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Abstract

We present the discovery and characterization of SN 2018erx (ZTF18abkmbpy), a fast-evolving, unusually red,
interacting stripped-envelope supernova. Spectroscopically, SN 2018erx exhibits prominent broad CII emission
with characteristic widths of ~3800 km sfl, consistent with interaction with a carbon-rich circumstellar medium
(CSM) and a Type Icn core-collapse SN classification. Photometrically, SN 2018erx evolves exceptionally
rapidly, rising from half-maximum to peak in 2.1 days and declining back in 3.1 days, placing it among the
fastest-evolving core-collapse supernovae observed. Semi-analytical CSM-interaction modeling favors a compact,
shell-like CSM with Mcsm =~ 0.3 M., an inner radius of Ry ~ 0.7 au, and a very low ejecta mass of

M. ~ 0.11 M. The radioactive yield is likewise small, with a °Ni mass <(3-5) x 107> M, placing SN 2018erx
at the low end of the H-poor stripped-envelope SN distribution. At +29 days after peak, we detect a near-infrared
excess consistent with pre-existing local circumstellar dust and infer a hot-dust mass of My ~ 107107 M,
Taken together, the rapid evolution, strong local reddening, carbon-rich emission, and evidence for pre-existing
dust point to a multi-component circumstellar environment consisting of a dense inner interaction region produced
by enhanced pre-SN mass loss (M ~ 1074=107> M_, yr ') and an outer dusty layer at R 24 % 10'® cm, produced
by an earlier mass-loss episode roughly 10-200 yr before core collapse. These properties favor an ultra-stripped
core-collapse explosion of a low-mass He star in a binary system that underwent late-time Case BC mass transfer
or Si-flash-induced mass loss. Fallback-modified Wolf—Rayet collapse or a merger-driven mass-loss episode
remain plausible alternatives. These observations provide rare insight into the mass-loss history of stripped-
envelope SNe, indicate that SN 2018erx-like events may be efficient sites of dust formation, and suggest that dust-
enshrouded explosions of this kind may be systematically underrepresented in optical surveys.

Unified Astronomy Thesaurus concepts: Supernovae (1668); Compact binary stars (283); Common envelope
binary stars (2156); Massive stars (732); Circumstellar matter (241); Circumstellar dust (236); Stellar mass
loss (1613)

1. Introduction

o _ Wide-field, high-cadence time-domain surveys have trans-
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2019; Graham et al. 2019; Masci et al. 2019; Dekany et al.
2020) and the Asteroid Terrestrial-impact Last Alert System
(ATLAS; Tonry et al. 2018; Smith et al. 2020) now deliver
large samples of core-collapse supernovae (SNe) with well-
sampled photometric coverage and spectroscopy. One of the
most important outcomes of this observational shift has been
the growing realization that the final months to years of
massive-star evolution can be extraordinarily dynamic. In
many events, the explosion is accompanied by clear evidence
for substantial circumstellar material (CSM) in the immediate
environment, implying intense pre-SN mass loss. When the SN
ejecta collide with this dense CSM, kinetic energy is efficiently
converted into radiation, reshaping the light curve and
imprinting narrow or intermediate-width emission features
on the spectrum.

Among the diverse interaction-powered transients, the
interacting stripped-envelope (SE) SNe are particularly valu-
able because they probe mass loss after hydrogen removal,
when the progenitor has already transitioned to a compact
helium star or Wolf-Rayet (WR)-like object (Smith 2014).
Classical SESNe (Types IIb/Ib/Ic) are understood as explo-
sions of stars that have lost most or all of their hydrogen-rich
envelopes through wind or binary stripping. Their progenitor
may also have recently expelled dense material that remains
sufficiently close to the star to contribute to the luminosity.
The best-known subclass in this category is the Type Ibn SNe,
defined by the presence of narrow helium emission lines (often
with P-Cygni profiles) and weak or absent hydrogen features,
signaling interaction with He-rich CSM (e.g., Pastorello et al.
2008; Hosseinzadeh et al. 2017; Farias et al. 2026). The newly
established Type Icn SN class extends this picture further.
These events show narrow or intermediate-width carbon and
nitrogen lines (commonly high-ionization species at early
phases), while lacking strong H and He features, pointing to
interaction with H/He-poor and likely C/O-rich material.
Only six confirmed SNe Icn have been published to date—
SN 2019hgp, SN 2019jc, SN 202lcsp, SN 2021ckj,
SN 2022ann and SN 2023xgo (Gal-Yam et al. 2022a;
Pellegrino et al. 2022a; Perley et al. 2022; Davis et al. 2023;
Nagao et al. 2023; Gangopadhyay et al. 2025). Even within
this small sample, the class exhibits substantial diversity in
luminosity, timescale, and line morphology (Pellegrino et al.
2022a; Davis et al. 2023; Nagao et al. 2023), suggesting that
more than one progenitor pathway may contribute to the
observed phenomenology.

The progenitor systems and mass-loss histories that give rise
to SNe Ibn and SNe Icn remain uncertain. A natural
interpretation is that both SNe Ibn and SNe Icn are linked to
WR-like progenitors, with apparent compositional differences
reflecting the surface chemistry of the star at the time of mass
loss (e.g., WN-like for He-rich material versus WC/WO-like
for C/O-rich material), together with variations in the
geometry, timing, and density of the pre-SN outflow (Gal-Yam
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et al. 2022a; Perley et al. 2022). Lightcurve modeling of many
normal SESNe often implies ejecta masses of only a few solar
masses, frequently below expectations for single-star WR
progenitors, motivating binary stripping as a dominant channel
for producing SE explosions (e.g., Drout et al. 2013; Lyman
et al. 2016; Taddia et al. 2018; Prentice et al. 2019; Barbarino
et al. 2021; Dessart et al. 2022). In the most rapidly evolving
events, the characteristic diffusion times can be so short that
the inferred ejecta masses fall well below ~1 M, reminiscent
of “ultra-stripped” explosions, which are binary-stripped He-
stars with M.; < 1 M, in compact binaries (e.g., Tauris et al.
2013, 2015). In this regime, even modest amounts of nearby
CSM can dramatically influence the observed lightcurve, and
interaction-powered models have been shown to reproduce the
fast and luminous peaks of several rapidly evolving transients
(Pellegrino et al. 2022a; Wu & Fuller 2022a; Moriya et al.
2025). Whether interacting SESNe preferentially arise from
classical WR stars with enhanced pre-SN mass loss and
fallback to a compact object, from low-mass helium stars in
close binaries undergoing extreme late-stage stripping or from
a mixture of these possibilities remains an open question.
Another interesting progenitor channel was recently suggested
by Wu et al. (2024), Moriya et al. (2026), which suggests that
white dwarf mergers can also lead to the formation of He and
C+O dense CSM in SNe Ibn/Icn.

Several SNe Ibn/Icn have also exhibited strong evidence for
dust formation or for pre-existing dust in the immediate
environment. The prototypical SN 2006jc showed a steepening
optical light-curve decline accompanied by the emergence of a
near-infrared (NIR) excess, a combination widely interpreted
as due to rapid dust condensation in the post-shock cool dense
shell (e.g., Anupama et al. 2009). Similar dust-related behavior
has been suggested in other members of the Type Ibn class,
including SN 2010al and the slowly evolving OGLE-2012-SN-
006 (Gan et al. 2021). More recently, Yamanaka & Nagayama
(2025) reported a pronounced and persistent NIR excess in
SN 2023xgo (classified as a Type Ibn/Icn event) lasting from
~15 to 100 days, which they interpret as a NIR echo from pre-
existing circumstellar carbon dust. These cases motivate to
consider local dust as an important ingredient when interpret-
ing unusually red interacting SESNe such as SN 2018erx.

In this paper, we present SN 2018erx (ZTF18abkmbpy), a
fast-evolving interacting SESN discovered by the Zwicky
Transient Facility (ZTF). Its lightcurve shows an exceptionally
rapid rise and decline, placing it among the fastest H-poor SNe
and overlapping with the regime of rapidly evolving stripped-
envelope transients (e.g., Drout et al. 2014; De et al. 2018; Yao
et al. 2020; Das et al. 2024a). Prior to extinction correction,
SN 2018erx is unusually red and optically faint for an
interacting stripped-envelope event. Its spectra reveal promi-
nent CII emission lines, linking it to the emerging Type Icn
class, for which only six events are currently known. A late-
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time NIR excess further suggests the presence of pre-existing
local circumstellar dust.

Taken together, these properties make SN 2018erx a rare but
important event for understanding how rapid evolution,
carbon-rich CSM interaction, and dust obscuration shape the
observed stripped-envelope SN population. The combination
of a dense inner CSM and a more extended dusty CSM
component provides a direct probe of multi-epoch mass loss in
heavily stripped progenitors. The carbon-rich environment
also provides favorable conditions for efficient dust formation
and growth. These results suggest that some fast, low-
luminosity, low-"°Ni explosions may be underrepresented in
current optical samples, especially if they are additionally
dimmed by local dust extinction. SN 2018erx therefore
provides rare insight into stripped progenitor systems, their
recent mass-loss history, and possible observational biases
affecting the discovery of interacting stripped-envelope
explosions.

The paper is organized as follows. In Section 2, we describe
the discovery of SN 2018erx and summarize the photometric
and spectroscopic follow-up observations. Section 3 presents
the extinction analysis. Section 4 details the observed
photometric and spectroscopic properties, including compar-
isons with literature transients. In Section 5, our analysis and
modeling. In Section 6, we discuss the progenitor and
evolutionary pathways. We summarize our conclusions in
Section 7.

2. Discovery and Follow-up Observations
2.1. Discovery and Host-galaxy

SN 2018erx was discovered with the ZTF camera (Dekany
et al. 2020) on the 48inch Samuel Oschin Telescope at
Palomar Observatory. The source was first detected at
a = 17°05™14.5284, § = +56°13/00.11" (J2000) on 2018
August 3 at 07:52:19 UT and reported to the Transient Name
Server'® as SN 2018erx (Fremling 2018). At discovery, the
transient had an AB magnitude of rzrg = 18.7 mag. A pre-
discovery ZTF image obtained on 2018 July 31 shows no
source at the transient position down to a 5o limiting
magnitude of rzrg > 20.6 mag, implying that the rise occurred
within the preceding few days.

SN 2018erx is projected on the galaxy CGCG 277-025
(NED position o = 17"05™13.°9592, § = +56°13/10.462",
J2000). We adopt a host-galaxy redshift of z = 0.02938,
measured from the narrow nebular emission lines in our Keck/
LRIS spectrum at the SN position. Assuming a flat ACDM
cosmology (Planck Collaboration et al. 2020) with
Hy = 67.7kms 'Mpc™', Q. = 0.31, this corresponds to a
luminosity distance of D; = 133.1 Mpc and a distance
modulus of @ = 35.62 mag. We ignore explicit corrections for

'3 hitps:/ /www.wis-tns.org /object/2018erx /discovery-cert
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peculiar motions for galaxies at this distance. Assuming a
characteristic peculiar velocity of ~300 km s~ ', the resulting
uncertainty in the distance modulus is <0.1 mag. The transient
is offset by 10."7 from CGCG 277—025, corresponding to a
projected separation of ~6.5 kpc at this distance.

We note that CGCG 277—025 also hosted the Type Ib
SN 2018cth, discovered earlier in 2018 only a few weeks
before SN 2018erx. The two events therefore constitute a near-
contemporaneous “sibling” SN pair in the same host galaxy
(e.g., Biswas et al. 2022; Dhawan et al. 2025). The same
galaxy has since produced another core-collapse event, the
Type IIb SN 2025abku (Das et al. 2025).

2.2. Optical and Near-infrared Photometry

We obtained multiple epochs of g- and r-band photometry
with the ZTF camera on the Palomar 48 inch Oschin telescope
(Dekany et al. 2020). The images were processed with the ZTF
image analysis pipeline (Masci et al. 2019), and we performed
forced photometry at the transient position on the ZTF
difference images in the gri bands. We also carried out
follow-up optical imaging with the 2.0 m robotic Liverpool
Telescope (Steele et al. 2004), obtaining regular-cadence
photometry in the g, r, and i bands. Further multi-band optical
photometry in g, », and i was obtained with the Rainbow
Camera on the automated Palomar 60 inch telescope (P60;
Cenko et al. 2006). The P60 images were processed with the
FPipe image-subtraction pipeline (Fremling et al. 2016) using
Pan-STARRSI1 (PS1; Chambers et al. 2016) reference images.
Near-infrared imaging was obtained in the J and K bands with
NIRC2 behind the Keck II adaptive optics system.'® The
NIRC2 data were reduced using the pipeline described in De
et al. (2020). The full set of optical and near-infrared
lightcurves is shown in Figure 1, and the photometry is listed
in Table Al. All phases are quoted relative to rest-frame 7-
band maximum (58334.4 MJD) unless otherwise stated.

2.3. Optical and Near-infrared Spectroscopy

We observed the spectral evolution of SN 2018erx,
spanning from discovery through the following month. An
initial spectrum was taken on the discovery date (2018 August
3) with the Spectral Energy Distribution Machine (SEDM;
Blagorodnova et al. 2018) on the Palomar 60 inch telescope
(with two exposures obtained that night), followed by optical
spectroscopy with the Double Spectrograph (DBSP; Oke &
Gunn 1982) on the Palomar 200 inch Hale telescope on 2018
August 4. We obtained an additional optical spectrum with the
Low-Resolution Imaging Spectrometer (LRIS; Oke et al.
1995) on Keck I on 2018 August 8. Continued monitoring was
carried out with DBSP on 2018 August 12 and 2018 August
21. Finally, we obtained a late-time Keck/LRIS spectrum on

te https: //www2.keck.hawaii.edu/inst/nirc2 /
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Figure 1. Multi-band optical and near-infrared lightcurves of SN 2018erx. The left axis shows the observed apparent magnitudes, while the right axis indicates the
corresponding absolute magnitudes. Both axes are corrected for Milky Way extinction, but no correction for host or circumstellar dust extinction has been applied.
The phase is given in rest-frame days relative to the epoch of r-band maximum. Downward triangles denote nondetections. The epochs of spectroscopic observations

are indicated by vertical purple lines.

2025 August 19 to characterize the host-galaxy contribution at
the transient position.

The DBSP spectra were reduced following the procedures
described by Bellm & Sesar (2016) and Roberson et al. (2022),
the SEDM data were reduced using the pipeline described by
Rigault et al. (2019), and the LRIS spectra were reduced using
the LPIPE pipeline (Perley 2019).

The photometry and spectroscopy were coordinated through
the Global Relay of Observatories Watching Transients
Happen (GROWTH) Marshal (Kasliwal et al. 2019) and the
Fritz Marshal (van der Walt et al. 2019; Coughlin et al.
2023), both of which are web portals designed for vetting and
coordinating transient follow-up observations.

Figure 2 shows an early time spectrum of SN 2018erx,
highlighting the prominent CII emission features that
characterize the event. The spectroscopy log is provided in
Table A2. All photometry and spectroscopy data will be made
publicly available on Zenodo and WISeREP (Yaron & Gal-Yam
2012) after publication.

3. Extinction Correction

We correct all photometry and spectra for Milky Way
foreground extinction using the dust maps of Schlafly &

Finkbeiner (2011). Along the line of sight to SN 2018erx we
adopt E(B — V)pmw = 0.02 mag. All reddening corrections are
applied with the Cardelli et al. (1989) extinction law assuming
RV - 31

3.1. Host-galaxy Extinction Constraints from Narrow
Features

No prominent narrow Nal D absorption lines were seen in
the spectra of SN 2018erx. To estimate any host-galaxy
reddening, we also use the Balmer decrement measured from
narrow nebular emission lines in our Keck/LRIS long-slit
spectrum taken ~2572 days after r-band peak (Figure Al). At
this late epoch, any direct contribution from the SN or ongoing
SN-CSM interaction should be negligible, so we interpret the
narrow Balmer emission as arising from the local host-galaxy
environment at the SN position. After shifting the spectrum to
the host rest frame (z = 0.0294), we subtract a locally fitted
linear continuum in the 4000-5400 A region (excluding
windows around the Balmer lines) and measure line fluxes for
Hv and HQ by integrating the continuum-subtracted spectrum
within £20 A of the line centers. We then compare the
observed ratio (Hy/H/3)qps to the intrinsic Case B recombina-
tion value (Hy/HB)q = 0.469, appropriate for photoionized
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Figure 2. Keck/LRIS spectrum of SN 2018erx obtained at a phase of + 2.4 days (rest-frame) relative to r-band maximum. The gray line shows the original
spectrum, while the black curve indicates a smoothed version. The purple shaded regions mark the wavelengths of the C II AA3920, 4267, 5145, 5890, 6578, and

7236 lines.

gas at T ~ 10* K and low electron density (e.g., Momcheva
et al. 2013). The implied color excess in AB mag is

EB — V) = 2.5 mm[mwm%]’m

k(Hy) — k(Hp) (Hy/HB)obs

where k(\) = A,/E(B — V) is evaluated from the Cardelli
et al. (1989) law. For Ry = 3.1 we adopt k(H3) = 4.60 and k
(Hy) = 5.12, and convert to visual attenuation via
Al =R, EB — V)gas. We measure (Hy/HfBops = 0.459,
consistent with the intrinsic Case B value within uncertainties,
implying no significant host-galaxy reddening.

We therefore find no compelling evidence for significant
large-scale host-galaxy extinction from either narrow Nal D
absorption or the Balmer decrement. However, Balmer-decre-
ment estimates can be affected by underlying stellar Balmer
absorption, slit losses, residual calibration uncertainties, and the
narrow nebular lines need not trace the same dust column that
attenuates the transient continuum if the emitting gas is not
strictly co-spatial with the SN or if additional dust is local to the
progenitor system. Likewise, extinction estimates based on the
equivalent width of narrow Nal D are uncertain, particularly in
low-resolution spectra (Poznanski et al. 2011) and in the
presence of circumstellar material (Phillips et al. 2013).

3.2. Effective Reddening Implied by the Red Continuum
and Early lonized-carbon Features

Blackbody fits to the early-time optical SED of SN 2018erx,
corrected only for Milky Way extinction, yield characteristic
temperatures of only ~4000 K if no additional extinction is
applied (see Section 5.1). Such low temperatures are difficult

to reconcile with the early spectroscopic appearance of the SN,
which shows prominent CII features and a Type Icn-like
interaction spectrum. We therefore interpret the observed red
optical colors as reflecting substantial effective attenuation of
an intrinsically hotter continuum, rather than the true color
temperature of the emitting region.

This interpretation is also supported by comparison with
other Type Icn SNe. Published events with analogous early-
time ionized-carbon features show blue continua and char-
acteristic blackbody temperatures of order 10,000 K or higher
at comparable phases (Pellegrino et al. 2022a; Perley et al.
2022; Davis et al. 2023; Nagao et al. 2023), while radiative-
transfer models of hot carbon-rich stripped-envelope explo-
sions produce optical CII features near maximum light at
photospheric temperatures of ~12,000 K (Dessart 2019).
Motivated by the temperatures inferred for Type Icn SNe and
by spectral models that produce CII features at 7 ~ 12,000 K,
we adopt a fiducial intrinsic continuum temperature of
Tc = 12,000 K and a conservative range of 10,000-15,000 K.

Close to the epoch of the MJD 58333.8 LRIS spectrum, the
absolute magnitudes corrected for MW extinction are
M, = —158, M, = —16.7, and M; = —17.2, which give
observed colors of (M, — M,)ops = 0.9 mag and
M, — M;)ops = 0.5 mag. We approximate the intrinsic optical
continuum by a blackbody with color temperature Tc and
evaluate flux ratios at the effective wavelengths of the gri
filters, A\, = 0.477 ym, A, = 0.623 um, and ); = 0.763 um,
using the Planck function:

2hv3 1

B,(v, T) = .
@ 1) c? exp(hv/kT) — 1

@
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In the AB system, the monochromatic blackbody color
between two bands X and Y is

3)

(X = Y)pe(Ic) = 2.5 logloliBy(VX’ 1) ],

Bz/(l/Yv TC)

where vy = ¢/\x.

Across the adopted temperature range, the corresponding
blackbody colors are (M, — M,)gg ~ —0.04 to —0.25 mag and
(M, — M;)gg ~ —0.14 to —0.25 mag. Adopting a Cardelli
extinction law with Ry = 3.1, the relevant color coefficients
are R, — R, = 1.005 and R, — R; = 0.673. Matching the de-
reddened colors to the blackbody colors gives

(Mg - Mr)obs - (Mg - Mr)BB

B = Vier = 1.005 > @
E® — vy, = Y= Mo — My = Mo ©)
0.673

Across this temperature range, both color combinations
yield similar values,

EB — V) ~ 1.0-1.2 mag. (6)

Using Tc = 12,000 K as a fiducial intrinsic continuum
temperature, we obtain an effective reddening estimate of E
(B — V) ~ 1.05 mag, corresponding to Ay =~ 3.3 mag for
Ry = 3.1. This estimate is robust to within £0.1 mag in E
(B — V), corresponding to & 0.3 mag in Ay, across the adopted
temperature range.

3.3. Consistency with CSM-interaction Lightcurve
Modeling

As an independent check, we allow the effective extinction
to vary freely in our multi-band CSM-interaction modeling
with redback (Chatzopoulos et al. 2012, 2013; Sarin et al.
2024) (see Section 5.2). In this framework, the model SED is
approximated as a blackbody (with a temperature floor) and an
attenuation parameter A5 is inferred simultaneously with the
interaction parameters. The posterior favors substantial

attenuation,
AT ~ 3157002 mag, (7

consistent with the C II-motivated color-temperature estimate.
Given the strong and internally consistent evidence for
significant effective attenuation from the early-time colors
and the CSM-interaction fit, we adopt AS' ~ 3.3 mag,
together with E(B — V)yw = 0.02 mag, for extinction
corrections throughout this work. This choice also brings the
color evolution of SN 2018erx into agreement with that of

other interacting SESNe (Figure A2).
3.4. Consistency with the Inferred Dust Properties
In the previous subsections, we inferred a large effective

attenuation, AT ~ 3.2-3.3 mag, from the lightcurve and the
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presence of CII features, despite the absence of strong host-
ISM reddening diagnostics (narrow NalI D absorption and the
Balmer decrement). This motivates a local circumstellar dust
origin for much of the extinction. Here we assess whether an
attenuation of this magnitude is quantitatively consistent with
the dust component implied by the observed NIR excess.

For a foreground dust screen, extinction and optical depth
are related by

Ay = 2.5logyy(e) 7v =~ 1.086 7y, ®)

where Ty is the V-band extinction optical depth (absorption +
scattering). Writing 7y = Ky2q4 in terms of the dust surface
density >4 and the V-band mass extinction coefficient xy (e.g.,
Draine 2011), and approximating the dust as residing in a
geometrically thin shell at radius Ry that subtends a solid-angle
covering fraction f;, of 4w, the characteristic dust column
through the dusty regions is

M,
~ L 9)
Combining these relations gives
Ay ~ 1.086 ky ——-. (10)
' " amfyRE

Solving for the required dust mass yields

2
My~8.6 x 1076 [ 2V ( Rq )
3.3 mag J\3 x 105 cm

X v (—9) M., (11)
2 x 10* cm?g! 1

1

where the normalization ky >~ 2 x 10*cm? g~ is representa-
tive of carbonaceous (see Section 5.7.1) ISM-like grain
populations at optical wavelengths (e.g., Draine 2003; Zubko
et al. 2004).

Equation (11) shows that if the extinction-producing dust
lies at a radius of order a few x10'> cm (comparable to the
effective emitting scale inferred for the hot NIR component in
Section 5.7.1), only ~107°~107> M, of dust is required to
produce Ay ~ 3 mag for plausible optical opacities. This is
comparable to the order-of-magnitude dust mass inferred from
the JK emission under optically thin assumptions
(Section 5.7.1) and to the lower end of dust masses inferred
in other interacting stripped-envelope SNe (e.g., Anupama
et al. 2009; Gan et al. 2021; Yamanaka & Nagayama 2025).
An extinction of Ay ~3 mag is therefore not extreme from a
dust-mass perspective. More generally, the required dust mass
scales as My < R§ Jo /Ky, so a clumpy or aspherical distribu-
tion (fo < 1) can yield substantial line-of-sight attenuation
without requiring a globally massive dust shell. Taken
together, the NIR-inferred dust properties and the color-based
extinction estimate are mutually consistent with a circumstellar
dust origin for the attenuation.
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Figure 3. Cumulative distribution functions (CDFs) of rise time (left) and decline time (right) for stripped-envelope SN subclasses from the ZTF Bright Transient
Survey (BTS) sample, while the SNe Icn sample combines the BTS SNe Icn with SN 2019jc, SN 2021ckj, SN 2023qre, and SN 2023rau. The vertical dashed line
indicates the measured values for SN 2018erx, showing that it lies among the most rapidly evolving events relative to the broader populations of SNe Ib, Ic, Ic-BL,

and IIb.

4. Observed Properties
4.1. Explosion Epoch Estimation

For SN 2018erx, we constrain the explosion epoch using the
best-fitting CSM interaction model (see Section 5), which
yields fe, = 58328.19700 MID. The ZTF lightcurve
includes a last r-band non-detection at MJD 58331.17 with a
limiting magnitude of r > 20.4 mag, followed by the first -
band detection at MJD 58331.18 with » = 20.3 mag in the ZTF
forced-photometry light curve.

4.2. Lightcurve Properties of SN 2018erx

The multi-band light curve of SN 2018erx, shown in
Figure 1, spans ~—3 to +30 days relative to r-band maximum.
To estimate the peak date and magnitude, we interpolate the
photometry with a Gaussian process implemented in GEORGE
(Ambikasaran et al. 2015) using a Matérn-3/2 kernel. The GP
fit yields an r-band maximum at MJD 58334.4 with
r = 1832 £ 0.17 mag. We measure the light-curve width in
flux space relative to half-maximum: the rest-frame rise time
from 50% of peak flux to maximum is 2.1 days, and the
corresponding fade time from maximum back to 50% of peak
flux is 3.1 days. The rapid post-peak evolution is also reflected
in Am;s, = 2.9 mag. These values place SN 2018erx among
the fastest-evolving events in the SESN and Type Ibn/Icn
populations (Hosseinzadeh et al. 2017; Pellegrino et al. 2022b;
Farias et al. 2026), and comparable to other rapidly evolving
stripped-envelope transients (Drout et al. 2014). This is
illustrated in Figure 3, where SN 2018erx occupies a short-
timescale region of parameter space relative to the broader
stripped-envelope SN population. The estimated r-band

decline rates over the intervals 0-10 and 10-20 days after
maximum are 0.16 4 0.01 and 0.09 & 0.01 mag day ',
respectively, faster than the mean weighted decline rate of the
SN Ibn sample in Farias et al. (2026). The cumulative
distributions shown in Figure 3 also indicate that SN 2018erx
is among the most rapidly evolving events relative to the
Bright Transient Survey (BTS) populations of SNe Ib, Ic, Ic-
BL, and IIb. In addition to the unusually rapid optical
evolution, SN 2018erx also exhibits a pronounced late-time
near-infrared excess. At ~+29 days, the transient is detected
in both the J and K bands with very red (/ — K) color,
indicating the presence of a hot dust component. We analyze
the inferred dust properties in Section 5.7.1.

4.3. Comparison of the Lightcurve with Literature
Transients

Using the distance adopted in Section 2.1, we construct the
absolute-magnitude r-band light curve of SN 2018erx and
compare it with rapidly evolving transients and stripped-
envelope SNe from the literature (Figure 4). We further
summarize its location in peak-luminosity versus timescale
space in Figure 3. To place SN 2018erx in context, our
comparison sample includes rapidly evolving hydrogen-poor
transients such as SNe 2002bj (Poznanski et al. 2010), 2005¢ek
(Drout et al. 2013), 2010X (Kasliwal et al. 2010), 2018kzr
(McBrien et al. 2019), 2019dge (Yao et al. 2020), iPTF14gqr
(De et al. 2018), 2019bkc (Prentice et al. 2020; Chen et al.
2020), 2019wxt (Agudo et al. 2023; Shivkumar et al. 2023),
and 2021agco (Yan et al. 2023), together with the well-studied
Type Ic SN 19941 (Richmond et al. 1996) and representative
template light curves of SNe Ibn and SNe Ibc (Taddia et al.
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Figure 4. r-band absolute-magnitude lightcurve of SN 2018erx compared with rapidly evolving transients and SESNe from the literature. Red symbols show
SN 2018erx assuming no host extinction (Ay = 0), while purple symbols show the extinction-corrected lightcurve adopting Ay = 3.3 mag. For comparison,
lightcurves of several fast transients and interacting SESNe (colored markers) and a broader sample of stripped-envelope SNe (gray markers) are shown. The shaded
regions indicate template lightcurves for SNe Ibn (G17; Hosseinzadeh et al. 2017) and SNe Ibc (T15; Taddia et al. 2015). SN 2018erx evolves on a significantly

faster timescale than typical SESNe.

2015; Hosseinzadeh et al. 2017). Several of these objects, in
particular SNe 2002bj, 2005ek, 2010X, 2019wxt, and
2021agco, occupy a similar fast-timescale regime. Motivated
by our interaction modeling, which favors a low ejecta mass,
we also compare SN 2018erx with transients proposed to arise
from ultra-stripped explosions, including SNe 2019dge (Yao
et al. 2020), 2023zaw (Das et al. 2024a), 2021agco (Yan et al.
2023), and iPTF14gqr (De et al. 2018). For completeness, we
further include AT2017gfo, the electromagnetic counterpart of
GW170817 (Abbott et al. 2017; Villar et al. 2017), which is
not a core-collapse event but provides a useful benchmark for
extremely rapid photometric evolution.

We estimate the r-band peak using a Gaussian-process
interpolation with a Matérn-3/2 kernel, obtaining an observed

peak absolute magnitude of M, = —17.29 £ 0.17 mag. Prior to
any host-extinction correction, SN 2018erx would therefore be
among the faintest members of the interacting SESN
population and is roughly two magnitudes fainter than the
mean SN Ibn/Icn templates, despite having similarly rapid rise
and decline times. Adopting the effective host attenuation
inferred in Section 3, Ay = 3.3 mag, and a Cardelli et al.
(1989) law with Ry, = 3.1, the corresponding extinction in the r
band is A, ~ 2.87 mag. This shifts the intrinsic peak to
M, ~ —20.16 mag. Thus, while the uncorrected light curve
would place SN 2018erx among the faintest interacting
SESNe, the extinction-corrected luminosity moves it into the
luminous end of the Ibn/Icn-like population, while preserving
its exceptionally short timescale.
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4.4. Optical and Near-infrared Spectral Properties of
SN 2018erx

Figure 5 shows the spectroscopic evolution of SN 2018erx
from —1.6 days to +16.4 days relative to r-band maximum.
The spectra shown are corrected for the host redshift but are
not corrected for extinction from the Milky Way or the host
galaxy along the line of sight. The earliest spectra exhibit a
remarkably red continuum. Such a red continuum could arise
either from substantial dust extinction along the line of sight or
from an intrinsically red spectral energy distribution (Sasdelli
et al. 2016).

No unambiguous signatures of flash ionization are identified
in the early spectra. Rather than exhibiting the rapidly fading,
transient emission features typically associated with flash-
ionized infant supernovae, the spectra obtained between —1.6
days and +2.4 d show comparatively long-lived absorption
and emission features of CI, NI, Sill, and OI, which
strengthen with time. Weak He IA5876 and \6678 emission is
also detected over this interval. The prevalence of lower-
ionization species may point either to a cooler ejecta
environment, consistent with the blackbody temperature
evolution shown in Figure 8, or to a softer ionizing continuum.
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At later epochs, from +2.4 days to +16.4 days, the CII
features strengthen significantly, particularly the transitions at
A5890, A6578, and \7236. N 1I features remain identifiable up
to + 7.4 days, while the O T\7774 absorption, corresponding to
an expansion velocity of ~3500 km s ', is visible up to
+ 7.8 days. The Ca II near-infrared triplet also strengthens
progressively with time. The overall strengthening of CII
features, together with the rapid photometric evolution
(Section 2.2), supports a classification of SN 2018erx as a
Type Icn SN. An important characteristic of SN 2018erx is the
detection of He lines at multiple stages of its evolution. This
distinguishes it from previously studied SNe Icn, including
SN 2019hgp and SN 2021csp, which did not show clear He I
features. The presence of helium in SN 2018erx thus points to
additional diversity within the SN Icn population.

4.5. Comparison of Spectra with Literature Transients

To further assess the spectral classification of SN 2018erx,
we compare its earliest high-quality optical spectrum, the
+ 2.4 days Keck /LRIS spectrum, with representative Type Ibn
and Type Icn events (Figure 6). Among the SNe Ibn, we
consider SNe 2010al (Pastorello et al. 2015), 2011lhw
(Pastorello et al. 2015), 2019uo (Gangopadhyay et al. 2020),
and 2019wep (Gangopadhyay et al. 2022). For the Type Icn
comparison sample, we use SNe 201%hgp (Gal-Yam et al.
2022), 2021ckj (Nagao et al. 2023), and 2021csp (Perley et al.
2022). All comparison spectra are corrected for redshift, and
where available they are also corrected for the adopted host
extinction.

The overall comparison favors a Type Icn classification for
SN 2018erx. Its spectrum is dominated by prominent CII
emission features, with clear detections at AA5890, 6578, and
7236, and shows the closest resemblance to the Type Icn
SN 2021csp. In particular, the strong carbon features and the
absence of the narrow, helium-dominated emission spectrum
typical of classical SNe Ibn argue that the CSM interacting
with SN 2018erx is H/He-poor and carbon rich. Weak
He 1\5876 and A6678 are present, but they do not dominate
the spectrum. We therefore classify SN 2018erx as a Type Icn
supernova, while noting that it may retain some residual
helium seen in other SNe Icn (Perley et al. 2022).

This classification is further supported by the velocity-space
comparison of the strongest CII lines (Figure 7). We compare
the profiles of CIIA7236, A\6587, and A5890 in SN 2018erx
with those of the Type Icn events SN 2022ann and
SN 2019hgp. The line profiles of SN 2018erx are broadly
similar in both width and shape to those of the comparison
Type Icn events, reinforcing the interpretation that its
intermediate-width carbon emission arises from interaction
with a carbon-rich CSM. Compared to SN 2021csp, whose C I
lines display narrow P-Cygni structure, the C1I features in
SN 2018erx are smoother and somewhat broader, with
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characteristic FWHM of order ~3500-4000 km s~ '. We do
not detect the very narrow component of CII, typically
observed in interacting SNe and tracing slow unshocked CSM
(v < 100-200 km s '). This may be attributed to either
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insufficient spectral resolution to resolve such a feature, rapid
photoionization of the pre-shock CSM by the intense SN
radiation field, or a geometrically confined and tenuous
circumstellar environment in which narrow-line emission falls
below the detection threshold and sometimes can be caused by
radiative acceleration suppressing narrow lines.

S. Analysis and Results
5.1. Blackbody SED Fitting

We construct spectral energy distributions (SEDs) by
binning the multi-band photometry into 1day (rest-frame)
intervals. For each epoch with detections in at least three
filters, we fit a Planck blackbody function to the SED and infer
the effective temperature (7y,) and photospheric radius (Rypp).
We sample the posterior distribution using the Python package
emcee (Foreman-Mackey et al. 2013). The corresponding
bolometric luminosity is then computed as

Lyy, = 4R35 0T, (12)

where o denotes the Stefan—Boltzmann constant. We report the
median posterior values in Table A3, with uncertainties
corresponding to the 16th and 84th percentiles.

Figure 8 shows the temporal evolution of the inferred
blackbody parameters for SN 2018erx, while the corresp-
onding numerical values are listed in Table A3. Black symbols
show results obtained assuming no host extinction (Ay = 0),
while brown symbols correspond to extinction-corrected
values adopting Ay = 3.3 mag. Correcting for the inferred
host attenuation significantly increases the inferred temper-
ature and luminosity while reducing the emitting radius
near peak.

Without any host-extinction correction, SN 2018erx reaches
a peak bolometric luminosity of log(Lyy,/erg s71) = 42.3 near
maximum light. The luminosity then declines rapidly to
log(Lyy/erg s7) a 41.1 by ~10 days after peak and to ~40.6
by the latest epoch at ~27 days. In this case the inferred
temperature remains relatively cool, with 7T},,~4000-4500 K
during the first ~10 days after peak, before dropping to
~1600 K at the final epoch. The corresponding radius is large
around maximum, Ry, ~ (4-6) X 10* R, decreases to
~10*R., by ~+11 days, and remains of order a few
x10* R, at the latest epoch.

Applying the preferred host attenuation of Ay = 3.3 mag yields
a markedly different and more physically plausible SED
evolution. The peak luminosity increases to log(Ly,/erg s—1) ~
43.8, declines to ~43.4 by ~+6 days, and reaches ~40.8 by
~+-27 days. The inferred radius is Ry, ~ (2-3) X 10* R, around
peak and contracts to ~14 x 10*R. by ~+6 days. The
temperature correspondingly rises from Ty, ~ 7000 K at
~—4 days to ~13,000-15,000 K near maximum, remains near
~13,000-14,000 K through the first week, and cools to ~2000 K
at the latest epoch. These early-time temperatures are broadly
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Figure 8. Evolution of the blackbody parameters derived from multi-band
photometry of SN 2018erx. Top: bolometric luminosity (Ly,); middle:
blackbody temperature (7yp); bottom: blackbody radius (Ry,) as a function
of rest-frame phase relative to r-band maximum. Black symbols show results
obtained assuming no host extinction (Ay = 0), while brown symbols
correspond to extinction-corrected values adopting Ay = 3.3 mag. Correcting
for the inferred host attenuation significantly increases the inferred temper-
ature and luminosity while reducing the emitting radius near peak.

consistent with the hot continuum typically associated with optical
CI in SN spectra. The inferred blackbody radius of
Ryp =~ (2-3) x 10°R, (=14 x 10”21 x 10" cm;
~03-140 au) near peak is inconsistent with a bare stellar
photosphere and instead points to an optically thick, geometrically
confined circumstellar envelope at scales of ~10% AU, consistent
with pre-SN mass loss or an LBV-like eruption occurring years to
decades prior to explosion. The subsequent contraction to
Rop ~ 1.4 x 10*R., (~9.7 x 10" cm; ~65 au) by ~—+6 days,
combined with the rising photospheric temperature toward
maximum light, is consistent with the forward shock propagating
through and progressively consuming the optically thick CSM,
reducing the effective photospheric radius as the swept-up shell
becomes increasingly optically thin. Crucially, at  ~ + 6 days the
blackbody radius remains significantly larger than the inferred
ejecta radius of Ry ~ (1.66-1.97) x 10 cm (~11-13 au),
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confirming that the photosphere is still embedded within the
overlying unshocked CSM at this epoch.

Overall, the extinction-corrected fits are more consistent
with the spectroscopic evidence for a hot radiation field,
whereas the uncorrected fits imply temperatures that are too
low to naturally explain the observed high-ionization features.

5.2. CSM-interaction Lightcurve Semi-analytical
Modeling

We model the multi-band lightcurve using the semi-analytic
circumstellar interaction framework of Chatzopoulos et al.
(2012, 2013), as implemented in redback (Sarin et al.
2024). The model assumes that the observed luminosity is
powered by conversion of kinetic energy into radiation at the
forward and reverse shocks, followed by diffusion through an
optically thick CSM. The CSM is described by a power-law
density profile,

pcsm(r) =4q r77]’ q9 = Py r(?’ (13)

where rj is the inner CSM radius and pg = pesm(7o) is the
density at ry. For a given M, the outer edge of the CSM
follows from mass conservation,

Resm 47 _ .
Mesm = f 47Tr2pcsm(r) dr = —q(RCBSmTI - r()3 TI),
ro 3 — n
(14)
The corresponding optically thick CSM mass is
47T - -7
Mcsm,th = ﬁ(r;h - r(? ])’ (15)

where rp, is the photospheric radius within the CSM.
Following Chatzopoulos et al. (2012, 2013), we adopt an
outer ejecta density profile index n = 12 (Matzner &
McKee 1999) and inner slope 6 = 0 (shell-like CSM structure).
The shock-crossing time of the optically thick CSM, #,, is
computed using the self-similar shock solutions and tabulated
constants of Chatzopoulos et al. (2012, 2013), and we define
the diffusion time through the optically thick CSM as

1/2
_ (2 R Mcsm,th)
Lift = | ——— .

16
13.7 ¢ v (16)

For each model evaluation, we convert the bolometric
luminosity and photospheric radius into broad-band fluxes
using a blackbody spectral energy distribution with a
temperature floor,

1/4

T = max

B) B Tﬂoor >

Ao r
ph

and include host extinction as a free parameter, A°*". We fix the
redshift to z = 0.0294 and adopt Gaussian priors on the
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Table 1
Priors and Constraints Adopted for the redback CSM Interaction Fit

Parameter Prior type Range / Value
z fixed 0.0294
M M) log-uniform [0.1, 15]
vej [km s™'] log-uniform [10%, 5 x 10%]
Mcsm (M) log-uniform [1073, 15]
n uniform [0, 2]
plg cm 3 log-uniform [1073, 1079
o [AU] log-uniform (1071, 104
Toor [K] log-uniform [10%, 104
to [MID] uniform [58321.18, 58331.18]
Ay [mag] uniform [0, 5]

& [em? g7 Gaussian 0.07 + 0.001
#y [em? g7 Gaussian 0.03 + 0.001
taite/ Tshock constraint [0.1, 0.8]
Tpn/Tcsm constraint [0, 1]
70/ Tph constraint [0, 1]

opacity parameters, centered at x = 0.07cm’g ' and
K, = 0.03cm®g”", each with a width of 0.001, effectively
treating both opacities as constant. We use log-uniform priors
on Mj, Mcgm, Vej» 5 7o, and Tpqer, and uniform priors on 7, fo,
and A, Specifically, the ejecta mass and CSM mass are
allowed to vary over 0.1-15 M, and 10~°~15 M., respectively,
while the ejecta velocity spans 10°-5 x 10* km s~'. The inner
CSM radius is assigned a log-uniform prior over 0.1-100 au,
and the density at the inner radius is given a log-uniform prior
over 107°-107° g cm™>. The CSM density profile index is
assigned a uniform prior between 1 = 0, corresponding to a
shell-like configuration, and 7 = 2, corresponding to a steady
wind. Posterior sampling is performed using nested sampling
(Feroz et al. 2009) with the dynesty package (Speagle 2020),
adopting the rslice sampling method.

The priors and the best-fit parameters are summarized in
Tables 1 and 2, respectively. The resulting multi-band
lightcurve fit is shown in Figure 9. The quoted 1o uncertainties
reflect only the formal statistical errors derived from the fitting
procedure and do not account for systematic or model-
dependent uncertainties. We note that ro and p, are driven
toward the boundaries of the explored parameter space (see
Figure 10).

We find that a CSM mass of Mcgy =~ 0.307001 M., provides
a good reproduction of the observed lightcurves when coupled

with an ejecta mass of Mej ~ 0.11°00; M., and an interaction

onset at an inner CSM radius of Ry = ro ~ 0.667$ AU.
The fit further prefers substantial host extinction,
Ay ~ 3.157092 mag. The comparatively low ejecta mass is
broadly consistent with expectations for ultra-stripped explo-
sions from low-mass helium stars in close binary systems (Wu
& Fuller 2022b; Das et al. 2024a).

Compared with literature interaction-modeling results for
SNe Ibn and SNe Icn (e.g., Pellegrino et al. 2022b; Farias
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Table 2
Posterior Median Values and 68% Credible Intervals (16th and 84th
Percentiles) for the CSM Interaction Model Parameters

Parameter Value
Mej Mol 0TI
Mesw [M:] 0.299+9.%8

vej [km's ] (1567333 x 10*
K 0.045+3:9%
plgem™ (9.567238) x 10-13
o 14U 0.66°4
Titoor [K1 62427320

1o [MID] 58328.191001
Avimee] 31574

et al. 2026), SN 2018erx occupies the low-mass end of both
the ejecta-mass and CSM-mass distributions (Figure 11). In
the Ro—Mcsm plane, it lies well below the bulk of the SN Ibn
population, indicating a more compact inner CSM radius at
comparable CSM mass, while remaining broadly consistent
with the compact radii inferred for the small number of
modeled SN Icn events. The cumulative-distribution compar-
ison likewise shows that M, Mcsm, and CSM density for
SN 2018erx fall toward the lower end of the Type Ibn
distribution, yet remain within the range spanned by both the
Type Ibn and Icn samples. The CSM model fitted ejecta
velocity, vej >~ 1.5 x 10* km s~ ! lies toward the higher end of
the SN Ibn distribution and is comparable to values inferred
for SNe Icn, suggesting a faster-moving, lower-mass ejecta
component more reminiscent of stripped-envelope explosions
with little residual helium.

The inferred CSM density profile, characterized by a
shallow power-law slope 1 = 0.0ngjgg, is the most distinctive
feature of SN 2018erx within the broader Type Ibn/Icn
population. This value is indicative of a shell-like, approxi-
mately constant-density CSM configuration, in stark contrast
to the n = 2 profile expected for a steady stellar wind. While
Farias et al. (2026) report that a subset of SNe Ibn exhibit
shell-like CSM geometries, the majority of events in their
sample are better described by wind-like density profiles with
n ~ 2. Among SNe Icn, the modeled sample remains small,
but the available results suggest similarly compact and dense
CSM configurations, with some events also preferring
shallower density slopes (Pellegrino et al. 2022b).

Taken together, the combination of small Ry, high CSM
density, low ejecta mass, high ejecta velocity, and a nearly flat
density profile disfavors a canonical steady-state WR wind as
the dominant pre-explosion mass-loss mechanism. Instead,
these properties are more naturally explained by a brief,
intense episode of mass ejection in the years to decades prior
to explosion, forming a confined, shell-like CSM. Such
behavior is more consistent with binary-driven mass transfer
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Figure 9. Multi-band light-curve fit of SN 2018erx using the CSM-interaction
model implemented in redback. The observed photometry in the g, r, and i
bands is shown as colored points, while the solid curves represent the best-
fitting model.

0.0

or common-envelope interaction than with the continuous
radiatively-driven outflows associated with isolated WR stars.
We return to this point in Section 6.2, where we argue that the
full set of observational and modeling constraints for
SN 2018erx collectively favor a binary progenitor channel
over a single massive-star scenario.

To relate the fitted parameters to an approximate CSM outer
radius, we adopt a power-law density profile

.
-

p(r) = po(—) , Ro < 1 < Rous (17
Ry

where pg is the density at the inner edge (p, ~ 9.567339 x

10713 g cm™3). The total CSM mass then satisfies

Rou 4mpoR¢ .
Mcsm = 47rf p(r)rXdr = ZMPoTto (h) - 11,
Ro 3 — n R()
(18)
for n = 3. Inverting Equation (18) gives
1/G—n)
3 —n) M
Row = Ro| 1 4 8= Mesu oM . (19)
4mpoRo
Using the posterior median values, we obtain
Rout ~ 5.6 x 10" cm ~ 37 AU. (20)

The inferred CSM therefore extends from Ry, ~ 0.6 au
to ~40 au.

5.3. CSM Radial Extent Based on Spectroscopy

The spectra of SN 2018erx show prominent intermediate-
width CII emission and related interaction signatures
(Figures 5 and 7), indicating that the line-forming region is
associated with shocked circumstellar gas. These features can
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Figure 10. Corner plot showing the posterior distributions of the CSM-interaction model parameters obtained from the redback fit to the multi-band lightcurve of
SN 2018erx. The diagonal panels show the marginalized posterior distributions, while the off-diagonal panels show the parameter covariances. The dashed lines

indicate the median values and 1o credible intervals.

therefore be used to place order-of-magnitude constraints on
the radial extent of the CSM. We detect clear interaction
signatures already in the first spectrum at MJD 58334,
corresponding to roughly 6 days after the explosion epoch
inferred in Section 4.1. This implies that the fastest interaction
front, identified with the outer ejecta or the forward shock,
must have reached the inner edge of the CSM by that time.

14

For this estimate, we adopt a characteristic ejecta velocity of
Vej = 5200 km s~ ! from the P-Cygni absorption minima. This
gives

RcsM,inner S, Vej At ~ 18 au, 21D

consistent with an extended circumstellar envelope at the time
of interaction. Interaction-related CII absorption/emission
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remains visible as late as MJD 58351, about 23 days after
explosion. This indicates that CSM-processed material con-
tinues to contribute to the line-forming region at least until that
epoch. Using the same velocity then gives an order-of-
magnitude estimate of the outer extent of the line-forming
CSM,

ResMouter ~ Vej At =~ 70 AU. (22)

These spectroscopic constraints are broadly consistent with the
lightcurve modeling. The interaction fit yields an inner CSM
radius of Ry =~ 0.66 au, comfortably below the spectroscopic
upper limit on the inner edge. Likewise, the outer radius
inferred from the best-fit CSM parameters, Ry, ~ 40 au, is
consistent with the spectroscopic estimate of ~70 au to within
a factor of ~2.

5.4. Order-of-magnitude CSM Mass Estimate from
Ejecta—CSM Interaction

We provide an independent, order-of-magnitude estimate of
the CSM mass by treating the early emission as powered by
kinetic energy dissipated in a strongly inelastic ejecta—CSM
collision. Here we explicitly distinguish the pre-shock CSM
speed (vy,) from the post-shock bulk speed of the swept-up
shell (Vghep) inferred from the absorption.

Consider an outer ejecta layer of mass M.;; moving at v;
that impacts a CSM shell of mass Mgy moving at a pre-shock
speed vy,. In the perfectly inelastic limit, the shocked ejecta
and swept-up CSM merge into a single shell (e.g. a cooled
dense shell) moving at a common post-shock velocity vgper.
Conservation of momentum gives

(Mej,; + Mcsm) Vshelt = Meji Vej + Mcsm Vs (23)
or equivalently
ol — V= 8 (), 24)
M ; + Mcsm

The kinetic energy dissipated in the collision is the
difference between the initial and final kinetic energies,

1 1 1
AE:E M,;,; Ve% + 5 Mcsm V»% - 5 (Meji + Mcsm) VS%W“
1 Mg, Mcsm
= ST (v — VW)z'
2 Mej,,‘ + MCSM

(25)

Using Equation (24) to eliminate the mass ratio yields a
convenient expression in terms of the observable post-shock
velocity:

1

AE = 5 Mcsm (Vej — V) (Wshell — V). (26)
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For the order-of-magnitude estimate we adopt vy, < Vgperr, SO
that

1
AE >~ — Mcsm Vej Vshell-

5 27)

If the interaction region is radiative on the relevant
timescale, a fraction e<1 of the dissipated energy emerges
as radiation, E,q ~ € AE. Solving Equation (26) for the CSM
mass gives

MCSM ~ 2 Erad
€ (Vej — Vo) (Vshell — V)
2FE
~ T (v < Vepen)- (28)
€ Vej Vshell

Adopting ve; ~ 5200 km s~! from the P-Cygni absorption
minima, we estimate the post-shock velocity from the CII
A7238 emission feature. After fitting a local continuum within
4+50 A of line center and modeling the line profile with
Gaussian and Lorentzian functions, we infer a characteristic
velocity of vghen = 3900 = 100 km s~ !, which we interpret as
the bulk speed of the post-shock swept-up shell. We thus
obtain

E Vej !
Mesm >~ 4.9 x 1071 ¢! rad ( = )
oM (1050 erg) 5200 km s~

( Vshell )1
>< _— M’.:.
3900 km s~! )

(29)

The inferred deceleration also fixes the interacting mass
ratio. From Equation (23), for vy, < vgnenr One finds

Vej
~|——1|—-1~0.33,
Vshell

so the swept-up CSM mass is comparable to the interacting
ejecta-layer mass for the adopted velocities, consistent with the
regime of efficient dissipation. This estimate should be
interpreted as an order-of-magnitude scale. If the interaction
is not fully radiative on the observed timescale, € < 1 increases
the inferred Mgy Thus, for reasonable choices of € and E.,g4,
this order-of-magnitude estimate is broadly consistent with the
CSM mass inferred from the redback interaction fit
(Mcsm =~ 0.31 M), given the large systematic uncertainties
inherent in the simplified inelastic-collision picture.

Mcsm

(30)
M.;,;

5.5. Mass-loss-rate Estimates for the Inner CSM

Below we estimate the characteristic mass-loss scale
associated with the inner CSM: one based on the observed
luminosity and spectroscopic line width, and a second based
on the the best-fit CSM model.
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5.5.1. Based on Spectroscopy

If the observed luminosity is powered primarily by kinetic-
energy dissipation at the ejecta—CSM interaction shock, the
corresponding mass-loss rate can be estimated as

. 2Ly
M = 3W s
€ Vel

€1y

where € < 1 is the efficiency with which shock kinetic energy
is converted into radiation, v,, is the pre-SN outflow velocity,
Vshent 18 the velocity of the post-shock shell, and L is the
bolometric luminosity.

The outflow velocity is not directly measured in
SN 2018erx, so we consider two representative values:
v, = 100kms™', appropriate for a slower eruptive or
binary-driven outflow, and v,, = 1000 km s~! characteristic
of a WR-like wind. To estimate the post-shock velocity, we
analyze the CII 7238 emission feature. After fitting a local
continuum within £50 A of line center, we model the profile
with Gaussian and Lorentzian functions and infer a character-
istic velocity of vghe = 3900 + 100 kms ™',

Adopting € = 0.5, we obtain characteristic mass-loss rates of

M~ 47 x 1074 M, yr~!
for v,, = 100kms ™', and

M~47 x 103 M, yr~!
for v,, = 1000 km s .

5.5.2. Effective Mass-loss Rate from the CSM Model Fitting

Although the best-fit density profile is shell-like rather than
a steady wind, it is still useful to quote an “effective” mass-
loss rate by identifying the fitted density normalization pg at Ry
with that of a stationary wind:
Megr = 4TRG oy (32)
Using the posterior median values of Ry and py, and adopting a
fiducial WR-like velocity of v,, = 1000 km s~! we find

Meff ~ 19 x 1073 M, yl'il.

This should be interpreted only as a characteristic rate at the
inner CSM radius, not as evidence for a long-lived
steady wind.

The spectroscopic and model-based estimates are broadly
consistent at the  order-of-magnitude level.  For
v, = 1000 kms ™', the luminosity-based estimate exceeds the
effective rate inferred from the CSM fit by a factor of a few;
given the different assumptions involved, this level of
agreement is reasonable. Both approaches therefore indicate
a dense and enhanced pre-SN mass-loss episode.
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5.6. Upper Limits on the *°Ni Mass in SN 2018erx from
the Rapidly Fading Lightcurve

At late phases, the luminosity of core-collapse SNe is often
powered by radioactive decay. In events with a well-detected
nebular tail, the °Ni mass can be inferred by comparing the
late-time bolometric luminosity to the expected *°Co decay
power. For SN 2018erx, however, the available photometry
does not reveal a clear >°Co-powered tail. We therefore treat
the luminosity measured at the last blackbody epoch as an
upper limit on the contribution from radioactive decay and
derive corresponding upper limits on My;.

For an initial >*Ni mass My;, the instantaneous radioactive
power from the full *°Ni —°°Co —>°Fe decay chain is

Mni
Lrad([) :fc‘iep (t)(FN)frad(t), (33)
where
€rad(t) = 6.45 x 10%3~1/884d
+ 145 x 10%8e~/1113d gpg g1, (34)

Here ¢ is the rest-frame time since explosion, the first term
represents heating from °°Ni decay, and the second term
represents heating from 36Co decay. The factor fy.p(#) accounts
for incomplete deposition of the radioactive energy; for
complete trapping, faep = 1.

Requiring Lyag(fias) < Lob(frast) gives

Ly (fiast)

My € ——mMmMMMM—
,f&ep (fiast) €rad (Flast)

(35)

The last blackbody epoch that passes our quality cut occurs
at phase + 27.7 days relative to r-band maximum, corresp-
onding to f,c ™~ 34 days after explosion. Assuming complete
trapping, the no-host-extinction luminosity at this epoch,
log Ly (erg s~1) = 40.63, gives

My; <35 x 1073 M., (36)
For the high-extinction case, the corresponding limit is
My $54 x 1073 M. 37

These limits should be interpreted cautiously, since the last
blackbody epoch is likely dominated at by hot dust or
reprocessed emission rather than a clean nebular radioactive
tail as discussed in Section 5.7.1. We therefore write the more
general limit as

J;
MNi 5 (id MNi,trap»

dep

(38)

where My rap is the complete-trapping value above, fr.g <1 is
the fraction of the observed late-time luminosity actually powered
by radioactive decay, and fy, <1 is the radioactive-energy
deposition fraction. Incomplete ~-ray trapping increases the
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inferred upper limit by a factor fd’eé, whereas any contribution
from circumstellar interaction, an infrared echo, or hot dust
reprocessing reduces the radioactive fraction of the luminosity
and therefore lowers the allowed *°*Ni mass. For ordinary SESN-
like values Ty ~ 50-150 days, f4.p(34 days) ~ 0.89-1.00, so the
complete-trapping limits remain nearly unchanged if fi,q = 1.
Even in a more weakly trapped, low-ejecta-mass configuration
with fyep ~ 0.5, the inferred limit would increase only by a
factor of ~2. Thus, the two correction factors may partially
compensate each other, and the inferred *°Ni limits are likely to
remain close to the complete-trapping estimates above, i.e.
My; ~ few x 107> M.

5.7. Dust

5.7.1. Dust Properties from the Near-Infrared Excess

SN 2018erx exhibits a clear NIR excess at +27 days in
addition to its unusually red optical continuum. Because the
early-time spectra simultaneously show high-ionization carbon
features (requiring a hot radiation field), the red continuum is
difficult to reconcile with a genuinely cool photosphere alone,
and instead naturally points to dust absorption and re-emission.
In interacting SESNe, dust signatures can originate from (i)
pre-existing circumstellar dust that survives the SN flash and
produces an infrared echo, and/or (ii) newly formed dust
condensing rapidly in the dense, cooling post-shock region
(the cool dense shell; CDS). Both pathways have been invoked
for interacting SESNe, most famously in the Type Ibn
SN 2006jc (Foley et al. 2007; Anupama et al. 2009), and
more recently in SN 2023xgo (Gangopadhyay et al. 2025;
Yamanaka & Nagayama 2025). Below we use the NIR excess
to obtain order-of-magnitude constraints on the characteristic
dust temperature, an effective emitting size, and the dust mass.

At the epoch of our NIR detection, the measured absolute
magnitudes are My = —14.25 and M; = —12.83, giving
(J — K)ap = 1.42 mag and therefore

F.

FE x

= 1070%40V=Ks ~ (.270. (39)

If the emission is dominated by optically thin thermal dust
emission, then

F, < k, B,(13), (40)

where k, is the dust mass absorption coefficient at frequency v.
The observed color then constrains the dust temperature
through

E v,J

FI/,K

— ﬂ BI/(V]7 T(‘i) (41)
kk By,(vk, To)

For an order-of-magnitude estimate we take r;/kg ~ 1 (a
weak dependence in the near-IR for typical grain models),
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which yields a color temperature
Ty ~ 1660 K (42)

We adopt a conservative range T4 ~ 1500-2000 K for the hot
component traced by J and K. This temperature is close to the
condensation /sublimation temperature of carbonaceous grains,
consistent with a carbon-rich circumstellar environment as
implied by the Type Icn-like spectral signatures.

If the NIR excess arises from an IR echo (i.e., dust at radii
comparable to or larger than the sublimation scale; see below),
the emitting dust is expected to be optically thin in the near-IR
for the small dust masses implied by the data. For a dust
mass My distributed over a shell of radius Ry and covering
fraction f,, the -characteristic K-band optical depth is
T ~ /iKMd/(47TfQRdZ), which is <1 for Ry > few x 10'® cm
unless the dust is extremely clumped or confined to a very small
solid angle.

In the optically thin limit, the monochromatic luminosity is

L, x =~ 47 kg My B, (vk, Ty), (43)

where kg is the dust mass absorption coefficient at 2.2 yum. For
spherical grains of radius a and bulk density p,

3 Qups (v, a)

44
vy (44)

ky(a) =
where Q..s(V, a) is the dimensionless absorption efficiency,
i.e., the ratio of the absorption cross section to the geometric
cross section of a grain. The above expression is equivalent to
the commonly used grain-based form

_ i apb E/dz
3 Qus(v, @) B,(v, Ty)’

where F, is the observed flux density at distance d.
For representative carbonaceous grains (a ~ 0.1 um,
P ~ 2.2gcm73), Qaps of order a few x0.1 at ~2 um
corresponds to rx ~ 10* cm? g ', which we adopt as a fiducial
value.

Solving for the dust mass gives

Ll/,K

My (45)

e 46
U am kk Bu vk, T) o
Adopting kg = 10*cm® g ' yields
-1
Mg~12 x10°°M, | —% | | 47
d ”(104cm2g1 47

for Ty = 1.66 x 10° K. The dominant systematic uncertainty is
the poorly known near-IR opacity, together with the
uncertainty in 74 from the two-band color. Allowing
Ty = 1500-2000 K and rgx = 10°-10*cm? g~ ', we obtain

6 x 107 M, <My <2x105M, (48)

for the hot dust component traced by the J- and K-band
photometry.



Publications of the Astronomical Society of the Pacific, 138:104206 (28pp), 2026 October

For grains in radiative equilibrium with a central source of
luminosity L, the distance at which dust reaches temperature
T4 is approximately

1/2
L <Qabs>in :I /
167‘(’0’T§ <Qabs>0ut ’

where (Qaps)in and {Qaps)our are absorption efficiencies averaged
over the incident (UV /optical) and emitted (IR) spectra. Using
this radiative-equilibrium relation, the dust survival radius is

L . 1/2 T )
Rap ~ 4.6 x 10! p ( sub ) cm.
e (1043-8 ergs ') \1800 K

For the extinction-corrected peak luminosity,
log(Lx/erg s 1) ~ 43.8, this gives Ry ~ 4.6 X 10" c¢m
~3100 au, implying a distinct outer dusty component in
addition to the compact inner CSM responsible for the rapid
interaction.

R(Ty) ~ [ (49)

6. Discussion
6.1. Dust Origin Scenario

Here we explore the possible origin of the hot dust
responsible for the near-infrared emission in SN 2018erx.
Our inferred Ty ~ 1500-2000 K is comparable to temperatures
reported for hot dust components in other interacting SESNe
(Gan et al. 2021; Yamanaka & Nagayama 2025). In
SN 2006jc, the emergence of a red/NIR excess and
contemporaneous spectroscopic changes were interpreted as
rapid dust formation in the post-shock region, establishing that
dust can condense on timescales of only weeks in a dense He-
rich CSM interaction environment (Smith et al. 2008). More
recently, NIR and optical monitoring of the transitional
Type Ibn/Icn SN 2023xgo revealed a prominent NIR excess
persisting from ~15 to 100 days (Yamanaka &
Nagayama 2025), with SED modeling favouring carbon dust at
T4 ~ 1600 + 100 K and an inferred dust mass of ~10~* M.
That work argues that the NIR excess is best explained as an
IR echo from pre-existing circumstellar carbon dust located
outside the shocked CDS. In the Type Ibn SN OGLE-2012-
SN-006, early optical-NIR SED modeling similarly favors a
pre-existing dust shell, with dust temperatures of
~1200-1300 K and substantially larger inferred dust masses
(~5 x 107*22 x 107* M) (Gan et al. 2021).

Thus, the hot dust mass we infer for SN 2018erx,
My ~ 107°-107°M., lies toward the low end of the
distribution, broadly comparable to the small dust masses or
upper limits reported for several SNe Ibn, and well below the
~107*-10* M, values inferred for SN 2023xgo and OGLE-
2012-SN-006. We caution that our two-band estimate
constrains only the hot dust component emitting in J and K;
any cooler dust peaking at longer wavelengths would increase
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the total dust mass. Mid-IR photometry is therefore required to
robustly constrain the full dust mass budget. If a fraction
fa ~ 1% of the expelled material condensed into dust, the
inferred My ~ 6 x 107 '=2 x 107> M., implies that the total
mass expelled in the dusty circumstellar layer was of order
6 x 107°-2 x 10> M.,

If the NIR excess is powered by a pre-existing IR echo, we
estimated earlier that the dust responsible for the observed hot
component must lie at radii of at least a few x 10'® cm unless it
is substantially shielded by optically thick gas or confined to
dense clumps. This radius corresponds to a light-travel time of
Rop/c ~ 10-20 days and an echo duration of order
2Rgup/c ~ 20-40 days for a thin shell, naturally consistent
with the observations for SN 2018erx.

This in turn places a lower limit on when the dusty
circumstellar layer was expelled prior to explosion. For a
characteristic outflow velocity v,

~1
km s~! ) -

cm)( 103
(50)

Thus, for WR-like outflow speeds (v, ~ 1000 km sfl), the
dusty layer must have been launched at least ~10-20 yr before
core collapse, while for slower outflows (v, ~ 100 km s~ 1) the
corresponding timescale becomes ~100-200 yr. These
estimates support a picture in which SN 2018erx is embedded
in a structured, multi-epoch CSM: a compact inner C-rich
component on < tens-of-AU scales powers the rapid
interaction, while an additional dusty component at much
larger radii produces the large effective attenuation and the
NIR excess. The fact that the optical lightcurve and spectra are
already strongly reddened at the earliest observed epochs,
together with line-profile asymmetries consistent with prefer-
ential attenuation of the receding side, strongly favors pre-
existing circumstellar dust over dust formed only after
explosion.

R sub R sub Vw

> Rav (
Vy 4.6 x 10'°

tej Z

6.2. Progenitor and Evolutionary Pathway

SN 2018erx is one of the faintest members of the SN Ibn/
Icn sub-class. It rises and declines quickly with rise time and
decline time of 2.1 days and 3.1 days respectively. Any viable
progenitor scenario must account simultaneously for (i) the
signatures of interaction with H/He-poor and likely C-rich
material, and (ii) the small characteristic mass and compact
spatial scale implied by our interaction fit. In particular, the
redback CSM-interaction posteriors for SN 2018erx favor
M = 0.117093 M, and Mcgy = 0.307001 M.,. These values
place SN 2018erx in a regime where the CSM mass is
comparable to the ejecta mass, such that strong deceleration
and efficient conversion of kinetic energy into radiation are
expected. In addition, the rapidly fading light curve constrains
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Figure 12. Comparison of the S6Ni mass (My;) and ejecta mass (M) of SN 2018erx with SESNe from the literature. The red symbol marks SN 2018erx, while blue
triangles denote Type Icn events (Pellegrino et al. 2022b). The arrow indicates that the inferred *°Ni mass is an upper limit. Gray symbols show literature
measurements for other SESN subclasses from D24 (Das et al. 2024b), D23 (Das et al. 2023), and T18 (Taddia et al. 2018), as well as ultra-stripped SN candidates
(USSN) from Das et al. (2024a). SN 2018erx occupies the regime of both low ejecta mass and low 55Ni mass.

the radioactive yield to be very small, with an upper limit of
My; < 5.4 x 1072 M, placing SN 2018erx at the low end of
both the ejecta-mass and “°Ni-mass distributions among other
SESNe (Taddia et al. 2018; Pellegrino et al. 2022b; Das et al.
2023b; Das et al. 2024a, 2024b) (Figure 12).

Below, we consider three broad progenitor and explosion
pathways that could plausibly reproduce the observed and
inferred properties of SN 2018erx: (1) an interaction-boosted
ultra-stripped core-collapse supernova, (2) the core collapse of
a more massive WC/WO Wolf-Rayet star, potentially
involving fallback, and (3) a merger-powered transient
involving a compact object and a stripped massive star.

6.2.1. Ultra-stripped SN of a Low-mass He-star

SN 2018erx is consistent with a rapidly evolving, H-poor
SN powered by the core-collapse of an ultra-stripped
progenitor embedded in dense, nearby C-rich CSM. In the
standard ultra-stripped channel, binary interaction removes
almost the entire H-rich envelope and subsequently erodes
much of the remaining He-rich layers during late Roche-lobe
overflow (Case BB/BC mass transfer) onto a compact
companion, leaving behind a low-mass pre-SN core and
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therefore a very small ejecta mass at explosion (e.g., Tauris
et al. 2013, 2015).

Despite allowing a very broad prior range (0.1-15M.,),
the fit for SN 2018erx favors a low ejecta mass,
M = 0.111§0} M., (Table 2). This places SN 2018erx firmly
in the same ejecta-mass regime as well-studied ultra-stripped
candidates such as iPTF 14gqr (M.j ~ 0.2 M; De et al. 2018),
SN 2019dge (M ~ 0.4 M; Yao et al. 2020), and SN 2023zaw
(Mg ~ 0.5Mg; Das et al. 2024a), and far below the typical
M ~ 1-5 M, inferred for most SNe Ib/c (e.g., Taddia et al.
2018). Such a small ejecta mass strongly suggests a progenitor
that was stripped efficiently by a close companion rather than a
single massive WR star retaining a more substantial CO core at
collapse. Such a low value of ejecta mass has been seen
previously for SN 2023xgo (SN Ibn/Icn; M ~ 0.12 M).
While interaction complicates a purely radioactive interpreta-
tion, the low inferred M,; itself is difficult to reconcile with a
standard high-mass single-star channel.

At the same time, the fit favors a substantial circumstellar
mass, Mcsy = 0.3070901 M., (Table 2). This is few times the
ejecta mass, with Mcsm/Me; ~ 2.7. Such a mass ratio is a
qualitatively important regime for interaction: once the swept-
up CSM mass approaches the ejecta mass, strong deceleration
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Inner C-rich CSM
*Mcsm=0.30 M

*n=0.05; p0 = 9.6x10-13 g cm-3
« M =104-103 M yr!

« Mass-loss months—few yr pre-SN

Outer dusty layer

* Taust = 1500-2000 K
* Maust = 6x10-7-2x10-5 Msun
« Mass-loss ~10-200 yr pre-SN

. Ejecta
- Mej=0.11 M :
* Vej = 1.56x104 km s}

Raust

3000 AU

Figure 13. Schematic illustration of the CSM environment inferred for SN 2018erx from the lightcurve and spectral modeling. The figure summarizes the compact
C-rich inner CSM responsible for the rapid interaction, together with the more extended dusty component inferred from the strong extinction and late-time near-

infrared excess.

is expected and a significant fraction of the kinetic energy can
be converted into radiation. In that limit, the emergent
luminosity is governed primarily by shock interaction rather
than radioactive heating, even if the underlying explosion is
intrinsically faint. The parameter combination inferred for
SN 2018erx therefore naturally places it in an interaction-
dominated regime.

This configuration closely resembles the scenario explored
by Moriya et al. (2025), who demonstrate that an ultra-stripped
explosion embedded in sufficiently massive nearby CSM can
appear observationally as a luminous, H-poor interaction-
powered transient. In their models, a pre-SN mass-ejection
episode triggered by violent late burning produces CSM whose
mass can rival or exceed that of the ejecta. The underlying
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mechanism is related to degenerate silicon flashes expected
near the low-mass boundary for iron-core collapse. In mass-
losing helium-star models, Woosley (2019) show that helium
cores of My, ~ 2.5-3.2 M can undergo off-center silicon
ignition under partially degenerate conditions, launching
shocks that eject a substantial fraction of the remaining
envelope. The resulting shell masses span ~0.02-0.7 M, with
characteristic ejection speeds of order 10°-10*kms~' and
delays of tens of days between the flash and final collapse.
These parameters naturally place dense material at radii
R ~ 10-10"cm by the time of explosion. The best-fit
Mcsm =~ 0.3 M, for SN 2018erx lies comfortably within this
predicted shell-mass range, and the inferred compact CSM
configuration is consistent with a mass-ejection episode
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occurring only months to years before core collapse. While the
data do not uniquely require a silicon-flash origin, the overall
scale of the inferred CSM mass and radius is at least
compatible with this picture.

The fitted CSM density scale and inner radius
further support a compact, recently ejected structure. The
posterior medians, p, = (9.567775) x 1073 gem™  and
ro = 0.6670% AU, set the scale for an optically thick,
relatively compact CSM beginning just outside the progenitor.
Approximating the CSM as a dense shell with mass
Mcsm ~ 0.3 M, and characteristic density py implies an outer
radius of order a few x10“cm (tens of AU). This is far
smaller than the 10'°-10'7 cm scales typical of long-lived
interaction in SNe IIn, yet entirely consistent with the
confined, nearby CSM inferred for fast H-poor interaction
events. For outflow speeds of ~100-1000 km s~ !, such radii
correspond to ejection occurring months to a few years before
collapse, naturally pointing to very late-stage binary evolution.
This aligns well with the calculations of Wu & Fuller (2022b),
who model stripped helium stars through advanced burning
and find that helium cores of ~2.5-3 M, can re-expand
during O/Ne burning, triggering extreme late-stage mass
transfer in close binaries. They obtain mass-transfer rates
M > 1072 M, yr~' beginning weeks to decades before
collapse, and show that either stable mass loss from the
system or unstable transfer leading to a common-envelope
ejection can produce CSM masses ~107>—1 M, at radii
~10"-10"cm. The posterior medians for SN 2018erx
(Mcsm == 0.3 M, and characteristic radii ~10'-10"° cm) fall
well within these predicted ranges (Figure A3). The mass-loss
rates obtained from spectroscopy are also well within this
range (Section 5.5). The spectroscopically derived M
(Section 5.5) is consistent with ejection occurring months to
a few years before collapse. The dust shell, sitting at larger
radii, likely traces an earlier, distinct mass-loss episode—
possibly a prior phase of stable Roche-Lobe overflow or a
partial common-envelope interaction—predating the terminal
stripping event by decades to centuries. The consistency in
mass scale and spatial extent suggests that the dense CSM
around SN 2018erx could plausibly arise from the same late-
stage binary processes that produce ultra-stripped explosions.

6.2.2. Core Collapse of a Massive WC/WO Wolf-Rayet Star

A WC/WO progenitor remains attractive for SN 2018erx
because it naturally explains the carbon-rich circumstellar
environment implied by the strong intermediate-width C1I
emission and, plausibly, the carbonaceous dust indicated by
the NIR excess. In particular, a WC/WO-like surface
composition provides a straightforward route to H/He-poor,
C/O-rich CSM, unlike lower-mass stripped progenitors for
which the origin of carbon-rich outflows is less direct (e.g.,
Gal-Yam et al. 2022a; Perley et al. 2022; Pellegrino et al.
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2022b). The outer dusty layer inferred from the NIR echo in
SN 2018erx is also not, by itself, problematic for such a
progenitor: for WR-like outflow speeds, the dust-survival
radius implies ejection on a timescale of order ~10-20 yr
before core collapse, while the hot dust mass implies only a
modest total dusty outflow mass.

The difficulty lies instead in the inner interaction region. Our
modeling requires Mcsy ~ 0.3 M, Ry =~ 0.7 au, Ry, ~ 40 au,
and a nearly constant-density profile (n ~ 0), i.e. a compact
shell rather than a steady r~ 2 wind. Placing ~0.3 M, within
~6 x 10" cm implies characteristic mass-loss rates of order
M~ 01-1M_yr " for v, ~ 10-10°kms~', far above
canonical steady WR wind values (e.g., Crowther 2007).
Likewise, the shell-like density structure inferred here is unlike
the wind-like CSM expected from a long-lived WR outflow. In
this sense, a standard single-star WC/WO wind is difficult to
reconcile with SN 2018erx; if the progenitor was WR-like at
collapse, the data require an unusually violent pre-SN ejection
episode, strong binary mediation, or both.

A second tension is the explosion scale itself. The inferred
ejecta mass, M.; ~ 0.11 M, is far below that expected from a
normal successful explosion of a massive WC/WO star, which
would typically retain a substantially larger CO core at
collapse. Thus, while a WC/WO-like surface composition
remains an appealing explanation for the carbon-rich CSM, the
combined requirements of a compact shell-like CSM and a
very low ejecta mass argue against a simple steady-wind WR
channel. If SN 2018erx did originate from a massive WR
progenitor, then fallback or some other mechanism for
suppressing the effective ejecta mass is likely required (see
next subsection).

6.2.3. A Partially Successful (fallback) Explosion and Jet-
driven Outflow

In fallback SN scenarios, the explosion energy is insufficient
to unbind the entire star; the inner layers fall back onto the
compact remnant, reducing both the effective ejecta mass and
the *°Ni yield (e.g., Woosley et al. 1993; Moriya et al. 2010).
A jet launched during or after collapse (Khokhlov et al. 1999;
MacFadyen & Woosley 1999; MacFadyen et al. 2001) can still
imprint broad features even if the bulk explosion is weak,
linking some SNe Icn/Ibn to peculiar Ic-BL-like events with
low °Ni yields (e.g., Fraser et al. 2021; Perley et al. 2022;
Pellegrino et al. 2022b). In the context of SN 2018erx, fallback
offers a coherent explanation for the combination of low ejecta
mass, weak radioactive output, and low expansion velocities,
while remaining compatible with a WC/WO progenitor and
hence a carbon-rich circumstellar environment.

For SN 2018erx, the inferred My ~ 0.11M. and
My; < 54 x 107 M, lie firmly in the regime expected for
strong fallback, where a significant fraction of the initially
ejected material fails to escape. The observed photospheric
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velocity of ~5200km s~ is also consistent with a low-energy
explosion in which the surviving ejecta expand more slowly
than in typical stripped-envelope SNe.

However, the compact, shell-like CSM (Mcsm ~ 0.3 M.,
Ry ~ 40 AU, 1 = 0) still requires a brief and intense pre-SN
mass ejection episode, as steady WR winds cannot deposit
~0.3 M, at such small radii. Fallback therefore constrains the
explosion outcome, but does not by itself explain the origin of
the dense nearby CSM, and is most naturally combined with a
binary-mediated mass-loss channel.

6.2.4. Merger-powered Fast Transients Involving a Compact
Object

A merger-powered scenario is appealing for SN 2018erx
primarily because it can naturally produce the structured,
asymmetric, and multi-epoch circumstellar environment
implied by the data. The event appears to require both a dense
inner shell on sub-AU to tens-of-AU scales, which powers the
rapid interaction, and a distinct outer dusty layer at radii of at
least a few x10'® cm My ~ 10°5-107° M), which accounts
for the strong effective attenuation (Ay ~ 3.3 mag) and the
NIR echo. In particular, delayed mergers between a stripped
WR star and a compact object (neutron star or black hole)
provide a physically motivated channel, in which the WR star
is tidally disrupted and accreted, driving a disk-wind outflow
and shaping both the inner and outer CSM (Metzger 2022).

The merger picture is also attractive because it does not
require the inner CSM to resemble a steady wind. In
SN 2018erx the inferred shell-like density profile (n =~ 0.05),
compact inner radius (Ry =~ 0.7 au), and relatively high CSM
density (po ~ 9.6 x 107"} gecm ™) are more suggestive of a
confined mass ejection than of a long-lived outflow. The
implied characteristic mass-loss rate, M ~ 1073 M, yr~!
(Section 5.5), is orders of magnitude above canonical WR
wind values, yet consistent with rates expected during a
common-envelope or dynamical mass-transfer episode. In this
sense, merger-related ejection or common-envelope clearing
may better match the geometry of the inferred CSM than a
canonical WR wind. If the stripped star involved in the merger
were  WC/WO-like, the carbon-rich line spectrum and
carbonaceous dust would also follow naturally.

The main limitation is that current merger models are not
yet tied closely enough to the specific parameter combination
inferred for SN 2018erx. It remains unclear whether they
generically produce an effective ejecta mass as low as
M. ~ 0.11 M, together with Mcsm ~ 0.3 M, at radii of only
tens of AU, while also reproducing Type Icn-like intermediate-
width C1I emission. We also lack independent observational
evidence for merger or engine signatures such as luminous
X-ray or radio emission, long-lived central-engine activity, or
extreme late-time asymmetry, although the available follow-up
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is not deep enough to exclude them. We therefore regard
merger-powered models as plausible, particularly for explain-
ing the CSM geometry and the presence of a distinct dusty
outer layer, but not yet uniquely required by the present data.

7. Conclusion

We have presented optical and near-infrared observations of
SN 2018erx (ZTF18abkmbpy), a fast-evolving and unusually
red interacting SESN discovered by ZTF. Photometrically,
SN 2018erx rises to peak in ~2 days and declines at
0.16 + 0.01 mag d~' over the first 10 days, placing it among
the most rapidly evolving hydrogen-poor SNe and overlapping
with the parameter space of rapidly evolving stripped-envelope
transients. Spectroscopically, it exhibits prominent, relatively
broad CI emission with characteristic widths of
~3800 km s~!, consistent with interaction between the SN
ejecta and a carbon-rich CSM and favoring a Type Icn
classification. Semi-analytical CSM-interaction modeling indi-
cates a compact, shell-like CSM with Mcsq =~ 0.3 M
interacting with low-mass ejecta of M, ~ 0.11 M. at
velocities of ve; ~ 1.5 X 10* km s™!, while the late-time
luminosity constrains the “°Ni mass to <(3-5) x 107> M,
The estimated near-constant density profile ( =~ 0.05) and
high inner density (py =~ 9.6 x 10~'% g cm ) disfavor a steady
WR wind and instead point to a brief, intense mass-ejection
episode in the final years before collapse, most naturally
explained by late-stage binary interaction. The strong con-
tinuum reddening (Ay =~ 3.3 mag) and near-infrared excess at
+27 days, corresponding to a hot dust component at
T4 ~ 1500-2000 K with inferred mass My ~ 107°-107°> M.,
point to local circumstellar dust. The dust sublimation radius
(Roup =~ 4.6 x 10'® cm) implies that this outer dusty layer was
ejected ~10-200 yr before core collapse, representing an
earlier mass-loss episode distinct from that of the compact
inner CSM. Together, the rapid evolution, low ejecta mass,
modest radioactive yield, and evidence for compact CSM
interaction place SN 2018erx in a sparsely populated region of
the interacting SESN phase space.

The inferred properties are most naturally consistent with an
interaction-boosted ultra-stripped core-collapse explosion in a
close binary system. In particular, the very low ejecta
mass (Mg ~ 0.11Mg), very small radioactive yield
(My; < (3-5) x 1073 M), rapid photometric evolution, and
compact dense CSM with a mass comparable to that of the
ejecta are all consistent with a progenitor stripped to a low-
mass core via binary interaction, followed by a final episode of
intense mass loss through Case BC evolution or a silicon-flash-
driven ejection shortly before collapse. At the same time, the
carbon-rich circumstellar environment is not uniquely diag-
nostic of this channel. A WC/WO progenitor provides a direct
route to C-rich gas and dust, but a steady Wolf-Rayet wind
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struggles to produce the inferred combination of low °Ni
mass, compact shell-like CSM with an approximately constant
density profile, and such a small ejecta mass without invoking
an additional eruptive mass-loss episode and/or strong
fallback. A fallback-modified WR explosion can account for
the low effective ejecta mass and suppressed “°Ni production,
yet it does not by itself explain the origin of the dense nearby
shell required by the interaction. Merger- or compact-object-
powered scenarios remain plausible because they can generate
a structured, multi-epoch circumstellar environment, including
both the compact inner shell and the older dusty outer material.
These scenarios also naturally accommodate the high inferred
mass-loss rates and shell-like geometry. However, current
models do not yet demonstrate that they reproduce the full
combination of low ejecta mass, low nickel yield, compact
CSM, and Type Icn-like spectroscopic properties observed in
SN 2018erx. Overall, the ultra-stripped interpretation provides
the most self-consistent explanation of the full parameter set,
while WR /fallback and merger-driven channels remain viable
alternatives that likely require more detailed modeling.

Looking ahead, distinguishing between an interaction-
boosted ultra-stripped explosion, a fallback-modified WolfUR-
ayet collapse forming a black hole, or a merger/engine-driven
scenario will require more detailed modeling and substantially
deeper late-time observations. In particular, very deep optical
and near-infrared tail photometry is essential to measure or
tightly constrain any *°Co-powered decay. This will allow us
to separate a zero nickel yield from a merely low “°Ni mass.
Late-time spectroscopy is equally important, as nebular line
diagnostics can directly probe the inner ejecta composition,
progenitor mass, and the persistence or shutdown of
circumstellar interaction.

The detection of local circumstellar dust in SN 2018erx
raises a broader question about the role of dust in the
interacting SESN population. While dust signatures have been
identified in individual Type Ibn and Icn events (e.g.,
SN 2006jc, OGLE-2012-SN-006, SN 2023xgo), they are not
seen in all cases. This likely reflects a combination of factors.
The dust may be distributed in a clumpy or aspherical
configuration, so that it does not lie along every line of sight.
In other events, the total dust mass may simply be too low to
produce a detectable signature at optical wavelengths.
Observational biases also play an important role: heavily
dust-reddened events like SN 2018erx appear intrinsically faint
in the optical before extinction correction, making them easier
to miss or misclassify in optical surveys. Multi-epoch near-
and mid-infrared monitoring will be crucial to fully character-
ize this dust component. Type Icn SNe, with their dense and
carbon-rich C/O-dominated circumstellar environments, may
represent especially favorable conditions for efficient dust
condensation and growth, making them promising targets for
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JWST follow-up. Robust modeling will connect dust forma-
tion to the progenitorSs final mass-loss history and, more
broadly, these carbon-rich environments provide a direct probe
of whether core-collapse SNe can significantly contribute to
the cosmic dust budget.

Finally, SN 2018erx adds to the growing evidence that
stripped-envelope explosions with very low *°Ni masses may
be underrepresented in current samples. Previous studies have
suggested a discrepancy between nickel yields in stripped-
envelope SNe and Type II SNe (Anderson 2019), possibly
driven by observational bias. SN 2018erx reinforces the
emerging picture that low-nickel, low-ejecta-mass events are
faint and evolve rapidly, and may only be discovered or
classified when their peak luminosity is boosted by circum-
stellar interaction or shock cooling. Similarly, SN 2018erx
shows that sufficiently high dust extinction can make a
Type Icn SN appear optically faint and unusually red,
suggesting that dustier members of the class may be system-
atically missed in optical surveys. Future deep surveys such as
LSST (Ivezi¢ et al. 2008) and Roman, combined with high-
cadence surveys such as ZTF, will be transformative in
uncovering this hidden population.
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Appendix

The Appendix provides the complete photometry, spectrosc-
opy log, and blackbody-fit parameters for SN 2018erx.
Figure Al presents the late-time host-galaxy spectrum used
to measure the Balmer decrement. Figure A2 shows the optical
color evolution compared with other interacting SESNe.
Figure A3 compares the inferred envelope and CSM properties
with theoretical progenitor and mass-loss models.

Table Al
Photometry After MW Extinction Correction

Phase (days) MID Instrument Filter AB mag Phase (days) MID Instrument Filter AB mag
—2.15 58331.17716 P48+ZTF r 20.32 £0.18 0.00 58333.32784 P48+ZTF r 18.54 £+ 0.04
—2.15 58331.17716 P48+ZTF r 20.25 £ 0.11 2.89 58336.21634 P48+ZTF r 18.74 £ 0.06
—2.15 58331.17716 P48+ZTF r 20.25 £ 0.11 2.89 58336.21634 P48+ZTF r 18.67 £+ 0.03
—2.13 58331.20277 P48+ZTF r 20.40 £ 0.24 2.89 58336.21634 P48+ZTF r 18.67 £+ 0.03
—2.13 58331.20277 P48+ZTF r 20.30 £ 0.14 2.89 58336.22250 P60 r 18.89 £ 0.03
—2.13 58331.20277 P48+ZTF r 20.30 £ 0.14 2.90 58336.22530 P60 g 19.78 £ 0.05
—2.11 58331.21819 P48+ZTF r 20.25 £ 0.18 2.90 58336.22810 P60 i 18.40 £ 0.03
—2.11 58331.21819 P48+ZTF r 20.22 £0.12 291 58336.24016 P48+ZTF g 19.90 £+ 0.10
—2.11 58331.21819 P48+ZTF r 20.22 £0.12 4.83 58338.16157 P48+ZTF i 18.62 £ 0.06
—2.00 58331.32586 P48+ZTF i 19.47 £+ 0.13 6.85 58340.17862 P48+ZTF r 19.44 £ 0.16
—1.94 58331.38350 P60 r 20.02 £ 0.10 6.85 58340.17862 P48+ZTF r 19.39 £ 0.08
—1.94 58331.38900 P60 i 19.42 £+ 0.07 6.85 58340.17862 P48+ZTF r 19.39 £+ 0.08
—1.13 58332.20088 P48+ZTF g 20.00 £ 0.11 6.92 58340.25020 P60 r 19.66 £ 0.05
—1.13 58332.20088 P48+ZTF g 19.95 £ 0.20 6.93 58340.25300 P60 g 20.57 £ 0.09
—1.13 58332.20088 P48+ZTF g 20.00 £ 0.11 6.93 58340.25570 P60 i 19.14 £+ 0.04
—1.11 58332.22079 P48+ZTF g 19.99 + 0.10 8.99 58342.31620 P60 r 20.17 £ 0.08
—1.11 58332.22079 P48+ZTF g 19.93 £ 0.22 8.99 58342.31900 P60 g 20.97 £ 0.10
—1.11 58332.22079 P48+ZTF g 19.99 £ 0.10 8.99 58342.32170 P60 i 19.71 £+ 0.08
—-1.07 58332.26127 P48+ZTF r 19.02 £ 0.09 9.04 58342.36434 P48+ZTF i 19.61 £+ 0.17
—1.07 58332.26127 P48+ZTF r 18.91 £ 0.05 9.83 58343.15726 P48+ZTF r 20.18 £ 0.12
—1.05 58332.28213 P48+ZTF r 18.86 £ 0.05 9.83 58343.15726 P48+ZTF r 20.18 £ 0.12
—1.05 58332.28213 P48+ZTF r 18.86 £ 0.05 12.57 58345.89690 LT+I0O0 g 22.34 £ 0.20
—1.03 58332.30164 P48+ZTF r 18.74 £ 0.12 12.57 58345.89890 LT+I0O0 r 21.72 £ 0.15
—0.05 58333.27800 P60 r 18.72 £+ 0.02 12.57 58345.90090 LT+I00 i 21.09 £ 0.10
—0.05 58333.28090 P60 g 19.57 £+ 0.03 12.85 58346.17784 P48+ZTF r 20.90 £ 0.20
—0.04 58333.28360 P60 i 18.26 £+ 0.03 28.94 58362.26390 Keck K 21.23 £ 0.03
0.00 58333.32784 P48+ZTF r 18.65 £ 0.09 28.95 58362.27590 Keck J 22.64 £0.13
0.00 58333.32784 P48+ZTF r 18.54 £+ 0.04
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Table A2
Spectroscopy Log
Date Phase Telescope/Instrument
(days)
2018-08-03 —1.6 P60/SEDM
2018-08-04 —-0.6 P200/DBSP
2018-08-07 +2.4 Keck-I/LRIS
2018-08-12 +7.4 P200/DBSP
2018-08-21 +16.4 P200/DBSP
2018-09-02 +29.4 Keck-II/NIRES
2025-08-19 +2572.7 Keck-I/LRIS
Table A3
Blackbody Evolution of SN 2018erx Before and After Extinction Correction
Phase Before correction (Ay = 0) After correction (Ay = 3.3)
(days) log Ly, Too Ryp log Ly Ty Rpp
(ergs™") (K) (Ro) (ergs™") K) (Re)
-3.3 4196199 31301139 5238015820 42724043 684012120 2637043330
—2.3 42274093 390015 4818074319 43384004 90204770 322704338
-13 4228991 434075 393501279 43.7879% 143207830 2044071240
1.7 42254001 4210479 4045071539 43671992 132007549 2103041380
5.6 41,9439 4180712 28640722% 43387548 1365071539 1409041839
7.8 4173199 4010370 243705160 - o
11.4 4114709 43301330 1062012439
27.7 40.631091 1660155 4020073770 40.81+0:92 2020199 33330432
Note. Blank entries did not pass the quality cut oy, /Ly, < 1 because their best-fit luminosity uncertainties are too large.
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Figure Al. Measurement of the Balmer decrement in the host-galaxy spectrum at the position of SN 2018erx using a late-time Keck/LRIS observation. The
continuum-subtracted host spectrum used to measure the line fluxes. The shaded regions mark the wavelength windows used to integrate the H3 and H~y emission

lines.
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Figure A2. Evolution of the optical color (g — r) for SN 2018erx compared with Type Ibn (blue symbols) and Type Icn (pink symbols) supernovae from the
literature. Filled black circles show the observed colors of SN 2018erx assuming no host extinction (Ay = 0), while open black circles show the extinction-corrected
values adopting Ay = 3.3 mag. Phases are given relative to r-band maximum. Compared to the comparison samples, SN 2018erx exhibits unusually red colors if no
host extinction is applied, while the extinction-corrected colors are broadly consistent with the color evolution of other interacting SESNe.
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Figure A3. Comparison of the envelope properties of SN 2018erx with theoretical models for bound stellar material—binary and single star models from Wu &
Fuller (2022a; WF22), Laplace et al. (2020; L20) and Tauris et al. (2015; T15). Right: Comparison of the the envelope properties of SN 2023zaw with theoretical
models for unbound stellar material—late-time binary mass transfer (BMT; Wu & Fuller 2022a), wave-driven mass loss (Shiode & Quataert 2014; Leung
et al. 2021), pulsation-pair instability driven mass loss (PPI; Leung et al. 2019; Renzo et al. 2020).
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