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SN 2013ej in M74: A Luminous and Fast-declining

Type II-P Supernova
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ABSTRACT

We present extensive ultraviolet, optical, and near-infrared observations of the type

IIP supernova (SN IIP) 2013ej in the nearby spiral galaxy M74. The multicolor light

curves, spanning from ∼ 8–185 days after explosion, show that it has a higher peak

luminosity (i.e., MV ∼−17.83 mag at maximum light), a faster post-peak decline, and a

shorter plateau phase (i.e., ∼ 50 days) compared to the normal type IIP SN 1999em. The

mass of 56Ni is estimated as 0.02±0.01 M⊙ from the radioactive tail of the bolometric

light curve. The spectral evolution of SN 2013ej is similar to that of SN 2004et and

SN 2007od, but shows a larger expansion velocity (i.e., vFeII ∼ 4600 km s−1 at t ∼ 50

days) and broader line profiles. In the nebular phase, the emission of Hα line displays a

double-peak structure, perhaps due to the asymmetric distribution of 56Ni produced in

the explosion. With the constraints from the main observables such as bolometric light

curve, expansion velocity and photospheric temperature of SN 2013ej, we performed

hydrodynamical simulations of the explosion parameters, yielding the total explosion

energy as ∼0.7× 1051 erg, the radius of the progenitor as ∼600 R⊙, and the ejected mass

as ∼10.6 M⊙. These results suggest that SN 2013ej likely arose from a red supergiant

with a mass of 12–13 M⊙ immediately before the explosion.
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1. Introduction

Supernovae are violent explosions of stars at the end stage of their lives. Based on the explosion

mechanisms, supernovae are classified into two main classes: thermonuclear explosions of white

dwarf stars and core-collapse explosions of massive stars. The latter can be further subdivided as

type II, Ib, and Ic SNe in terms of diverse features of hydrogen and/or helium lines in their optical

spectra (Filippenko 1997; Turatto et al. 2007). SNe II are defined by the presence of prominent

hydrogen lines in the spectra; and type IIP SNe (SNe IIP) are specifically named after a long

period of roughly constant luminosity (a plateau). SNe IIP are the most common subtype of stellar

explosions, comprising nearly 60% of all core-collapse (CC) SNe (Li et al. 2011).

SNe IIP are believed to emerge from CC explosions of relatively massive stars (i.e., MZAMS ≥ 8

M⊙) which retain most of the hydrogen-rich envelope before explosion. Theoretical models of stellar

evolution suggest that the initial mass of the progenitors lies between 8 and 25 M⊙ (Heger et al.

2003), while hydrodynamical modeling of a number of events gives a larger mass in the range of 15–

25 M⊙ (Utrobin & Chugai 2009). On the other hand, observational constraints on the properties

of SNe IIP progenitors can be obtained by examining pre-explosion images (Li et al. 2007; Smartt

2009) or modeling of late-time spectra (Jerkstrand et al. 2012). These analyses unanimously suggest

that SNe IIP arise from red supergiant (RSG) stars with initial masses of 8.5–16.5 M⊙. The facts

that no RSG stars with initial masses of 17–30 M⊙ have been identified as the progenitors of SNe IIP

in the pre-explosion images, also called the ‘RSG problem’, may be explained by an underestimation

of the progenitor luminosity due to extra circumstellar extinction (Walmswell & Eldridge 2012) or

that the massive RSG stars tend to produce explosions of other core-collapse SNe such as SNe IIL

(Faran et al. 2014a).

SNe IIP have been thought to have similar photometric behaviors, with a rapid decline in the

first 30 days after maximum due to cooling down of the external layers of the progenitor, followed

by a nearly constant, or so-called ‘plateau’ phase which lasts for about 50–80 days (Anderson et al.

2014). The plateau phase is sustained by the recombination of ionized hydrogen. After that, the

light curve experiences a transition to a linear decline (in magnitude) in the nebular phase when

the supernova is powered by the radioactive decay. There is increasing evidence that SNe IIP show

significant scatter in peak luminosity, duration of plateau phase, and expansion velocity of ejecta

(Hamuy 2003; Faran et al. 2014b; Spiro et al. 2014; Zhang et al. 2014a). SN 2013ej, exploded in

M74 at a distance of about 9.7 Mpc (see §3.1), provides us a good chance to examine in detail the

explosion physics and progenitor properties of SNe IIP.
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Valenti et al. (2014) presented the first-month photometric and spectroscopic observations of

SN 2013ej, confirming its membership of the class of SNe IIP. They show that this type II-P SN has

an unusually long rise time (∼ 10 days) before entering into a plateau phase. TheBV RI photometry

has been presented by Richmond (2014), showing photometric features similar to some SNe IIP.

However, the early-time spectropolarimetric observations taken at a few days after explosion reveal

that this supernova has a strong polarization that is unusual for a normal SN IIP (Leonard et al.

2013), implying substantial asymmetries in the outer ejecta of SN 2013ej at early times.

In this work, we present extensive optical, ultraviolet (UV), and near-infrared (NIR) observa-

tions of SN 2013ej, with an attempt to put better constraints on the properties of this type II-P

supernova. This paper is organized as follows: in Section 2 we describe the observation and data

reduction. Distance and extinction are discussed in Section 3. In Section 4 and 5, we present the

photometric and spectroscopic evolutions of SN 2013ej. Discussions are given in Section 6 and we

summarize in Section 7.

2. Observation and data reduction

SN 2013ej was discovered by Lick Observatory Supernova Search (LOSS) on 2013 July 25.45

(UT is used throughout this paper) at an unfiltered magnitude of 13.5 mag (Kim et al. 2013)

in the nearby spiral galaxy Messier 74 (M74 or NGC 0628), where the type Ic supernova SN

2002ap (Mazzali et al. 2002) and the type II-P supernova SN 2003gd (Hendry et al. 2005) were

also recorded. SN 2013ej was located at α = 01h36m48s.16 and δ = 15◦45′31.′′0, 92.5′′east and

135′′south of the center of M 74 (see Figure 1). An optical spectrum obtained on July 27.73

suggests that it is a core-collapse supernova at a relatively young phase, showing a moderately blue

contnuum with weak Balmer emission lines (Valenti et al. 2013). Extensive follow-up observations

have been carried out for this object immediately after the discovery.

2.1. Photometry

2.1.1. Ground-based Optical Observations

Ground-based optical (UBV RI) photometry of SN 2013ej was obtained with the Lijiang 2.4-m

telescope (hereafter LJT) of Yunnan Observatories (Zhang et al. 2014b) and the 0.8-m Tsinghua

University-NAOC telescope (hereafter TNT) at Xinglong Observatory in China (Wang et al. 2008;

Huang et al. 2012). The LJT is equipped with the Yunnan Faint Object Spectrograph and Camera

(YFOSC) observation system which works in both imaging and long-slit spectroscopic modes.

Pre-processing procedures, including bias subtraction, flat fielding, cosmic ray removal, were
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carried out by standard IRAF1 routines. As SN 2013ej was very bright and exploded in a faint

region of the host galaxy (see Figure 1), we did not apply the technique of template subtraction in

the photometry. The aperture photometry method was used to obtain the instrumental magnitudes

of SN 2013ej and 10 local standard stars as shown in Figure 1. Instrumental magnitudes were then

converted into the standard Johnson UBV (Johnson et al. 1966) and Kron-Cousins RI (Cousins

1981) systems, with the color terms and zeropoints determined via a series of Landolt (Landolt

1992) standards observed on the photometric nights. The magnitudes of the local comparison stars

are shown in Table 1, and the final UBV RI magnitudes of SN 2013ej with flux calibrations are

presented in Table 2.

2.1.2. Optical/UV Observations from SWIFT UVOT

The Swift UVOT (Roming et al. 2005) observations of SN 2013ej started from 2013 July 30.97,

spanning for approximately 130 days (PIs: Chakraborti, Sokolovsky, & Brown). The photometric

observations of SN 2013ej were taken in three UV filters (uvw1, uvm2 and uvw2) and three optical

filters (u, b, and v). The first-epoch observation showed that most of the UVOT filters are near

or above their saturation limit due to the brightness of this supernova (Margutti et al. 2013).

To avoid this effect on the measurements, some of the subsequent observations were done in a

mode to decrease the frame readout time and reduce the effect of coincidence loss (see Poole et al.

2008 for details). The early-time UVOT photometry, covering about 2 weeks from the explosion,

was reported by Valenti et al. (2014). Here we present the full set of Swift UVOT photometric

results of SN 2013ej in Table 3, which are available from the Swift Optical/Ultraviolet Supernova

Archive (SOUSA; Brown et al. 2014). These magnitudes are measured after applying subtraction

of the galaxy template obtained with the Swift/UVOT during the period 2007-2008. Note that the

template subtraction is performed using the UVOT flux (or count rates) rather than the images

themselves, as described in Brown et al.(2014).

2.1.3. NIR Observations from NTT SOFI

The near-infrared observations of SN 2013ej were obtained with the 3.58-m ESO New Tech-

nology Telescope (NTT) equipped with the SOFI (Son of ISAAC) camera as part of the Public Eu-

ropean Southern Observatory Spectroscopic Survey of Transient Objects (PESSTO, Smartt et al.

2014). Images were acquired through JHKs filters at 7 epochs spanning from ∼+24 d to +185 d

after explosion. The NIR images were processed, including bias subtraction, flat-field correction,

sky subtraction, alignment, combination of dithered frames and aperture photometry. We used

1IRAF is short for Image Reduction and Analysis Facility supported by the National Optical Astronomy Obser-

vatories (NOAO). NOAO is operated by the Association of Universities for Research in Astronomy (AURA), Inc.

under cooperative agreement with the National Science Foundation.
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the 2MASS point-source catalog (Skrutskie et al. 2006) to calibrate the supernova. The calibrated

JHK magnitudes of SN 2013ej are reported in Table 4.

2.2. Spectroscopy

A total of 13 low-resolution spectra of SN 2013ej were obtained with the YFOSC system on

the LJT and the BFOSC system on the 2.16-m telescope at NAOC Xinglong Observatory, spanning

from +8 to +157 days since the explosion. A journal of spectroscopic observations of SN 2013ej is

given in Table 5.

All spectra were reduced in the standard IRAF environment. The routine preprocessing pro-

cedures include the bias subtraction, corrections for the flat field, and removal of the cosmic rays.

One-dimensional spectra were extracted using apall task. The He/Ne lamp and Fe/Ar lamp were

used for the wavelength calibration of the YFOSC and BFOSC spectra, respectively. To get a

better flux calibration, the spectrophotometric standard star Feige 15 at a similar air mass was ob-

served on the same night. In addition, the flux-calibrated spectra were corrected for the continuum

atmospheric extinctions obtained at Xinglong and Li-Jiang Observatories, with further removals of

the telluric lines.

3. Distance and Extinction

3.1. Distance to SN 2013ej

By far, there are existing estimates of the distances to M74 by many methods except for the

Cepheids. Based on the HST images and Tip of the Red Giant Branch method, Jang & Lee (2014)

derived a distance to M74 as 30.04 ± 0.04(random) ± 0.12(systematic) mag, corresponding to a

linear distance of 10.19 ± 0.14(random) ± 0.56(systematic) Mpc. The distance estimated by the

Tully-Fisher relation is 9.7±1.8 Mpc, or µ = 29.93±0.40 mag (Tully 1988). Using the Standardized

Candle Method (Hamuy & Pinto 2002; Hamuy 2003), Hendry et al. (2005) estimated a distance

of 9.6 ± 2.8 Mpc with the V - and I-band observations of SN 2003gd, while Olivares et al. (2010)

gave an updated value of 9.9±1.3 Mpc with the same method. Herrmann et al. (2008) obtained a

distance of 8.6±0.3 Mpc using the planetary nebula luminosity function. These estimates agree with

each other within the quoted errors. However, a smaller value, i.e., 7.8± 0.4 Mpc (µ = 29.46± 0.11

mag), was reported using the brightest blue stars (Sharina et al. 1996). This value was not adopted

in our analysis according to the rejection of 3-σ outlier. The rest estimates give an averaged value

of 9.6±0.7 Mpc (µ = 29.91 ± 0.16 mag), which is adopted in the following analysis.
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3.2. Extinction

The Galactic reddening towards the line-of-sight direction of SN 2013ej is E(B − V )Gal=0.06

mag (Schlafly & Finkbeiner 2011), corresponding to an extinction of 0.19 mag in V forRV =3.1(Cardelli et al.

1989). The host-galaxy component can be estimated from spectroscopic and photometric methods.

We examined our 13 low-resolution spectra but failed to detect any significant signature of Na I D

absorptions due to the host galaxy, which indicates that SN 2013ej may suffer negligible reddening

in the host galaxy. This is further evidenced by the non-detection of such Na I lines in the high-

resolution spectrum of SN 2013ej (Valenti et al. 2014). However, it is worthwhile to point out that

there is a large scatter between the strength of Na I absorption and the amount of line-of-sight

reddening (e.g., Poznanski 2012).

As an alternative, we applied the photometric method to estimate the host galaxy reddening for

SN 2013ej. The V −I color has been proposed as a better reddening indicator for SNe IIP because it

exhibits more uniform properties (especially during the plateau phase) and it is also expected to be

less sensitive to the metallicity effects. For example, Hamuy (2004) proposed a method to estimate

the reddening of SNe IIP by comparing the V −I color curve with that of the well-studied template

such as SN 1999em. A host-galaxy reddening of E(B− V )host = 0.06± 0.06 can be inferred for SN

2013ej assuming a reddening of E(B−V )tot = 0.10± 0.05 mag for SN 1999em (Baron et al. 2000).

Olivares et al. (2010) suggest that the host-galaxy reddening of SNe IIP can be derived from the

V −I color toward the end of the plateau phase (i.e., ∼ 30 days before the end of the plateau phase).

For SN 2013ej, this phase corresponds to t ∼ 60 days after the explosion when the V − I color is

measured to be 0.74±0.07 mag. Based on the empirical relation, AV (V −I) = 2.518[(V −I)−0.656],

this results in a host galaxy reddening of E(B − V )host = 0.07±0.08 mag for RV = 3.1 after

correcting for the Galactic reddening. Therefore, a total reddening of E(B − V )tot = 0.12 ± 0.06

can be derived for SN 2013ej, which corresponds to a total line-of-sight extinction of AV = 0.37±0.19

mag for RV = 3.1.

4. Photometric Evolution

The UV-optical-NIR (UVOIR) light curves of SN 2013ej are shown in Figure 2. The data

published by Richmond (2014) are also overplotted for comparison. In the optical bands, the

observations of the LJT and TNT agree well with those from Swift and Richmond (2014). The

UV light curves show much faster post-maximum evolution than those in the optical and NIR bands.

Detailed analysis of the light curves and color evolutions is presented in the following subsections.
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4.1. UV Light Curves

SN 2013ej is initially bright in the UV, then it undergoes a rapid linear decline over the first

few days. The decline rate in uvm2 band is slightly steeper (0.27 mag day−1) than that in uvw1

(0.18 mag day−1) and uvw2 (0.24 mag day−1), despite that the decay rate generally steepens at

shorter wavelengths. Brown et al. (2007) explained this with the appearance of strong Fe II and Fe

III lines in the uvm2 band. After t ∼ 30 days, the UV light curves flatten into a slowly declining

plateau, which is similarly seen in normal SNe IIP (Brown et al. 2009; Pritchard et al. 2014). Two

effects might contribute to this leveling off in the UV bands during the early nebular phase. One

is related to the evolution of the photospheric temperature which slows down by one month after

the maximum light. The other is likely due to that the UV emission at this phase is contaminated

by the photons leaked from the optical tails of uvw2 and uvw1 filters.

4.2. NIR Light Curves

The NIR-band light curves of SN 2013ej have the same features as the VRI-band light curves,

showing a plateau phase of nearly constant brightness that lasted for about 50 days (see §4.3).

In the J band, SN 2013ej gradually decreased its luminosity during the plateau phase, while in

the H and K bands its luminosity initially increased and then decreased at similar times. This is

somewhat different from the features seen in other SNe IIP such as SN 1999em (Hamuy et al. 2001)

and SN 2005cs (Pastorello et al. 2009) where the luminosity increases monotonically close to (or

until) the end of the plateau. For SN 2013ej, the degree of brightening increased with wavelength,

and reached > 0.35 mag in the K band. After entering the nebular phase, the NIR luminosity

declines at a rate similar to that in the optical bands.

4.3. Optical Light Curves

4.3.1. Apparent Light Curves

SN 2013ej was first detected in a KAIT image taken on 2013 July 25.45 (Kim et al. 2013), but

the pre-discovery detection on 2013 July 24.13 was reported by C. Feliciano on the Bright Super-

nova2 website. This supernova was not detected on 2013 July 23.54 according to the images from

the All Sky Automated Survey for Supernovae (Shappee et al. 2013), with a limiting magnitude

of V >16.7 mag. Assuming that SN 2013ej exploded near July 23.5 (which is also adopted in

Valenti et al. 2014), we find a rise time to the maximum light of 15.0±1.0 days in the V band.

With the LJT, TNT, and Swift light curves, we estimated the date of maximum light and

2http://www.rochesterastronomy.org/snimages/



– 8 –

peak magnitude in BV RI bands by fitting a cubic polynomial to the points around maximum light.

The results are listed in Table 6. It is found that SN 2013ej reached a B-band maximum brightness

of 12.56 ±0.04 mag on JD 2456507.23 (August 2.73, 2013), and it reached at the V -band maximum

of 12.45±0.05 mag at about 5 days later. The obtained peak magnitudes are consistent with the

results from Richmond (2014) within the quoted error bars.

For normal SNe IIP, the optical light curves go through a plateau phase shortly after the

maximum. In SN 2013ej, the plateau feature can be seen in the VRI bands but it is inapparent

in the B band; while the light curve in the U band shows a monotonic decline. This behavior

is similarly seen in SN 2007od (Inserra et al. 2011). The plateau of SN 2013ej is relatively short

compared to that of normal SNe IIP. For example, the V -band magnitude declines by ∼1.0 mag in

the first 50 days from the peak, which is much larger than most SNe IIP (see Figure 6 in Faran et al.

2014a). We note that the light curves at shorter wavebands tend to have larger decline rates, which

is likely related to the rapid cooling of the photosphere as a result of line blanketing in bluer bands.

After the plateau phase, there is a steep decline in the brightness in all bands, indicating the

transition from the photospheric phase to the nebular phase. In SN 2013ej, this phase begins at

∼ +90 days since the explosion and ends ∼ 20 days later. After t ∼ +110 days, the light curves

decline linearly in all bands, with a decay rate of 1.30 mag (100d)−1 in the V band. At this phase,

the photometric evolution of SNe IIP is powered by radioactive decay of 56Co to 56Fe, and the

expected decay rate is 0.98 mag (100d)−1, especially in the V band. The larger decay rates seen in

SN 2013ej indicate that the gamma rays are not efficiently trapped in the ejecta, likely suggestive

of a smaller optical opacity and hence a less massive envelope for its progenitor star (see discussions

in §6).

4.3.2. Absolute Light Curves

In Figure 3, we present the absolute V -band light curve of SN 2013ej, together with those of

type II-P SN 1999em (Leonard et al. 2002), SN 2004et (Sahu et al. 2006), SN 2005cs (Pastorello et al.

2009), SN 2007od (Inserra et al. 2011), and the prototype of type II-L supernova 1979C (de Vaucouleurs et al.

1981; Barbon et al. 1982). All of these light curves have been corrected for extinction due to the

Milky way and the host galaxies of the SNe. The comparison shows that the photometric evolution

of SN 2013ej is very similar to that of SN 2007od. At around the peak, SN 2013ej has an absolute

magnitude of Mmax
V =−17.83±0.25 mag, which is fainter than SN 2007od and SN 1979C but much

brighter than other SNe IIP of our sample, lying at the luminous end of SNe IIP according to the

statistic results from Faran et al. (2014b). After the maximum light, the luminosity of SN 2013ej

declines at a rate similar to that of SN 1979C. During the plateau phase, the luminosity of SN

2013ej (i.e., MV (50)= −16.96±0.33 mag) is close to that of SN 1999em. Note that the plateau

feature is actually not well developed in SN 2013ej compared to that seen in some typical SNe IIP

like SN 2004et and SN 1999em. To quantitatively describe the plateau feature of SN 2013ej, we fit

its V -band light curve following the method defined in Anderson et al. (2014) and Olivares et al.
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(2010). This yields an estimate of the plateau duration of ∼50 days. This duration is distinctly

shorter than the typical value (i.e., ∼ 80 days) yielded for normal SNe IIP. It has been recently

proposed that more luminous SNe IIP tend to have shorter plateau phases (Poznanski 2013). A

shorter plateau phase may indicate that the progenitor has a thinner hydrogen envelope before

explosion so that the explosion energy cannot be sufficiently trapped.

4.3.3. Color Evolution

The U −B, B−V , V −R and V − I color curves of SN 2013ej are shown in Figure 4, together

with those of SNe 1999em, 2004et, 2005cs and 2007od. All of the color curves were corrected

for the reddening. At early phase, SN 2013ej is quite blue due to high temperature from shock

breakout, and it evolves redward rapidly especially in the (U−B)0 and (B−V )0 color as a result of

the expansion and cooling of the photosphere. During the recombination phase, the colors remain

almost constant. After t ∼ 120 days, the color curves of SN 2013ej show little evolution, similar

to SN 1999em. One can see that (U − B)0 and (B − V )0 colors become redder earlier and at a

pace faster than the (V −R)0 and (V − I)0 colors, which is likely due to the appearance of strong

metallic lines at shorter wavelengths. The color evolution of SN 2013ej is overall very similar to

that of the comparison SNe IIP.

5. Optical Spectroscopy

A total of thirteen optical spectra of SN 2013ej were obtained with the Lijiang 2.4-m telescope

and the Xinglong 2.16-m telescope, spanning from t = +7.8 days to t = +157.0 days with respect to

the explosion date. Figure 5 shows the complete spectral evolution, with the main spectral features

being the development of line profiles of hydrogen, O I, and Ca II IR triplet when entering the

nebular phase. The spectral evolution will be examined in detail in the following subsections.

5.1. Evolution of the Spectra

Figure 6 shows the spectral comparison of SN 2013ej with some representative SNe IIP at t ∼

1 week, ∼ 3 weeks, ∼ 2 months, and ∼ 5 months after explosion. The comparison sample include

SNe 1999em (Leonard et al. 2002), 2004et (Sahu et al. 2006), 2005cs (Pastorello et al. 2009), and

2007od (Inserra et al. 2011). All of the spectra have been corrected for redshift and reddening.

At t ∼ +8 days, the spectrum is characterized by broad P-Cygni profiles of H Balmer lines

superimposed on the blue continuum (see Fig. 6a). Note that the hydrogen lines of SN 2013ej

are less pronounced when compared to the comparison sample. The weak absorption seen near

5700Å in the t=+8 day spectrum is likely due to the He I 5876 feature (see also the spectra at t
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∼ +10, +11, and +17 days shown in Figure 5), with the peak near 5800Å corresponding to the

P-Cygni emission component. While other He I lines can be hardly identified in the spectrum. The

absorption at about 6200 Å can be attributed to Si II λ6355 rather than high velocity feature of Hα

for the lack of a similar absorption feature on the blueside of Hβ (Valenti et al. 2014; see also the

right panel of Figure 9). By about 3 weeks from the explosion, the continuum spectrum flattens as

a result of the dramatic decline of the photospheric temperature. At this time, the P-Cygni profiles

of H lines are well developed. The possible feature due to He I 5876 becomes barely visible in the

t=+21 day spectrum but a few more metal lines such as Na I, Ca II, Ba II λ4554, and Fe II λ5169

start to appear in the spectrum (see Fig. 6b).

By t ∼ 2 months after the explosion, the supernova enters the plateau phase. The spectrum

is dominated by hydrogen lines and some metal lines such as Fe II (4500, 4924, 5018, and 5169),

Sc II (5527, 5672, and 6305), Ba II (6142), and Ca II H&K and IR triplet, as shown in Fig. 6c.

During the plateau phase (e.g., from t ∼ 30 to t ∼ 80 days), the spectra show little change except

that the absorption troughs of the above features become gradually stronger.

Fig. 6d shows the comparison at t ∼ 5 months. At such a late phase, the absorption features

generally become shallower while the emission components grow progressively stronger. In particu-

lar, the narrow forbidden emission lines [O I] 6300, 6364Å and [Ca II] 7291, 7324Å start to emerge

in the spectra.

The spectra of SN 2013ej are somewhat similar to the luminous SNe IIP such as SN 2004et and

SN 2007od, but differences do exist between them. For example, SN 2013ej shows a stronger O I

absorption at early phases relative to the above two comparison SNe. A stronger O I absorption per-

haps indicates a smaller Ca/O ratio for the progenitor of SN 2013ej, which in turn points to a larger

progenitor mass because the Ca/O ratio decreases with the progenitor mass (Houck & Fransson

1996). Moreover, SN 2013ej does not seem to show the boxy Hα and Hβ profiles (which are formed

perhaps due to weak CSM interaction) as seen in SN 2007od , despite that they both have broad

line profiles.

5.2. Ejecta Velocity

The ejecta velocities can be estimated by performing a Gaussian fit to the absorption minima

of some unblended lines in the spectra. The velocities inferred from absorption minima of Hα, Hβ,

Si II λ6355, He I λ5876 and Fe II λ5018, 5169 are shown in Figure 7. The typical uncertainties

in the measured velocities are 20–350 km/s, depending on the resolution and the signal to noise

(S/N) ratio of the spectra. After t ∼ 80 days, we did not attempt to estimate the velocity of Fe

II lines because they do not show well-defined Gaussian profiles perhaps due to contaminations

by other unknown lines. It can be seen that the expansion velocities of different species decrease

with time approximately in a power-law fashion. After t ∼ 80 days, the velocities of hydrogen lines

decrease continuously but at a much slower pace. Note that the velocities derived from Hα and Hβ
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are always higher than the metal lines, and this can be naturally explained by that these lines are

formed at the top of photosphere and have lower optical depths.

Fe II λ5169 has long been regarded as a good indicator of the photospheric velocity for SNe IIP

(Hamuy et al. 2001), as it is formed close to the photosphere and suffers less blending from other

lines in the earlier phases. Figure 8 shows the photospheric velocity of SN 2013ej as measured from

Fe II λ5169, together with those of the comparison sample of SNe IIP. One can see that SN 2013ej

has a a higher photospheric velocity relative to the comparison sample at all phases. At t∼ 50 days,

the Fe II velocity is measured to be ∼ 4600 km s−1 for SN 2013ej, while it is ∼3800 km s−1 and

only ∼3200 km s−1 for SN 2007od and SN 1999em, respectively. The larger expansion velocity seen

in SN 2013ej is generally consistent with its higher luminosity, following the luminosity-velocity

correlation proposed by Hamuy et al. (2003). SN 2007od seems to be an outlier of this correlation,

and its higher luminosity is likely caused by the ejecta-CSM interaction (Inserra et al. 2011).

5.3. Asymmetric Line Profiles in Nebular Spectra

The emission-line profiles in the nebular spectra of SNe are powerful probes of the geometric

structure of the ejecta in the explosion. The Hα is the strongest line in the nebular phase, and can

be used for studies of this kind. The evolution of Hα and Hβ line profiles of SN 2013ej is shown in

Figure 9. While in the early phase Hα was characterized by a symmetric P-Cygni profile, a double

peaked emission appears in the t ∼ 129 days spectrum, and this asymmetric feature is also visible

in the t ∼ 136 days and t ∼ 157 days spectra. It is not clear whether the double-peak feature exists

in Hβ because it is relatively weak and may suffer from line blending. This asymmetric feature

of Hα was similarly seen before in SN 1987A (Utrobin et al. 1995) and SN 2004dj (Chugai et al.

2005), and can be also seen in our comparison sample SN 1999em and SN 2007od at comparable

phases but not in the low-luminosity object SN 2005cs, as shown in Figure 6d. One notable feature

in SN 2013ej is that its line profile of Hα seems to be much broader than that of the comparison

sample, consistent with that its explosion ejecta has a higher expansion velocity. In SN 2013ej, the

asymmetric feature can be decomposed into a dominant blue peak shifted by ∼ −1200 km s−1 and

a red peak shifted by ∼ +1000 km s−1. This phenomenon may indicate an asymmetric (bipolar)

ejection of 56Ni in a spherically symmetric envelope, as suggested by Chugai (2006) in study of

the double-peak feature of SN 2004dj. The stronger blueside peak can be explained with a 56Ni

distribution that is skewed towards the observer, while the red peak can be attributed to greater

scattering and absorptions for photons traveling from the far side of the ejecta.
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6. Discussions

6.1. The Bolometric Light Curve and the Nickel Mass

Using the UV, optical, and NIR data presented in previous sections, we can compute the

UV OIR bolometric light curve of SN 2013ej. The bolometric luminosity is derived by correcting

the observed magnitudes for extinctions, converting the magnitudes into fluxes at the effective

wavelength, and finally integrating the resulting spectral energy distribution (SED) over wave-

lengths. The integrated flux is then converted to luminosity by adopting the distance of 9.6 Mpc

(see §3.1). The flux was calculated for epochs when the V-band magnitudes were obtained; and the

data in other bands were interpolated from the adjacent color curves using a low-order polynomial

fit whenever necessary.

As the UV and NIR data were not available for some of our sample, we present in Figure 10

a comparison of the UBV RI pseudo-bolometric light curves of SN 2013ej with those of other SNe

IIP. As shown in the plot, SN 2013ej has a higher peak luminosity and a shorter plateau phase

than the comparison SNe IIP. In the nebular phase (i.e., at t ∼ 120–170 days), its luminosity

shows a faster decline, with a magnitude decline rate of 1.52 mag (100d)−1. As a comparison,

the magnitude decline rate per 100 day is found to be 0.92 mag for SN 1999em, 0.94 mag for SN

2005cs, 0.91 mag for SN 2004et, and 1.05 mag for SN 2007od, respectively. This may suggest that

the ejecta of SN 2013ej became optically thinner than other SNe IIP at comparable phases. A

smaller opacity can be also inferred for SN 2013ej from its higher luminosity and shorter plateau

phase according to the semi-analytical light curve model presented by Nagy et al. (2014). For a

type II supernova, the opacity of the photosphere is primarily determined by absorptions of neutral

hydrogen in the earlier phase and negatively-ionized hydrogen in the nebular phase (due to its lower

ionization energy, i.e., 0.754 ev). It is thus reasonable to speculate that the progenitor SN 2013ej

has a lower-mass envelope of hydrogen.

The 56Ni mass ejected in the nebular phase by SN 2013ej can be derived by comparing the

UV OIR bolometric light curve to that of SN 1987A, assuming a similar γ-ray deposition fraction:

M(56Ni)13ej = M(56Ni)87A ×
L13ej

L87A
M⊙ (1)

where M(56Ni)87A = 0.075±0.005M⊙ is the mass of 56Ni ejected by SN 1987A (Arnett 1996),

and L87A is the UV OIR bolometric luminosity at a comparable epoch. The comparison with the

tail evolution of SN 1987A during the phase from t ∼ 140–170 days gives M(56Ni)13ej ∼ 0.02 ±

0.01 M⊙.
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6.2. Progenitor of SN 2013ej

The progenitor and explosion properties of SNe IIP can be studied by direct progenitor de-

tection in the pre-explosion images. Based on the archival HST ACS images, Fraser et al. (2014)

suggested the progenitor of SN 2013ej to be an M-type supergiant with the mass of 8–16 M⊙ and

the luminosity of logL/L⊙ = 4.46–4.85 dex. Using the temperature evolution of the photosphere

at early phases, Valenti et al. (2014) set an interesting constraint on the radius of the progenitor,

i.e. 400–600 R⊙, which is comparable to that of a typical RSG.

Like the analysis done for some SNe IIP (e.g., SNe 2007od, 2009bw, and 2009E; see Inserra et al.

2011, 2012; Pastorello et al. 2012), we attempt to derive the progenitor parameters for SN 2013ej

using a two-step modeling procedure. The first step is solving the energy balance equation for

a spherically symmetric envelope of constant density in homologous expansion through a semi-

analytic code (Zampieri et al. 2003). The second step involves solving the equations of relativistic

radiation hydrodynamics, which is to compute the physical properties of the ejecta and the evolu-

tion of the main observables (up to the nebular phase)(Pumo et al. 2010; Pumo & Zampieri 2011).

Compared to the semi-analytic model, the general-relativistic, radiation-hydrodynamics model is

more realistic but time consuming. In our analysis, the semi-analytic code is first used to carry out

a preparatory study aiming at individuating the parameter space describing the SN progenitor at

the explosion. The results from such a study are then used as inputs for the model calculations

performed with the radiation-hydrodynamics code (Pumo et al. 2010; Pumo & Zampieri 2011).

The photospheric temperatures were derived by applying blackbody fit to the continuums of

the observed spectra (which have been corrected for redshift and reddening and adjusted in shape

according to the photometry) up to t∼80 days after explosion. For the spectra taken after that,

the fit to the continuum becomes difficult due to the increasing line blanketing and appearances of

strong emission lines. In Figure 11, we present the comparison of the observed values with the best-

fit model calculations. The agreement between our modelings and the observations is reasonably

good, except for the velocity evolution at early phase (which happens also for other SNe IIP). The

discrepancy in the velocity evolution can be attributed to the fact that the radial density profile is

not perfectly reproduced in the outermost shells of the ejecta formed after shock breakout. For this

reason, we exclude the early data from the fit. Overall, the hydro-dynamical model fits the data

better than the semi-analytic model, especially for the bolometric light curve and the temperature.

Assuming a 56Ni mass of 0.020 M⊙ from the observed light curves, the best-fit model computed

using the semi-analytic and radiation-hydrodynamical models yields a total (kinetic plus thermal)

energy of 0.7–2.1× 1051 erg, an initial radius of 1.6–4.2×1013 cm (∼ 230–600 R⊙), and an envelope

mass of 10.4–10.6 M⊙. Taking into account approximately 1.5–2.0 M⊙ for the remnant neutron

star, we obtain a range of 12–13 M⊙ for the mass of the progenitor immediately before explosion,

which is in agreement with the direct observational estimate from Fraser et al. (2014).
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7. Conclusions

In this paper, we present extensive UV OIR observations of SN 2013ej. The photometric

observations are presented at 47 epochs covering from +8 days to +185 days after the explosion,

and the low-resolution spectroscopic observations are presented at 13 epochs spanning from +8

days to +157 days.

The analyses of the photometric and spectroscopic observations of SN 2013ej suggest that it

belongs to the subclass of SNe IIP but shows differences in some aspects. Compared to normal

SNe IIP such as SN 1999em, SN 2013ej is more luminous around the peak and shows faster decline

rates after that, leading to a shorter plateau phase of about 50 days. The spectral evolution of SN

2013ej shows close resemblance to that of SN 2004et and SN 2007od at comparable phases, but the

former has higher expansion velocities and broader line profiles. At nebular phase, the emission of

Hα displayed a pronounced asymmetric structure, which may be due to the asymmetric ejection of
56Ni in a spherically symmetric but thinner envelope.

A nickel mass of 0.02±0.01 M⊙ can be obtained for SN 2013ej using the tail bolometric light

curve. With the hydrodynamical model and input parameters from our observations, we are able to

reproduce some physical properties for the progenitor of SN 2013ej. The simulation yields a total

explosion energy of 0.7 × 1051 erg, a radius of the progenitor as ∼ 600 R⊙, and an ejected mass of

∼ 10.6 M⊙, consistent with an RSG with a mass of 12–13 M⊙ before explosion. The observational

evidence presented for SN 2013ej, together with significant polarization measured at early phase,

suggest that its progenitor may lose a considerable amount of hydrogen before explosion.
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Fig. 2.— The optical, ultraviolet and near-infrared light curves of SN 2013ej. The optical data

from Richmond (2014) are overplotted as solid lines for comparison. The light curves are shifted

in magnitudes for better display. In BV RI bands, the error bars are smaller than the symbols.
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Fig. 3.— Comparison of the V -band absolute light curve of SN 2013ej with those of other well-
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– 18 –

−1.0

0.0

1.0

2.0

(U
−

B
) 0

 

 
SN 2013ej
SN 1999em
SN 2004et
SN 2005cs
SN 2007od

0.0

0.5

1.0

1.5

(B
−

V
) 0

0.0

0.5

1.0

(V
−

R
) 0

0 20 40 60 80 100 120 140 160 180

0.0

0.5

1.0

(V
−

I)
0

Days since explosion

Fig. 4.— Comparison of UBV RI color curves between SN 2013ej and some representative SNe

IIP.



– 19 –

4000 5000 6000 7000 8000 9000

8d
10d
11d
17d
21d
25d
31d
51d
68d

80d

129d

136d

157d

Wavelength (Angstroms)

lo
g1

0(
F

lu
x)

+
co

ns
ta

nt
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of the host-galaxy (vhel = 657 ± 1 km s−1; Lu et al. 1993) and shifted vertically for better display.

The last spectrum has been smoothed with a bin of about 25 Å due to its low signal-to-noise ratio.

The numbers on the right side mark the epochs of the spectra in days after explosion.
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Fig. 7.— Evolution of the ejecta velocities of SN 2013ej measured from the absorption minima of

different spectral lines.
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Fig. 8.— Evolution of photospheric velocity of SN 2013ej inferred from Fe IIλ5169, compared with

those of some well-studied SNe IIP (Takáts & Vinkó 2012) and SN 2007od (Inserra et al. 2011).
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identified as Si II λ6355, is marked with a blue dashed line in the left panel.



– 24 –

0 20 40 60 80 100 120 140 160 180

40

40.5

41

41.5

42

42.5

Days since explosion

Lo
g 

L bo
l (

er
g 

s−
1 )

 

 

SN 2013ej
SN 1999em
SN 2004et
SN 2007od
SN 2005cs
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well-studied SNe IIP.
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Fig. 11.— Comparison of the evolution of the main observables (bolometric luminosity, photo-

spheric velocity, and photospheric temperature) of SN 2013ej with the best-fit relativistic, radiation-

hydrodynamic model (total energy 0.7 foe, initial radius 4.2×1013 cm, and ejected mass 10.6 M⊙).

The best-fit semi-analytic model is also shown for comparison (total energy ∼2.1 foe, initial radius

∼1.6×1013 cm, and ejected mass ∼10.4 M⊙). The photospheric velocities are derived from the

minimum absorption of Fe II λ5169.

.
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Table 1: Photometric Standard Stars in the SN 2013ej Field.

Star αJ2000 δJ2000 U B V R I

ID (h m s) (◦ ′ ′′) (mag) (mag) (mag) (mag) (mag)

1 01:37:09.07 15:48:00.0 17.02(02) 16.17(06) 15.18(04) 14.60(04) 14.06(07)

2 01:36:58.61 15:47:46.3 12.84(03) 12.95(02) 12.51(01) 12.26(02) 11.98(01)

3 01:36:59.63 15:46:47.5 17.13(02) 16.06(06) 14.97(04) 14.34(04) 13.79(08)

4 01:36:57.57 15:46:20.1 13.93(03) 13.75(03) 13.12(02) 12.74(01) 12.42(02)

5 01:36:27.39 15:46:29.5 14.73(03) 14.73(09) 14.07(21) 13.57(18) 13.04(18)

6 01:36:32.10 15:45:07.3 15.28(05) 14.15(03) 13.03(02) 12.29(01) 11.64(01)

7 01:37:09.09 15:41:20.0 18.70(04) 17.81(06) 16.75(03) 16.14(04) 15.58(08)

8 01:37:03.49 15:41:38.7 17.19(02) 17.08(04) 16.40(03) 16.00(03) 15.60(06)

9 01:36:52.78 15:40:38.6 14.81(02) 14.24(04) 14.38(03) 14.34(03) 13.92(06)

10 01:36:47.02 15:41:19.7 18.17(03) 17.64(05) 16.80(03) 16.30(04) 15.81(07)
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Table 2: Photometric evolution of SN 2013ej.
UT Date JD Phasea U B V R I Telescopeb

(yy/mm/dd) 2450000+ (day) (mag) (mag) (mag) (mag) (mag)
2013-07-31 6504.28 7.28 · · · 12.62(02) 12.58(03) 12.66(04) 12.572(03) LJT
2013-08-02 6506.38 9.38 · · · 12.58(02) 12.49(04) 12.44(08) 12.310(06) LJT
2013-08-03 6507.32 10.32 · · · 12.54(03) 12.48(12) 12.28(09) 12.211(08) LJT
2013-08-13 6517.31 20.31 · · · 13.05(04) 12.52(04) 12.31(09) 12.203(09) LJT
2013-08-17 6521.24 24.24 · · · 13.33(05) 12.61(05) 12.45(07) 12.183(09) LJT
2013-09-12 6537.01 40.01 15.53(03) 14.55(01) 13.22(06) 12.88(07) 12.381(06) LJT
2013-09-29 6564.14 67.14 16.40(08) 14.91(09) 13.57(07) 13.20(06) 12.599(07) LJT
2013-10-08 6573.25 76.25 16.55(07) 15.14(05) 13.74(05) 13.33(05) 13.124(07) TNT
2013-10-10 6575.25 78.25 16.50(05) 15.23(04) 13.81(03) 13.28(04) 13.015(03) TNT
2013-10-11 6576.25 79.25 16.79(05) 15.32(05) 13.81(03) 13.35(05) 13.053(06) TNT
2013-10-14 6579.25 82.25 16.85(05) 15.39(04) 13.91(04) 13.40(05) 13.088(06) TNT
2013-10-20 6585.25 88.25 16.71(15) 15.56(05) 14.05(04) 13.60(05) 13.246(02) TNT
2013-10-21 6586.25 89.25 16.83(18) 15.67(07) 14.09(05) 13.66(04) 13.407(04) TNT
2013-10-23 6588.25 91.25 · · · 15.69(05) 14.19(03) 13.59(03) 13.328(02) TNT
2013-10-24 6589.25 92.25 · · · 15.77(04) 14.27(03) 13.71(03) 13.303(04) TNT
2013-11-05 6601.25 104.25 18.20(13) 17.47(04) 16.02(03) 15.15(04) 14.797(03) TNT
2013-11-07 6603.00 106.00 18.43(10) 17.57(03) 16.20(03) 15.36(03) 14.969(03) TNT
2013-11-10 6606.00 109.00 · · · 17.76(05) 16.39(02) 15.42(03) 15.093(04) TNT
2013-11-11 6607.25 110.25 18.44(15) 17.79(04) 16.40(03) 15.43(04) 15.049(04) TNT
2013-11-12 6608.00 111.00 · · · 17.62(08) 16.45(04) 15.52(06) 15.157(04) TNT
2013-11-13 6609.25 112.25 · · · · · · 16.55(08) 15.45(06) · · · TNT
2013-11-17 6613.00 116.00 · · · · · · 16.60(08) 15.60(05) 15.26(05) TNT
2013-11-18 6614.25 117.25 · · · 17.65(16) 16.60(05) 15.58(05) 15.23(04) TNT
2013-11-20 6616.00 119.00 · · · 17.93(08) 16.61(04) 15.64(06) 15.20(03) TNT
2013-11-21 6617.00 120.00 18.84(15) 17.92(06) 16.58(02) 15.66(02) 15.26(04) TNT
2013-11-22 6618.00 121.00 · · · 17.93(05) 16.58(04) 15.57(03) 15.25(02) TNT
2013-11-23 6619.00 122.00 18.87(11) 17.97(05) 16.64(03) 15.69(04) 15.32(03) TNT
2013-11-25 6621.00 124.00 18.83(11) 18.00(05) 16.64(03) 15.69(04) 15.38(03) TNT
2013-12-03 6629.00 132.00 18.81(10) 18.06(05) 16.72(06) 15.76(03) 15.47(03) TNT
2013-12-05 6631.00 134.00 · · · 18.11(05) 16.81(04) 15.79(04) 15.64(04) TNT
2013-12-06 6632.00 135.00 · · · 18.12(04) 16.81(04) 15.78(02) 15.58(04) TNT
2013-12-07 6633.00 136.00 · · · · · · 16.79(04) 15.79(04) · · · TNT
2013-12-08 6634.00 137.00 · · · 18.00(05) 16.90(03) 15.86(03) 15.57(03) TNT
2013-12-15 6641.00 144.00 · · · 18.22(14) 17.01(06) 15.97(05) 15.66(02) TNT
2013-12-17 6643.00 146.00 · · · 18.17(17) 17.07(06) 15.91(04) 15.67(02) TNT
2013-12-19 6645.00 148.00 · · · 18.54(13) 17.04(04) 15.98(03) 15.71(02) TNT
2013-12-20 6646.00 149.00 · · · 18.46(11) 17.16(04) 16.04(03) 15.69(03) TNT
2013-12-21 6647.00 150.00 · · · 18.25(07) 17.12(04) 16.09(04) 15.79(03) TNT
2013-12-22 6648.00 151.00 · · · 18.38(05) 17.10(03) 16.15(04) 15.83(02) TNT
2013-12-23 6649.00 152.00 · · · 18.34(06) 17.03(05) 16.13(06) 15.78(03) TNT
2013-12-25 6651.00 154.00 · · · 18.44(07) 17.13(03) 16.12(04) 15.89(04) TNT
2013-12-26 6652.00 155.00 · · · 18.34(07) 17.11(03) 16.08(03) 15.81(03) TNT
2013-12-31 6657.00 160.00 · · · 18.41(06) 17.20(05) 16.23(04) 15.97(03) TNT
2014-01-01 6658.00 161.00 · · · 18.35(06) 17.22(06) 16.24(04) 16.01(04) TNT
2014-01-02 6659.00 162.00 · · · 18.42(12) 17.23(07) 16.23(07) 16.01(05) TNT
2014-01-03 6660.00 163.00 · · · 18.61(07) 17.26(04) 16.23(05) 16.01(04) TNT
2014-01-04 6661.00 164.00 · · · 18.41(13) 17.21(06) 16.19(05) 16.03(05) TNT
2014-01-05 6662.00 165.00 · · · 18.55(06) 17.32(04) 16.32(03) 16.05(02) TNT

a With reference to the explosion epoch JD 2456497.0
b LJT : 240-cm Lijiang Telescope, Yunnan, China; TNT : 80-cm Tsinghua-NAOC telescope, Hebei, China

Note. — Uncertainties (numbers in brackets), in units of 0.01 mag, are 1σ.
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Table 3: Ultraviolet and Optical photometry of SN 2013ej from the Swift UVOT
UT Date JD Phasea uvw2 uvm2 uvw1 U B V

(yy/mm/dd) 2450000+ (day) (mag) (mag) (mag) (mag) (mag) (mag)
2013-07-30 6504.46 7.46 12.37(04) 12.02(04) 11.71(04) · · · · · · 12.69(04)
2013-07-31 6505.32 8.32 12.58(03) 12.20(04) 11.81(03) · · · · · · 12.61(04)
2013-08-02 6507.55 10.55 13.05(04) 12.70(04) · · · 11.68(03) 12.62(03) · · ·

2013-08-04 6509.34 12.34 13.38(04) 13.16(05) · · · 11.81(03) 12.61(03) · · ·

2013-08-07 6511.95 14.95 13.93(05) · · · 12.95(04) · · · · · · · · ·

2013-08-08 6512.68 15.68 14.12(05) 13.97(06) 13.13(04) 12.20(03) 12.75(03) 12.48(03)
2013-08-09 6513.71 16.71 14.39(05) 14.41(06) 13.38(04) 12.33(03) 12.91(03) 12.54(03)
2013-08-11 6516.28 19.28 15.11(08) 15.15(08) 13.91(05) 12.66(03) 12.98(03) 12.58(03)
2013-08-13 6518.33 21.33 15.65(08) 15.96(07) 14.45(06) 12.98(03) 13.11(03) 12.60(03)
2013-08-15 6520.49 23.49 16.21(09) · · · 14.91(07) 13.31(03) 13.22(03) 12.57(03)
2013-08-17 6522.15 25.15 16.59(10) 17.11(20) 15.20(07) 13.60(03) 13.29(03) 12.66(03)
2013-08-19 6524.22 27.22 16.82(11) 17.55(22) 15.49(08) 13.96(03) 13.48(03) 12.69(03)
2013-08-22 6527.34 30.34 17.21(12) 18.22(17) 15.88(08) 14.35(05) 13.63(03) 12.89(03)
2013-08-27 6532.24 35.24 17.75(15) 18.57(21) 16.36(10) 14.84(06) 13.92(03) 12.97(04)
2013-09-06 6541.91 44.91 18.13(12) 19.14(19) 16.79(08) 15.57(07) 14.37(03) 13.23(04)
2013-09-16 6552.23 55.23 18.69(16) 19.49(24) 17.29(10) 16.29(07) 14.75(04) 13.47(04)
2013-09-26 6561.94 64.94 18.79(17) · · · 17.56(12) 16.59(09) 14.92(04) 13.60(04)
2013-10-06 6572.32 75.32 19.24(23) 19.88(33) 17.92(13) 17.06(09) · · · · · ·

2013-10-16 6582.28 85.28 19.29(25) · · · 18.13(17) 17.41(12) 15.46(06) 14.03(05)
2013-10-26 6592.43 95.43 · · · · · · 18.25(19) 17.51(17) · · · · · ·

2013-11-13 6610.18 113.18 · · · · · · 19.52(35) 19.06(31) 17.97(21) 16.64(07)
2013-11-20 6616.86 119.86 · · · · · · · · · 18.98(21) 17.89(09) 16.72(08)
2013-11-25 6622.00 125.00 · · · · · · · · · 19.16(32) · · · · · ·

2013-11-30 6626.59 129.59 · · · · · · 19.73(31) 19.34(28) 18.16(10) 16.83(08)
2013-12-09 6636.15 139.15 · · · · · · 19.81(33) 19.34(27) 18.20(10) 16.93(09)

a With reference to the explosion epoch JD 2456497.0

Note. — Uncertainties (numbers in brackets), in units of 0.01 mag, are 1σ.

Table 4: JHK Magnitudes of SN 2013ej from NTT+SOFI.

UT Date JD Phasea J H K

(yy/mm/dd) 2450000+ (day) (mag) (mag) (mag)

2013-08-17 6521.77 23.77 11.87(30) 11.97(27) 11.87(30)

2013-08-29 6533.70 35.70 11.99(21) 11.89(39) 11.52(21)

2013-10-04 6569.73 71.73 12.30(29) 12.33(31) 12.08(29)

2013-11-03 6599.56 101.56 13.83(29) 13.75(41) 13.56(24)

2013-11-13 6609.74 111.74 14.45(18) 14.24(31) 14.10(14)

2013-12-10 6636.53 138.53 15.10(16) 14.71(39) 14.24(27)

2014-01-25 6682.52 184.52 15.95(27) 15.80(40) 14.95(31)

a With reference to the explosion epoch JD 2456497.0

Note. — Uncertainties (numbers in brackets), in units of 0.01 mag, are 1σ.
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Table 5: Journal of Optical Spectroscopic Observations of SN 2013ej.

Date JD Phasea Range Resolution Exposure Instrument
(dd/mm/yy) (2450000+) (days) (Å) (Å) (s)
31/07/2013 6504.79 8 3400–9000 18 1200 Lijiang 2.4-m telescope + YFOSC + gm3
02/08/2013 6506.89 10 3400–9000 18 1200 Lijiang 2.4-m telescope + YFOSC + gm3
03/08/2013 6507.88 11 3400–9100 18 1200 Lijiang 2.4-m telescope + YFOSC + gm3
09/08/2013 6514.27 17 3400–8900 3 900 Xinglong 2.16-m telescope + BFOSC + gm4
13/08/2013 6517.81 21 3400–9100 18 976 Lijiang 2.4-m telescope + YFOSC + gm3
17/08/2013 6521.75 25 3400–9100 18 1200 Lijiang 2.4-m telescope + YFOSC + gm3
24/08/2013 6527.85 31 3400–9000 18 263 Lijiang 2.4-m telescope + YFOSC + gm3
12/09/2013 6547.51 51 3300–9100 18 1200 Lijiang 2.4-m telescope + YFOSC + gm3
29/09/2013 6564.65 68 3300–9100 18 1800 Lijiang 2.4-m telescope + YFOSC + gm3
11/10/2013 6576.25 80 3700–8800 3 2400 Xinglong 2.16-m telescope + BFOSC + gm4
29/11/2013 6626.03 129 3700–8800 3 3300 Xinglong 2.16-m telescope + BFOSC + gm4
06/12/2013 6633.05 136 3700–8800 3 3000 Xinglong 2.16-m telescope + BFOSC + gm4
27/12/2013 6653.99 157 3800–8800 3 3600 Xinglong 2.16-m telescope + BFOSC + gm4

aRelative to the estimated date of explosion JD = 2456497.0.

Table 6: Peak Parameters of SN 2013ej in BV RI bands.

B V R I

Peak magnitude 12.56±0.04 12.45±0.05 12.24±0.08 12.19±0.09

Maximum datea 10.23±0.40 15.07±1.00 16.90±1.00 21.49±1.00

aRelative to the estimated date of explosion JD = 2456497.0.
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