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The present work addresses spectroscopic follow-up of an unusual nova OGLE-NOVA-2015-01
that was discovered by the Optical Gravitational Lensing Experiment survey. The photometric
data obtained for the nova showed a combination of photometric features from different novae
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Southern African Large Telescope at the South African Astronomical Observatory. These data

showed that it is most probably a classical nova of the Fe 11 b or Fe 1l spectroscopic class.
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1. Introduction

Classical novae (CNe) form a subclass of the cataclysmic variable stars. They are “close bi-
nary systems consisting of a white dwarf (WD) and a Roche-lobe filling companion” [1]. The WD
accretes mass from the Roche-lobe filling companion and once a critical temperature and density
are reached, a thermo-nuclear runaway takes place or in other words, a nova eruption [14]. The typ-
ical ejecta velocities are ~ 1000 kms~! and ejecta masses are between 10~ and 10~*M,, [6, 7].
Several photometric classifications have been used for novae light curves based on the time the
nova brightness drops by 2 mag (¢;) or by 3 mag (f3) [16]. Besides these photometric classifica-
tions, spectroscopic classifications were also presented, where the post-outburst spectra are divided
into two distinct classes, the Fe 1l and He/N. The Fe I spectra are characterized by narrow Fe 11 and
H1 emission lines. P Cygni profiles can also be present. He/N class spectra are characterized by
He, N and H1 broad lines. A hybrid class was also introduced showing a combination of the above
[7,9, 20].

The He/N spectroscopic class are thought to be bright and fast compared to the slower and dim-
mer FeTl class [5]. The high expansion velocity that characterize the novae of He/N class must be
the reason for the rapid evolution of this type, however, a precise explanation of the mechanisms
responsible for the two different spectroscopic classes is not yet available. The WD mass as well
as the circumstellar environment are believed to play an important role in producing the distinct
post-outburst spectra [15].

Other eruptions that show many similar characteristics to CNe are symbiotic novae, which are
eruptive cataclysmic variables with a WD and a red giant companion [10] and luminous red no-
vae (LRNe) or infrared luminous red transients (ILRTs) which are stellar explosions thought to be
caused by the merger of two stars [2, 18, 21].

In this work, we present spectroscopic follow-up of OGLE-2015-NOVA-01, which shows an un-
usual photometric behaviour. The source shows combined features from different novae photomet-
ric classes and it presents an interesting case to study. It is important to classify the source prior to
establishing the physics behind the eruption characteristics. In Section 2 we summarize the photo-
metric (optical and infra-red) follow-up of the object. SALT (Southern African Large Telescope)
spectroscopic optical data [4500 A — 7800 A] are detailed in Section 3. We present in Section 4 a
discussion of the spectroscopic class of the nova, followed by our conclusions in Section 5.

2. Discovery and photometric data

OGLE-2015-NOVA-01 was reported on 2015 March 5 by [11] to be a possible nova explo-
sion based on observations from the Optical Gravitational Lensing Experiment (OGLE) survey.
The transient was detected by the Early Warning System, which has been designed for the detec-
tion of microlensing events. The star is located toward the Galactic bulge at equatorial coordi-
nates (@, 0)y000.0 = (17:48:12.78, -32:35:13.44). The galactic coordinates of the object are (/,b) =
(15.13, -2.36). The nova light curve as well as the OGLE, LCOGT, IRSF and Swift observations
and follow-up details can be found on the OGLE website and in [11, 12, 13].

As a summary of the photometric observations, the object shows a slow light curve with quasi-
periodic oscillations during the intensity peak, followed by two faint recoveries after the initial
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decline. These photometric observations show a combination of the different photometric classes
(‘F’ class for flat-topped, ‘O’ class for oscillations, and ‘J’ class for jitters) identified by [16]

3. Spectroscopy data

3.1 Observation and data reduction

Two spectroscopic observations were carried out on 2015 April 22 and May 12, using the
Robert Stobie Spectrograph (RSS; [3]; [8]), mounted on the 11 m SALT situated at the South
African Astronomical Observatory (SAAQO), Sutherland, South Africa. The observation on 2015
April 22 consisted of two spectral ranges [4500 A — 5850 A] and [5800 A — 7000 A]. The RSS
long-slit mode was used with a 0.6" slit at a resolution of R ~ 5000 for both spectral ranges with
exposure times of (4 x 100 s) and (2 x 150 s), respectively. The poor weather conditions and
seeing on April 22 resulted in a limited S/N. The May 12 observation was carried out under good
seeing (~ 1.0"). The data consisted of three spectral ranges [4500 A - 5450 A], [5400 A - 6750
A], and [6700 A - 7850 A]. The RSS long-slit mode was used with the same narrow slit as above
resulting in a resolution of R ~ 7000 for the first spectral range while a different grating was used
for the second and third spectral ranges at a resolution of R ~ 5000, with exposure times of (5 x
200 s), (4 x 100 s), and (4 x 100 s), respectively. The spectra were reduced and calibrated using
the PySALT pipeline [4]. The images were combined, the backgrounds were subtracted, and the
spectra were extracted using the IRAF (Image Reduction and Analysis Facility) software [17].

3.2 Results

In Figures 1 to 5, we show the smoothed spectra, where the top spectrum illustrates the April 22
observation and the bottom spectrum represents the May 12 observation. Several broad flat-topped
Fe11 and H1 emission lines appear in the April spectrum. However, the Fell lines almost disappear
in the May spectrum and the He, N, and high excitation lines appear and become stronger. Both
Ha and HP lines show a double-peak in the emission in the May spectrum which may indicate
a bipolar morphology of the ejecta. Further in the red, between 6750 A and 7850 A, the May 12
spectrum shows strong C, N, He, and O emission lines.

The FWHM of Her, HB, and [N11] 5755 A lines were derived using Lorentzian fitting in order to
estimate expansion velocity. We found that for Hot the FWHM ~ 2300 km s~! 4= 200 km s~ !, for
Hf the FWHM ~ 2400 km s~! & 200 km s~ !, and for [N11] the FWHM ~ 2700 km s~! & 200

km s~

4. Discussion

The photometric data raises a lot of possibilities including symbiotic nova, LRNe/ILRTSs, and
CNe. The most likely possibility is a CNe showing some unusual behaviour. The aim of this work
is to identify the spectroscopic class of the nova from the SALT data. As mentioned previously,
CNe are divided into two spectroscopic classes (Fell and He/N).

Concerning this object, the April spectrum is dominated by Fell and HI lines which are charac-
teristic of the Fell spectroscopic class. The lines are moderately broad and show a flat-top which
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Figure 1: The flux plotted to arbitrary units between 4440 A and 5450 A. The April 22 spectrum
(upper) shows several broad Fe 1l emission lines, weak He 11 and N 111 emission lines, and Hf line.
However, in the May 12 spectrum (lower), the Fell lines become weaker and almost disappear in
contrast to the He and N lines that become stronger. The Hf line shows a double-peak. For clarity,
the April 22 spectrum is vertically shifted. In the April 22 spectrum, the chip gaps are between:
4927.2 A and 4953.4 A and between: 5409.0 A and 5433.9 A. In the May 12 spectrum, the chip
gaps are between: 4790.9 A and 4810.0 A and between: 5140.5 A and 5158.4 A.

opens the possibility of a Fell b class which is a hybrid class showing a transition from FeII to
He/N class with broad lines [19]. In the May spectrum, the FeTlI lines almost disappear while He,
N, and O lines indicating a He/N spectral type which increase the possibility of a hybrid Fell b
spectral type. One of the features that distinguishes the Fell from the He/N is the expansion ve-
locity; FelI class have an expansion velocity less than ~ 2500 km s~!, while He/N class have an
expansion velocity greater than ~ 2500 km s~!. The expansion velocity of this object is ~ 2500
km s~!, i.e. both classes (FelI and FelI b) are possible. The flat-topped lines in the April spectrum
are also one of the characteristics of Fell b class.

As a conclusion, our target shows a possible hybrid Fe11 b or a Fe 11 spectroscopic class in a transi-
tion to the nebular phase with a slow light curve peak combining different light curves classes (‘F’,
‘J’, and ‘O’). This combination of different novae features that are rarely observed for one object
poses new question about the novae classification and eruption mechanisms and makes the present
object an interesting case study.

5. Conclusions

Besides that the object shows a nova spectral behavior, based on the available spectroscopy,
no clear spectral classification of the object is reached, however, both possibilities of Fe11 b or Fe 1
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Figure 2: The flux plotted to arbitrary units between 5400 A and 5850 A. The April 22 spectrum
(upper) shows broad and relatively weak N1I 5686 A line and [N11] 5755 A line. In the May 12
spectrum (lower), the [N11] line becomes stronger compared to the NI line. For clarity, the April
22 spectrum is vertically shifted.
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Figure 3: The flux plotted to arbitrary units between 4440 A and 5450 A between 5850 A and 6500
A. No strong emission lines are present in this spectral range. For clarity, the April 22 spectrum
is vertically shifted. In the April 22 spectrum, the chip gap is between: 6242.8 A and 6267.1 A.
In the May 12 spectrum, the chip gaps are between: 5877.9 A and 5902.7 A and between: 6332.6
A and 6355.9 A.



Unusual nova OGLE-2015-NOVA-01 E. Aydi

N I L L
— May12 —— April 22
0151 n
0.5| -

N
IN 1] 654827 / \\ N 1] 6584 77

0.1 \

L — T~ o1 | =

| L | L | L | L L |
6500 6520 6540 6560 6580 6600 6620 6640 6620 6640 6660 668D 6700 6720 6740
Wavelength (A) Wavelength (a)

Flux
T
1

Figure 4: The flux plotted to arbitrary units between (a) 6480A and 6640A (b) from 6620A and
6750 A. The April 22 spectrum (upper) shows broad Ha emission line (FWHM ~ 2300 km s~! +
200 km s~!. In the May 12 spectrum (lower), the Hot line shows a double-peak similar to the one
of HB. Both [N11] 6548 A and [N11] 6584 A are expected to be present but merged with the broad
Ha. For clarity, the April 22 spectrum is vertically shifted. In the April 22 spectrum, the chip gap
is between: 6685.5 A and 6708.1 A .
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Figure 5: The flux plotted to arbitrary units between 6750 A and 7850 A. The May 12 spectrum
shows strong C, N and O emission lines. In the May 12 spectrum, the chip gaps are between:
7111.8 A and 7134.4 A and between: 7521.4 A and 7542.1 A.
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classes are present. Combined with the photometric behaviour, the nature of OGLE-2015-NOVA-
01 is best described as an unusual one. Based on the available data, the most likely possibility
is a slow Fell or Fell b nova in transition with a combination of different light curve classes
(‘F’, ‘I, and ‘O’). Tracking the detailed spectroscopic and photometric evolution of the object
is essential for a definitive classification. A detailed study of the elemental abundances is also
essential. Hence, further observations are needed to certainly identify the object and understand
the physical mechanism responsible for this explosion.
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