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T Pyx is one of the most famous Galactic recurrent novae wittzfing characteristics that still
needs to be resolved. Though T Pyx is a Cataclysmic Vari@\g (vith an unusually high ac-
cretion rate £10°8 M., yr 1) below the period gap showing recurrent nova outbursts, I Py
portrays to be a moderately fast classical nova that ejémsita< 10> M, in very eruption
with about 20 to 40 yr recurrence time. The mass of the WD in yiséesn is 0.7-1.0 M which

is not the expected near-Chandrasekhar WD in recurrent ngteras postulated by the stan-
dard nova theory. In this paper, | review binary charactiessof T Pyx along with the detailed
multiwavelength observations of the latest 2011 outburt@system.

Standard disk theory at steady state predicts, an optitatly boundary layer at the accretion rate
of quiescent T Pyx, with a blackbody emission in the soft ¥HE&JV regime. | review here that
there is no such blackbody emission detected from T Pyx ixXtheey wavelengths and the quies-
centChandra observations (two months prior to outburst) are consisigtfit a multi-temperature
thermal plasma emission model at a maximum temperdlrgx > 47.0 keV (2 lower limit

is 37 keV). Thus, the X-ray emission indicates that T Pyx hasgtically thin boundary layer
merged with an advection-dominated accretion Flow and/wayKcorona in the inner disk in-
dicating ongoing quasi-spherical accretion at (very) higes during quiescent phases. Such a
boundary layer structure may be excessively heating théevdwarf via advective hot accretion
flows, influencing the thermonuclear runaway leading to &eeirrent nova events.

In addition, | elaborate on the models of the circumstetideriaction of T Pyx outbursts and the
existing old remnant. Balman (2014) shows detailed workerodvolving the central source and
its spectrum from any possible extended emission using tagblution imaging at the subpixel
level revealing an extended emission with $/8-10. The derived shape looks like an elliptical
nebula with a semi-major axis1.0 arc sec. The nebulosity seems consistent with an inienac

of the outflow/ejecta from the 1966 outburst.
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1. Introduction

A cataclysmic variable (CV) is a close interacting binary system in which a whitafdWD)
accretes material from its late-type low-mass main-sequence companionef\®95). In non-
magnetic CVs the disk is believed to reach all the way to the WD (T Pyx is knoweltmg to
this class); the material in the inner disk dissipates its kinetic energy in ordecteta onto the
slowly rotating WD creating a boundary layer (BL) which is the transition nedietween the disk
and the WD. Standard accretion disk theory predicts that half of thetamtheminosity originates
from the disk in the optical and ultraviolet (UV) wavelengths and the othiéreingerges from the
boundary layer as hard X-ray or extreme UV (EUV)/soft X-ray emissibirch can be summarized
asLp| ~Lgisk=GMwoMacd2Rwp=Lacd2 (Lynden-Bell & Pringle 1974).

Classical (CN) and recurrent (RN) nova outbursts occur as a refdhérmonuclear runaways
(i.e., explosive ignition of accreted material) on the surface of the WD primami€V systems
ejecting material in the range 10to 103 M., with velocities from several hundred to several
thousand kilometers per second (Shara 1989, Bode & Evans 200&fardnces therein). Re-
current nova outbursts occur with intervals of several decades.a Matbursts show two main
components of X-ray emission, a soft component dominating below 1 kehatigg from the hot
post-outburst WD and a hard component emitting abevk keV as a result of accretion, wind-
wind, and/or blast wave interaction (Krautter 2008). In CN and RN systdmshard X-rays are
mainly caused by the shocked plasma emission having plasma temperatuneglyéna range
0.1-10 keV with luminosities< a fewx10%6 erg s1 in the outburst stage (Orio et al. 2001, Bode
et al. 2006, Hernanz & Sala 2002, Ness et al. 2009; Page et al. Relshn et al. 2012, Page et
al. 2015).

The recurrent Nova T Pyx has an inter outburst time of23 yrs (Webbink et al. 1987)
with outbursts in 1890, 1902, 1920, 1944, 1966. It shows remarkatflijas light curves in the
observed outbursts (see Figure 1). The nova is considered to be atelgdast with $=31.6 d
and =62 d (Schaefer 2010). A recent delayed outburst occurred il 2br2011 (Waagan et al.
2011) which was observed over the entire Electromagnetic Spectrum upantiidn the early rise
to maximum phase.

2. T Pyxidis — The Nova

Ground-based optical imaging of the shell of T Pyx yields expansiordspae300-500 km/s
(Shara et al. 1989; O’'Brien & Cohen 1998). HST Observations (288%¥) indicate that the shell
shows thousands of knots iroH& [NII]. The expansion velocities of these knots are 500-715 km/s
and they are not decelerated. The size of the main shell is 5 arc secraedaat emission out
to 10 arcsec is also suggested (Shara et al. 1997; Schaefer, Payi@ittaa 2010). The recent
analysis by Schaefer et al. (2010) reveals a possible classical ntduarst in 1866.

2.1 The 2011 outburst of T Pyxidis
2.1.1 Transient reflection nebula and the flash-ionized old ejecta

A light echo was detected in the pre-existing clumpy ring with a radius of 5 excasd
inclination angle of 30-40 degrees. The eastern edge of the reflectugsriowards the observer.
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Figure 1: The AAVSO light curves of T Pyx compiled for the year 1966 oe tight hand panel and 2011
on the left hand panel. Note the similarity of the light clgve

A distance of 4.80.5 kpc is estimated using the size of the detected rings/arcs and assuming that
the changes in the nebular echo brightness occur with the speed of bghf¢koloski et al. 2013
for details).

Shara et al. (2015) studied the flash-ionized old ejecta using HST imagrmgdbe 2011
outburst. The flash-ionized old ejecta is displayed in Figure 2 and indic&gNbtoionization of
H (in color blue) during day 132 after outburst and NW-SW (in color r@round day 183. The
imaging analysis suggest a H density of at least@® cm 3. There seems to be a large reservoir
of old cold unseen diffuse H around (in the vicinity of) the [NII] knots. Naeservoir is found
outside the oldest eruption region, thus showing no previous outbuistspd866.

Figure 2: The left hand panel is the HST image of the old remnant of T FAe right hand panel shows
the ionization nebula detected using HST observationsdufie 2011 outburst (Shara et al. 2015).

2.1.2 Optical, UV, and IR observations

The SMEI optical light curve, provides detailed photometry in a time scale t 49.8ays
post-discovery, and can be divided into four phases based on thizédeaova optical light curve:
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the initial rise (1.5-3.3 days), the pre-maximum halt (3.3-13.3 days), thieiftes(14.7-27.9 days),
and the early decline (27.9+ days) (Surina et al. 2014). A periodicity4zH10.05 d was recovered
during this phase. After 27.9 d an early decline is observed (Surina 80a#). During the rise
phase, high velocity ejection out to 4000 krmtés detected which dropped at 5.7 d and afterwards
stabilized around 1500 knt$ with a higher mass-loss phase (Surina et al. 2014: SMARTS,LT;
Izzo et al. 2012: VLT, TNG). In the early phases, T Pyx behaves apieatyclassical nova, that
has a photometric behavior consistent with an evolving pseudo-photesjdefore maximum the
nova shows broad prominent emission lines and P Cygni profiles. Bhinids indicate 2200 km
s~! expansion velocity (Imamura & Tanabe 2012). T Pyx portrays a hybrich wehere in the
first 50 days, it is a He/N and afterwards an Fe |l subclass (I1zzo €2@l2, Ederoclite 2014).
Furthermore in the early phases interstellar absorption lines of Nal, Chll,CH" are detected
with velocities in a range 11-80 knt$ (DACs) revealing circumstellar material around the nova
(Shore et al. 2011).

In the following Fireball stage, emission lines of Hel Hell CIII NIl and RdDi profies in the
Balmer lines and Hel are measured out to 2500 ki Jhese lines are not detectable after 12 d.
Considering recombination effects, the mass of the ejecta is estimatedas!10

Spectroscopy using HST and NOT indicate resonance absorption withejeitte in the FUV
with blue shifts of -1000 to -3000 knm$(De Gennaro Aquino et al. 2014). After day 105 Fe-
curtain turned transparent, but all absorption components persistaddig 105 to day 834 (see
Figure 3). This is consistent with an outwardly moving ionization front follgywisual maximum
after which the ejecta became optically thin and the ionization stages froze dypansion. Dur-
ing nebular stages data is consistent with ballistically ejected shell with @ (Shore et al. 2013,
De Gennaro Aquino et al. 2014). In the nebular stage, ejecta can bdedatith axisymmetric
conical bipolar geometry and a low inclination i=t5 degrees.
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Figure 3: The UV spectral evolution of T Pyx in the 2011 outburst obsdrigy NOT and HST (De Gennaro
Aquino et al. 2014).

A face-on bipolar nebula is detected in NIR (Chesneau et al. 2011jptiEns seems to have
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heated-up dust in the pre-existing nebulosity around T Pyx. The IR emigsiconsistent with
interstellar dust swept up by T Pyx (rather than dust produced duriqmgiens) (Evans et al. 2012:
SPITZER, Herschel).

2.1.3 Radio and X-ray observations

Radio observations (see Figure 4) have been conducted with JVLAN@sen et al. 2014
for details). The light curves and spectra show thermal emission (in the) fadm T Pyx during
the entire outburst phase. In the first 50 days, there is cold and/or seoywnding material with
a radio spectral indeg=1.8-1.4. The optically thick thermal emission becomes partially optically
thick by day 194 which changes to an optically thin shell emission with0.23 by day 300.
The radio results indicate an ejecta masg1-30)x 10-° M, for a range of filling factors and
geometries. This suggests a sub-Chandrasekhar mass WD for T Pyx.

TheSuzaku andSwi ft X-ray observations of T Pyx are summarized in Chomiuk et al. (2014)(see
also Figure 4 for theéSwi ft light curve). There is no detection of X-rays from T Pyx in the first
4 months till after 115 days after outburst with a late turn-on time. X-ray follpwebservations
indicate a large ejecta mass of about301.,. The soft X-ray component shows the highest tem-
perature around 45 eV revealing a 1L.MVD. The hard X-ray component has most temperatures
around 1 keV. The X-ray light curve indicates a dual-phase ejection witle ldelay in between (2
months) consistent with radio observations. The high resol@landra and XMM-Newton data
analysis (see Tofflemire et al. 2013) show a hard component whichrigl fimube a plasma in col-
lisional equilibrium with broadening in the lines of about 2000-3000 krh he soft component
is detected by day 210 and 235 after outburst with a temperature of 420089 eV) partially
obscured by the ejecta. Line ratios reveal electron densities of abal@8 cm~2 with Te >
2.5x10° K. Figure 4 shows (on the right) the hard component (top) and soft coemgbottom)
of the X-ray spectrum of T Pyx obtained B§MM-Newton RGS and EPIC pn, respectively. Tof-
flemire et al. (2013), also, recovers the orbital period in the soft >6-thyring the outburst phase,
but the mean profile over the orbital phase is different than in quies¢eaeeBalman 2014). This
may indicate existence of accretion and an accretion disk.

2.2 Modeling of the old remnant and the Extended X-ray emission

HST images of the ejecta surrounding the nova T Pyxidis resolve the emisganane than
2000 bright knots. Toraskar et al. (2013) simulate the dynamical evolofidine ejecta from T
Pyxidis during its multiple eruptions over the last 150 years using the adapteh refinement
code Ramses. They demonstrate that the observed knots are the rédatitaiyer-Meshkov gas
dynamical instabilities (Rayleigh-Taylor instabilities in an accelerated mediungsdinstabilities
are caused by the overrunning of the ejecta from the classical no\g66fly fast-moving ejecta
from the six subsequent recurrent nova outbursts. The model adslicis filamentary structure
connecting the knots. The calculations indicate a possible X-ray luminositjeef a10?° erg s*
from the older remnant around 5 arc sec radius.

A low S/N (~ 4-50) extended excess emission was recovered inXtlidV-Newton data of
T Pyx (Balman 2010). In order to assess this better, a long observatibiPgk was obtained in
quiescence (in February 2011) with a much better spatial resolution itigpabing theChandra
ACIS-S detector (see Balman 2014 for observation details). The ceowate emission and its
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Figure 4. Left hand panel is the V-mag, AAVSO, X-rag@wi ft, and radio, JVLA light curves (from top
to bottom) of T Pyx obtained in the 2011 outburst (ChomiukleP@14). Right panel displays thé&MM-
Newton RGS (top) and EPIC pn (bottom) spectra (Tofflemire et al. 2013

spectrum is deconvolved from any possible extended emission with a lahgletailed high-
resolution imaging analysis (via smoothing and iterative PSF subtraction) autipxel level
revealing an extended emission with S#6-10. The derived shape looks like an elliptical nebula
with a semi-major axis-1.0 arc sec and a semi-minor axi€).5 arc sec, also indicating an elon-
gation towards south (see Figure 5). The north-south inclination angleedlliptical nebula is

i < 27°. The calculated approximate count rate of the extended emission is 0.000Z5@ S*.
The nebular flux and luminosity are (0.3-10)0 1% erg s'* cm2 and (0.6-30x10°! erg s'*

(at 3.5 kpc) with considerable uncertainty; correct at the lower endefdahges. The nebulos-
ity seems consistent with an interaction of the outflow/ejecta from the 1966rsutfthe size of
the torus-like structure- 1” (a possible minimum due to projection effects) yields an expansion
velocity of Vexp>400D;s skpc km s1.

Spectrum of the nebula is derived by a method involving creating endrgyrel based images
and performing PSF subtraction. The extended emission excess shovgsanfiem plasma in
ionization equilibrium or close to equilibrium with plausibly two temperatures adduf keV and
2.2 keV with Ny=(0.2-0.9)< 10?2 cn? (see Figure 5 right hand panel for an example). | note that the
second harder X-ray temperature component has caveats from ttteagpeconvolution process.
Earlier work on modeling T Pyx shell and its interactions by Contini & Prialn®q1) yields that
the circumstellar interaction of the T Pyx shells forms a forward shock thaesmimto the older
ejecta and a reverse shock moves into the newer ejecta. The model peefiister, hotter, and
denser reverse shock than the forward shaCkandra results are in reasonable agreement with
the predictions in this paper indicating a more recent interaction than assymkextdskar et al.
(2013). The shocked mass in the X-ray nebula of T Pyx can be apprednaa<1.8x10 °M,,
assuming a fully ionized gas, and,M ~ ne my Veir. Figure 6 shows a set of surface-brightness
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radial profiles indicating the existence of the extended emission. The praféeobtained using a
sector angle of 30 degrees centered on the north, south, east andireetons.
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Figure 5: The high resolution image of T Pyx is on the left. North is upl avest is to the right. The PSF
subtracted image showing the extended nebulosity with-seapor axis about 1 arc sec is in the middle; the
resolution is §.25 per pixel (for details of the analysis see Balman 2014k 3pectra on the right is of the
point source (in red color) and the X-ray nebula (in blackocpl The data is obtained witbhandra during
quiescence in 2011.
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Figure 6: The radial profiles of surface brightness obtained towaiffisrdnt directions around T Pyx using
a sector with 30 degrees opening angle (for details of aisadg® Balman 2014). Tl@&handra data obtained
during quiescence in 2011 is used.

3. T Pyxidis — The binary system

The spectroscopic period of T Pyx is Porb=1.8295 h (f=13.118368&{2)Lwith K1=17.9(1.6)
km s q=0.2(3), M2=0.14(3)M, and M1=0.7(2)M, (Uthas et al. 2010). The column density of
hydrogen towards the source is consistent with E(B-V)=82B2 in quiescence (Schaefer et al.
2013) and it goes out to 0.5 in outburst (Shore et al. 2011). T Pyx isvlrfor its very blue
color in the optical band (see Figure 7 left hand side) which was attributpddasible H-burning
in quiescence (Webbink et al. 1987, Patterson et al. 1998, Kniggez9G0).

The spectral energy distribution (SED) is dominated by an accretion diskeibYh-opt+IR
ranges, with a power law distributiofi,=4.28x10® A =233 erg s cm~2 per angstrom (after
correction for reddening), while the continuum in the UV range can algejfesented by a single
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blackbody of T~ 34,000 K withM ~ (1-4)x10 8 M, yr— and Ly about 3«10 erg s 1 (for 0.7-

1.4 M., WD) using 16 years of IUE data which remained constant in slope and itfé@dmozzi

& Selvelli 2007; Selvelli et al. 2008). Therefore, T Pyx is believed to beoamagnetic CV
accreting at high rates as expected from RN precursors with a distaticeate of 3.58-:0.35 kpc
(Selvelli et al. 2008). Recently, the ultraviolet-optical-infrared speetnalrgy distribution is found

to be fitted by a power lawf(, 0 v) which suggests that most of the T Pyx light in quiescence may
not originate from a standard accretion disk, or any superposition okbtalies, but rather comes
from some nonthermal source (Schaefer et al. 2013). Furthernmares studies in the optical and
UV have yielded mass accretion rates of (1-409~7 M., yr~! calculated using optical B mags
(Schaefer et al. 2013, Patterson et al. 2014) assuming the blue fluggerponal to accretion
rate during quiescence and UV spectra (Godon et al. 2014) with the sssumption as above.
Schaefer et al. (2013) clearly indicates flattening (in the UBVRIJHK Sfelg;Figure 7 right hand
panel) from the main streay 0 v2 and f, 0 v°2 dependencies which actually reveals divergence
from standard disk accretion flows rather than existence of a nontheouade which is not a disk
as interpreted in this paper. Orbital period is found to be increasiRgF/3000 yr with (1.7-
3.5)x10~" M., yr—1 if the blue flux is proportional to accretion rate during quiescence. During
outburst PP=300000 yr and\Porb=0.0054(6) leading to M=3x10"° M, (Patterson et al. 2014).
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Figure 7: On the left, the B-band magnitude history of T Pyx is givemirall existing data (see Schaefer
et al. 2013). The solid vertical lines are times of recurnemia outbursts. The right hand side shows the
UBVRIJHK SED together with the UV GALEX data fitted with a powlaw of f, O v! (Schaefer et al.
2013).

3.1 The quiescent X-ray emission

The latest quiescent observations of T Pyx were obtained 2-3 montbeelief outburst in
April 2011 (see Balman 2014 for a detailed review of the existing data) ubm@Ghandra Ob-
servatory ACIS-S detector. The total source spectrum (see Figused@®nsistent with a multi-
temperature (distribution) thermal plasma emission model (e.g., CEVMKL) (réthe a single
temperature thermal plasma (e.g., MEKAL) or a single power-law model) with anmoax tem-
peraturekTmax > 47.0 keV (2 lower limit is 37 keV), and an unabsorbed X-ray flux of (0.9-
1.5)x10 13 erg s cm~2 with an X-ray luminosity (1.3-2.2)10%? erg s * in the 0.1-50.0 keV. |
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note that a more detailed modeling and comparisons with other models can laeifioBalman
(2014). The maximum plasma temperatures are virialized and thus, the plasnmelyisibk con-
fined to the disk. The absorption towards the source is at the interstellhctav&stent with the
E(B-V) values as determined from the X-ray fits. The binary period is détected in the X-ray
data (see Figure 8, right hand panel). The standard disk theory dysteste with constaritl
predicts, an optically thick boundary layer at the accretion rate of T Ry%(x10 8 M, yr1),
with a blackbody emission in the soft X-ray/EUV regime ( Popham & Naray@db1 Godon et
al. 1995). These models predict optically thick BLs with blackbody tempesataf 13-33 eV
andLgef> 1x 1034 for 0.8-1.0 M, WD (a rotation as high aQ,=0.5Qx (R,) is already assumed in
luminosity/temperature limits). | find no such emission withcapper limit to the blackbody tem-
perature a&Tgp <25 eV and unabsorbed flux &g <1.5x 1072 erg s cm 2 atLgg<2.0x10%®
erg s'1(0.1-10.0 keV). This result is consistent with all such results attained tihenX-ray wave-
lengths in time. | emphasize that these upper limits on temperature and flux is paticokain
accordance with the deep gravitational potential well of a near-Chaekinar WD for production
of boundary layer emission from a rotating WD as higlflas0.5Qk (R.) (see Popham & Narayan
1995, Hertfelder et al. 2013). Moreover, these upper limits do not oy SSS emission from
a suggested H-burning WD during quiescence and constrains the maxiocuetien rate that can
be attainedl < 1x10~7 M., yr~1). In addition, | note that T Pyx does not have detected wind
emission (see Uthas et al. 2010).
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Figure 8: Left hand panel is the total X-ray spectrum of T Pyx in quieseeobtained wittChandra
Observatory (Balman 2014). The right hand panel is the p@pectrum of the light curve from the same
data set showing the orbital period.

3.2 Origin of the optically thin emission

Detailed calculations by Narayan & Popham (1993) show that the opticallyBihénof ac-
creting WDs in CVs can be radially extended and that they advect pare afitérnally dissipated
energy as a consequence of their inability to cool, therefore indicatingogteally thin BLs act
like advective hot accretion flows (i.e., ADAF-like: advection-dominatedtetoon flow). In addi-
tion, Popham & Narayan (1995) illustrates that the BL can stay optically tk@n at’high accretion
rates (as for T Pyx) for optical depth< 1 together witha > 0.1 (disk viscositw= acsH where
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Cs is the sound speed, H is the disk height ands a free parameter in a range 0-1). However,
nature of such models have not been well investigated. An ADAF aroMi® @an be described
by truncating the ADAF solutions at the WD surface as opposed to BHs arattretion energy is
advected onto the WD heating it up. Medvedev & Menou (2002) and ME&®@Q0) include some
preliminary work regarding ADAF-like flows and hot settling flows in CVs @Wnovae) where
Menou (2000) suggests that ADAF-like gas flows in the BLs of CVs camrnigetemperature flows
since Coulomb interactions are independent of advection quality of thetawtflow. Recently,
Balman et al. (2014) have shown that some Nova-like CVs have BLs thdteceharacterized with
ADAF-like flows merged with optically thin BLs in high state CVs. These objectelecretion
rates similar to or somewhat less than T Pyx. The X-rays have optically thin mutéipiperature
cooling flow type emission spectra with temperatik@gax in a range 21-50 keV (see Figure 9, left
hand panel). These BL regions are also found to be divergent frensdiaric cooling flow mod-
els and the temperatures are at/around virial values with similar charactetistjogescent X-ray
emission of T Pyx. The WD temperatures in these systems are around 88000-K indicating
advective heating is possible. Balman et al. (2014) estimates that the WD lityir@di®s using
these temperatures compared with the low temperatures of the WDs in magneticybéans
(without disks) can consistently explain the inefficiency of the luminosity obtiwendary layers in
these nova-likes.

Given the disk luminosity mentioned previously for T Pyx and the X-ray lumindsitshe
0.1-50 keV range, their ratio id {/Lgis)~(2-7)x10~4. The nature of the boundary layer in the
central source of T Pyx is not consistent with the predictions from thaulzions of the standard
steady-state disk models ~Lgisk) (€.9., Narayan & Popham 1993, Popham & Narayan 1995). A
Lx/Lgisk)~20.01-0.001 was recovered for some nova-like systems in Balman et all)(20ibte that
discrepancy betwedrn, andLgjsk is common for nonmagnetic CVs and this ratio has been found to
be around 0.1 for SU UMa-type dwarf novae and about 0.01 for the td &é-type together with
the nova-likes at high states having a ratio of around 0.001 (see Kuetkats2006 for a review).
In X-ray binaries, particularly black hole systems, an inner advectioniaated accretion flow
exists that extends from the black hole horizon to a transition radius ane ahe disk there is a
hot corona which is a continuation of the inner ADAF (Esin, McClintock & &am 1997, Narayan
& McClintock 2008). ADAFs are based am-viscosity prescription where substantial fraction of
the viscously dissipated energy is stored in the gas and advected to thal odpéct with the
accretion flow rather than being radiated. This may explain the orders aifitndg difference in
the X-ray luminosity in comparison with the accretion luminosity in the UV/optical bdod T
Pyx. Such advective flows are referred as RIAF ADAFs (radiatioffizient accretion flows).

The flatter SED in the optical and UV for T Pyx is readily observed in BlacleHbinaries and
AGN disks as a direct indication of irradiation of the accretion disk with a tesdard warped disk
structure. For example, LMXB BH systems have optical+UV+IR SEDs WitA v°5-15 (Hynes
2005, Cadolle Bel et al. 2007, Zurita-Heras et al. 2011). QSO and S&Rs show similar
behavior with even flatter indices (Francis et al. 1991). Optically thick disidation in dwarf
novae is also an evidence for formation of hot flows in the inner parts oftheisks. These are
detected in the X-ray, some in the UV and optical power spectra of the lighesuwvith the break
frequencies in a range 1-6 mHz yielding truncation radii in a range (310 cm (see Figure 9;
Balman & Revnivtsev 2012, Balman 2015 and references therein).
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Figure 9: TheSwi ft X-ray spectrum of a Nova-like system, BZ Cam (Balman et al4)@s on the left hand
panel. On the right is the PDS of SS Cyg obtained using RXTE itiethe X-ray wavelengths in quiescence
(red color) and outburst (blue color) as indicated on thesp@Balman & Revnivtsev 2012).

4. Discussion and Conclusions

Overall, T Pyx is a moderately fast nova that ejects about®> M, in very eruption with
about 20 to 40 yr recurrence time. The mass of the WD in the system is 0.7-1.0tMas some
associated elliptical X-ray nebulosity with a semi-major axis about 1 arc sec.

The X-ray observations of T Pyx obtained in the quiescent phase, 2rghsbefore its out-
burst in April 2011 indicate that the total source spectrum is consistentanitiulti-temperature
thermal plasma emission model with a maximum temperaftygy > 47.0 keV (2 lower limit is
37 keV). It has an unabsorbed X-ray flux of (0.9-k8p 3 erg s cm~2 with an X-ray luminos-
ity (1.3-2.2)x10°2 erg s 1 in the 0.1-50.0 keV. The maximum plasma temperatures are virialized.
The absorption towards the source determined from X-ray emission inagmes is at the inter-
stellar level consistent with the E(B-V).

The standard disk theory at steady state with con$taptedicts, an optically thick boundary
layer at the accretion rate of T PyMI(> x1078 M, yr—1), with a blackbody emission in the soft
X-ray/EUV regime. The binary has never been detected as a Soft Xwdtger or a Super Soft
X-ray Source since 1998 including the new observations and the upper tmigsy blackbody
emission are gg < 1.5x10 2 ergstcm 2 Lgg < 2x10°3 erg s1 (0.1-10.0 keV), kEg < 25
eV, withM < 1x107 M., s 1. | emphasize that these upper limits on temperature and flux is
particularly not in accordance with the deep gravitational potential well rméar-Chandrasekhar
WD in the context of RN for production of boundary layer emission fronetating WD as high
asQ,=0.5Qk (R,). Thus, X-ray observations support an optically thin BL region in T Pyxgedr
with ADAF-like hot flows and/or accretion disk corona which heats the Widels(with advective
accretion). The efficiency of emission in the boundary layerd kg ~ (2-7)1x1074.

Standard nova theory requires for recurrent novae, high accreties and near Chandrasekhar-
mass WDs. However, thermonuclear runaways and the recurrence DiRiRs are strong functions
of the WD temperature and luminosity as much as the quiescent accretion aimaas, accreted
mass, and metal abundances. An advected luminosity equivalent of a aistogity of 3x10%°
ergs ! as calculated for T Pyx, will yield a WD effective temperature of12° K for a 1 M.,
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WD, consistent with effective WD temperatures during the onset of TNRe Gtarrfield et al.
2000, 2012). Thus, a scenario of advective hot flow accretion omtDaconsistently explains
sub-Chandrasekhar mass WD in T Pyx and the large ejecta mass detedtd®Nreaplosions of
this source together with the evolution of the T Pyx light curves that are moreatyy found in
slow (or slower) novae associated with lower mass WDs.

Therefore, T Pyx exposes an uncharted area in the standard novg émel CV accretion and
is a new theoretical challenge than an enigma of observations.
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