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ABSTRACT

Aims. The March 2011 outburst of the poorly-studied cataclysmic variable NSV 1436 offered an opportunity to decide between dwarf
nova and recurrent nova classifications.
Methods. We use seven daily observations in the X-ray and UV by the Swift satellite, together with AAVSO V photometry, to char-
acterise the outburst and decline behaviour.
Results. The short optical outburst coincided with a faint and relatively soft X-ray state, whereas in decline to fainter optical magni-
tudes the X-ray source was harder and brighter. These attributes, and the modest optical outburst amplitude, indicate that this was a
dwarf nova outburst and not a recurrent nova. The rapid optical fading suggests an orbital period below 2 h.
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1. Introduction

In classical novae a white dwarf accretes from a binary compan-
ion until the pressure at the base of the accumulated layer is suf-
ficient to cause a thermonuclear runaway in the partially degen-
erate gas (for a review see Bode & Evans 2008). Recurrent novae
occur for the same reason, but repeat on few-decade timescales;
they have a special importance as they have been proposed as
progenitors of type 1a supernovae (e.g. Livio 2000), which are
used to determine the fundamental parameters of the Universe.
Rather few recurrent novae are known; Schaefer (2010) lists just
10 Galactic examples.

An announcement of an outburst of NSV 1436 noted that it
might be a recurrent nova, although also allowing that it might be
a dwarf nova perhaps of the rare WZ Sge type. Here we describe
a brief observing programme with the Swift satellite (Gehrels
et al. 2004) which aimed to constrain the nature of this object.

2. Observations and analysis

Following AAVSO Alert Notice 434, announcing an out-
burst of the little-known cataclysmic variable NSV 1436 at
RA(2000)= 04 02 39.02, Dec(2000)=+42 50 46.0, Swift ob-
served this object for approximately 2000 s daily between
30 March and 5 April 2011. These data were processed using

version 3.7 of the Swift software, corresponding to HEASOFT
release 6.10.

As reported by the AAVSO, NSV 1436 was first seen at in-
creased brightness on 28.9 March 2011 at magnitude 13.5 and
reached a peak at 12.8 on 30.3 March. Quiescent magnitudes
range from 16–19, although it was not been seen below mag-
nitude 17 in the two months prior to this outburst. The last sub-
stantial recorded outburst was in 1948, raising the possibility that
NSV 1436 is a recurrent nova or a rare WZ Sge type dwarf nova.
On the other hand, it was seen at magnitude 14.5 on 9–10 March,
suggesting a more common dwarf nova type.

Coincident with NSV 1436 in the ROSAT All
Sky Bright Source Catalogue (Voges et al. 1999) is
1RXS J040239.4+425037, which had a PSPC count rate
of 0.14 count s−1. NSV 1436 is also spatially coincident with
GALEX J040239.0+4250451, which had near (2271 Å) and far
(1528 Å) UV magnitudes of 18.40 and 18.96 respectively when
observed between 25 December 2005 and 21 December 20062.

During the Swift observations, the brightness of NSV 1436
declined from a visual/V magnitude of 13.0 to 15.4–16.2 by the
third day, and was at the same level the following day; it was at

1 http://aladin.u-strasbg.fr/aladin.gml
2 http://galex.stsci.edu/GalexView/
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Table 1. Spectral parameters.

NSV 1436 (Swift-XRT) Optically bright/X-ray faint Optically faint/X-ray bright
cool hot cool hot

kT (keV) 0.60+0.13
−0.15 >2.63 0.94+0.15

−0.11 7.0+3.0
−1.9

Unabs. flux (10−13 erg cm−2 s−1, 0.3–10 keV) 4.7 6.1 7.6 58.4
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Fig. 1. Light curves of the March 2011 outburst of NSV 1436. From top
to bottom: Swift-XRT count rate; Swift-XRT spectral hardness ratio;
Swift-UVOT uvw2 magnitude; AAVSO visual/V magnitude.

magnitude 16.0 eight days later (values taken from the AAVSO
website3).

At 1928 Å (Swift-UVOT uvw2 filter; Roming et al. 2005)
NSV 1436 declined from magnitude 11.8 (corrected for coinci-
dence loss) to 15.6 during the observations, essentially following
the AAVSO light curve, and having the same brightness on the
last two observations.

Swift-XRT (Burrows et al. 2005) detected an X-ray source
at RA(2000)= 04 02 38.8, Dec(2000)=+42 50 46, 90% er-
ror radius= 3.8′′, consistent with the AAVSO position of NSV
1436. The X-ray source was initially faint, at ∼0.03 count s−1,
but rose on the third day to 0.18 count s−1 before declining
steadily to 0.11 count s−1 at the end of the observations. The
(1.0–10 keV)/(0.3–1.0 keV) count rate hardness ratio was <∼ 1
initially, but rose to be >∼2 from day two onwards. Figure 1 shows
the light curves at X-ray, UV and optical wavelengths, as well as
the X-ray hardness ratio.

X-ray spectral fits to data between 0.3–8 keV require
two optically thin thermal components in both the opti-
cally bright/X-ray faint and in the optically fainter/X-ray

3 http://www.aavso.org/data/lcg
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Fig. 2. Swift-XRT 0.3–8 keV spectral fits to the outburst (observations 1
and 2) and quiescent (observations 3–6) spectra of NSV 1436. Both
spectra require two optically thin thermal components, shown dashed
in outburst and dotted in quiescence. NSV 1436 is brighter and hotter
in quiescence than in outburst.

brighter states. We fit two mekal models absorbed by a
common column which was tied between the two states:
NH = (6.5+3.1

−2.4) × 1020 cm−2. The joint fit has a C-statistic (Cash
1979) value of 426 for 436 degrees of freedom and is shown
in Fig. 2. Fits with single temperature models are rejected as
they have C-statistic values higher by at least 40 in each state.
Emission parameters are reported in Table 1.

The ROSAT-PSPC count rate predicted from the Swift-XRT
optically faint/X-ray bright state flux is 0.20 count s−1, roughly
consistent with that observed. This suggests that the ROSAT ob-
servation took place during optical quiescence, as indeed is most
likely given the apparently low outburst duty cycle.

3. Discussion

Without optical spectroscopy it is not possible definitively to
classify NSV 1436. The multi-temperature nature of the X-ray
spectrum is a property of both novae and dwarf novae, while
the lack of detection of a super-soft source with a blackbody
temperature a few tens of eV (expected from unabsorbed novae,
see Ness et al. 2007; Schwarz et al. 2011) is also not decisive
due to the short Swift observing campaign. However, the anti-
correlation of X-ray and optical flux, and the anti-correlation of
X-ray spectral hardness with optical brightness, are both char-
acteristic of dwarf nova outbursts (e.g. see Baskill et al. 2005;
Collins & Wheatley 2010). In contrast, X-ray emission from a
nova due to either shocked circumstellar gas or internal shocks
within the ejecta would be expected to show cooling whilst fad-
ing after a few days, and a strong decrease in the high absorption
early on (see e.g. Bode et al. 2006; Page et al. 2010); these be-
haviours were not seen. Finally, the outburst amplitude of about
three magnitudes is much more typical of a dwarf nova than of a
nova explosion.
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The optical fading rate of dwarf nova outbursts has been
shown to be almost invariant for a given object. Using the
well-defined decline rate versus orbital period relationship of
Warner (1995, Fig. 3.11), the rapid optical decline of 2.5 mag
in two days of NSV 1436 suggests a short orbital period of
Porb < 2 h. Although this would allow a WZ Sge-type dwarf nova
classification for NSV 1436, the modest amplitude and duration
of the outburst compared to the WZ Sge types (Bailey 1979;
Howell et al. 1995), together with the lack of reports of super-
humps, which are easily detected in these systems, suggests that
this is a more common U Gem-type dwarf nova.

4. Summary

Seven daily observations of the cataclysmic variable NSV 1436
by Swift during a recent outburst show that it was a faint and soft
X-ray source during outburst and was harder and brighter dur-
ing quiescence. This behaviour points strongly to a dwarf nova
rather than a nova classification for this object.
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