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Abstract

We present long-term photometric and spectroscopic studies of circumstellar material (CSM)–ejecta interacting
supernova (SN) ASASSN-14il in the galaxy PGC 3093694. The SN reaches a peak r-band magnitude of
∼−20.3± 0.2 mag, rivaling SN 2006tf and SN 2010jl. The multiband and the pseudo-bolometric lightcurves show
a plateau lasting ∼50 days. Semi-analytical CSM interaction models can match the high luminosity and decline
rates of the lightcurves but fail to faithfully represent the plateau region and the bumps in the lightcurves. The
spectral evolution resembles a typical Type IIn SN dominated by CSM interaction, showing blue continuum and
narrow Balmer lines. The lines are dominated by electron scattering at early epochs. The signatures of the
underlying ejecta are visible as the broad component in the Hα profile from as early as day 50, hinting at
asymmetry in the CSM. A narrow component is persistent throughout the evolution. The SN shows remarkable
photometric and spectroscopic similarity with SN 2015da. However, the different polarization in ASASSN-
14il compared to SN 2015da suggests an alternative viewing angle. The late-time blueshift in the Hα profile
supports dust formation in the post-shock CSM or ejecta. The mass-loss rate of 2–7Me yr−1 suggests a luminous
blue variable progenitor in an eruptive phase for ASASSN-14il.

Unified Astronomy Thesaurus concepts: Type II supernovae (1731); Photometry (1234); Spectroscopy (1558);
Core-collapse supernovae (304); Luminous blue variable stars (944); Dust formation (2269)

1. Introduction

Core-collapse supernovae (CCSNe) that show narrow (tens to
thousands of kilometers per second) Balmer lines in their spectra
are typically classified as Type IIn supernovae (hereafter
SNe IIn; E. M. Schlegel 1990; A. V. Filippenko 1997). The
narrow lines in their spectra arise due to the ejecta of the
supernova (SN) interacting with dense circumstellar material
(CSM) surrounding the progenitor (N. N. Chugai &
I. J. Danziger 1994; N. N. Chugai 2001; N. N. Chugai et al.
2004). Early spectra are dominated by a blue continuum,
gradually cooling down as the SN evolves. The line profiles are
usually multicomponent and asymmetric based on the geometry
of the explosion. Distinct narrow, intermediate-width, and broad
components (corresponding to the unshocked CSM, cold dense
shell, CDS, and fast-moving ejecta) can be seen simultaneously
or at different times depending on the explosion geometry (see
N. Smith 2017 for a review on SNe IIn). In addition to the
ultraviolet (UV), optical, and infrared (IR), interacting SNe can
radiate in X-ray and radio wavelengths, providing independent
constraints on the mass loss of the progenitor (R. A. Chevalier
1982, 1998). Some SNe IIn also form dust at the later stages of

evolution, which leads to IR excess at late times or
dust echoes (M. Pozzo et al. 2004; S. Mattila et al. 2008;
C. Fransson et al. 2014; L. Tartaglia et al. 2020).
SNe IIn are relatively rare (∼9% intrinsic rate among all SNe

II; W. Li et al. 2011) and form a heterogeneous and poorly
understood class of transients due to their exceptionally diverse
properties. These events have typical absolute magnitudes
ranging from MR∼−16 to −19 mag, but some unusually
luminous events even reach MR∼−22 mag (N. Smith &
R. McCray 2007; M. Kiewe et al. 2012; F. Taddia et al. 2013).
Depending on their lightcurve shapes and luminosities,
different physical scenarios have been invoked in the literature
to explain the powering mechanism of these SNe IIn. Many
authors have developed analytical and numerical modeling
frameworks to explain the explosion physics and observables
of SNe IIn (S. Balberg & A. Loeb 2011; E. Chatzopoulos et al.
2012; G. Svirski et al. 2012; T. J. Moriya et al. 2013;
E. O. Ofek et al. 2014; L. Dessart et al. 2015; B. Jiang et al.
2020). A lightcurve powered by ejecta interacting with
optically thin CSM can explain moderately bright SNe IIn,
but superluminous SNe IIn events (e.g., SNe 2006gy, 2006tf,
2010jl, and 2016aps; N. Smith & R. McCray 2007;
S. E. Woosley et al. 2007; N. Smith et al. 2008; C. Fransson
et al. 2014; M. Nicholl et al. 2020) require an extreme amount
(more than 10Me in some cases) of CSM to power their
lightcurves. The dense CSM from the progenitors’ mass-loss
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frame, and difference image of ASASSN-14il. The BVgri
instrumental magnitudes were obtained from the difference
images using point-spread function (PSF) photometry. Nightly
zero-points and color terms were determined for each filter
using the AAVSO Photometric All-Sky Survey (APASS) Data
Release 9 catalog (A. A. Henden et al. 2015), which were later
used to obtain the calibrated SN magnitudes.

13

All detected
stars in the frame cross-matched with APASS were used after
sigma clipping to avoid potential variable stars. The photo-
metry of ASASSN-14il is presented in Table A1.

This supernova was also observed using the Ultra-Violet/
Optical Telescope (UVOT; P. W. A. Roming et al. 2005) on
The Neil Gehrels Swift Observatory (hereafter Swift; N. Gehr-
els et al. 2004) in the UVW2, UVM2, UVW1, U, B, and V bands
starting from days ∼8–49 after the explosion (see Section 3).
The photometry was obtained from the Swift Optical/
Ultraviolet Supernova Archive (or SOUSA; P. J. Brown et al.
2014).14 The reduction is based on that of P. J. Brown et al.
(2009), which includes subtraction of the host-galaxy count
rates (from templates taken ∼2 yr after the explosion) using a
5″ aperture at the source position, using the revised UV zero-
points and time-dependent sensitivity from A. A. Breeveld
et al. (2011). Aperture photometry was performed using an
aperture size of 3″ or 5″ based on the error. The final UVOT
magnitudes are given in Table A2.

Low-resolution (R∼ 400–700) optical spectroscopic obser-
vations were carried out with the FLOYDS spectrographs
mounted on the LCO 2m telescopes using a 1 6 slit placed at
the parallactic angle. We used the floydsspec pipeline
(S. Valenti et al. 2014) to extract the 1D spectrum, calibrate the
wavelength to a HgAr lamp spectrum taken after the exposure,
and calibrate the flux to a standard star observed on the same
night.15 We include the publicly available data taken under the
Public ESO Spectroscopic Survey of Transient Objects
(PESSTO) program (S. J. Smartt et al. 2015) using EFOSC2
mounted on the 3.6 m ESO New Technology Telescope (NTT).
The spectra at four epochs were taken with both Gr11
(3345–7470Å; R∼ 400) and Gr16 (6000–9995Å; R∼ 400)
to cover the blue and red wavelengths. One spectrum was taken
with Gr13 (3650–9250Å; R∼ 350). A slit width of 1″ was
used for these observations. The wavelength calibration was
done with respect to the HgAr lamp taken before and after the
observation run, and the flux was calibrated to a spectro-
photometric standard star. A detailed description of this data
reduction can be found in S. J. Smartt et al. (2015).

We also include the high-resolution (R∼ 3000) spectro-
scopic data, available in WISeREP (O. Yaron & A. Gal-
-Yam 2012), which were taken with the Wide Field
Spectrograph on the ANU 2.3 m telescope under the ANU
WiFeS SuperNovA Program (or AWSNAP; M. J. Childress
et al. 2016). The WiFeS instrument is an image-slicing integral
field spectrograph with a wide 25″× 38″ FOV. The WiFeS
image slicer breaks the FOV into 25 “slitlets” of width 1″,
which are dispersed through a volume phase holographic
(VPH) grating (B3000 or R3000). The wavelength solution for
WiFeS is derived using an optical model of the spectrograph,
and the flux is calibrated to spectrophotometric standard stars.
A detailed description of this data reduction can be found in
M. J. Childress et al. (2016).

Our optical spectroscopic observations span from days
∼8–327 after the explosion. Near-infrared (NIR) spectroscopy
was acquired using SOFI mounted on the 3.6 m ESO-NTT
under the PESSTO program. The NIR observations span from
days ∼19–116. The log of spectroscopic observations is given
in Table A3. All the spectra were scaled to photometry by
using the lightcurve-fitting module (G. Hosseinzadeh
& S. Gomez 2022) to account for the slit loss corrections.16

Finally, all the spectra were corrected for the heliocentric
redshift of the host galaxy. Despite careful extraction, some
host-galaxy contamination will likely remain in our 1D spectra
of this nuclear SN that may vary from night to night due to
seeing, slit position, and instrumental effects. We keep this
caveat in mind in our analysis below.

3. Estimation of Extinction and Explosion Epoch

The Milky Way extinction along the line of sight of
ASASSN-14il is E(B− V )MW= 0.0019 (E. F. Schlafly &
D. P. Finkbeiner 2011). To estimate the host-galaxy contrib-
ution to the total reddening, we search for the Na I D 5890,
5896Å doublet in the high-resolution ANU-WiFeS spectra.
The Na I D doublet is seen at the corresponding host-galaxy
rest wavelength. We combine the ANU spectra taken on
UT 2014-10-09.50, UT 2014-10-18.56, and UT 2014-10-27.47
to increase the S/N ratio. The Na I D doublet is contaminated
by the broad wings of a nearby emission line, as seen in
Figure 2. Additionally, we note that the He I emission is
blueshifted from its rest wavelength, the implications of which
are discussed in Section 6. We model the wings of the emission
line as a part of the continuum and estimate the equivalent
width (EW) of Na D1 and D2 from the normalized spectra to be
0.44± 0.03Å, and 0.57± 0.03Å, respectively. We use the
relation given by D. Poznanski et al. (2012) between the Na1D
features and E(B− V ). From this relation, we estimate host-
galaxy reddening of 0.22± 0.09 mag and 0.21± 0.08 mag,
respectively, for D1 and D2. We also use the relation for the

Figure 2. The spectrum of ASASSN-14il showing a prominent dip at 5890 Å
and 5896 Å (marked as orange) in the rest frame of the galaxy indicating high
host-galaxy extinction. The rest-frame wavelength of the nearby He I emission
line is marked in blue. The gray line shows the continuum used for
normalization.

13 https://vizier.cds.unistra.fr/viz-bin/VizieR?-source=II/336
14 archive.stsci.edu/prepds/sousa/
15 https://github.com/LCOGT/floyds_pipeline 16 https://github.com/griffin-h/lightcurve_fitting
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combined EW of D1 and D2 to get the reddening value of
0.22± 0.09 mag, similar to the one estimated individually from
D1 and D2. This estimate is consistent with D. A. Dickinson
(2021), within errors. We multiply this reddening value by 0.86
to be consistent with the recalibration of Milky Way extinction
by E. F. Schlafly & D. P. Finkbeiner (2011). Therefore, the
host-galaxy extinction is 0.19± 0.08 mag. The fitting errors
have been propagated in quadrature. Thus, we adopt a total
(galaxy+host) E(B− V )= 0.21± 0.08 mag. We use this value
of extinction throughout the paper.

To estimate the explosion epoch of ASASSN-14il, we
perform parabolic fitting on the early-time V-band lightcurve.
The magnitudes are converted to fluxes up to 25 days post-
discovery. The best-fit coefficients are used to find the roots of
the equation, i.e., the value of time for which the flux equals
zero. We perform the fit using Markov Chain Monte Carlo
(MCMC) simulations to constrain the associated errors. The
explosion epoch is estimated to be JD 2456926.4± 0.5
(UT 2014-09-25.9) and adopted as the reference epoch
throughout the paper. General information about ASASSN-
14il and its host galaxy is listed in Table 1.

4. Lightcurve Characteristics of ASASSN-14il

The UV and optical lightcurves of ASASSN-14il are shown
in Figure 3. The first ∼40 days after the explosion covers the
initial rise in all UV and optical bands. We perform a spline fit
on the lightcurves to estimate the peak magnitude and rise
times. We have used a quartic spline implemented in the
UnivariateSpline module of SciPy (P. Virtanen et al.
2020).17 The smoothing factor (between 0 and 1) was chosen
by visual inspection such that it avoids overfitting. Monte Carlo

(MC) experiments were done to evaluate the associated
uncertainties with the fit. For each MC experiment, we draw
pseudo-data points from the Gaussian distributions defined by
the photometric magnitude and the error bars of the original
data points and perform the fit. The rise time and peak
magnitudes in the UV-optical bands are listed in Table 2.
D. A. Dickinson (2021) estimate the peak B magnitude to be
much higher (based on visual inspection), which could be due
to their higher adopted extinction value. We observe an
increase in the rise time as we move toward the redder bands,
which is expected as the photosphere cools down and moves
toward redder wavelengths. The lightcurve in the Swift UV
bands reaches a maximum around days 15–18 and declines
very sharply thereafter. The B and g bands attain a maximum at
around days 36–38, much later than the UV bands. The V and r
bands do not have a distinct maximum as the initial rising
phase directly transitions into a very flat plateau (days 40–100).
The i band slowly rises in this duration. The flattening of the
optical lightcurves in the optical bands between days 60 and 90
could be due to an ongoing CSM interaction.
Both UV and optical lightcurves are bumpy in nature, with the

optical bands showing a prominent bump around day 100. To
check the significance of this lightcurve bump, we thoroughly
check the diagnostic output from the lcogtsnpipe pipeline.

Table 1
General Information about ASASSN-14il and Its Host Galaxy

ASASSN-14il

Discovery date (1) UT 2014-10-01.11
Explosion date UT 2014-09-25.9
SN type (2) IIn
R.A. (J2000) 00h45m32 55
Decl. (J2000) −14d15m34.ˢ6
Discovery magnitude 16.5 mag (V band)
E(B − V )total 0.21 ± 0.08 mag

Host Galaxy (3)

Galaxy names PGC 3093694
WISEA J004532.52-141532.7

6dF J0045326-141533
Morphology type Dwarf galaxy
R.A. (J2000) 00h45m32.ˢ601
Decl. (J2000) −14d15m32.ˢ50
Redshift (z) 0.022
vVirgo+Shapley+GA 6462 ± 47 km s−1

D 88.52 ± 6.2 Mpc
μ 34.74 ± 0.15 mag

References. (1) J. Brimacombe et al. (2014); (2) M. Childress et al. (2014);
(3) NED. (https://ned.ipac.caltech.edu/byname?objname=WISEA+J004532.
52-141532.7&hconst=73&omegam=0.27&omegav=0.73&wmap=1&corr_
z=4).

Figure 3. The evolution of the optical and UV lightcurves of ASASSN-14il.
Different bands are plotted with an offset for clarity. Circles represent the
photometry from the Las Cumbres Observatory Global Telescope (LCOGT),
and squares represent the photometry from Swift UVOT. Epochs having
accompanying spectra are represented by line symbols at the bottom. The inset
shows a zoomed-in view of the UVM2, UVW1, and UVW2 bands. A plateau
can be seen in the optical bands between days 40 and 80. A prominent bump in
the lightcurve can be seen around day 90.

17 https://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate.
UnivariateSpline.html
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No artifacts are seen in difference images before, during, or after
the bump, and the subsequent PSF extraction leaves behind just
background noise. The images during this phase have a high
S/N. Additionally, similar bumps are seen in the space-based
Swift UVOT data at early times. Therefore, we consider the
bump to be a genuine feature of the lightcurve and not an
artifact. Similar bumps, attributed to inhomogeneities in the
CSM, have been seen in many SNe (SN 2006jd, M. Stritzinger
et al. 2012; iPTF13z, A. Nyholm et al. 2017; iPTF14hls,
L.-J. Wang et al. 2022), including the 2012B eruption of
SN 2009ip (M. L. Graham et al. 2014). J. C. Martin et al. (2015)
argue that the lightcurve bumps in the 2012B outburst of
SN 2009ip could be caused by the heating of the continuum-
emitting region (caused by density variations in the CSM), or
due to line blanketing or a combination of both. Their detailed
analysis of the detrended lightcurves in multiple bands makes a
compelling case that, while the first prominent bump can be
explained by enhanced heating, the second and the third
lightcurve bumps are influenced heavily by line blanketing.
The explosion mechanism of the 2012B outburst of SN 2009ip
and whether it was a terminal explosion have been debated.
M. L. Graham et al. (2014) note that the lightcurve bumps
correspond to the fast ejecta catching up to the material ejected
from the previous explosions. No pre-explosion activity has been
seen in ASASSN-14il, but that does not necessarily negate the
possibility that it may have just gone undetected. In addition,
M. L. Graham et al. (2014) notes that the blackbody
temperatures of the 2012B outburst show an uptick during this
bump phase. A similar trend is seen in ASASSN-14il but not to
the same prominence, likely due to the short-lived nature of the
bump. In addition, the 2012B eruption of SN 2009ip experiences
multiple bumps during its evolution; similarly, in ASASSN-14il,
the bumps can be seen clearly in at least two epochs at around
days 15 and 90. Based on the comparison, a similar explanation
seems plausible for the bumps in the lightcurves of ASASSN-
14il. Additionally, M. L. Graham et al. (2014) notes that the
lightcurve bumps seen in SN 2009ip are more prominent in the
bluer bands. In contrast, J. C. Martin et al. (2015) finds that,
while it is true for the first bump, the second and third lightcurve
bumps, influenced by line blanketing, do not follow the same
trend. This behavior holds true in ASASSN-14il for the early
bump at day 15, as the bump is more prominent in the UV
bands. However, due to the scatter in the lightcurve, it is difficult
to comment on the behavior of the bump at day 90. One
distinction between the bumps seen in SN 2009ip and

ASASSN-14il is that the bumps seen in SN 2009ip are longer
lasting than ASASSN-14il, which can be attributed to the scale
of inhomogeneities present.
All optical bands show a decline in late phases (day> 250). The

initial decline of the lightcurves after the plateau is not well
captured due to data gaps (days 120–260). Therefore, it is not
possible to comment on the similarities with the transitional phase
of SNe IIn-P. The lightcurve settles into the decline of 1.0–1.2mag
(100 day)−1 at late phases, which is close to the expected 56Co
decay rate of 0.98mag (100 day)−1. It is possible to explain the
observed decay rate as a result of the ejecta–CSM interaction, as
well, as this mechanism can give rise to a wide diversity of decay
rates in SNe IIn. The lightcurve decline rate in all optical bands at
different phases of the evolution is given in Table 3.

4.1. Comparison Sample

We have chosen a fairly diverse comparison sample of 11
other well-researched SNe. The sample consists of the following
objects: SNe 2005ip, 2006gy, 2006tf, 2009kn, 2010jl, 2011ht,
PTF11rfr, PTF11oxu, 2012ab, ASASSN-15ua, and 2016aps.
These SNe IIn cover a diverse range in luminosity and show
interaction signatures up to late times. The basic parameters of
the comparison SNe are laid out in Table 4. SN 2012ab
represents a normal luminosity SNe IIn. SNe 2006gy, 2006tf,
2010jl, ASASSN-15ua, and 2016aps are all very luminous type
SNe IIn having peak Mr/R<−20 that result from various CSM
configurations. SNe IIn-P 2009kn and 2011ht, with a distinct
plateau in their lightcurves, are also included in this comparison
sample. As noted by A. Nyholm et al. (2020), PTF11rfr and
PTF11oxu also show a plateau in their lightcurve, but unlike the
SNe IIn-P, they do not show a sharp drop from the plateau into a
56Ni-dominated tail. The lightcurve modeling of these SNe
reveals a diversity in their CSM configuration. SN 2006gy
results from a massive compact CSM shell (N. Smith &
R. McCray 2007), while more extended CSM structures power
the comparatively long-lived lightcurves of SNe 2006tf, 2010jl,
and ASASSN-15ua (N. Smith et al. 2008; E. O. Ofek et al. 2014;
D. Dickinson et al. 2024).
We have compiled a sample containing the normal

luminosity and very luminous SNe IIn from the literature.
Further, the different lightcurve shapes resulting from different
physical scenarios enable us to highlight the lightcurve
heterogeneity of SNe IIn and the role of the CSM interaction
in their photometric evolution. The sample allows us to put the
luminosity of ASASSN-14il in perspective and infer the
possible physical scenario by comparing and contrasting their
lightcurves and color evolution.

Table 2
The Rise Time and Peak Magnitudes of the UV-optical Bands with a Clear

Peak Observed

Rise Time Peak Magnitude

Observed Absolute
(day) (mag) (mag)

UVW2 14.7 ± 0.9 14.54 ± 0.03 −22.0 ± 0.7
UVM2 15.2 ± 0.9 14.43 ± 0.03 −22.2 ± 0.7
UVW1 17.8 ± 0.8 14.30 ± 0.02 −21.8 ± 0.5
U 21.6 ± 1.2 14.32 ± 0.02 −21.4 ± 0.4
B 36.3 ± 0.5 15.57 ± 0.01 −20.0 ± 0.3
g 38.3 ± 0.3 15.18 ± 0.01 −20.3 ± 0.3

Note. The listed value and error of the rise time and observed peak magnitude
are derived from the distribution resulting from the MC experiments.

Table 3
The Lightcurve Decline Rates in All Optical Bands at Various Phases of

Evolution

Time Interval

40–90 days 250–500 days
(mag day−1) (mag day−1)

B 0.009 ± 0.002 0.011 ± 0.001
g 0.004 ± 0.001 0.010 ± 0.001
V 0.002 ± 0.001 0.012 ± 0.000
r −0.001 ± 0.001 0.010 ± 0.001
i −0.004 ± 0.001 0.009 ± 0.001

Note. The epochs are given with respect to the estimated explosion epoch.
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4.2. Absolute Lightcurve and Color Evolution

Adopting the distance modulus μ= 34.74± 0.15 mag and
total reddening E(B− V )= 0.21± 0.08 mag, we generate the
absolute magnitude lightcurves of ASASSN-14il. The r-band
magnitude of ASASSN-14il plateaus at ∼−20.2 mag over
many tens of days. The V band also shows similar behavior.
Figure 4 shows the comparison of the absolute r-band
lightcurve of ASASSN-14il with other SNe from the compar-
ison sample. ASASSN-14il stands out as one of the most
luminous SNe in the comparison sample, which is in
concordance with SNe 2006tf, ASASSN-15ua, and 2010jl,
and is only dwarfed by the extremely luminous SNe 2006gy
and 2016aps. The lightcurve shape of ASASSN-14il is very
similar to SN 2015da except at the late epochs when
SN 2015da declines much more slowly. However, the decline
rate of ASASSN-14il is similar to those of SNe 2006tf,
ASASSN-15ua, and 2016aps. The lightcurves of all these
SNe have been successfully modeled by interaction of SN
ejecta with massive amounts (in order of tens of solar masses)
of dense extended CSM structures that allow the ejecta–CSM
interaction to persist until late times (N. Smith et al. 2008;
M. Nicholl et al. 2020; L. Tartaglia et al. 2020; D. Dickinson
et al. 2024; N. Smith et al. 2024). Based on the required mass
loss, the progenitors for these events are speculated to have
undergone an LBV giant eruption. A similar progenitor and
physical scenario seems plausible for explaining the observed
luminosities and late-time decline rate of the lightcurves of
ASASSN-14il as well.

SNe IIn-P 2009kn and 2011ht show a plateau in their
lightcurve, but afterward they steeply drop into a radioactivity-
dominated tail. On the other hand, SNe like PTF11rfr and
PTF11oxu show a plateau in their lightcurve, but their
lightcurves smoothly decline afterward in the r band
(A. Nyholm et al. 2020). Due to the data gaps between days
120 and 260, it is not possible to establish parallels with either

of these classes of objects. However, we note that the SNe IIn-P
in our sample are generally much fainter than ASASSN-14il.
The B− V color evolution of ASASSN-14il is in agreement

with the other SNe IIn from the comparison sample. All the
SNe show a redward evolution in the B− V color as the
photosphere cools down; ASASSN-14il maintains an overall
bluer color. The overall color evolution of ASASSN-14il is
strikingly similar to SN 2015da.
After correcting the multiband magnitudes obtained for

extinction, the flux integration (in the UVW2, UVM2, UVW1,
U, B, g, V, r, and i bands) was performed with blackbody
corrections to attain the bolometric luminosities using SUPERBOL
(M. Nicholl 2018). The lightcurve peaks at day ∼16, attaining a
luminosity of 1.6× 1044 erg s−1, radiating a total energy of
0.9× 1051 erg during the observational campaign. This estimate is
significantly higher than that of D. A. Dickinson (2021) due to the
fact that their calculation was done with a V-band lightcurve
without any bolometric correction and accounts for only the first
120 days. A. Gal-Yam (2012) suggested that SNe showing peak
magnitudes lower than –21 in any band or peak luminosity higher
than 7× 1043 erg s−1 may be considered as SLSNe. According to
both these criteria, ASASSN-14il can be considered as a SLSNe;
however, this threshold is somewhat arbitrary, as mentioned in
A. Gal-Yam (2019), and it is unclear whether two separate
luminosity populations exist for SNe IIn.

5. Multiband Lightcurve Modeling Using MOSFiT

To estimate the physical parameters associated with the
explosion, we also performed analytical multiband lightcurve
modeling of ASASSN-14il. MOSFiT is an open-source
lightcurve fitter for transients (J. Guillochon et al. 2018). It
fits the multiband lightcurves with a list of built-in models
using MCMC methods.
Since narrow- and intermediate-width lines, which are

indicative of interaction, are seen in the spectra of ASASSN-

Table 4
General Properties of the SNe IIn Comparison Sample

SN Host Galaxy Distance Extinction E(B − V ) Peak Magnitude (r/R) Explosion Reference
(Mpc) (mag) (mag) (MJD)

SN 2005ip NGC 290 33.7 0.047 −17.7 53679.16a (1)
SN 2006gy NGC 1260 77.7 0.56 −21.6 53967.0 (2), (3)
SN 2006tf SDSS J124615.80+112555.5 330 0.027 −20.7 54081.0a (4)
SN 2009kn MCG-3-21-6 68.9 0.114 −18.0 55115.5 (5)
SN 2010jl UGC 5189A 49.2 0.058 −20.2 55478.6b (6), (7)
SN 2011ht UGC 5460 20.5 0.061 −17.6 55833.0a (8)
PTF11oxu WISEA J033834.32+223242.7 376 0.176 −18.9 55837.3 (9), NED
PTF11rfr WISEA J014216.97+291625.6 286 0.042 −19.5 55895.4 (9), NED
SN 2012ab SDSS J122247.61+053624.2 83.6 0.079 −19.4 55955.3 (10)
SN 2015da NGC 5337 37.2 0.98 −19.6 57030.4 (11), (12)
ASASSN-15ua GALEXASC J133454.49+105906.7 244.5c 0.0578 −20.4 57368a (13)
SN 2016aps L 1302c 0.0263 −22.3 57440.0a (14)
ASASSN-14il WISEA J004532.52-141532.7 88.5 0.24 −20.3 56925.9 This work

Notes.We have taken redshift-dependent distances assuming H0 = 73 km s−1 Mpc−1, Ωmatter = 0.27, and Ωvaccum = 0.73. The redshifts are corrected for the effects of
GA, Virgo, and Shapley unless mentioned otherwise. We take the reference epoch to be the explosion epoch if available in the literature; otherwise, the discovery
epoch is considered. The peak magnitudes are as the brightest absolute magnitude showed by the SN based on the distance and reddening considered here.
a The adopted explosion date is the discovery date.
b The adopted explosion date is that of the first detection.
c Distances are not corrected for the effects of GA, Virgo, and Shapley.
References. (1) M. Stritzinger et al. (2012); (2) N. Smith & R. McCray (2007); (3) I. Agnoletto (2009); (4) N. Smith et al. (2008); (5) E. Kankare et al. (2012); (6)
J. E. Jencson et al. (2016); (7) T. Zhang et al. (2012); (8) J. C. Mauerhan et al. (2013); (9) A. Nyholm et al. (2020); (10) A. Gangopadhyay et al. (2020); (11)
L. Tartaglia et al. (2020); (12) N. Smith et al. (2024); (13) D. Dickinson et al. (2024); (14) M. Nicholl et al. (2020).
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at −70 to −60 km s−1, which is completely washed out in low-
to moderate-resolution spectra (N. Smith & J. E. Andrews
2020). ASASSN-14il may be a similar case where the P Cygni
profile in He I and corresponding narrow P Cygni profiles in
Balmer lines are unresolved due to the limited resolution of the
spectra. It is also possible that these narrow P Cygni features
are masked due to contamination from the host.

A comparison of ASASSN-14il spectra with other SNe IIn
from the comparison sample at different stages of its evolution
is shown in Figure 7. All the SNe have a blue continuum in the
early spectrum (day∼ 20). All interacting SNe show narrow
emission lines superimposed on the continuum. The Hα of
ASASSN-14il is very prominent, similar to most of the SNe in
the comparison sample, signifying strong ongoing interaction.
However, SN 2012ab exhibits relatively weaker Hα, which
results from directly seeing the high-velocity jet-like ejecta
with relatively lesser CSM interaction at this phase (A. Gang-
opadhyay et al. 2020). The early spectra of ASASSN-14il bear
an overall resemblance to the other events in the sample except
for SN 2005ip, which shows a spectrum similar to a normal
Type II, with narrow lines from pre-shock CSM on top
(N. Smith et al. 2009b).

The spectral evolution of ASASSN-14il at mid-phases
closely resembles SNe 2006gy and 2015da around day ∼120.
SN 2010jl has a similar Hα line morphology but with more

prominent Balmer lines than ASASSN-14il. This spectral
synergy between the three SNe is also evident in their
photometric behavior, showing high luminosities and long-
lasting lightcurves. In contrast, for the SNe IIn-P 2009kn and
2011ht, Hα line emission is more prominent with respect to
their weaker continuum. In addition to the narrow component,
a broad component can be clearly seen in ASASSN-14il and all
the other SNe IIn. This component arises due to the ejecta
contribution in the Hα profile. Additionally, the broad
component of ASASSN-14il shows a deficit in the redside flux
of the Hα line similar to SNe 2005ip, 2010jl, and 2015da.
After ∼1 yr of the explosion, ASASSN-14il shows a flat-

topped broad component in Hα, with the narrow component on
top. The observed blueshift in ASASSN-14il and SNe 2005ip,
2010jl, and 2015da is much more prominent compared to the
mid-phases. The overall blueshift in the line profile of
SN 2010jl was interpreted as broadening due to electron
scattering (C. Fransson et al. 2014). However, N. Smith et al.
(2012, 2024) argue that broadening by electron scattering
should be symmetric about the original source of the narrow-
line photons. The narrow lines in SNe 2010jl and 2015da are
found at rest-frame velocities even at late phases where a
blueshift is seen in the Hα profile. Instead, this blueshift is
explained as a result of dust formation in the post-shock CSM/
ejecta, which preferentially blocks the emission from receding

Figure 6. Spectral evolution of ASASSN-14il from days 8–327. Spectra are displayed in the source rest frame and are corrected for extinction. The gray color
represents the original spectra, and the colored lines represent smoothed spectra. The blue, black, and red spectra correspond to ANU-WiFeS, LCO-FLOYDS, and
NOT-EFOSC spectra from PESSTO, respectively. Early spectra have a blue continuum and narrow H and He lines with Lorentzian wings. Broad ejecta components
can be seen in the Hα and Hβ lines along with intermediate-width lines at later epochs. FLOYDS spectra suffer from imperfect fringing correction at 8000 Å. The
host spectrum is plotted at the bottom.
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material, which is consistent with the other evidence of dust
formation (K. Maeda et al. 2013; C. Gall et al. 2014). The
Hα profile of ASASSN-14il also shows an overall blueshift and
a rest-frame emission component. The Hα profile of ASASSN-
14il at this epoch is similar to SN 2005ip at day∼177, which
shows a similar blueshifted flat-top profile. This blueshifted
profile appears in SN 2005ip as early as day∼120 and is
attributed to the post-shock dust formation in the CDS
(O. Fox et al. 2009; A.-S. Bak Nielsen et al. 2018). Based on
these comparisons, the blueshifted Hα profile of ASASSN-

14il is likely the result of dust formation in the post-shock
CSM/ejecta.

6.1. Infrared Spectrum

Five NIR spectra were obtained for ASASSN-14il between
days 19 and 116 after the explosion. They are displayed in
Figure 8 along with the closest optical spectra. Prominent lines
of Paα, Paβ, and Paδ can be seen in the spectral sequence of
ASASSN-14il. Paγ is also visible but is usually blended with
the He I 10830Å and line. The FWHMs of the Paβ and Paδ

Figure 7. Comparison of ASASSN-14il spectra with the comparison sample at distinct stages of its evolution. SNe IIn-P and SNe IIn are plotted above and below the
spectra of ASASSN-14il (black). ASASSN-14il shows prominent Balmer features from early times similar to other SNe IIn and SNe IIn-P. At mid epochs, the Balmer
lines are much more prominent in the SNe IIn-P owing to their weaker continuum, in contrast to the SLSNe. At late epochs, many of the SNe develop a noticeable
blueshift in their Hα profiles.

Figure 8. NIR spectral evolution of ASASSN-14il. The NIR spectra are plotted along with optical spectra from nearby epochs. The spectra are displayed in the source
rest frame and are not corrected for reddening. The gray color represents the original spectra, and the colored lines (violet, optical; red, NIR) represent smoothed
spectra. The evolution of the Pashcen lines is similar to the optical Balmer lines.
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lines typically varies between 8000 and 13,000 km s−1. The
lines here are isolated, and the FWHMs concord with Hα
within error bars. Overall, the NIR spectra of ASASSN-14il are
consistent with optical spectra regarding interaction features,
mostly implied from the FWHMs being consistent in both the
wavelength regimes.

6.2. Hα Evolution

ASASSN-14il suffers significantly from host-galaxy lines of
O II, N II, and S II (seen clearly in the higher-resolution WiFeS
spectral sequence). The host-galaxy spectrum taken under the
6dF survey (see Section 6) has a FWHM resolution of 9–12Å
in the Hα region. The SN spectra have lower resolution
compared to the host spectrum. The SN spectrum was
subtracted after degrading the resolution of the host-galaxy
spectrum, taking the S II 6717–6731Å line as a reference for
host contribution. In most low- to medium-resolution spectra,
the host-galaxy contribution is almost removed, leaving an
unresolved narrow residual component behind. For the ANU-
WiFeS spectra, the analysis was performed as is, without
performing the host-galaxy subtraction, as they are much
higher in resolution than the available host spectra.

In the host-galaxy-subtracted spectra, the Hα profile was
fitted with combinations of the following to reproduce the
overall line profile: (i) a narrow Gaussian component, (ii) a
Lorentzian/Gaussian intermediate-width component, and (iii) a
broad Gaussian component. At early times, the overall Hα
profile is better represented by a Lorentzian intermediate-width
component as the emission lines are dominated by electron
scattering. At late times (day >50), a Gaussian intermediate-
width component better reproduces the overall line profile as
the lines evolve into a more complex multicomponent
structure. The choice of the continuum is very critical for
performing these fits. The continuum is selected to be far from

the line region by at least 50Å. The continuum selection was
performed repetitively to optimize the consistency of the fits.
The spectral evolution and the corresponding fits at selected
epochs are shown in Figure 9. The parameters of components
obtained from the fitting at all epochs are given in Table 6. The
errors listed represent only fitting errors, and other uncertainties
like resolution matching, subtraction of host spectra, and
imperfections in wavelength calibration have not been
included. The evolution of the line centers and FWHMs of
the various components are plotted in the top panel of
Figure 10.
Three components can describe the line profiles: (i) a narrow

component (unresolved in the lower-resolution spectra)
centered around the rest wavelength; (ii) an intermediate-width
component centered around the rest wavelength, with a FWHM
typically varying between 1600 and 2000 km s−1; and (iii) a
broad emission component varying in FWHM between 5000
and 8500 km s−1, seen after day 50. This broad component
progressively develops a blueshift of ∼600–1000 km s−1. The
variance shown by the centers of the narrow and intermediate
components is statistically insignificant. The minimum FWHM
of the narrow component is 178 km s−1, seen in the ANU
spectra (day 31.6), however it still may be unresolved. To
check whether the narrow component seen in the high-
resolution ANU spectrum is due to the host or is intrinsic to
ASASSN-14il, the host-galaxy spectrum was subtracted by
degrading the resolution of the ANU spectrum. A residual
narrow component persists, indicating narrow-line emission
from the SN as seen in our spectral sequence. D. A. Dickinson
(2021) performed a similar analysis with the high-resolution
spectrum taken after the SN had faded, and arrived at a similar
conclusion. It should be noted that this residual narrow
component may still be from the host galaxy as the H-to-N
emission ratio is variable depending on the slit positions and
orientation. However, a strong narrow component is seen in the

Figure 9. The Hα evolution of ASASSN-14il being fitted with multiple Lorentzian and Gaussian components. The host-galaxy contribution is subtracted, and the
continuum is selected by masking the line regions. ASASSN-14il shows a very complex geometry of the spectral profiles. The orange, blue, and green components
represent the narrow, intermediate, and broad components, respectively. For days 31.6 and 327.4, the Hβ profile (violet) is also plotted with an offset for comparison.
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He I 5876Å line, as well, in spite of the host galaxy having
very low He I emission.

The Hα evolution of ASASSN-14il can be divided into three
distinct phases. From days 8–50, the Hα is dominated by
Lorentzian wings, caused by the electron scattering of narrow-
line photons. A narrow component is also visible in the spectra
even after subtracting the host-galaxy contribution. This
indicates that the photosphere lies in the unshocked CSM at
this phase. The UV (and bolometric) lightcurves peak during
this phase (around day 15), which can ionize the unshocked
CSM. During this phase, no signatures of underlying ejecta are
seen in the Hα profile, unlike some SNe where broad emission
or broad P Cygni profiles are seen from early times, which
would indicate direct lines of sight to the ejecta. In SN 2012ab,
this is achieved by a disk-like CSM (A. Gangopadhyay et al.
2020) and in SN 2005ip, a clumpy CSM structure is present
(N. Smith et al. 2009b).

After day 50, the combination of a narrow Gaussian and a
Lorentzian profile can no longer accurately reproduce the line
profiles. Instead, the line profiles are more faithfully repre-
sented by combining three Gaussian (narrow, intermediate, and
broad) components. The broad wings of high-velocity ejecta
are distinguishable in the line profiles. The Gaussian
intermediate-width and broad-width components have FWHMs
of 1550–2000 km s−1 and 5000–8000 km s−1, respectively. No
significant P Cygni absorption associated with the broad Hα
component is visible, suggesting that the underlying ejecta is
already entering the optically thin regime.

After day 81.5, both the intermediate-width and broad
components are visible up to day 123.0, along with the narrow
component present throughout the evolution. During the
evolution, the broad component changes in FWHM between
5000 and 8800 km s−1. However, after day 109, a prominent
blueshift can be noticed in the broad component of Hα, now
centered between ∼−500 and −900 km s−1. The Hα profile in
the day 327.3 spectrum cannot be described as a combination
of Gaussians with shifted centroids. Instead, it can be better

described as missing flux at velocities higher than
−4000 km s−1. Figure 9 also shows the Hβ line plotted (with
offset for clarity) together with Hα at days 31.6 and 327.4. The
Hβ line is scaled such that it matches the blueside profile of the
Hα line. With this comparison, it is clear that the blueshift seen
at late epochs is wavelength dependent, being more prominent
at shorter wavelengths. This wavelength dependence is also
noted by D. A. Dickinson (2021), based on their higher-
resolution spectra. The implications of this are further
discussed in Section 7.4.
Figure 10 shows the total integrated line flux ratio of Hα to

Hβ, line luminosities of Hα as compared with some other
superluminous and long-lasting interacting SNe IIn (SN
2005ip, N. Smith et al. 2009b; SN 2006tf, N. Smith et al.
2008; SN 2010jl, J. E. Jencson et al. 2016; SN 2015da,
L. Tartaglia et al. 2020; ASASSN-15ua, D. Dickinson et al.
2024), along with FWHMs of the Hα components of
ASASSN-14il. The Hα luminosity includes the contribution
from the narrow, intermediate-width, and broad components of
the Hα profile. The Hα line fluxes and Hα-to-Hβ flux ratios
were estimated from the de-reddened spectra, including a 10%
error. As seen in the middle panel of Figure 10, the Hα-to-Hβ
flux ratio of ASASSN-14il steadily increases throughout its
evolution. D. Dickinson et al. (2024) have proposed that the
Hα-to-Hβ flux ratio at early epochs is dominated by
recombination after photoionization, where the line ratio
typically approaches 3. Then, at later times, it is dominated
by heating by the post-shock gas dominated by collisional
excitation. A similar trend is noticed in ASASSN-14il and other
objects where a transition is seen from photoionization to
collisional excitation. The flux ratio of ASASSN-14il also
closely resembles SN 2015da throughout the evolution.
The bottom panel of Figure 10 compares the Hα line

luminosities of ASASSN-14il with other SNe IIn. For
ASASSN-14il, the luminosity initially increases from days
8–23 by a factor of 7, the luminosity is almost constant from
days 23–82, and from days 82–327 it increases again by a

Table 6
The Spectral Decomposition of the Hα Profile of ASASSN-14il

Phase Source Resolution Narrow Component Intermediate-width Component Broad Component

Center FWHM Center FWHM Center FWHM
(day) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1)

7.7 ANU 100 130 ± 0.3 190 ± 0.9 100 ± 9.6 2040 ± 28 L L
7.8 LCO 500 −100 ± 5.3 500 ± 18 −100 ± 10 1900 ± 56 L L
9.7 LCO 500 0 ± 4.7 700 ± 17 0 ± 10 2200 ± 61 L L
11.8 LCO 500 0 ± 8.4 600 ± 29 100 ± 24 2400 ± 130 L L
13.6 ANU 100 150 ± 0.3 190 ± 0.8 140 ± 8.0 2110 ± 23 L L
14.6 LCO 500 0 ± 6.1 700 ± 22 100 ± 14 2200 ± 90 L L
17.7 LCO 500 100 ± 18 600 ± 59 0 ± 27 1700 ± 150 L L
22.7 ANU 100 140 ± 0.3 200 ± 0.9 130 ± 8.3 1950 ± 24 L L
22.8 LCO 500 0 ± 4.1 800 ± 12 200 ± 27 3800 ± 80 L L
26.1 PESSTO 500 200 ± 8.5 500 ± 29 100 ± 11 1800 ± 52 L L
26.6 LCO 500 0 ± 5.0 700 ± 18 100 ± 13 2100 ± 82 L L
31.6 ANU 100 140 ± 0.3 180 ± 0.9 130 ± 8.2 1700 ± 25 L L
49.2 PESSTO 500 200 ± 4.8 500 ± 17 100 ± 13 1500 ± 57 300 ± 70 5000 ± 240
81.6 LCO 500 200 ± 2.5 500 ± 9.4 200 ± 9.4 1800 ± 47 −200 ± 280 11200 ± 400
109.2 PESSTO 500 100 ± 7.6 700 ± 29 −100 ± 29 2100 ± 130 −600 ± 57 8200 ± 190
123.1 PESSTO 500 L L 0 ± 28 1500 ± 83 −500 ± 52 7600 ± 160
327.4 PESSTO 500 0 ± 9.7 500 ± 24 L L −1000 ± 69 6500 ± 160

Note. The line centers and FWHMs of the narrow, intermediate, and broad components are reported. We have expressed the fitting error with the line centers and
FWHM measurements. The total error in measurement is the sum in quadrature of the fitting error and the resolution uncertainty of the instrument.

12

The Astrophysical Journal, 976:86 (21pp), 2024 November 20 Dukiya et al.



factor of 3. The Hα luminosity of SNe 2010jl, 2015da, and
ASASSN-15ua shows an increasing trend as the interaction
reaches maximum and decreases after. ASASSN-14il shows a
similar trend, except for the flattening seen between days 23
and 82, which could be due to persistent interaction with the
shell/clump.

7. Results and Discussion

This paper presents the long-term photometric (up to day
480) and spectroscopic (up to day 327) monitoring campaign of
a SN IIn ASASSN-14il. The lightcurves show bumpy behavior
at different stages, which can be attributed to ejecta interacting
with regions of enhanced CSM density. The multiband
lightcurves also display a plateau-like behavior due to ongoing
interaction. A similar plateau is seen in SNe IIn-P (J. C. Maue-
rhan et al. 2013) followed by a steep drop (2–4 mag in optical)
from the plateau into a radioactivity-dominated tail. In contrast,
some SNe IIn show a plateau followed by a linear decline
(A. Nyholm et al. 2020). However, we cannot ascertain the

nature of ASASSN-14il in the context of these two classes due
to gaps in the observations. ASASSN-14il, with a peak
absolute magnitude of Mr∼−20.3± 0.2 mag, is one of the
brightest SN IIn. In the UV bands, it is brighter than −21 mag,
which satisfies the criteria for categorization as an SLSN
(A. Gal-Yam 2012). However, whether such bright interacting
transients form a separate population or fall in the tail end of
normal SNe IIn is unclear. The color curves are concordant
with a typical SN IIn. Overall, it bears a stark resemblance to
SN 2015da in terms of the lightcurve and color evolution,
which indicates similar powering mechanism(s).
Both wind- and shell-type CSM models in MOSFiT can

reproduce the broad lightcurve features of ASASSN-14il. To
reproduce the observed luminosities of ASASSN-14il, a high
amount of ejecta mass (a few tens to hundred of solar mass) is
required to interact with a high-density CSM (∼10−11 g cm−3).
These one-zone models, however, cannot reproduce the steep
decline of UV lightcurves and the small bump seen in the
optical lightcurves around day 90. The assumptions of
homologous expansion, constant opacity, and spherical sym-
metry are simply not representative of the actual explosion
scenario. More sophisticated modeling techniques are required
to adequately model the lightcurve, which is beyond the scope
of this work.
The spectral evolution of ASASSN-14il resembles typical

SNe IIn dominated by smooth blue continuum and Balmer
lines. The Balmer lines are dominated by Lorentzian wings in
the early epochs. The Hα line profile evolves to be more
complex and multicomponent after day 50. The signs of
underlying high-velocity ejecta are visible after this epoch. The
emergence of ejecta signatures at the time of peak optical
luminosity indicates asymmetries in the explosion/CSM
geometry, which is quite common in SNe IIn
(N. Smith 2017; C. Bilinski et al. 2024). This is further
discussed in Section 7.2.
After day 123.0, a prominent overall blueshift can be

observed in the Hα profile, which becomes more pronounced
in the final spectra at day 327. The spectra of ASASSN-
14il show a similarity with SNe 2006gy, 2010jl, and 2015da.
The late-time flat-topped profile is reminiscent of SN 2005ip.
Also, the late-time blueshift can be explained by dust formation
in the post-shock CSM or ejecta (similar to SNe 2005ip, 2010jl,
and 2015da; N. Smith et al. 2009b, 2012, 2024). The case of
dust formation and feasibility of any alternative explanation to
explain this blueshift are discussed in Section 7.4. The
evolution of the Hα-to-Hβ flux ratio supports the transition
scenario from recombination to collisional excitation. The line
luminosity of Hα shows an increasing trend due to persistent
ongoing interaction.

7.1. Narrow Lines

ASASSN-14il shows narrow lines throughout its spectral
evolution. However, the narrow lines do not show a P Cygni
profile, which is expected from a CSM outflow. The lack of a
narrow-width P Cygni feature is very uncommon among SNe
IIn. In the case of ASASSN-14il, there could be several reasons
for the lack of this feature. First, it could be due simply to the
spectral resolution of the available spectra. P Cygni profiles
corresponding to outflow velocities of <100 km s−1 would be
unresolved in the presented spectra. An unresolved P Cygni
profile will appear redshifted, as explained by N. Smith et al.
(2024), and there are indeed some hints of this as the narrow

Figure 10. Top: the FWHMs of the different components of the Hα line
obtained by fitting a Gaussian/Lorentzian to the line profiles. The three color-
coded zones in the panels demarcate the regions where ASASSN-14il enters
into three phases of its evolution as described in Section 6.2. Middle: the line
flux ratios of Hα and Hβ for long-lasting SNe IIn. A 10% error has been
included in the flux ratios. Bottom: the line-luminosity variations of Hα as
compared with other members of the subclass.
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7.4. A Case for Dust Formation

The Hα profile of ASASSN-14il shows a deficit in the flux
of the redside wing. This deficit is clearly visible as an overall
blueshift of the line after day 100 and increases with time. At
day 327, even a combination of blueshifted Gaussian
components cannot appropriately reproduce the Hα line profile.
At this epoch, the line profile can be best described as missing
flux from the redside wing and near rest velocity. The flux-
deficit phenomenon is wavelength dependent, as well, affecting
the shorter-wavelength Hβ more severely compared to Hα.

An overall blueshift could be caused by many reasons, such
as radiative acceleration, a lopsided SN explosion or
asymmetric CSM, obscuration of the receding material by the
continuum photosphere, and dust formation. However, except
for dust formation, none of the other mechanisms can explain
the observed time dependence and wavelength dependence.

In the case of a blueshift caused by the radiative acceleration
of the CSM, the blueshift should decrease as the luminosity
drops, and we expect no significant wavelength dependence for
this case. Additionally, in the case of a blueshift caused by the
radiative acceleration scenario, the original narrow-line photon
source should be blueshifted as well, which is not the case for
ASASSN-14il (L. Dessart et al. 2015). Similarly, in the case of
obscuration by the continuum photosphere, the expected
blueshift will be strongest in early times and decrease later
on as the continuum optical depth drops. For a lopsided
explosion/CSM, any blueshift present should be present from
early times too, remaining consistent throughout the evolution.
Thus, none of these scenarios are consistent with the observed
evolution of ASASSN-14il.

However, all these requirements are readily explained by a
scenario where new dust grains form in the ejecta or the post-
shock CSM. The dust formation will increase at late times as
the ejecta and the post-shock CSM cool down, explaining the
time evolution of the observed deficit of flux in the side wing of
Hα. Also, the wavelength dependence of the flux deficit is a
natural consequence of the extinction from dust affecting
shorter wavelengths more prominently. Dust formation has
other signatures, such as an increase in the NIR flux and an
increased rate of fading in the optical flux. However, due to
data gaps between days 120 and 250 and the lack of late-time
NIR data, we are unable to comment on this. Dust formation is
very common in SLSNe IIn, as seen in the cases of SNe 2006tf

(N. Smith et al. 2008), 2010jl (N. Smith et al. 2012; K. Maeda
et al. 2013; C. Gall et al. 2014), 2015da (N. Smith et al. 2024),
ASASSN-15ua (D. Dickinson et al. 2024), and 2017hcc
(N. Smith & J. E. Andrews 2020), so expecting dust formation
in ASASSN-14il would not be unreasonable.

7.5. Physical Scenario

Figure 11 describes a physical scenario that, although not
unique, explains the observables of ASASSN-14il through
various stages of its evolution. In this scenario, the ejecta from
the SN explosion interacts with a disk-like CSM. The viewing
angle of the observer is such that the CSM disk is face-on to the
observer. This configuration is surrounded by distant CSM that
may result from steady mass loss from the progenitor.
Figure 11(a) describes a scenario where the photosphere lies

in the pre-shock CSM surrounding the interaction region. The
line profiles are dominated by narrow lines and Lorentzian
wings resulting from electron scattering in the ionized CSM.
The signatures from the SN ejecta are masked by the
interaction region. This figure explains the observed line
profile in ASASSN-14il at early phases (<day 50).
Between days 50 and 80, the photosphere recedes into the

interaction region. Due to the asymmetric CSM geometry, both
uninterrupted SN ejecta and post-shock region are visible
simultaneously (Figure 11(b)). The line profiles see contribu-
tions from the SN ejecta, shock region, and distant unin-
terrupted CSM, which manifests as broad-, intermediate-, and
narrow-width Gaussian components, respectively.
Figure 11(c) depicts the evolution of ASASSN-14il after day

80. The contributions from the distant CSM, post-shock region,
and the ejecta are still seen. Dust formation is seen in the post-
shock gas, an efficient location for dust formation in SNe IIn.
This dust preferentially obscures the receding SN ejecta and
shock, causing a deficit in the redside wing of the line profiles.
This effect manifests as an overall blueshift of the broad
component. Such blueshift is observed in the late-time (>day
100) Hα profile of ASASSN-14il as well as many other SNe IIn
(e.g., SNe 2005ip, 20006tf, 2010jl, ASASSN-15ua, and
2015da).
Similar explosion/CSM geometry has been proposed for

SNe 2010jl, 2014ab, 2015da, and 2017hcc (N. Smith et al.
2011; N. Smith & J. E. Andrews 2020; C. Bilinski et al. 2020;
N. Smith et al. 2024) with different viewing angles. However,

Figure 11. Cartoon diagram representing the evolution of ASASSN-14il through various distinct phases. Representative lines of sight are shown by solid lines, where
dashed lines indicate hindered lines of sight. A dense disk-like CSM is located face-on to the observer, and a low-density CSM is present elsewhere. Interaction with
dense CSM gives rise to most of the luminosity. At mid-phases, the photosphere recedes from the pre-shock CSM and signatures from the post-shock region and ejecta
are visible. At late times the formation of dust obscures the emission from receding material.
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the viewing angles in SN 2014ab and ASASSN-14il are
proposed to be similar, which is further emphasized by both
having remarkably low polarization (C. Bilinski et al. 2024).

8. Summary

1. ASASSN-14il was observed with an extensive follow-up
campaign spanning ∼480 days in photometric and
∼327 days in spectroscopic observations.

2. ASASSN-14il is a very luminous SN IIn, showing long-
term interaction signatures and a plateau in the optical
lightcurves around the maximum. It peaks at
∼−20.3 mag in the r band (<−21 mag in the UV
bands), comparable to SLSNe 2006tf, 2010jl, and
ASASSN-15ua. The lightcurve shape is very similar to
SN 2015da, but the late-time (after ∼250 days) decline
rate of ∼0.01 mag day−1 in the optical bands is faster
than SN 2015da but comparable to SNe 2006tf, 2010jl,
and ASASSN-15ua. The slow redward evolution of the
intrinsic B− V resembles the typical SNe IIn.

3. The multiband lightcurve modeling of ASASSN-
14il indicates a CSM-driven explosion. Both wind/shell
CSM models generate our observed lightcurves with a
CSM mass between 4.7 and 9.1Me and the CSM shell/
wind being expelled about 1–5 yr before the explosion.

4. Spectroscopically, ASASSN-14il shows long-term pre-
dominant interaction signatures with narrow H and He
lines on top of otherwise featureless spectra similar to the
other SLSNe IIn 2006gy, 2010jl, and 2015da.

5. The Hα profile of ASASSN-14il can be described by the
following components. (i) An unresolved component
from the pre-shock ionized CSM that stays consistent
throughout the evolution. (ii) An intermediate-width
component initially dominated by Lorentzian electron-
scattering wings but that later (day >50) shows a
Gaussian profile (FWHM∼ 1750 km s−1) representative
of the post-shock region. (iii) A broad Gaussian emission
component (FWHM∼ 7000 km s−1) representative of the
uninterrupted ejecta, which becomes visible (day >50).

6. The emergence of the ejecta component when the
lightcurves are near peak luminosity indicates asymmetry
in the CSM structure.

7. The blueshift of the Hα profile at late phases (day �81)
indicates dust formation in the post-shock CSM/ejecta.

8. The mass-loss rate of up to 2–7Me yr−1 indicates that the
progenitor star underwent an LBV giant eruption prior to
the SN explosion.
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Appendix A
Observation Log

This section lists the log of photometric and spectroscopic
observations of ASASSN-14il. Table A1 lists all the calibrated
photometric magnitudes derived from the optical observations
with the LCOGT network of telescopes. The NUV and optical
magnitudes derived from observations with Swift-UVOT and
retried from SOUSA archive are listed in Table A2. The log of
all spectroscopic observations from LCO-FLOYDS and
publicly available spectra from PESSTO and AWSNAP is
given in Table A3.
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Table A1
Log of Photometric Observations of ASASSN-14il Obtained from the LCOGT Network of Telescopes

Date Phase B V g r i Telescope
(yyyy-mm-dd) (day) (mag) (mag) (mag) (mag) (mag)

2014-10-03 7.8 16.15 ± 0.03 16.25 ± 0.04 15.97 ± 0.02 16.10 ± 0.04 16.14 ± 0.01 1m0-12
2014-10-05 9.5 16.15 ± 0.02 16.07 ± 0.01 15.87 ± 0.04 15.91 ± 0.02 16.07 ± 0.01 1m0-11
2014-10-07 11.3 16.10 ± 0.08 15.71 ± 0.06 15.75 ± 0.05 15.84 ± 0.11 L 1m0-08
2014-10-09 13.3 L 15.58 ± 0.16 15.57 ± 0.05 15.54 ± 0.15 15.70 ± 0.20 1m0-08
2014-10-09 13.7 15.87 ± 0.02 15.74 ± 0.03 15.50 ± 0.02 15.52 ± 0.04 15.65 ± 0.05 1m0-11
2014-10-11 15.5 15.84 ± 0.06 15.63 ± 0.01 15.42 ± 0.01 15.52 ± 0.03 15.68 ± 0.05 1m0-03
2014-10-13 17.9 15.76 ± 0.04 15.55 ± 0.01 15.44 ± 0.01 15.45 ± 0.02 15.53 ± 0.01 1m0-10
2014-10-15 19.3 15.74 ± 0.05 15.57 ± 0.03 15.37 ± 0.02 15.42 ± 0.02 15.56 ± 0.02 1m0-08
2014-10-17 22.0 15.74 ± 0.03 15.44 ± 0.02 15.39 ± 0.01 15.37 ± 0.04 15.44 ± 0.04 1m0-13
2014-10-18 22.2 15.63 ± 0.01 15.38 ± 0.03 15.23 ± 0.01 15.33 ± 0.01 15.39 ± 0.05 1m0-08
2014-10-19 23.9 15.68 ± 0.02 L L L L 1m0-12
2014-10-20 24.5 15.54 ± 0.06 15.40 ± 0.04 15.27 ± 0.02 15.22 ± 0.02 15.28 ± 0.03 1m0-03
2014-10-20 24.4 15.54 ± 0.02 15.30 ± 0.03 15.21 ± 0.01 15.21 ± 0.01 15.27 ± 0.02 1m0-11
2014-10-21 25.9 15.70 ± 0.02 15.37 ± 0.02 15.30 ± 0.01 15.25 ± 0.03 15.31 ± 0.02 1m0-10
2014-10-22 26.5 15.59 ± 0.02 15.30 ± 0.04 15.18 ± 0.03 L 15.31 ± 0.10 1m0-03
2014-10-26 30.5 15.65 ± 0.02 15.32 ± 0.07 15.22 ± 0.02 15.13 ± 0.02 15.17 ± 0.05 1m0-11
2014-10-29 34.0 L 15.33 ± 0.02 15.24 ± 0.01 15.14 ± 0.03 15.19 ± 0.05 1m0-12
2014-11-02 37.7 L 15.32 ± 0.09 L L L 1m0-03
2014-11-06 41.4 L 15.15 ± 0.03 15.23 ± 0.02 15.04 ± 0.03 L 1m0-11
2014-11-10 45.2 L 15.20 ± 0.04 15.32 ± 0.04 15.10 ± 0.04 15.09 ± 0.03 1m0-08
2014-11-13 49.0 15.73 ± 0.03 15.22 ± 0.02 15.23 ± 0.03 15.06 ± 0.03 15.06 ± 0.02 1m0-12
2014-11-17 52.8 15.62 ± 0.02 15.26 ± 0.02 15.34 ± 0.01 15.11 ± 0.04 15.02 ± 0.03 1m0-12
2014-11-21 56.6 L 15.26 ± 0.04 15.27 ± 0.02 15.04 ± 0.03 14.98 ± 0.03 1m0-03
2014-11-26 61.9 15.78 ± 0.02 L 15.23 ± 0.02 15.04 ± 0.02 14.97 ± 0.02 1m0-10
2014-11-26 62.0 L L 15.31 ± 0.03 15.05 ± 0.01 14.97 ± 0.04 1m0-13
2014-11-27 62.2 15.76 ± 0.03 15.29 ± 0.04 15.31 ± 0.01 15.08 ± 0.02 15.03 ± 0.02 1m0-05
2014-11-27 62.0 15.67 ± 0.01 15.18 ± 0.03 15.26 ± 0.01 15.04 ± 0.04 15.00 ± 0.04 1m0-08
2014-11-28 63.8 15.89 ± 0.04 15.30 ± 0.02 15.39 ± 0.01 15.08 ± 0.03 14.98 ± 0.05 1m0-12
2014-12-02 67.4 L L L 15.09 ± 0.05 15.10 ± 0.04 1m0-03
2014-12-04 69.8 15.92 ± 0.02 15.27 ± 0.03 15.43 ± 0.02 15.06 ± 0.02 15.03 ± 0.04 1m0-10
2014-12-04 69.9 15.81 ± 0.01 15.27 ± 0.02 15.38 ± 0.01 15.07 ± 0.01 14.92 ± 0.04 1m0-12
2014-12-09 74.2 15.84 ± 0.02 15.23 ± 0.03 15.32 ± 0.02 14.99 ± 0.03 15.02 ± 0.01 1m0-05
2014-12-12 77.8 15.93 ± 0.03 15.17 ± 0.03 15.48 ± 0.02 L L 1m0-12
2014-12-12 77.9 15.88 ± 0.03 15.15 ± 0.06 15.48 ± 0.05 15.05 ± 0.03 14.92 ± 0.01 1m0-13
2014-12-16 81.8 15.97 ± 0.03 15.28 ± 0.02 15.34 ± 0.03 15.05 ± 0.02 14.89 ± 0.03 1m0-12
2014-12-20 85.8 15.91 ± 0.04 15.27 ± 0.01 15.41 ± 0.02 15.00 ± 0.05 14.87 ± 0.03 1m0-12
2014-12-24 89.5 15.72 ± 0.02 15.10 ± 0.02 15.22 ± 0.02 14.89 ± 0.02 14.83 ± 0.04 1m0-03
2014-12-29 94.5 15.82 ± 0.01 15.23 ± 0.10 15.41 ± 0.02 L L 1m0-11
2015-01-02 98.5 L L L 14.83 ± 0.03 14.78 ± 0.03 1m0-11
2015-01-06 102.4 15.87 ± 0.03 15.27 ± 0.01 15.32 ± 0.01 14.93 ± 0.02 14.79 ± 0.05 1m0-03
2015-01-11 107.8 16.07 ± 0.01 15.31 ± 0.02 15.54 ± 0.02 15.04 ± 0.01 14.89 ± 0.02 1m0-13
2015-01-15 111.8 16.19 ± 0.04 15.33 ± 0.01 15.52 ± 0.02 L L 1m0-13
2015-01-16 112.1 15.98 ± 0.02 15.33 ± 0.03 15.48 ± 0.01 15.05 ± 0.02 14.96 ± 0.02 1m0-05
2015-01-19 115.8 16.02 ± 0.02 15.37 ± 0.04 15.51 ± 0.02 15.04 ± 0.02 14.89 ± 0.05 1m0-10
2015-01-28 124.0 16.24 ± 0.05 15.58 ± 0.04 15.63 ± 0.02 15.14 ± 0.01 15.08 ± 0.02 1m0-05
2015-02-06 133.4 16.09 ± 0.08 15.37 ± 0.01 15.59 ± 0.01 15.11 ± 0.02 14.99 ± 0.06 1m0-03
2015-06-19 266.2 L 17.09 ± 0.08 17.33 ± 0.02 16.53 ± 0.02 16.44 ± 0.08 1m0-12
2015-06-24 271.4 L L 17.28 ± 0.02 16.85 ± 0.09 16.77 ± 0.02 1m0-05
2015-06-28 275.8 17.97 ± 0.03 16.97 ± 0.03 17.44 ± 0.03 16.59 ± 0.04 L 1m0-11
2015-07-02 279.2 17.71 ± 0.15 17.22 ± 0.04 17.45 ± 0.07 16.71 ± 0.01 16.92 ± 0.02 1m0-12
2015-07-02 279.2 17.79 ± 0.17 17.26 ± 0.04 17.24 ± 0.09 16.61 ± 0.03 16.76 ± 0.13 1m0-13
2015-07-06 283.0 17.49 ± 0.20 L 17.77 ± 0.11 16.50 ± 0.19 16.76 ± 0.03 1m0-12
2015-07-09 286.7 L 17.40 ± 0.08 L 16.53 ± 0.05 16.76 ± 0.22 1m0-11
2015-07-14 291.4 18.12 ± 0.05 17.42 ± 0.09 17.52 ± 0.03 16.75 ± 0.04 16.86 ± 0.02 1m0-05
2015-07-18 295.4 18.38 ± 0.22 17.37 ± 0.04 17.38 ± 0.08 16.57 ± 0.06 16.92 ± 0.08 1m0-08
2015-07-23 300.4 18.38 ± 0.16 17.44 ± 0.06 17.55 ± 0.04 16.63 ± 0.06 16.96 ± 0.01 1m0-05
2015-07-26 303.7 L 17.31 ± 0.02 17.60 ± 0.07 16.63 ± 0.01 16.84 ± 0.04 1m0-03
2015-07-30 307.4 18.41 ± 0.05 17.53 ± 0.13 L 16.91 ± 0.02 17.04 ± 0.09 1m0-05
2015-08-25 333.4 L 17.82 ± 0.04 17.81 ± 0.03 16.99 ± 0.04 17.11 ± 0.09 1m0-08
2015-09-04 343.9 18.60 ± 0.13 17.60 ± 0.12 17.89 ± 0.02 17.18 ± 0.03 17.26 ± 0.08 1m0-10
2015-09-05 344.1 18.45 ± 0.05 17.92 ± 0.03 L L L 1m0-10
2015-09-05 344.1 L 17.68 ± 0.30 17.96 ± 0.12 17.18 ± 0.07 17.63 ± 0.04 1m0-12
2015-09-05 344.0 L 17.90 ± 0.07 18.05 ± 0.04 17.04 ± 0.09 L 1m0-13
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Table A1
(Continued)

Date Phase B V g r i Telescope
(yyyy-mm-dd) (day) (mag) (mag) (mag) (mag) (mag)

2015-09-15 354.8 18.65 ± 0.30 17.76 ± 0.13 17.97 ± 0.04 L 17.42 ± 0.13 1m0-12
2015-09-18 357.3 18.89 ± 0.05 18.26 ± 0.16 18.13 ± 0.09 17.27 ± 0.01 17.56 ± 0.05 1m0-05
2015-09-28 368.0 L L 18.16 ± 0.08 L L 1m0-10
2015-09-29 368.0 L L L 17.28 ± 0.11 L 1m0-10
2015-10-14 383.2 L 18.50 ± 0.06 18.30 ± 0.14 17.50 ± 0.02 18.02 ± 0.12 1m0-08
2015-10-27 396.2 L L 18.53 ± 0.21 17.64 ± 0.11 L 1m0-05
2015-11-06 406.9 19.44 ± 0.12 L 18.87 ± 0.03 18.05 ± 0.01 17.80 ± 0.19 1m0-10
2015-11-17 417.6 19.49 ± 0.40 18.80 ± 0.32 19.18 ± 0.12 L 18.06 ± 0.11 1m0-03
2015-11-19 419.6 L 18.75 ± 0.03 L L 18.09 ± 0.23 1m0-03
2015-11-21 421.2 L L 18.88 ± 0.15 18.01 ± 0.19 L 1m0-05
2015-12-14 444.1 20.40 ± 0.23 L 19.15 ± 0.11 L 18.57 ± 0.09 1m0-05
2015-12-25 455.1 L L L 18.72 ± 0.29 18.47 ± 0.17 1m0-05
2016-01-07 468.4 20.46 ± 0.18 L L 18.78 ± 0.18 L 1m0-03
2016-01-07 468.1 L L 19.59 ± 0.17 18.40 ± 0.08 L 1m0-05
2016-01-07 468.8 L L L 18.66 ± 0.23 L 1m0-10
2016-01-19 480.1 L L L 18.74 ± 0.08 L 1m0-05

Table A2
Log of Swift UV and Optical Photometric Observations of ASASSN-14il

Phase MJD UVW1 UVW2 UVM2 U B V Instrument
(day) (mag) (mag) (mag) (mag) (mag) (mag)

7.90 56933.90 14.70 ± 0.08 14.72 ± 0.07 14.69 ± 0.08 14.81 ± 0.07 16.08 ± 0.11 16.08 ± 0.16 UVOT
9.99 56935.99 14.46 ± 0.07 14.57 ± 0.07 14.45 ± 0.06 14.68 ± 0.07 16.03 ± 0.10 15.88 ± 0.14 UVOT
11.84 56937.84 14.41 ± 0.06 14.54 ± 0.06 14.42 ± 0.06 14.54 ± 0.06 15.83 ± 0.09 15.77 ± 0.11 UVOT
13.83 56939.83 14.36 ± 0.07 14.50 ± 0.07 14.39 ± 0.06 14.44 ± 0.06 15.67 ± 0.09 15.64 ± 0.12 UVOT
15.43 56941.43 14.29 ± 0.06 14.49 ± 0.07 14.37 ± 0.06 14.40 ± 0.06 15.55 ± 0.08 15.55 ± 0.11 UVOT
16.88 56942.88 14.29 ± 0.06 14.58 ± 0.07 L 14.37 ± 0.06 15.64 ± 0.09 L UVOT
16.94 56942.94 L 14.58 ± 0.07 14.53 ± 0.08 L L 15.66 ± 0.14 UVOT
17.83 56943.83 14.35 ± 0.06 14.61 ± 0.07 14.50 ± 0.07 14.35 ± 0.06 15.57 ± 0.08 15.68 ± 0.12 UVOT
18.69 56944.69 L 14.63 ± 0.07 L 14.32 ± 0.06 L L UVOT
18.87 56944.87 14.28 ± 0.06 14.59 ± 0.07 14.55 ± 0.07 14.33 ± 0.06 15.60 ± 0.09 15.50 ± 0.11 UVOT
21.37 56947.37 14.39 ± 0.06 14.66 ± 0.07 14.57 ± 0.07 14.34 ± 0.06 15.55 ± 0.09 15.25 ± 0.10 UVOT
23.25 56949.25 14.38 ± 0.06 14.70 ± 0.07 14.59 ± 0.07 14.33 ± 0.06 15.40 ± 0.08 15.27 ± 0.10 UVOT
25.37 56951.37 L L 14.58 ± 0.08 L L 15.25 ± 0.12 UVOT
25.67 56951.67 14.45 ± 0.07 14.79 ± 0.08 L 14.31 ± 0.06 15.42 ± 0.08 L UVOT
29.42 56955.42 14.55 ± 0.07 14.92 ± 0.08 14.78 ± 0.08 14.38 ± 0.06 15.40 ± 0.08 15.25 ± 0.10 UVOT
31.34 56957.34 14.63 ± 0.07 15.02 ± 0.08 14.93 ± 0.08 14.46 ± 0.06 15.34 ± 0.07 15.23 ± 0.10 UVOT
33.47 56959.47 14.77 ± 0.08 L L L L L UVOT
35.92 56961.92 14.88 ± 0.08 15.36 ± 0.10 15.18 ± 0.09 14.52 ± 0.06 15.43 ± 0.08 15.21 ± 0.09 UVOT
37.85 56963.85 15.00 ± 0.08 15.41 ± 0.10 15.27 ± 0.09 14.60 ± 0.06 15.41 ± 0.08 15.23 ± 0.09 UVOT
40.78 56966.78 15.13 ± 0.09 15.56 ± 0.11 15.40 ± 0.09 14.63 ± 0.07 15.40 ± 0.08 15.23 ± 0.09 UVOT
42.21 56968.21 15.14 ± 0.09 L L 14.64 ± 0.07 15.47 ± 0.08 L UVOT
46.23 56972.23 15.42 ± 0.10 16.02 ± 0.14 15.79 ± 0.11 14.78 ± 0.07 15.46 ± 0.08 15.15 ± 0.09 UVOT
48.31 56974.31 15.45 ± 0.10 16.05 ± 0.14 15.87 ± 0.11 14.85 ± 0.07 15.57 ± 0.08 15.18 ± 0.09 UVOT
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Table A3
Log of Spectroscopic Observations of ASASSN-14il

Date MJD Phase Telescope Range Slit Width Resolution
(yy-mm-dd) (day) (Å) (Å) (arcsec) (λ/Δλ)

2014-10-03 56933.55 7.6 ANU+WiFeS 3050–11000 L 3000
2014-10-03 56933.73 7.7 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-05 56935.63 9.6 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-07 56937.71 11.7 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-09 56939.50 13.5 ANU+WiFeS 3050–11000 L 3000
2014-10-10 56940.47 14.5 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-13 56943.64 17.6 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-14 56944.06 18.1 ESO-NTT+SOFI 9000–25000 1.0 600–2200
2014-10-18 56948.56 22.6 ANU+WiFeS 3050–11000 L 3000
2014-10-18 56948.67 22.7 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-22 56952.02 26.0 ESO-NTT+EFOSC (Gr11 and Gr16) 3050–11000 1.0 400 and 600
2014-10-22 56952.47 26.5 LCO+FLOYDS 3200–10000 1.6 400–700
2014-10-24 56954.21 28.2 ESO-NTT+SOFI 9000–25000 1.0 600–2200
2014-10-27 56957.47 31.5 ANU+WiFeS 3050–11000 L 3000
2014-11-14 56975.16 49.2 ESO-NTT+EFOSC (Gr11 and Gr16) 3050–11000 1.0 400 and 600
2014-11-15 56976.19 50.2 ESO-NTT+SOFI 9000–25000 1.0 600–2200
2014-12-16 57007.51 81.5 LCO+FLOYDS 3200–10000 1.6 400–700
2014-12-22 57013.08 87.1 ESO-NTT+SOFI 9000–25000 1.0 600–2200
2015-01-13 57035.06 109.1 ESO-NTT+EFOSC (Gr11 and Gr16) 3050–11000 1.0 400 and 600
2015-01-20 57042.06 116.1 ESO-NTT+SOFI 9000–25000 1.0 600–2200
2015-01-27 57049.04 123.0 ESO-NTT+EFOSC (Gr13) 3050–11000 1.0 350
2015-08-19 57253.26 327.3 ESO-NTT+EFOSC (Gr11 and Gr16) 3050–11000 1.0 400 and 600
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Appendix B
MOSFiT Corner Plot

Figure B1 shows the corner plot for MOSFiT CSM wind
(blue) and CSM shell (gray) models fit to the lightcurve of

ASASSN-14il. The top panel of each column shows the
marginalized distribution of the corresponding parameter. The
vertical lines represent the 16th, 50th, and 84th quantile.

Figure B1. Corner plot showing the best-fit parameters of the CSM wind (blue) and CSM shell (gray) models for ASASSN-14il.
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