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Abstract

We present photometric and spectroscopic observations of SN 2022crr, a nearby broad-lined
Type Ic supernova (Ic-BL) discovered by the Zwicky Transient Facility. SN 2022crr exhibits
high expansion velocities and a luminous light curve, consistent with other Type Ic-BL SNe.
We analyze multi-band photometry to estimate key parameters within the system, including
the progenitor mass. We compare its spectral evolution with those of other well-studied SNe
Ic-BL. These observations contribute to the growing sample of Ic-BL supernovae, which are of
particular interest due to their connection to long-duration gamma-ray bursts (LGRBs).

1 Introduction

Type Ic supernovae (SNe Ic) are core-collapse ex-
plosions of massive stars that have been stripped
of both their hydrogen and helium envelopes. A
subclass of these, the broad-lined SNe Ic (SNe Ic-
BL), exhibit exceptionally high expansion veloc-
ities (> 15,000 km s~1), which are inferred from
the Doppler-broadened spectral lines. These
events are of particular astrophysical interest due
to their association with long-duration gamma-
ray bursts (LGRBs).

The archetypal SN Ic-BL is SN 1998bw,
which was spatially and temporally associated
with GRB 980425 [?]. Since then, numerous
other Ic-BL events have been discovered, some
associated with GRBs (e.g., SN 2003dh, SN
2010bh) and many without. Whether all SNe
Ic-BL harbor a central engine or only a subset is
still an open question in the field.

SN 2022crr was discovered by the Zwicky
Transient Facility (ZTF) on 2022 February 27.45
UT at a magnitude of r ~ 18.3 [?]. Its clas-
sification spectrum revealed a blue continuum
with broad absorption features consistent with
a young Type Ic-BL SN. Follow-up observations
were initiated shortly after discovery, including
multi-band photometry and low-resolution opti-
cal spectroscopy, including nebular spectroscopy.

In this work, we present a detailed analysis
of SN 2022crr, focusing on its spectroscopic evo-
lution and properties. We aim to place it in the
context of the broader Ic-BL population and in-
vestigate the diversity of explosion parameters
within this class.

2 Observations

2.1 Photometry
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Figure 1: Multi-band light curve of SN 2022crr constructed using data from ZTF, SDSS, and

Swift/UVOT.

We produced a multi-band photometric light
curve of SN 2022crr using data from the Zwicky
Transient Facility (ZTF), the Sloan Digital Sky
Survey (SDSS), and the Swift UltraViolet and
Optical Telescope (UVOT). The light curve in-
cludes filters from the optical (g, r, i) and ultra-
violet (UVOT wvwl, wvw2, uvm?2) bands. The
transient exhibits a relatively sharp rise to peak,
followed by a gradual decline in all bands, with
the post-peak decline rate most pronounced in
the bluer filters. This color evolution is consis-
tent with a cooling photosphere and is character-
istic of Type Ic-BL supernovae. The overall light
curve morphology and luminosity are compara-
ble to canonical SNe Ic-BL such as SN 2002ap
and SN 2010ah.
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Figure 2: Effective area curves of the

Swift/UVOT filters used in the photometric
analysis of SN 2022crr.



2.2 Blackbody Fits and
dius/Temperature Evolution

Ra-

To infer the thermal properties of SN 2022crr,
we converted observed magnitudes to flux densi-
ties and performed blackbody fits to the spectral
energy distribution at multiple epochs. This ap-
proximation is justified at early times when the
ejecta are optically thick.
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Figure 3: Temporal evolution of the blackbody-
derived photospheric temperature (top) and ra-
dius (bottom) for SN 2022crr.

The temperature evolution is relatively stag-
nant, with values ranging from ~ 5000 K to
~ 6500 K over the first two months post-peak,
suggesting persistent heating from radioactive
decay and continued photon diffusion from the
inner ejecta. In contrast, the photospheric ra-
dius exhibits a declining trend, decreasing from
approximately 5 x 10'° cm to below 2 x 10 cm

over the same period. This behavior is consistent
with the recession of the effective photosphere as
the outer layers become more optically thin. The
radius and temperature were computed using the

relations:
R\2
F=oT"(—=
T (3)

L =47 R*cT?,

(1)
(2)

where F' is the observed flux, T is the effec-
tive temperature, R is the radius of the emit-
ting surface (photosphere), D is the distance to
the supernova, and o is the Stefan—Boltzmann
constant.

2.3 Spectroscopy

Our spectroscopic campaign on SN 2022crr in-
cludes 17 spectra spanning from +12 to +133
days relative to estimated peak brightness. Spec-
tra were obtained using SEDM, LRIS, and AL-
FOSC.

The early-time spectra are dominated by
broad P-Cygni features indicative of high-
velocity ejecta, with notable absorption from Fe
II, O I, and Ca II. Line velocities exceed 20,000
km s~! in early epochs, consistent with the
broad-lined classification. As the SN transitions
into the nebular phase, emission lines begin to
dominate the spectra, and the continuum fades.
The two latest spectra at +109 and +133 days
reveal [O I] AA6300, 6364 and [Ca II] A\7291,
7324 emission lines, which provide constraints on
the nucleosynthetic yields and the geometry of
the inner ejecta.
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Figure 4: Spectral sequence of SN 2022crr from +12 to +133 days post-peak. Includes 15 photo-
spheric spectra and 2 nebular spectra

2.4 Nebular Line Analysis and Pro-
genitor Mass Constraints

In order to extract physical properties of the
progenitor system, we further analyzed the two
4



nebular-phase spectra obtained at +109 and
+133 days post-peak. At these late epochs,
the ejecta have expanded and become optically
thin, allowing us to probe the inner regions
where nucleosynthetic products dominate the
emission. This makes nebular spectroscopy a
powerful diagnostic for estimating the progeni-
tor’s core composition and initial mass.

We began by performing continuum subtrac-
tion on the flux-calibrated spectra using low-
order polynomial fits to isolate prominent emis-
sion features. Particular attention was given
to the [O I] AA6300, 6364 and [Ca II] AN7291,
7324 emission complexes, which are the domi-
nant cooling lines during the nebular phase and
serve as proxies for the oxygen and calcium mass
in the ejecta.

Gaussian profiles were fit to each of the [O I]
and [Ca II] features to quantify their integrated
fluxes. These fits are shown on the DBSP spec-
trum in Figure 5. From these fits, we calcu-
lated the flux ratio of [O IJ/[Ca II], which has
been shown to correlate with the zero-age main
sequence (ZAMS) mass of the progenitor star
[Jerkstrand et al., 2015]. In general, higher-mass
progenitors synthesize more oxygen relative to
calcium, leading to larger [O I]/[Ca II] ratios.

For SN 2022crr, we find a line ratio of [O
I]/[Ca II] = 2.93 from the DBSP spectrum at
+109 days and 2.06 from the LRIS spectrum
at +133 days. The discrepancy between epochs

likely reflects changing ionization conditions and
potential contamination by overlapping emission
features, but both values are within the range
observed for other SNe Ic-BL.

To contextualize these measurements, we
compare our line ratios with a sample of well-
studied Type Ib/c and Ic-BL supernovae from
the literature. As shown in Figure 6, SN 2022crr
occupies the higher end of the [O I]/[Ca II] distri-
bution, suggestive of a relatively massive progen-
itor, consistent with expectations for a stripped-
envelope supernova formed from a Wolf-Rayet
star or a massive helium star in a close binary
System.
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Figure 5: Gaussian fits to the [O I] and [Ca II]
emission features from the DBSP spectrum at
+109 days. The measured [O I}/[Ca II] line ra-
tio is 2.93.
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Figure 6: Comparison of [O I]/[Ca II] line ratios for SN 2022crr and other stripped-envelope SNe
from the literature. SN 2022crr lies toward the upper end of the distribution, implying a relatively

high progenitor mass.

2.5 Progenitor Oxygen Mass Esti-
mate

To further constrain the progenitor properties of
SN 2022crr, we estimated the oxygen mass (Mo)
synthesized in the explosion using the flux of the
[O I} AX6300, 6364 emission line in the nebular
spectrum at +133 days. At this epoch, the su-
pernova ejecta have become optically thin, and
the [O I] emission is assumed to arise from col-
lisional excitation and radiative de-excitation of
neutral oxygen. Under these conditions, the oxy-
gen line luminosity provides a reliable proxy for
the total oxygen mass in the ejecta [e.g., Uomoto,
1986, Jerkstrand et al., 2015].

The LRIS spectrum was first corrected for
redshift and extinction. We then performed a
local continuum subtraction using a low-order
polynomial and fit a Gaussian profile to the [O
I] doublet feature. The total flux in the [O I] line
was computed as:

F[OI]:A'O"\/%, (3)

where A and o are the amplitude and standard
deviation of the Gaussian model, respectively.

We then calculated the oxygen mass using
the following relation:

2.28
Mo = 10° - Fioy - Dippe - €xp (> Mo, (4)

Ty

where Dypp is the luminosity distance in mega-
parsecs, and T} is the temperature in units of
10* K. For SN 2022crr, we adopted a tempera-
ture of 4773 K (T4 = 0.4773), which was interpo-
lated from earlier epochs using a best-fit function
to the blackbody temperature evolution derived
from photometric observations. The interpola-
tion method likely involved fitting an exponen-
tial, power-law, or low-order polynomial to the
temporal evolution of the photospheric temper-
ature.

Using the measured flux and temperature, we
obtained:

Mo =1.99 +3.72 x 107 M. (5)



The extremely small statistical uncertainty
arises from the covariance matrix of the Gaus-
sian fit, though we caution that systematic un-
certainties (e.g., temperature assumptions, line
blending, and deviations from LTE) may dom-
inate the true error budget. Nonetheless, this
value places SN 2022crr within the upper range
of stripped-envelope supernovae in terms of oxy-
gen yield, consistent with expectations for a rel-
atively massive progenitor.
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Figure 7: Gaussian fit to the [O I] AA6300, 6364
emission line in the LRIS spectrum at +133 days.
The integrated line flux is used to estimate the
oxygen mass of the progenitor.

Previous works have established that the
mass of synthesized oxygen is a sensitive tracer of
the progenitor’s helium core mass and, by exten-
sion, the zero-age main sequence (ZAMS) mass.
Model comparisons from nebular spectral syn-
thesis show that SNe with oxygen masses exceed-
ing ~ 1 Mg typically originate from progenitors
with ZAMS masses in the range of 25-35 M), de-
pending on explosion energy and fallback [Jerk-
strand et al., 2015, Maeda and Nomoto, 2007,
Nomoto et al., 2006]. The oxygen yield measured
for SN 2022crr is therefore consistent with a mas-
sive star that underwent extensive stripping of
its outer layers prior to collapse, potentially via
binary interaction or strong stellar winds.
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