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Massive stars exploding in a He-rich circumstellar medium − X.

Flash spectral features in the Type Ibn SN 2019cj and observations of SN
2018jmt?
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ABSTRACT

We present optical and near-infrared observations of two Type Ibn supernovae (SNe), SN 2018jmt and SN 2019cj. Their light curves have rise
times of about ten days, reaching an absolute peak magnitude of Mg(SN 2018jmt) = −19.07 ± 0.37 and MV (SN 2019cj) = −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−1) 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 iii, 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 1051 erg. The lower limit on the ejecta mass (> ∼ 2 M�)
argues against a scenario involving a relatively low-mass progenitor (e.g. MZAMS ∼ 10 M�). We set a conservative upper limit of ∼ 0.1 M� for the
56Ni 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 2019cj are consistent with those expected from the core
collapse of relatively massive envelope-stripped stars.
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1. Introduction1

Supernovae (SNe) interacting with a circumstellar medium2

(CSM) provide an opportunity to probe the latest evolutionary3

stages of massive stars before their explosion. In general, the4

interaction of the SN ejecta with the CSM produces quite com-5

plex spectral line profiles, sometimes characterised by multiple6

width components but usually dominated by a relatively narrow7

emission feature. The narrow emission component is thought to8

originate in the unshocked, photoionised CSM, which is expand-9

ing slowly (from tens to several hundreds kilometers per second)10

(Dessart 2024). As a consequence, measuring the width of these11

narrow lines gives an indication of the velocity of the pre-SN12

stellar wind (e.g. Chevalier & Fransson 1994; Fransson et al.13

2002; Pastorello et al. 2016; Smith 2017). In general, interact-14

? Photometric tables are only available at the CDS via anony-
mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
strasbg.fr/cgi-bin/qcat?J/A+A/.
?? Corresponding authors: caiyongzhi@ynao.ac.cn (CYZ)

??? wang_xf@mail.tsinghua.edu.cn (WXF)
???? zhuxj@bnu.edu.cn (ZXJ)

ing core-collapse (CC) SNe are divided into three observational 15

types, depending on the identification in the spectra of individual 16

narrow features (Gal-Yam 2017): H-rich SNe IIn (e.g. Schlegel 17

1990; Filippenko 1997; Fraser 2020), He-rich and H-poor SNe 18

Ibn (e.g. Pastorello et al. 2007, 2008a; Hosseinzadeh et al. 2017; 19

Maeda & Moriya 2022), and C/N/O-rich and H/He-poor SNe Icn 20

(e.g. Fraser et al. 2021; Gal-Yam et al. 2022; Perley et al. 2022; 21

Pellegrino et al. 2022). 22

The spectral properties of SNe Ibn are explained in terms 23

of interaction between the SN ejecta and the H-deprived, He- 24

rich CSM. The spectra of SNe Ibn are characterised by narrow 25

He i emission lines, with full-width at half maximum (FWHM) 26

velocities ranging from several hundred to a few thousand kilo- 27

meters per second (see e.g. Pastorello et al. 2016; Hosseinzadeh 28

et al. 2017; Wang et al. 2021). However, in a few cases (e.g. 29

SN 2005la, SN 2011hw, SN 2022pda; Pastorello et al. 2008b, 30

2015a, Cai et al., in preparation) weak H lines were observed 31

in the spectra of some SNe Ibn, suggesting the presence of some 32

residual H in the CSM, forming a subclass of SNe Ibn. Most SNe 33

Ibn show relatively fast-evolving light curves, with a typical rise 34
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time of ≤ 15 days, a post-peak decline rate of ∼ 0.05−0.15 mag35

day−1, and a peak absolute magnitude of ≈ −19 mag (see the36

statistic study on SNe Ibn by Hosseinzadeh et al. 2017). How-37

ever, some outliers were observed in the SN Ibn family, such38

as ASASSN-14ms, which has a highly luminous peak at MV39

∼ −20.5 mag (Vallely et al. 2018; Wang et al. 2021), while40

OGLE-2012-SN-006 and OGLE-2014-SN-131 shows an un-41

precedented long-lasting light curve evolution (Pastorello et al.42

2015e; Karamehmetoglu et al. 2017).43

Although the first discovery of this family was SN 1999cq44

(Matheson et al. 2000), the label ‘SNe Ibn’ was introduced in45

the study of SN 2006jc, which is considered to be the prototype46

of Type Ibn events (Pastorello et al. 2007). SNe Ibn are a rare47

group of stellar explosions, with only 66 events discovered so48

far.1 Based on data from the Zwicky Transient Facility (ZTF;49

Bellm et al. 2019) Bright Transient Survey, Perley et al. (2020)50

estimated a detection rate of 0.66% for Type Ibn SNe within the51

ZTF transient sample. Additionally, Maeda & Moriya (2022) es-52

timated that the observed volumetric rate of SNe Ibn is approxi-53

mately 1% of all CC SNe.54

Studies in the literature suggest that the progenitors of SNe55

Ibn can either be H-poor massive Wolf-Rayet (WR) stars that56

have experienced major mass-loss events shortly before the ter-57

minal CC or lower-mass He stars in binary systems, where the58

interaction with the companion favours mass loss from the pri-59

mary (e.g. Maund et al. 2016; Hosseinzadeh et al. 2019; Maeda60

& Moriya 2022; Wang et al. 2024b). Unfortunately, to date,61

there has been no direct detection of SN Ibn progenitors. Sun62

et al. (2020) reported the detection of a point source at the lo-63

cation of the SN 2006jc explosion with the Hubble Space Tele-64

scope (HST),2 providing evidence that it is the progenitor’s bi-65

nary companion.66

In general, SNe Ibn are observed in active star-forming re-67

gions within their host galaxies (e.g. Kuncarayakti et al. 2013;68

Taddia et al. 2015; Pastorello et al. 2015e). However, as a re-69

markable exception, PS1-12sk was detected on the outskirts of70

an elliptical galaxy, challenging the massive star explosion sce-71

nario for SNe Ibn (Sanders et al. 2013). Therefore, there are still72

many open questions regarding SNe Ibn, for example, the homo-73

geneity of the progenitors, the origins of CSM, and the sources74

powering the SN light curves.75

In this paper, we present our photometric and spectroscopic76

observational data of two Type Ibn SNe, 2018jmt and 2019cj,77

which were observed in the framework of the extended Pub-78

lic European Southern Observatory (ESO) Spectroscopic Survey79

of Transient Objects (ePESSTO, Smartt et al. 2015). The paper80

is organised as follows: The information on the discovery, dis-81

tance, and extinction of the two objects are reported in Section82

2. In Section 3, we present the observations and the data reduc-83

tion techniques. Photometric and spectroscopic analyses are pre-84

sented in Sections 4 and 5, respectively. Finally, the discussion85

and conclusions are presented in Section 6.86

2. Basic sample information87

2.1. SN 2018jmt88

The discovery of SN 2018jmt, attributed to the Mobile Astro-89

nomical System of the Telescope-Robots (MASTER; Lipunov90

et al. 2012; Gorbovskoy et al. 2013), is dated 2018 December91

1 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/

08.28 (epoch corresponding to MJD = 58460.28; UT dates are 92

used throughout the paper). The object was observed in an unfil- 93

tered image, with a magnitude of 16.5 (Chasovnikov et al. 2018). 94

However, an earlier detection was reported by the All-Sky Auto- 95

mated Survey for Supernovae (ASAS-SN; Shappee et al. 2014; 96

Kochanek et al. 2017; Jayasinghe et al. 2019) on 2018 December 97

05.29 (MJD = 58457.29), at a magnitude g = 18.32±0.20 mag.3 98

The last non-detection by ASAS-SN was on 2018 December 99

02.31 (MJD = 58454.31) in the g-band, with an estimated limit 100

of 18.57 mag. Soon after its discovery, the SN was classified as 101

a Type Ibn event by the ePESSTO collaboration (Castro-Segura 102

et al. 2018). The SN coordinates are RA = 06h54m47s.100, 103

Dec = −59◦30′10′′.80 (J2000.0). The location of the SN within 104

the host galaxy is shown in Fig. 1. 105

SN 2018jmt is possibly associated with the host galaxy PGC 106

370943 (2MASSJ06544633-5930163, Skrutskie et al. 2006). 107

Due to the lack of distance information, we inferred the kine- 108

matic distance of the host galaxy from the most prominent nar- 109

row He i (λ0 = 5875.6 Å) line in the SN spectra. We measured 110

the central wavelength of the narrow He i lines and obtained the 111

redshift of z = 0.032±0.001. Adopting a standard cosmology 112

with H0 = 73 ± 5 km s−1 Mpc−1, ΩM = 0.27, ΩΛ = 0.73 (Spergel 113

et al. 2007), we estimated a luminosity distance dL = 134.7 ± 114

13.6 Mpc (µ = 35.65 ± 0.22 mag) for SN 2018jmt. Regarding 115

the interstellar reddening, we adopt E (B − V)Gal = 0.105 mag 116

for the Galactic reddening contribution (Schlafly & Finkbeiner 117

2011), retrieved via the NASA/IPAC Extragalactic Database 118

(NED),4 assuming a reddening law with RV = 3.1 (Cardelli et al. 119

1989). However, the host galaxy extinction cannot be firmly con- 120

strained due to the low signal-to-noise ratios in our early spectra. 121

Therefore, we adopt E (B − V)Total = 0.105 mag as the total red- 122

dening towards SN 2018jmt. 123

2.2. SN 2019cj 124

Although the discovery of SN 2019cj was officially announced 125

by ASAS-SN on 2019 January 03.26 (MJD = 58486.26) with 126

a Sloan g-band brightness of 18.3 mag (AB, Nicholls & 127

Stanek 2019), an earlier detection was obtained by the Aster- 128

oid Terrestrial-impact Last Alert System (ATLAS; Tonry et al. 129

2018; Smith et al. 2020; Shingles et al. 2021) survey on 2018 130

December 31.42 (MJD = 58483.42), with the object having 131

an orange (o) band magnitude of o = 19.75±0.27 mag.5 The 132

last non-detection by ASAS-SN was on 2018 December 29.30 133

(MJD = 58481.30) in the g-band, with an estimated limit of 134

18.68 mag. Soon after the discovery, SN 2019cj was classified 135

as a Type II or Type Ibn SN (Pignata et al. 2019) by ePESSTO. 136

Its coordinates are RA = 04h56m22s.977, Dec = −46◦02′13′′.68 137

(J2000.0). 138

SN 2019cj is located 21.08" south and 1.43" east from 139

the centre of its predicted host galaxy, AM 0454-460 (PGC 140

130531), which is a face-on Sc-type galaxy (Loveday 1996; 141

Moustakas et al. 2023). The location of the supernova is shown 142

in Fig. 1. Adopting the recessional velocity of v = 13313 ± 49 143

km s−1(hence a redshift z = 0.0444 ± 0.0002; Mould et al. 2000), 144

corrected for the Virgo Cluster, the Great Attractor, and the 145

Shapley supercluster influence, and adopting the same standard 146

cosmological model, we obtained a luminosity distance of dL 147

= 188.7 ±13.9 Mpc and hence a distance modulus µL = 36.38 148

± 0.16 mag. The Galactic reddening towards SN 2019cj is small, 149

3 https://asas-sn.osu.edu/photometry
4 https://ned.ipac.caltech.edu
5 https://fallingstar-data.com/
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E (B − V)Gal = 0.016 mag (Schlafly & Finkbeiner 2011), as-150

suming the same RV as for SN 2018jmt. The remote location of151

this SN in the outskirts of AM 0454-460, along with the low S/N152

in our early spectra, suggests negligible extinction from the host153

galaxy. For this reason, we assume the total line-of-sight red-154

dening, E (B − V)tot = 0.016 mag, is only due to the Galactic155

contribution.156

3. Observations and data reduction157

3.1. Photometric data158

We conducted multi-band optical (Sloan griz, Johnson-Cousins159

UBV) and near-infrared (NIR; JHK) follow-up campaigns of160

SNe 2018jmt and 2019cj starting shortly after their classifica-161

tion. The telescopes and instruments utilised were the following:162

the 3.58m New Technology Telescope (NTT) equipped with the163

ESO Faint Object Spectrograph and Camera 2 (EFOSC2) and164

the Son of Isaac (SOFI), hosted on La Silla (Chile) of the ESO.165

Additionally, we obtained a single epoch (2019-02-14) of SN166

2018jmt photometry as part of GREAT program (Chen et al.167

2018) using the Gamma-Ray Burst Optical/Near-Infrared Detec-168

tor (GROND, Greiner et al. 2008), a 7-channel imager that col-169

lects multi-colour photometry simultaneously with g′r′i′z′JHKs170

bands, mounted at the 2.2m MPG telescope at ESO La Silla171

Observatory, Chile. Furthermore, we collected additional data172

through the Las Cumbres Observatory (LCO, Brown et al. 2013)173

global network. This network includes the 1-m class telescopes174

identified as fa06, fa14 and fa16, and hosted in the South African175

Astronomical Observatory (SAAO) in Sutherland, South Africa;176

the fa03 and fa15 telescopes of the Cerro Tololo Interamerican177

Observatory site, Chile, and the fa11 and fa12 telescopes at the178

Siding Spring Observatory in New South Wales, Australia.179

The raw images were first pre-reduced by applying bias and180

overscan corrections, flat-fielding, and trimming, which are stan-181

dard correction steps performed in iraf6 (Tody 1986, 1993). The182

NTT data were retrieved by the ePESSTO collaboration. The raw183

images from ePESSTO were pre-reduced using the dedicated184

PESSTO pipeline (see Smartt et al. 2015). The GROND raw im-185

ages were reduced with the GROND pipeline (Krühler et al. 2008),186

which applies de-bias and flat-field corrections, stacks images187

and provides astrometry calibration. If multiple exposures were188

taken with the same instrument and in the same night, we com-189

bined them into stacked science frames to increase the S/N.190

Subsequent photometric data reduction steps were carried191

out with a dedicated pipeline called ecsnoopy,7 which consists192

of several photometric packages, including daophot8 for mag-193

nitude measurement (Stetson 1987), sextractor9 for source ex-194

traction (Bertin & Arnouts 1996), and hotpants10 for template195

subtraction (Becker 2015). The ecsnoopy pipeline was used for196

astrometric calibration, image combination, and point-spread-197

function (PSF) fitting photometry, with the subtraction of a ref-198

erence image (referred to as the “template”) when required. We199

directly adopted the simple PSF-fitting technique for SN 2019cj,200

due to its location in the outskirts of the host galaxy, while201

template subtraction was necessary for SN 2018jmt to remove202

6 https://iraf-community.github.io/
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/
9 www.astromatic.net/software/sextractor/

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

the background contamination from the host galaxy.11 The PSF- 203

fitting technique consists of constructing a PSF model by select- 204

ing for each image bright and isolated stars in the SN field. The 205

sky background was then subtracted by fitting a low-order poly- 206

nomial (e.g. a second or third order) in the SN proximity. The 207

modelled source was subtracted from the original images, and 208

the fitting process was repeated to minimise the residuals. When 209

the SN was not detected, an upper limit to the object brightness 210

was estimated. 211

Photometric calibration of instrumental magnitudes was per- 212

formed by adopting instrumental zero points (ZPs) and colour 213

terms (CTs) inferred through observations of standard stars on 214

photometric nights. Specifically, Johnson-Cousins filter photom- 215

etry was calibrated using standard stars from the Landolt (1992) 216

catalogue, while the Sloan data were calibrated using standards 217

catalogued by Pan-STARRS (Chambers et al. 2016), as the fields 218

of both SN 2018jmt and SN 2019cj were not sampled by the 219

Sloan Digital Sky Survey (SDSS) (Abdurro’uf et al. 2022). To 220

correct the instrumental ZPs on non-photometric nights and im- 221

prove the photometric calibration accuracy, we compared the 222

average magnitudes of local sequences of standard stars in the 223

fields of the two SNe to those obtained on photometric nights. 224

With the corrected ZPs, we fine-tuned the SN apparent magni- 225

tudes on all nights. 226

The instrumental magnitude errors were computed through 227

artificial star experiments, in which fake stars (with a similar 228

magnitude as the SN) were placed near the SN location. The 229

simulated frame is then processed with the PSF fit and the mag- 230

nitudes measured. The dispersion of individual artificial star ex- 231

periments was combined (in quadrature) with the PSF fit and the 232

ZP correction, providing the final errors for the photometric data. 233

NIR raw images required some preliminary processing pro- 234

cedures, such as flat-fielding, distortion corrections and the sub- 235

traction of the background contamination. To construct sky im- 236

ages for each filter, we median-combined several dithered sci- 237

ence frames. We then combined sky-subtracted frames to in- 238

crease the S/N. We note that these steps were performed through 239

the PESSTO pipeline for the NTT-SOFI raw data. Seeing mea- 240

surements, astrometry, PSF-fitting, and ZP corrections were car- 241

ried out using ecsnoopy and are similar to those discussed for 242

the optical frames. Finally, reference stars from the Two Micron 243

All Sky Survey (2MASS12; Skrutskie et al. 2006) catalogue were 244

used to calibrate the NIR instrumental magnitudes. 245

We also collected photometric data from the public AT- 246

LAS and ASAS-SN sky surveys for transients. The orange and 247

cyan(c) band light curves were directly produced by the AT- 248

LAS data-release server 13 (Shingles et al. 2021), while some 249

g-band data were obtained from the ASAS-SN Sky Patrol14 250

(Hart et al. 2023). The Transiting Exoplanet Survey Satellite 251

(TESS) (Ricker et al. 2015) space telescope, which is operated 252

by the National Aeronautics and Space Administration (NASA), 253

is equipped with four wide field-of-view optical cameras. Vallely 254

et al. (2021) presented the early-time light curves of a sample of 255

SNe, including SN,2018jmt, and provided a highly accurate de- 256

termination of the time of explosion with negligible uncertainty. 257

The final photometric data of SN 2018jmt and SN 2019cj are 258

given at the CDS, while their apparent light curves are shown 259

in Fig. 2. 260

11 The UBVgri template images were taken through LCO-fa15 in
November 2023, i.e. about 5 years after the discovery.
12 http://irsa.ipac.caltech.edu/Missions/2mass.html/
13 https://fallingstar-data.com/forcedphot/
14 https://asas-sn.osu.edu
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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.

3.2. Spectroscopic data261

Spectroscopic observations of the two SNe Ibn were carried262

out using the following telescopes: The 3.58m NTT equipped263

with EFOSC2; the 4.1m Southern Astrophysical Research Tele-264

scope (SOAR) at Cerro Pachón, Chile, equipped with the Good-265

man High Throughput Spectrograph (GHTS); the 11m Southern266

African Large Telescope (SALT) at the SAAO equipped with267

the Robert Stobie Spectrograph (RSS); the 2m Faulkes telescope268

with the FLOYDS spectrograph, hosted by the Siding Spring269

Observatory, which is also part of the LCO global network.270

All raw spectral data were reduced following the standard271

steps in iraf15 (Tody 1986, 1993) or with dedicated pipelines272

such as PySALT16 (Crawford et al. 2010), PESSTO (Smartt et al.273

2015) and FLOYDS.17 The pre-reduction steps, such as bias, over-274

scan, flat-fielding correction, and trimming, are similar to those275

described for the imaging data. Then, the one-dimensional (1D)276

spectra were optimally extracted from the 2D images. Wave-277

length calibrations were performed using arc lamps, while flux278

calibrations were performed using spectrophotometric standard279

stars taken on the same nights. Subsequently, the strongest tel-280

luric absorption bands, such as O2 and H2O, were removed from281

the SN spectra using the spectra of the standard stars. Finally, the282

accuracy of flux calibration for all spectra was checked against283

the coeval photometric data. The information on the instrumenta-284

tion used for the spectroscopic observations is reported in Tables285

A.1 and A.2.286

4. Photometry287

4.1. Apparent light curves288

We conducted a continuous monitoring of the photometric evo-289

lution of SN 2018jmt and SN 2019cj for about three months290

15 http://iraf.noao.edu/
16 http://pysalt.salt.ac.za/
17 https://lco.global/documentation/data/
floyds-pipeline/

Table 1. Decline rates of the light curves of SN 2018jmt and SN 2019cj.

SN 2018jmt
Filter γ‡0−15 γ‡15−60 γ‡60−100

U 17.37±0.57 3.32±1.12 -
B 15.43±1.14 4.17±0.21 -
g 14.02±1.54 4.09±0.15 -
V 11.10±0.38 4.61±0.14 -
r 12.93±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 - 5.74±0.99 -0.95±2.36

SN 2019cj
Filter γ‡0−15 γ‡15−48 γ‡48−80

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 -
V 7.08±0.50 10.97±0.22 -
r 4.99±0.34 9.19±0.41 -
i 3.46±0.30 8.93±0.30 -
z 2.46±0.46 - -
o 5.11±9.27 - -
J 1.61±2.80 5.06±0.36 6.51±0.83
H -1.45±2.99 2.89±0.34 5.23±0.72
K -8.54±4.46 1.82±0.46 3.56±0.72

‡ in mag (100 d)−1

after discovery. The optical and near-infrared light curves of 291

SNe 2018jmt and 2019cj are shown in Fig. 2. 292

The determination of the explosion epoch of a SN is lo- 293

cated between the last non-detection and the first detection of the 294

event. Vallely et al. (2021) reports a relatively accurate explosion 295

time of 58455.01 ± 0.24 in the TESS T -band for SN 2018jmt, 296

based on a curved power-law fit to the pre-peak TESS light 297

curve. For SN 2019cj, the last non-detection tl dates back to 298
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Fig. 2. Multi-band light curves of SN 2018jmt (left) and SN 2019cj (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.
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Fig. 3. Estimate of the explosion epoch for SN 2019cj. The ATLAS-
o light curves of SN 2019cj (detections use red dot markers, limits use
green diamond markers) are shown in flux space (expressed in µJy). 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-σ uncertainty in the fitting process.

MJD = 58479.4 (in the ATLAS o band), whilst the first detection299

epoch td is MJD = 58483.4 (in the o band). The midpoint be-300

tween tl and td provides a rough estimate of the explosion epoch.301

The maximum error is given by half of the difference between302

tl and td. Using this method, we obtain the explosion epoch of303

MJD = 58481.4±2.0 for SN 2019cj. To improve our estimate of304

the explosion epoch of SN 2019cj, we adopted the fireball ex-305

pansion method. As shown in Fig. 3, we applied a second-order 306

polynomial fit to the data captured within a 20-day period be- 307

fore and around the peak of the light curve in flux space (e.g. 308

González-Gaitán et al. 2015). Following this approach, we esti- 309

mated the explosion epoch, as the time when the flux reaches 0, 310

to be MJD = 58482.2 ± 1.1 for SN 2019cj, which will be adopted 311

hereafter. 312

To estimate the peak magnitude of SN 2018jmt, a third-order 313

polynomial fit is performed on the g-band light curve data within 314

a 4-week period centred around the peak in magnitude space. 315

We obtained a peak magnitude of g = 17.0 ± 0.3 on MJD 316

= 58465.7 ± 1.2 for SN 2018jmt. Using a similar approach, we 317

estimated the peak magnitude of SN 2019cj as 17.5 ± 0.1 on 318

MJD = 58492.4 ± 0.2 in the V-band. 319

We also estimated the post-maximum decline rate of 320

SN 2018jmt and SN 2019cj in various bands by performing a 321

linear regression on the post-peak data. The results are reported 322

in Table 1. Given the observed change in the slope of the light 323

curves of SN 2018jmt at approximately +15 d in the optical and 324

+60 d in the NIR, we computed the decline rates in three differ- 325

ent time intervals. We observe a notable difference in the decline 326

rates among different filters. Specifically, the bluer light curves 327

exhibit a faster decline compared to the redder ones. This trend 328

is particularly evident during the early decline phase (γ0−15 in 329

Table 1). 330

From 0 to 15 days, the light curves of SN 2019cj show a 331

faster decline in the blue bands, while in the NIR, the object is 332

still rising towards its peak. Later on, at phases beyond 15 days, 333

the light curves show a steeper decline (e.g. γ15−48(B) ≈ 0.14 334

mag d−1, γ15−48(r) ≈ 0.09 mag d−1, γ15−48(K) ≈ 0.02 mag d−1). 335

An increased rate of decline in the optical luminosity at late 336
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Fig. 4. Colour evolution of SN 2018jmt and SN 2019cj 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 ex-
tinction.

phases is frequently observed in SNe Ibn (e.g. Mattila et al. 2008;337

Pastorello et al. 2015c, see also other examples in Section 4.3).338

4.2. Colour evolution339

Figure 4 displays the colour evolution of SN 2018jmt and340

SN 2019cj, along with those of other well-studied SNe Ibn, in-341

cluding ASASSN-15ed (Pastorello et al. 2015c), OGLE-2012-342

SN-006 (Pastorello et al. 2015e), SN 2006jc (Pastorello et al.343

2007), SN 2010al (Pastorello et al. 2015a), SN 2014av (Pas-344

torello et al. 2016), SN 2015U (Pastorello et al. 2015d; Shiv-345

vers et al. 2016), SN 2019uo (Gangopadhyay et al. 2020),346

SN 2019wep (Gangopadhyay et al. 2022), SN 2019kbj (Ben-347

Ami et al. 2023), and SN 2020bqj (Kool et al. 2021).348

At an early stage, ∼5 days from maximum, SN 2018jmt ex-349

hibits intrinsic B − V and r − i colours that are both close350

to 0 mag. At around +10 days, the object undergoes a tran-351

sition towards red colours, with B − V ∼ 0.3 mag and352

r − i ∼ 0.1 mag. This is followed by a period, from +10353

to +40 days, during which the B − V colour is slowly increas-354

ing to 0.4 mag, while the r − i colour is nearly constant. Later355

on, the colours of SN 2018jmt become bluer again. Similarly,356

the r − i colour reaches its minimum value of approximately357

−0.4 mag at around +45 days. After that, the r − i colour starts358

to rise again to +0.1 mag at +62 days. The B − V colour be-359

haviour of SN 2019wep, SN 2015U, and SN 2019uo is similar to360

that of SN 2018jmt, becoming initially redder and then turning361

bluer again. The R − I / r − i colour behaviour of SN 2010al,362

SN 2019kbj, and SN 2014av, like SN 2018jmt, shows a trend to-363

wards redder in the early stages, followed by a transition to bluer.364

The J − K colour evolution follows a similar trend as the B − V365
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Fig. 5. Absolute V-band light curve of SN 2018jmt and SN 2019cj com-
pared to other SNe Ibn and the SN Ibn template presented by Hossein-
zadeh et al. (2017).

and r − i ones, becoming gradually redder from 0.3 mag to 1.3 366

mag up to 100 days, like SN 2010al. 367

For SN 2019cj, the B − V colour evolves steadily from ap- 368

proximately 0 mag near the maximum to ≈0.8 mag at around 369

+30 days (as shown in Fig. 4). Beyond 30 days, the B − V 370

colour remains fairly constant. The evolution trend of B − V 371

colour is similar to ASASSN-15ed, SN 2010al and SN 2014av. 372

Similarly, from the maximum to about 1 month after peak, the 373

r − i colour increases from approximately 0 mag to 0.3 mag. 374

Between 30 and 45 days, also the r − i colour remains constant, 375

although - at around 60 days - r − i rises again towards redder 376

colours (0.5 mag). The evolution trend of R − I / r − i colour is 377

similar to that of SNe 2015U, 2019uo, and OGLE-2012-SN-006, 378

although the timescales can be significantly different among in- 379

dividual SNe. In contrast to the optical colours, the J − K colour 380

rises monotonically from 0.2 to 2.5 mag over the entire 2 months 381

of follow-up, like SN 2006jc. 382

4.3. Absolute light curves 383

Taking into account the distance and reddening estimates re- 384

ported in Section 2, we calculate for SN 2018jmt the absolute 385

magnitude at maximum to be Mg = −19.03 ± 0.37 mag, 386

while the V-band peak absolute magnitude of SN 2019cj is MV 387

= −18.94 ± 0.19 mag. A comparison of the absolute V-band 388

magnitudes for a subset of the Type Ibn SN sample is pre- 389

sented in Fig. 5. When V-band observations were not available, 390

we included observations in adjacent bands for the comparison. 391

For example, in the case of SN 2020bqj, we utilised observa- 392

tions in the r-band. Upon comparing the V-band light curves of 393

SN 2018jmt and SN 2019cj with those of other Type Ibn SNe, 394

we find that they generally follow the behaviour of the template 395

presented by Hosseinzadeh et al. (2017) around the maximum 396

light. SNe Ibn are relatively luminous, with most of them hav- 397

ing absolute V-band magnitudes around −19 mag, but all falling 398

within the range of −18 mag to −21 mag. 399

The heterogeneity of SNe Ibn is more evident in the post- 400

peak decline, as many objects display an almost linear post- 401

peak optical drop, while a few others may show a light curve 402

with double-phase declines: an initially faster luminosity drop 403

followed by a much slower decline. The most extreme case is 404
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OGLE-2012-SN-006, which experienced an early decline slope405

of ≈ 8 mag (100 d)−1, followed by an extended phase charac-406

terised by a nearly flat light curve (∼0.1 mag (100 d)−1 between407

25 and 130 days, and 2 mag (100 d)−1 thereafter). Another ex-408

ample is SN 2020bqj, which exhibits a plateau between −19.1409

and −19.3 mag in the r-band that persists for 40 days, followed410

by a linear decline lasting over 90 days at a rate of 4 mag (100411

d)−1.412

4.4. Pseudo-bolometric light curves413

We calculated the “optical” pseudo-bolometric light curves of414

SNe 2018jmt and 2019cj by integrating the flux contributions415

from individual optical bands. In our analysis, we made the416

assumption that the flux outside the integration limits is zero.417

When photometric data were not available for certain epochs in418

a particular filter, we estimated the flux contribution from the419

missing bands by interpolating between epochs with available420

data or extrapolating from earlier or later available epochs, as-421

suming a consistent colour evolution. We also computed pseudo-422

bolometric light curves, including the contribution of ultravi-423

olet (UV) and NIR photometry when available. The pseudo-424

bolometric light curves for SN 2018jmt, SN 2019cj, and the pro-425

totypical SN 2006jc are displayed in the top panels of Fig. 6.426

The relative flux contribution of each electromagnetic domain to427

the overall pseudo-bolometric light curve is shown in the lower428

panels of Fig. 6.429

Public TESS data of SN 2018jmt would potentially help430

track the evolution of its bolometric luminosity in the pre-431

maximum phase. However, the information on the colour or432

spectroscopic evolution at those early phases is not available.433

Besides, there are known issues regarding the photometric cal-434

ibration across multiple sectors for TESS (Vallely et al. 2021).435

In Vallely et al. (2021), a method was employed where the flux436

offset was selected to match the linear extrapolations from the437

last ∼ 2 days of the earlier sector and the first ∼ 2 days of the438

later sector for flux calibration across different sectors. In the439

case of SN 2018jmt, this approach may introduce a significant440

bias when comparing flux, and thus a photometric correction,441

between pre- and post-maximum phases because the peak lies442

in the sector gap. As a result, linear extrapolation can be a poor443

approximation for the light curve in the gap. Because of these444

two factors, there would be major uncertainties on the bolomet-445

ric correction to apply. For this reason, we only use traditional446

broad-band observations to compute a pseudo-bolometric light447

curve for SN 2018jmt.448

The lack of UV observations for SNe 2018jmt and 2019cj449

limits our ability to accurately determine the real bolometric lu-450

minosity at peak, when the UV contribution is expected to be451

significant. Therefore, we can only provide a lower limit to the452

maximum luminosity for the two objects, that is, L > 1.01×1043453

erg s−1. Throughout the evolution of SN 2018jmt , only minor454

changes are registered in the relative contribution of the optical455

and NIR luminosity. The flux contribution of the optical bands456

dominates the bolometric luminosity, as it accounts for approxi-457

mately 76% of the overall emission. We note, however, that dur-458

ing phases later than +60 days, the object fades below the detec-459

tion thresholds in the optical, while it remains visible in the NIR460

domain up to 100 days. The NIR light curves also show an evi-461

dent flattening, suggesting a dramatic increase in the luminosity462

contribution of the NIR bands over the optical ones.463

It is worth noting that the contribution from near-infrared464

(NIR) emission to the pseudo-bolometric light curve of465

SN 2019cj is relatively small around the time of maximum466

0 10 20 30 40 50

42

43

Lo
g1

0(
Lu

m
in

os
ity

) [
er

g 
s

1 ]

SN 2018jmt
Opt
Opt+NIR

0 10 20 30 40 50
Phases from estimated peak time (Days)

0
10
20
30
40
50
60
70
80
90

Co
nt

rib
ut

io
n 

[%
]

0 10 20 30 40 50 60

42

43

Lo
g1

0(
Lu

m
in

os
ity

) [
er

g 
s

1 ]

SN 2019cj
Opt
Opt+NIR

0 10 20 30 40 50 60
Phases from estimated peak time (Days)

0
10
20
30
40
50
60
70
80
90

Co
nt

rib
ut

io
n 

[%
]

0 20 40 60 80 100

40

41

42

43

Lo
g1

0(
Lu

m
in

os
ity

) [
er

g 
s

1 ]

SN 2006jc
UV+Opt+NIR
UV+Opt
Opt
Opt+NIR

0 20 40 60 80 100
Phases from estimated peak time (Days)

0
10
20
30
40
50
60
70
80
90

Co
nt

rib
ut

io
n 

[%
]

Fig. 6. Pseudo-bolometric light curves of SNe 2018jmt, 2019cj, and
2006jc, along with their UV, Optical, and NIR contributions. Top
panels: Pseudo-bolometric light curves of SNe 2018jmt, 2019cj, 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.

brightness, as it accounts for ∼ 15% of the total luminosity. 467

However, as time progresses, the NIR contribution becomes pro- 468

gressively larger. Interestingly, a similar behaviour was also ob- 469

served in SN 2006jc, where the NIR contribution increased with 470

time and became more dominant at later phases (bottom panel 471

of Fig. 6), and was attributed to the contribution to warm dust in 472
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a cool dense shell (Mattila et al. 2008; Smith et al. 2008). Un-473

fortunately, we were not able to obtain photometry data for SNe474

2018jmt and 2019cj beyond 60 days after their discovery.475

4.5. Spectral energy distribution analysis476

In order to compare in a meaningful way SN 2018jmt, SN 2019cj477

and the prototypical Type Ibn SN 2006jc, we constructed their478

pseudo-bolometric light curves based on the observed wave-479

length range (see details in Section 4.4). Instead, to better esti-480

mate the full bolometric light curves of SNe 2018jmt and 2019cj,481

we fitted the broad-band photometry with a blackbody curve,482

extrapolating the luminosity contribution of the blackbody tails483

outside the observed range. To do so, we performed blackbody484

fits on the Spectral energy distributions (SEDs) of SN 2018jmt485

and SN 2019cj at different epochs, following the descriptions in486

Cai et al. (2018). The resulting full bolometric light curves are487

used to model SNe 2018jmt and 2019cj, as presented in Section488

4.7.489

In Fig. 7, we show the SED evolution of SNe 2018jmt and490

2019cj with their best blackbody fits. During the early and mid-491

dle phases of evolution, the SEDs of both SNe 2018jmt and492

2019cj are well-fitted by a single blackbody. At late-time epochs,493

a single blackbody is unable to well reproduce the NIR fluxes,494

and hence a second blackbody component is needed. The opti-495

cal domain is represented by a “hot” blackbody associated to the496

SN photosphere, in contrast with the “warm” blackbody which497

emerges at late phases. Specifically, as shown in the left panel498

of Fig. 7, the SEDs of SN 2018jmt are well-fitted by a sin-499

gle blackbody until epoch +56.5 d. At the epoch +62.4 d, the500

SED clearly reveals an NIR flux excess over a single blackbody501

model. Hence, it was fitted with two-component (hot+warm502

components) blackbody functions. Although the NIR flux ex-503

cess is likely attributed to the newly formed dust, there is also a504

relevant contribution from the emission lines in the SN spectra,505

which can bring deviations from a thermal continuum (see the506

late spectra of SN 2018jmt in the top panel of Fig. 11).507

The onset of dust formation in SN 2006jc, starting at ∼55 d508

past maximum, is marked by a sharp decline in the optical light509

curves, coincidental with a relative increase in the NIR fluxes510

(see e.g. Di Carlo et al. 2008; Mattila et al. 2008; Anupama et al.511

2009). Unfortunately, since the lack of simultaneous observa-512

tions in optical bands at late epochs from +62.4 to +96.5 d, our513

limited NIR observations cannot give us a stringent constraint514

on the possible dust formation for SN 2018jmt. Assuming the515

late-time NIR emission is purely due to dust condensation, it is516

possible to obtain an estimate of the dust mass for SN 2018jmt517

using the methods adopted and described in Fox et al. (2011);518

Gan et al. (2021); Wang et al. (2024a). We adopt the species519

of dust grains made of graphite and silicate with the same size520

distribution (a = 0.1 µm). The inferred dust masses are about521

3 × 10−6 M� (graphite dust) and 3 × 10−5 M� (silicate dust),522

respectively. It is important to note that these values have to be523

considered as upper limits, due to our simplifying assumptions524

on dust formation. The SED evolution of SN 2019cj is similar to525

that observed in SN 2018jmt (see the right panel of Fig. 7), and526

we hence adopted the same approach and estimated upper lim-527

its on the dust masses in SN 2019cj of the order of several 10−4528

M� for both dust species.529

4.6. Observational parameter correlations 530

To better characterise the light curve evolution of SN 2018jmt 531

and SN 2019cj in the context of SN Ibn variety, we present in 532

Fig. 8 the locations of a large Type Ibn SN sample in the dia- 533

grams of absolute peak magnitude versus rise time, and absolute 534

peak magnitude versus decline rate. Note that the rise time in the 535

V-band for SN 2018jmt was actually estimated using the g-band. 536

Furthermore, the V-band absolute peak magnitude was extrapo- 537

lated based on the initial decline rate observed in the V-band. All 538

of this adds uncertainty to the estimates for this object. 539

The two objects fall in the 1σ confidence interval in the left 540

panel, and their rise times and peak magnitudes are compara- 541

ble to the median values observed in the Type Ibn SN sample 542

(median rise time = 9.6 days, median peak magnitude = −19.19 543

mag). In the right panel, both SN 2018jmt and SN 2019cj fall 544

within the 95% confidence interval (shaded area). SN 2018jmt 545

and SN 2019cj exhibit characteristics similar to other SNe Ibn in 546

our sample, suggesting that they adhere to the typical character- 547

istics of Type Ibn SNe and likely share a similar origin. 548

4.7. Light curve modelling 549

In this section, we present the bolometric light curve modelling 550

of SNe 2018jmt and 2019cj, adopting the (1D spherical) model 551

framework of Maeda & Moriya (2022), under the assumption 552

that their optical emissions are entirely powered by the SN-CSM 553

interaction. We assume a broken power law for the density struc- 554

ture of the SN ejecta, with the outer power slope fixed to be n = 7 555

(ρej ∝ vn), while the inner part is represented by a flat distri- 556

bution. This setup allows the ejecta mass (Mej) and the kinetic 557

energy of the expansion (EK), used as the input parameters, to 558

determine the properties of the SN ejecta. The CSM density dis- 559

tribution is given as ρCSM(r) = 10−14D′(r/5×1014 cm)−s g cm−3, 560

specified by the parameters D′ and s, if a single power-law is as- 561

sumed. 562

Fig. 9 shows the results of the light curve models, and Fig. 563

10 shows the derived CSM density distribution. These models 564

assume Mej = 2 M�, and the EK required to fit the light curve 565

is derived to be 1.6 and 1.9 × 1051 ergs, for SNe 2018jmt and 566

2019cj, respectively. We introduced a two-component CSM for 567

both SNe (see below), represented by the inner and outer com- 568

ponents having different sets of CSM parameters. For the outer 569

components, (s,D′) = (2.6 ± 0.1, 4.2 ± 0.3) for SN 2018jmt, 570

and (2.8 ± 0.1, 4.4 ± 0.3) for SN 2019cj; for the inner compo- 571

nents, (s,D′) = (0.0 ± 0.5, 1.0 ± 0.3) for SN 2018jmt, and 572

(0.1 ± 0.5, 0.8 ± 0.2) for SN 2019cj. The uncertainties here only 573

account for the errors in the bolometric luminosities and the dis- 574

tances; these errors should be treated as lower limits, since the 575

systematic uncertainties linked to the assumptions in the emis- 576

sion model are difficult to quantify and are not included here. 577

The relative errors both in s and D′ are larger for the inner com- 578

ponents, reflecting the larger errors in the BB fits in the pre-peak 579

epochs. Overall, the inferred physical properties are within the 580

range derived for a sample of SNe Ibn (Maeda & Moriya 2022), 581

both for the SN ejecta and CSM. This is expected since the ob- 582

servational properties of the two SNe are similar to other SNe 583

Ibn. Note that the CSM densities of SNe 2018jmt and 2019cj 584

are on the highest side of the SNe Ibn analysed by Maeda & 585

Moriya (2022), but it can partly be an artefact; they used quasi- 586

bolometric LCs and therefore might have underestimated the 587

CSM densities for the samples of SNe Ibn shown here. 588

As discussed by Maeda & Moriya (2022), the parameters 589

of the CSM (s and D′) can be well constrained from the post- 590
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peak light curves. The ejecta properties are on the other hand not591

uniquely determined. In the post-peak light curves (i.e. after the592

shock enters into the outer CSM component), the kink where the593

decline rate accelerates can be interpreted as a transition phase594

of the shock from the cooling regime to the adiabatic regime, and595

EK is determined from this transition for a given Mej. However,596

the outer ejecta structure degenerates in terms of a combination597

of Mej and EK, and for n = 7 adopted here, this scaling is given as598

EK ∝
√

Mej (e.g. Moriya et al. 2013). Models with more massive599

ejecta can reproduce essentially the same light curve if the ejecta600

properties follow this relation; for example, the light curves of601

SNe 2018jmt and2019cj can be fit with Mej = 4 M� if EK is602

increased to ∼ (2.3 − 2.7) ×1051 erg. The same applies to the603

less-massive ejecta case, but with another constraint: the ejecta604

mass cannot be too low, otherwise the reverse shock reaches the605

inner part of the ejecta too early (which is the argument used by606

Nagao et al. 2023 in constraining the ejecta properties for SNe607

Icn). From the light curve calculations, we find the lower limits608

for the ejecta masses as Mej > 1.6 M� for SN 2018jmt and >609

1.8 M� for SN 2019cj.610

Under the model framework, the CSM density distribution is611

uniquely determined. Similar CSM density structures are derived612

for SNe 2018jmt and 2019cj, both within the range found for613

a sample of SNe Ibn. The slopes of the outer components are614

similar to other SNe Ibn (s ∼ 2.5 − 3; Maeda & Moriya 2022),615

indicating the increase of the mass-loss rate in the last few years616

towards the explosion. With the (outer) CSM parameters used to 617

fit their post-peak light curves, we find that the diffusion time 618

scale becomes too short (a few days) compared to the rise time 619

(about 10 days). This indicates that the inner part of the CSM 620

density distribution could deviate from the extrapolation from 621

the outer part of the CSM distribution. We are thus motivated to 622

introduce the inner CSM component separately from the outer 623

component. By adopting the flatter density distribution for the 624

inner part (Fig. 10), the pre-peak light curve evolution is well 625

reproduced (Fig. 9). 626

The two-component CSM, with the flat part inside and the 627

steep part outside, has been inferred for a few SNe Ibn follow- 628

ing a similar analysis (Maeda & Moriya 2022). We note that this 629

may likely be a common property of SNe Ibn; this analysis re- 630

quires intensive photometric data in the pre-peak phase, and the 631

flat inner part has been frequently inferred when such data are 632

available. This highlights the importance of discovering SNe Ibn 633

soon after the explosion and coordinating the high-cadence and 634

intensive follow-up observations immediately after the discov- 635

ery, as demonstrated in the present work for SNe 2018jmt and 636

2019cj. 637

Most of the SNe Ibn decline rapidly after the peak without 638

requiring an additional energy input from the 56Co decay; this 639

sets the upper limits for the masses of 56Ni ejected in SNe Ibn, 640

which have been found to be lower than the typical amount es- 641

timated for canonical SNe Ib/Ic (Drout et al. 2011; Lyman et al. 642
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Fig. 8. Phase-space diagrams showing peak magnitudes versus rise time (left), and peak magnitudes versus decline rates (right) for a sample of
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Data for comparison objects are taken from Matheson et al. (2000); Pastorello et al. (2007, 2008b); Mattila et al. (2008); Pastorello et al. (2008a);
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2016; Ouchi et al. 2021; Maeda & Moriya 2022). We performed643

this test in Fig. 9, where the two light curves powered by the644

hypothetical 56Ni/56Co decay for the cases with Mej = 2 and 4645

M� for SN 2018jmt are shown. Similar limits are obtained for646

SN 2019cj. The upper limits thus obtained, M(56Ni) = 0.15 or647

0.08 M�, are below the mean 56Ni production found in a sample648

of canonical SNe Ib/c (Meza & Anderson 2020, but see Ouchi649

et al. 2021). However, the limits here are not very strong and650

within the diversity of canonical SNe Ib/c; longer-term follow-651

up observations until later epochs might have placed a stronger652

constraint, as were found for some SNe Ibn.653

5. Spectroscopy654

5.1. Spectral sequence of SN 2018jmt655

SN 2018jmt was monitored in optical spectroscopy from its dis-656

covery until approximately 60 days after maximum brightness.657

Top panel of Fig. 11 displays, in chronological order, our spec-658

tra of SN 2018jmt. The first spectrum shown corresponds to the659

classification spectrum (Castro-Segura et al. 2018). During the660

entire observational period, the spectra exhibit a modest evolu-661

tion. The He i lines are the most prominent features observed in662

the spectra of SN 2018jmt. Some of these lines exhibit complex663

profiles, with narrow features overlaid on broader line compo- 664

nents (e.g. in the +18 d spectrum). 665

The earlier spectra of SN 2018jmt reveal a blue continuum. 666

By fitting a blackbody model to the first four spectra (taken at 667

2.6, 3.5, 7.0, and 7.5 days after the maximum light), the pho- 668

tospheric temperature ranges from 12,000 to 9,000 K. Notably, 669

significant P-Cygni profiles are observed in the He i 5876 Å line, 670

with the minimum being blueshifted by about 600 - 1000 km s−1. 671

Several He i lines are also identified at 4471, 4921, 5016, 6678, 672

7065, and 7281 Å. 673

Furthermore, we note the presence of a weak and narrow Hα 674

with a P-Cygni profile (the minimum of the P-Cygni absorption 675

is blue-shifted by about 150 - 300 km s−1). It is worth mentioning 676

that other Balmer lines, which are prominent in Type IIn SNe, 677

are only marginally detected in SN 2018jmt. 678

In the subsequent three spectra (from +18 to +56 d), the 679

dominant feature is a blue pseudo-continuum that extends up 680

to approximately 5600 Å. The nature of this blue pseudo- 681

continuum has been extensively discussed by Stritzinger et al. 682

(2012) and Smith et al. (2012). They propose that it arises from 683

a combination of numerous narrow and intermediate-width Fe 684

lines, similar to those observed in SN 2005ip (with a vFWHM ∼ 685

150 - 200 km s−1) and SN 2006jc (with a vFWHM ≈2000 - 2500 686

km s−1; Chugai 2009). This blend of Fe lines can explain sev- 687
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Fig. 9. Models for the bolometric light curves of SNe 2018jmt (blue
triangles) and 2019cj (red circles). The models shown here assume Mej

= 2M�, resulting in EK = 1.6 and 1.9×1051 ergs for SNe 2018jmt and
2019cj, respectively. The CSM parameters are as follows; for the outer
components: (s,D′) = (2.6, 4.2) for SN 2018jmt (blue), and (2.8, 4.4)
for SN 2019cj (red); for the inner components: (s,D′) = (0.0, 1.0)
for SN 2018jmt (cyan), and (0.1, 0.8) for SN 2019cj (magenta). The
thick-dashed curve is the expected contribution from the 56Ni/Co de-
cay with M(56Ni) = 0.15M� taking into account the optical depth to
the decay γ-rays adopting Mej = 2M� and EK = 1.6 × 1051 erg (for
SN 2018jmt), which sets the upper limit for M(56Ni). The same curve
but with M(56Ni) = 0.08M� is shown by the thin-dashed line, for the
case adopting Mej = 4M� and EK = 2.3 × 1051 erg.

eral features observed in the spectrum of SN 2018jmt. They ac-688

count for the apparent discontinuity in the continuum at around689

5600 Å, the broad ‘W’-shaped feature between 4600 and 5200690

Å (although some He i lines may also contribute to it), and the691

broad bump observed between 6100 and 6600 Å.692

At 18.4 days after maximum, prominent He i lines in emis-693

sion are observed at λ3889, λ4388 (weak), λ4471, λλ4921,694

5016, λ5876 (possibly blended with the Na i doublet), λ6678,695

λ7065, and λ7281. These lines exhibit an emission compo-696

nent that largely dominates over the blue-shifted absorption.697

The most prominent He i emission features display a distinct698

double-component profile. By deconvolving the λ7065 line into699

Lorentzian and Gaussian components, we deduce the presence of700

a broader component with a FWHM velocity of ∼ 2800 km s−1,701

which shows marginal evolution over time. Additionally, a nar-702

rower line with a FWHM velocity of ∼ 950 km s−1 is super-703

imposed on the broader component. From this spectrum, there704

is a marginal detection of the Hα line (possibly blended with705

C ii λ6578) and possibly even Hβ. We also identify Mg i λ5528,706

Ca iiH&K λλ3934,3969, as well as O i λ6158. We searched for707

the presence of lines typical of thermonuclear SNe, such as708

S ii and Si ii ions, but we were unable to securely identify them.709

It is likely that Fe ii lines are responsible for the majority of the710

broad absorption blends observed at λ < 5600 Å. Additionally,711

broad bumps are detected around 7900 Å (likely attributed to712

Mg ii λλ7877,7896), 8200 Å (possibly Mg ii λλ8214,8235 lines),713
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Fig. 10. 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 comparison,
the CSM distribution by a steady-state mass loss is shown by the dashed
lines for the CSM density parameter of A∗ = 30, 000 and 1, 000 (corre-
sponding to D′ = 6 and 0.2 with s = 2.0). On the bottom, the look-back
time in the mass-loss history is indicated, assuming vw = 500-1, 000 km
s−1.

8500 Å (due to Ca II NIR triplet), and 9200 Å (attributed to 714

Mg ii λλ9218,9244 lines). 715

At later epochs, the emission lines become stronger, allow- 716

ing for a more robust identification of the spectral features. Us- 717

ing our latest spectra taken at 41.5 and 56.2 days after max- 718

imum light, we accurately identify the most prominent fea- 719

tures, as shown in Fig. 11. However, it should be noted that 720

the S/N in these spectra is relatively low. We continue to ob- 721

serve the prominent He i lines, now exhibiting a FWHM veloc- 722

ity of ∼ 3200 km s−1. Once again, we tentatively identify Hα 723

and Hβ (vFWHM ∼ 600 km s−1) emission lines, although alter- 724

native identifications cannot be completely ruled out, such as 725

C ii (λ 6578) and N ii (λ 4803). 726

5.2. Spectral sequence of SN 2019cj 727

The spectroscopic monitoring campaign of SN 2019cj began 4 728

days after its discovery and lasted for 20 days. Information re- 729

garding the spectroscopic observations can be found in Table 730

A.2, while the sequence of available spectra for SN 2019cj is 731

shown in Fig. 11, bottom panel. 732

The first spectrum, obtained 8.1 days after the explosion (i.e. 733

2.1 days before the maximum light), exhibits a blue continuum. 734

By fitting a blackbody to the continuum, we infer a tempera- 735

ture of Tbb = 16800±2400 K. The most prominent emission fea- 736

ture is observed in the blue region of the spectrum, specifically 737

around 4660 Å, and it displays a double-peaked profile. The red- 738

der component of the emission is most likely to be He ii λ4686. 739

On the other hand, the bluer emission is possibly attributed to 740

either C iii λ4648 or N iii λ4640, or a combination of both. We 741

note that these lines, which were also identified by Silverman 742

et al. (2010) and Cooke et al. (2010), are commonly seen in 743
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WR winds. They are also frequently observed as “flash spec-744

troscopy” features in very early spectra of many CC SNe (e.g.745

Gal-Yam et al. 2014; Bostroem et al. 2023; Bruch et al. 2023;746

Zhang et al. 2023; Jacobson-Galán et al. 2024b,a). A similar747

characteristic was also detected in the early spectra of other SNe748

Ibn, such as SN 2010al (Pastorello et al. 2015a) and SN 2019uo749

(Gangopadhyay et al. 2020). A low-contrast feature is observed 750

around 5830-5890 Å, and it is likely due to the He i λ5876, ex- 751

hibiting a weak P-Cygni profile. 752

Between the second and third spectra (taken 1.1 and 0.2 753

days before maximum light), we still observe a dominant blue 754

continuum, with a photospheric temperature (Tbb) decreasing 755
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from 16700±2700 K to 14300±1900 K. The blend of lines756

from highly ionised elements, detected in the first spectrum at757

4600−4700 Å, gradually weakens, although remaining the most758

prominent feature, and still displaying a double-peaked profile.759

In the spectrum taken at maximum light, other lines start to760

emerge, in particular, He i λ5876, which exhibits a very narrow761

P-Cygni profile. The position of the minimum of the blue-shifted762

absorption component suggests a velocity of the He-rich mate-763

rial around 740 km s−1. In the fourth spectrum (+3.2 days), Tbb764

has decreased to 11900±1200 K, while the P-Cygni He i lines765

become progressively more prominent. From the position of the766

absorption minimum, we infer an expansion velocity of approx-767

imately 1200 km s−1. The previously observed feature at around768

4600-4700 Å has now completely vanished. Furthermore, an- 769

other weak P-Cygni feature can be seen in the spectrum, specif- 770

ically the He i λ6678 line. The subsequent spectrum (+5.7 days) 771

does not exhibit any significant changes or evolution, except 772

a slightly redder continuum (Tbb = 8800±1400 K). The spec- 773

trum obtained at 14.7 days after maximum displays significant 774

changes. The continuum has shifted towards redder colours, with 775

a photospheric temperature of 7400±1000 K. The most promi- 776

nent line observed is He i λ5876, which is mainly in emission and 777

exhibits a FWHM of approximately 5600 km s−1. Additionally, 778

several new emission lines are detected, including He i λλ4921, 779

5016, and λ7065. In the last spectrum taken on day 18.5, most 780

features observed in the previous spectrum are confirmed, with a 781
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Fig. 13. Velocity evolution of the He i emission lines. In the left panel, the velocity evolution of the narrow He i line 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).

notable blue pseudo-continuum. The lines of He i λ5016, λ5876782

(possibly blended with Na i D), λ6678, and λ7065 are now seen783

as prominent emission features. We can confidently rule out any784

S ii features. The absorption observed around 6300 Å could po-785

tentially be attributed to Si ii λ6355, while alternative identifica-786

tions include Mg ii λ6346 and/or [O i ] λλ6300, 6364.787

The transition of the spectral features from the ‘flash’ fea-788

tures to those of a classical Type Ibn SN might be consistent789

with the two-component CSM structure inferred through the LC790

modeling. When the shock is in the inner component (in the pre-791

maximum phase), with sufficiently dense materials to create the792

recombination lines and not yet swept up, they might create the793

highly ionised emission lines as irradiated by the high-energy794

photons from inside. Once the shock enters into the outer com-795

ponent (in the post-maximum phase), the CSM density above796

the shock wave rapidly decreases, and thus they are not able to797

produce the recombination lines anymore. We note that the pre-798

maximum spectra to test the same prediction for SN 2018jmt are799

not available. However, lacking detailed spectral modeling, this800

picture is only speculative; this needs to be verified by future801

efforts in both theoretical modeling and advanced observations.802

5.3. Comparison of Type Ibn SN spectra803

In Fig. 12, we present a comparison of the pre-peak, around-804

peak, and late-time spectra of SN 2018jmt and SN 2019cj with805

those of other SNe Ibn at similar phases. On top of Fig. 12, an806

early spectrum of SN 2019cj is compared with pre-peak spec-807

tra of other Type Ibn SNe, including SN 2019uo, iPTF15ul,808

OGLE-2012-SN-006, and SN 2010al. The pre-peak spectra of809

these SNe exhibit notable differences. SN 2019uo, iPTF15ul,810

and OGLE-2012-SN-006 display evident Hα lines, while in811

SN 2010al and SN 2019cj, this feature is very faint or missing. 812

The He i λ5876 line is quite prominent in OGLE-2012-SN-006, 813

SN 2010al, and SN 2019cj, whereas it is missing or weak in 814

SN 2019uo and iPTF15ul. One of the strongest features visi- 815

ble in the early spectra SNe 2019uo and 2019cj is observed at 816

around 4660 Å, showing a double-peak profile, likely a blend 817

of He ii and N iii /C iii (see Sect. 5.2). The situation is different 818

in the OGLE-2012-SN-006 spectrum, where this line is not se- 819

curely detected, but a broad absorption feature is present at a 820

similar position, likely due to O ii lines (Pastorello et al. 2015e). 821

We remark that O ii lines have never been observed before in SNe 822

Ibn, although these lines are ubiquitously observed in the early 823

spectra of super-luminous stripped-envelope (SE) SNe (Quimby 824

et al. 2011). 825

In the middle of Fig. 12, a spectrum around the peak of 826

SN 2018jmt and SN 2019cj is compared with spectra of SNe 827

2019kbj, 2010al, and 2006jc taken at similar phases. The spectra 828

of SNe Ibn share a very similar blue continuum with narrow P- 829

Cygni profiles of He i lines. However, there are some subtle dif- 830

ferences. Specifically, Hα is still observable as a weak emission 831

in SN 2019kbj and SN 2010al, while its presence is not secure in 832

the spectra of SN 2018jmt and SN 2019cj. In this small sample, 833

SN 2006jc is somewhat of an exception, as its spectrum shows a 834

larger number of lines with a broader width. While the phase of 835

SN 2006jc is measured relative to its peak time, which is relative 836

to the presumed time of the maximum light (MJD = 54012.29, 837

according to Maund et al. 2016), the properties of the spectrum 838

suggest a somewhat older evolutionary phase. 839

At the bottom of Fig. 12, a late spectrum of SN 2018jmt 840

and one of SN 2019cj is compared with those of SNe 2020bqj, 841

2010al, and 2006jc at similar phases. The spectra of the five ob- 842

jects exhibit a remarkable similarity in terms of the blue pseudo- 843
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continuum and the presence of prominent broader spectral lines.844

The wide velocity range observed in these lines can be attributed845

to various gas regions where they originate, such as the unper-846

turbed CSM, shocked shells, shocked or unshocked supernova847

ejecta, or a combination of different emitting regions (Pastorello848

et al. 2016).849

5.4. He I line velocity evolution850

The velocity evolution of the spectral lines allowed us to con-851

strain the properties of the stellar wind and understand the nature852

of the emitting regions. SNe that interact with the CSM, such as853

Type Ibn and Type IIn events, exhibit lines with multiple-width854

components. These components are believed to originate from855

different gas regions (Chugai 1997).856

In SNe Ibn, the presence of multiple components in the spec-857

tral lines indicates that the emitting material is expanding at dif-858

ferent velocities. When a clear P-Cygni profile is identified, the859

velocity of the He-rich expanding material can be determined by860

measuring the position of the minimum point of the blue-shifted861

absorption. If this component is undetected, the velocity is es-862

timated by measuring the FWHM of the strongest He i emission863

lines, which are obtained by deblending the full line profile using864

Gaussian fits. The evolution of velocities in He i emission lines865

is illustrated in Fig. 13.866

The study of the narrowest line profiles provides insights into867

the velocity of the unshocked CSM and offers key information868

about the mass-loss history of the progenitors of SNe Ibn in the869

latest stages of its life. The temporal evolution of the velocity870

of the narrow He i line components is shown in the left panel871

of Fig. 13. In most cases, including SN 2018jmt and SN 2019cj,872

the narrow He i components in our spectral sample exhibit ve-873

locities of 800-1000 km s−1. It is worth noting that, due to the874

limited spectral resolution of the spectra, the measurements for875

the two SNe should be considered as upper limits in some cases.876

However, it is worth noting that the narrowest components ob-877

served in the spectra of our Type Ibn supernova sample span878

a wide range of velocities. Objects such as PS1-12sk (approxi-879

mately 250 km s−1) and the two transitional Type Ibn/IIn SNe,880

SNe 2005la (about 500 km s−1) and 2011hw (200-250 km s−1),881

display the lowest velocities for the unperturbed CSM. On the882

other extreme, LSQ13ccw, iPTF13beo, and SN 1999cq exhibit883

narrow components with P-Cygni profiles having velocities of884

approximately 1900-2300 km s−1. Such a large range of CSM885

velocities, as identified by Pastorello et al. (2016), suggests that886

Type Ibn SNe may arise from different progenitor types and/or887

different explosion mechanisms.888

The evolution of the expansion velocities for the intermedi-889

ate/broad components of the He i lines is shown in right panel of890

Fig. 13. These components exhibit velocities that are 4-6 times891

higher than those measured for the narrow components. Unlike892

the narrow features, the broader components of the He i lines893

experience a significant evolution over time. This evolution is894

influenced by the velocity of the ejecta and the density of the895

interacting material. The velocities of these broader compo-896

nents can provide insights into the gas interface between two897

shock fronts, which in turn depend on the speed of the ex-898

panding SN ejecta. An increasing velocity of the intermedi-899

ate/broad He i components is observed in SN 2010al, ASASSN-900

15ed, SN 2018jmt, SN 2005la, and PS1-12sk. In some cases,901

the He i lines become narrower with time. For instance, in SN902

2002ao, the width of the He i intermediate component decreases903

by a factor of 2 within three weeks. This trend is also observed904

in SNe 2014av, 2000er, 2002ao, 2019cj and 2006jc. This appar-905

ent decline in the velocity of the shocked gas regions is possibly 906

attributed to an increased density of the CSM. 907

6. Summary and discussion 908

The high-cadence TESS light curve of SN 2018jmt presented by 909

Vallely et al. (2021) reveals no evidence for a rapidly evolv- 910

ing shock breakout peak. The subsequent light-curve rise time 911

to maximum light is 13.4 ± 0.3 days, slightly longer than 912

the 10.2 days estimated in this paper for SN 2019cj (in the 913

T -band and V-band, respectively). At maximum, SN 2018jmt 914

and SN 2019cj exhibit a similar luminosity, reaching a peak 915

magnitude of Mg ∼ -19 mag and MV ∼ -19 mag, implying 916

a very similar bolometric luminosity of about 1043 erg s−1. 917

The post-peak decline in the light curve of SN 2018jmt is ini- 918

tially steep (γ0−15(r) ≈ 0.13 mag d−1) and then slows down 919

(γ15−60(r) ≈ 0.04 mag d−1), whereas in the case of SN 2019cj, it 920

starts off slow (γ0−15(r) ≈ 0.05 mag d−1) and then becomes steep 921

(γ15−48(r) ≈ 0.09 mag d−1), as reported in Table 1. This is con- 922

sistent with the decline rate range of γ0−15(R): 0.05 ∼ 0.24 mag 923

d−1 observed in the SN Ibn group (Hosseinzadeh et al. 2017). 924

The spectra of SN 2018jmt evolve from a distinct blue 925

continuum in the early phases to being dominated by narrow 926

He i lines (v ∼ 600 - 1000 km s−1), while Tbb ranges from 12,000 927

to 9,000 K. A weak and narrow Hα line with a P-Cygni pro- 928

file (v ∼ 150 - 300 km s−1) is present, while other Balmer lines 929

are either absent or weak. In the subsequent stages, the spectra 930

exhibit a blue pseudo-continuum with a narrower line superim- 931

posed on the broader component, which eventually transitions 932

into a broad line (vFWHM ∼ 3200 km s−1). At the early stages 933

of SN 2019cj, an intriguing feature observed in the spectra is 934

the potential identification of flash ionisation signatures formed 935

within a He-rich CSM. The most prominent line in the subse- 936

quent spectra of SN 2019cj was the He i line at 5876 Å, initially 937

displaying a P−Cygni profile (v ∼ 740 - 1200 km s−1) and later 938

transitioning into broad features in emission (vFWHM ∼ 5600 939

km s−1). 940

The high intrinsic luminosity, the blue colours persisting for 941

a long time, the emission-line spectra, and the fast-declining 942

light curve without any apparent flattening to the 56Co tail sug- 943

gest that the observables of SNe 2018jmt and 2019cj are primar- 944

ily due to ejecta−CSM interaction. In particular, as there is no 945

spectroscopic evidence of dust formation (e.g. blue-shifted line 946

emission peaks), the faint late-time luminosity of the two SNe 947

(see Fig. 9) can be explained assuming that the contribution of 948

the synthesised 56Ni/56Co to the light curve is very small. 949

From light curve modelling (see Fig. 10), we may determine 950

the CSM configuration of SNe 2018jmt and 2019cj. The CSM 951

distribution is constrained within a range from 5×1014 to 5×1015 952

cm. The inner and outer radii correspond to look-back times of 953

approximately 0.1 to 0.2 years and 1 to 2 years, respectively, 954

assuming a mass-loss history with vw = 500 to 1000 km s−1. No- 955

tably, the CSM distribution exhibits a steeper trend compared 956

to steady-state mass loss, characterised by a power-law index of 957

approximately s = 3. Furthermore, the derived CSM density is 958

remarkably high for the outer components, with D’ = 4.2 for 959

SN 2018jmt and 4.4 for SN 2019cj. At a distance of approxi- 960

mately 5×1014 cm, this corresponds to D ∼ (4.2 and 4.4)×10−14 961

g cm−1 or A∗ ∼ 21, 000 and 22, 000; Ṁ ∼ 0.21 and 0.22 M� yr−1 962

for vw = 1,000 km s−1, or Ṁ ∼ 0.105 and 0.11 M� yr−1 for vw = 963

500 km s−1. These two objects exhibit an inner flat CSM com- 964

ponent and an outer steep CSM component at a radius of ap- 965

proximately (0.8 − 1) × 1015 cm. A common feature in SNe Ibn 966
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is the possible existence of the inner flat part CSM component,967

as observed in SNe 2010al, 2011hw, and LSQ12btw (Maeda &968

Moriya 2022). Considering the timescale of the two-component969

CSM transition, 0.3 − 0.6 years, it is possible that this new com-970

ponent corresponds to an eruptive pre-SN mass-loss event as ob-971

served in SN 2006jc (Pastorello et al. 2007). In this latter object,972

the outburst occurred approximately two years prior to the SN973

explosion.974

6.1. Host environment metallicity975

Pastorello et al. (2015b) conducted a characterisation study of976

the host galaxies of SNe Ibn, revealing that all of them were977

found in spiral galaxies, with the exception of PS1-12sk, which978

originated in the outskirts of an elliptical galaxy (Sanders et al.979

2013). In order to explore the possible connection of SNe Ibn980

with the evolution of very massive WR stars, we study the en-981

vironments of our two Type Ibn SNe. SN 2018jmt exploded982

within an edge-on disc galaxy, most likely a spiral galaxy, while983

SN 2019cj occurred in the outskirts of a late-type (Sc-type) spiral984

galaxy.985

The oxygen abundance for the host galaxies at the SN loca-986

tion can be calculated using the luminosity-metallicity relation987

of Pilyugin et al. (2004). The oxygen abundance at the location988

of SN 2018jmt is approximately 8.54 dex, while for SN 2019cj,989

it is 8.62 dex. These values are nearly solar, assuming a So-990

lar metallicity of 12 + log(O/H) = 8.69 dex (see e.g. Asplund991

et al. 2009; von Steiger & Zurbuchen 2016; Vagnozzi 2019). Pa-992

storello et al. (2015b) estimated an average metallicity of 12 +993

log(O/H) = 8.63 ± 0.42 at the SN positions for Ibn SNe. Taddia994

et al. (2015), using a smaller sample, found a slightly lower av-995

erage oxygen abundance of 12 + log(O/H) = 8.45 ± 0.10. The996

discovery of SNe Ibn in environments spanning a wide range of997

metallicities led Pastorello et al. (2016) to suggest that metal-998

licity has a marginal influence on the evolutionary path of the999

progenitors of SNe Ibn.1000

6.2. Progenitor and explosion scenarios1001

In our attempts to model the light curves of SNe 2018jmt and1002

2019cj, we constrained the physical parameters as follows:1003

– Ejecta: Mej ranges between 1 M� to 4 M� , and EK is of the1004

order of 1051 erg, although there is some degeneracy in the1005

above values. Adopting an average value of Mej = 2 M� for1006

the two objects, EK ∼ 1.6×1051 erg for SN 2018jmt and 1.9×1007

1051 erg for SN 2019cj are required to fit the light curves. Our1008

analysis provides lower limits for the ejecta masses as Mej >1009

1.6 M� for SN 2018jmt and > 1.8 M� for SN 2019cj.1010

– CSM: We adopt Mej = 2 M� and a two-zone CSM dis-1011

tribution, with a flat-density inner component (s ∼ 0.1,1012

D′ ∼ 0.9) and a steeper density outer component (s ∼1013

2.7, D′ ∼ 4.3). Specifically, for the outer components,1014

we obtained (s,D′) = (2.6 ± 0.1, 4.2 ± 0.3) for SN 2018jmt1015

and (2.8 ± 0.1, 4.4 ± 0.3) for SN 2019cj. For the inner1016

components, we infer (s,D′) = (0.0 ± 0.5, 1.0 ± 0.3) for1017

SN 2018jmt and (0.1 ± 0.5, 0.8 ± 0.2) for SN 2019cj.1018

– 56Ni production: While the light curves of the two SNe1019

can be comfortably reproduced with a pure CSM-interaction1020

model, without necessarily invoking a 56Ni production, we1021

could constrain an upper limit for the ejected 56Ni mass from1022

the late luminosity. Assuming ejected masses of Mej = 2 M�1023

and 4 M� , respectively, we obtained 0.15 M� and 0.08 M� as1024

upper limits for the 56Ni amounts (the above values are vir- 1025

tually identical for SNe 2019cj and 2018jmt). 1026

The above CSM properties (D′) are quite close to the upper 1027

limit expected for Type Ibn SNe. According to Maeda & Moriya 1028

(2022), when the mass-loss rate significantly exceeds D′ ∼ 4, the 1029

entire helium envelope is ejected. Further mass loss could then 1030

lead to the formation of a C/O−rich CSM and would result in the 1031

emergence of SNe Icn. 1032

6.2.1. Thermonuclear SNe from He white dwarfs 1033

SNe 2018jmt and 2019cj exhibit a rise time of approximately 1034

10 days, thus belonging to the well-populated sample of fast- 1035

evolving SNe Ibn. The evolutionary timescales of these SNe Ibn 1036

resemble those observed in other classes of transients. SN 1037

2002bj (Poznanski et al. 2010), in particular, is a fast-evolving, 1038

He-rich transient that was tentatively interpreted as a helium 1039

shell detonation on a white dwarf (an example of the so-called 1040

Type .Ia SNe; see Bildsten et al. 2007). These transients are ex- 1041

pected to be relatively faint, with peak magnitudes ranging from 1042

−15 to −18 in the V-band (Perets et al. 2010; Kasliwal et al. 1043

2010; Perets et al. 2011; Fesen et al. 2017). More importantly, 1044

they exhibit a rapid evolution, typically with a rise time of 1 to 6 1045

days, with dimmer objects usually experiencing a faster rise. The 1046

sample of Type .Ia SN candidates includes 56Ni masses ranging 1047

from very small values (0.02 M� in the case of SN 2010X; Kasli- 1048

wal et al. 2010) to ∼0.2 M� for SN 2002bj (Kasliwal et al. 2010). 1049

The upper limits for the 56Ni mass estimated for SN 2018jmt and 1050

SN 2019cj are alone not sufficient to rule out the possibility of a 1051

Type .Ia SN interpretation. 1052

However, the ejecta/CSM parameters estimated for SNe 1053

2018jmt and 2019cj are inconsistent with those expected in a 1054

very low progenitor mass scenario. For instance, interpreting 1055

them as thermonuclear SNe from He white dwarfs is an improb- 1056

able scenario, given the relatively high ejected masses and the 1057

overall CSM parameters. Another argument against a thermonu- 1058

clear explosion of white dwarfs is the lack of the S ii spectral 1059

lines typical of SNe Ia, and also the Si II features are not securely 1060

detected. For all these reasons, we believe that the two SNe Ibn 1061

are explosions associated with much more massive envelope- 1062

stripped stars. 1063

6.2.2. Core-collapse SNe from moderate-mass He stars in 1064

binary systems 1065

Important constraints on the progenitor’s nature can be inferred 1066

by studying the circumstellar wind, in particular, the compo- 1067

sition and the velocity of the CSM. SNe 2018jmt and 2019cj 1068

exhibit emission-line spectra with faint or absent H features, 1069

while the prominent lines of He I suggest wind velocities of 1070

700 − 1000 km s−1. The broadening of the He I emission compo- 1071

nents with time suggests the presence of an intermediate-width 1072

component, and a growing intensity of the shocked region emis- 1073

sion. The initial wind velocity is quite consistent with that ex- 1074

pected in WR winds, although similar velocities were also ob- 1075

served in the Type Ibn SN 2015G (Shivvers et al. 2017), whose 1076

progenitor was proposed to be a moderate-mass He star in a bi- 1077

nary system (Sun et al. 2020). 1078

Ejected masses higher than 1.6 − 1.8 M� are consistent with 1079

those expected in canonical SE CC SNe, or even in some gi- 1080

ant, non-terminal eruptions of very massive stars (Karamehme- 1081

toglu et al. 2021). While a significant amount of 56Ni is synthe- 1082

sised in a SE CC SN explosion, giant eruptions are expected to 1083
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produce no 56Ni. Unfortunately, for SN 2018jmt and 2019cj, we1084

could only pose upper limits on the 56Ni masses (≤ 0.08 − 0.151085

M� ), which are lower than the average 56Ni production observed1086

in canonical SE CC SNe, although similar amounts were occa-1087

sionally observed in SNe Ibc (e.g. Richmond et al. 1996; Hunter1088

et al. 2009). 56Ni masses of a few ×10−3 M� were also observed1089

in faint H-rich CC SNe (e.g. Spiro et al. 2014). However, we1090

need to remark that the zero 56Ni mass case, supportive of a non-1091

terminal eruption, cannot be ruled out. For this reason, we can1092

conclude that the 56Ni mass constraints alone do not allow one1093

to discriminate between CC SNe and giant eruption scenarios.1094

From Fig. 8, we note that most SNe Ibn cluster in a small re-1095

gion of the phase-space diagrams, possibly suggesting some ho-1096

mogeneity in the explosion scenarios and the progenitor masses,1097

hence the involvement of moderate-mass stars rather than mas-1098

sive progenitors. As mentioned above, Sun et al. (2020) pro-1099

posed that SNe Ibn may originate from lower-mass progenitors1100

in interacting binary systems, and the pre-SN eruptions occa-1101

sionally observed before the explosion of some Type Ibn SNe1102

could also be triggered by binary interaction.1103

In brief, a plausible scenario for SNe 2018jmt and 2019cj is1104

that they arose from the explosion of relatively massive stars pro-1105

ducing partially stripped CC SNe. This conclusion is also sup-1106

ported by the inspection of the latest spectrum of SN 2018jmt1107

(+56 d), which exhibits some similarity to the spectra of a CC1108

SN in the transition towards the nebular phase. In fact, while the1109

[O I] λλ6300, 6364, was not securely identified, the strength-1110

ening of the He I λ7281 line vs. the He I λ7065 can likely be1111

attributed to the emerging of the [Ca II] λλ7291, 7324 doublet, a1112

classical feature of CC SNe in the nebular phase.1113

6.2.3. The explosion of massive Wolf-Rayet stars1114

Another plausible scenario is that SNe 2018jmt and 2019cj mark1115

the endpoints of the lives of higher-mass WR stars. Maeda &1116

Moriya (2022) suggested that at least a fraction of SNe Ibn is1117

produced by the explosion of envelope-stripped WRs with zero-1118

age main sequence masses (MZAMS ) exceeding 18 M� . This in-1119

terpretation would have some evident advantages. Invoking a1120

massive WR progenitor would comfortably explain the erup-1121

tive pre-SN mass loss events, as well as the CSM composition1122

and velocity of typical SNe Ibn. The observed properties of SNe1123

2018jmt and 2019cj are quite similar to those of classical SNe1124

Ibn (Pastorello et al. 2016; Hosseinzadeh et al. 2017).1125

In this scenario, the binding energy of the helium or carbon-1126

oxygen (C+O) core is estimated to be around 1051 erg (Maeda1127

& Moriya 2022). Consequently, if the canonical explosion en-1128

ergy (approximately 1051 erg, as constrained by the light-curve1129

analysis) is achieved during the supernova explosion following1130

neutron star (NS) formation, a significant amount of fallback1131

onto the NS, which may or may not lead to black hole forma-1132

tion, is expected. Due to this fallback, the ejection of 56Ni will1133

be minimal or nonexistent (Woosley & Weaver 1995; Zampieri1134

et al. 1998; Maeda et al. 2007; Moriya et al. 2010). According to1135

Valenti et al. (2009), the absence of [O I] 6300, 6364 lines in the1136

late spectra is also in agreement with the expectations of the fall-1137

back SN scenario. During their evolution, these high-mass stars1138

develop large cores with high luminosity. While the relationship1139

between core nature and final evolution is yet to be fully under-1140

stood (Fuller 2017; Fuller & Ro 2018), the substantial luminos-1141

ity could contribute to heightened activity in the final stages just1142

before CC, resulting in a significant increase in mass-loss rate1143

leading up to the SN event. According to Heger et al. (2003) and1144

Langer (2012), it is reasonable to expect that massive stars with1145

initial masses greater than 18 M� lose mass through strong stel- 1146

lar winds also without the need for a binary companion, leaving 1147

a C+O core surrounded by a He-rich CSM. 1148

WR stars much more massive than ∼18 M� can also produce 1149

SN-like phenomena with properties compatible with those ob- 1150

served in Type Ibn SNe. Pulsational pair-instability (PPI) arises 1151

from stars with He-core masses of 30 − 64 M� (Woosley et al. 1152

2007; Woosley 2017), causing intense nuclear flashes during 1153

which the H-envelope and portions of the He core are expelled. 1154

The frequency and duration of these pulses depend on the He- 1155

core mass, with more energetic pulses resulting in longer inter- 1156

vals. The collisions among the ejected shells may generate lu- 1157

minous, interacting events with SN-like observable properties. 1158

SNe 2018jmt and 2019cj may share some of the PPI SN char- 1159

acteristics, such as ejecta mass, ejecta velocity, and metallic- 1160

ity. Karamehmetoglu et al. (2021) proposed several PPI mod- 1161

els for a Type Ibn SN with ejecta masses up to 2.65 M� . How- 1162

ever, PPI SNe are expected to occur in metal-poor environments, 1163

which is not the case for SNe 2018jmt and 2019cj. The pro- 1164

genitors of PPI SNe are also expected to experience recurrent 1165

outbursts, as suggested by Woosley et al. (2007) and Woosley 1166

(2017).This is a potential problem for invoking the PPI SN sce- 1167

nario for SNe 2018jmt and 2019cj, as they both appear to be sin- 1168

gle SN-like events without previously detected eruptions. A PPI 1169

model was also proposed for SN 2006jc, which exhibited a lumi- 1170

nous precursor two years before the alleged terminal explosion. 1171

However, subsequent investigations revealed that the progenitor 1172

of SN 2006jc was inconsistent with an extremely massive star, 1173

thus challenging the PPI scenario. Instead, the eruptive history is 1174

more likely to be explained by more conventional binary inter- 1175

action (Sun et al. 2020). 1176

Regardless of the physical mechanisms triggering the pro- 1177

genitor’s mass loss, studying the pre-SN eruptions, as done for 1178

SN 2006jc (Pastorello et al. 2007), is a key step to constrain the 1179

properties of the progenitor stars and the terminal explosion sce- 1180

nario. Indeed, pre-SN outbursts were observed for a handful of 1181

Type Ibn SNe, including SN 2011hw (Dintinjana et al. 2011), 1182

SN 2019uo (Strotjohann et al. 2021), SN 2022pda (Cai et al., in 1183

preparation), and SN 2023fyq (Brennan et al. 2024). For the lat- 1184

ter, spectra obtained when the progenitor was quiescent and later 1185

in outburst revealed complex He i line profiles, characterised by a 1186

relatively narrow P-Cygni component, whose minimum is blue- 1187

shifted by about 1700 km s−1, superposed on a very broad base 1188

(extended up to 104 km s−1). The spectra published by Brennan 1189

et al. (2024) indicate the presence of a high-velocity progenitor’s 1190

wind and a highly asymmetric CSM distribution. 1191

Unfortunately, information on the pre-SN variability of the 1192

progenitor star is an exception in SNe Ibn, either due to the lack 1193

of archival observations of the progenitor sites, or because these 1194

SNe are simply located in distant galaxies and pre-SN outbursts 1195

are below the instrumental detection thresholds. 1196

6.3. Concluding remarks 1197

With the available dataset for SNe 2018jmt and 2019cj, we can- 1198

not securely constrain the mass of their progenitors and the ex- 1199

plosion mechanism. However, several clues tend to favour a sce- 1200

nario according to which SNe Ibn are terminal CC SNe from 1201

massive stars. Whether the progenitors are massive WRs or 1202

lower-mass He stars in binaries is still disputed. 1203

Maeda & Moriya (2022) argued that the progenitors of SNe 1204

Ibn are WR stars with a mass exceeding 18 M� . The volumet- 1205

ric rate of SNe Ibn is approximately 1% of the CC SN popu- 1206

lation (Maeda & Moriya 2022). Although this proportion falls 1207
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below the fraction of massive stars with MZAMS ≥ 18 M� to1208

those with MZAMS ≥ 8 M� , many of these potential SNe may1209

have remained undetected in the optical due to a significant por-1210

tion of their emission being UV radiation. Therefore, conduct-1211

ing high-cadence UV surveys is crucial for detecting the popu-1212

lation of UV-emitting transients, including SNe Ibn. Future fa-1213

cilities, such as the Ultraviolet Transient Astronomy Satellite181214

space mission (Shvartzvald et al. 2024) and the Ultraviolet Ex-1215

plorer19 mission (Kulkarni et al. 2021) will be devoted to con-1216

ducting wide-field high-cadence surveys of the sky in the UV,1217

which will play a critical role in studying highly energetic and1218

fast-evolving transient objects. Additionally, there is a lack of1219

modelling of pre-peak light curves. Hence, it is imperative to1220

consider these limitations in future observational and theoretical1221

endeavours. The assistance of next-generation instruments, such1222

as the Chinese Space Station Telescope20 and the Vera C. Rubin1223

Observatory21 will play a vital role in increasing the sampling1224

frequency and refining the current models of Type Ibn SNe.1225

7. Data availability1226

Optical and NIR photometric measurements of SN 2018jmt and1227

SN 2019cj are only available in electronic form at the CDS. Our1228

observations are available via the Weizmann Interactive Super-1229

nova Data Repository (WISeREP; Yaron & Gal-Yam 2012).1230
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Appendix A: Spectroscopic tables1499

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

Date MJD Phasea Telescope+Instrument Grism/Grating+Slit Spectral range Resolution Exp. time
(days) (Å) (Å) (s)

20181216 58468.3 +2.6 NTT+EFOSC2 gr13+1.0" 3640-9230 21 300
20181217 58469.2 +3.5 NTT+EFOSC2 gr11+1.0" 3340-7460 16 1500
20181220 58472.7 +7.0 COJ 2m+en05 red/blu+2.0" 3150-10870 18 2700
20181221 58473.2 +7.5 SOAR+Goodman 400 l/mm+1.0" 3390-8720 6 900
20190101 58484.1 +18.4 NTT+EFOSC2 gr11/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
aPhases 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 2019cj.

Date MJD Phasea Telescope+Instrument Grism/Grating+Slit Spectral range Resolution Exp. time
(days) (Å) (Å) (s)

20190107 58490.3 −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 58492.2 −0.2 NTT+EFOSC2 gr11+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 gr11+1.0" 3340-7460 16 2700
20190124 58507.1 +14.7 NTT+EFOSC2 gr11+1.0" 3340-7460 16 2x2700
20190127 58510.9 +18.5 SALT+RSS PG0300+1.5" 3540-8330 19 1200
aPhases are relative to V-band maximum light (MJD = 58492.44 ± 0.23; 2019-01-09) in observer frame.
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