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Abstract

ASASSN-14ms may represent the most luminous Type Ibn supernova (SN Ibn) ever detected, with an absolute
U-band magnitude brighter than −22.0 mag and a total bolometric luminosity >1.0× 1044 erg s−1 near maximum
light. The early-time spectra of this SN are characterized by a blue continuum on which are superimposed narrow
P Cygni profile lines of He I, suggesting the presence of slowly moving (∼1000 km s−1), He-rich circumstellar
material (CSM). At 1–2 months after maximum brightness, the He I line profiles become only slightly broader,
with blueshifted velocities of 2000–3000 km s−1, consistent with the CSM shell being continuously accelerated by
the SN light and ejecta. Like most SNe Ibn, the light curves of ASASSN-14ms show rapid post-peak evolution,
dropping by ∼7 mag in the V band over three months. Such a rapid post-peak decline and high luminosity can be
explained by interaction between SN ejecta and helium-rich CSM of 0.9Me at a distance of ∼1015 cm. The CSM
around ASASSN-14ms is estimated to originate from a pre-explosion event with a mass-loss rate of 6.7Me yr−1

(assuming a velocity of ∼1000 km s−1), which is consistent with abundant He-rich material violently ejected
during the late Wolf–Rayet (WN9-11 or Opfe) stage. After examining the light curves for a sample of SNe Ibn, we
find that the more luminous ones tend to have slower post-peak decline rates, reflecting that the observed
differences may arise primarily from discrepancies in the CSM distribution around the massive progenitors.

Unified Astronomy Thesaurus concepts: Circumstellar dust (236); Stellar mass loss (1613)

Supporting material: data behind figure

1. Introduction

Type Ibn supernovae (SNe Ibn) constitute a subtype of core-
collapse events that are characterized by relatively narrow
emission lines of He I in their spectra, suggesting the presence
of helium-rich circumstellar material (CSM; Matheson et al.
2000). They are rare and make up only about 1% of core-
collapse SNe (Pastorello et al. 2008). The progenitors of
SNe Ibn are thought to be Wolf–Rayet (W-R) stars that lost all
of their hydrogen envelope and part of the helium shell prior to
exploding. A prototype of such events is SN 2006jc, which was
observed to experience a pre-SN outburst (Foley et al. 2007;
Pastorello et al. 2007).

Over the past few years, ∼40 SNe Ibn have been identified,
and some have very good follow-up observations (see
Pastorello et al. 2016; Hosseinzadeh et al. 2017, and references
therein). Based on their early-time spectra, SNe Ibn can be
equally classified into P Cygni and emission subclasses
(Hosseinzadeh et al. 2017), with the former being characterized
by narrow P Cygni profiles and the latter being dominated by
broader emission lines. It is currently unclear whether these

distinctions trace two different CSM configurations or a
continuum of CSM properties. Moreover, inspection of their
birthplace environments indicates that most SNe Ibn tend to
occur in star-forming regions of their host galaxies (Pastorello
et al. 2015b; Taddia et al. 2015), suggesting that they are
associated with massive stars.
SNe Ibn are found to be quite luminous among SNe; most of

them have absolute peak magnitudes ranging roughly from
−18.5 to −20.0 mag in the R band. Their light curves show a
large variety in pre- and post-maximum-brightness evolution
(e.g., see Figure 3 of Pastorello et al. 2016). Their rise time can
span a period from 1 week to 2–3 weeks. Those with rapidly
rising light curves might be related to the mysterious, so-called
“fast evolving luminous transients” (FELTs; e.g., Rest et al.
2018; Fox & Smith 2019; Xiang et al. 2021). Some SNe Ibn are
found to show multiple light-curve peaks (e.g., Gorbikov et al.
2014) or a flattening in the post-peak light curve (Pastorello
et al. 2015e), while most of them tend to have very rapidly
declining light curves after maximum light (e.g., ∼8.0 mag
within the first 100 days; see also Hosseinzadeh et al. 2017).
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The observed diversity in the light curves indicates that the
energy sources responsible for SNe Ibn are complicated,
possibly including radioactive decay, interaction of SN ejecta
with CSM, magnetars, or some other unknown mechanisms.

ASASSN-14ms provides another rare opportunity to study
the diverse properties of SNe Ibn. This object was discovered
on 2014 December 26.61 (UT dates are used throughout this
paper) by the All Sky Automated Survey for Supernovae
(ASAS-SN; Shappee et al. 2014) in SDSS J130408.52
+521846.4, at 16.5 mag in the V band (Kiyota et al. 2014).
Our earliest spectrum of this object, obtained with the Lijiang
2.4 m telescope (+YFOSC) on 2014 December 29.84, showed
a very blue continuum with weak, narrow P Cygni He I lines,
suggesting the Type Ibn classification. Its J2000 coordinates
are α= 13h04m08 69 and δ=+52°18′46 5, approximately
1 1 south and 0 8 east from the center of SDSS J130408.52
+521846.4 (see Figure 1). The host is very faint, with a g-band
magnitude of ∼21.6, and there is no previously published
measurement for its recession velocity.

Owing to the existing small number of well-studied SNe Ibn,
we started follow-up observations of ASASSN-14ms immedi-
ately after obtaining the first classification spectrum. Although
this SN was investigated by Vallely et al. (2018), we present
more extensive observations and an independent analysis of it.
In Section 2, we present our photometric and spectroscopic
observations. The light curves and spectra are analyzed in
Section 3, modeling of the light curve is given in Section 4, and
we conclude in Section 5.

2. Observations

2.1. Supernova ASASSN-14ms

We commenced optical photometry of ASASSN-14ms with
different instruments, including the 0.8 m Tsinghua Univer-
sity–NAOC Telescope (hereafter TNT) at Xinglong

Observatory in China (Wang et al. 2008; Huang et al. 2012),
the 2.4 m telescope of Yunnan Observatories at Lijiang Station
(hereafter LJT; Wang et al. 2019a) in China, and the 2.3 m Bok
telescope (hereafter Bok; Williams et al. 2004) of NAOA in the
USA. These observations spanned from about −2 to +130
days from maximum brightness, and all of the data were
reduced with standard IRAF14 routines. The SN instrumental
magnitudes were converted to the Johnsons UBV (Johnson
et al. 1966) and Kron–Cousins RI (Cousins 1981) systems,
using flux calibrations of six field stars from the Sloan Digital
Sky Survey (SDSS) Data Release 9 catalog, as listed in
Table 1. Table 2 lists the final flux-calibrated UBVRI
photometry of ASASSN-14ms. A few reports for upper limits
and detection magnitudes in the V band, obtained at earlier
phases from the ASAS-SN and amateur astronomers, are also
included.
In addition, ultraviolet (UV) and optical photometry from the

Ultra-Violet/Optical Telescope (UVOT; Roming et al. 2005)
on board the Neil Gehrels Swift Observatory (Swift; Gehrels
et al. 2004) was available at two epochs around maximum
light. The UVOT observations were obtained in the uvw1,
uvm2, uvw2, u, b, and v filters, with the images being reduced
following those of the Swift Optical Ultraviolet Supernova
Archive (SOUSA; Brown et al. 2014). An aperture of 3″ is
applied to measure the SN flux, with the corresponding
aperture correction based on an average point-spread function.
The final UVOT magnitudes are listed in Table 3.
Spectroscopic observations were collected using the Lijiang

2.4 m telescope and YFOSC system (Fan et al. 2015), the
Xinglong 2.16 m telescope (+BFOSC), and the Keck 10 m
telescope (+LRIS; Oke et al. 1995). All of the spectra were
reduced using routine tasks within IRAF, and the flux was
calibrated with spectrophotometric standard stars observed on
the same nights. Telluric lines were removed from the spectra
through comparison with the standard-star observations. A
journal of observations is given in Table 4.

2.2. Host Galaxy SDSS J130408.52+521846.4

Redshift is not available for the galaxy SDSS J130408.52
+521846.4 from the public catalog, so we collected the host-
galaxy spectra from two telescopes. As the Keck spectrum was
taken ∼50 days after maximum brightness when the SN light
was comparable to that of the host galaxy, it was also used to
extract the host-galaxy spectrum to determine the redshift.
Another spectrum of the host galaxy SDSS J130408.52
+521846.4 was obtained on 2016 June 21.4 (t∼ 6 months
after the peak) with the 8.2 m Subaru telescope to cross-check
the result from the Keck telescope. Figure 2 shows the host-
galaxy spectra of ASASSN-14ms from Keck (blue) and Subaru
(red). One can see that the narrow emission line at 6915Å, with
a measured FWHM intensity of ∼300 km s−1, is clearly present
in both spectra. Assuming this feature to be Hα, a redshift of
z= 0.0535 can be inferred for SDSS J130408.52+521846.4.
This value is consistent with z= 0.0539 determined from
another narrow emission feature (at 3928Å), which can be
attributed to [O II] λ3727, as seen in the Keck spectrum (upper
panel of Figure 2). We thus adopt a mean value of
z= 0.0537± 0.0002 for ASASSN-14ms. This redshift is

Figure 1. V-band image of the field of ASASSN-14ms taken with the 0.8 m
Tsinghua–NAOC telescope (TNT). The local standard stars used for flux
calibration are marked.

14 IRAF, the Image Reduction and Analysis Facility, is distributed by the
National Optical Astronomy Observatory, which is operated by the Association
of Universities for Research in Astronomy (AURA), Inc. under cooperative
agreement with the National Science Foundation (NSF).
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Table 1
Photometric Standards in the ASASSN-14ms Fielda

Star α(J2000) δ(J2000) U (mag) B (mag) V (mag) R (mag) I (mag)

1 13:04:15.13 +52:22:04.80 20.12(08) 19.00(02) 17.73(02) 16.75(02) 16.06(02)
2 13:04:17.70 +52:21:05.56 19.87(07) 18.81(02) 17.57(02) 16.83(02) 16.28(02)
3 13:04:12.32 +52:21:07.93 20.31(09) 19.19(02) 17.91(02) 17.28(02) 16.69(02)
4 13:03:52.89 +52:19:10.39 17.84(03) 17.62(01) 16.90(01) 16.45(02) 15.97(02)
5 13:03:48.98 +52:19:11.57 17.78(03) 16.81(01) 15.63(01) 14.96(01) 14.97(01)
6 13:03:48.38 +52:15:58.40 18.04(03) 18.23(02) 17.76(02) 17.57(02) 17.22(03)

Note.
a See Figure 1 for a chart of ASASSN-14ms and the comparison stars. Uncertainties, in units of 0.01 mag, are 1σ.

Table 2
Optical Photometry of ASASSN-14msa

UT Date JD − 2,450,000 U (mag) B (mag) V (mag) R (mag) I (mag) Telescope

20141215 7007.03 L L >17.10 L L ASAS-SN
20141226 7018.11 L L 16.86(14)b L L ASAS-SN
20141227 7019.10 L L 16.64(11)b L L ASAS-SN
20141229 7021.02 L L 16.31(07) L L Stan Howerton
20141230 7022.54 14.92(05) 16.32(06) 16.42(07) L L LJT
20150101 7024.64 14.96(05) 16.31(06) 16.47(07) L L LJT
20150108 7031.35 16.40(11) 16.96(08) 16.54(06) 16.50(04) 16.49(05) TNT
20150109 7032.42 16.51(10) 17.04(08) 16.61(04) 16.52(03) 16.55(04) TNT
20150113 7036.40 L L 16.81(08) 16.79(04) 16.85(06) TNT
20150114 7037.38 16.81(10) 17.39(08) 16.97(04) 16.89(03) 16.93(04) LJT
20150116 7039.38 17.29(10) 17.57(08) 17.09(04) 16.94(03) 17.02(05) TNT
20150118 7041.37 17.55(10) 17.77(08) 17.23(04) 17.02(04) 17.09(06) TNT
20150119 7042.39 17.67(10) 17.87(08) 17.28(04) 17.10(03) 17.08(05) TNT
20150120 7043.41 17.77(11) 17.98(08) 17.39(04) 17.22(03) 17.23(04) LJT
20150121 7044.44 L L 17.38(06) 17.21(04) 17.12(06) TNT
20150122 7045.39 18.22(10) 18.24(08) 17.57(04) 17.37(03) 17.29(04) LJT
20150126 7049.42 18.92(12) 18.86(09) 18.02(05) 17.70(03) 17.64(05) LJT
20150128 7051.40 19.53(16) 19.26(09) 18.27(05) 17.94(04) 17.76(04) LJT
20150129 7052.37 L 19.23(11) 18.34(05) 17.97(04) 17.87(06) LJT
20150130 7053.31 L 19.44(10) 18.48(06) 18.21(05) 18.07(07) TNT
20150131 7054.37 L 19.65(10) 18.81(06) 18.19(04) 17.89(06) TNT
20150202 7056.36 L 19.89(14) 18.94(08) 18.35(05) 18.30(05) LJT
20150205 7059.27 L 20.12(22) 19.25(15) 18.62(09) L TNT
20150208 7062.28 L 20.56(30) 19.69(20) 19.20(09) 18.78(09) LJT
20150211 7064.60 20.80(23) 20.56(16) 19.87(11) 19.34(06) 18.94(06) LJT
20150215 7069.33 21.38(21) 21.01(10) 20.11(08) 19.59(06) 19.27(06) LJT
20150217 7071.45 21.38(14) 21.01(11) 20.36(09) 19.63(08) L LJT
20150228 7082.41 L 21.65(15) 20.64(11) 20.26(09) 20.87(11) LJT
20150315 7097.34 L L 21.68(18) 21.06(16) 21.60(20) LJT
20150321 7102.80 L 22.40(15) 21.87(15) 21.58(15) L Bok
20150325 7106.86 L 22.64(15) 22.15(15) 21.89(15) L Bok
20150418 7130.80 L 23.61(30) 23.12(30) L L Bok
20150515 7157.60 L 24.40(100) 23.70(100) L L Bok

Notes.
a The epoch of V-band maximum is 7023.85. Uncertainties, in units of 0.01 mag, are 1σ.
b Data are taken from Vallely et al. (2018).

Table 3
Swift UVOT Photometry of ASASSN-14msa

Date JD − 2,450,000 uvw2 (mag) uvm2 (mag) uvw1 (mag) u (mag) b (mag) v (mag)

20141230 7022.04 14.70(05) 14.59(06) 14.63(05) 14.92(05) 16.32(06) 16.42(07)
20150101 7024.14 15.04(06) 14.83(07) 14.91(06) 14.96(05) 16.31(06) 16.47(07)

Note.
a Uncertainties, in units of 0.01 mag, are 1σ.
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consistent with that derived by Vallely et al. (2018) from a late-
time LBT MODS spectrum of SDSS J130408.52+521846.4
(obtained at t∼ 876 days after maximum light). Assuming
H0= 73 km s−1 Mpc−1, ΩM= 0.27, and ΩΛ= 0.73 (Spergel
et al. 2007), a distance modulus of 36.72± 0.14 mag can be
obtained for ASASSN-14ms, which is adopted in the following
analysis.

From the Hα luminosity of the flux-calibrated Subaru
spectrum, we estimated the star formation rate using the
conversion relation from Kennicutt (1998), which is half of

the value derived by Vallely et al. (2018), i.e.,
∼0.005Me yr−1. This difference is likely because the Subaru
spectrum has relatively low signal-to-noise ratio. Modeling of
the photometric spectral energy distribution for galaxy SDSS
J130408.52+521846.4 reveals that this galaxy has a stellar
mass = -

+M 2.6 1.5
0.8

* × 108Me (Vallely et al. 2018). This
indicates a specific star formation rate of log(sSFR)∼
−10.11Me yr−1 for the host galaxy of ASASSN-14ms, well
within the range of core-collapse SNe (see Figure 9 of Xiang
et al. 2021).

Table 4
Journal of Spectroscopic Observations of ASASSN-14ms

UT Date JD − 2,450,000 Phasea Exp. (s) Telescope + Instrument Range (Å)

2014 Dec 29 7021.36 −2.49 1500 YNAO 2.4 m + YFOSC(G3) 3500–8750
2015 Jan 7 7030.39 +6.54 1800 YNAO 2.4 m + YFOSC(G3) 3500–8750
2015 Jan 8 7031.31 +7.46 2400 BAO 2.16 m + BFOSC(G4) 3800–8800
2015 Jan 14 7037.40 +13.55 1500 YNAO 2.4 m + YFOSC(G3) 3500–8750
2015 Jan 18 7041.32 +17.47 3600 BAO 2.16 m + BFOSC(G4) 3800–8800
2015 Jan 20 7043.41 +19.56 2100 YNAO 2.4 m + YFOSC(G3) 3500–8750
2015 Jan 25 7048.39 +24.54 3000 YNAO 2.4 m + YFOSC(G10) 3700–9500
2015 Jan 29 7052.33 +28.48 2400 YNAO 2.4 m + YFOSC(G3) 3500–8750
2015 Jan 31 7054.43 +30.58 2400 YNAO 2.4 m + YFOSC(G10) 4000–9300
2015 Feb 2 7056.37 +32.52 2100 YNAO 2.4 m + YFOSC(G10) 4000–9600
2015 Feb 22 7076.93 +53.08 1200 Keck LRIS 3000–10000
2015 Jun 21 7194.90 +171.05 1800 Subaru FOCAS 3500–9500

Note.
a Relative to the epoch of V-band maximum (JD = 2,457,023.85).

Figure 2. The spectra of SDSS J130408.52+521846.4 taken with the Keck I and Subaru telescopes. The upper panel shows the wavelength region centered on the
[O II] λ3727 line, and the lower panel shows the portion centered on the Hα emission.
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3. Photometric and Spectroscopic Analysis

3.1. Light Curves

Figure 3 shows the optical light curves of ASASSN-14ms,
with two UV data points from Swift/UVOT overplotted. The
earliest prediscovery image was taken on 2014 December
15.51, with a nondetection limit of ∼17.1 mag in the V band.
The absence of early-phase data does not allow us to place
stringent constraints on the explosion date and hence the rise
time. The V-band light curve is better sampled around
maximum light than other bands. Applying a polynomial fit
to the V light curve yields = V 16.42 0.04max mag on JD
2,457,023.85. Likewise, the B-band light curve reaches a peak
of 16.30± 0.05 mag at a similar phase, while the U-band light
curve seems to have a slightly earlier peak with

»U 14.9max mag. Maximum brightness is not clear in the R
and I bands because of sparse sampling. On the other hand, we
notice that all of the light curves seem to experience three-stage
post-peak evolution, with breaks occurring at t≈ 20 days and
t≈ 40 days after maximum. During the period from t≈ 20 days
to t≈ 40 days after maximum, the light curves declined at a
relatively faster pace.

Taking the distance modulus μ= 36.72± 0.14 mag and a
Galactic reddening of E(B− V )= 0.01 mag, we derive an
absolute V-band peak magnitude of −20.33± 0.15 mag for
ASASSN-14ms. The corresponding values in B and U are
−20.46± 0.15 mag and −21.9 mag, respectively. With the
available Swift UV points, one can find that this object is also
very luminous in the UV, with the luminosity in the uvw1,
uvm2, and uvw2 bands being brighter than −22.1 mag.
Detailed photometric parameters are listed in Table 3. These
estimates indicate that ASASSN-14ms is one of the most
luminous SNe Ibn ever recorded (e.g., Pastorello et al. 2016;
Hosseinzadeh et al. 2017), even without considering possible
extinction due to the host galaxy.

Figure 4 shows the V-band light curve of ASASSN-14ms
compared with those of well-observed SNe Ibn such as SN
2006jc (Pastorello et al. 2007), SN 1991D (Benetti et al. 2002),
SN 2010al (Pastorello et al. 2015a), SN 2014av (Pastorello
et al. 2016), SN 2015U (Shivvers et al. 2016), ASASSN-15ed
(Pastorello et al. 2015c), and SN 2019uo (Gangopadhyay et al.
2020a). The light curves of other subclasses are also plotted for

comparison, including broad-lined Type Ic SN 1998bw
(Galama et al. 1998), Type Ia SN 2005cf (Wang et al. 2009),
Type Ic SN 2007gr (Chen et al. 2014), and Type Ib SN 2009jf
(Sahu et al. 2011). It is readily seen that ASASSN-14ms and
other comparison SNe Ibn are characterized by fast post-peak
declines. For example, the decline within the first 40 days is
about 3.6 mag for ASASSN-14ms, 4.1 mag for ASASSN-15ed,
4.2 mag for SN 2010al, and 3.4 mag for SN 2014av.15 In
contrast, the corresponding magnitude decline is about 2.0, 2.1,
2.0, and 1.6 for SN 1998bw, SN 2005cf, SN 2007gr, and SN
2009jf (respectively). This large discrepancy in the post-
maximum evolution indicates that SNe Ibn are not primarily
powered by radioactive decay in a relatively long phase after
peak brightness (see discussions in Section 4) and their high
luminosities are likely caused by other mechanisms.
Owing to the high luminosity of ASASSN-14ms, we further

explore its possible connection with superluminous supernovae
(SLSNe). To better quantify the discrepancy in light-curve
evolution between ASASSN-14ms, other well-observed SNe Ibn,
and Type I/II SLSNe, we examine the absolute peak magnitude in
V (MV,p) and the magnitude decline measured within the first 30
days after the peak (Δm30(V )). As shown in Figure 5, the absolute
V magnitude of most SNe Ibn is in the approximate range −17 to
−20 around maximum light. Among them, ASASSN-14ms is at
the most luminous end with MV,p≈−20.5mag, close to the faint
end of SLSNe. For SNe Ibn and SLSNe, the decline rate measured
within 30 days after the peak tends to show a correlation with the
corresponding absolute peak magnitudes, with brighter objects
having slower decline rates. Applying a linear fit to the
observed data for SNe Ibn and SLSNe yields =MV ,p

- + ´ D-
+

-
+ m22.75 1.080.02

0.06
0.02
0.01

30. This trend suggests that these
two subclasses of SNe may have a similar energy source. If their
early-time radiation is dominated by ejecta–CSM interaction in
both cases (see discussions in Section 4), the difference in decline
rate might suggest that SNe Ibn tend to have less ejecta mass and/
or less extended CSM than the SLSNe. However, the establish-
ment of this anticorrelation among SLSNe and SNe Ibn requires
more statistically significant evidence.
In Figure 6, we compare the color evolution of ASASSN-

14ms with that of the comparison SNe Ibn. In the first 20 days,
ASASSN-14ms seems to exhibit B− V color evolution that is
quite similar to that of SN 2010al and SN 2014av. After t≈ 20
days, both SN 2010al and SN 2014av tend to maintain a
constant B− V color of ∼0.6 mag, whereas ASASSN-14ms
evolves progressively redward until t≈ 30 days, then subse-
quently evolves blueward and reaches a similar color to the
former two events at t≈ 50 days. ASASSN-15ed may have a
similar evolutionary trend to ASASSN-14ms, except that it is
systematically redder by ∼0.2 mag after t≈ 10 days. Among
the comparison sample, ASASSN-15ed and SN 2006jc exhibit
the fastest and slowest color evolution, respectively. One can
see that SN 2010al and SN 2014av also show similar R− I
color evolution, with a reddening rate of 0.01 mag day−1

during the first 40 days. Slow R− I color evolution is also
found in ASASSN-14ms, but overall it is significantly bluer
than SN 2010al, SN 2014av, and SN 2006jc. The R− I
evolution of SN 2015U might be consistent with that of
ASASSN-14ms, but the comparison is limited by the large
uncertainty in the former’s color at t≈ 10–20 days.

Figure 3. Light curves of ASASSN-14ms obtained with the 0.8 m TNT, 2.4 m
LJT, 2.3 m Bok, and Swift UVOT.

15 The flattening behavior seen in SN 2014av after 20 days from maximum
light is likely due to the interaction of the SN ejecta with the CSM from the
progenitor.
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3.2. Spectroscopy

Twelve optical spectra of ASASSN-14ms were obtained,
covering the approximate phases −2.5 to +50.0 days from
maximum light; they are displayed in Figure 7. The earlier

spectra are characterized by a very blue continuum, suggesting
a high temperature for the emitting region at early phases and
consistent with the strong UV emission revealed by Swift
photometry obtained around the time of maximum light. Later,
some narrow lines with P Cygni profiles emerge in the spectra.
The feature at ∼5900Å, persisting in almost all of the spectra,
is likely due to He I λ5876. Other helium lines can be also
detected at 4470Å, 6700Å, and 7060Å (see dashed lines in
Figure 8). Note that these line profiles of helium (both
absorption and emission components) get only slightly stronger
from the near-maximum-light phase to t≈ 50 days after
maximum brightness, indicating that they are primarily formed
in a slowly moving helium shell instead of in SN ejecta.
To further examine the spectral features of ASASSN-14ms,

we compare it with different subtypes of core-collapse SNe in
which the hydrogen envelope was stripped away before the
explosion, as shown in Figure 8. The comparison objects
include SNe Ibn such as SN 2010al (Pastorello et al. 2015a)
and ASASSN-15ed (Pastorello et al. 2015c), the peculiar Type
Ib SN 1991D (Benetti et al. 2002), and the normal Type Ib SN
2009jf (Sahu et al. 2011). At one week after maximum light,
ASASSN-14ms shows narrow P Cygni profiles of helium lines
at ∼4470, 5860, and 6700Å similar to those seen in SN 2010al
and ASASSN-15ed. In particular, all are found to show the
“M”-shaped feature at 6600–6700Å, which is likely formed by

Figure 4. Comparison of the V-band light curves of ASASSN-14ms with other
SNe Ibn and representative SNe of different types. Two early-time detections
and one prediscovery upper limit from the ASAS-SN (Vallely et al. 2018) are
included (gray dots). See text for references.

Figure 5. Peak magnitude vs. decline rate of V-band light curves of ASASSN-
14ms (star) as well as some other representative SNe Ibn (circles), SLSNe I
(triangles), and SLSNe II (squares). The red line represents the best-fit linear
correlation = - + ´ D-

+
-
+M m22.75 1.08V ,p 0.02

0.06
0.02
0.01

30. The data are corrected
for Galactic extinction. For SN 2015U, high host-galaxy reddening has been
discovered in several independent studies (Pastorello et al. 2015d; Shivvers
et al. 2016; Hosseinzadeh et al. 2017); the value - = -

+E B V 0.9 0.4
0.1( ) mag with

RV = 2.1 (Shivvers et al. 2016) is used in this paper. Data references: SNe Ibn:
ASASSN-15ed (Pastorello et al. 2015c), LSQ12btw (Smartt et al. 2015),
LSQ13ccw (Smartt et al. 2015), SN 2010al (Pastorello et al. 2015a), SN
2014av (Pastorello et al. 2016), SN 2015U (Shivvers et al. 2016), SN 2006jc
(Pastorello et al. 2007), SN 2019uo (Gangopadhyay et al. 2020a), OGLE-2012-
SN-006 (Pastorello et al. 2015e); SLSNe I: LSQ12dlf (Smartt et al. 2015), SN
2011ke (Inserra et al. 2013), SN 2015bn (Nicholl et al. 2016), SN 2016eay
(Brown et al. 2014), and SN 2018hti (Lin et al. 2020); SLSNe II: PTF12mkp
(Brown et al. 2014) and CSS121015-004244+132827 (Smartt et al. 2015).

Figure 6. B − V (top) and R − I (bottom) colors of ASASSN-14ms and some
well-observed SNe Ibn. The color curves are corrected for Galactic extinction.
The photometry of SN 2015U is corrected for its significant host-galaxy
reddening (Shivvers et al. 2016). Data references: ASASSN-15ed (Pastorello
et al. 2015c), SN 2006jc (Pastorello et al. 2007), SN 2010al (Pastorello
et al. 2015a), SN 2014av (Pastorello et al. 2016), SN 2015U (Shivvers
et al. 2016), and SN 2019uo (Gangopadhyay et al. 2020a).
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He I or Ne I (see the SYNAPPS fit shown in Figure 9). Note
that the weak emission feature on the left side of He I λ6678
could be Hα, as similarly seen in SN 2010al and SN 2009jf,
and it is not unexpected that some hydrogen mixed into the
helium shell. At about four weeks after peak brightness, the line
profiles of the two comparison SNe Ibn (SN 2010al and
ASASSN-15ed) and the peculiar SN Ib (SN 1991D) become
apparently stronger (see the lower panel of Figure 8), with the
absorption component of He I λ5876 having a velocity of
5000–6500 km s−1. In contrast, the corresponding blueshifted
velocity is only ∼2000 km s−1 in ASASSN-14ms, suggesting
that its He I line is still primarily formed from the CSM.

Figure 10 shows the temporal evolution of the line profiles of
He I λ5876, He I λ6678, and O I λ7774. One can see that the
absorption components of these lines tend to have blueshifted
velocities increasing from ∼800 km s−1 at around maximum
light to ∼2000 km s−1 about 1 month later. Such an evolution
in the above line profiles is similarly seen in a few spectra from
Vallely et al. (2018) (see gray spectra in Figure 10). This
indicates that helium and oxygen were abundant in the CSM,
and that the CSM surrounding ASASSN-14ms was only
slightly accelerated by the SN ejecta, suggesting that the CSM
was either more distant or the mass was relatively larger.

To further constrain the elements in the ejecta of ASASSN-
14ms, we use SYNAPPS and the companion code SYN++
(Thomas et al. 2011) to fit the t≈+24.5 days spectrum. We
first fit the spectrum automatically with the SYNAPPS through
the reduced chi-square technique, which involves more than a
dozen ions. We then ignored some unimportant ions and used
six main ones (He I, C I, O I, Ne I, Ca II, and Fe II) to fit the
main features in this spectrum, with the best-fit result (judged
by eye) shown in Figure 9 and the parameters listed in Table 5.
From the best-fit result, one can see that the intermediate-mass

Figure 7. Optical spectra of ASASSN-14ms. Spectra obtained with the YNAO
2.4 m telescope are shown in black, those obtained with the Xinglong 2.16 m
of NAOC are in blue, and the Keck spectrum is shown in red.

(The data used to create this figure are available.)

Figure 8. Spectral comparison between ASASSN-14ms and some well-
observed SNe Ibn and SNe Ib, including ASASSN-15ed, SN 2010al, SN
1991D, and SN 2009jf. The dotted lines mark the spectral features identified in
those objects, including He I lines, Fe II, O I λ7774, and possibly Si II/Ne I.

Figure 9. The SYNAPPS fit to the t ∼ +24.5 days spectrum of
ASASSN-14ms.
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elements such as He I, O I, Ne I, and Ca II (and perhaps C I) can
be identified in the spectrum of ASASSN-14ms. Note that the
Ne I features around 6000Å can also be seen in Type Ib
supernova SN 1991D (Benetti et al. 2002). Abundant Fe II is
also needed to reproduce the prominent absorptions around
4500 and 5100Å. However, it is not clear which elements lead
to the broad trough near 3600Å.

Around maximum light, the expansion velocity inferred
from the absorption minima of He I lines for ASASSN-14ms is
measured to be ∼1000 km s−1. As shown in Figure 11, other
SNe Ibn show similarly low velocities, as measured at
comparable phases. In comparison, normal SNe Ib have
expansion velocities ranging from ∼7000 to ∼12,000 km s−1,
much larger than the typical velocity derived for SNe Ibn.
Moreover, these two subclasses with prominent He I features
have distinct peak luminosities, with SNe Ibn being on average
much more luminous than SNe Ib. We note that SN 1991D
shows the P Cygni line profiles lying between those of normal
SNe Ib and SNe Ibn, with a blueshifted velocity of
∼5000 km s−1; it may be regarded as a transitional object
linking these two subclasses. This suggests that SNe Ib and
SNe Ibn may not be distinctly different, and their observed
differences are likely caused by the surrounding CSM.

4. Modeling the Light Curve

We constructed the Galactic extinction-corrected spectral
energy distributions (SEDs) of ASASSN-14ms using the
multiband data, and then fit them with blackbody curves to

obtain the bolometric luminosity Lbol and the effective
temperature Teff.

16 We estimated the effective temperature
before MJD 57022 by extrapolating linearly from the
temperature evolution yielded by the UVOT observations,
and obtained the early-time bolometric luminosity based on the
inferred effective temperature and the V/g-band magnitudes
reported in our paper and Vallely et al. (2018). As shown in the
upper panel of Figure 12, our bolometric light curve shows a
smooth and monotonic decay, unlike that reported by Vallely
et al. (2018), who proposed a possible detection of a secondary
feature near MJD 57050. We suspect that this discrepancy is
likely due to the large uncertainty associated with their
photometry. From the declining light curve, we infer that

Figure 10. Temporal evolution of line profiles of He I λ5876, He I λ6678, and O I λ7774 seen in the optical spectra of ASASSN-14ms; those spectra shown with gray
colors at several epochs (i.e., at t ∼ +8.9, +19.9, +40.9, +45.9 days) are taken from Vallely et al. (2018). Note that our determination of the V-band maximum-light
time is +1.9 days earlier than that derived by Vallely et al. (2018). Red dashed–dotted lines mark the rest position of the emission, and the blue lines represent the
positions of absorption minima at velocities of ∼800 and 2000 km s−1.

Table 5
Input SYNAPPS Fit Parameters for the t ∼ +24.5 days Spectrum of

ASASSN-14ms

Parameters He I C I O I Ne I Ca II Fe II

logτ (line opacity) −2.1 −0.7 −2.5 −2 −5 −6
vmin (10

3 km s−1) 0.1 0.1 1 1 0.1 1
vmax (10

3 km s−1) 7.9 7.5 8.0 10 7.5 7.5
ve (10

3 km s−1) 0.4 0.8 0.4 0.6 0.1 0.6
Temp. (kK) 9 1 8 8 3 1

16 For accuracy, only the SEDs constructed from data in at least five filters, and
obtained by fitting the UBVRI light curves with quintic polynomial functions,
are used to estimate the bolometric luminosity and the effective temperature.
Those SEDs observed after MJD 57080 cannot provide a stringent constraint
on the effective temperature, and they are thus not included in our analysis.
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ASASSN-14ms had a peak luminosity higher than 1044 erg s−1,
brighter than that of ordinary SNe Ibn (Pastorello et al.
2015a, 2015b, 2015c, 2015e, 2016; Moriya & Maeda 2016;
Karamehmetoglu et al. 2017). The resulting Teff, as shown in
the lower panel of Figure 12, drops very quickly after the first
two observations from the Swift UVOT and evolves toward a
plateau temperature of ∼5300 K around MJD 57060 (∼30 days
after explosion).

The temporal evolution of Teff and Lbol provides important
clues to the properties of SN ejecta and the underlying power
source, which helps distinguish various theoretical explana-
tions. In the following analysis, we examine a few possible
theoretical models by comparing them with the observed Lbol
and Teff of ASASSN-14ms by performing the Markov Chain
Monte Carlo (MCMC) algorithms.

4.1. Radioactive Decay Model (RD)

A classic theoretical model is presented by Arnett (1982),
where the radioactive decay of 56Ni powers the ejecta in a
homologous expansion with a uniform density distribution. In
fitting the observations, we consider the radioactive decay of
56Ni via 56Co to 56Fe as the only energy source (e.g., Valenti
et al. 2008) and employ the method of temperature calculation
described by Nicholl et al. (2017). The gamma-ray leakage
from the 56Ni decay is also considered in our model,
which modifies the luminosity input by a factor of

k p- - g M v t1 exp 3 4ej ej
2 2( ) (e.g., Wang et al. 2015).

The free parameters for the model fit include the explosion
time (T0), the

56Ni mass (MNi), and the ejecta mass and velocity
(Mej, vej). We set κγ= 0.027 cm2 g−1 as the opacity for the

gamma-ray photons from 56Ni and 56Co decay (e.g., Cappellaro
et al. 1997; Mazzali et al. 2000; Maeda et al. 2003; Dai et al.
2016). Based on the MCMC fitting, the best-fit parameters are
shown in Table 6. This model cannot fit the data well
(Figure 12), with χ2/dof = 15. Moreover, it is physically
irrational to have newly synthesized 56Ni heavier than the
ejecta themselves. Thus, ASASSN-14ms cannot be explained
by the radioactive decay model alone, and an additional energy
input is needed. A similar conclusion was also drawn by
Vallely et al. (2018) by applying the radioactive decay model
fit to the bolometric light curves of ASASSN-14ms.
Actually, for a core-collapse SN there is an expected upper

limit of 0.2 to the mass ratio between the 56Ni and ejecta
(Umeda & Nomoto 2008). Thus, we take this as one of the
criteria for selecting the optimum parameters in the following
fitting process with models involving radioactive decay.

4.2. Magnetar Plus Radioactive Decay Model (MAG+RD)

A supernova explosion is likely to result in a millisecond
magnetar, whose rotation energy can be as high as ∼1052 erg.
Thus, the spin-down of a nascent magnetar is widely accepted
as an alternative power source for luminous SNe (e.g., Kasen &
Bildsten 2010; Woosley 2010; Inserra et al. 2013; Nicholl et al.
2014; Wang et al. 2015, 2016).
We adopt the magnetar model developed by Nicholl et al.

(2017), where the recession of the photosphere is taken into

Figure 11. Expansion velocities plotted as a function of the R/r-band absolute
magnitudes at maximum brightness for ASASSN-14ms and other SNe Ibn and
SNe Ib. Note that we adopted the V-band maximum as an approximation of the
R band for ASASSN-14ms, because its R-band light curve was not well
sampled around the peak and the V − R color is roughly zero in the early
phases. Lower limits are marked by symbols with arrows. Expansion velocities
were measured from the spectra at an epoch similar to the R/r-band maxima
(0 ± 15 days). We preferentially measured the position of the deep absorption
produced by He I λ5876, and assumed a negligible contribution from Na I D
λλ5890, 5896. In a few SNe Ibn (P Cygni profile weak or absent), the values
were inferred from the FWHM of the narrow component of the strongest He I
lines (Hosseinzadeh et al. 2017). The data for the comparison sample are from
Hamuy et al. (2002, 2003), Stritzinger et al. (2002, 2009, 2020), Benetti et al.
(2002, 2011), Anupama et al. (2005), Parrent et al. (2007), Sahu et al. (2011),
Valenti et al. (2011), Takaki et al. (2013), Srivastav et al. (2014), Pastorello
et al. (2016), Prentice et al. (2019), and Gangopadhyay et al. (2020b). Figure 12. Bolometric luminosity (top) and effective temperature (bottom) of

ASASSN-14ms. Filled dots represent the values derived from multiband
photometry, while open circles represent those inferred from single-band
photometry with an assumption of linear decline for temperature. We also show
the fitting results of five theoretical models: RD (yellow), MAG (green), SC
+RD (cyan), SC+MAG (purple), and CSM+RD (red).
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account. In addition to the free parameters related to radioactive
decay input, this model introduces the dipole magnetic field
strength (B) and the initial spin period (P0) of a magnetar. In
the process of fitting the model, we fix MNi= 0 owing to the
insignificant contribution of 56Ni decay to a good fit. The best-
fit parameters are reported in Table 6. In this scenario, a rapid
rotation in the magnetar can provide a strong wind to power the
high luminosity of ASASSN-14ms. Our model requires a
magnetar with an initial spin period of 5.6 ms, which is longer
than P0= 1 ms derived by Vallely et al. (2018) based on their
data, though both values are within the breakup limit of a
neutron star (i.e., ∼0.8 ms; Haensel et al. 1995). The magnetic
field strength of the magnetar is inferred to be 2.87× 1014 G,
which is lower than B≈ 1015 G obtained by Vallely et al.
(2018). As shown in Figure 12, the magnetar model can
reproduce the post-peak observations except for a slight
deviation at t∼ 20–40 days after V-band maximum light, with
a reduced chi-square χ2/dof= 3.5. Moreover, the magnetar
model seems to predict a slow rise time for the light curve,
which is inconsistent with the fast-rise trend seen in some SNe
Ibn. Therefore, the spin-down of a newly born magnetar might
not be the main power source for the emission of
ASASSN-14ms.

4.3. Cooling of Shocked Extended Matter

Inspired by the discoveries of double-peaked light curves in
some core-collapse SNe, some studies suggest that cooling
emission of shocked extended material may contribute to the
first peak preceding the primary one (Nakar & Piro 2014;
Piro 2015; Piro et al. 2021). In this scenario, the extended
envelope, with a mass of Me and a radius of Re, is shocked by a
blast wave (with an energy of Ee), and then it radiates by
cooling. In addition, part of the core (with a mass of Mc) is
ejected by the explosion, which sweeps up the extended
envelope and they expand outward together. Thus, the total
ejecta mass can be defined as Mej= Mc+ Me (e.g., Vreeswijk
et al. 2017).

Here we fit the observations of ASASSN-14ms with a hybrid
model involving shock cooling (SC) (Piro 2015) and radio-
active decay (RD) as considered in Section 4.1. The best-fit
results are shown in Figure 12 and the corresponding
parameters are presented in Table 6 (χ2/dof= 6.9). Although
this model reproduces the late-time luminosity and temper-
ature, it fails to attain a luminosity as high as 1044 erg s−1 at
early times. Moreover, this fit requires an unusually large mass
(Me= 3.32Me) and radius (Re= 9.8× 1013 cm) for the
envelope of the progenitor star, which is inconsistent with the
properties of W-R stars as implied by other SNe Ibc. It is worth
noting that the inferred radius is close to the upper limit that we
assumed in the fitting.
Another hybrid model (SC+MG), involving shock cooling

and spin-down of a magnetar, provides a better fit to the
observations of ASASSN-14ms (χ2/dof = 2.6). In this fit, the
early-time emission is primarily due to shock cooling, while a
magnetar with P≈ 5 ms and B≈ 6× 1014 G is invoked to
explain the late-time light curves. The inferred mass of the
stellar envelope (Me= 0.9Me) is more reasonable than that
required by the SC+RD model. However, similar to the SC
+RD model, this model requires an unusually large radius
(Re= 9× 1013 cm) for the envelope of the progenitor star.

4.4. CSM–Ejecta Interaction + Radioactive Decay Model
(CSM+RD)

An exploding star could possibly be surrounded by dense
CSM formed through stellar winds, giant eruptions, binary
interaction, or a pulsational pair instability (Smith 2014;
Woosley 2017, and references therein). The interaction
between the CSM and outward ejecta would produce a large
amount of radiation as well as narrow emission lines as seen in
SNe Ibn, SNe IIn, and some SLSNe with spectra similar to
those of SNe IIn (for reviews, see Gal-Yam 2017, 2019).
In this scenario, we explore the possibility that ASASSN-

14ms was powered by not only radioactive decay (see
Section 4.1), but also the forward and reverse shocks produced
by the interaction of ejecta with a steady-state wind (ρ∝ r−2;

Table 6
Best-fit Model Parameters

Model RD MAG SC+RD SC+MAG CSM+RD

T0 (MJD) 57017.3 57006.3 57009.9 57009.7 57009.3
κ (cm2 g−1) 0.19 0.18 0.17 0.19 0.16
Mej (Me) 0.43 1.13 L L 8.99
vej (km s−1) 2.76 × 104 9.7 × 103 1.08 × 104 1.18 × 104 1.17 × 104

MNi (Me) 3.9 0 0.05 L 0.04
B (1014 G) L 2.87 L 6.73 L
P0 (ms) L 5.6 L 2.5 L
κγ,m

a (cm2 g−1) L 0.01 L 0.038 L
Mc (Me) L L 3.56 1.66 L
Me (Me) L L 3.32 0.9 L
Re (10

13 cm) L L 9.7 9 L
ESN (1051 erg) L L 1.77 1.6 L
MCSM (Me) L L L L 0.9
ρCSM,1 (g cm−3) L L L L 2.22 × 10−12

r1 (cm) L L L L 3.9 × 1014

ò L L L L 0.75

χ2/dof 15 3.5 6.9 2.6 2.2

Note.
a The opacity for γ-ray photons from a magnetar.
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e.g., Chatzopoulos et al. 2012, 2013; Vallely et al. 2018; Wang
et al. 2019b). The steady-state wind could be characterized by
mass MCSM, inner radius r1, and density at inner radius ρCSM,1.
Here we consider ejecta divided at a dimensionless radius of
x0= 0.7, and adopt δ= 2 and n= 7, which are power-law
exponents of the inner and outer density profiles, respectively.
In addition, ò is introduced to represent the efficiency of
converting the kinetic energy into radiation during the
interaction process.

As one can see, the CSM+RD model provides a better fit for
the evolution of Lbol and Teff (Figure 12) than other models,
with a relatively small χ2/dof = 2.2; the best-fit model
parameters are listed in Table 6. We note that this model is
also favored for ASASSN-14ms according to the fit by Vallely
et al. (2018). However, they focused on the fits to the
bolometric light curve while our model considers fits to both
bolometric luminosity and effective temperature, which results
in a different choice for the best-fit parameters. For example,
they derive the masses of the ejecta and CSM as
Mej= 4.28Me and MCSM= 0.51Me, respectively, which are
almost half of those inferred from our model (Mej≈ 9.0Me and
MCSM= 0.9Me). In addition, they require an obviously larger
56Ni (MNi= 0.23Me) than our result (MNi= 0.04Me). Our
fitting results based on the CSM+RD model suggest that
ASASSN-14ms originated from a progenitor star with a high
mass-loss rate, 6.7(vw/1000 km s−1)Me yr−1. In principle, it is
difficult for a single red supergiant star to drive such a powerful
wind unless it suffered intense pulsational ejections before
exploding (i.e., Yoon & Cantiello 2010). Although binary
interaction could be responsible for such a strong outflow, the
velocity expected for this outflow (i.e., 10–100 km s−1) is quite
slow compared to that of the He I lines of ASASSN-14ms
(∼1000 km s−1; see Section 3.2). Another competitive pro-
genitor candidate is a luminous blue variable (LBV), which
could generate substantial mass loss during its eruptive phases,
with a mass-loss rate of10Me s−1 (Smith 2006). The typical
velocity of the wind driven by W-R/WN stars is vw ∼
100–1000 km s−1 (Bhirombhakdi et al. 2019, and references
therein), in accordance with the He I velocity observed in
ASASSN-14ms.

Among the well-studied sample of SNe Ibn, SN 2006jc was
observed to undergo a giant LBV-like eruption two years
before the SN explosion, consistent with a W-R progenitor star
evolved from an LBV (Foley et al. 2007; Pastorello et al.
2007). Note that the outbursts detected shortly before some
SNe IIn resemble the activity of LBVs, which favors the origin
of some SNe IIn from LBVs (e.g., Gal-Yam & Leonard 2009;
Foley et al. 2011; Smith et al. 2011; Thöne et al. 2017). A
recent study of SN 2017hcc (SN IIn) indicates that it may have
had an LBV progenitor with a mass-loss rate of
0.12(vw/20 km s−1)Me yr−1 before the explosion (Kumar
et al. 2019). SN 2011hw may represent a transitional event
between an SN IIn and an SN Ibn, characterized by narrow
emission features of both helium and hydrogen in the spectra.
The presence of some residual H in the spectra of SN 2011hw
suggests that its precursor was likely a post-LBV star—a WN-
type star (Smith et al. 2012; Pastorello et al. 2015b). The
similarity between SN 2006jc and SN 2011hw suggests a
possibility that their progenitors were both in the transition
stage from an LBV to a W-R star but exploded at different
phases (Smith et al. 2012).

Therefore, we propose that ASASSN-14ms likely originated
from a W-R star that transited from an LBV, and the
surrounding CSM was ejected during an eruption of a WN-
type star before the explosion. This scenario could be true,
because there have already been detections of LBV-like
eruptions from W-R stars, such as MCA-1B observed in
M33 (Smith et al. 2020, and references therein). A W-R+LBV
binary is an alternative progenitor system: ejecta driven by the
explosion of a W-R star expand and finally catch up with CSM
ejected by an LBV (e.g., Pastorello et al. 2007), which might
lead to a bright transient analogous to ASASSN-14ms. The
MCMC fitting results favor this hybrid scenario involving two
power sources, suggesting that ASASSN-14ms could result
from an explosion of a post-LBV WN-type star (i.e., type
WN9-11 or Opfe). It is worth noting that there is inevitably
model parameter degeneracy that is hard to break owing to so
many parameters being involved in this model. Thus, the best-
fit results presented here are representative but possibly not the
only set of parameters that can reproduce the observations.

5. Conclusions

We present extensive optical observations of the Type Ibn
supernova ASASSN-14ms, covering the phases from ∼2 days
before to ∼130 days after maximum light. Among the known
sample of SNe Ibn, ASASSN-14ms is likely the most luminous
event, especially in the UV bands, with MU<−22.0 at its
peak. Its post-peak light curves exhibit rapid decline, similar to
the behavior seen in most SNe Ibn. However, the narrow
emission lines of He I seem to persist in the spectra for a longer
time than in normal SNe Ibn, suggesting that the CSM
distribution is more extended around ASASSN-14ms.
Based on several popular theoretical models proposed for the

emission of SNe Ibn, we attempt to fit the evolution of the
bolometric luminosity and effective temperature. According to
the fitting results, we find that ASASSN-14ms cannot be
primarily powered by radioactive decay, spin-down of a nascent
magnetar, or cooling of a shocked stellar envelope. On the other
hand, the combination of CSM–ejecta interaction and radioactive
decay can well account for the observations. Based on the
inferred properties for the CSM, we speculate that the progenitor
of ASASSN-14ms might have experienced a giant eruption with
a high mass-loss rate of 6.7(vw/1000 km s−1)Me yr−1. Such an
intense mass-loss rate and wind velocity cannot be simulta-
neously explained by the stellar wind of a red supergiant or W-R
star or by the binary interaction. Instead, the helium-rich material
around ASASSN-14ms was likely ejected during the late W-R
(WN9-11 or Opfe) stage.
We also examine the light-curve properties for a sample of

well-observed SNe Ibn and find that their peak luminosities are
roughly correlated with the post-peak decline rates, with more
luminous SNe Ibn tending to have slower magnitude decline
rates as measured within 30 days after maximum brightness.
Considering the role of CSM interaction in affecting the light
curves, this correlation may reflect differences in the
surrounding CSM (i.e., extent and density distribution) as a
result of the distinct evolution of massive stars.
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