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ABSTRACT

Classical novae (CNe) are interacting binary systems whose outbursts are powered by a thermonuclear
runaway in accreted material onto the surface of a white dwarf (WD). The secondary star in such systems
fills its Roche lobe and material is transferred onto the WD primary star via an accretion disk. Recurrent
novae (RNe) show many similarities to CNe, but have had more than one recorded outburst. RNe play
an important role as one of the suspected progenitor systems of Type Ia supernovae, which are used as
primary distance indicators in cosmology. Thus, it is important to investigate the nature of their central
binary systems to determine the relation between the parameters of the central system and the outburst
type, and finally ascertain the population of novae that might be available to give rise to the progenitors of
Type Ia SNe. A low outburst amplitude is adopted as a criterion that may help distinguish RNe from CNe
and was therefore used to select targets for observations from ground-based observatories including the
Liverpool Telescope and the Southern African Large Telescope as well as the full-sky space-based archive
of the Solar Mass Ejection Imager (SMEI). We found that at least four objects currently classified as CNe
are possibly RNe candidates based on their quiescent spectra. We also searched the SMEI archive for
additional outbursts of bright CNe that might otherwise have been missed but did not find a conclusive
example.
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1. INTRODUCTION

Classical novae (CNe) are interacting binary systems
whose outbursts are powered by a thermonuclear run-
away in accreted material on the surface of a white dwarf
(WD). The secondary stars in such systems fill their
Roche lobe and material is transferred onto the WD pri-
mary star via an accretion disk (Starrfield et al., 2008).

Recurrent novae (RNe) show many similarities to
CNe, but have had more than one recorded outburst
(Anupama, 2008). They play an important role as one of
the suspected progenitor systems of Type Ia supernovae
(SNe) which are used as primary distance indicators in
cosmology. Thus, it is important to investigate the na-
ture of their central binary systems to determine the
relation between the parameters of the central system
and the outburst type, and finally ascertain the popula-
tion of novae that might be available to give rise to the
progenitors of Type Ia SNe.

Currently, there are only 10 known Galactic RNe
among the approximately 400 Galactic CNe. They
group themselves into three distinct subtypes: T
CrB/RS Oph type with red giant secondary stars (T
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CrB, RS Oph, V745 Sco and V3890 Sgr), U Sco type
with evolved main sequence or sub-giant stars (U Sco,
V394 CrA, CI Aql and V2487 Oph) and the T Pyx type
(T Pyx and IM Nor) which have similar secondaries to
those in most CNe (i.e. main sequence stars). An inves-
tigation looking for characteristics that may distinguish
RNe from CNe systems is presented in this paper.

2. SELECTION OF TARGETS

Knowledge of the true population of RNe obviously has
a bearing on their potential relationship to SNe Ia. At
least eight of these Galactic RNe are known to harbour
evolved secondary stars rather than the main sequence
secondaries which are found to be typical for CNe (Darn-
ley et al. , 2012).

On the basis of the evolved secondaries, the novae
must be brighter at quiescence than CNe and have a
lower outburst amplitude as a result. Therefore, the re-
lationship between outburst amplitude, rate of decline
and absolute magnitude is investigated and applied in
this chapter to distinguish the possible RNe among CNe.
In addition, at quiescence, it is suggested that the opti-
cal spectra of particular RNe are dominated by that of
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the red giant (Anupama & Mikolajewska, 1999). Spec-
tral features indicating giant secondaries are therefore
used to investigate the quiescent spectra of novae that
are suspected to RNe by using the following approach.

The proposal that RNe occupy a region separated
from CNe in an outburst amplitude versus speed class
diagram was adopted from Duerbeck (1988b). Since
the low amplitude results are caused by the existence
of an evolved secondary and/or high mass transfer rate
in the quiescent system, RNe candidates should accord-
ingly have low amplitudes. The 93 novae with observed
V amplitudes given in the literature and 43 novae with
photographic amplitudes have been combined and plot-
ted on an outburst amplitude versus rate of decline di-
agram from which 16 target novae suspected to be RNe
candidates were selected for photometric and spectro-
scopic follow-up (see Surina et al., 2013, for details in
target selection).

3. BACKGROUND FOR THE ANALYSIS

The optical emission from all quiescent nova systems is
a combination of the emission from three components:
the WD, the accretion disk, and the secondary where
the contribution from the WD in the optical region is
expected to be negligible. While the contribution of
the accretion disk depends on several factors including
the accretion rate, disk size, system inclination, and ob-
served wavelength, the contribution from the secondary
star is much more straightforward and simply depends
on the type of star (i.e. mass, age, and metallicity) and
again, of course, the observed wavelength (Darnley et
al. , 2012).

In this study, we adopted the simplified classification
of the evolutionary status of the secondaries proposed
in Darnley et al. (2012); i.e. into main-sequence stars
(MS-Nova), sub-giant stars (SG-Nova), and red giant
branch stars (RG-Nova). All the known U Sco type
RNe would then be placed into the SG-Nova group, all
the known RS Oph/T CrB type RNe into the RG-Nova
group, and the T Pyx type RNe and Classical Novae
would populate the MS-Nova group; This classification,
by virtue of the geometry of these systems, would ef-
fectively be the same as nova classification by orbital
period since systems with orbital periods longer than 8
hr should contain evolved secondaries (Warner, 1995).
The MS-Novae would have orbital periods on the order
of hours, the SG-Novae on order of a day, and the RG-
Novae on order of a year (Darnley et al. , 2012). Thus
one can distinguish the RG-Novae and SG-Novae from
the MS-Novae population based on solely their quiescent
optical and near-IR (NIR) properties.

Therefore our aim is to determine the spectral and
luminosity type of the secondaries in our target systems
by comparing the results derived from the nova positions
on the optical and NIR CMDs to the results derived
from detailed spectral analysis where specific indicator
lines are expected.

Figure 1. Near-infrared CMD showing 16 targets compared
with stars generated by cross-correlating the Hipparcos and
2MASS catalogues.

4. GROUND-BASED OBSERVATIONS AND RESULTS

Quiescent photometric magnitudes and spectra were ob-
tained using RATCam on the Liverpool Telecope (LT),
FRODOSpec on LT, and RSS on The Southern African
Large Telescope (SALT). Spectral types and luminosity
classes determined from the near-IR colour-magnitude
diagrams were compared to those derived from the spec-
tra. The determination of spectral types was accom-
plished by identifying specific lines and calculating in-
dices from TiO bands, VO bands, and the Na atomic
line for giants (4 stars) and sub-giants/giants (3 stars).
A spectral library template was used instead of the in-
dices in the case of main-sequence stars (2 stars).

We also made use of archival data from the Two Mi-
cron All Sky Survey (2MASS, Cutri et al. (2003)1)
to search for a potential infrared component of the 16
target novae. Such plots are expected to focus strongly
on the secondaries which are expected to dominate the
emission. The plot in Darnley et al. (2012) shows there
is a clear separation between the RG-Novae and the MS-
Novae, and possibly a small distinct region belonging to
the SG-Novae.

Comparing the positions of our novae on the NIR
CMD to those presented in Darnley et al. (2012), Fig-
ure 1 indicates that there are 10 RG-Novae (T CrB,
V749 Oph, FS Sct, V2487 Oph, EU Sct, V3964 Sgr, AR
Cir, V1330 Cyg, LZ Mus and V445 Pup), 3 MS-Novae
(V445 Pup, V368 Aql and V3645 Sgr), and 3 SG-Novae
(CI Aql, CN Vel and V888 Cen). Full results in this
section will be given in Surina et al. (in prep).

Figure 2 shows the relative flux-calibrated SALT spec-
trum of EU Sct suggesting a giant secondary star. Ulti-

1Available online at http://irsa.ipac.caltech.edu/
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Figure 2. Relative flux-calibrated SALT spectrum of EU Sct without dereddening correction. The spectrum was binned
every 5Å. The inset panel shows the region of the K I lines.

mately, we suggest four prime RNe candidates (2 novae
with giant secondaries - V3964 Sgr and EU Sct, and 2
novae with sub-giant secondaries - V794 Oph and V368
Aql) which are currently classified as CNe, and are good
candidates to look for more than one outburst in archival
plates or large sample sky surveys such as SMEI (see be-
low).

5. SOLAR MASS EJECTION IMAGER (SMEI) OBSER-
VATIONS AND RESULTS

By introducing the high cadence full-sky space-based
observational archive of the Solar Mass Ejection Imager
(SMEI, see Surina et al., 2013, for details ) which oper-
ated on the Coriolis satellite from 2003-2011, we derived
light curves of two novae with known outbursts during
2003-2011 (V2467 Cyg and V1187 Sco). The SMEI light
curves potentially reveal more details than those given
by ground-based observations. The pre-maximum halt
was found in V2467 Cyg as well as oscillations in light
curves found earlier than those found in previous studies
as shown in Figure 3. The precise date of the maximum
of each nova was provided.

For nova V1187 Sco, although the data do not show
the rise from quiescence (Vquiescent∼18 mag Strope
et al., 2010), we caught the peak at mSMEI =6.9±0.2
on HJD 2453221.2688. The approximate period
t2=9.5±0.5 days again classifies the system as a fast
nova. We note there is an offset in magnitude between
the two cameras and a high background level in Camera
1 prior to the outburst. The discrepancy can be ex-
plained by the fact that the the background subtraction

in Camera 2 is cleaner than that in Camera 1. As a
result, the derived magnitudes from Camera 2 are more
reliable. The high background level in both Camera 1
and 2 presented in light curves prior to the outburst is
due light from the nearby moonk.

Four bright novae that are potentially RNe candidates
(V4074 Sgr, V3964 Sgr, DK Lac and V368 Aql) were
searched for second outbursts in the SMEI data, but
none were found. Among the nova outbursts detected
by SMEI, however, we found unprecedented detail in
first class data of the Recurrent Nova T Pyx in its 2011
outburst which is presented in Surina et al. (2014).

6. SUMMARY

Our aim was to look for characteristics that may dis-
tinguish RNe from CNe systems. We selected 16 tar-
gets suspected to be RNe candidates based on their low
amplitudes. The luminosity classes of secondary stars
were estimated from near-IR CMDs, and 13 of them lie
on the RGB to subgiant branch. Spectra of 9 targets
were investigated in detail and we found that 7 targets
harboured giant/sub-giant secondaries. We propose 3
RNe candidates (2 RG-Novae - V3964 Sgr, EU Sct and
1 SG-Novae - V368 Aql) which are currently classified
as CNe. We continue searching for unrecorded nova
outbursts from SMEI archive database from 2003-2011.
SMEI high cadence data nova light curves of V2467 Cyg
and V1187 Sco were presented.
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Figure 3. SMEI light curves of nova V2467 Cyg from Camera
2 (blue) and 3 (red). Cross symbols are the ground-based
observations from AAVSO.

Figure 4. SMEI light curve of nova V1187 Sco from Camera
1 (pink) Camera 2 (blue) and 3 (red). Green symbols are
the ground-based observations from AAVSO.
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