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Abstract. We show that the extremely high luminosity of theable (CV) like T Pyx, whose orbital period d?,,, = 1.8 hr
short-period recurrent nova T Pyx in quiescence can be yptaces it well below the period gap.

derstood if this system is a wind-driven supersoft x-ray source The implied disagreement with theoretical expectations
(SSS). In this scenario, a strong, radiation-induced wind is esevere. For reasonable estimates of T Pyx’s system para
cited from the secondary star and accelerates the binary eers, the standard model of CV evolution predicts mass tra
lution. The accretion rate is therefore much higher than in &r to be driven by gravitational radiation at a rate]\éffg,r ~
ordinary cataclysmic binary at the same orbital period, as is thex 10~!* M, yr~!. The corresponding accretion luminosit
luminosity of the white dwarf primary. In the steady state, the only L ~ 9 x 1032 erg s™*. Thus the gap between T Pyx’s
enhanced luminosity is just sufficient to maintain the wind frombserved luminosity and the theoretically predicted value sp
the secondary. The accretion rate and luminosity predicted dtyleast three orders of magnitude.

the wind-driven model for T Pyx are in good agreement with In order to account for T Pyx’s extreme luminosity withou
the observational evidence. X-ray observations with Chandraaving to postulate a similarly extreme mass-transfer rate
XMM may be able to confirm T Pyx’s status as a SSS. the system, it has been suggested that, even in quiescence

T Pyx’s lifetime in the wind-driven state is on the order ofystem may be powered predominantly by nuclear burning
a million years. Its ultimate fate is not certain, but the systethe surface of the white dwarf (WD), rather than by accreti
may very well end up destroying itself, either via the complefe.g. Webbink et al. 1987; Patterson et al. 1998). However, e
evaporation of the secondary star, or in a Type la supernovéhils can only reduce the luminosity gap by about an order
the white dwarf reaches the Chandrasekhar limit. Thus eitheagnitude (c.f. Sect. 2.2). Thus regardless of the actual m
the primary, the secondary, or both may currently be committio§radiation energy release, T Pyx’s extreme luminosity impli
assisted stellar suicide. an accretion raté/, .. = (4—40)x 107" Mg yr~L. This lower

limitis in line with estimates based on theoretical nova model
Key words: accretion, accretion disks — stars: binaries: closeir-order to reproduce T Pyx’s short outburst recurrence time,
stars: novae, cataclysmic variables — stars: individual: — stamscretion ratel,.. > 10~® My, yr~! appears to be required
mass-loss — stars: supernovae: general (Livio & Truran 1992; Prialnik & Kovetz 1995; Contini & Pri-
alnik 1997).

Clearly, T Pyx poses a fundamental challenge to our und
standing of CV evolution. Put concisely, the question is thi
1. Introduction why is T Pyx’s accretion rate so abnormally high relative t

“ordinary” CVs? The answer we propose in tHigtteris that
The recurrentnova T Pyx is the most prolific of all recurrent nor pyx has left the standard CV evolutionary track complete

vae, with a mean outburst recurrence time of only 22 years. Biid is instead currently evolving as a wind-driven supersoft
even away from outburst, T Pyx's observational characteristiggy source.

are remarkable. Most importantly, its quiescent bolometric lu-
minosity isLy,.; 2 10%¢ ergs st (Patterson et al. 1998). This is
much higher than expected for a short-period cataclysmic vai-T Pyx as a wind-driven supersoft X-ray source

2.1. Motivation
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terson et al. (1998) they are actually a good match to the prapto luminosity. Thug), = 1 for steady shell burning, whereas
erties of the supersoft x-ray sources (SSSs). Despite this empir-= L,../Ls S 0.3 for accretion onto a massive WD in the
ical connection, the standard model for binary SSSs — thermabsence of any nuclear processidg{ = GM;M,../R1).
timescale mass transfer from a companion initially more maSembining Egs. 1 and 3 yields

sive than the WD — cannot work for T Pyx: the shortest orbital

period found in the detailed study of this phase by Deutschmamcc -

(1998) is about 6 hr, much longer than T Pyx’s 1.8 hr. In fact, San 23

King et al. (ZOQO) find that the two shortest-period systems 1.2 x 1075 g2¢2n.n, (Q> my Mg vl (4)
among known binary SSSs—RX J053%7034 (P, ~ 3.5 hr) 1+q

and SMC 13 P,;p =~ 4.1 hr) — are already difficult to account

for within the thermal-timescale mass-transfer framework, eVERre g =

) . . —M,c./ M, is the dimensionless accretion rate
allowing for non-conservative evolution.

measured in units of the wind mass-loss raie),= M; /M),

We therefore propose that T Pyx is _instea_d a member of d we have used Padski's (1971) approximation faR s /a
(even more) exotic class of SSSs — thimd-driven supersoft to recasts /ay; in terms ofq. Here, R;» denotes the volume-

sourcesThe existence of this class has recently been suggeséggraged Roche-lobe radius of the secondary. If a stationary,

by van Teeseling & King (1998, hereafter VK98; see also Kln&able, wind-driven state exists, the accretion rate in it must be

& van Teeseling 1998, hereafter KV98). These authors Sh%‘f\’/en by Eq. 4.

ﬂ:at i tlh? sedc_o?ddatr)y Sta]i: in a close blna]rcylsy_stgm I|keb T dP_yx S In order to determingy as a function of the system pa-

'fs ron_? y|rraf1 a eU gso x;rf_;\ys, aga\_/ver utr\1N indmay g "€ meters, one needs to calculate the mass-transfer rate due to
romIts surtace. .nder certain conditions, the mass and angygi pe_jope overflow (RLOF) in a semi-detached close binary
momentum loss in this wind can dominate the binary evolutlog%

hich i dri ¢ bl ystem whose evolution is driven by a stellar wind from the
which in turn can drive mass transfer at a rate comparabled condary. This calculation is described in detail by VK98 and

the wind mass-loss rate. If the wind-driven mass-transfer ratwgg_ Briefly, such a system will quickly settle in a stationary

high enough to power the irradiating source, a self-sustaini e ; ; .
X . i . A ate withR; 5/ Rr2 = R2/Rs, provided such a state exists and
stable, wind-driven state is created. All that is required in thréq L2/ Ris 2/Ba. p

o . ) ) : S stable. The stationarity condition is sufficient to fipds
scenario is an event to trigger the wind-driven evolution.

. (652 +29) — (5+3¢)(1 +q)
2.2. Theoretical background g= 2(1 TG 13C—6g (5)

We take as our starting point Eq. 7 in VK98, which gives the

expected mass-loss rate from a low-mass, near-main-sequamieere( is the effective mass-radius index of the secondary (de-
secondary star irradiated by intense soft x-ray emission frauribing its reaction upon mass loss), @hds the specific angu-
the vicinity of the primary as lar momentum of the escaping wind material, measured relative
to the specific orbital angular momentum of the secondary.

Eq. 5 gives the dimensionless RLOF mass-transfer rate in
the stationary wind-driven state. It is identical to Eq.30 of
VK98, except that we have retained the explicit dependence
separation and.s; = L/(1037 ergs~!) is the luminosity of 2" P2 (VK98 setfs, = 1 throughout). As shown by KV98, the
the irradiating source. The factgr measures the efficiency 0fstatlonary solution is stable for system parameters appropriate

. . 1/2 . .
the irradiating spectrum in producing the wind, ancheasures © T PyxandM,,» o« LY? o Male . In deriving Eq.5, it has

the area of the mass-losing regions on the secondary’s surf&’@@,” assumed that all of the material in the stellar wind from
relative torr R2. the secondary escapes. Also, the effects of mass loss from the

The irradiating luminosity is most conveniently parameteRfimary have been ignored. In reality, T Pyx may undergo sig-
ized in terms of the luminosity expected for steady shell burningficant mass ejection during its nova eruptions, and the long

. r
My ~ —3 X 10_7¢a—2(m2L37775)1/2 M@YI'_l. (1)
11

Inthis equatioryny = M,/Mq andr, = Ry /R, are the mass
and radius of the secondamny,; = a/(10'! cm) is the binary

Ly, Which is term averagel/,,; may be comparable t0/,,5. However, we _
. have verified that even strong, episodic mass loss from the pri-
Macc _ . . . . _
Ly, = 2.9 x 10°7 — — ergs 1 ) mary has virtually no |m_p_act on our results for T Py>_< in quies
107" Mg yr cence, unless the specific angular momentum carried away by

the nova ejecta is extremely high (much higher than that of the
primary). In that case, the angular momentum loss associated
with nova eruptions would further accelerate (and could possi-
Mo bly even d(_)minate) the binary evolution. We will return to this
107 My yr T (3)  possibility in Sect. 3.

We finally consider the orbital period derivative of such a
and use the numerical factgy < 1 as a measure of the effi-wind-driven system. If this is entirely due &tationarymass
ciency with which the accreted material is actually convertdédss and/or transfer, we can combine Kepler's 3rd law with

(Iben 1982). Defining.sp, 37 = Lgp /(1037 erg s~1), we there-
fore write the irradiating luminosity as

L37 = nqLg 37 = 2.97, (
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Paczyiski's (1971) approximation faR ., and differentiate log- for T Pyx if it has settled into a stationary, wind-driven stat
arithmically to obtain The corresponding luminosity is given by Eq. 3 as

: y y 2 1036 2 s 2 —1 -1
Porb _ 3¢ — 1My _ (3¢ —1)(1 + g) My2 6) L(T Pyx) ~ X Pnsng erg s B2 ©

Porb 2 M2 2 M2 3 X 1037(1527757’(21 crg 571 62 =2

(c.f. Eq. 34 in VK98). However, the period derivative measurethus wind-driving can indeed account for T Pyx’s extreme a
in real systems may differ from this, since the timescale assogietion rate and luminosity, provided that the various efficien
ated with such measurements is much shorter than the times¢adgors in Egs. 7 and 8 are not too far from unity.

on which the RLOF rate can adjust itsetf:(.or ~ £ ]\2422 ~ VK98 have argued thaj, ~ 1 in SSSs, since soft x-rays
10* yr, where H/R, ~ 10~* is the scale height in the atmo-are absorbed well above the photosphere and should there

sphere of the secondary near the inner Lagrangian point). Tigsquite efficient at driving the wind. The factoris just the
observationally determined period changes could, for exampiea of the mass-losing regions on the secondary divided
be due to fluctuations o/, or 3, on timescales shorter than™R3, so that mass loss from the entire front hemisphere wo
TRLOF- correspond tap = 2. We may therefore also expegt~ 1,
even if the secondary is partially shielded by an optically thi
accretion disk. However, the most interesting parameter in t
context isn,. As noted in Sect. 2.2, energy release by accreti
We are now ready to apply the wind-driven evolution scenarioyéelds 7, < 0.3. The upper limit in this inequality correspond
T Pyx. For definiteness in our numerical estimates, we will addgt a Carbon-core WD of maximum masis4 M) and mini-
main-sequence-based values for the mass and radius of T Pyx#n radius (.002R,; Hamada-Salpeter 1961). For a 12,
secondaryM; = 0.12 M), Ry = 0.17 R, These follow from WD on the same mass-radius relation, we have 0.1. Thus
Kepler's law, the orbital period, Patterson’s (1998) power lagravitational energy release alone can only meet the syste
approximation to the the M-dwarf mass-radius relationship bfminosity requirements if the WD is even more massive th
Clemens et al. (1998) and Paéski's (1971) approximation for we have assumed amnd > 1.
Rr» ~ R, of a Roche-lobe filling secondary star. In addition, The alternative is that nuclear processing continuesin T P
we will use M; = 1.2 M, as an estimate of the white dwarfeven in quiescence. This would imply that nuclear burning
mass (Contini & Prialnik 1997). We therefore take the mass raffoPyx occurs both quasi-steadily (in quiescence) and expl
in T Pyx to beq = M,/M; = 0.1. We note from the outset Sively (during outbursts), with the former taking place at a ra
that even this rather low value fgrcould be an overestimate,slightly below the accretion rate. From an empirical point
since T Pyx’'s wind-driven evolution may already have reduc#tew, this does not seem unreasonable: as noted by Patters
M, below its main-sequence value. Our assumption that tak (1998), some SSSs in the LMC and M31 are recurrent (
secondary is still close to the main sequence amounts to sayf@&labka 1995), and the galactic novae GQ Mus and V19
that wind-driving has only just begun. remained luminous soft x-ray sources for several years a
We begin by noting that, for a low-mass secondary undergbeir nova eruptions (Shanley et al. 1995; Krautter et al. 199
ing adiabatic mass loss, we may take: —1/3 (VK98). Next, Symbiotic stars (SySs) provide another interesting pointof co
we consider two extreme estimates for the angular moment@arison. Several classical SySs, such as Z And, exhibit eru
loss parametes,. To obtain a lower limit, we note that the steling behaviour even though though their quiescent luminositi
lar wind material will carry away at least the specific anguldi- ~ 103 L) suggest nuclear processing as the dominant po
momentum of the secondary, in which case= 1 (this is the source (Mirset, Nussbaumer, Schmid & Vogel 1991). In add
case considered by VK98). On the other hand, the stellar witian, the luminosities of symbiotic novae (a distinct class fro
material may extract angular momentum from the binary systéhe classical SySs) remain high for decades after their outbu
by frictional processes. An upper limit to the amount of specifdrset & Nussbaumer 1994).
angular momentum thatis likely to be extracted thisway is given From a theoretical point of view, the situation is som
by the specific angular momentum of particles escaping throughat more difficult. The problem is that the rate at whic
the outer Lagrangian points, whichjis~ 1.65a2€) (Sawada et Steady nuclear processing can proceed is not, in principle
al. 1984; Flannery & Ulrich 1977; Nariai 1975). Hefkis the tunable parameter. Based on 1-dimensional models, explo
angular velocity of the binary system, and, in our notation, ti#ad steady processing are generally expected to be mutu
corresponding angular momentum loss parametgh is= 2. exclusive regimes, whose dividing line is a function of a
These estimates, together with= 0.1, yieldg ~ 0.5 (3, = 1)  cretion rate and white dwarf mass (Iben 1982). Thus stea
andg ~ 2 (3, = 2). Substituting these values back into Eq. Qurning is not expected to occur for accretion rates less th
along withm; = 1.2, we obtain Merie ~ 1.32 x 10~"M3:37. The accretion rates predicted b
our wind-driven model are below this line (albeit by only a fac
. 7x107%¢%nsm, Mo yr™t o =1 tor of 2.5 for@ = 2 and Mwp = 1.2M).On the other hand,
Maeo(T Pyx) o~ (7) nuclear processing on real WDs is unlikely to be well-describ
1 x1077¢*nsne M yr=! B2 =2 by spherically symmetric models. For example, thermonucl

2.3. Application to T Pyx
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runaways (TNRs) triggered by localized temperature or prdsecause the wind-induced accretion rate is sufficient to power
sure fluctuations may not always spread and evolve into glolia luminosity that excites the wind.
TNRs (Shara 1982; Shankar & Arnett 1994). Quasi-steady qui- Our model predicts that T Pyx is an intrinsically bright
escent burning in T Pyx could therefore conceivably be tlseft x-ray source. T Pyx was observed serendipitously as part
collective outcome of many successive localized TNRs. Tloé the ROSAT all-sky survey, but not detected (Verbunt et
individual mini-eruptions would not necessarily be obvious olal. 1997). This is not yet in conflict with a SSS model for
servationally, provided they are sufficiently small and frequerit. Pyx, because of the limited sensitivity of these observa-
These localised TNRs could process non-degenerate mateitais and the relatively high column density towards the system
more slowly than it accretes, leading to the build-up of a mo(&y; ~ 2.1 x 10%! cm~2; Dickey & Lockman 1998). How-
and more massive non-degenerate envelope and, eventuallgvier, a sensitive, pointed observation with Chandra or XMM
a global TNR. could yield a detection and provide a direct estimate of the WD
The preceding is a highly speculative scenario, and we boninosity and temperature. For example, assuming a distance
not mean to endorse it too strongly. We have outlined it mainbf 3 kpc (e.g. Patterson et al. 1998), the flux produced by a
to provide a specific illustration of the general idea that (quagitackbody withLwp = 10%7 ergs/s andwp = 2.4 x 10° K
)steady and explosive nuclear processing might take placesdielow the ROSAT detection limit, but would provide around
the same object. This general idea is not new. It was first sdg00 counts in a 30 ksec observation with XMM.
gested by Webbink et al. (1986) and again by Patterson et al. If T Pyx is, in fact, a wind-driven SSS, its current evolu-
(1998), both times without any specific model in mind. Theonary timescale iSeyo1 = |Ma/Ms| = Pop/ Por, ~ 10° yrs.
main achievement of the wind-driving mechanism is that, giveZiearly, this is an extremely short-lived evolutionary state. So
a high radiative efficiency, T Pyx’s high mass accretion ratew will T Pyx’s evolution actually end? We can think of at least
and luminosity can be accounted for self-consistently. We dbyee possible outcomes. First, the mass ratio of the system may
of course, acknowledge that the requiremgnt- 1 implies a be driven so low that irradiation and wind-driving cease to be
fair amount of fine-tuning, regardless of whether one invokeffective. Second, the wind-driven evolution may proceed until
an extremely massive WD or quiescent nuclear burning. Bine secondary completely evaporates, leaving T Pyx as an iso-
some theoretical fine-tuning seems reasonable for a system lidked WD. Third, if the total mass of the system is somewhat
T Pyx, whose short orbital period, high luminosity and ability thigher than we have assumed, the WD may reach the Chan-
produce nova eruptions are a unique combination among Cfasekhar limit and explode in a Type la supernova.
and SSSs. This is not to say that the wind-driven evolution- The likelihood of the last outcome depends on whether
ary channel must be narrow: most other wind-driven systertie amount of material that is ejected in each of T Pyx’s re-
may be characterized by somewhat higher accretion rates tharrent nova outbursts is significantly less than that which is
T Pyx and may therefore lsteadySSSs. Observationally, suchaccreted during each quiescent interval. Theoretically, this is
steady, wind-driven SSSs may nevertheless be rare, since thkiusible (e.g. Prialnik & Kovetz 1995; Livio & Truran 1992).
evolutionary timescales would be even shorter than T Pyx's.The question might also be addressed observationally: the to-
We finally turn to the orbital period derivative. On substital mass accreted during quiescence\i¥lpoe ~ MaceTree =
tuting the values foy andM,,; = —gM,.. derived above into 1 — 20 x 10~7 Mg . The mass ejected during an outburst can
Eq. 8 and inverting, we find that the expected timescale for gae inferred by comparing the pre- and post-outburst orbital pe-
riod increase due tstationarywind-driven mass loss and massiods, although this is sensitive to the details of the ejection pro-
transfer in T Pyx is cess (Livio 1991; Livio et al. 1991). Such a comparison could
also distinguish between wind-driven and nova-driven evolution
scenarios. As noted in Sect. 2.2, if the specific angular momen-
5 (TPyx) =~ ©) tum of the mass ejected during T Pyx’s nova eruptions is ve
For Tx109yr o = 2. im ot >s ejed giry b Ty
high (juova < a%Q > j1), the angular momentum loss associ-
Patterson et al. (1998) derivqa)rb/Porb ~ 3 x 10° yr from afced with nova eruptions could, in principle, itgelfdriveT Pyx’g
the periodic dip in T Pyx’s optical light curve, but more recertigh mass transfer rate. In the context of thls merI, the dif-
timings suggest a slower rate of change. In any case, as ndfdg§nce between pre- and post-outburst orbital periods must be
in the discussion following Eg. 6, the obsenig,, may not be relatively large. By contrast, the wind-driving model makes no

a valid estimate of the stationary (long-term average) value. Such prediction. o _ _
Giventhe strong possibility thatthe system will destroy itself

i ) q lusi on a short timescale, T Pyx represents an evolutionary channel
3. Discussion and conclusions by which short-period CVs may be removed from the general

We have shown that the abnormally high luminosity of the shof&V population. The existence of such a channel is desirable
period recurrent nova T Pyx can be explained if the system Heam a theoretical point of view. As most recently pointed out
longs to the class of wind-driven SSSs. T Pyx’s accretion ratdy Patterson (1998), the observed CV population shows a sig-
then much higher than that of an ordinary CV, because the sys-

tem’s evolution is dominated by a radiation-induced wind from* Data available online at http://heasarc.gsfc.nasa.gov/cgi-
the secondary star. The wind-driven evolution is self-sustainirigg/Tools/w3nh/w3nh.pl

P 5x108yr fBo=1
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nificant dearth of short-period systems relative to the predictioiben, 1. 1982, ApJ, 259, 244

of standard evolutionary scenarios. Whether T Pyx’s “assistéahabka, P. 1995, A&A, 304, 227

stellar suicide” represents a sufficiently wide channel in thi§ng, A. R., Schenker, K. Kolb, U. & Davies, M. B. 2000, MNRAS,
context is an important question: do most CVs eventually enter '" Press

a wind-driven phase or is T Pyx really a unique system? TH&9: A- R., & van Teeseling, A. 1998, A&A, 338, 965 (KV98)

answer clearly depends on how wind-driving is actually trig="'"" m’g;—?fnﬁ Jég\é' 1_9592' ApJ, 389, 695
gered, an issue we have not addressed in the present work. ﬁ% M' Govéri:A &’Ritter H. 1991 ARA. 246. L84
possibility is that triggering occurs during a period of residu%’aﬁa’li, 7 1975, A<,&A.,,43, 309 ' T
nuclear burning in the aftermath of a nova eruption, though thigc yiski, B. 1977, ARA&A, 9, 183
would have to be limited to systems satisfying other constrairgtterson, J., et al. 1998, PASP, 110, 380
(e.g. lowq and/or highMwp). Patterson, J. 1998, PASP, 110, 1132

Prialnik, D., & Kovetz, A. 1995, ApJ, 445, 789
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