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ABSTRACT

We present a series of ground and space-based photometry and ground-based
spectroscopy of the Superluminous Type IIn Supernova (SLSN IIn) ASASSN-14il,
which shows evidence for strong interaction with pre-existing circumstellar material
(CSM). Our observations constrain the speed of the supernova shock and ejecta, as
well as the speed, mass, and extent of the CSM that was ejected off the SN immediately
preceding eruption. In our spectra, we measure the maximum speed of the CSM to
be 176 km s−1, being following by a 1600 km s−1 shock and 7065 km s−1 ejecta, by
fitting and analyzing statistical distributions to the components of Hα emission. Our
spectra reveal progressive blueshifting of the intermediate-width Hα emission from
dust within the SN ejecta. During the 11 years before its death, we calculate that
ASASSN-14il experienced extreme mass loss on the order of 1 M� yr−1, imparting
4.03×1048 erg of kinetic energy to the CSM. Integrating its light curve over the first
120 days, we found that ASASSN-14il radiated at least E = 5.74 × 1050erg in visual
light alone, giving a lower limit to the total radiated energy.

Key words: circumstellar matter — stars: evolution — stars: winds

1 INTRODUCTION

We characterize Type IIn supernovae (SNe IIn) as Type
II SNe that exhibit narrow (6 200 km s−1) emission
lines (Filippenko 1997; Schlegel 1990); these emission lines
have a narrow-width (102 km s−1) component and an
intermediate-width (103km s−1) component. This narrow
emission is due to the slow-moving, dense, pre-shock
circumstellar material (CSM), and the intermediate-width
emission is due to electron scattering, or, seen at later
times, the accelerated post-shock gas. See (Smith 2017) for
a review of interacting supernovae.

The observed mass loss rate of a SN IIn’s progeni-
tor falls on the order of 0.1-1 M� yr −1, far exceeding
radiation-driven stellar wind (10−4 M� yr −1) (Smith
2014; Smith & Owocki 2006), suggesting the source of this
mass loss is eruptive in nature. This mass loss may arise
from instabilities associated with the advanced stages of
nuclear burning, including pulsational pair instability, wave
driving, and other nuclear burning instabilities(Quataert &
Shiode 2012; Shiode & Quataert 2014; Fuller 2017; Fuller
& Ro 2018; Woosley et al. 2007; Woosley 2017; Smith
& Arnett 2014; Renzo et al. 2020) or violent LBV-like
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eruptions (Smith et al. 2018). The mechanism powering
Superluminous Type Ic and Type II supernovae is not well
known, but for SNe IIn, it is thought that CSM interaction
is the dominant source for the high luminosity.

In this paper, we study the SLSNe IIn, ASASSN-14il.
ASASSN-14il was discovered on October 1, 2014 (UT dates
are used throughout this paper) with an observed peak
absolute magnitude of MUV W1=-20.67 mag (Brimacombe
et al. 2014). ASASSN-14il is located 0.33” North and 0.26”
West from the center of the anonymous host galaxy PGC
3093694, also known as 2MASX J00453260-1415328, at a
redshift of z=0.022, corresponding to a distance of d=87.4
Mpc. We adopt a E(B − V ) = 0.2907 mag (see section
2.2.1) and using RV = 3.1 (Schlafly & Finkbeiner 2011),
we correct for a foreground Galactic and Host extinction of
AV = 0.9012 mag.

2 OBSERVATIONS

2.1 Photometry

We obtained optical photometry of ASASSN-14il from
ASASSN, Swift, and the Kuiper 61” Telescope on Mt.
Bigelow.

© 2021 The Authors



2 Dickinson

Figure 1. Kuiper/Mont4K R-band images of the host galaxy with and without SN light. Left : Day 16 image with the location of

ASASSN-14il identified. Right : Same field at day 646 after the SN has faded with the location of the SN identified.

Figure 2. ASASSN Photometry of the location of ASASSN-14il,

capturing the SN photometric evolution and the host contribu-
tion to that aperture, after the SN has faded into the continuum.

Triangle markers represent upperlimits of the magnitude for the
SN location. The horizontal dashed line represents the magnitude

of the background galaxy: 15.15 mag.

We retrieved optical photometry of ASASSN-14il in
UVOT UVW2, UVM2, UVW1, U, B, and V using the
Ultra-Violet Optical Telescope (UVOT) on the Swift space-
craft (Gehrels et al. 2004; Roming et al. 2005). The photom-
etry was processed with the pipeline of the Swift Optical Ul-
traviolet Supernova Archive (SOUSA) (Brown et al. 2014).
This pipeline includes subtraction of the host galaxy count
rate using an image obtained on October 19, 2016, assuming
the SN had faded into the galaxy. The photometry uses the
UVOT Vega system, using zeropoints from Breeveld et al.
(2011) and a time-dependent sensitivity correction.

Table 1. BV RI Photometry of ASASSN-14il from Kuiper 61”

Telescope.

Day B V R I

16 15.44(0.06) 15.11(0.09) 15.10(0.17) 15.17(0.18)

28 15.30(0.04) 14.97(0.06) 14.97(0.14) 14.92(0.17)
80 ... 14.95(0.07) 14.87(0.14) ...

90 ... 15.00(0.09) 14.92(0.19) ...

414 17.10(0.10) 16.53(0.10) 16.32(0.18) ...

We obtained optical photometry from the 61” Kuiper
Telescope on Mt. Bigelow in Tucson, AZ. Bias subtraction
and flat fielding were done using standard procedures. Aper-
ture photometry was performed, with zero-points calibrated
using the APASS Catalog (Henden et al. 2018). Background
subtraction was not considered while reducing these data.

ASASSN-14il was discovered by ASASSN using the
double 14-cm “Cassius” Telescope in Cerro Tololo, Chile.
We retrieved optical photometry in V band from ASASSN’s
ba and be cameras. These magnitudes were obtained with
aperture photometry, with a median zero-point calibrated
using the APASS Catalog (Shappee et al. 2014; Jayasinghe
et al. 2019). The ASASSN data are not template subtracted,
and there is a considerable amount of host extinction. From
Figure 2, we assume that the host contributes 15.15 mag to
the ASASSN photometry. To correct for this, we converted
the photometry into flux, subtracted the host contribution,
and converted the residual back to a standard magnitude.
These host-subtracted magnitudes are shown in Figure 3.

2.2 Spectra

We obtained 13 optical spectra from the Bluechannel (BC)
Spectrograph on the 6.5 m Multiple Mirror Telescope

MNRAS 000, 1–9 (2021)



An Optical Study of the Superluminous Type IIn Supernova ASASSN-14il 3

Figure 3. UVOT UVW1, UV W2, UVM2, UBV photometry from the Swift Telescope(Brown et al. 2014), Johnson V band from

ASASSN(Jayasinghe et al. 2019), and UBV RI contributions from the Kuiper 61” (See Table 1 for photometry). These photometry

are not corrected for extinction. Days since Discovery is shown on the time axis, since time of peak is unknown.

(MMT), the Boller and Chivens (B&C) Spectrograph on the
2.3m Bok Telescope, and the Spectropolarimeter (SPOL) on
the 61” Kuiper telescope and retrieved 8 publicly available
optical spectra from WiFeS on the ANU 2.3m Telescope
from WISeREP (Yaron & Gal-Yam 2012). Shown in Table
2 are these spectral observations. We plot these spectra in
Figure 4. These observations began 2 days after discovery
and end on day 1442. There is a considerable gap in time
between our 113 and 425 day spectra, which is symbolized
by a dashed, black line.

The five MMT spectra were taken using the Blue Chan-
nel Spectrograph (Angel et al. 1979). The epochs and for
these are 14 , 401 , 425, 428, and 1442 days, with a grating
of 1200 mm−1 for all epochs, except day 428, which had a
grating of 300 mm−1, a slitwidth of 1”, and resolutions of
1.45Å and 6.47Å for the 1200 and 300 mm−1 gratings, re-
spectively.

The five Bok spectra were taken using the Boller and
Chivens (B&C) Spectrograph. The epochs for these are 30,
43, 61, 89, and 427 days, with a grating of 300mm−1 for all
epochs, a slitwidth of 1.5”, and a resolution of ≈ 8Å .

The three SPOL spectra (Schmidt et al. 1992), of epochs
24, 57, and 113 days, were taken using a 5” slit and were re-

duced as in (Bilinski et al. 2020). The spectra are the sum of
the q and u polarizations. The day 24 and 57 spectra were
obtained using the SPOL instrument on the Kuiper Tele-
scope, whereas the 113 day spectrum was taken using the
SPOL intrument on the Bok Telescope.

The 9 spectra retrieved from the Australian National
University (ANU) 2.3m Telescope in Canberra, Australia
were taken with the Wide Field Spectrograph Instrument
(WiFeS). There were two spectra taken on each day 2, 8,
17, and 26 days after discovery, one with the B3000 grating,
and the other with the R3000 grating, with resolutions of
1.5 Å and 2.5 Å, respectively (Childress et al. 2016).

All spectra were corrected for both Galactic and Host
extinction, E(B − V ) = 0.2907, see section 2.2.1.

2.2.1 Extinction Correction and Na I D

We note a line-of-sight, Milky Way E(B − V ) = 0.0185 ±
0.0005 (Schlafly & Finkbeiner 2011) but wish to quantify
the amount of host extinction. We anticipate a significant
reddening effect, considering the location of ASASSN-14il
with respect to the galactic center. Using Equation 9 of
(Poznanski et al. 2012), we measure the equivalent lines of

MNRAS 000, 1–9 (2021)
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Figure 4. Optical spectra of ASASSN-14il from MMT BC, Bok B&C, and ANU WiFeS (see Table 2).

Figure 5. Day 14 spectra, interstellar medium (ISM) model, and

residual spectra shown. We assume that the emission seen in the

1442 day spectrum is purely ISM emission along the line of sight
that contaminates other spectra. We fit Gaussians to mimic the

shape of the ISM HII and N and subtract it from the Day 14

spectra, shown in blue. The residual spectra is in black.

both Na I D lines, EW = 1.044Å, which we calculate to
E(B − V ) = 0.2907 ± 0.08 mag. In this paper, we use this
value for any quantity corrected for extinction. We adopt
RV = 3.1 for this paper. We use the relative extinction co-
efficients in (Wang & Chen 2019) for photometry.

2.3 The 1442 Day Spectrum

We assume the spectrum obtained 1442 days after discov-
ery no longer contains detectable SN light. We observe three
peaks near 6563 Å which we attribute to HII and N in the
Milky Way ISM along the light of sight. We fit four Gaus-
sians to match the shape of the three peaks in order to
subtract this ISM emission from spectra of interest. Figure
5 shows Hα at 14 days with (blue) and without (black) ISM
emission, whose Gaussian fit is shown in green. Proper sub-
traction involves scaling and subtracting the Gaussian fit
from a given spectrum until the N lines fade into the con-
tinuum. This assumes that any N emission around 6563Å is

MNRAS 000, 1–9 (2021)



An Optical Study of the Superluminous Type IIn Supernova ASASSN-14il 5

Table 2. Optical spectra observations of ASASSN-14il

Date Day Telescope Instrument Range

(Å)

2014-10-03 2 ANU B/R3000 3500-8500

2014-10-09 8 ANU B/R3000 4180-7060
2014-10-15 14 MMT BC 5500-7000

2014-10-18 17 ANU B/R3000 4180-7060

2014-10-25 24 Kuiper SPOL 4000-8000
2014-10-27 26 ANU B/R3000 4180-7060

2014-10-31 30 Bok BC 4000-8000

2014-11-13 43 Bok BC 4000-8000
2014-11-27 57 Kuiper SPOL 4000-8000

2014-12-01 61 Bok BC 4000-8000

2014-12-29 89 Bok BC 4000-8000
2015-01-22 113 Bok SPOL 4000-8000

2015-11-06 401 MMT BC 5500-7000
2015-11-30 425 MMT BC 5500-7000

2015-12-02 427 Bok BC 3700-8000

2015-12-03 428 MMT BCH 3700-8800
2018-09-12 1442 MMT BCH 5500-7000

from ISM alone. In the case of Figure 5, this reveals a slightly
narrower, lower flux, Hα profile. For asymmetric emission
lines, we fit the distribution to the blueshifted wing.

3 RESULTS

3.1 Photometry

Figure 6 shows the absolute photometry of ASASSN-14il
and other SNe IIn in Swift U and B, all of which have
been corrected for extinction. The photometric evolution of
ASASSN-14il, as seen in the top panel, is most similar to
that of SN2016aps, SN 2010jl, and SN2011ht, where, for at
least 50 days after discovery, maintain a plateaued evolu-
tion that decays at a rate less that 0.01 mag day−1. We
note, in the bottom panel, that these supernovae, with the
exception of SN2016aps have almost identical color evolu-
tion. These supernovae epochs have been plotted with re-
spect to their day of discovery. ASASSN-14il and SN2011ht
have been shifted horizontally by -10 and -60 days, respec-
tively, to find an overlap with other SNe.

From the photometry, we calculate a total radiated en-
ergy of E = 5.74 × 1050erg over the 120 days we have light
curve data; this value was calculated using the extinction-
corrected V = 14.25 mag. We did not use Bolometric Cor-
rection, so this calculated value is an underestimate for the
total energy radiated by ASASSN-14il.

3.2 Spectra

Figure 9 shows four epochs before 100 days and two epochs
after 420 days where the blueshifted wing of Hα has been
reflected to the redshifted wing. In the first 100 days, both
sides are nearly identical, however, for late times, we observe
an asymmetric line profile. This asymmetry only occurs on
the redshifted wing of Hα as the peak of the intermediate
width emission is centered at 0 km s−1.

Asymmetries can also be observed in other emission
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Figure 6. Absolute photometry and color excess for SNe IIn in
Swift U and B; all photometry has been corrected for extinction,

and days since maximum is used1. Top : Absolute Photometry

for ASASSN-14il and other SNe IIn in Swift U (starred) and B
(dotted) band. Bottom : U−B color excess evolution for the same

SN as shown in the top box.
1Days since discovery is used. ASASSN-14il and SN2011ht have
been shifted horizontally -10 and -60 days to overlap with the rest

of the population.

Figure 7. Absolute Photometry of ASASSN-14il, SN2010jl, and

SN 2006tf. These spectra have been corrected for extinction with
E(B − V ) = 0.2907, 0.024, and 0.027 mag, respectively. B mag
photometry shown for all SN, with the addition of V band pho-

tometry for ASASSN-14il to show evolution. ASASSN-14il pho-
tometry with circular markers are from Swift, and plus sign mark-

ers are ASASSN V photometry.

MNRAS 000, 1–9 (2021)
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lines, as in Figure 8, which shows Hα and Hβ scaled and
superimposed onto each other. The blue Hβ spectrum has
been linearly scaled, so its intermediate width component
overlaps the intermediate width component of Hα. Again, in
early times, both lines look symmetrical and nearly identi-
cal. Around day 420, we observe the same asymmetry, where
the redshifted wing is partially absent in both lines, but we
see another asymmetry between Hα and Hβ. The redshifted
wing of Hβ has a weaker line flux than Hα. For the last
epoch of this plot, we use Hα from the 425 day spectrum
and Hβ from the 428 day spectrum. The 425 day spectrum
has a higher resolution but does not have a range enclosing
Hβ, so we supplement by including the lower resolution 428
day spectrum.

Asymmetry can also be seen in Figure 13, where Hα
is superimposed and scaled similarly to the Oxygen quartet
at 7325Å. The broad component of the Oxygen quartet is
blueshifted and has been fit with a Gaussian; this fit is dis-
cussed further in Section 4.1.1.

Figure 7 shows the absolute B magnitude of ASASSN-
14il, SN2006tf, and SN2010jl; all three SNe IIn have been
corrected for extinction. B and V magnitudes of ASASSN-
14il has been plotted to better show its evolution with re-
spect to SN2006tf and SN2010jl. ASASSN-14il is 1-1.5mag
brighter than its well-studied counterparts as well as has a
plateau-like evolution, where SN2010jl and SN2006tf have
linearly decaying (0.02 mag day−1) light curves. Figure 10
shows the Hα profile of all three objects at roughly the
same date after discovery: 27, 32, and 26 days for SN2010jl,
SN2006tf, and ASASSN-14il, respectively. ASASSN-14il and
SN2006tf have similar profiles. Hα has both a narrow and
intermediate width component contributing to the majority
of the line flux, and at this epoch for these two SNe, the
intermediate width component is beginning to resolve itself
from the narrow component. The profile of SN2010jl ap-
pears smoother, suggesting that the intermediate emission
could be dominated by electron scattering, unlike ASASSN-
14il and SN2006tf’s bumpier, shoulder-like wings, from the
SN shock. Due to the lower resolution of the SN2010jl spec-
tra, it is possible that the profiles are much more similar to
ASASSN-14il and SN2006tf.

3.2.1 Constraining the FWHM of emission line
components

The emission lines of SNe IIn are complex as they are com-
posed of three components: narrow width (100 km s−1), in-
termediate width (1000 km s−1), and broad (5000 km s−1).
We used statistical distributions to unpack these lines. Fig-
ure 11 shows Hα of ASASSN-14il at 14 days. We fit a linear
combination of a Gaussian and a Lorentzian profile to the
ISM-subtracted line, see Section 2.3. From this fit, we can
measure the full-width at half maximum (FWHM) of these
profiles, the velocities being 176 km s−1 and 1800 km s−1

for the narrow and intermediate width components.
We repeat this process with the Hα line 425 days af-

ter eruption. After subtracting the ISM, we are left with a
dramatic absorption feature along v = 0km s−1. This could
be a result different seeing and position angle of the slit
between the 425 and 1442 day spectrum, which thus, sam-
ples a different background and causes a different ratio of
HII to N. This subtraction assumes the SN does not emit N
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Figure 8. Normalized spectra for days 8, 26, and 425 with Hβ
superimposed on Hα. The Hβ spectra were scaled by 1.7, 2.4,

and 8.2, respectively, and shifted vertically to overlap with Hα’s

continuum. For the day 425 spectrum, Hα is day 425, and Hβ
is day 428; the day 425 spectrum is the highest resolution of the

spectra around day 420 but does not have Hβ, so we combined

these two epochs, as they are only two nights apart.

near 6563Å, but it could at late times. This changing ratio
due to variations in background sampling or SN N emission
would cause an oversubtraction. This absorption may also
be a P Cygni profile, from the shock interacting with the
slow-moving CSM. However, this is not likely to be caused
by P Cygni absorption as the observed absorption is cen-
tered around v = 0, where a P Cygni profile is offset. We fit
two Gaussians to the residual spectrum, where FWHM =
1650 and 5400 km s−1 for the intermediate and broad com-
ponent. We do not fit a narrow component, as the spectrum
no longer exhibits substantial narrow emission. It is likely
that narrow emission is no longer observed at 425 days, since
the shock has passed the bulk of the dense CSM that causes
narrow emission.

For the 428 day spectrum, Figure 13, we fit one, broad
Gaussian to the Oxygen line at 7235Å, since there is no
narrow or intermediate width emission. The Gaussian fit
corresponds to FWHM = 7065 km s−1.

4 DISCUSSION

4.1 Asymmetric profiles

From Figure 9, it is clear there is a blueshifting effect in the
>400 day spectra. The 425 day spectrum in Figure 8 indi-
cates a wavelength dependence in this blueshifting effect; the
redshifted wing of Hβ is extincted more than the redshifted
wing of Hα. Given this wavelength dependence, we attribute
these asymmetries to dust formation either behind the for-
ward shock or behind the ejecta. In the 428 day spectrum, we
observe that the peak of the intermediate width component
of Hα is not blueshifted and is centered on v = 0km s−1,
as we would expect if the dust had accumulated in the su-
pernova shell (Smith et al. 2008a). Figure 13 does not show

MNRAS 000, 1–9 (2021)
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Figure 9. ASASSN 14il spectra whose blueshifted wing has been

reflected over to the redshifted side, shown in a thicker, colorful

line. All spectra have been corrected for extinction and have been
normalized and log scaled for comparison.

any presence of narrow or intermediate width emission, so
we can conclude that the majority of the Oxygen emission is
from the SN ejecta. Therefore, any asymmetries in this line
suggest that the dust accumulated behind the SN ejecta.

4.1.1 Mass Loss and Explosion Physics

The progenitors of SNe IIn undergo remarkable mass loss in
the decades or centuries immediately preceding explosion;
we can derive the following equation from classical mechan-
ics and quantify the mass loss rate:

Ṁ = 2L
(vCSM )

(vshock)3
. (1)

The widths of the narrow and intermediate components in
ASASSN-14il’s spectra indicate the velocities required to
carry out this calculation. Typically, a P Cygni profile is used
to find the speed of the slow-moving CSM, but in ASASSN-
14il, we do not observe this feature; this could either be
attributed to the low resolution spectra blurring this absorp-
tion or could be attributed to the significant ISM emission,
dominating the feature. From Section 3.2.1, we know the

Figure 10. Spectra of ASASSN-14il, SN2010jl (Smith et al.

2011), and SN2006tf (Smith et al. 2008b) at 26, 27, and 32 days,

respectively. All spectra have been corrected for extinction, us-
ing E(B − V ) = 0.2907 for ASASSN-14il, see above, 0.027 for

SN20016tf (Smith et al. 2008b), and 0.024 for SN2010jl (Jencson

et al. 2016).

speeds of the CSM and shock: the narrow and intermediate
width components of Hα. We gain the CSM speed from the
Day 14 spectrum, 176 km s−1, but the intermediate width
component fit is a Lorentzian, which suggests the intermedi-
ate width component of the line at that epoch is dominated
by electron scattering wings. We assume the shock speed to
be 1650 km s−1, from the 425 spectrum. This intermediate
width component has a Gaussian fit, which suggests it is
now dominated by the faster-moving shock. Now, we calcu-
late the mass loss rate using the values stated above and a
luminosity corresponding to V = 14.25 mag from Figure 3.
We found the mass loss rate to be Ṁ = 1M� yr−1, a value in
agreement with the larger population of SNe IIn. We mea-
sure the duration of mass loss by the following equation:

t = tSN
vshock
vCSM

. (2)

From the tSN = 425 day spectrum, we find vshock = 1650
km s−1 and vCSM = 176 km s−1, thus, t = 11yr. 425 after

MNRAS 000, 1–9 (2021)



8 Dickinson

Figure 11. Day 14 spectrum: Statistical fit (orange) superim-

posed on Hα; FWHM = 141 km s−1. The fit is a linear combina-

tion of a Gaussian (blue) and a broader Lorentzian (blue).

Figure 12. 425 day Hα spectrum with a linear combination of
Gaussians fit (blue) to the broad and intermediate components.

The components of the total blue fit are shown in red and orange.

The FWHM of the intermediate and broad components are 1650
and 5400 km s−1, respectively.

ASASSN-14il’s progenitor erupted, the shock had interacted
with 11 solar masses of CSM that was ejected from the pro-
genitor the decade before it exploded. The energy required
for such an outburst is 4×1048erg. The subsequent kinetic
energy of the shell is 4.2×1050 erg.

For this eruption, there are three characteristic speeds:
from the CSM, the shock, and the ejecta. We know that
the narrow and intermediate width components of observed
emission lines are contributions from the CSM and shock,
so the broad component corresponds to the ejecta speed. As
seen in Figure 13, we have fit the 7325Å line with a broad
Gaussian, suggesting an ejecta speed of 7065 km s−1. We
note that Figures 12 and 13 may seem to disagree on the
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Day 428 Spectrum

6563Å
7325Å

Figure 13. Day 428 spectrum: Oxygen line at 7325 Å (we take a

rough median of the quadret) with a superimposed Gaussian to
measure the FWHM of the broad line; FWHM = 7065 km s−1.

We fit the Gaussian to the blueshifted wing of the line, since it

is reasonable to assume that the redshifted wing is extincted by
dust formation, as seen in other lines of the day 428 spectrum; in

grey is Hα from the same epoch.

speed of the broad component, since the spectra were taken
3 days apart. Since the continuum of Figure 13 is noisy, ei-
ther fit falls comfortably on the Oxygen line. It also should
be noted that each FWHM measurement given is a statisti-
cal upperlimit to its characteristic speed.

4.2 Progenitors

Although ASASN-14il is unresolved from the galactic center,
we conclude that this object was in fact the result of a SN
IIn, not a tidal disruption event (TDE) given its photometric
evolution (Zabludoff et al. 2021). This is further supported
by the bottom panel in Figure 6. The general slope of the
SNe IIn evolutions is dominated by their decreasing tem-
perature with time, and hence, get redder at similar rates
at some point in their decline from maximum as other SNe
IIn.

Type IIn supernovae are results of stars that under-
went eruptive mass loss immediately before exploding as a
SN. The timescale of this mass loss with respect to the time
of eruption is so short that this mass loss may be associated
with the SN’s final burning stages. As with other SLSNe IIn,
mass loss cannot be from radiation driven wind, of order
10−4M�yr−1, since the observed mass loss rates far exceed
this (Smith & Owocki 2006). There are several candidates
for the progenitor of these objects: luminous blue variables
(LBVs), binary interaction, pulsational pair instability, and
wave driving. The mechanism for this kind of mass loss is
fairly unknown, but this study offers yet another SN IIn
to the population of core-collapse SNe that underwent dra-
matic mass loss immediately prior to explosion.

MNRAS 000, 1–9 (2021)
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