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ABSTRACT

We present optical and near-infrared observations of two Type Ibn supernovae (SNe), SN 2018jmt and SN 2019c;j. Their light curves have rise times
of about ten days, reaching an absolute peak magnitude of M,(SN 2018jmt) = —19.07 + 0.37 and My (SN 2019c¢j) = —18.94 + 0.19 mag, respectively.
The early-time spectra of SN 2018jmt are dominated by a blue continuum, accompanied by narrow (600—1000 km s~!) He I lines with the P-Cygni
profile. At later epochs, the spectra become more similar to those of the prototypical SN Ibn 2006jc. At early phases, the spectra of SN 2019cj
show flash ionisation emission lines of C 111, N III, and He II superposed on a blue continuum. These features disappear after a few days, and then
the spectra of SN 2019cj evolve similarly to those of SN 2018jmt. The spectra indicate that the two SNe exploded within a He-rich circumstellar
medium (CSM) lost by the progenitors a short time before the explosion. We modelled the light curves of the two SNe Ibn to constrain the
progenitor and the explosion parameters. The ejecta masses are consistent with either what is expected for a canonical SN Ib (~2 M) or for a
massive Wolf Rayet star (>~4 M), with the kinetic energy on the order of 10°! erg. The lower limit on the ejecta mass (>~2 M) argues against
a scenario involving a relatively low-mass progenitor (e.g. Mzuys ~ 10 My). We set a conservative upper limit of ~0.1 M, for the **Ni masses in
both SNe. From the light curve modelling, we determined a two-zone CSM distribution, with an inner, flat CSM component and an outer CSM
with a steeper density profile. The physical properties of SN 2018jmt and SN 2019c¢j are consistent with those expected from the core collapse of
relatively massive envelope-stripped stars.

Key words. circumstellar matter — supernovae: general — supernovae: individual: SN 2018jmt — supernovae: individual: SN 2019c¢j

1. Introduction Ibn (e.g. Pastorello et al. 2007, 2008a; Hosseinzadeh et al. 2017,
Maeda & Moriya 2022), and C/N/O-rich and H/He-poor SNe
Icn (e.g. Fraseretal. 2021; Gal-Yam et al. 2022; Perley et al.
2022; Pellegrino et al. 2022).

The spectral properties of SNe Ibn are explained in terms
of interaction between the SN ejecta and the H-deprived,
He-rich CSM. The spectra of SNe Ibn are characterised by
narrow Hel emission lines, with full-width at half maxi-
mum (FWHM) velocities ranging from several hundred to a
few thousand kilometers per second (see e.g. Pastorello et al.
2016; Hosseinzadeh et al. 2017; Wang et al. 2021). However,
in a few cases (e.g. SN2005la, SN2011hw, SN2022pda;
Pastorello et al. 2008b, 2015a; Cai et al., in prep.) weak
H lines were observed in the spectra of some SNe Ibn,
suggesting the presence of some residual H in the CSM,

Supernovae (SNe) interacting with a circumstellar medium
(CSM) provide an opportunity to probe the latest evolutionary
stages of massive stars before their explosion. In general, the
interaction of the SN ejecta with the CSM produces quite com-
plex spectral line profiles, sometimes characterised by multiple
width components but usually dominated by a relatively narrow
emission feature. The narrow emission component is thought to
originate in the unshocked, photoionised CSM, which is expand-
ing slowly (from tens to several hundreds kilometers per sec-
ond) (Dessart 2024). As a consequence, measuring the width of
these narrow lines gives an indication of the velocity of the pre-
SN stellar wind (e.g. Chevalier & Fransson 1994; Fransson et al.
2002; Pastorello et al. 2016; Smith 2017). In general, interact-

ing core-collapse (CC) SNe are divided into three observational
types, depending on the identification in the spectra of individual
narrow features (Gal-Yam 2017): H-rich SNe IIn (e.g. Schlegel
1990; Filippenko 1997; Fraser 2020), He-rich and H-poor SNe

* Corresponding authors; caiyongzhi@ynao.ac.cn;
wang_xf@mail.tsinghua.edu.cn; zhuxj@bnu.edu.cn

forming a subclass of SNe Ibn. Most SNe Ibn show rela-
tively fast-evolving light curves, with a typical rise time of
<15days, a post-peak decline rate of ~0.05-0.15magday~',
and a peak absolute magnitude of ~—19mag (see the statis-
tic study on SNe Ibn by Hosseinzadeh et al. 2017). However,
some outliers were observed in the SN Ibn family, such as
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ASASSN-14ms, which has a highly luminous peak at My ~
—20.5 mag (Vallely et al. 2018; Wang et al. 2021), while OGLE-
2012-SN-006 and OGLE-2014-SN-131 shows an unprecedented
long-lasting light curve evolution (Pastorello etal. 2015b;
Karamehmetoglu et al. 2017).

Although the first discovery of this family was SN 1999¢q
(Matheson et al. 2000), the label ‘SNe Ibn’ was introduced in
the study of SN 2006jc, which is considered to be the prototype
of Type Ibn events (Pastorello et al. 2007). SNe Ibn are a rare
group of stellar explosions, with only 66 events discovered so
far'. Based on data from the Zwicky Transient Facility (ZTF;
Bellm et al. 2019) Bright Transient Survey, Perley et al. (2020)
estimated a detection rate of 0.66% for Type Ibn SNe within
the ZTF transient sample. Additionally, Maeda & Moriya (2022)
estimated that the observed volumetric rate of SNe Ibn is approx-
imately 1% of all CC SNe.

Studies in the literature suggest that the progenitors of SNe
Ibn can either be H-poor massive Wolf-Rayet (WR) stars that
have experienced major mass-loss events shortly before the ter-
minal CC or lower-mass He stars in binary systems, where
the interaction with the companion favours mass loss from
the primary (e.g. Maund et al. 2016; Hosseinzadeh et al. 2019;
Maeda & Moriya 2022; Wang et al. 2024a). Unfortunately, to
date, there has been no direct detection of SN Ibn progeni-
tors. Sun et al. (2020) reported the detection of a point source at
the location of the SN 2006jc explosion with the Hubble Space
Telescope (HST)?, providing evidence that it is the progenitor’s
binary companion.

In general, SNe Ibn are observed in active star-forming
regions within their host galaxies (e.g. Kuncarayakti et al.
2013; Taddia et al. 2015; Pastorello et al. 2015b). However, as a
remarkable exception, PS1-12sk was detected on the outskirts of
an elliptical galaxy, challenging the massive star explosion sce-
nario for SNe Ibn (Sanders et al. 2013). Therefore, there are still
many open questions regarding SNe Ibn, for example, the homo-
geneity of the progenitors, the origins of CSM, and the sources
powering the SN light curves.

In this paper, we present our photometric and spectroscopic
observational data of two Type Ibn SNe, 2018jmt and 2019c;j,
which were observed in the framework of the extended Pub-
lic European Southern Observatory (ESO) Spectroscopic Survey
of Transient Objects (ePESSTO, Smartt et al. 2015). The paper
is organised as follows: The information on the discovery, dis-
tance, and extinction of the two objects are reported in Section 2.
In Section 3, we present the observations and the data reduc-
tion techniques. Photometric and spectroscopic analyses are pre-
sented in Sections 4 and 5, respectively. Finally, the discussion
and conclusions are presented in Section 6.

2. Basic sample information
2.1. SN2018jmt

The discovery of SN2018jmt, attributed to the Mobile
Astronomical System of the Telescope-Robots (MASTER;
Lipunov et al. 2012; Gorbovskoy et al. 2013), is dated 2018
December 08.28 (epoch corresponding to MJD =58 460.28;
UT dates are used throughout the paper). The object was
observed in an unfiltered image, with a magnitude of
16.5 (Chasovnikov et al. 2018). However, an earlier detec-
tion was reported by the All-Sky Automated Survey for

! Based on a query conducted on the Transient Name Server
(https://www.wis-tns.org/) on 2024 Jun 14.
2 https://science.nasa.gov/mission/hubble/
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Supernovae (ASAS-SN; Shappee et al. 2014; Kochanek et al.
2017; Jayasinghe etal. 2019) on 2018 December 05.29
(MJD=58457.29), at a magnitude g=18.32+0.20 mag’.
The last non-detection by ASAS-SN was on 2018 Decem-
ber 02.31 (MJD=58454.31) in the g-band, with an esti-
mated limit of 18.57 mag. Soon after its discovery, the SN
was classified as a Type Ibn event by the ePESSTO collab-
oration (Castro-Segura et al. 2018). The SN coordinates are
RA = 06"54™475100, Dec = -59°30"107/80 (J2000.0). The loca-
tion of the SN within the host galaxy is shown in Fig. 1.

SN 2018jmt is possibly associated with the host galaxy PGC
370943 (2MASSJ06544633-5930163, Skrutskie et al. 2006).
Due to the lack of distance information, we inferred the kine-
matic distance of the host galaxy from the most prominent
narrow Hel(1p=75875.6A) line in the SN spectra. We mea-
sured the central wavelength of the narrow Hellines and
obtained the redshift of z=10.032+0.001. AdoIpting a stan-
dard cosmology with Hy=73+5kms ' Mpc™!, Qy =027,
Qp=0.73 (Spergeletal. 2007), we estimated a luminos-
ity distance d; =134.7+13.6 Mpc (u=35.65+0.22 mag) for
SN 2018jmt. Regarding the interstellar reddening, we adopt
E (B —V)ga =0.105mag for the Galactic reddening contribu-
tion (Schlafly & Finkbeiner 2011), retrieved via the NASA/IPAC
Extragalactic Database (NED)* assuming a reddening law
with Ry =3.1 (Cardelli et al. 1989). However, the host galaxy
extinction cannot be firmly constrained due to the low
signal-to-noise ratios in our early spectra. Therefore, we
adopt E (B — V)1 =0.105 mag as the total reddening towards
SN 2018jmt.

2.2. SN2019¢j

Although the discovery of SN 2019¢cj was officially announced
by ASAS-SN on 2019 January 03.26 (MJD =58486.26) with
a Sloan g-band brightness of 18.3 mag (AB, Nicholls & Stanek
2019), an earlier detection was obtained by the Asteroid
Terrestrial-impact Last Alert System (ATLAS; Tonry et al.
2018; Smith et al. 2020; Shingles et al. 2021) survey on 2018
December 31.42 (MJD =58483.42), with the object having
an orange (0) band magnitude of 0=19.75+0.27 mag’. The
last non-detection by ASAS-SN was on 2018 December 29.30
(MJD =58481.30) in the g-band, with an estimated limit of
18.68 mag. Soon after the discovery, SN 2019cj was classified
as a Type II or Type Ibn SN (Pignata et al. 2019) by ePESSTO.
Its coordinates are RA =04"56™225977, Dec = —46°02'13"/68
(J2000.0).

SN2019cj is located 21.08” south and 1.43” east from
the centre of its predicted host galaxy, AM 0454-460
(PGC 130531), which is a face-on Sc-type galaxy (Loveday
1996; Moustakas et al. 2023). The location of the supernova
is shown in Fig. 1. Adopting the recessional velocity of
v=13313+49kms™! (hence a redshift z=0.0444 +0.0002;
Mould et al. 2000), corrected for the Virgo Cluster, the Great
Attractor, and the Shapley supercluster influence, and adopt-
ing the same standard cosmological model, we obtained a
luminosity distance of dy =188.7+13.9Mpc and hence a
distance modulus p; =36.38 +0.16 mag. The Galactic red-
dening towards SN2019cj is small, E (B — V)g, =0.016 mag
(Schlafly & Finkbeiner 2011), assuming the same Ry as for
SN2018jmt. The remote location of this SN in the out-
skirts of AM 0454-460, along with the low S/N in our early

3 https://asas-sn.osu.edu/photometry
4 https://ned.ipac.caltech.edu
> https://fallingstar-data.com/
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Fig. 1. Images of the locations of SN 2018jmt and SN 2019cj taken on 2018 December 20 and 2019 January 11, respectively, by the LCO telescopes

with the r-filter. The orientation and scale of the images are reported.

spectra, suggests negligible extinction from the host galaxy.
For this reason, we assume the total line-of-sight reddening,
E(B— V), =0.016mag, is only due to the Galactic contribu-
tion.

3. Observations and data reduction
3.1. Photometric data

We conducted multi-band optical (Sloan griz, Johnson-Cousins
UBYV) and near-infrared (NIR; JHK) follow-up campaigns of
SNe 2018jmt and 2019cj starting shortly after their classifica-
tion. The telescopes and instruments utilised were the follow-
ing: the 3.58 m New Technology Telescope (NTT) equipped with
the ESO Faint Object Spectrograph and Camera 2 (EFOSC2)
and the Son of Isaac (SOFI), hosted on La Silla (Chile) of the
ESO. Additionally, we obtained a single epoch (2019-02-14) of
SN 2018jmt photometry as part of GREAT program (Chen et al.
2018) using the Gamma-Ray Burst Optical/Near-Infrared Detec-
tor (GROND, Greiner et al. 2008), a 7-channel imager that col-
lects multi-colour photometry simultaneously with ¢'r'i’z’ JHKs
bands, mounted at the 2.2 m MPG telescope at ESO La Silla
Observatory, Chile. Furthermore, we collected additional data
through the Las Cumbres Observatory (LCO, Brown et al. 2013)
global network. This network includes the 1-m class telescopes
identified as fa06, fal4 and fal6, and hosted in the South African
Astronomical Observatory (SAAQO) in Sutherland, South Africa;
the fa03 and fal5 telescopes of the Cerro Tololo Interamerican
Observatory site, Chile, and the fall and fal2 telescopes at the
Siding Spring Observatory in New South Wales, Australia.

The raw images were first pre-reduced by applying bias and
overscan corrections, flat-fielding, and trimming, which are stan-
dard correction steps performed in IRAF® (Tody 1986, 1993). The
NTT data were retrieved by the ePESSTO collaboration. The
raw images from ePESSTO were pre-reduced using the ded-
icated PESSTO pipeline (see Smartt et al. 2015). The GROND
raw images were reduced with the GROND pipeline (Kriihler et al.

% https://iraf-community.github.io/

2008), which applies de-bias and flat-field corrections, stacks
images and provides astrometry calibration. If multiple expo-
sures were taken with the same instrument and in the same night,
we combined them into stacked science frames to increase the
S/N.

Subsequent photometric data reduction steps were carried
out with a dedicated pipeline called ecsnoopy’, which con-
sists of several photometric packages, including DAOPHOT®
for magnitude measurement (Stetson 1987), SEXTRACTOR’ for
source extraction (Bertin & Arnouts 1996), and HOTPANTS'®
for template subtraction (Becker 2015). The ecsnoopy pipeline
was used for astrometric calibration, image combination, and
point-spread-function (PSF) fitting photometry, with the sub-
traction of a reference image (referred to as the “template™)
when required. We directly adopted the simple PSF-fitting tech-
nique for SN2019cj, due to its location in the outskirts of
the host galaxy, while template subtraction was necessary for
SN 2018jmt to remove the background contamination from the
host galaxy''. The PSF-fitting technique consists of construct-
ing a PSF model by selecting for each image bright and isolated
stars in the SN field. The sky background was then subtracted by
fitting a low-order polynomial (e.g. a second or third order) in
the SN proximity. The modelled source was subtracted from the
original images, and the fitting process was repeated to minimise
the residuals. When the SN was not detected, an upper limit to
the object brightness was estimated.

Photometric calibration of instrumental magnitudes was per-
formed by adopting instrumental zero points (ZPs) and colour
terms (CTs) inferred through observations of standard stars on
photometric nights. Specifically, Johnson-Cousins filter photom-

7 ecsnoopy is a package for SN photometry using PSF fitting and/or

template subtraction developed by E. Cappellaro. A package description
can be found at http://sngroup.oapd.inaf.it/snoopy.html

8 http://www.star.bris.ac.uk/~mbt/daophot/

® www.astromatic.net/software/sextractor/

10 https://github.com/acbecker/hotpants/

"' The UBVgri template images were taken through LCO-fal5 in
November 2023, i.e. about 5 years after the discovery.
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Fig. 2. Multi-band light curves of SN 2018jmt (left) and SN 2019c;j (right). A dashed vertical line is used to visually represent the reference epoch,
which corresponds to the g/V-band maximum light. The epochs of our spectra are marked with vertical solid red lines on the top. The upper limits
are indicated by empty symbols with down-arrows. For clarity, the light curves are shifted by constant amounts reported in the legends. In most
cases, the errors associated with the magnitudes are smaller than the plotted symbol sizes.

etry was calibrated using standard stars from the Landolt (1992)
catalogue, while the Sloan data were calibrated using standards
catalogued by Pan-STARRS (Chambers et al. 2016), as the fields
of both SN2018jmt and SN2019¢j were not sampled by the
Sloan Digital Sky Survey (SDSS) (Abdurro’uf et al. 2022). To
correct the instrumental ZPs on non-photometric nights and
improve the photometric calibration accuracy, we compared the
average magnitudes of local sequences of standard stars in the
fields of the two SNe to those obtained on photometric nights.
With the corrected ZPs, we fine-tuned the SN apparent magni-
tudes on all nights.

The instrumental magnitude errors were computed through
artificial star experiments, in which fake stars (with a similar
magnitude as the SN) were placed near the SN location. The sim-
ulated frame is then processed with the PSF fit and the magni-
tudes measured. The dispersion of individual artificial star exper-
iments was combined (in quadrature) with the PSF fit and the ZP
correction, providing the final errors for the photometric data.

NIR raw images required some preliminary processing pro-
cedures, such as flat-fielding, distortion corrections and the sub-
traction of the background contamination. To construct sky
images for each filter, we median-combined several dithered
science frames. We then combined sky-subtracted frames to
increase the S/N. We note that these steps were performed
through the PESSTO pipeline for the NTT-SOFI raw data. See-
ing measurements, astrometry, PSF-fitting, and ZP corrections
were carried out using ecsnoopy and are similar to those dis-
cussed for the optical frames. Finally, reference stars from the
Two Micron All Sky Survey (2MASS'?; Skrutskie et al. 2006)
catalogue were used to calibrate the NIR instrumental magni-
tudes.

2 http://irsa.ipac.caltech.edu/Missions/2mass.html

A156, page 4 of 21

We also collected photometric data from the public ATLAS
and ASAS-SN sky surveys for transients. The orange and
cyan(c) band light curves were directly produced by the
ATLAS data-release server'? (Shingles et al. 2021), while some
g-band data were obtained from the ASAS-SN Sky Patrol'*
(Hart et al. 2023). The Transiting Exoplanet Survey Satellite
(TESS) (Ricker et al. 2015) space telescope, which is oper-
ated by the National Aeronautics and Space Administration
(NASA), is equipped with four wide field-of-view optical cam-
eras. Vallely et al. (2021) presented the early-time light curves of
a sample of SNe, including SN, 2018jmt, and provided a highly
accurate determination of the time of explosion with negligi-
ble uncertainty. The final photometric data of SN 2018jmt and
SN 2019c;j are given at the CDS, while their apparent light curves
are shown in Fig. 2.

3.2. Spectroscopic data

Spectroscopic observations of the two SNe Ibn were carried
out using the following telescopes: The 3.58 m NTT equipped
with EFOSC2; the 4.1 m Southern Astrophysical Research Tele-
scope (SOAR) at Cerro Pachon, Chile, equipped with the Good-
man High Throughput Spectrograph (GHTS); the 11m Southern
African Large Telescope (SALT) at the SAAO equipped with
the Robert Stobie Spectrograph (RSS); the 2m Faulkes telescope
with the FLOYDS spectrograph, hosted by the Siding Spring
Observatory, which is also part of the LCO global network.

All raw spectral data were reduced following the standard
steps in IRAF" (Tody 1986, 1993) or with dedicated pipelines

13 https://fallingstar-data.com/forcedphot/
4 https://asas-sn.osu.edu
5 https://iraf.noirlab.edu/
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Fig. 3. Estimate of the explosion epoch for SN 2019cj. The ATLAS-
o light curves of SN 2019c¢j (detections use red dot markers, limits use
green diamond markers) are shown in flux space (expressed in pJy). The
early light curves are fitted with a second-order polynomial, represented
by a blue solid line. The blue shaded region around the fitted curve
represents the 3-0- uncertainty in the fitting process.

such as PySALT'® (Crawford et al. 2010), PESSTO (Smartt et al.
2015) and FLOYDS'’. The pre-reduction steps, such as bias, over-
scan, flat-fielding correction, and trimming, are similar to those
described for the imaging data. Then, the one-dimensional (1D)
spectra were optimally extracted from the 2D images. Wave-
length calibrations were performed using arc lamps, while flux
calibrations were performed using spectrophotometric standard
stars taken on the same nights. Subsequently, the strongest tel-
luric absorption bands, such as O, and H,O, were removed from
the SN spectra using the spectra of the standard stars. Finally, the
accuracy of flux calibration for all spectra was checked against
the coeval photometric data. The information on the instrumen-
tation used for the spectroscopic observations is reported in
Tables A.1 and A.2.

4. Photometry
4.1. Apparent light curves

We conducted a continuous monitoring of the photometric evo-
lution of SN 2018jmt and SN2019cj for about three months
after discovery. The optical and near-infrared light curves of
SNe 2018jmt and 2019cj are shown in Fig. 2.

The determination of the explosion epoch of a SN is located
between the last non-detection and the first detection of the
event. Vallely et al. (2021) reports a relatively accurate explosion
time of 58455.01 +0.24 in the TESS T-band for SN 2018jmt,
based on a curved power-law fit to the pre-peak TESS light
curve. For SN 2019cj, the last non-detection #; dates back to
MID =58479.4 (in the ATLAS o band), whilst the first detec-
tion epoch t; is MJID =58483.4 (in the o band). The midpoint
between #; and 7; provides a rough estimate of the explosion
epoch. The maximum error is given by half of the difference
between #; and #,. Using this method, we obtain the explosion
epoch of MJD =58481.4 +2.0 for SN 2019cj. To improve our

16 http://pysalt.salt.ac.za/
17 https://1co.global/documentation/data/
floyds-pipeline/

Table 1. Decline rates of the light curves of SN 2018jmt and SN 2019c;j.

SN 2018jmt

Filter Yo-15 ) Yis-60 ) Y0-100 )
U 17.37+0.57 3.32+1.12 -

B 1543+1.14 4.17+0.21 —

g 14.02+1.54 4.09+0.15 -

\% 11.10+0.38 4.61+0.14 -

r 1293+0.83 4.21+0.24 —

i 9.72+0.75 6.00+0.39 -

J - 7.59 +0.66 2.74+1.35
H - 4.88 +1.30 2.22+2.30
K - 574+£0.99 -0.95+2.36

SN2019¢]

Filter Yo-15 % Yis-48 Yas-s0 )
U 10.84 £0.67 14.62+0.88 -

B 8.68 +0.58 13.53+0.78 -

g 7.33+0.43 11.78 +0.78 —

\% 7.08+0.50 10.97+0.22 -

r 4.99 +0.34 9.19+041 -

i 3.46 +£0.30 8.93+0.30 —

Z 2.46+0.46 - -

0 5.11+9.27 - -

J 1.61+2.80 5.06 £0.36 6.51 £0.83
H -1.45+299 2.89+0.34 5.23+0.72
K -8.54+4.46 1.82+0.46 3.56+0.72

Notes. ¥In mag (100d)™".

estimate of the explosion epoch of SN2019cj, we adopted the
fireball expansion method. As shown in Fig. 3, we applied a
second-order polynomial fit to the data captured within a 20-day
period before and around the peak of the light curve in flux space
(e.g. Gonzdlez-Gaitén et al. 2015). Following this approach, we
estimated the explosion epoch, as the time when the flux reaches
0, to be MID=58482.2+1.1 for SN2019cj, which will be
adopted hereafter.

To estimate the peak magnitude of SN 2018jmt, a third-
order polynomial fit is performed on the g-band light curve
data within a 4-week period centred around the peak in mag-
nitude space. We obtained a peak magnitude of g=17.0 + 0.3 on
MIJD =58465.7 + 1.2 for SN 2018jmt. Using a similar approach,
we estimated the peak magnitude of SN 2019¢j as 17.5+0.1 on
MIJD =58492.4 +0.2 in the V-band.

We also estimated the post-maximum decline rate of
SN 2018jmt and SN2019cj in various bands by performing a
linear regression on the post-peak data. The results are reported
in Table 1. Given the observed change in the slope of the light
curves of SN 2018jmt at approximately +15d in the optical and
+60d in the NIR, we computed the decline rates in three differ-
ent time intervals. We observe a notable difference in the decline
rates among different filters. Specifically, the bluer light curves
exhibit a faster decline compared to the redder ones. This trend
is particularly evident during the early decline phase (yp_i5 in
Table 1).

From 0 to 15days, the light curves of SN2019cj show
a faster decline in the blue bands, while in the NIR,
the object is still rising towards its peak. Later on, at
phases beyond 15days, the light curves show a steeper
decline (e.g. y15-43(B)~0.14magd™!, y;5_45(r) * 0.09 magd!,
Y15-43(K) = 0.02 mag d™"). An increased rate of decline in the
optical luminosity at late phases is frequently observed in SNe
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Fig. 4. Colour evolution of SN 2018jmt and SN 2019¢j compared with
that of a sample of SNe Ibn. Top panel: B — V colour curves; Middle
panel: R — I/r —i colour curves; Bottom panel: J — K colour curves. The
colour curves have been corrected for Galactic and host galaxy extinc-
tion.

Ibn (e.g. Mattila et al. 2008; Pastorello et al. 2015c¢, see also
other examples in Section 4.3).

4.2. Colour evolution

Figure 4 displays the colour evolution of SN2018jmt and
SN2019cj, along with those of other well-studied SNe
Ibn, including ASASSN-15ed (Pastorelloetal. 2015¢),
OGLE-2012-SN-006 (Pastorello et al. 2015b), SN 2006jc
(Pastorello et al. 2007), SN2010al (Pastorello et al. 2015a),
SN 2014av (Pastorello et al. 2016), SN2015U (Pastorello et al.
2015d; Shivvers et al. 2016), SN 2019uo0 (Gangopadhyay et al.
2020), SN2019wep (Gangopadhyay et al. 2022), SN 2019kbj
(Ben-Ami et al. 2023), and SN 2020bqj (Kool et al. 2021).

At an early stage, ~5days from maximum, SN 2018jmt
exhibits intrinsic B — V and r — i colours that are both close
to Omag. At around +10days, the object undergoes a transi-
tion towards red colours, with B — V ~ 0.3mag and r —
i ~ 0.1mag. This is followed by a period, from +10 to
+40 days, during which the B — V colour is slowly increasing
to 0.4 mag, while the r —i colour is nearly constant. Later on, the
colours of SN 2018jmt become bluer again. Similarly, the » — i
colour reaches its minimum value of approximately —0.4 mag
at around +45 days. After that, the r — i colour starts to rise
again to +0.1 mag at +62 days. The B — V colour behaviour of
SN 2019wep, SN 2015U, and SN 2019uo is similar to that of
SN 2018jmt, becoming initially redder and then turning bluer
again. The R—1I/r—i colour behaviour of SN 2010al, SN 2019kbyj,
and SN 2014av, like SN 2018jmt, shows a trend towards redder
in the early stages, followed by a transition to bluer. The J — K
colour evolution follows a similar trend as the B — V and r — i
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Fig. 5. Absolute V-band light curve of SN2018jmt and SN 2019cj
compared to other SNe Ibn and the SN Ibn template presented by
Hosseinzadeh et al. (2017).

ones, becoming gradually redder from 0.3 mag to 1.3 mag up to
100 days, like SN 2010al.

For SN2019cj, the B — V colour evolves steadily from
approximately 0 mag near the maximum to ~0.8 mag at around
+30days (as shown in Fig. 4). Beyond 30 days, the B — V colour
remains fairly constant. The evolution trend of B — V colour
is similar to ASASSN-15ed, SN 2010al and SN 2014av. Simi-
larly, from the maximum to about 1 month after peak, the r — i
colour increases from approximately 0 mag to 0.3 mag. Between
30 and 45 days, also the r — i colour remains constant, although
— at around 60 days — r — i rises again towards redder colours
(0.5 mag). The evolution trend of R — I/r — i colour is similar to
that of SNe 2015U, 2019u0, and OGLE-2012-SN-006, although
the timescales can be significantly different among individual
SNe. In contrast to the optical colours, the J — K colour rises
monotonically from 0.2 to 2.5 mag over the entire 2 months of
follow-up, like SN 2006jc.

4.3. Absolute light curves

Taking into account the distance and reddening estimates
reported in Section 2, we calculate for SN 2018jmt the abso-
lute magnitude at maximum to be M,=-19.03 + 0.37 mag,
while the V-band peak absolute magnitude of SN2019cj is
My =-18.94 + 0.19 mag. A comparison of the absolute V-band
magnitudes for a subset of the Type Ibn SN sample is pre-
sented in Fig. 5. When V-band observations were not available,
we included observations in adjacent bands for the comparison.
For example, in the case of SN 2020bqj, we utilised observa-
tions in the r-band. Upon comparing the V-band light curves of
SN 2018jmt and SN 2019cj with those of other Type Ibn SNe,
we find that they generally follow the behaviour of the template
presented by Hosseinzadeh et al. (2017) around the maximum
light. SNe Ibn are relatively luminous, with most of them hav-
ing absolute V-band magnitudes around —19 mag, but all falling
within the range of —18 mag to —21 mag.

The heterogeneity of SNe Ibn is more evident in the post-
peak decline, as many objects display an almost linear post-
peak optical drop, while a few others may show a light curve
with double-phase declines: an initially faster luminosity drop
followed by a much slower decline. The most extreme case is



Wang, Z.-Y., et al.: A&A, 691, A156 (2024)

OGLE-2012-SN-006, which experienced an early decline slope
of ~8mag (100d)~!, followed by an extended phase charac-
terised by a nearly flat light curve (~0.1 mag (100d)~! between
25 and 130 days, and 2 mag (100d)~! thereafter). Another exam-
ple is SN 2020bgqj, which exhibits a plateau between —19.1 and
—19.3 mag in the r-band that persists for 40 days, followed by a
linear decline lasting over 90 days at a rate of 4 mag (100d)~".

4.4. Pseudo-bolometric light curves

We calculated the “optical” pseudo-bolometric light curves
of SNe2018jmt and 2019c¢j by integrating the flux contribu-
tions from individual optical bands. In our analysis, we made
the assumption that the flux outside the integration limits is
zero. When photometric data were not available for certain
epochs in a particular filter, we estimated the flux contribution
from the missing bands by interpolating between epochs with
available data or extrapolating from earlier or later available
epochs, assuming a consistent colour evolution. We also com-
puted pseudo-bolometric light curves, including the contribution
of ultraviolet (UV) and NIR photometry when available. The
pseudo-bolometric light curves for SN 2018jmt, SN 2019cj, and
the prototypical SN 2006jc are displayed in the top panels of
Fig. 6. The relative flux contribution of each electromagnetic
domain to the overall pseudo-bolometric light curve is shown
in the lower panels of Fig. 6.

Public TESS data of SN2018jmt would potentially help
track the evolution of its bolometric luminosity in the pre-
maximum phase. However, the information on the colour or
spectroscopic evolution at those early phases is not available.
Besides, there are known issues regarding the photometric cal-
ibration across multiple sectors for TESS (Vallely et al. 2021).
In Vallely et al. (2021), a method was employed where the flux
offset was selected to match the linear extrapolations from the
last ~2days of the earlier sector and the first ~2days of the
later sector for flux calibration across different sectors. In the
case of SN 2018jmt, this approach may introduce a significant
bias when comparing flux, and thus a photometric correction,
between pre- and post-maximum phases because the peak lies
in the sector gap. As a result, linear extrapolation can be a poor
approximation for the light curve in the gap. Because of these
two factors, there would be major uncertainties on the bolomet-
ric correction to apply. For this reason, we only use traditional
broad-band observations to compute a pseudo-bolometric light
curve for SN 2018jmt.

The lack of UV observations for SNe 2018jmt and 2019cj
limits our ability to accurately determine the real bolometric
luminosity at peak, when the UV contribution is expected to
be significant. Therefore, we can only provide a lower limit
to the maximum luminosity for the two objects, that is, L >
1.01 x 10¥ ergs~!. Throughout the evolution of SN 2018jmt,
only minor changes are registered in the relative contribution of
the optical and NIR luminosity. The flux contribution of the opti-
cal bands dominates the bolometric luminosity, as it accounts for
approximately 76% of the overall emission. We note, however,
that during phases later than +60 days, the object fades below
the detection thresholds in the optical, while it remains visible
in the NIR domain up to 100 days. The NIR light curves also
show an evident flattening, suggesting a dramatic increase in the
luminosity contribution of the NIR bands over the optical ones.

It is worth noting that the contribution from near-infrared
(NIR) emission to the pseudo-bolometric light curve of
SN 2019cj is relatively small around the time of maximum
brightness, as it accounts for ~15% of the total luminosity. How-
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Fig. 6. Pseudo-bolometric light curves of SNe2018jmt, 2019¢j, and
2006jc, along with their UV, Optical, and NIR contributions. Top
panels: Pseudo-bolometric light curves of SNe2018jmt, 2019¢j, and
2006jc, along with the light curves constructed using the UV + optical,
just optical, and optical + NIR photometry. Bottom panels: Evolution
of the contribution of the individual electromagnetic regions with time
computed as a percentage of the pseudo-bolometric luminosity. In the
comparison, we adopted the following colour codes: UV = dark blue,
Optical = dark green, and NIR = dark red.

ever, as time progresses, the NIR contribution becomes progres-
sively larger. Interestingly, a similar behaviour was also observed
in SN 2006jc, where the NIR contribution increased with time
and became more dominant at later phases (bottom panel of
Fig. 6), and was attributed to the contribution to warm dust in a
cool dense shell (Mattila et al. 2008; Smith et al. 2008). Unfor-
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tunately, we were not able to obtain photometry data for SNe
2018jmt and 2019cj beyond 60 days after their discovery.

4.5. Spectral energy distribution analysis

In order to compare in a meaningful way SN 2018jmt, SN 2019c¢j
and the prototypical Type Ibn SN 2006jc, we constructed their
pseudo-bolometric light curves based on the observed wave-
length range (see details in Section 4.4). Instead, to better esti-
mate the full bolometric light curves of SNe 2018jmt and 2019c¢;j,
we fitted the broad-band photometry with a blackbody curve,
extrapolating the luminosity contribution of the blackbody tails
outside the observed range. To do so, we performed blackbody
fits on the Spectral energy distributions (SEDs) of SN 2018jmt
and SN 2019cj at different epochs, following the descriptions
in Cai et al. (2018). The resulting full bolometric light curves
are used to model SNe2018jmt and 2019cj, as presented in
Section 4.7.

In Fig. 7, we show the SED evolution of SNe 2018jmt and
2019cj with their best blackbody fits. During the early and mid-
dle phases of evolution, the SEDs of both SNe2018jmt and
2019cj are well-fitted by a single blackbody. At late-time epochs,
a single blackbody is unable to well reproduce the NIR fluxes,
and hence a second blackbody component is needed. The opti-
cal domain is represented by a “hot” blackbody associated to the
SN photosphere, in contrast with the “warm” blackbody which
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emerges at late phases. Specifically, as shown in the left panel
of Fig. 7, the SEDs of SN2018jmt are well-fitted by a sin-
gle blackbody until epoch +56.5d. At the epoch +62.4d, the
SED clearly reveals an NIR flux excess over a single blackbody
model. Hence, it was fitted with two-component (hot+warm
components) blackbody functions. Although the NIR flux excess
is likely attributed to the newly formed dust, there is also a rel-
evant contribution from the emission lines in the SN spectra,
which can bring deviations from a thermal continuum (see the
late spectra of SN 2018jmt in the top panel of Fig. 8).

The onset of dust formation in SN 2006jc, starting at ~55d
past maximum, is marked by a sharp decline in the optical light
curves, coincidental with a relative increase in the NIR fluxes
(see e.g. Di Carlo et al. 2008; Mattila et al. 2008; Anupama et al.
2009). Unfortunately, since the lack of simultaneous observa-
tions in optical bands at late epochs from +62.4 to +96.5d, our
limited NIR observations cannot give us a stringent constraint
on the possible dust formation for SN 2018jmt. Assuming the
late-time NIR emission is purely due to dust condensation, it is
possible to obtain an estimate of the dust mass for SN 2018jmt
using the methods adopted and described in Fox et al. (2011),
Gan et al. (2021), Wang et al. (2024b). We adopt the species of
dust grains made of graphite and silicate with the same size
distribution (@ = 0.1 um). The inferred dust masses are about
3 x 107°M; (graphite dust) and 3 x 107> M, (silicate dust),
respectively. It is important to note that these values have to be
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considered as upper limits, due to our simplifying assumptions
on dust formation. The SED evolution of SN 2019cj is similar
to that observed in SN 2018jmt (see the right panel of Fig. 7),
and we hence adopted the same approach and estimated upper
limits on the dust masses in SN 2019cj of the order of several
10~* My, for both dust species.

4.6. Observational parameter correlations

To better characterise the light curve evolution of SN 2018jmt
and SN 2019¢j in the context of SN Ibn variety, we present in

Fig. 9 the locations of a large Type Ibn SN sample in the dia-
grams of absolute peak magnitude versus rise time, and absolute
peak magnitude versus decline rate. Note that the rise time in the
V-band for SN 2018jmt was actually estimated using the g-band.
Furthermore, the V-band absolute peak magnitude was extrapo-
lated based on the initial decline rate observed in the V-band. All
of this adds uncertainty to the estimates for this object.

The two objects fall in the 1o confidence interval in
the left panel, and their rise times and peak magnitudes are
comparable to the median values observed in the Type Ibn
SN sample (median rise time =9.6 days, median peak magni-
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Karamehmetoglu et al. (2021), Kool et al. (2021), Gangopadhyay et al.

(2023), Wang et al. (2024a), Cai et al. (in prep.).

tude = —19.19 mag). In the right panel, both SN2018jmt and
SN 2019c;j fall within the 95% confidence interval (shaded area).
SN2018jmt and SN2019cj exhibit characteristics similar to
other SNe Ibn in our sample, suggesting that they adhere to the
typical characteristics of Type Ibn SNe and likely share a similar
origin.

4.7. Light curve modelling

In this section, we present the bolometric light curve modelling
of SNe 2018jmt and 2019cj, adopting the (1D spherical) model
framework of Maeda & Moriya (2022), under the assumption
that their optical emissions are entirely powered by the SN-CSM
interaction. We assume a broken power law for the density struc-
ture of the SN ejecta, with the outer power slope fixed to be n =7
(pej o« v"), while the inner part is represented by a flat distri-
bution. This setup allows the ejecta mass (Mej) and the kinetic
energy of the expansion (Ek), used as the input parameters, to
determine the properties of the SN ejecta. The CSM density dis-
tribution is given as pcsp(r) = 107D’ (/5 x 10" cm)™* gcm ™3,
specified by the parameters D’ and s, if a single power-law is
assumed.

Fig. 10 shows the results of the light curve models, and
Fig. 11 shows the derived CSM density distribution. These
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models assume M =2 My, and the Ex required to fit the light
curve is derived to be 1.6 and 1.9 x 10°! ergs, for SNe 2018jmt
and 2019cj, respectively. We introduced a two-component CSM
for both SNe (see below), represented by the inner and outer com-
ponents having different sets of CSM parameters. For the outer
components, (s,D)=(2.6+0.1,42+0.3) for SN2018jmt,
and (2.8 £0.1,4.4+0.3) for SN2019cj; for the inner com-
ponents, (s,D’)=(0.0+0.5,1.0+0.3) for SN2018jmt, and
(0.1 £0.5,0.8 £0.2) for SN 2019cj. The uncertainties here only
account for the errors in the bolometric luminosities and the
distances; these errors should be treated as lower limits, since
the systematic uncertainties linked to the assumptions in the
emission model are difficult to quantify and are not included
here. The relative errors both in s and D’ are larger for the inner
components, reflecting the larger errors in the BB fits in the pre-
peak epochs. Overall, the inferred physical properties are within
the range derived for a sample of SNe Ibn (Maeda & Moriya
2022), both for the SN ejecta and CSM. This is expected since the
observational properties of the two SNe are similar to other SNe
Ibn. Note that the CSM densities of SNe 2018jmt and 2019cj are
on the highest side of the SNe Ibn analysed by Maeda & Moriya
(2022), but it can partly be an artefact; they used quasi-bolometric
LCs and therefore might have underestimated the CSM densities
for the samples of SNe Ibn shown here.
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Fig. 10. Models for the bolometric light curves of SNe 2018jmt
(blue triangles) and 2019cj (red circles). The models shown here
assume M, =2 Mo, tesulting in Ex = 1.6 and 1.9 x 10°! ergs for SNe
2018jmt and 2019cj, respectively. The CSM parameters are as fol-
lows; for the outer components: (s,D’)=(2.6,4.2) for SN2018jmt
(blue), and (2.8,4.4) for SN2019cj (red); for the inner components:
(s, D’)=(0.0, 1.0) for SN 2018jmt (cyan), and (0.1,0.8) for SN 2019¢j
(magenta). The thick-dashed curve is the expected contribution from the
%Ni/Co decay with M(*°*Ni)=0.15 M, taking into account the optical
depth to the decay y-rays adopting M; =2 M, and Ex =1.6 X 10°! erg
(for SN 2018jmt), which sets the upper limit for M(*°Ni). The same
curve but with M(*°Ni) = 0.08 M,, is shown by the thin-dashed line, for
the case adopting Me; =4 M, and Ex =2.3 x 10°! erg.

As discussed by Maeda & Moriya (2022), the parameters of
the CSM (s and D’) can be well constrained from the post-peak
light curves. The ejecta properties are on the other hand not
uniquely determined. In the post-peak light curves (i.e. after the
shock enters into the outer CSM component), the kink where the
decline rate accelerates can be interpreted as a transition phase
of the shock from the cooling regime to the adiabatic regime, and
Ex is determined from this transition for a given M.;. However,
the outer ejecta structure degenerates in terms of a combination
of M and Ek, and for n="7 adopted here, this scaling is given

as Ex o \/M_eJ (e.g. Moriya et al. 2013). Models with more
massive ejecta can reproduce essentially the same light curve if
the ejecta properties follow this relation; for example, the light
curves of SNe 2018jmt and2019¢j can be fit with M.; =4 M if
Ey is increased to ~(2.3—2.7) x 10°! erg. The same applies to the
less-massive ejecta case, but with another constraint: the ejecta
mass cannot be too low, otherwise the reverse shock reaches the
inner part of the ejecta too early (which is the argument used by
Nagao et al. 2023 in constraining the ejecta properties for SNe
Icn). From the light curve calculations, we find the lower lim-
its for the ejecta masses as M, > 1.6 My for SN 2018jmt and
>1.8 M, for SN 2019c;j.

Under the model framework, the CSM density distribution is
uniquely determined. Similar CSM density structures are derived
for SNe 2018jmt and 2019cj, both within the range found for
a sample of SNe Ibn. The slopes of the outer components are
similar to other SNe Ibn (s ~ 2.5-3; Maeda & Moriya 2022),
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Fig. 11. Circumstellar medium radial-density distribution derived for
SNe 2018jmt (blue) and 2019cj (red). The typical range found for a
sample of SNe Ibn is shown by the grey-shaded area. For compar-
ison, the CSM distribution by a steady-state mass loss is shown by
the dashed lines for the CSM density parameter of A, =30000 and
1000 (corresponding to D’ = 6 and 0.2 with s=2.0). On the bot-
tom, the look-back time in the mass-loss history is indicated, assuming
vy = 500-1000 kms~".

indicating the increase of the mass-loss rate in the last few years
towards the explosion. With the (outer) CSM parameters used to
fit their post-peak light curves, we find that the diffusion time
scale becomes too short (a few days) compared to the rise time
(about 10 days). This indicates that the inner part of the CSM
density distribution could deviate from the extrapolation from
the outer part of the CSM distribution. We are thus motivated to
introduce the inner CSM component separately from the outer
component. By adopting the flatter density distribution for the
inner part (Fig. 11), the pre-peak light curve evolution is well
reproduced (Fig. 10).

The two-component CSM, with the flat part inside and the
steep part outside, has been inferred for a few SNe Ibn follow-
ing a similar analysis (Maeda & Moriya 2022). We note that
this may likely be a common property of SNe Ibn; this analysis
requires intensive photometric data in the pre-peak phase, and
the flat inner part has been frequently inferred when such data
are available. This highlights the importance of discovering SNe
Ibn soon after the explosion and coordinating the high-cadence
and intensive follow-up observations immediately after the dis-
covery, as demonstrated in the present work for SNe 2018jmt
and 2019c;j.

Most of the SNe Ibn decline rapidly after the peak without
requiring an additional energy input from the °Co decay; this
sets the upper limits for the masses of °Ni ejected in SNe Ibn,
which have been found to be lower than the typical amount esti-
mated for canonical SNe Ib/Ic (Drout et al. 2011; Lyman et al.
2016; Ouchi et al. 2021; Maeda & Moriya 2022). We performed
this test in Fig. 10, where the two light curves powered by the
hypothetical *°Ni/®Co decay for the cases with M;=2 and
4 My for SN2018jmt are shown. Similar limits are obtained
for SN2019c¢j. The upper limits thus obtained, M(**Ni)=0.15
or 0.08 M, are below the mean °Ni production found in a
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sample of canonical SNe Ib/c (Meza & Anderson 2020, but see
Ouchi et al. 2021). However, the limits here are not very strong
and within the diversity of canonical SNe Ib/c; longer-term
follow-up observations until later epochs might have placed a
stronger constraint, as were found for some SNe Ibn.

5. Spectroscopy
5.1. Spectral sequence of SN 2018jmt

SN 2018jmt was monitored in optical spectroscopy from its dis-
covery until approximately 60 days after maximum brightness.
Top panel of Fig. 8 displays, in chronological order, our spec-
tra of SN 2018jmt. The first spectrum shown corresponds to the
classification spectrum (Castro-Segura et al. 2018). During the
entire observational period, the spectra exhibit a modest evolu-
tion. The HeIlines are the most prominent features observed in
the spectra of SN 2018jmt. Some of these lines exhibit complex
profiles, with narrow features overlaid on broader line compo-
nents (e.g. in the +18 d spectrum).

The earlier spectra of SN 2018jmt reveal a blue continuum.
By fitting a blackbody model to the first four spectra (taken at
2.6, 3.5, 7.0, and 7.5 days after the maximum light), the pho-
tospheric temperature ranges from 12000 to 9000 K. Notably,
significant P-Cygni profiles are observed in the He 15876 A line,
with the minimum being blueshifted by about 6001000 kms~!.
Several He1lines are also identified at 4471, 4921, 5016, 6678,
7065, and 7281 A.

Furthermore, we note the presence of a weak and narrow Ha
with a P-Cygni profile (the minimum of the P-Cygni absorption
is blue-shifted by about 150-300 km s~!). It is worth mentioning
that other Balmer lines, which are prominent in Type IIn SNe,
are only marginally detected in SN 2018jmt.

In the subsequent three spectra (from +18 to +56d), the
dominant feature is a blue pseudo-continuum that extends up
to approximately 5600 A. The nature of this blue pseudo-
continuum has been extensively discussed by Stritzinger et al.
(2012) and Smith etal. (2012). They propose that it arises
from a combination of numerous narrow and intermediate-
width Fe lines, similar to those observed in SN 2005ip (with a
Vewnm ~ 150-200 km s~!) and SN 2006jc (with a vewm = 2000—
2500kms~'; Chugai 2009). This blend of Fe lines can explain
several features observed in the spectrum of SN 2018jmt. They
account for the apparent discontinuity in the continuum at
around 5600 A, the broad “W’-shaped feature between 4600 and
5200 A (although some He lines may also contribute to it), and
the broad bump observed between 6100 and 6600 A.

At 18.4 days after maximum, prominent HeIlines in emis-
sion are observed at 43889, 14388 (weak), 14471, 114921,
5016, 15876 (possibly blended with the Na1doublet), 16678,
A7065, and A7281. These lines exhibit an emission compo-
nent that largely dominates over the blue-shifted absorption.
The most prominent HeIemission features display a distinct
double-component profile. By deconvolving the 47065 line into
Lorentzian and Gaussian components, we deduce the presence of
a broader component with a FWHM velocity of ~2800kms™!,
which shows marginal evolution over time. Additionally, a nar-
rower line with a FWHM velocity of ~950kms~! is superim-
posed on the broader component. From this spectrum, there
is a marginal detection of the Ha line (possibly blended with
C1116578) and possibly even HB. We also identify Mg1 15528,
CannH&K 113934,3969, as well as O146158. We searched for
the presence of lines typical of thermonuclear SNe, such as
S1rand SiIrions, but we were unable to securely identify them.
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It is likely that Fellines are responsible for the majority of
the broad absorption blends observed at A <5600 A. Addition-
ally, broad bumps are detected around 7900 A (likely attributed
to MgII117877,7896), 8200 A (possibly Mg11118214,8235
lines), 8500 A (due to Ca IT NIR triplet), and 9200 A (attributed
to Mg11119218,9244 lines).

At later epochs, the emission lines become stronger, allow-
ing for a more robust identification of the spectral features.
Using our latest spectra taken at 41.5 and 56.2 days after max-
imum light, we accurately identify the most prominent fea-
tures, as shown in Fig. 8. However, it should be noted that
the S/N in these spectra is relatively low. We continue to
observe the prominent HeIlines, now exhibiting a FWHM
velocity of ~3200kms~!. Once again, we tentatively identify
Hea and HB (Vewum ~ 600 km s~1) emission lines, although alter-
native identifications cannot be completely ruled out, such as
C11 (A 6578) and N11 (4 4803).

5.2. Spectral sequence of SN 2019c¢j

The spectroscopic monitoring campaign of SN 2019¢cj began
4 days after its discovery and lasted for 20days. Informa-
tion regarding the spectroscopic observations can be found in
Table A.2, while the sequence of available spectra for SN 2019¢;j
is shown in Fig. 8, bottom panel.

The first spectrum, obtained 8.1 days after the explosion (i.e.
2.1 days before the maximum light), exhibits a blue continuum.
By fitting a blackbody to the continuum, we infer a temper-
ature of Ty, =16800+2400K. The most prominent emission
feature is observed in the blue region of the spectrum, specif-
ically around 4660 A, and it displays a double-peaked profile.
The redder component of the emission is most likely to be
He 11 214686. On the other hand, the bluer emission is possibly
attributed to either C 111 14648 or N1II 14640, or a combination
of both. We note that these lines, which were also identified by
Silverman et al. (2010) and Cooke et al. (2010), are commonly
seen in WR winds. They are also frequently observed as “flash
spectroscopy” features in very early spectra of many CC SNe
(e.g. Gal-Yam et al. 2014; Bostroem et al. 2023; Bruch et al.
2023; Zhang et al. 2023; Jacobson-Galén et al. 2024a,b). A sim-
ilar characteristic was also detected in the early spectra of
other SNe Ibn, such as SN 2010al (Pastorello et al. 2015a) and
SN 2019uo0 (Gangopadhyay et al. 2020). A low-contrast feature
is observed around 5830-5890 A, and it is likely due to the
He 115876, exhibiting a weak P-Cygni profile.

Between the second and third spectra (taken 1.1 and 0.2
days before maximum light), we still observe a dominant blue
continuum, with a photospheric temperature (Ty,) decreasing
from 16700+2700K to 14300+ 1900K. The blend of lines
from highly ionised elements, detected in the first spectrum at
4600—-4700 A, gradually weakens, although remaining the most
prominent feature, and still displaying a double-peaked profile.
In the spectrum taken at maximum light, other lines start to
emerge, in particular, He 145876, which exhibits a very narrow
P-Cygni profile. The position of the minimum of the blue-shifted
absorption component suggests a velocity of the He-rich mate-
rial around 740kms~!. In the fourth spectrum (+3.2 days), Ty
has decreased to 11900 + 1200 K, while the P-Cygni HeIlines
become progressively more prominent. From the position of
the absorption minimum, we infer an expansion velocity of
approximately 1200kms~'. The previously observed feature at
around 4600-4700 A has now completely vanished. Further-
more, another weak P-Cygni feature can be seen in the spec-
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Fig. 12. Comparison of pre-peak, around peak, and late-time spectra of SN 2018jmt and SN 2019cj with those of other SNe Ibn at similar phases.
The H, Hel, and O1lines are marked with dashed vertical lines. All spectra have been corrected for the respective redshift and extinction. The
pre-peak spectra are shown in green, those taken near the maximum light are in orange, and the post-maximum spectra are in purple. The most
significant HeIlines are indicated by vertical dashed blue lines, while Balmer lines are marked with red dashed lines. The O147774 line is

represented by a dashed black line.

trum, specifically the He 116678 line. The subsequent spectrum
(+5.7 days) does not exhibit any significant changes or evolu-
tion, except a slightly redder continuum (7, = 8800 + 1400 K).
The spectrum obtained at 14.7 days after maximum displays
significant changes. The continuum has shifted towards redder
colours, with a photospheric temperature of 7400 + 1000 K. The
most prominent line observed is He145876, which is mainly in
emission and exhibits a FWHM of approximately 5600 kms~".
Additionally, several new emission lines are detected, including
He1144921, 5016, and A7065. In the last spectrum taken on
day 18.5, most features observed in the previous spectrum are
confirmed, with a notable blue pseudo-continuum. The lines of
He115016, 45876 (possibly blended with Na1 D), 16678, and
A7065 are now seen as prominent emission features. We can

confidently rule out any S1Ifeatures. The absorption observed
around 6300 A could potentially be attributed to SiII 16355,
while alternative identifications include Mg 11 16346 and/or [O1]
416300, 6364.

The transition of the spectral features from the ‘flash’ fea-
tures to those of a classical Type Ibn SN might be consistent
with the two-component CSM structure inferred through the LC
modeling. When the shock is in the inner component (in the pre-
maximum phase), with sufficiently dense materials to create the
recombination lines and not yet swept up, they might create the
highly ionised emission lines as irradiated by the high-energy
photons from inside. Once the shock enters into the outer com-
ponent (in the post-maximum phase), the CSM density above
the shock wave rapidly decreases, and thus they are not able to
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Fig. 13. Velocity evolution of the Helemission lines. In the left panel, the velocity evolution of the narrow HeIline components is shown.
On the right panel, the velocity of the intermediate/broad emission components is displayed. The data of comparison SNe Ibn are taken from

Pastorello et al. (2016).

produce the recombination lines anymore. We note that the pre-
maximum spectra to test the same prediction for SN 2018jmt are
not available. However, lacking detailed spectral modeling, this
picture is only speculative; this needs to be verified by future
efforts in both theoretical modeling and advanced observations.

5.3. Comparison of Type Ibn SN spectra

In Fig. 12, we present a comparison of the pre-peak, around-
peak, and late-time spectra of SN 2018jmt and SN 2019¢j with
those of other SNe Ibn at similar phases. On top of Fig. 12, an
early spectrum of SN 2019cj is compared with pre-peak spec-
tra of other Type Ibn SNe, including SN 2019uo, iPTF15ul,
OGLE-2012-SN-006, and SN 2010al. The pre-peak spectra of
these SNe exhibit notable differences. SN 2019uo, iPTF15ul,
and OGLE-2012-SN-006 display evident Ha lines, while in
SN 2010al and SN 2019cj, this feature is very faint or missing.
The He 145876 line is quite prominent in OGLE-2012-SN-006,
SN 2010al, and SN 2019cj, whereas it is missing or weak in
SN 2019uo and iPTF15ul. One of the strongest features visi-
ble in the early spectra SNe 2019uo0 and 2019¢j is observed at
around 4660 A, showing a double-peak profile, likely a blend
of Hemrand N111/C1il (see Sect. 5.2). The situation is differ-
ent in the OGLE-2012-SN-006 spectrum, where this line is not
securely detected, but a broad absorption feature is present at a
similar position, likely due to O 1T lines (Pastorello et al. 2015b).
We remark that Olllines have never been observed before in
SNe Ibn, although these lines are ubiquitously observed in the
early spectra of super-luminous stripped-envelope (SE) SNe
(Quimby et al. 2011).

In the middle of Fig. 12, a spectrum around the peak of
SN 2018jmt and SN 2019cj is compared with spectra of SNe
2019kbj, 2010al, and 2006jc taken at similar phases. The spec-
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tra of SNe Ibn share a very similar blue continuum with narrow
P-Cygni profiles of Hellines. However, there are some subtle
differences. Specifically, Ha is still observable as a weak emis-
sion in SN 2019kbj and SN 2010al, while its presence is not
secure in the spectra of SN 2018jmt and SN 2019c;j. In this small
sample, SN 2006jc is somewhat of an exception, as its spectrum
shows a larger number of lines with a broader width. While
the phase of SN 2006jc is measured relative to its peak time,
which is relative to the presumed time of the maximum light
(MJD =54012.29, according to Maund et al. 2016), the prop-
erties of the spectrum suggest a somewhat older evolutionary
phase.

At the bottom of Fig. 12, a late spectrum of SN 2018jmt
and one of SN 2019¢;j is compared with those of SNe 2020bgqj,
2010al, and 2006jc at similar phases. The spectra of the five
objects exhibit a remarkable similarity in terms of the blue
pseudo-continuum and the presence of prominent broader spec-
tral lines. The wide velocity range observed in these lines can
be attributed to various gas regions where they originate, such
as the unperturbed CSM, shocked shells, shocked or unshocked
supernova ejecta, or a combination of different emitting regions
(Pastorello et al. 2016).

5.4. He | line velocity evolution

The velocity evolution of the spectral lines allowed us to con-
strain the properties of the stellar wind and understand the nature
of the emitting regions. SNe that interact with the CSM, such as
Type Ibn and Type IIn events, exhibit lines with multiple-width
components. These components are believed to originate from
different gas regions (Chugai 1997).

In SNe Ibn, the presence of multiple components in the spec-
tral lines indicates that the emitting material is expanding at dif-
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ferent velocities. When a clear P-Cygni profile is identified, the
velocity of the He-rich expanding material can be determined by
measuring the position of the minimum point of the blue-shifted
absorption. If this component is undetected, the velocity is esti-
mated by measuring the FWHM of the strongest He Iemission
lines, which are obtained by deblending the full line profile using
Gaussian fits. The evolution of velocities in He Iemission lines
is illustrated in Fig. 13.

The study of the narrowest line profiles provides insights
into the velocity of the unshocked CSM and offers key infor-
mation about the mass-loss history of the progenitors of SNe
Ibn in the latest stages of its life. The temporal evolution of
the velocity of the narrow HeIline components is shown in the
left panel of Fig. 13. In most cases, including SN 2018jmt and
SN 2019cj, the narrow HelIcomponents in our spectral sample
exhibit velocities of 800-1000kms~'. It is worth noting that,
due to the limited spectral resolution of the spectra, the mea-
surements for the two SNe should be considered as upper limits
in some cases. However, it is worth noting that the narrowest
components observed in the spectra of our Type Ibn supernova
sample span a wide range of velocities. Objects such as PS1-
12sk (approximately 250kms~!) and the two transitional Type
Ibn/IIn SNe, SNe 2005la (about 500 km s~!) and 2011hw (200—
250kms!), display the lowest velocities for the unperturbed
CSM. On the other extreme, LSQ13ccw, iPTF13beo, and SN
1999cq exhibit narrow components with P-Cygni profiles hav-
ing velocities of approximately 1900-2300 kms~'. Such a large
range of CSM velocities, as identified by Pastorello et al. (2016),
suggests that Type Ibn SNe may arise from different progenitor
types and/or different explosion mechanisms.

The evolution of the expansion velocities for the intermedi-
ate/broad components of the HeIlines is shown in right panel
of Fig. 13. These components exhibit velocities that are 4—
6 times higher than those measured for the narrow compo-
nents. Unlike the narrow features, the broader components of
the HeIlines experience a significant evolution over time. This
evolution is influenced by the velocity of the ejecta and the den-
sity of the interacting material. The velocities of these broader
components can provide insights into the gas interface between
two shock fronts, which in turn depend on the speed of the
expanding SN ejecta. An increasing velocity of the intermedi-
ate/broad He I components is observed in SN 2010al, ASASSN-
15ed, SN 2018jmt, SN 2005la, and PS1-12sk. In some cases,
the HeIlines become narrower with time. For instance, in SN
2002ao0, the width of the He I intermediate component decreases
by a factor of 2 within three weeks. This trend is also observed
in SNe 2014av, 2000er, 2002a0, 2019cj and 2006jc. This appar-
ent decline in the velocity of the shocked gas regions is possibly
attributed to an increased density of the CSM.

6. Summary and discussion

The high-cadence TESS light curve of SN2018jmt presented
by Vallely et al. (2021) reveals no evidence for a rapidly evolv-
ing shock breakout peak. The subsequent light-curve rise time
to maximum light is 13.4 + 0.3 days, slightly longer than the
10.2days estimated in this paper for SN2019cj (in the T-
band and V-band, respectively). At maximum, SN 2018jmt
and SN2019cj exhibit a similar luminosity, reaching a peak
magnitude of M, ~-19mag and My ~-19mag, implying a
very similar bolometric luminosity of about 10* ergs™'. The
post-peak decline in the light curve of SN 2018jmt is ini-
tially steep (yp-15(r)~ 0.13 mag d™") and then slows down
(v15-60(r) = 0.04 mag d~!"), whereas in the case of SN 2019c¢j, it

starts off slow (yo_15(r) ~ 0.05 magd~") and then becomes steep
(¥15-48(r) ~0.09 mag d~'), as reported in Table 1. This is consis-
tent with the decline rate range of yy_;5(R): 0.05 ~ 0.24 mag d!
observed in the SN Ibn group (Hosseinzadeh et al. 2017).

The spectra of SN2018jmt evolve from a distinct blue
continuum in the early phases to being dominated by narrow
HeIlines (v ~600-1000kms™"), while Ty, ranges from 12 000
to 9000K. A weak and narrow He line with a P-Cygni pro-
file (v ~ 150-300kms~') is present, while other Balmer lines
are either absent or weak. In the subsequent stages, the spectra
exhibit a blue pseudo-continuum with a narrower line superim-
posed on the broader component, which eventually transitions
into a broad line (vpwpy ~ 3200kms™!). At the early stages
of SN 2019cj, an intriguing feature observed in the spectra is
the potential identification of flash ionisation signatures formed
within a He-rich CSM. The most prominent line in the sub-
sequent spectra of SN 2019¢j was the Helline at 5876 A, ini-
tially displaying a P—Cygni profile (v ~ 740—1200kms~") and
later transitioning into broad features in emission (Vpwhy ~
5600 kms™1).

The high intrinsic luminosity, the blue colours persisting for
a long time, the emission-line spectra, and the fast-declining
light curve without any apparent flattening to the °Co tail sug-
gest that the observables of SNe 2018jmt and 2019cj are pri-
marily due to ejecta—CSM interaction. In particular, as there is
no spectroscopic evidence of dust formation (e.g. blue-shifted
line emission peaks), the faint late-time luminosity of the two
SNe (see Fig. 10) can be explained assuming that the contri-
bution of the synthesised *Ni/**Co to the light curve is very
small.

From light curve modelling (see Fig. 11), we may deter-
mine the CSM configuration of SNe 2018jmt and 2019cj. The
CSM distribution is constrained within a range from 5 x 10 to
5 x 10" cm. The inner and outer radii correspond to look-back
times of approximately 0.1-0.2years and 1-2years, respec-
tively, assuming a mass-loss history with v, = 500-1000 kms~".
Notably, the CSM distribution exhibits a steeper trend com-
pared to steady-state mass loss, characterised by a power-law
index of approximately s=3. Furthermore, the derived CSM
density is remarkably high for the outer components, with
D’=4.2 for SN2018jmt and 4.4 for SN2019cj. At a dis-
tance of approximately 5 x 10'*cm, this corresponds to D ~
(4.2 and 4.4) x 107" gem™ or A, ~ 21000 and 22 000;
M ~ 021 and 0.22 My yr~! for v, =1000kms™!, or M ~
0.105 and 0.11 M yr~' for v, =500kms~'. These two objects
exhibit an inner flat CSM component and an outer steep CSM
component at a radius of approximately (0.8—1) x 105 cm.
A common feature in SNe Ibn is the possible existence of
the inner flat part CSM component, as observed in SNe
2010al, 2011hw, and LSQ12btw (Maeda & Moriya 2022). Con-
sidering the timescale of the two-component CSM transition,
0.3-0.6 years, it is possible that this new component corre-
sponds to an eruptive pre-SN mass-loss event as observed in
SN 2006jc (Pastorello et al. 2007). In this latter object, the
outburst occurred approximately two years prior to the SN
explosion.

6.1. Host environment metallicity

Pastorello et al. (2015¢e) conducted a characterisation study of
the host galaxies of SNe Ibn, revealing that all of them were
found in spiral galaxies, with the exception of PS1-12sk, which
originated in the outskirts of an elliptical galaxy (Sanders et al.
2013). In order to explore the possible connection of SNe Ibn
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with the evolution of very massive WR stars, we study the
environments of our two Type Ibn SNe. SN 2018jmt exploded
within an edge-on disc galaxy, most likely a spiral galaxy, while
SN 2019cj occurred in the outskirts of a late-type (Sc-type) spiral
galaxy.

The oxygen abundance for the host galaxies at the SN
location can be calculated using the luminosity-metallicity
relation of Pilyugin etal. (2004). The oxygen abundance at
the location of SN 2018jmt is approximately 8.54 dex, while
for SN 2019cj, it is 8.62dex. These values are nearly
solar, assuming a Solar metallicity of 12 +log(O/H) = 8.69 dex
(see e.g. Asplund et al. 2009; von Steiger & Zurbuchen 2016;
Vagnozzi 2019). Pastorello et al. (2015e) estimated an aver-
age metallicity of 12 +log(O/H)=8.63 +0.42 at the SN posi-
tions for Ibn SNe. Taddiaetal. (2015), using a smaller
sample, found a slightly lower average oxygen abundance
of 12+1og(O/H)=8.45+0.10. The discovery of SNe Ibn
in environments spanning a wide range of metallicities led
Pastorello et al. (2016) to suggest that metallicity has a marginal
influence on the evolutionary path of the progenitors of
SNe Ibn.

6.2. Progenitor and explosion scenarios

In our attempts to model the light curves of SNe 2018jmt
and 2019cj, we constrained the physical parameters as
follows:

— Ejecta: M,; ranges between 1 Mg to 4 Mo, and Ex is of the
order of 10°! erg, although there is some degeneracy in the
above values. Adopting an average value of M =2 M, for
the two objects, Ex ~ 1.6 x 10°! erg for SN 2018jmt and
1.9 x 10°' erg for SN2019cj are required to fit the light
curves. Our analysis provides lower limits for the ejecta
masses as M., > 1.6 M for SN2018jmt and >1.8 M for
SN 2019c;j.

— CSM: We adopt M; = 2M; and a two-zone CSM dis-
tribution, with a flat-density inner component (s~0.1,
D’ ~0.9) and a steeper density outer component (s~ 2.7,
D’ ~4.3). Specifically, for the outer components, we
obtained (s, D")=(2.6 +0.1,4.2 +£ 0.3) for SN2018jmt and
(2.8 +0.1,4.4 +0.3) for SN2019cj. For the inner compo-
nents, we infer (s, D’) = (0.0 £ 0.5, 1.0 + 0.3) for SN 2018jmt
and (0.1 £ 0.5,0.8 = 0.2) for SN 2019c;j.

— %Ni production: While the light curves of the two SNe
can be comfortably reproduced with a pure CSM-interaction
model, without necessarily invoking a *Ni production, we
could constrain an upper limit for the ejected **Ni mass from
the late luminosity. Assuming ejected masses of Me; =2 Mg
and 4 Mg, respectively, we obtained 0.15 Mg and 0.08 Mg, as
upper limits for the >°Ni amounts (the above values are vir-
tually identical for SNe 2019¢j and 2018jmt).

The above CSM properties (D’) are quite close to the upper
limit expected for Type Ibn SNe. According to Maeda & Moriya
(2022), when the mass-loss rate significantly exceeds D’ ~ 4, the
entire helium envelope is ejected. Further mass loss could then
lead to the formation of a C/O—rich CSM and would result in the
emergence of SNe Icn.

6.2.1. Thermonuclear SNe from He white dwarfs

SNe 2018jmt and 2019cj exhibit a rise time of approximately
10 days, thus belonging to the well-populated sample of fast-
evolving SNe Ibn. The evolutionary timescales of these SNe Ibn
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resemble those observed in other classes of transients. SN
2002bj (Poznanski et al. 2010), in particular, is a fast-evolving,
He-rich transient that was tentatively interpreted as a helium
shell detonation on a white dwarf (an example of the so-
called Type .Ia SNe; see Bildsten etal. 2007). These tran-
sients are expected to be relatively faint, with peak magnitudes
ranging from —15 to —18 in the V-band (Perets et al. 2010;
Kasliwal et al. 2010; Perets et al. 2011; Fesen et al. 2017). More
importantly, they exhibit a rapid evolution, typically with a rise
time of 1-6days, with dimmer objects usually experiencing a
faster rise. The sample of Type .Ia SN candidates includes °Ni
masses ranging from very small values (0.02M,, in the case
of SN2010X; Kasliwal et al. 2010) to ~0.2 M, for SN 2002bj
(Kasliwal et al. 2010). The upper limits for the 3°Ni mass esti-
mated for SN 2018jmt and SN 2019c¢j are alone not sufficient to
rule out the possibility of a Type .Ia SN interpretation.

However, the ejecta/CSM parameters estimated for SNe
2018jmt and 2019cj are inconsistent with those expected in a
very low progenitor mass scenario. For instance, interpreting
them as thermonuclear SNe from He white dwarfs is an improb-
able scenario, given the relatively high ejected masses and the
overall CSM parameters. Another argument against a thermonu-
clear explosion of white dwarfs is the lack of the S1Ispectral
lines typical of SNe Ia, and also the SiII features are not securely
detected. For all these reasons, we believe that the two SNe Ibn
are explosions associated with much more massive envelope-
stripped stars.

6.2.2. Core-collapse SNe from moderate-mass He stars in
binary systems

Important constraints on the progenitor’s nature can be inferred
by studying the circumstellar wind, in particular, the compo-
sition and the velocity of the CSM. SNe 2018jmt and 2019cj
exhibit emission-line spectra with faint or absent H features,
while the prominent lines of He I suggest wind velocities of 700—
1000kms~!. The broadening of the HeI emission components
with time suggests the presence of an intermediate-width com-
ponent, and a growing intensity of the shocked region emission.
The initial wind velocity is quite consistent with that expected
in WR winds, although similar velocities were also observed in
the Type Ibn SN 2015G (Shivvers et al. 2017), whose progenitor
was proposed to be a moderate-mass He star in a binary system
(Sun et al. 2020).

Ejected masses higher than 1.6—1.8 Mg are consistent
with those expected in canonical SE CC SNe, or even in
some giant, non-terminal eruptions of very massive stars
(Karamehmetoglu et al. 2021). While a significant amount of
Ni is synthesised in a SE CC SN explosion, giant eruptions
are expected to produce no *Ni. Unfortunately, for SN 2018jmt
and 2019cj, we could only pose upper limits on the °Ni
masses (<0.08—0.15Mg), which are lower than the average
3Ni production observed in canonical SE CC SNe, although
similar amounts were occasionally observed in SNe Ibc (e.g.
Richmond et al. 1996; Hunter et al. 2009). *°Ni masses of a few
x1073 My were also observed in faint H-rich CC SNe (e.g.
Spiro et al. 2014). However, we need to remark that the zero
Ni mass case, supportive of a non-terminal eruption, cannot
be ruled out. For this reason, we can conclude that the *°Ni mass
constraints alone do not allow one to discriminate between CC
SNe and giant eruption scenarios.

From Fig. 9, we note that most SNe Ibn cluster in a small
region of the phase-space diagrams, possibly suggesting some
homogeneity in the explosion scenarios and the progenitor
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masses, hence the involvement of moderate-mass stars rather
than massive progenitors. As mentioned above, Sun et al. (2020)
proposed that SNe Ibn may originate from lower-mass progen-
itors in interacting binary systems, and the pre-SN eruptions
occasionally observed before the explosion of some Type Ibn
SNe could also be triggered by binary interaction.

In brief, a plausible scenario for SNe 2018jmt and 2019¢;j is
that they arose from the explosion of relatively massive stars pro-
ducing partially stripped CC SNe. This conclusion is also sup-
ported by the inspection of the latest spectrum of SN 2018jmt
(+56 d), which exhibits some similarity to the spectra of a CC
SN in the transition towards the nebular phase. In fact, while the
[OI] 116300, 6364, was not securely identified, the strength-
ening of the He I 47281 line vs. the He I 47065 can likely be
attributed to the emerging of the [Call] 117291, 7324 doublet, a
classical feature of CC SNe in the nebular phase.

6.2.3. The explosion of massive Wolf-Rayet stars

Another plausible scenario is that SNe 2018jmt and 2019cj
mark the endpoints of the lives of higher-mass WR stars.
Maeda & Moriya (2022) suggested that at least a fraction of SNe
Ibn is produced by the explosion of envelope-stripped WRs with
zero-age main sequence masses (Mz4ys ) exceeding 18 M. This
interpretation would have some evident advantages. Invoking a
massive WR progenitor would comfortably explain the eruptive
pre-SN mass loss events, as well as the CSM composition and
velocity of typical SNe Ibn. The observed properties of SNe
2018jmt and 2019cj are quite similar to those of classical SNe
Ibn (Pastorello et al. 2016; Hosseinzadeh et al. 2017).

In this scenario, the binding energy of the helium or
carbon-oxygen (C+0) core is estimated to be around 10°' erg
(Maeda & Moriya 2022). Consequently, if the canonical explo-
sion energy (approximately 103! erg, as constrained by the light-
curve analysis) is achieved during the supernova explosion fol-
lowing neutron star (NS) formation, a significant amount of fall-
back onto the NS, which may or may not lead to black hole
formation, is expected. Due to this fallback, the ejection of
%Ni will be minimal or nonexistent (Woosley & Weaver 1995;
Zampieri et al. 1998; Maeda et al. 2007; Moriya et al. 2010).
According to Valenti et al. (2009), the absence of [OI] 6300,
6364 lines in the late spectra is also in agreement with the expec-
tations of the fall-back SN scenario. During their evolution,
these high-mass stars develop large cores with high luminosity.
While the relationship between core nature and final evolution
is yet to be fully understood (Fuller 2017; Fuller & Ro 2018),
the substantial luminosity could contribute to heightened activ-
ity in the final stages just before CC, resulting in a significant
increase in mass-loss rate leading up to the SN event. Accord-
ing to Heger et al. (2003) and Langer (2012), it is reasonable to
expect that massive stars with initial masses greater than 18 Mg
lose mass through strong stellar winds also without the need for a
binary companion, leaving a C+O core surrounded by a He-rich
CSM.

WR stars much more massive than ~18 Mg can also
produce SN-like phenomena with properties compatible with
those observed in Type Ibn SNe. Pulsational pair-instability
(PPI) arises from stars with He-core masses of 30-64 Mg
(Woosley et al. 2007; Woosley 2017), causing intense nuclear
flashes during which the H-envelope and portions of the He
core are expelled. The frequency and duration of these pulses
depend on the He-core mass, with more energetic pulses result-
ing in longer intervals. The collisions among the ejected shells
may generate luminous, interacting events with SN-like observ-

able properties. SNe 2018jmt and 2019¢j may share some of the
PPI SN characteristics, such as ejecta mass, ejecta velocity, and
metallicity. Karamehmetoglu et al. (2021) proposed several PPI
models for a Type Ibn SN with ejecta masses up to 2.65 M.
However, PPI SNe are expected to occur in metal-poor environ-
ments, which is not the case for SNe 2018jmt and 2019c¢j. The
progenitors of PPI SNe are also expected to experience recurrent
outbursts, as suggested by Woosley et al. (2007) and Woosley
(2017).This is a potential problem for invoking the PPI SN sce-
nario for SNe 2018jmt and 2019cj, as they both appear to be sin-
gle SN-like events without previously detected eruptions. A PPI
model was also proposed for SN 2006jc, which exhibited a lumi-
nous precursor two years before the alleged terminal explosion.
However, subsequent investigations revealed that the progenitor
of SN 2006jc was inconsistent with an extremely massive star,
thus challenging the PPI scenario. Instead, the eruptive history is
more likely to be explained by more conventional binary inter-
action (Sun et al. 2020).

Regardless of the physical mechanisms triggering the pro-
genitor’s mass loss, studying the pre-SN eruptions, as done for
SN 2006jc (Pastorello et al. 2007), is a key step to constrain the
properties of the progenitor stars and the terminal explosion
scenario. Indeed, pre-SN outbursts were observed for a hand-
ful of Type Ibn SNe, including SN2011hw (Dintinjana et al.
2011), SN2019uo (Strotjohann et al. 2021), SN 2022pda (Cai
et al.,, in prep.), and SN2023fyq (Brennan et al. 2024). For
the latter, spectra obtained when the progenitor was quiescent
and later in outburst revealed complex Helline profiles, char-
acterised by a relatively narrow P-Cygni component, whose
minimum is blue-shifted by about 1700kms~!, superposed on
a very broad base (extended up to 10*kms™!). The spectra
published by Brennan et al. (2024) indicate the presence of a
high-velocity progenitor’s wind and a highly asymmetric CSM
distribution.

Unfortunately, information on the pre-SN variability of the
progenitor star is an exception in SNe Ibn, either due to the lack
of archival observations of the progenitor sites, or because these
SNe are simply located in distant galaxies and pre-SN outbursts
are below the instrumental detection thresholds.

6.3. Concluding remarks

With the available dataset for SNe 2018jmt and 2019c¢j, we can-
not securely constrain the mass of their progenitors and the
explosion mechanism. However, several clues tend to favour
a scenario according to which SNe Ibn are terminal CC SNe
from massive stars. Whether the progenitors are massive WRs
or lower-mass He stars in binaries is still disputed.

Maeda & Moriya (2022) argued that the progenitors of SNe
Ibn are WR stars with a mass exceeding 18 My. The volumet-
ric rate of SNe Ibn is approximately 1% of the CC SN popu-
lation (Maeda & Moriya 2022). Although this proportion falls
below the fraction of massive stars with Mz, s = 18 Mg, to those
with Mzapys =8 Mg, many of these potential SNe may have
remained undetected in the optical due to a significant portion
of their emission being UV radiation. Therefore, conducting
high-cadence UV surveys is crucial for detecting the population
of UV-emitting transients, including SNe Ibn. Future facilities,
such as the Ultraviolet Transient Astronomy Satellite'® space
mission (Shvartzvald et al. 2024) and the Ultraviolet Explorer19
mission (Kulkarni et al. 2021) will be devoted to conducting

8 https://www.weizmann.ac.il/ultrasat/
19 https://www.uvex.caltech.edu
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wide-field high-cadence surveys of the sky in the UV, which will
play a critical role in studying highly energetic and fast-evolving
transient objects. Additionally, there is a lack of modelling of
pre-peak light curves. Hence, it is imperative to consider these
limitations in future observational and theoretical endeavours.
The assistance of next-generation instruments, such as the Chi-
nese Space Station Telescope® and the Vera C. Rubin Observa-
tory?! will play a vital role in increasing the sampling frequency
and refining the current models of Type Ibn SNe.

Data availability

Optical and NIR photometric measurements of SN 2018jmt
and SN 2019cj are available at the CDS via anonymous ftp to
cdsarc.cds.unistra. fr (130.79.128.5) or via https://
cdsarc.cds.unistra. fr/viz-bin/cat/J/A+A/691/A156

Our observations are available via the Weizmann Interac-
tive Supernova Data Repository (WISeREP; Yaron & Gal-Yam
2012).
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Appendix A: Spectroscopic tables

Table A.1. Log of spectroscopic observations of SN 2018jmt.

Date MID Phase” Telescope+Instrument  Grism/Grating+Slit  Spectral range Resolution  Exp. time
(days) A) A) (s)
20181216 58468.3  +2.6 NTT+EFOSC2 gr13+1.0" 3640-9230 21 300
20181217 58469.2  +3.5 NTT+EFOSC2 grl1+1.0" 3340-7460 16 1500
20181220 584727 +7.0 COJ 2m+en05 red/blu+2.0" 3150-10870 18 2700
20181221 584732  +7.5 SOAR-+Goodman 400 I/mm+1.0" 3390-8720 6 900
20190101 58484.1 +18.4 NTT+EFOSC2 grll/gr16+1.0" 3340-9990 16 2700/2700
20190124 58507.2 +41.5 NTT+EFOSC2 gr13+1.0" 3640-9240 21 2700
20190207 58521.9 +56.2 SALT+RSS PG0300+1.5" 3590-8430 19 1800
“Phases are relative to g-band maximum light (MJD = 58465.66 + 1.20; 2018-12-13) in observer frame.
Table A.2. Log of spectroscopic observations of SN 2019c;.
Date MID Phase? Telescope+Instrument  Grism/Grating+Slit  Spectral range  Resolution Exp. time
(days) A) A) (s)

20190107 584903 2.1 NTT+EFOSC2 gr13+1.0" 3640-9230 21 600
20190108 58491.3  -1.1 NTT+EFOSC2 gr13+1.0" 3630-9230 21 600
20190109 584922  -0.2 NTT+EFOSC2 grl1+1.0" 3340-7460 16 2400
20190112 58495.6  +3.2 COJ 2m+en05 red/blu+2.0" 3150-10870 18 2700
20190115 58498.1  +5.7 NTT+EFOSC2 grl1+1.0" 3340-7460 16 2700
20190124 58507.1 +14.7 NTT+EFOSC2 grl1+1.0" 3340-7460 16 2x2700
20190127 585109 +18.5 SALT+RSS PG0300+1.5" 3540-8330 19 1200

“Phases are relative to V-band maximum light (MJD = 58492.44 + (.23
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