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10Sandvretens Observatory, Linnégatan 5A, SE-75332 Uppsala, Sweden
11Department of Physics, Florida State University, 315 Keen Building, Tallahassee, FL 32306-4350, USA
12European Southern Observatory (ESO), Karl Schwarschild Strasse 2, D-85748 Garching bei München, Germany
13The Oskar Klein Centre, Department of Astronomy, Stockholm University, AlbaNova, SE-10691 Stockholm, Sweden

Accepted 2014 November 10. Received 2014 November 10; in original form 2014 March 24

ABSTRACT
We report the results of the photometric and spectroscopic monitoring campaign of the transient
SN 2007sv. The observables are similar to those of Type IIn supernovae, a well-known class
of objects whose ejecta interact with pre-existing circumstellar material (CSM). The spectra
show a blue continuum at early phases and prominent Balmer lines in emission; however, the
absolute magnitude at the discovery of SN 2007sv (MR = �14.25 – 0.38) indicate it to be most
likely a supernova impostor. This classi�cation is also supported by the lack of evidence in
the spectra of very high velocity material as expected in supernova ejecta. In addition,
we �nd no unequivocal evidence of broad lines of �- and/or Fe-peak elements. The compari-
son with the absolute light curves of other interacting objects (including Type IIn supernovae)
highlights the overall similarity with the prototypical impostor SN 1997bs. This supports our
claim that SN 2007sv was not a genuine supernova, and was instead a supernova impostor,
most likely similar to the major eruption of a luminous blue variable.

Key words: supernovae: individual: SN 2007sv � galaxies: individual: UGC 5979.

1 INTRODUCTION

With the label of supernova (SN) impostors, we refer to a class of
objects showing luminous outbursts that mimic the behaviour of
real SNe (see e.g. Van Dyk et al. 2000; Maund et al. 2006; Van
Dyk & Matheson 2012; Dessart et al. 2009). The most classical SN
impostors are thought to be the eruptions of extragalactic luminous
blue variables (LBVs; Humphreys & Davidson 1994). They may

� E-mail: leonardo.tartaglia@oapd.inaf.it

experience eruptions with comparable energies as those of real SNe,
but the stars survive the eruptive events.

LBVs are evolved, massive stars very close to the classical Ed-
dington limit, showing irregular outbursts and, occasionally, even
giant eruptions during which they lose massive portions of their
H-rich envelope (up to a few solar masses per episode). In quies-
cence they are blue stars located in the so-called S Doradus Instabil-
ity Strip of the HR diagram, namely in the luminosity-temperature
range �9 � Mbol � �11 and 14 000 K � Teff � 35 000 K (Wolf
1989). During eruptive episodes LBVs become redder and evolve
with a roughly constant bolometric magnitude. However, it has been
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proposed that they may increase their bolometric luminosity during
giant eruptions (Humphreys & Davidson 1994). Active LBVs show
quite erratic variability and, sometimes, fast optical luminosity de-
clines after the outburst, possibly because of prompt dust formation
in the circumstellar environment. Spectroscopic studies indicate that
eruptions are accompanied with relatively high-velocity winds, viz.
a few hundred km s�1. Their spectra share some similarity with
those of Type IIn SNe, with prominent and narrow hydrogen lines
in emission (Van Dyk et al. 2000).

SN impostors are believed to be extra-Galactic counterparts of
the famous �Giant Eruption� of the Galactic LBV � Carinae in the
mid-19th century. This, together with the eruption of P Cygni in
the 17th century, are the only two major eruptions registered in
the Milky Way in recent times. However, weaker eruptions were
occasionally observed in the past either in the Milky Way (e.g. AG
Car) or in the Local Group (e.g. S Doradus in the Large Magellanic
Cloud; Humphreys & Davidson 1994). These nearby examples
are fundamental to our understanding of the nature of eruptive
phenomena since their physical parameters are well constrained,
and give us the opportunity to demonstrate that these stars survive
major eruptions.

It has been argued that a connection may exist between interact-
ing SNe and impostors, mainly based on the observed similarity in
the spectra, although they usually have remarkably different photo-
metric properties. Even more importantly, there is evidence (though
debated) that LBVs or other massive stars may explode as real in-
teracting SNe soon after major outbursts (e.g. Pastorello et al. 2007;
Mauerhan et al. 2013; Ofek et al. 2013; Margutti et al. 2014; Smith,
Mauerhan & Prieto 2014) or, at least, that interacting SNe are con-
nected with massive stars compatible with LBVs (Kotak & Vink
2006; Gal-Yam & Leonard 2009, and references therein).

In this context, we report the case of SN 2007sv. The transient
was discovered on 2007 December 20.912 UT, and was located
6.9 arcsec west and 6.7 arcsec south of the centre of UGC 5979
(Duszanowicz, Boles & Corelli 2007). The detection was con�rmed
with an un�ltered CCD image by TB on 2007 December 25.971 UT,
whilst there was no source detected at the position of SN 2007sv on
an archive image taken on 2007 September 13.093 UT (Duszanowicz
et al. 2007).

This article is organized as follows. In Section 2, we report com-
prehensive information about the host galaxy and in Sections 3
and 4, we present the results of our photometric and spectroscopic
observations, respectively. A discussion follows in Section 5, where
we remark similarities and differences between 2007sv and other
interacting events. Finally, our main conclusions are summarized in
Section 6.

Hereafter, we will refer to SN impostors reporting their names
without the �SN� pre�x, in order to emphasize their different nature
compared to genuine SNe.

2 THE HOST GALAXY

The host galaxy, UGC 5979, is a low-contrast faint (with apparent
B magnitude 15.93) dwarf galaxy without a visible nucleus. Dwarf
galaxies are the most common galaxies in the Universe. Grebel
(2001) considers all galaxies with absolute magnitude fainter than
MV � �18 as dwarfs, while according to Tammann (1994) the limit
usually is MB � �16. According to their optical appearance they
are classi�ed into �ve different groups: dwarf irregulars (dIs), blue
compact dwarfs (BCDs), dwarf ellipticals (dEs), dwarf spheroidals
(dSphs) and dwarf spirals (dSs). However, this morphological

classi�cation is somewhat arbitrary, and the distinction between
different classes is sometimes ambiguous.1

UGC 5979 is a diffuse (dI) galaxy,2 (Paturel et al. 2003) lo-
cated at RA = 10:52:41.16 and Dec = +67:59:18.8 [J2000],
with a radial velocity corrected for the Local Group infall on
to the Virgo cluster of about 1376 km s�1 (z = 0.0045). From
the above value of the recessional velocity, we infer a dis-
tance for UGC 5979 of about 18.85 – 1.03 Mpc, resulting
in an absolute magnitude of MB = �15.5 (distance modulus
µ � 31.38 – 0.27 mag, adopting H0 = 73 km s�1 Mpc�1).

For the foreground Galactic extinction, we assumed the value
AV = 0.048 mag, as derived from the Schla�y & Finkbeiner (2011)
recalibration of the Schlegel, Finkbeiner & Davis (1998) infrared-
based dust maps available e.g. in NED.3 We also adopt no additional
host galaxy extinction contribution in the transient direction, since
a detailed analysis of the spectra of 2007sv revealed no evidence of
narrow absorptions of the Na ID doublet at the recessional velocity
of the host galaxy.

A rough estimate of the metallicity of the host galaxy can be
obtained from the relation of Pilyugin, V·�lchez & Contini (2004):

12 + log (O/H) = 5.80(–0.017) � 0.139(–0.011)MB, (1)

that links the integrated absolute B-band magnitude with the av-
erage oxygen abundance of the galaxy, providing a value of �8,
which suggests that the environment may have a signi�cantly sub-
solar metallicity. A direct measurement of the host galaxy metal-
licity con�rms this result. We spectroscopically observed UGC
5979 with the Nordical Optical Telescope (NOT) equipped with
ALFOSC+grism#4. A 1.0 arcsec slit was placed on a bright H II

region at 19.5 arcsec (1.8 kpc) from SN 2007sv. After 1800 s ex-
posure, we obtained an optical spectrum with clear detection of
narrow [O III] �5007 ¯, [O III] �4959 ¯, Balmer lines up to H� ,
[N II] �6584 ¯ and [S II]. Via Balmer decrement, we determined
an extinction of E(B � V) = 0.82 mag at the H II region loca-
tion and we corrected the spectrum accordingly. We measured the
line �uxes by �tting them with Gaussians, as explained in detail
in Taddia et al. (2013). The detection of N II, H�, H� and O III

lines allowed us to determine the oxygen abundance via strong
line diagnostics, namely with the N2 and O3N2 methods (Pettini
& Pagel 2004). Our results are log(O/H)+12 (N2) = 8.01�8.1 dex
and log(O/H)+12 (O3N2) = 8.00�8.08 dex. The quoted uncertainty
is due to the error on the �ux of N II, which appears rather faint.
Sub-solar metallicities may be a rather common characteristic of
SN impostor environments (see Habergham et al. 2014) and we
are currently investigating this issue for a large sample of impostor
environments (Taddia et al., in preparation).

3 PHOTOMETRY

3.1 Data reduction and light curves

Our photometric monitoring campaign started on 2007 Decem-
ber 30 and spanned a period of about 100 d. We also collected
sparse observations (mostly un�ltered) from amateur astronomers.

1 Further sub-classi�cation is based on the revised de Vaucouleurs mor-
phological classi�cation introduced by van den Bergh (1960) and on the
luminosity classi�cation introduced by van den Bergh (1960, and extended
by Corwin, de Vaucouleurs & de Vaucouleurs 1985).
2 http://leda.univ-lyon1.fr/
3 http://ned.ipac.caltech.edu
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Table 1. Optical magnitudes of 2007sv and associated errors.

Date MJD U err B err V err R err I err Instrument

20070913 54356.09 � � � � � � >18.8 � � � SX MX7
20071220 54454.91 � � � � � � 17.161 0.261 � � SX MX7
20071227 54461.86 � � � � 17.975 0.356 17.502 0.137 � � MX916
20071230 54464.15 � � 18.502 0.077 18.161 0.039 17.786 0.023 17.432 0.023 AFOSC
20080104 54469.04 19.145 0.147 18.860 0.025 18.220 0.014 17.812 0.024 � � RATCam
20080106 54471.08 19.211 0.057 18.914 0.042 18.271 0.017 17.877 0.018 17.350 0.020 RATCam
20080108 54473.21 19.264 0.085 18.963 0.025 18.225 0.019 17.802 0.029 17.327 0.020 RATCam
20080110 54475.14 � � 19.044 0.066 18.219 0.027 17.863 0.028 17.329 0.026 AFOSC
20080110 54475.20 19.348 0.076 19.064 0.024 18.252 0.015 17.776 0.030 17.338 0.017 RATCam
20080112 54477.25 19.373 0.025 19.124 0.024 18.311 0.026 17.929 0.033 17.522 0.032 ALFOSC
20080113 54478.00 19.420 0.081 19.166 0.027 18.319 0.016 17.832 0.032 17.382 0.035 RATCam
20080116 54481.12 19.544 0.138 19.208 0.020 18.354 0.026 17.768 0.029 17.452 0.028 RATCam
20080118 54483.20 19.933 0.213 19.392 0.102 18.359 0.034 17.951 0.127 � � RATCam
20080120 54485.94 � � � � � � 17.984 0.265 � � SX MX7
20080128 54493.16 � � 19.512 0.109 18.573 0.030 18.020 0.068 17.467 0.085 CAFOS
20080128 54493.95 � � 19.526 0.037 18.520 0.022 17.907 0.023 17.406 0.024 RATCam
20080207 54503.93 � � 19.885 0.036 18.696 0.021 18.030 0.025 17.514 0.032 RATCam
20080209 54505.94 � � � � � � 18.023 0.179 � � Apogee Ap7
20080211 54507.85 � � � � � � 18.178 0.210 � � SBIG ST-7
20080213 54509.94 � � � � � � 18.166 0.218 � � SX MX7
20080301 54526.88 � � 20.532 0.053 19.211 0.028 18.328 0.041 17.843 0.056 RATCam
20080304 54529.01 � � � � � � 18.599 0.262 � � SX MX7
20080305 54530.98 � � >20.4 � 19.471 0.056 18.456 0.067 17.854 0.035 CAFOS
20080331 54556.00 � � >21.2 � 20.803 0.057 19.455 0.064 18.936 0.049 ALFOSC
20080401 54557.93 � � >21.4 � 21.074 0.047 19.745 0.044 19.177 0.184 RATCam

Notes. The observations were carried out using the 2.56 m NOT with ALFOSC and the 2 m Liverpool Telescope with RATCam (both located
at the Roque de Los Muchachos, La Palma, Canary Islands, Spain), the Calar Alto 2.2 m Telescope with CAFOS (Sierra de Los Filabres,
Spain) and the 1.82 m Copernico Telescope with AFOSC (Mount Ekar, Asiago, Italy). Additional observations (mostly un�ltered) were
obtained by amateur astronomers.
The magnitudes obtained from SX MX7, Apogee Ap7 and SBIG ST-7 were computed from un�ltered images, whose magnitudes were
rescaled to the R band.
MX916: 0.45 m f4.5 Newtonian telescope with an MX916 CCD Camera, at Mandi Observatory (Pagnacco, Udine, Italy)
SX MX7: 0.32 m f/3.1 re�ector and a Starlight Xpress MX716 CCD camera at Moonbase Observatory (Akersberga, Sweden)
Apogee AP7: C-14 Celestron Schmidt Cassegrain re�ector and an Apogee AP7 CCD camera (Suffolk, United Kingdom)
SBIG ST-7: 0.44 m f4.43 telescope with an SBIG ST-7 Dual CCD Camera at Sandvretens Observatorium (Uppsala, Sweden).

Information about the photometric data and the instruments used
are reported in Table 1.

All data were pre-processed using standard procedures in IRAF4

including bias and �at-�eld corrections. To measure the magni-
tudes we used a dedicated pipeline developed by one of us (EC),
that consists of a collection of PYTHON scripts calling standard IRAF

tasks (through PYRAF) and other speci�c analysis tools, in particular
SEXTRACTOR for source extraction and star/galaxy separation,
DAOPHOT to measure the source magnitude via point spread function
(PSF) �tting and HOTPANTS5 for image difference with PSF match.

The magnitudes were measured using the PSF-�tting technique,
�rst subtracting the sky background calculated using a low-order
polynomial �t (typically a second-order polynomial). The PSF was
obtained by averaging the pro�les of isolated �eld stars. The �tted
source is removed from the original frames, then a new estimate of
the local background is derived and the �tting procedure is iterated.
Finally, the residuals are visually inspected to validate the �t.

Error estimates were obtained through arti�cial star experiments
in which a fake star, of magnitude similar to that of the SN, is
placed in the PSF-�t residual image in a position close to, but

4 IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Associated Universities for Research in Astronomy, Inc.,
under cooperative agreement with the National Science Foundation.
5 http://www.astro.washington.edu/users/becker/hotpants.html

not coincident with that of the real source. The simulated image
is processed through the PSF-�tting procedure and the dispersion
of measurements out of a number of experiments (with the fake
star in slightly different positions), is taken as an estimate of the
instrumental magnitude error. This is combined (in quadrature) with
the PSF-�t error returned by DAOPHOT.

The SN photometry was calibrated as follows. Among the ob-
servational data, we selected the frames obtained in photometric
nights in which standard photometric �elds (from the list of Landolt
1992) were observed. These standard frames were used to derive
zero-points and colour terms for the speci�c instrumental set-up
and to calibrate the magnitudes of selected stars in the SN �eld
(Table 2 and Fig. 1). This local sequence was used to calibrate the
SN magnitudes in non-photometric nights. The �nal magnitudes
were computed using �rst-order colour-term corrections.

The resulting magnitudes of 2007sv are reported in Table 1 along
with the photometric errors, and the light curves are shown in Fig. 2.

3.2 Constraining the SN age

Since no observation was obtained a short time before the dis-
covery of 2007sv, the epochs of the outburst on-set and the light-
curve maximum cannot be precisely constrained. None the less, we
have adopted the epoch of the discovery as reference time for the
light-curve phases, assuming that the transient was discovered in the
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Table 2. Magnitudes of the stellar sequence used for the photometric calibration. The stars are shown in Fig. 1.

Label RA [J2000] Dec [J2000] U err B err V err R err I err
(hh:mm:ss) (dd:mm:ss)

1 10:53:02.62 67:58:18.77 � � � � 20.159 0.056 19.202 0.015 � �
2 10:53:01.92 67:59:46.33 18.451 0.020 17.110 0.015 15.861 0.029 14.983 0.022 14.214 0.027
3 10:52:54.29 67:58:14.49 15.692 0.009 15.675 0.007 15.127 0.020 14.800 0.016 14.429 0.030
4 10:52:50.03 67:57:21.82 � � 20.571 0.010 19.113 0.024 18.195 0.015 16.425 0.014
5 10:52:49.13 67:58:39.87 17.682 0.007 17.088 0.011 16.212 0.012 15.688 0.008 15.180 0.012
6 10:52:43.00 67:57:22.46 16.401 0.004 16.329 0.005 15.661 0.010 15.295 0.006 14.887 0.003
7 10:52:27.18 68:00:26.52 � � � � 18.245 0.013 17.770 0.005 17.299 0.015

Figure 1. Finding chart of 2007sv. The stars used for the photometric
calibration are labelled with a number, the position of the transient is marked
with an arrow. Information about the instrumental set-up is also reported.

Figure 2. Multiband light curves of 2007sv. The UBVRI magnitudes are
listed in Table 1. The phases refer to the discovery.

proximity of the maximum light. In other words, hereafter we will
adopt as indicative epoch for the light-curve maximum the discov-
ery time (2007 December 20; JD = 245 4455.41). The goodness of
our assumption is supported by the photometric and spectroscopic
analysis that will be widely discussed in the next sections.

Brie�y, our choice is motivated on the basis of the following line
of thinking. As we will discuss in the forthcoming sections, 2007sv
shows very fast temperature/colour evolutions during the �rst 3�4

Figure 3. Comparison of the absolute R-band light curves of the impostors
2007sv and 1997bs, the enigmatic transient SN 2008S, and the classical
Type IIn SN 1999el. The red line indicates the slope of the 56Co decay.

weeks, suggesting that the transient was discovered very young, a
few days after the burst. This also implies that it is unlikely that
2007sv reached a peak magnitude much brighter than the discovery
magnitude R = 17.16 (Table 1). If we adopt for 2007sv the distance
modulus and the reddening value discussed in Section 2, we obtain
an absolute magnitude MR = �14.25 – 0.38 at discovery, which is
an indicative estimate for the absolute peak magnitude. This weak
absolute magnitude at maximum is an indication that 2007sv was
very likely an SN impostor rather than a genuine SN explosion.

3.3 Absolute magnitude and colour curves

In Fig. 3, we compare the absolute R-curve of 2007sv with those of
the SN impostor 1997bs (Van Dyk et al. 2000), SN 2008S (Botticella
et al. 2009) and the Type IIn SN 1999el (Di Carlo et al. 2002). As
highlighted in this comparison, the absolute peak magnitude of
2007sv is similar to those measured for the SN impostor 1997bs
and the enigmatic transient SN 2008S, and signi�cantly fainter than
that of a canonical SN IIn such as SN 1999el. Although the faint
absolute magnitude supports the SN impostor scenario for 2007sv,
this argument alone is not suf�cient to rule out a true SN explosion,
as we will discuss in Section 5.

The B � V, V � R and V � I colour curves of 2007sv are
compared in Fig. 4 with those of the same SNe considered in Fig. 3,
showing that 2007sv rapidly becomes red (in analogy with other SN
impostors discovered soon after the burst) as the temperature of the
ejecta rapidly decreases (Section 4). On the other hand, the regular
Type IIn SN 1999el remains bluer for a longer time. In particular, it
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