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ABSTRACT

Context. The nature of the progenitors of type la supernova progenitemains unclear. While it is usually agreed that single-
degenerate progenitor systems would be luminous supetsafy sources, it was recently suggested that double-agggnprogen-
itors might also go through a supersoft X-ray phase.

Aims. We aim to examine the possibility of double-degenerate gmitgr systems being supersoft X-ray systems, and plaicgstit
upper limits on the maximally possible durations of any sapft X-ray source phases and expected number of thesersyfitea
galactic population.

Methods. We employ the binary population synthesis code SeBa to exathe mass-transfer characteristics of a possible superso
X-ray phase of double-degenerate type la supernova progeayistems for 1) the standard SeBa assumptions, and 2)tamisijc
best-case scenario. The latter case establishes firm upisrdn the possible population of supersoft source dedblgenerate type

la supernova progenitor systems.

Results. Our results indicate that unlike what is expected for siftgigenerate progenitor systems, the vast majority of tHenmah
accreted by either pure wind mass transfer or a combinafiviral and RLOF mass transfer is helium rather than hydrogsen

with extremely optimistic assumptions concerning the rtesmssfer and retentiorfiéciencies, the average mass accreted by systems
that eventually become double-degenerate type la supmerisvsmall. Consequently, the lengths of time that thesemgsmay be
supersoft X-ray sources are short, even under optimal tiondj and the expected number of such systems in a galagiidation

is negligible.

Conclusions. The population of double-degenerate type la supernoveepitmys that are supersoft X-ray sources is at least an order
of magnitude smaller than the population of single-degategprogenitors expected to be supersoft X-ray sourcesharglipersoft
X-ray behaviour of double-degenerate systems typicathges long before the supernova explosions.
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1. Introduction though main sequence or helium-stars are also sometimes con
sidered) and processes the accreted material to carborxgnd o

Type la supernovae (SNe) are of critical importance to casm@en. eventually reaching the required mass where it explode
logical distance measurements and galactic evolutionpitees (Whelan & Iberi 1978). In the double-degenerate (DD) scenari
decades of intense research the nature of the progenitang gi @ Pinary system consisting of two subcMWDs spiral in via

rise to these explosions remains unclear (e.g. Maoz & MaginugMmission of gravitational radiation and eventually mefgem-
2012). From observational evidence, it is inferred thatake 'N9 & single carbon-oxygen WD with a combined mass at or
ploding objects are carbon-oxygen white dwarfs (WDs) witRPove the required mass (Iben & Tutukov 1984, Webbink 1984).
masses close to the Chandrasekhar mass, (M1.38M,) that From the observational data currently available, it is russp-
undergo thermonuclear runaway as carbon and oxygen is ppé to clearly discriminate which scenario is the correat,aor
cessed to radioactive iron-group elements. However, niogtes Whethe_r both scenarios contribute to the SN la rate. Beylmed t
carbon-oxygen WDs are born at masses much smaller than Mwo main scenarios, there are a number of alternative sienar
typically ~ 0.6 M,. Consequently, the fundamental problem sufonsidered by various groups, e.g. the 'core degeneraraso
rounding type la SN progenitors revolves around how newl{<ashi & Sokei 20111).

formed, initially sub-Ms, WD can grow sfficiently in mass to As shown by van den Heuvel et al. (1992), the accretion and
eventually explode as type la SNe. It is commonly agreed ththermonuclear processing of H-rich material on the WD in the
the progenitors are binary systems where the WD that even8D scenario is expected to emit copious amounts of supersoft
ally explodes accretes mass from a companion. Two progeni¥erays (Lo ~ 10°8erg/s at black-body spectral fits correspond-
scenarios (or 'channels’) are usually considered: in thglsi ing to Tgg = 30— 150 eV), provided the material is accreted
degenerate (SD) scenario, a single WD accretes hydrogkn-@at high enough rates (Nomoto 1982). This potentially makes
material from a non-degenerate companion (usually a gint, nearby progenitor systems observable to current X-rayunst
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ments likeChandra and XMM-Newton. An archival search for rate; for WDs above 0.6 M the transfer of hydrogen-rich ma-
Chandra pre-explosion observations at the positions of nearlbgrial can only take place in a stable manner in a narrowvater
type la SNe is being undertaken (see Voss ét al. 2008, Nielsewf mass-transfer rates, betwee 110" My/yr and 41 - 107/
al.[2012, Nielsen et &l. acceplted), but so far, no unambigdou Mg/yr (Nomoto[1982). Outside of this interval, the transferred
rect detections of supersoft X-ray sources (SSSs) at thisgras material is unlikely to be retained on the WD; for mass transf
of type la SNe have been made. Additionally, when comparedretes above the steady-burning rate, the material is &enesf
the population that should be expected if the SD scenarie-is onto the WD faster than it can be processed, and the WD con-
sponsible for the observed SN la rate, the observed popuolatsequently swells up, likely stopping or severely hampetirey
of SSSs in nearby galaxies falls short by at least one, artd qunass transfer process, see also Nomoto et al. {1979). F& mas
likely two orders of magnitude (Di Stefaho 2010a). Likewides transfer rates below the steady-burning rate, the mateuiads
integrated soft X-ray luminosity measured from elliptigalax- unstably (Fujimoto & Sugimoto 19709, 1982), i.e. in nova erup
ies falls similarly short (Gilfanov & Bogdan 20110), assmgi tions, causing the WD to lose most of the accreted mass, plus
SSS SD systems are the progenitors of type la SNe. Takerpassibly some additional mass from the WD itself.
face value, these points should be considered seriousgnsbl A similar constraint governs the mass transfer of heliuch-ri
for the SD scenario (however, see the Discussion sectioalfor material, i.e. very high mass-transfer rates cause thetrdo
ternative explanations of the absence of SSSs). swell up, somewhat lower mass-transfer rates allow steadyb

To complicate matters further, it has been suggested teat eihg, while low mass-transfer rates result in helium-noviee
if the DD scenario is the dominant one in terms of supplyirg pr question of helium steady burning was examined by Hachisu et
genitors of type la SNe, a large population of SSSs woulldsil al. (1999), Kato & Hachisu{1999), and Iben & Tutukav (1996)
expected to exist (Di Stefano 2010b). The motivation fos thi (see also review by Bours et al. 2013). Because of the higher
that most of the binary systems that eventually become DB ptemperatures and densities required for helium burnirghéri
genitors of type la SNe should pass through a stage where theyss-transfer rates are required for helium to burn stgaatil
consist of a WD and a non-degenerate companion, beforetthe tbmpared to hydrogen mass transfer. The exact value of the
ter becomes a WD. This configuration mimics the late stagessigéady burning rate is somewhat disputed, but for a;21WD,
a SD system where it could be a SSS. If DD progenitor systetig interval of steady burning mass-transfer rates thaesgwith
are also SSSs for a significant amount of timeMyr), there all of three studies mentioned above is betwe&n 20°° My/yr
could be an observationally significant number of such syste and 40- 10® M/yr (see Fig.2 in Bours et al. 2013).
at any one time in a galactic population like the Milky Way. If  To get the initially sub-My, to the mass needed for a type la
correct, this would mean that the absence of a large popalatSN explosion in the SD scenario, an extended period of steady
of SSS could potentially be a problem for both progenitor scenass transfer is required after the formation of the WD. &inc
narios, not just for the SD scenario. carbon-oxygen WDs are not expected to form at masses larger

If we wish to understand the nature of the progenitors @fan 1- 1.2 M, the steady mass transfer and processing of ma-
type la SNe, we must obtain a better understanding of the abrial must last on the order of a few million years or longére
servational characteristics of the progenitor scenaesneed mechanism of mass transfer can be anything that is capable of
to settle whether either of the scenarios give rise to sofieXs  supplying a transfer of matter at the steady-burning rateally,
ray emission. In the present study, we examine the hypathesis assumed to happen either through a wind or by Roche-lobe
that DD progenitors are SSS, using the SeBa binary evolutioverflow (RLOF).
code (Portegies Zwart et al. 1996, Nelemans et al. 2001,8foon  |n the case of DD progenitors, a binary system evolves to
et al[2012). In Sectionl 2 we review the theory behind SSSs agshsist first of a single WD and a non-degenerate companion,
the proposed SSS nature of DD type la SN progenitor systerafd later two WDs that eventually merge to form a single WD
In SectioriB we explain the details of our method. Se¢flosts li with a mass sflicient to explode as a type la SN (however, see
our results, and Secti¢n 5 discusses the implications sEthe-  our comment concerning 'double-CE’ systems in Sedfion 3 be-
sults. Sectiofil6 concludes. low). At some intermediate point during its evolution, befthe

A word on terminology: we use 'mass transfer’ to denote th@erger happens, such proto-DD systems will consist of a WD
transfer of material from donor to accretor, regardlessitétiver and a non-WD companion star, and hence may be considered
some of that material is subsequently lost from the accrBior conceptually similar to a SD system. Since we expect SD type
‘retention gficiency’ we mean the fraction of the transferred maa SN progenitor systems to be SSSs as a result of the theemonu
terial that remains on the accretor. By 'accretion’ we rafer clear processing of the accreted material, we may also d@ensi
transferred material that remains on the accretor. So, &mage prospect that such *SD-like’, proto-DD type la SN progen
transfer rate of 10 Mo/yr that is retained at 25% retentiofie itors could display similar behaviour in this phase of theio-
ciency results in an accretion rate 0621078 Mo/yr, for exam- |ution, if they accrete material from their companions affisu
ple. Note that retentionféciency and accretiorfigciency are not ciently high rates. In Di Stefano (2010b) it was suggested th
the same; the accretioffieiency is the ratio of the total amounta significant fraction of these systems should be expected to
of matter lost from the donor that remains on the accretoilewhaccrete H-rich material from their companions at a rateelarg
retention diciency is the ratio of the transferred material th%nough to sustain steady burning, corresponding to a ptquila
remains on the accretor. of 'thousands’in a spiral galaxy like the Milky Way. They wdu
therefore also emit supersoft X-rays, similarly to a SSS gie t
la SN progenitor system, for an extended period of tim#gr).
The mechanism behind this mass transfer is wind mass transfe
For an initially sub-My, WD to grow in mass and eventuallyand Di Stefano (2010b) assumed a wind accretitigiency of
become a type la SN, material from the donor star needs2b%, i.e. one-fourth of the material lost from the non-degate
be transferred and retained on the WD. While a wide range @mpanion is accreted onto the WD.
mass-transfer rates are possible, the retention of transdfena- Two key requirements need to be met for the SD-like proto-
terial depends on the mass of the accretor and the massgetraniSD type la SN progenitor systems to constitute a significant

2. Theory
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population of observable SSSs. Firstly, the mass-tramsfer ing the dficiency of wind mass transfer than assumed by SeBa.
needs to be high enough for the transferred material to beebur The reason it is possible to manually imposeféedéent retention
steadily on the surface of the WD, thereby giving rise to supeefficiency from the SeBa outputs in the optimistic case is that
soft X-ray emission. If this requirement is not met, the sesr SeBa explicitly outputs the mass loss from both binary compo
may still accrete material (albeit at much smaller retendéili- nents in each calculation step. By finding th&elience in donor
ciency, as described in Nomato 1982), but they will presugnabmass in each step in which the donor is not transferring mass s
not emit much in terms of supersoft X-rays. Secondly, the aloly we can find the amount of material lost in a wind. We then
cretion of material at the steady-burning rate needs toppidee assume a given retentioffieiency to find the fraction of this
over a long enough period of time, so that at any one time theamaterial that ends up being accreted onto the donor. As leng a
will be a significant population of these sources preseni$do the masses accreted in this way are small compared to the mass
observe. of the accretor - which they always are - this approach doés no
Before the merger and SN can take place the second VE[@nificantly change the general physical and evolutiorssy
needs to form, after which the decay of the orbit will leadhe t haviour of the binaries, which means that the subsequerd SeB
merger. Due to the time needed for this process (during whisteps are still correct.
the system no longer is SD-like and not expected to emit super In both cases, we examined all systems consisting of a single
soft X-rays), it will not be possible to directly associatgisen WD and a non-degenerate companion that would later merge to a
SN with a previously observed SSS if DD systems are the dofinal mass above the Chandrasekhar mass, i.e. systemsticat co

inant progenitor channel for type la SNe. be said to be SD-like before becoming DD type la SNe. We cal-
culated the accreted masses of both hydrogen- and helazhm-ri
material.

3. Method

In the standard case, the masses accreted from wind and

We employed the binary population synthesis code Sel.OF is directly given by the code. For wind mass transfer,
(Portegies Zwart et al. 1996, Nelemans ef al. 2001, Toonen&Ba only considers Bondi-Hoyle-Lyttleton wind accrefitsre
al.[2012) to simulate the evolution of a large number of bin@ccretion éiciency of which is quite small (typically 1%, see
ries. The evolution is followed for a Hubble time startingrfr  Edgar2004). For both wind and RLOF mass transfer, SeBa fol-
the zero-age main-sequence. At every timestep, stelladsyinlows the steady-burning constraints of Nomato (1982),me-
mass transfer, common envelopes (CEs), angular moment@fial transferred at ratesftérent from the steady-burning rate
loss, and gravitational waves are taken into account with dg unlikely to be appreciably retained on the WD. We refer to
propriate recipes. We assume solar metalicities, and itialin Bours et al.[(2013) for further details on the assumptions co
primary masses are distributed according to the Kroup@initcerning wind and stable mass transferin SeBa.
mass function (Kroupa et &l 1993) between 0.95-19 and For the optimistic case, we relaxed the assumptions concern
the initial mass ratio distribution is flat. The distributiof or- ing both wind and RLOF mass transfer to enable comparison
bital separations is flat in log-space (Abt 1983) out t§ By, With Di Stefanol(2010b) and establish upper limits on thespos
and the eccentricities are distributed thermally betweand1 ble lifetime and number of SSS proto-DD type la SN progenitor
(Heggie 1975). Due to uncertainties in the physics of CEs (féystems. For wind transfer, we counted the total mass &enesf
an overview, see Ivanova et &I, 2013), several prescription as the mass lost from the donor star while the the accretor is a
the CE-phase exist that are based on the energy budget-(th&VD and the binary components are detached (i.e. notin a CE or
prescription, see Tutukov & Yungelson 1979, Webbink 1984yspiraling phase). Only a fraction of this material wilttaally
or on the angu|ar momentum balance (&}prescription, see be accreted by the accretor, and the rest of it will be loshftioe
Nelemans et al. 2000). In SeBa, thdormalism is used in all System. The exact amount accreted depends on the model used.
cases where the binary contains a compact object, or when al@gStefano|(2010b) assumed an accretifiitency of 25% for
is triggered by a tidal instability. For all other CE-evertteey- Wind mass transfer. To get strong upper limits we adopted the
formalism is used. The results given below (in the main test, Same wind accretionfiéciency as Di Stefano, i.e. 25%. For both
in the Appendix) use these assumptions. For both the stand#ind and RLOF we assumed a retentidficency of 100%, i.e.
and optimistic cases (see below) we assymel.75 (Nelemans all the mass that ends up on the accretor stays there. THsiis 0
et al.[2001) and = 2 (Nelemans et al. 2001), wheeis the Ously quite an optimistic assumption, since, as mentioheda,
envelope-structure parameter (de Kool et al. 1987). For-cofi€ material needs to be accreted at a fairly narrow range of
pleteness, in the Appendix we also include results for a thodeass-transfer rates in order to facilitate full retentidowever,
that applies the-formalism to all CE-events. in the context of the current study, we are content to esfabli

We note that for the-CE formulation, there are systems tha@n upper limit of the number of SD-like proto-DD type la SN
develop directly into DD systems from the giant phase, thyereprogenitor systems that could conceivably be SSSs.
avoiding the SD-like phase; for the standat€CE formulation If we assume that all the accreted material (hydrogen or he-
used here, this does not happen. See Toonen[et all 2012)-forligén) is transferred at the steady-burning rate appropftthat
tails. type of material, the average SSS lifetimg., of a DD SN pro-

We ran a SeBa simulation for a total of 500,000 binary sy§enitor in a given stellar population is given by:
tems. From the resulting outputs we conducted analysesor t H.He
separate cases: a 'standard’ and an "optimistic’ case difidh /SN = Z
mer, we simply took the SeBa outputs at face value. In the laf™" -
ter case, we manually imposed optimistic conditions camoer .
transfer and retention of material (see below). The matwat whereAMy is the total accreted mass of mateXabndMx steady
for the second analysis was to calculate a solid upper liamit fis the minimum mass-transfer rate required for steadytbgof
the populations of DD progenitor systems that could pog&ibl materialX.
SSSs, and specifically to compare with the results of Di 8tefa  The donors in SeBa can be either hydrogen- or helium-
(2010b), whose study used more generous assumptions cencech. As mentioned in Sectidd 2, for helium-rich materidle t

AMx

MX,steady

1)
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mass-transfer rate needed to sustain steady burning amll ad@ble 1. Mass accreted by the first-formed WDs in all DD pro-
significant mass loss through nova eruptions is roughly an @enitor systems (2290 for the standard case; 2115 for the opt
der of magnitude larger than for hydrogen-rich materialisThmistic case), split by donor type. The bottom rows give th& SS
larger steady-burning mass-transfer rate translatesistwrter life-time of the average\M, if all material is accreted at the
SSS life-time for the same mass of material, as compared withmponent-specific (for H and He, respectively) steadyrimgr

a system transferring hydrogen. Since we want to determim@ass-transfer rates, and the resulting expected numbecidta
an upper limit to the number of possible DD progenitors thatg systems (with Poisson errors). Both columns useyti@E
can be SSSs at any given time, we take the minimum steagyescription.

burning rates mentioned above, My steady= 1.7 - 1077 Mo/yr -
and Myesteady = 2.5 - 10°® Mo/yr. For simplicity, we assume standard upper limit

the material transferred from H-rich donors (i.e. main sege SeBa case: case.

stars, Herzsprung gap stars, first giant branch stars, etiter don;)r setellar AWS]N A[m/S]N
burning stars, and asymptotic giant stars) to consist oPa 2&- _ s = © =
lium and 75% hydrogen (by mass), while the material tramster |_r|na|n seéquence sttar g'g 25£5
from helium-rich systems (helium-stars and helium-gipigs firstrgiszfr:?g?a?\féﬁ Zé; 71405 287.10°5
exclusively helium. . . core He-burning star 0.0 1.810°*
The average number of sourdég.is calculated by scaling asymptotic giant branch star 0.0 3.90°5
the average SSS lifetime with the average occurrence rapef He-star 4.9810°5 231.10-3
la SNe in a galaxy: He-giant star 8.5410°2 1.17-101
3 Ls Total, all types 8.551072 1.19-10%¢

Nacer = 3.0- 10 Taccr(m) (2) Tacer [YT] 3.5.10¢ 4.9.10¢

Nacer (101 L o galaxy) 1.010%+ 10 1.5:10°+ 12

wherelg is the B-band luminosity of the galaxygl is the B-
band luminosity of the Sun, and we have assumed an type | SN
rate of 3 per millennium, typical of a spiral galaxy like thélky

Way. We limit ourselves to considering a population simtar systems. Clearly, helium-accreting systems dominateingef

the Milky Way, which means that the last term in E§.(2) is dquti]e_ar_no_unt of mass being transferred for both the standatd an
to 1. optimistic assumptions.

Tablg1 also gives the average SSS life-time of the progenito
systems, based on the average mass accreted per SN in the tota
sample. This SSS life-time assumes that all material isdxlirn
In this section, we present the results for the standard la@d &t the steady-burning rate, and takes tHedent steady-burning
optimistic cases. The former gives realistic estimateh®ftass rates for hydrogen and helium into account. For both the-stan
accretion, according to our best current understandinglatter dard and optimistic cases, the average life-times are lg@gb5
gives strong upper limits to the mass accretion which shbald Myr, significantly smaller than both the expected total-tifee
applicable no matter which assumptions are made concerngfcgan average DD type la SN progenitor system (e.g. Maoz et
mass-transfer and retentiofiieiencies. al.[2010), and the expected supersoft X-ray life-time of $3® p

Of the simulated 500,000 binary systems, 2290 systems g&nitors. The SSS life-times translate into a number ofedecr
sulted in double carbon-oxygen WD mergers with a combinéuly SSS systems expected to be 'on’ in Milky-Way type spiral
mass above 1.38 Mfor the y-CE prescription in the standardgalaxy at any time, according to Eg.(2). Tdble 1 lists thisibar
case (see Sectidn 3 for further information on whendghand for both of the examined cases. We also list the Poissonian er
v-formalisms are used in SeBa). When we relaxed our massfs on these numbers, with the caveat that at the end of the da
transfer and retentionfiéiciency assumptions, 175 systems thdhe accreted masses, and thereby the calcutdigddepend on
were DD type la progenitors in the standard case experieribe assumptions used in SeBa. For a detailed discussiors# th
enough mass transfer to bring their WDs above 1.380éfore assumptions we refer to Toonen et al. (2012)
the systems merge. Under our optimistic assumptions, gysse Figurel shows the accretion history for all the systems in ou
tems would therefore become SD (instead of DD) type la SNeample for the optimistic case. Supersoft behaviour cantake
Consequently, we removed them from our optimistic case saplace during periods where the systems are accreting. As can
ple, leaving us with 2115 systems for this case. be seen, systems where the initially most massive star evolv

For general applicability, rather than giving our resufisd-  into a WD first generally finish transferring mass earliemtig
tal numbers, we list them in terms of solar masses per SN. Tkhg case for the systems where the initially least massie st
enables the reader to scale the results with any particular svolves into a WD first. This is to be expected, since in thietat
pernova rate and progenitor life-time of their choice. Toilt type of system, the initially most massive star becomes g-lon
masses can be found by multiplying the average numbers by lived helium-star, and so the initially least massive steeds
number of progenitor systems in each sample. time to evolve to a WD before mass transfer can start. This typ

In the following, we only discuss the results for theCE of 'evolution-reversed’ systems will therefore be slow twrfi,
formulation. However, the results for theCE are quite similar and will not start transferring mass until somewhat latemth
and yield essentially the same conclusions. The resultthior systems where the most massive star becomes a WD first (see
a-CE are given in the Appendix. Toonen et al. 2012 for more details on this type of evolution)

Table[2 gives the time from the last mass transfer event until
the SN explosion for all the systems in our sample for the-opti
mistic assumptions. For the vast majority (99.999%) of e s
The average masses accreted per SN in our entire sampletanes, mass transfer ceases a Myr or more before the SN explo-
given in Tabldl. Figurgl1l shows the accretion histories e$¢h sion. So, even under the optimistic assumption that all @frih

4. Results

4.1. All systems
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Table 2. Time from last mass transfer event to SN explosion, allable 3. Mass accreted via wind mass transfer by the first-
accreting systems, optimistic case. Compare with téblesia formed WDs in DD progenitor systems in our sample (924 for
the standard case; 902 for the optimistic case), split byodon

time since no.of  fraction of type. The bottom row gives the SSS life-time of the averslye

last accr systems total if all material is accreted at the component-specific (forrd a
t<1Myr 2 9.46-10" He, respectively) steady-burning mass-transfer ratestlanre-

1 Myr <t <10 Myr 14 6.6210° sulting expected number of accreting systems (with Poisson

10 Myr < t <100 Myr 117 5.53107?

100 Myr < t < 400 Myr 171 8.0910°2 rors). Both columns use theCE prescription.

t > 400 Myr 1811 8.5610! standard Upper imit
Total 2115 1.00 SeBa case: case:
donor stellar AM/SN AM/SN
type [Mo] Mol
volved systems are transferring mass at exactly the rightist main sequence star 0.0 0.0
burning rate to emit supersoft X-rays, it would not be pdssib Herzsprung gap star 0.0 2.440°3
to observationally associate any of these systems with SN ex first giant branch star 0.0 4.280°
plosions, as they would have ceased to be SSSs long (millions core He-burning star 0.0 3.210°
to billions of years) before the SNe take place. This is etgubc asymptotic giant branch star 0.0 240°
as the second white dwarf needs time to form before the system HeHg;:r:?;tar %% g%ﬁgz
can merge and explode. total, all types 0.0 4.6010°2
Tacar V1] 0.0 2.16-10°
10° : : ‘ ‘ Nacer (10 Lg o, galaxy) 0 6.5t 2.5
Table 4. Time from last mass transfer event to SN explosion, de-
10k tached wind-accreting systems, optimistic case. Compare with
tabled 2 anfl6.
time since no.of  fraction of
.0l tIas{ T\l;I:cr sygtems Ot(c;tal
= BN Y S -
sl Y L N bngtio] 1 Myr < t < 10 Myr 0 0.0
J»‘Wﬁ fl'faf"’ka?h‘:“j’w,m "'-Y’h.f”f*"ﬁﬂuﬁtﬁnb?k.'ﬂ}.'::f'ﬁ"' 10 M))//r <t<100 I\%yr 56  6.21102
. i A A T 100 Myr<t <400 Myr 94  1.0410°!
107 ¢ ; t> 400 Myr 752 8.34101
Total 902 1.00
10! 0 560 ldOO 1500 2600 2500
systems sorted by SN delay time systems do accrete some material (and a small number become

Fia. 1. Accretion historv for all tems in th timist SD type la SNe as a result, as mentioned), although stilequit
9. L. AAccretion history for-al systems in the OptmIStc cas€q | amounts compared to systems experiencing RLOF (see be
using they-CE formulation. The y-axis gives the delay tim

. . ; ow). The majority of the accreted material is helium-ridtne
from format|0n of the system until the SN explosion. Each co verage amount of material accreted for this type of system ¢
umn in the plot _corresponds. to one system, _and the SyStemS@%onding to an average SSS life-time of roughly 5000 years
ord((ajre:ihacc_:orr]?.l?r? t?j dilay tm;_e, V\gtf}_dela;y tlmesslrlllcr@ﬁ' This is completely negligible compared to both the totas-lif
wards the right, the dark grey lin€ delineates the SIN ExPItS 05 of even the shortest-living systems that become DB typ
nght grey vertical |In6§ show accretion events in systerherw la SNe, and the expected SSS phase of a SD progenitor. The
the initially most massive star is the accretor, black isfmtems !

L . . expected number of these SSSs active in a galactic populatio
where the initially least massive star is the accretor. Camap . : . -
with Figure$? &3 therefore also tiny. The considerations concerning eoidccr

mentioned in Subsectign 4.1 are clearly applicable ford@tds
well.

Figure[2 shows the accretion history of the systems of this
] ] o type, and TablEl4 gives the time from the last mass transéartev
4.2. Wind accreting / symbiotic systems until the SN explosion for the optimistic assumptions. Fgs-s

Some systems never experience stable mass transfer from{gf@s transferring mass via a wind, mass gransfer ceasessat le
donor to the accretor while they are in the SD-like configorgt 10 Myrs before the SN explosion. FeB3% of the systems,

and instead accrete exclusively via a wind. Such systemis col{!is time interval is larger than 100 Myrs. Wind accretora-ge
be considered roughly similar to symbiotic SD type la supean erally f|n|§h their accretion earlier than RLOFing systeismse(
progenitors during this phase. next section).
Table[3 lists the mass accreted per supernova for all sys-
tems of this type. As expected, wind mass transfer is a negjz r| oF-accreting systems
ligible contributor to WD growth in the standard case, so we
expect no SSSs powered by this type of mass transfer for thiable[ lists the mass accreted per supernova for systems tha
case. With the relaxed assumptions in the optimistic cdme, experience mass transfer via RLOF, at some point during thei
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10° Table 5. Mass accreted by the first-formed WDs in DD pro-
genitor systems in our sample that experience a combination
of RLOF and wind mass transfer (1366 for the standard case;
X 1213 for the optimistic case), split by donor type. The botto
107 ¢ E row gives the SSS life-time of the averag®, if all material
is accreted at the component-specific (for H and He, respec-
tively) steady-burning mass-transfer rates, and the tiagutx-
EXTE]! l pected number of accreting systems (with Poisson errocgh B
= 1t AR L St ¢ columns use the-CE prescription.
| PR N
IM"”W Al standard upper limit
102 b 4 SeBa case: case:
donor stellar AM/SN AM/SN
type Mo] Mo]
. main sequence 0.0 1.080*
10 : : : : Herzsprung gap 0.0 2.740°°
0 zoosystems ig?ted by S,\?%Oeby timesoo 1000 first giant branch 1.2a.0* 1.86-10°°
core He-burning 0.0 3.120*
Fig.2. Accretion history for detached, purely wind-accreting ~ @symptotic giant branch 0.0, 6680
systems (i.e. systems that never experience stable maséetia He-star 835107 32610
in the optimistic case, using theCE formulation. The y-axis He-giant Lasio 201100
gives the delay time from formation of the system until the SN total, all types 1.4310 2.05-10
Tacar Y1 58-10° 84210

explosion. Each column in the plot corresponds to one system o

anré the systems are ordered aF():cording tcr)) delay time, W)i{th de- —Nacer (107 Lo galaxy) L7104 13 2510+16
lay times increasing towards the right; the dark grey linknde
eates the SN explosions. Light grey vertical lines showestim 10°
events in systems where the initially most massive stareisith
cretor, black is for systems where the initially least maesstar
is the accretor. Compare with Figufds T 3.

evolution. All of these systems also experience wind massstr
fer at some point.

As with wind accreting systems, RLOF-transferring systen
accrete predominantly helium and only negligible amourits A A
hydrogen. The average mass accreted by these systems is M?,v,‘}'."'-‘v!:,-i.‘r AR
nificantly larger than that accreted by purely wind-acog8ys- 102 '
tems. The expected SSS life-time of these systems is camesp
ingly larger, slightly less than 2@ears, however, this is still sig-
nificantly less than the expected total life-time of a DD type
SN progenitor system, and at least an order of magnituddema 10" 200 400 600 800 1000 1200 1400
than the SSS period expected for SD progenitor systems. 1 systems sorted by SN delay time
expected number of these systems in a Milky-Way type galacu
population at any time is therefore still smaller than whatw Fig. 3. Accretion history for systems that experience stable mass
estimated in Di Stefand (2010b). See subsediioh 4.1 foridongransfer at some point during their evolution in the optiiis
erations concerning errors O case, using thg-CE formulation. Most of the systems in this cat-

Figure[3 shows the accretion history of these systems.  egory will also experience wind mass transfer. The y-axisgi

Table[® gives the time from the last mass transfer event uritie delay time from formation of the system until the SN explo
the SN explosion for all the systems experiencing massfeanssion. Each column in the plot corresponds to one system fend t
via RLOF in our sample, for the optimistic assumptions. Fgks systems are ordered according to delay time, with delaystime
tems transferring mass via RLOF1% of the systems explodeincreasing towards the right; the dark grey line delinedtes
less than 10 Myrs after the cessation of mass transfer. SN explosions. Light grey vertical lines show accretionrgse

in systems where the initially most massive star is the aogre
) ) black is for systems where the initially least massive stahé
5. Discussion accretor. Compare with Figurgs 1[& 2.

The aim of this study was to determine whether DD progenitor

systems of type la SNe could conceivably constitute a signifi

cant population of SSSs during the SD-like part of their evol but even with such optimistic assumptions, we estimateal tot
tion. If they would, then the observationally inferred atiseof galactic population of just 6-7 wind accreting proto-DD Sép
SSSs would strongly limit the DD progenitor scenario. Our r@enitors in large spiral galaxies like the Milky Way. In coast,
sults indicate that DD progenitors do not make up a significatme study by Di Stefand_(2010b) predicted 'thousands’ ofdwin
population of SSSs for either of the cases we have examired.a&creting SSS proto-DD progenitors. The number of systems u
mentioned in Section 3, the mass transfer and retenffarien- dergoing RLOF that could be SSSs under our optimistic assump
cies assumed in the optimistic case are probably not riealistions is larger, around 250, but still quite negligible compared

[Myr]
=
o

' '
AR L SR .
A
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Table 6. Time from last mass transfer event to SN explosiothe long delay between the SSS phase and the actual explosion
systems experiencing mass transfer via RLOF at least opee, would make a direct comparison between the current SSS pop-

timistic case. Compare with tableks 2 ddd 4. ulation and the current type la SN rate impossible. What doul
then be needed is to take the details of the star formatidorkis

time since no.of  fraction of of the galaxies for which the SSS populations have been-deter
last accr systems total mined into account and use these to calculate the expected SS

t<1Myr 2 1.6510° population for the DD scenario. That is beyond the scopeef th

1 Myr < t < 10 Myr 14 115107 present paper.
10 Myr < t < 100 Myr 61 5.0310°2

100 Myr < t < 400 Myr 77 6.351072 Because of the time required for the second WD to form in
t > 400 Myr 1059  8.73101 a DD progenitor system, we expected to find the cessation of
Total 1213 1.00 accretion long before the merger that leads to the type la SN.

The accretion history plots in Figure§1L-3 and Tables$ 2-6vsho
that even if our optimistic assumptions were correct, th& SS

to Di Stefano’s estimate. For the standard SeBa case, we fwa\’i_our would have ceased millions of years before the SN
no wind accreting SSSs, and170 SSSs from RLOFing pro- explosion for most systems. We note that systems accreting e

genitors. We stress that all numbers estimated in the ogtfini clusively via a wind generally stop accreting earlier (witspect

case should be considered generous upper limits. The Causg)(gheer_n&r:ger) than systems accreting via a combinationmd wi
the disagreement between the results of our study and thatBf! '

our comparison study may be the somewhat general assump-The applicability of our results depends on the correctoéss
tions concerning the donor mass loss rates used by Di Stefaghe assumptions on which SeBa is based. For the evolution to-
although this can hardly explain thefidgirence completely. As wards type la SNe, Toonen et al. (2012) and Bours et al. (2013)
mentioned, that study predicts thousands) of donor st@aida found that the most crucial assumptions for the SD chanmel ar
of supplying a large mass loss rate, and combined with a lange retention fiiciency and the CE-prescription, whereas the DD
enough retentionficiency this leads to an appreciable populachannel is relatively insensitive to the latter assumpt@uar re-
tion of SSS proto-DD type la SN progenitor systems accretirgilts explicitly vary the retentionfiéeciency (from realistic to ex-
over a long period of time. But it is unclear to the authorshig t tremely optimistic values in the two cases) and we note that o
article how such a large population of long-lived, laMedonors  results hardly depend on which CE-formalism is used.
arises, and a similar population is not reproduced by Se&a, d . . . . .
spite using the same accretiofiéency. The SN rate inferred from earlier observations is approxi-
Our study predicts a ferent chemical composition of themately a factor 10 larger than what can be produced with the

accreted material for proto-DD accretors. Contrary to what currsnt \I’irs'onh of SeBa bW'th DD pr(_)gd(—:_‘nltorsh(Toc;]nenb(;t al.
expected for the SD scenario, helium mass transfer donsinaa@.2): although recent observations indicate that thervbde

the SD-like phase of proto-DD type la supernova progenifess i€ may be smaller than previously thought, and therefuze t
mentioned, this has a significarffect on the maximal life-times discrepancy between the simulated DD populations maydadl c

of any SSS phases of such systems. This is not just a featur&&iPondingly less short, to within a factor of a few of the ob-

the optimistic case; also for the standard case, the vastrityaj S¢'ved type la SN rate (Bours etial. 2D13). This means treat, th
of the accreted material is helium. oretically, our results could underestimate the numberSS%

In our sy, e average masses acoreted n ystems BEAETICES o1 e B scenen, Hanever, 1 DO scenar
periencing RLOF £0.2 Mo) is similar to the accreted masse eeyn the theoretical raﬁesgand the observed rates mu%ﬁeeyei
hypothesised for the most massive carbon-oxygen WDs in { Ue to an incorrect normalisation with the correct binarglev
SD scenario. However, the fact that the majority of the a ion channels, or to completely new binary evolution chasne
creted material is helium results in significantly short8ESife- that h tt’ be id t'fp d A)I/th Ml I)t/t be-
times. Our results therefore hinge on the details concgriia ot 1aVe YEL 10 be identilied. ARNOUgiitult to prove, we be
mass transfer and steady-burning of helium, which are ntlyre I|e\(/je the o!lslcrehpanc_y is more likely due to aé)n?rmahﬁam;x_e, g
less well-understood than for hydrogen. However, due to tﬁ@n cle[r)t[e)urt])i);] trerevlsl nt(i) itrol'?gn;eﬁs?/c tol d e:e\éet a\'gar ylan
higher temperatures and densities required for heliumibgr ona ary evolution channeis would produce very long

the steady-burning rate that we have assumed is probably Fot> Pnases. Whatever the exact reason for and magnitude of th
unreasonable. IScrepancy, in our analysis we implicitly assumed that ee ¢

The studies by Di Stefané (2010a) and Gilfanov & Bogd scale our results from the current (too small) SeBa DD type la

(2010) indicated that the observed numbers of SSSs in negl%g/e to the actual SN rate, to compare with SSS SD progenitors

galaxies and the integrated supersoft luminosity in édg¢ are On a fundamental note, we emphasise that the discussion
one to two orders of magnitude too small compared to whedncerning SSS usually implicitly assumes that such sewace
should be expected if luminous SSS SD progenitors were tm®re or less 'naked’, i.e. unobscured by local materialfdf,
main contributors to the type la SN rate. According to oudgtu whatever reason, the sources in question are significabtly o
we expect a factor 10-20 fewer SSS DD progenitors comparedstured by local matter (as would likely be the case if theesyst
SSS SD progenitors, for the same SN rate. If we accept the marere transferring mass via a wind, where a large fractiomef t
constraining case, i.e. that thefdrence between the observednatter lost from the donor would not be accreted onto thesaccr
number angbr integrated luminosities of SSSs fall two ordersor), the situation may well be fierent (see Nielsen et al. 2013).

of magnitude short of the expected value, then the lack o§SSBhat local, circumbinary material may have been presenirato
would also be a problem for the DD progenitor scenario, attleat least some type la SNe immediately prior to the explosas h
under the assumption that all accreted material is burnéiteat been established by a number of studies (Gerardy &t al.l 2004,
steady-burning rate, although it would still be a lot sntghieb- Borkowski et al[ 2006, Patat et al. 2007, Sternberg et al1l201
lem than for the SD scenario. However, one should be caaul,Chiotellis et al 20111).
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3.

The key to solving the type la SN progenitor question is a bet-
ter understanding of the observational characteristichefic-
cretion process which eventually brings the accreting WD to
the mass required for the SN. While observational data of the
SNe themselves is rapidly growing as a result of severaélarg
scale SN surveys, the theoretical understanding of whatleau
burning WD looks like remains a sticky point. Without a bette
grasp on this issue, the riddle of the SN la progenitors ia@oi

to remain unsolved, presumably until such a time when direct

6. Conclusions

The length of the supersoft X-ray emitting phase for these
systems will be of the order of 20- 10* years, if all mass
transfer happens at the steady-burning rates. While this is
significantly longer than for pure wind-accreting systeins,

is still negligible compared to the total life-time of DD tgp

la SN progenitor systems, and at least an order of magni-
tude smaller than the expected SSS life-time of SD progeni-
tors. The expected number of accreting systems presentin a
galactic population is correspondingly smaller.

To sum up: on the basis of our study, we do not find support

confirmation of a (very) nearby SN la progenitor can be madefor the existence of a significant population of SSS proto-DD
We performed an analysis of the accretion behaviour of Digpe la SN progenitor systems. This holds for both wind- and

type la SN progenitor systems in the evolutionary stager prirLOF-accreting systems, although the tendency is strofoger

to the formation of the second WD, where the systems may cagind accretors. Since no SSSs are expected if the DD pramenit

ceivably be similar to SD type la SN progenitors, and henee p&cenario of type la SNe, the absence of observed SSSs is not a

sibly SSSs. For this, we simulated 500,000 binary systertts Wi;'[rong argument against the DD progenitor scenario.

the population synthesis code SeBa. We made our analysis for

two cases: 1) a conservatiyeealistic case using the standard
SeBa assumptions concerning mass-transfer and reterifion e
ciencies, and 2) a more optimistic case using less constiais-
sumptions for wind accretion (i.e. 25% mass-transféciency,
100% retention ficiency) to establish firm upper limits on the
possible SSS behaviour of proto-DD type la SN progenitor sys

tems. For both cases, we calculated the average accreted mas

per SN, the corresponding SSS life-time, and the expected nu
ber of accreting SSSs in a Milky-Way type galactic populatio
at any given time, assuming all mass transfer happens aatie r
required for steady burning for the type of material in gigest
(hydrogen or helium).

For wind accretion we observe the following:

1. In the standard case, no mass is accreted via wind, so we

expect no SSS behaviour at all for DD progenitors of type

la SNe if the standard SeBa assumptions concerning wind

accretion are generally correct.
2. For the relaxed assumptions in the optimistic case, the av

age mass accreted per supernova via pure wind mass transfer

is tiny.

3. Unlike what is likely the case for SD progenitors, the majo
ity of the accreted material is helium, not hydrogen. Even if
this material were accreted at the steady-burning ratecfwhi
it most likely is not) it would not be diicient to make the
systems luminous SSSs for very long; in our estimate, the

average SSS lifetime is of the order of a couple of thousands

of years. Translated into numbers of systems in a Milky-Way

type galaxy, this corresponds to less than 10 luminous SSSs

originating from proto-DD type la SN progenitors accreting
via a wind.

The conclusions we make from this is that we do not expect
a significant number of proto-DD type la SN progenitor to be

observable as SSSs as a result of pure wind mass transfer. Thi
goes contrary to what was concluded in the study by Di Stefano

(2010b), which predicted thousands of these sources..

For systems transferring mass via a wind and RLOF, the ba-

sic conclusions are rather similar to those concerning wind-
accreting systems, with a few modifications:

1. For both the standard and optimistic cases, the average
masses accreted per supernova may be significantly (more

than an order of magnitude) larger than for pure wind-
accreting systems.

2. As for wind accreting systems, the vast majority of thasra
ferred mass is helium.
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Table A.1. Mass accreted by the first-formed WDs in all DDTable A.3. Mass accreted by the first-formed WDs in DD pro-
progenitor systems (3298 for the standard case; 2920 faphe genitor systems in our sample that experience a combinafion
timistic case), split by donor type. The bottom row gives83&S RLOF and wind mass transfer (1914 for the standard case; 1557
life-time of the average\M, if all material is accreted at the for the optimistic case), split by donor type. The bottom row
component-specific (for H and He, respectively) steadyrimgr gives the SSS life-time of the averag#, if all material is ac-
mass-transfer rates. Both columns usedH@E prescription. creted at the component-specific (for H and He, respeciively
steady-burning mass-transfer rates. Both columns use-@®E

standard upper limit prescription.
SeBa case: case:
donor stellar AM/SN AM/SN standard upper limit
type [Mo] [Mo] SeBa case: case:
main sequence star 0.0 4.4D° donor stellar AM/SN AM/SN
Herzsprung gap star 0.0 3.60°° type [Mo] [Mo]
first giant branch star 5.710° 4.39:10°° main sequence star 0.0 8.60°
core He-burning star 0.0 8.050°° Herzsprung gap star 0.0 3.78°
asymptotic giant branch star 0.0 1.49°° first giant branch star 9.9805  4.40.10°
He-star 8.2710*  3.10-10°° core He-burning star 0.0 1.490°4
He-giant star 8.4610% 1.09-10" asymptotic giant branch star 0.0 2403
Total, all types 8.54102% 1.13.10%1 He-star 1.4210°  4.96-10°3
Tacer 1] 3.4 107 2.6 107 He-giant star 1.4610* 2.02-10*
Nacer (10 Lg o galaxy) 1.010% 1410 Total, all types 1.4810t 2.08-101
Tacor V1] 59.10 _ 8510
Table A.2. Mass accreted via wind mass transfer by the first- Nacer (10 Lo galaxy) 1810° 2510

formed WDs in DD progenitor systems in our sample (1384 for
the standard case; 1363 for the optimistic case), split modo
type. The bottom row gives the SSS life-time of the average
AM, if all material is accreted at the component-specific (for H
and He, respectively) steady-burning mass-transfer.r8teth
columns use the-CE prescription.

standard upper limit

SeBa case: case:
donor stellar AM/SN AM/SN
type [Mo] [Mo]
main sequence star 0.0 0.0
Herzsprung gap star 0.0 3.510°°
first giant branch star 0.0 4.370°°
core He-burning star 0.0 2.280°6
asymptotic giant branch star 0.0 1.86°
He-star 0.0 9.8410*
He-giant star 0.0 3.0a0°3
total, all types 0.0 4.0710°3
Tacer [Y1] 0.0 2.0-10°
Nacer (10'° L, galaxy) none 6.0

Appendix A: Appendix
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