesting objects in the observationsingle-degenerate (SD) model and the double-degenerate
such as X-ray binaries, millisecond pulsars and low{DD) model. In the SD model, an ONe WD accretes
/intermediate-mass binary pulsars (eBailyn & Grindlay =~ H/He-rich material from a non-degenerate companion.
199Q Bhattacharya & van den Heuvel 199sov 1992 The companion can be a main-sequence (MS) star, a
Podsiadlowski et al. 20QZauris et al. 2013Ablimit & Li red giant (RG) star or a He star (e.Ganal et al. 1990
2015 Liu&Li 2017; Liuetal. 2018. It has been Nomoto & Kondo 1991 Tauris et al. 2013Brooks et al.
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2017h Liuetal. 2018 Wang 2018p The accreted It has been thought that the mass-accretion process
material will burn into He first, and then into C and plays an important role in studying binary evolution
O, and then Ne for H-accreting WDs, or burn into and the final fate of accreting WD (e.dNomoto 1982

C and O first, and then Ne for He-accreting WDs. If Piersanti et al. 2014Wang et al. 201p There are three
ONe WD can increase its mass close My, it will regions for different mass-accretion rates: at high ammret
collapse into an NS. Note that the final fate of accretingates, the WD will become a He-giant-like star since the
ONe WDs would not be affected by Urca-process (e.g.accreted He-rich matter piles up on the surface of the
Schwab et al. 2007 Recent studies suggested that HewWD (e.g., Nomoto 1982, at low accretion rates, He-
accretion onto CO WDs may also form NSs owing to theshell flashes are triggered due to the unsteady He burning
off-center carbon ignition when the mass-accretion rate isn the surface of the WD (e.gRiersantietal. 2014
above a critical value (se@rooks et al. 2016Wang etal.  Hillman et al. 201%; and, the accretion rates for steady He-
2017. The DD model involves the merger of two WDs shell burning are limited to a narrow region (ddemoto
shrinkage of the orbit induced by the gravitational wavel982 Wang et al. 201p The accretion rate that can trigger
radiation, including the merging of double CO WDs, He-shell flashes is generally considered to be less than
double ONe WDs, or the merging of an ONe WD with 10~% My yr~! (e.g., Kato & Hachisu 2004 Wang et al.

a CO WD (e.g.,Nomoto & Iben 1985 Saio & Nomoto  2015.

2004 Schwab et al. 20%6.iu & Wang 202Q. The mass-retention efficiency during He-shell flashes

It has been proposed that ONe WD+He star systemgas a great influence on binary evolution, and is defined
could experience AIC and then be recycled to form binanfS the ratio of the processed matter remaining after
pulsars (e.g.Tauris et al. 2018 Wang (2018 suggested °N€ cycle of He-shell flas_h to the _accretgd mass (e.g.,
that the ONe WD+He star channel is a dominant channdfat0 & Hachisu 2004 Previous studies mainly focus on
to produce AIC events in the SD model, with rates ofte He-shell flashes on the surface of CO WDs (e.g.,
0.1-0.7x10~3 yr~! and their delay times range from 30 Kato & Hachisu 19992004 Wang et al. 2015Wu et al.
to 180Myr. In addition, it has been suggested that the019- In this work, we aim to investigate multicycle
ONe WD+He star channel may be responsible for thdie-shell flashes on the surface of ONe WDs and we
formation of observed intermediate-mass binary pulsarB'ovide some features of He-accreting ONe WDs, such as
with short orbital periodsu et al. 201§. Moreover, PSR the mass-retention efficiencies, nova cycle durations and
J1802-2124 is a binary containing a 1428110 NS ignition masses with different accretion rates for various
and a 0.780.04M, CO WD companion with an orbital ONe WD masses. We also present the nuclear products
period of 0.7d and a spin period of 1.2ms, which wagdh different accretion scenarios. In Sectidnwe describe
first detected by the Parkes Multibeam Pulsar Survef® Pasic assumptions and methods in our numerical
(Faulkner et al. 2004 Liu et al. (2018 suggested that a calculations. We show the numerical results in Sec8on
1.3M, ONe WD and a 1.0/, He star with an orbital Finally, we present discussions and summary in Seetion
period of 0.47d is a possible channel to form systems
such as PSR J1802-2124. Note that NS+He star systen%s METHODS

may also contribute to some of intermediate-mass binaryyg se the stellar evolution code Modules for Experiments
pulsars with short orbital periods (e.@hen & Liu2013. i stellar Astrophysics (MESA, version 10398; see
He-accreting ONe WDs may also relate to thePaxton etal. 201,2013 2015 2018 to simulate the long-
formation of some other peculiar observed objects, sucterm evolution of He-acrreting ONe WDs. Using the suite
as AM Canum venaticorum (AM CVn) binaries and casemake_one_-wd in MESA, we evolve pre-MS stars
He novae. AM CVn consists of a CO/ONe WD and with different masses to the WD cooling phase, and finally
a He WD with accretion rates ranging from0—!'3  obtain ONe WDs with masses of 1.1, 1.2, 1.3, 1\35.
to 107°M, yr~! and extreme short orbital periods The suite caserd? is used to calculate the accretion WDs
in the range of 565min (e.g.,Nelemansetal. 2001 and the mass ejection processes during nova outbursts.
Shen & Bildsten 2009 Brooks etal. 201p There are The mass-accretion rates are assumed in the range of
some WD+He star systems in the observations, e.g3 x 10~7—2 x 1076 M, yr~!, for which the WDs would
CD-30° 11223, KPD 1930+2752, V445 Puppis, and HDundergo multicycle He-shell flashes. We set the mass
49798 with its compact companion (e.Geier et al. 2007  fraction of He and metallicity in the accreted material to
Kato et al. 2008 Woudt et al. 2009 Wang & Han 201 be 0.98 and 0.02, respectively.
Liu etal. 2015 Wang et al. 2015Wang 2018a In these The MESA nuclear reaction network_burn.net is
binaries, V445 Puppis is the only He nova that has beeadopted in our calculations, including helium, carbon,
identified in late 2000 by Kanatsu (e.§ato et al. 200D oxygen burning coupled by 57 reactions (e’fe, “He,
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Li, "Be, ®B, 2C, "N, "N, 90, F, Ne, *Na, 3 NUMERICAL RESULTS

Mg, 27 Al, ?8Si). This nuclear reaction network mainly
includes reactions as follows: 3.1 An Example of He-shell Flashes

"He + ‘He + ‘He — 12C + ~ 1) The He-shell accreted onto the surface of ONe WDs are
expected to be ignited and start to burn when its mass
) reaches a critical value. Figurk shows the long-term

2C+'He — 90 + 7, . : o
evolution of the radius, mass and luminosity of a 12

120 4 12¢ 5 2Ne + *He, (3) ONe WD accreting He-rich material at the mass-accretion
rate of9 x 10~7 Mg yr~!. From this figure, we can see

%0 + *He — *Ne + v, (4) that some of the accreted material is blown away during

He-shell flashes, and the remaining material leads to the

*'Ne + "He — *'Mg + 4, (5)  increase of the WD mass. In this case, the mass of ONe
1204 160 _ 2 ) WD would increase taV/¢, after much longer evolution,

which may lead to the occurrence of the electron-capture
reactions of*Mg (**Mg — 2Ne) and*’Ne (*’Ne —

In our simulation, the default OPAL opacity is ,; e : d
adopted, which is applicable to extra carbon and oxygen 0) (e.g., Miyajietal. 1980 Nomoto & Kondo 1991

during the He-shell flash (e.glglesias & Rogers 1996 Schwab etal. 2015Wu & Wang 2018. In addition, we

We set the factor that determines the optical depjhof can see the He shell outburst periodic_ally. In particube, t
the outer edge of the stellar model to be 50, i.e., assumin e-shell qutbursts tend to bec.ome milder as the surface of
that 7 at the boundary of the stellar modeli§ x 2/3. Ne WD is heated up by the first flash. _

In addition, the value of mixing-length parameter is setto ~ Figure2 presents the Hertzsprung-Russell diagram of
2.0, which is the ratio of the mixing length to the pressure®n€ cycle of He-shell flashes, in whidhwp = 1.2 Me
scaleheight. Furthermore, we do not consider the influenc@d Mace = 9 x 1077 Mg yr~'. Important phases

of hydrodynamics, rotation and convective overshooting irfluring the evolution are marked in this figure.-AB:
this work. ONe WD accretes He-rich material, during which the

In the present work, the super-Eddington wind iseffective temperaturé.q and the luminosity.. decrease

adopted when ONe WDs undergo multicycle He-shelSince almost no He-shell burning in this stage to provide

flashes. The Eddington luminosity.£q1) and the wind € energy to balance the radiative losses;>B: the
mass-loss ratel{) can be expressed as follows: convective shell begin to attain the surface of ONe WD

gradually; C—»D: T, and L increase rapidly since the

Lpqq = 2zGcMwp (7)  He-shellflash turns into a thermonuclear runaway; [E&:
i after the luminosity of ONe WD exceeds:qq, the radius
N = 2m8aa (Lt —Liaa) ®) of ONe WD will expand and cause mass loss. The radius
Vse ' of ONe WD reaches its maximum value at point E-&-:

where ¢, 7, G, ves. are the vacuum speed of light, radius contraction makes a main contribution to provide
Rosseland mean opacity, gravitational constant and thenergy for mass ejection. Meanwhil&,s increases and
escape velocity at the photosphere of accreting ONéeaches point F where the wind mass loss stops (see also
WDs, respectively. We assume that all energy above th&ato & Hachisu 1994Chen et al. 2019

Eddington luminosity is used to eject matter (i.e., the

super-Eddington wind factapzqq = 1). In this case, some 3.2 He-shell Flashes in Different Accretion Scenarios

of the accumulated material will be blown away when

the super-Eddington wind is triggered. The mass-retentiofrigure 3 shows the mass-retention efficienciesd),

efficiency () can be expressed as follows: nova cycle durations/) and ignition massesMigx)
changing with the accretion rates for different ONe WD
e = Mace= M (9) masses. Panel (a) presents the mass-retention efficiencies

during He-shell flashes throughout the entir&/\(p,
whereM,.. is the mass accreted by an ONe WD during aMaCC) grid. From this figure, we can see that the mass-
single nova cycle (i.e., from the end of one outburst to theetention efficiency increases with the mass-accretian rat
end of the next one) andl/,; is the ejected mass. In the for a given ONe WD mass. This happens because the
present work, we simulate about 20 of successive He-sheallegeneracy of He-shell is lower at higher accretion rates,
flashes and provide the average mass-retention efficienegsulting in weaker flashes of the He shell and thus less
in the results. material to be blown away. When the mass-accretion rate
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Fig.2 Hertzsprung-Russell diagram showing a single

cycle He-shell flash, witt/ywp and M,.. as 1.2V and ~ Fig.3 Panel (a), (b) and (c) show the mass-retention
9 x 1077 Mg yr~!, respectively. efficiencyny., nova cycle duratiorD, and ignition mass

M;qn changing with the accretion rate/,.. for different
ONe WD masses, respectively.
is close to the lower boundary of the helium steady burning
region, the mass-retention efficiency would approach to 1,
which means that almost all of the material remains orninterval between two successive He-shell flashes (e.g.,
the surface of ONe WD. It is also notable that the massHillman et al. 2015 2016. Panel (b) shows the nova
retention efficiency increases with the ONe WD massycle durations for different mass-accretion rates and ONe
for a given accretion rate. This happens because morg/D masses. Obviously, the duration decreases with the
massive WD have higher surface gravitation, resulting irmass-accretion rate for a given ONe WD mass, and also
nuclear burning rates much higher than wind mass losgecreases with the WD mass for a given accretion rate.
rates. Therefore, we can infer that more material couldrhis happens because the He-shell mass required for nova
accumulate on the surface of more massive ONe WDs fasutburst is smaller for massive ONe WDs due to their
a given mass-accretion rate. higher surface gravitation, as shown in panel (c). For
The cycle duration is an important observable feature given ONe WD, the accretion phase is shorter since
for recurrent novae, which is defined as the timethe higher mass-accretion rates (eRyialnik et al. 198
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Mwp ]‘/jign Jwej log(D) THe 0.90f .
(Mg)  (Mgyr™h) Mp)  (Mo) (yn) [ T mixing

-+%= no-mixing
1.1 3e-7 1.45e-3 1.28e-3 3.69  0.12 075 y
1.1 5e-7 8.08e-4 6.26e-4 320  0.23 ;
1.1 7e-7 5.50e-4 3.76e-4 290  0.31 0.601
1.1 9e-7 4.17e-4 2.65e-4 266  0.37 : A
1.1 1.5e-6 2.06e-4 837e-5 211 072 0.45 X
1.2 3e-7 6.46e-4 547e-4 331 016 @ gl
1.2 5e-7 35le-4 254e-4 284 028 S | e
1.2 7e-7 256e-4 1.72e-4 257  0.33 : T
1.2 9e-7 2.00e-4 1.26e-4 235  0.38 - ¥
1.2 2e-6 8.16e-5 1.86e-5 156  0.84 0.15f * */,/’
1.3 3e-7 1.66e-4 1.23e-4 274 026 0.00l e
1.3 5e-7 9.72e-5 6.26e-5 228  0.38 : Ji¥ice
1.3 7e-7 6.60e-5 3595 199 044 T
1.3 9e-7 5.53e-5 2.72e-5 1.81  0.49 —0.15 7 . . .
1.3 2e-6 2.21e-5 1.95e-6 114  0.95 —6.4 —6.2 6.0 —5.8
135 3e-7 480e5 3.06e5 221 035 10g(MacclM o yr™1)
1.35 5e-7 2.70e-5 1.26e-5 174 052
1.35 7e-7 196e-5 7.62e-6 145 062 Fig.4 Influence of mixing on the mass-retention
1.35 9e-7 159-5 487e6 126 070 efficiencies of a 1.2/, ONe WD.
1.35 1.8e-6 8.3%-6 7.28e-8 060 0.96

Therefore, we can expect that the recurrent phenomena ¢
He-shell flashes are more frequently to occur on massive
ONe WDs with higher accretion rate#dillman et al.
(2019 investigate the He-accreting process of CO WDs,

and suggested that the nova cycle duration decrease
gradually if the He-shell has experienced enough flashes
The reason for this is that the mass of WD is increasec
after multicycle flashes, and the WD is heated by the He-
shell flashes, resulting in more frequent nova outbursts

3.25¢

log(D)[yr]

and weaker He-shell flashes. Thus, we speculate tha

He-accreting ONe WDs can increase their mass aftel
experiencing He-shell flashes, which may lead to AIC

events when their mass is close Adq;,,, as studied in
previous (e.g.Brooks et al. 2017aNu & Wang 2018.

The ignition massM,, is defined as the minimum
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because the critical pressure required for the ignition ofgnition mass for a given ONe WD mass. For example,
He-shell is a function of ONe WD mass and ignition massjn the case of a 1.35/;, ONe WD, there is almost no
in which ignition mass varies inversely with ONe WD mass loss when the ignition mass3i89 x 10~°% M, but
mass (se&tarrfield 1989 For a given ONe WD mass, a almost all accretion material is lost when the ignition mass
higher mass-accretion rate leads to a higher temperatui®4.80 x 10~° M. If the ignition mass is smaller than a
growth rate of the accreted shell, resulting in a lowercritical value, then the mass-retention efficiency would be

ignition mass (e.g.Prialnik et al. 198p Tablel displays

the properties of He-shell flashes, including the ONe WDalsoKato et al. 1983
According to the results ofvaron et al. (2005, a

massMwp, the mass-accretion raié, ..., the ignited mass
Migqn, the ejected mass/;, the nova cycle duratiol
and the mass-retention efficiengy.. From this table, we

close to 1, which means that no mass loss would occur (see

nova burst occurs only when the cooling timescaig )
is longer than the accretion timescatg (). Obviously,

can infer that mass-retention efficiency decreases with thine value ofr,.. is much lower for a higher accretion
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Table 2 Mass Fractions of Nuclear Products During a Nova Cycle
Set Mwp (Mg) Mace (Meyr—1) C 0 Ne Mg Si
1 1.20 3e-7 4.10e-01 1.66e-01 7.84e-02 3.36e-01 7.60e-03
2 1.20 5e-7 4.42e-01 1.95e-01 8.65e-02 2.73e-01 6.00e-03
3 1.20 7e-7 456e-01 2.14e-01 8.83e-02 2.36e-01 4.99e-03
4 1.20 9e-7 455e-01 2.53e-01 9.07e-02 1.96e-01 4.60e-03
5 1.35 7e-7 2.22e-01 6.08e-03 9.76e-03 5.4le-01 2.21e-01
Table 3 Properties of He-shell flashes with mixing, in
which Mwp = 1.2 M@.
—3.2 -#= mixing .
" -*- no-mixing Mace . Mig Me; log(D) He
(Meyr—") M)  (Mo) on
_34 NN 3e-7 6.20e-4 4.9le-4 322 -0.15
' S 5e-7 3.49e-4 2.50e-4 280  -0.05
- R 7e-7 2.44e-4 1l4e-4 254  0.04
s R 9e-7 2.06e-4 85le-5 235  0.08
$-36 R 1.5e-6 1.39e-4 4.13e5 202 021
s Sy, 2e-6 9.27e-5 7.54e-6 168  0.46
(o))
o
T -3.8 \\\\
AN gravity acceleration for a massive WD. The trend of this
\‘\\ result is consistent witKato et al.(2018.
—4.0r \\:‘*
\* . .
—! &> %0 —] 3.3 Influence of Mixing Process

Iog(Macc[Moyrill) . .. . . . .
The mass-retention efficiencies provided in this work are

likely to be the lower limit. We adopt a super-Eddington
wind during the He-shell flashes, in which the material
is assumed to be ejected if the escape speed is reached.
In addition, if the rotation of ONe WD is considered,
then the He-shell flash would be much weaker since the
rate, resulting in weaker He-shell flashes and less ejectegleaker effective gravity and the material of WD core by
mass (see alscStarrfield etal. 2012 In contrast, a rotational mixing at the base of the He-shell, which may
lower accretion rate results in a stronger degeneratad to larger mass-retention efficiencies (¥een et al.
helium envelope because of the long cooling time. If the2004. Moreover, the mass of ONe WD can exced,
conditions of He-shell flashes can be reached by graduallyhen the rotation effects are taken into account (e.g.,
accumulating He-rich materials, a stronger burst will beyoon & Langer 2004 Chen & Li 2009 Justham 201;1
triggered and this blows away more material. However, wa{achisu et al. 201;2Vang et al. 201y
found that the temperature of He-shell drops quickly and it A number of Ne enriched novae have been observed,
is hard to reach the conditions of He-shell flashes for very ¢ v693 CrA 1981, V1370 Agl 1982, QU Vul 1984,
low accretion rates. V1668 Cyg 1978, V838 Her 1991, 1974 Cyg 1992
The chemical abundances (mass fraction) of nucleafe.g.,Gehrz et al. 1998Nanajo et al. 1999 ownen et al.
products during a nova cycle are summarized in T&ble 2013. An important feature of Ne novae is the significant
It is apparent that the elements produced during the Heenrichments of O, Ne, Mg and Al detected in the
shell flashes are sensitive to the ONe WDs masses argjection (e.g.Andrea et al. 1994José & Hernanz 1998
accretion rates. We found that C, O and Ne increas&ehrz etal. 1998 Wanajo et al. 1999 José & Hernanz
with mass-accretion rates while Mg and Si decrease. Thi€l998 investigated the elemental abundance in the ejection
happens because higher mass-accretion rates result afiNe novae, and found that the considered mixing model
higher nuclear burning rates and weaker He-shell flashemay be a suitable way to explain the observed element
Thus, more He-rich material could be burn into C, O andabundance. During the mass-accretion process, the ac-
then Ne. Meanwhile, as the peak temperature is higher faareted envelope may be mixed with the material in the
low mass-accretion rates, more heavier elements, such asderlying WD core. The efficiency of mixing on accreting
Mg and Si are produced. In addition, C, O and Ne decreasé&/Ds depends on which diffusion physics is included, for
with WD masses while Mg and Si increase, which is due teexample , if magnetic torques are included, mixing during
the higher peak temperature caused by the stronger surfaaecretion tends to be minimal (e.¢ygon & Langer 2004

Fig.6 Influence of mixing on the ignition masses of a
1.2M; ONe WD.
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Neunteufel et al. 2007 However, the mixing mechanism Table 2 shows that more Mg and Si can be produced in
is not completely clear. There are some hypotheses fahe He-shell flashes for massive ONe WDs. We expect that
the mixing mechanism, such as diffusion, shear mixingthe surface of the WDs would be covered with a Mg/Si-
convective overshooting and Kelvin-Helmholtz instabili- rich shell if the WDs masses increase to apprash, by

ties (e.g.Prialnik & Kovetz 1984 Kutter & Sparks 1987 accreting He-rich material. Therefore, the enrichments of
Iben etal. 1991 Glasner etal. 1997Kercek etal. 1998 Mg/Si may be detectable in AIC events formed by ONe
Casanova et al. 2016 WDs accreting He-rich material.

Here, we provide a simplified mixing case without In addition, it is difficult to accurately distinguish
including the physical mechanism of the mixing processwhether the accretor is a CO WD or an ONe WD if
as described irPolitano et al.(1995. We assume that the accretion rate is significantly large, because there
the accreted material from the companion is mixed by as no obvious mixing process or significant enrichment
given element fraction of the underlying ONe WD core.elemental abundance of WD in the ejection. As mentioned
We set the mixing fraction to be 0.5, which has beemabove, V445 Pup is the only He nova that has been
suggested as a representative value (&igio & Truran  identified so far. The WD mass is suggested to be
1994. In Table 3, we provide the properties of He- >1.35M and half of the accreted material could remain
shell flashes for the mixing cases. Figuteshows the on its surface (se&ato etal. 2008 Kato et al. (2008
influence of mixing on the mass-retention efficienciessuggested that the WD of V445 Pup is a CO WD but not
of a 1.2M; ONe WD. It is obvious that the mass- an ONe WD since no signatures of neon enhancementwere
retention efficiency in the mixing case is lower than thatdetected, and argued that V445 Pup is a strong candidate
without considering mixing for a given mass-accretionof SNe la (see als@d/oudt & Steeghs 2003Vang 2018
rate. Especially for the cases with low mass-accretiotHowever, the carbon features originated from WD core
rates (€.9..Mace = 3 x 1077 Mgyr~1), the value of or helium burning are still not determined, and it is still
Nie IS negative, which means that the ONe WD masaunclear if there is a mixing process during the mass-
is decreasing. This happens because the core materialdascreting process (e.gkato & Hachisu 2003 Further
dredged up from the underlying ONe WD during mixing detailed researches are needed in future studies to provide
process, and thus ONe WD is losing mass as a resuihore precise nature of the WD in V445 Pup.
of continued outbursts. Meanwhile, even in the case of By using the stellar evolution code MESA, we
higher accretion rates, the mass of ONe WD under mixingnvestigated the long-term evolution of accreting ONe
conditions is more difficult to grow than the cases withoutWDs that undergo multicycle He-shell flashes with initial
mixing. This result indicates that the consideration of themasses ranging from 1.1 to 1.85; and various accretion
mixing process may also affect the predicted birthratesates in the range o3 x 107 — 2 x 1076 Mg yr—!.
of AIC events. Therefore, we suggest that the mixingWe found that the mass-retention efficiency both increases
process is important for the study of the final fate of He-with the ONe WD mass and the mass-accretion rate.
accreting ONe WDs. In addition, Figurés6 present that More massive ONe WDs or higher mass-accretion rates
the influence of mixing on the nova cycle duration andlead to shorter nova cycle durations, which indicates
ignition mass of a 1.2/, ONe WD. These two figures that the ONe WD mass grows faster for the cases with
indicate that the mixing process has a slight influence omore massive initial ONe WDs and higher mass-accretion
the nova cycle duration and ignition mass. This happengtes. Meanwhile, we also found that the ignition mass
because the nova cycle duration and ignition mass are motmth decreases with the ONe WD mass and the mass-
sensitive to the temperature and density of the accretealccretion rate. We also present the nuclear products in

material, but not very sensitive to their composition. different accretion scenarios. In addition, for a given ONe
WD mass and mass-accretion rate, the mass-retention
4 DISCUSSION AND CONCLUSIONS efficiency would be lower after considering the mixing

effects. To put more constraints on the process of He-shell

I _has been sug_gested that AIC events are about 5 maf%shes, we hope that more He novae and Ne novae can be
fainter than typical normal SNe la, and can only IaStidentified in the observations

from a few days to a week, so that AIC is difficult to be

identified in observations. According firo & Kulkarni ~ AcknowledgementsWe thank the anonymous referee
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