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ABSTRACT

In this study we present the results of a five-year follow-up campaign of the long-lived type IIn supernova SN 2017hcc, found
in a spiral dwarf host of near-solar metallicity. The long rise time (57 =2 days, ATLAS o band) and high luminosity (peaking at
—20.78 £0.01 mag in the ATLAS o band) point towards an interaction of massive ejecta with massive and dense circumstellar material
(CSM). The evolution of SN 2017hcc is slow, both spectroscopically and photometrically, reminiscent of the long-lived type IIn,
SN 2010jl. An infrared (IR) excess was apparent soon after the peak, and blueshifts were noticeable in the Balmer lines starting from
a few hundred days, but appeared to be fading by around +1200 d. We posit that an IR light echo from pre-existing dust dominates at
early times, with some possible condensation of new dust grains occurring at epochs >+800 d.

Key words. supernovae: general — supernovae: individual: SN 2017hcc — supernovae: individual: ATLAS171sn —
supernovae: individual: PS17fra
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1. Introduction

Supernovae (SNe) are traditionally grouped into two types:
type I (hydrogen-poor) and type II (hydrogen-rich; Minkowski
1941). There are subdivisions within both of these classes of
SNe based on criteria such as spectral lines and light curve
behaviour (Gal-Yam 2017). The type IIn designation was first
introduced by Schlegel (1990) to describe SNe with narrow
(FWHM < 1000km s~!) hydrogen emission lines in their spec-
tra. These narrow lines arise from dense circumstellar material
ionised by an ongoing shock interaction (e.g., Chugai 1997).
Most SNe IIn are expected to have progenitor stars with a high
mass loss rate, providing the necessary circumstellar material
(CSM) for later shock interactions post-explosion, and they have
often been associated with luminous blue variable-like (LBV-
like) stars (Kiewe et al. 2012; Smith 2017).

Type IIn SNe are relatively rare, constituting about 9%
of all core-collapse SNe in the local Universe (Li et al. 2011;
Cappellaro et al. 2015); however, these estimates are uncertain,
with Eldridge et al. (2013) finding a much lower rate of 2.4%,
for example. Type IIn SNe show tremendous diversity in their
light curves and spectra (e.g., Kiewe et al. 2012; Nyholm et al.
2020; Fraser 2020); this diversity likely reflects a large spread
of CSM masses and density profiles, geometric configurations,
wind velocities, chemical compositions, as well as properties
of the progenitors and their environments. Some of the most
extreme exemplars are characterised by long-lasting, slowly
evolving light curves. SN 2010jl is an archetypal long-lived type
IIn event, reaching an absolute magnitude of ~—19.9 mag in the
V band and remaining bright for several years (Stoll et al. 2011;
Ofek et al. 2019).

In this study we report on the long-lived, slowly evolving
type IIn SN 2017hcc. As previously mentioned, SNe IIn are a
heterogeneous group, so photometry and spectroscopy covering
key epochs are a pre-requisite to deciphering the pre-explosion
history of the progenitor. We present results from a comprehen-
sive ultraviolet (UV) to mid-infrared (MIR) follow-up campaign
conducted over a five year period.

SN 2017hcc was discovered in the course of the Aster-
oid Terrestrial-impact Last Alert System (ATLAS) survey
(Tonry et al. 2018; Smith et al. 2020) on 2017 Oct. 2 (inter-
nal survey designation ATLASI17lsn, Tonry et al. 2017), and
was classified by the All-Sky Automated Survey for Super-
Novae (ASAS-SN, Shappee et al. 2014; Kochanek et al. 2017)
as a type IIn SN (Dong et al. 2017). The SN is located at @ =
00"03™M50°.58, § = —11°28"28”.78 J2000 (see Fig. 1).

A number of surveys independently discovered SN 2017hcc.
The Gaia Science Alerts (Hodgkin et al. 2021) project desig-
nated it Gaial7dcj; the Panoramic Survey Telescope and Rapid
Response System (Pan-STARRSI1; Huber et al. 2015) project
called it PS17fra; and the Zwicky Transient Facility (ZTF;
Bellm et al. 2019) called it ZTF18abtmgfn.

Based on the measured wavelength of He in the +88d
Nordic Optical Telescope (NOT) + ALFOSC grl17 spectrum, we
adopted a heliocentric redshift of z = 0.0168 + 0.0001 for
SN 2017hcce, which is in line with the measurement obtained by
Prieto et al. (2017). For a Hubble parameter of 70km s~' Mpc~!,
taken as a compromise between inconsistent measured val-
ues (Freedman et al. 2019; Di Valentino et al. 2021), we cal-
culated the luminosity distance to be 72.9 +0.4 Mpc and the
distance modulus to be ¢ = 3431 + 0.01 mag. Unfor-
tunately, there was no progenitor candidate observed for
SN 2017hcc due to its distance. The explosion epoch has been
set as MJD 58027.4 (2017 Oct. 1 09:36:00 UTC, Sect. 3).
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Fig. 1. SN 2017hcc (@ = 00"03™50°.58, § = —11°2828”.78 J2000),
based on a V band image taken with NOT+ALFOSC on 2018 Sept. 30

(4365 d). The inset shows the region around the SN in more detail, with
the faint nucleus of the host just visible to the west of the SN.

All phases reported in this paper are with respect to this
date.

We take the foreground extinction towards SN 2017hcc to
be Ay = 0.091 mag from Schlafly & Finkbeiner (2011, via
the NASA Extragalactic Database, NEDD), assuming an Ry of
3.1 (Schultz & Wiemer 1975). The host galaxy of SN 2017hcc
appears to be a dwarf spiral (Fig. 1). It has an apparent magnitude
of rkron = 17.8 mag in the Pan-STARRSI survey. For a distance
of 72.9 Mpc, this implies an absolute magnitude of —16.6 mag,
taking Milky Way extinction into account, which is suggestive
of a low mass host (Pskovskii 1965).

The equivalent width of narrow sodium lines has frequently
been used as a proxy for extinction (e.g., Poznanski et al. 2012).
Whilst there are several concerns regarding the reliability of such
methods (e.g., Poznanski et al. 2011), in the case of SN 2017hcc
the presence of any significant sodium absorption in any of our
spectra is unclear, which is at least qualitatively consistent with
very little dust in the host line of sight. This is corroborated
by Smith & Andrews (2020), who inferred an upper limit of
E(B — V) = 0.016 for the host extinction using echelle spec-
tra. Additionally, the spectra of SN 2017hcc are quite blue when
compared to other type IIn SNe, which gives a further indica-
tion of low extinction. As such, we regard extinction in the host
galaxy to be negligible.

The paper is organised as follows: in Sect. 2, we discuss the
observational data acquisition and reduction. These data com-
prise ultraviolet, optical and near-infrared (NIR) imaging along
with optical and NIR spectroscopy. The photometric and spec-
troscopic evolution is outlined in Sects. 3 and 4, respectively. In
Sect. 5 we describe the calculation of the metallicity of the envi-
ronment. Section 6 contains a summary and our conclusions. All
photometric data and logs of the optical and NIR spectroscopy
are listed in tables in the appendix. We note that, alongside
the previous works by Prieto et al. (2017), Kumar et al. (2019),
and Smith & Andrews (2020), a detailed study by Chandra et al.
(2022) concentrating on the X-ray, radio, and infrared (IR)

I http://ned.ipac.caltech.edu/
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properties of SN 2017hcc was posted to the arXiv preprint server
whilst this work was under review.

2. Data acquisition and reduction
2.1. Optical imaging

We have made use of optical imaging data from a number of tele-
scopes and instruments for SN 2017hcc: the Las Cumbres Obser-
vatory (LCO) network of 1 m telescopes, the NOT + ALFOSC,
the Liverpool Telescope + 10:0, the 0.9 m Asiago Schmidt tele-
scope + KAF-16803 CCD. We make use of observations taken
in Sloan ugriz filters, as well as Johnson-Cousins B and V. In
addition, photometry was obtained as part of routine operations
of the ATLAS, Pan-STARRSI, and ASAS-SN surveys and the
Gaia Alerts project. The Pan-STARRS1 imaging was taken in
the w and i filters, whilst for ATLAS cyan (c¢) and orange (o)
filters were used, where c is comparable to g + r whilst o is com-
parable to r + i. All Gaia photometry was taken in the Gaia G
filter, a wide band filter that covers approximately g + r + i. The
ASAS-SN photometry was taken in the V and ¢ filters. Though
there is ZTF photometry available for SN 2017hcc, we have
not made use of it, since a template issue rendered the results
unreliable.

We reduced all optical images in a similar fashion. The
images were bias and overscan subtracted before being flat-
fielded and trimmed. For the NOT+ALFOSC images, which
were largely obtained via the NUTS and NUTS2 programmes?,
and the Asiago images, we performed these steps with ded-
icated FOSCGUI pipelines® for data reduction developed by
E. Cappellaro. The data from the Liverpool Telescope were
reduced automatically by the 10:0 pipeline*, whilst the LCO
data were reduced automatically by the BANZATI pipeline’. The
ATLAS, ASAS-SN, and Pan-STARRS1 data were reduced
automatically by their respective pipelines (Smith et al. 2020;
Kochanek et al. 2017; Magnier et al. 2020) with Point-Spread
Function (PSF) fitting being used to obtain photometry.

From the start of the third observing season (2+600d), the
increasing contribution of the host galaxy became apparent.
Since SN 2017hcc was still visible in our final observations, we
were unable to obtain fresh SN-free template images in order
to perform difference imaging, though shallow Pan-STARRS1
templates did exist for the field. As a result of this limitation, we
used the AUTOPHOT® code (Brennan & Fraser 2022) to measure
the brightness of SN 2017hcc with PSF-fitting photometry.

We calibrated the zeropoints for the B and V bands against
the APASS catalogue, whilst we calibrated those of the g, r, i and
z bands against the Pan-STARRS]1 catalogue. Full details of all
optical photometric measurements determined with AUTOPHOT
are given in Table A.1.

2.2. Ultraviolet and X-ray imaging

SN 2017hcc was also observed by the UltraViolet Optical Tele-
scope (UVOT; Roming et al. 2005) on the Neil Gehrels Swift
Observatory. Swift/UVOT data have been previously published
by Prieto et al. (2017) and Kumar et al. (2019). We use pho-
tometry created by the pipeline for the Swift Optical Ultraviolet
Supernova Archive (SOUSA; Brown et al. 2014), updated with

https://nuts.sn.ie/
https://sngroup.oapd.inaf.it/foscgui.html
https://telescope.livjm.ac.uk/TelInst/Pipelines/#ioo
https://github.com/LCOGT/banzai
https://github.com/Astro-Sean/autophot
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the zeropoints of Breeveld et al. (2010) and the updated sensitiv-
ity correction from CALDB 20200925. We did not perform host
galaxy template subtraction. Full details of all Swift photometric
measurements are given in Table A.2.

Together with UVOT, Swift has a co-pointing X-ray instru-
ment: the X-Ray Telescope (XRT, Burrows et al. 2005). We
summed the 13 observations taken during the first 45 days,
ending with 28.6ks of observing time. We do not detect any
source at the location of SN 2017hcc. The 30 upper limit on the
0.3—-10keV count rate is 8.4 X 10~ ¢ s~'. Assuming a power law
spectral model with a photon index I' = 2 and a Galactic col-
umn density of 2.9 x 10%° cm~2 (Willingale et al. 2013), one can
translate this into an upper limit on the 0.3-10 keV unabsorbed
flux of <3.7 x 10~"*ergcm™2 5!, or on the X-ray luminosity of
<2.5x 10¥ergs!.

2.3. Infrared imaging

We used NOT+NOTCam, as part of the NUTS and NUTS2
programmes, and the New Technology Telescope (NTT) with
the SOFI instrument for NIR imaging of SN 2017hcc, as part
of the ePESSTO programme’ (Smartt et al. 2015). We used
the NOTCam QUICKLOOKS® v2.5 reduction package, which
is a set of IRAF scripts, with a few functional modifications
(e.g., to increase the FOV of the reduced image), to reduce the
NOTCam images. Bright and faint sky flats were taken and these
were used to create a differential master flat. The flats were
checked to make sure the count levels were linear. We masked
out bad pixels (cold, hot, zero) during reduction and we used
a model to account for the significant optical distortion of the
NOTCam wide-field camera. We accounted for the dark current
through the use of differential flats in the reduction process.

For SOFI reductions, we used the PESSTO PIPELINE’
(Smartt et al. 2015). The raw frames were corrected for array
crosstalk, and a sky image was created which was subtracted
from the individual frames. The frames were flat-fielded with
differential dome flats created by taking flats with the dome lamp
on and off. An illumination correction was applied to account for
the difference between sky and dome illumination patterns. The
pipeline uses SExtractor to detect objects in the dithered images.
The dithered images are aligned and combined using IRAF tasks
based on a transformation between corresponding objects in the
images.

As in the case of the optical bands, we used the AUTOPHOT
code to measure the brightness of SN 2017hcc in NIR bands with
PSF-fitting photometry. The zero points were calculated using
the Two Micron All-Sky Survey (2MASS) catalogue'?. As the
2MASS catalogue does not have Ks band photometry, we used
the K band measurements of the catalogue as a substitute. Full
details of all NIR photometric measurements determined with
AUTOPHOT are given in Table A.3.

The W1 (3.4 um) and W2 (4.6 um) NEOWISE (Mainzer et al.
2011, 2014) photometry was taken from the public NEOWISE-
R Single Exposure (L1b) Source Table!! and can be found in
Table A.4. We adopted the median value of the individual
measurements at each observing visit as the magnitude after

7 https://www.pessto.org/

8 http://www.not.iac.es/instruments/notcam/guide/
observe.html

° https://github.com/svalenti/pessto

10 https://irsa.ipac.caltech.edu/Missions/2mass.html
' https://irsa.ipac.caltech.edu/cgi-bin/Gator/
nph-scan?mission=irsa&submit=Select&projshort=WISE
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removing data flagged as poor quality, or separated by more
than 2” from the SN location. For the uncertainty, we adopted
the standard error of mean of the individual measurements after
3 sigma-clipping outliers, with an additional uncertainty associ-
ated with the photometric calibration added in quadrature. We
also include three epochs (393, 566, and 768 d) of Spitzer imag-
ing at 3.6 um and 4.5 um in our analysis, adopting the photomet-
ric measurements of Szalai et al. (2021).

2.4. Optical spectroscopy

The bulk of the spectra were taken at the NOT using the
ALFOSC instrument (23 out of the total of 52) as part of
the NUTS and NUTS2 programmes, and at the NTT with the
EFOSC2 instrument (13 of 52) as part of the ePESSTO and
ePESSTO+ programmes. Four spectra were taken at the Tele-
scopio Nazionale Galileo (TNG) with the DOLORES instru-
ment and two were taken at the Gran Telescopio Canarias (GTC)
with the OSIRIS instrument. One was taken at the Very Large
Telescope (VLT) using the Multi Unit Spectroscopic Explorer
(MUSE) instrument. Two using the FLOYDS instrument at the
FTS telescope as part of the LCO network of telescopes. One
at the Asiago 1.82m telescope using the AFOSC instrument
and five using the Asiago 1.22 m and the B&C instrument. The
complete log of optical spectral observations can be found in
Table A.S.

We reduced the NTT+EFOSC2 spectra using the PESSTO
PIPELINE (Smartt et al. 2015). The raw two-dimensional spec-
tra were overscan and bias subtracted, and divided by a nor-
malised flat field before masking cosmic rays. The spectra were
wavelength calibrated using an arc lamp to give the dispersion
solution, together with an additional offset measured from bright
sky emission lines in order to account for flexure within the
instrument. Flux calibration was achieved using a master sen-
sitivity function created from spectra of between three and seven
spectro-photometric standard stars, observed at similar times to
the science spectra. We combined gr// and gril6 spectra taken
on the same night into individual spectra using the scombine
IRAF command.

We reduced the NOT+ALFOSC, GTC+OSIRIS and
TNG+DOLORES spectra in an analogous fashion. For the
NOT+ALFOSC spectra, with the exception of the sole gri7
spectrum, we performed the reductions using the FOSCGUI
pipeline. In the case of the NOT+ALFOSC grl7 spectrum,
the GTC+OSIRIS spectrum and the TNG+DOLORES spectra,
we performed the reduction manually, using IRAF tasks. The
DOLORES spectra have been shifted slightly (by a few A) based
on the position of the 6300.31 A skyline. We extracted the spec-
trum from already processed data cube taken with the MUSE
instrument on VLT as part of the All-weather MUse Supernova
Integral-field of Nearby Galaxies (AMUSING; Galbany et al.
2016). The extraction was performed using the QFITSVIEW!?
software package, by centring an annulus of radius one arc sec-
ond on the location of SN 2017hcc. The FTS+FLOYDS spec-
tra of which we make use were automatically reduced by the
FLOYDS Pipeline'*'* at the LCO headquarters following the
observation nights.

12 https://www.mpe.mpg.de/~ott/dpuser/qfitsview.html
3 https://github.com/griffin-h/floyds_pipeline

4 https://1lco.global/documentation/data/
floyds-pipeline/
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2.5. Infrared spectroscopy

Near-infrared spectra were taken with NTT+SOFI using an
ABBA pattern of nodding along the slit. We reduced these
data using the PESSTO PIPELINE (Smartt et al. 2015). The raw
two-dimensional spectra were calibrated using an arc lamp
and the frames were corrected for array crosstalk and flat-
fielded. Frames taken at position A were subtracted from those
taken at position B (and vice-versa) to remove the varying sky
background. Finally, the individual exposures were shifted and
combined, before a one-dimensional spectrum was optimally
extracted. A spectrum of a telluric standard was taken imme-
diately after each science spectrum at a similar airmass, and this
was used to correct for telluric absorption. The telluric standard
was also used to achieve a flux calibration for each spectrum. We
also obtained spectra from the NASA Infrared Telescope Facil-
ity (IRTF) using the SpeX instrument. These data were reduced
using the IDL-based Spextool (Cushing et al. 2004) in an anal-
ogous fashion. The complete log of NIR spectral observations
can be found in Table A.6.

3. Photometric evolution
3.1. Light curve and colour

SN 2017hcc is an extremely long-lived SN, characterised by a
slowly evolving and luminous light curve (see Fig. 2). The region
of the sky where the SN exploded had been well-monitored by
the ATLAS survey in the period immediately prior to the dis-
covery epoch. Taking a midpoint between the first detection
(MIJID 58028.4, 17.44 mag, ATLAS-0) and last non-detection
(MJD 58 026.4, ATLAS-0 >19.04 mag)'>, we estimate an explo-
sion epoch of MJD 58027.4 + 1.0 for SN 2017hcc. SN 2017hcc
has a slow rise to maximum, as can be seen in Fig. 2. To
determine the peak of the light curve, we fitted a third order
polynomial to the ATLAS o band light curve. We found the
o band maximum to be at MJD 58084.1 at absolute magnitude
—20.78 £ 0.01 (apparent magnitude 13.53 +0.01), which gives a
rise time of 57 + 2 days.

After maximum, the light curve begins a slow decline in the
optical bands. In contrast to the optical, the UV light curve of
SN 2017hcc declines from the first epoch in UVW2, and only
shows a very small rise in UVWI. In season two (~+230 to
+460d), the H and K light curves appear to flatten, with Ks per-
haps even rising slightly and J band behaving more similarly to
the optical bands. At late times, from the third season onwards
(2+6004d), a further flattening in the light curve becomes evi-
dent, with a slight decline of about 0.1 mag (100d)~! in the
V band. We note here that at these later times there may be a sig-
nificant host contribution to the photometry, that we are unable
to remove given the poor depth of the available templates. How-
ever, the flattening is also evident in the Gaia light curve which
is expected to be largely unaffected by background contamina-
tion, and so we regard it as a real effect. The decline rate is much
slower than that expected from the decay of radioactive °Co
(0.98 mag (100d)~!, Miller et al. 2010), suggesting that circum-
stellar interaction remains the dominant mechanism powering
the light curve.

!5 The limiting magnitude determined by forced photometry on
ATLAS images at the SN location is slightly deeper in the ATLAS-o
(>19.69 mag). We adopt the more conservative and shallower limit here,
although either limit would imply an explosion epoch some time during
the two day period between this epoch and discovery.


https://www.mpe.mpg.de/~ott/dpuser/qfitsview.html
https://github.com/griffin-h/floyds_pipeline
https://lco.global/documentation/data/floyds-pipeline/
https://lco.global/documentation/data/floyds-pipeline/
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Fig. 2. Full UV to MIR light curve of SN 2017hcc. The ATLAS points have been averaged to within 0.3 MJD. The ATLAS upper limits have been
marked with inverted open triangles. A vertical line has been placed at the explosion epoch to guide the eye.

We compare SN 2017hcc to the slowly evolving SNe IIn
SN 2010j1 (Stoll etal. 2011) and SN 2015da (Tartaglia et al.
2020), as well as to members of the class that are, at least ini-
tially, faster evolving, viz. SN 1998S (Fassia et al. 2000) and
SN 2005ip (Stritzinger et al. 2012). These objects were chosen
due to their diversity and their well-sampled data sets, how-
ever there are many other examples of comparable objects. The
details of the comparison objects can be seen in Table A.7. Other
long-lasting SNe IIn with long rise times include PTF12glz,
HSCl16aayt (SN 2016jiu), and SN 2015da. PTF12glz had a
rise time of about 50days with photon diffusion through an
aspherical CSM being offered as an explanation in that case
(Soumagnac et al. 2019). HSC16aayt had an even slower rise,
peaking at about —19.9 mag after over 100 days (Moriya et al.
2019). Similarly, SN 2015da had a rise time of 100 + 5 days
in the R band, peaking at around —20.45 +0.55 mag, and was
observable for at least five years (Tartaglia et al. 2020).

The peak r band magnitudes of our SN IIn comparison sam-
ple span the space from —18 to —21 mag and the light curves last
a few hundred to over a thousand days (Fig. 3). A larger sam-
ple, such as that considered in Nyholm et al. (2020), shows that
SN 2017hcc and SN 2010jl are exceptionally bright and long
lived compared to more typical SNe IIn.

Turning to the early colour evolution (Fig. 4), we see a rea-
sonably steady transition towards the red for SN 2017hcc in the
B-V,g—-r,r—i and V — K colours over the first observing
season (the first ~150 days), consistent with the spectral evolu-
tion (Sect. 5). The B — V evolution of SN 2005ip is not sub-
stantial, but SN 1998S behaves similarly to SN 2017hcc with its

swift movement redwards. The B — V evolution of SN 2015da
is rather similar to that of SN 2017hcc, though it remains redder
throughout. In g—r SN 2005ip and SN 2015da, like SN 2017hcc,
are seen moving towards the red, though the shapes of the early
evolution of SN 2005ip and SN 2015da differ from that of
SN 2017hcc, with SN 2005ip quickly moving to a plateau before
rising again and the evolution of SN 2015da being more grad-
ual. The early evolution of SN 1998S in V — R is very similar
to that of SN 2017hcc in g — r. The early colour evolution of
SN 2010jl contrasts with that of SN 2017hcc in that it steadily
moves bluewards in r—i. Like SN 2017hcc in r—i, the SN 2015da
and SN 1998S R — I colours drift towards the red at early times
before turning back towards the blue. SN 2017hcc has a strong
shift towards the red in V — K| in season one, but without any
corresponding blueshifted spectral line evolution, which would
often be seen in the case of dust formation in the ejecta. The
V — K colour of SN 1998S has a similar redwards evolution to
SN 2017hcc during the period corresponding to season one of
the SN 2017hcc observations, but SN 2010jl is fairly flat at this
time, as is SN 2015da. At early times SN 2015da is redder than
SN 2017hcc in all colours and appears to evolve more slowly,
though also in a redwards direction.

The colour curves in season two (~+230d to +460d) are
markedly different from those in the first season. Looking at
the B — V and g — r colours (see Fig. 4), we see SN 2017hcc
trending back towards the blue, though the scatter is large in
the case of the B — V colour curve. SN 2015da has a similar
trend towards the blue in B — V during an equivalent period,
despite its consistently redder colour, but in g — r it is fairly
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Fig. 3. Comparison of the r band light curve of SN 2017hcc with that
of SN 201051 (Fransson et al. 2014) and SN 2005ip (Stritzinger et al.
2012), SN 2015da (Tartaglia et al. 2020) along with the R band photom-
etry of SN 1998S (Fassia et al. 2000). The open circles for SN 2005ip
are unfiltered KAIT data (Smith et al. 2009), which are taken to be
roughly equivalent to R band. The error bars, where not visible, are
smaller than the points. All light curves have been corrected for fore-
ground extinction and time dilation. Phases are given against discov-
ery date. Following (Tartaglia et al. 2020), we do not account for the
host extinction of SN 2015da, but note that it could be significant
(Ag = 2-3 mag).

stable at this time. The overall bluewards evolution of
SN 2017hcc does not appear to be caused by an increase in pho-
tospheric temperature (see Fig. 5, and discussion of the bolomet-
ric light curve in Sect. 3.2). Rather, the colour evolution at this
phase is likely due to changes in line emission which is affect-
ing broadband photometry. In r — i it appears that SN 2017hcc
remains at a roughly constant colour during the second season,
whilst SN 2010j1 and SN 2015da evolve towards the blue at
equivalent times. Both SN 2010j1 and SN 2015da show redwards
evolution in V—K during the period corresponding to the second
season of SN 2017hcc.

SN 2017hcc and SN 2015da appear to plateau in B—V in sea-
son three (from ~+600 d to ~+800 d), whilst SN 2010j1 becomes
bluer. In g — r SN 2017hcc shows a very slight trend towards the
red with SN 2015da instead moving towards the blue, though it
nevertheless remains far redder than SN 2017hcc. SN 2017hcc
moves further redwards at this time in r — i, as does SN 2015da,
whilst SN 2010jl instead continues on a trend of decreasing
r — i colour. SN 2017hcc is also significantly further to the red
in V — K in the third season than in the second, though later
(~+1000d) we see that there has been movement back towards
the blue. The redwards evolution of SN 2017hcc, initially present
in all bands, is only maintained in the colours containing red-
der bands as time goes on, reflecting the decreasing temperature
of the continuum and the increasing prominence of the infrared
black body component (Fig. 6).

3.2. Bolometric light curve

We constructed both pseudo-bolometric and bolometric light
curves (Fig. 7) using SUPERBOL (Nicholl 2018), and includ-
ing the following bands: UVW2, UVM?2, UVW1 and UBgcVroiz-
JHKs. We extrapolated and interpolated missing light curve data
for a given filter assuming a constant colour relation with the
nearest epochs; however, in the case of the Swift filters from
U to UVW2 we fitted a second order polynomial which we
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Fig. 4. From top to bottom, B—V, g —r, r—i, and V — K; colour curves
for SN 2017hcc, compared to a selection of SNe IIn. The photometry
has been averaged to one MJD (with errors added in quadrature), with
colours then having been calculated with observations within one day
of each other in the relevant bands, except in the case of the V — K|
observations where a larger window of seven days has been allowed,
due to the paucity of observations. The errors bars, when not visible,
are smaller than the points. Phases are given against discovery date,
except in the case of SN 2017hce, where the explosion epoch is used.
No extinction corrections have been applied to the colours. In the second
panel the SN 1998S data are actually V — R rather than g — r and in the
third panel both the SN 1998S data and the SN 2015da data are R — |
rather than r —i. In the final panel the SN 2010j1 and SN 1998S data are
actually V — K rather than V — K. The dashed vertical lines mark the
beginning of seasons one, two, three and four, five and six, respectively.

used for the later evolution in season one (the first ~150 days),
whilst we assumed that the colour was constant in the period
before the first observations in those bands. We did not con-
sider any contribution from the U to UVW2 bands in later sea-
sons (which were calculated separately), given the considerable
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Fig. 5. Full sequence of optical spectra of SN 2017hcc, plotted in the SN rest frame. The wavelengths of some of the stronger SN lines are marked
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Fig. 6. Black body fits to the spectral energy distribution. In the first two
panels, representing early times, a single black body is sufficient to fit
the SED, but in the final three panels, far later in the evolution of the
SN, two black bodies are necessary. The r band data points were not
included due to the influence of the strong He emission in this range. In
each panel all points are from epochs within ten days of the listed phase,
after interpolation. It should be noted that the second black body +92d
SED fit had an upper limit of 2500 K on the possible model temperatures
and the model determined by the MCMC fitting is very close to this
value. The horizontal bars on each point represent the bandwidths of
the filters. The temperatures and radii of the black body fits used are
given in each panel. This has been corrected for foreground extinction.

drop-off in season one. After the initial peak there is a steady
decline in the pseudo-bolometric light curve, as one would
expect from the optical light curve. However, the temperature
evolution panel in Fig. 7 suggests an increase in temperature in
the second season that begins a little after 200 days post explo-
sion, and which is matched by a faster decrease in the radius.
Whilst this could potentially be explained by the CSM inter-
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Fig. 7. Plot of black body fit parameters. Top panel: Pseudo-bolometric
light curve for SN 2017hcc, constructed from the UVW2, UVM2,
UVW1, and UBgcVroizJHKs bands. In construction of the pseudo-
bolometric light curve, we removed points obtained from Autophot
with S/N <10. Middle panel: Corresponding temperature evolution
of the black body. Bottom panel: Corresponding evolution of the black
body radius. The cyan triangles and brown diamonds represent the black
body fits shown in Fig. 6.

action reheating the ejecta, this change does not appear to be
reflected in the colour evolution, and it can be seen in Fig. 6
that a second black body becomes necessary to fit the spectral
energy distribution (SED) at later times. It should be noted that
the temperature of the first black body increases between +92 d
and +399 d. This can be explained by a forest of Fe 11 lines, typ-
ical in SNe IIn, which affects the broadband photometry.

We examined the SED evolution of SN 2017hcc over time
by fitting it with black bodies (Fig. 6). At early times a single
black body is sufficient to fit the SED. However, as time goes
on, a clear IR excess becomes evident and a second black body
is required to fit this component. We did not include the r band
data in the SED, because the presence of the strong Ha emis-
sion within this wavelength range artificially boosts the flux,
preventing the description of the SED with a black body.
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SN 2005ip also displayed a growing IR excess with time, being
fitted with two black bodies in Stritzinger et al. (2012) with the
cooler black body becoming dominant by +100d. SN 2015da
was another SN IIn showing such an excess; it required a second
black body from +443 d in order to reproduce the cooler compo-
nent of the SED (Tartaglia et al. 2020).

In order to explore the possible range of parameters that
could generate the observed luminosity, we used the Python-
based TigerFit!® code to fit models with a constant-density
CSM shell to the bolometric light curve of SN 2017hcc. The
TigerFit code makes use of semi-analytical light curve models
described in Chatzopoulos et al. (2012, 2013), Kasen & Bildsten
(2010) and Dexter & Kasen (2013), based on the approaches
outlined in Arnett (1980, 1982). However, despite trialling mod-
els with an extremely broad range of parameters, we were unable
to simultaneously describe the peak, early evolution and late evo-
lution in a manner consistent with observations, suggesting more
sophisticated modelling is required.

3.3. Infrared excess

The development of an IR excess becomes evident from the
V — K colour evolution soon after the peak (Fig. 4). We see that
an IR excess is clearly apparent in the optical — IR SED by +92d
from explosion. At this point we find it necessary to include a
second black body component when fitting the SED (Fig. 6) and
we estimate that the IR component contributes roughly 13% of
the total luminosity obtained by summing the two black body
components. By +399d the IR component is already very sig-
nificant, contributing over 50% of the total luminosity and this
increases to over 70% by +774d. We discuss this further in
Sect. 6. There will naturally be a time delay between the arrival
of optical photons which are emitted directly towards the Earth
and those which are absorbed by dust and then re-emitted in
the IR (Graham & Meikle 1986), however we do not expect the
effect of this to be very significant given the very long time scale
of our light curve, so we do not account for it.

4. Spectral evolution
4.1. Optical spectra

The optical spectra of SN 2017hcc span a period of 1759 days
(4.8 yr): from six to 1765 d post-explosion (Fig. 5). The over-
all evolution is generally slow, in line with the photometric
evolution.

The spectra are initially characterised by a strong blue con-
tinuum and are dominated by strong Balmer emission, as is typ-
ical for a SN IIn. This can be seen clearly in our spectrum at
+32d (Fig. 8), where the He, HB, and Hy lines are visible. Ho
is well fitted by a single Lorentzian profile with a FWHM of
1170 £ 20kms~!. In addition, we see He T at 15876 and 17065
with a weak emission component and a P Cygni minimum at
4000kms~!.

Fitting a black body to the +32 d spectrum we find an effec-
tive temperature of 13.8 +0.1 kK. However, this cools rapidly
over the following week, dropping to 11.1 0.1 kK at +38d (we
see a consistent trend in the evolution of the pseudo-bolometric
light curve, see Sect. 3.2). The He 1 45876 emission also weak-
ens, relatively, over the first two months. The Fe 11 25018 line is
apparent from at least the +32 d spectrum in season one.

16 https://github.com/manolis®7gr/TigerFit
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Fig. 8. Early (+32d; 2017 Nov. 1) spectrum fitted with a black body.
Identified emission lines are labelled, and an inset shows a zoom in on
the Ha line in velocity space.

In Fig. 9 we show a medium-resolution (R ~ 5000)
NOT+ALFOSC Gr#17 spectrum taken at +88 d covering the Ha
region. The spectrum clearly shows a narrow P Cygni absorp-
tion, indicative of absorption by slow moving optically thick
CSM along the line of sight. In order to measure velocities of this
feature, we fitted it with a four component model to describe the
narrow and broad emission and the narrow absorption, as well as
the continuum. The components were chosen purely due to their
ability to reproduce the profiles seen in the data. These compo-
nents are shown separately in Fig. 9, and the composite model
does an excellent job of reproducing the observed Ha profile,
though there are a lot of parameters. The narrow Lorentzian has
a FWHM of ~63kms~!, whilst the P Cygni absorption has a
minimum velocity of ~—51kms~!' with respect to the peak of
the Lorentzian which we take as the pre-SN wind velocity of the
progenitor. The FWHM of the broad Gaussian we fitted to the
emission is ~795kms~!. The aforementioned values have not
been corrected for instrumental resolution and it is likely that the
narrow emission feature that we fit with the narrow Lorentzian
is not truly resolved.

At approximately +120d, SN 2017hcc disappeared behind
the Sun. When it re-emerged, at ~+230d, the Ha emission had
become broader, with a velocity of 1690 + 20 km s~lat ~+270d
and the centre of the emission was clearly blueshifted with
respect to the rest wavelength. The [Ca 11] 447291,7323 lines
became visible in the +230d spectrum, with a velocity broadly
similar to that of Ha. At some point between 104 and 230 days
post-explosion the Ca II 1118498,8542,8662 triplet appears. The
triplet grows in relative strength over the course of the next
200 days. The He 1 27065 line appears to have grown in rela-
tive prominence by +230d (the He 1 15876 line also appears to
strengthen, but this is affected by blending with Na I D). It con-
tinues to be present throughout season two, though appears to
weaken in relative prominence over the course of the season.
After about +400d we see a pseudo-continuum beginning to
form in the blue. Many emission lines, primarily iron, combine
in raising the flux bluewards of about 5000 A. Similar behaviour
has been seen in other SNe IIn (e.g., SN 1995N, Fransson et al.
2002; SN 2005ip, Stritzinger et al. 2012). We do not see a clear
bluewards evolution in the B — V colours at late times, how-
ever there are relatively large uncertainties on our photometric
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Fig. 9. Fitting the +88 d Ha profile taken with the medium-resolution
NOT Gr#17 spectrum (blue). Dashed lines show the individual compo-
nents: the orange and green lines are Gaussian fits to the broad compo-
nent and absorption trough, respectively; the red is a Lorentzian profile
fit to the narrow emission component, and the purple line represents
the underlying continuum. The solid black line shows the composite fit.
The inset shows a wider wavelength range revealing the broad wings in
Hea. The orange component in the inset has been multiplied by a factor
of 3 to more clearly demonstrate its shape. The vertical line marks zero
velocity.

measurements at this phase. In the +230d spectrum the Fe 11
14924 and 15018 lines are evident, with the 45169 component of
the multiplet becoming evident only later, after around +300 d.
The [Ca 1] A17291,7323 lines are no longer visible in the
+672d spectrum. The Ca 11 1118498,8542,8662 triplet weak-
ens throughout the third season, being only barely evident in the
+791d spectrum. The Ca II triplet is noticeably weaker than its
final season two appearance even in the first season three spec-
trum to include the relevant wavelength range. The He I 15876
and 17065 emission lines appear to fade by +791d. As Ha
is the strongest line that is visible throughout the evolution of
SN 2017hcc, we use it to investigate the velocity evolution (see
Fig. 10). For the purpose of consistency, we only used the 1.0”
slit spectra from the ALFOSC instrument. The He FWHM is
measured to determine the velocity of the post-shock material, as
such it is the intermediate-width component with which we con-
cern ourselves. For each spectrum we measure the instrumental
resolution from the FWHM of the [O 1] A5577.34 sky emission
line. We fitted Lorentzian and/or Gaussian functions to Ha and
determined their FWHM values which were then corrected for
instrumental resolution. The uncertainty in our measurements
is dominated by the choice of continuum region, so we sam-
pled the FWHM of the +306d spectrum eight times in order
to choose a representative standard deviation, which we then
applied to all epochs. The first two epochs are well matched by a
single Lorentzian, indicative of more electron scattering at early
times due to denser CSM. At later times we instead fitted two
Gaussians, with one being used to account for the broad base
seen in Fig. 11; however, the use of this Gaussian was purely
a functional choice and we ascribe no physical significance to
it. We can see that the velocity in the first epoch is around
1170kms~!, whilst a much higher plateau of about 1650 km s™!
is seen in the second season. Later on, there is a gradual decline
before reaching approximately 940 km s~! by around +800 d.
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Fig. 10. Evolution of the He FWHM in the NOT+ALFOSC Gr#4 1.0”
spectra over time. For each spectrum in the second season (after around
+230d) we fitted two Gaussian profiles to He, but those corresponding
to the broad base are not shown here. As alluded to above, all spectra
were taken with an identical setup. The values have been corrected for
instrumental resolution. The errors on each point represent a charac-

teristic error, determined by repeated sampling of the skyline and Ha
FWHM of the +306 d spectrum.

In Fig. 11 we show the evolution of Ha over time. A clear
blueshift, also noted by Smith & Andrews (2020), is apparent in
our data from +230d, but this may be decreasing in our spectra
by +1173d. The +230d He profile itself appears to have a flat
top that persists out to ~+410d. The flat top and blueshift are
also present in the HB profile. We discuss this further in Sect. 6.

In Fig. 12 we show the evolution of equivalent width of the
He 1 27065 line. This region of the spectrum is relatively free of
contamination from other lines throughout the evolution. Hav-
ing chosen a region wide enough to encompass the line, we fit
a continuum across it, and integrate the area underneath follow-
ing Ebbets (1995). A clear increase in the absolute value of the
equivalent width over time is visible. As this occurs even with
falling temperatures we attribute it to greater non-thermal exci-
tation of He T in CSM by increased CSM interaction.

4.2. Optical spectra comparison

We now consider how SN 2017hcc compares to the three other
well-observed type IIn SNe shown in Fig. 13. We see a strong
similarity between the spectrum of SN 2017hcc taken at +32d
and the spectrum of SN 1998S taken 3 days after explosion,
whilst SN 1998S spectra at more similar epochs (e.g., +26 d) are
quite distinct. Both spectra have a noticeably blue continuum
and their emission features are similar; however, the spectrum
of SN 1998S shows high ionisation lines of C II 14648/N III
14640 and He 11 14686, which are absent from the SN 2017hcc
spectrum. These differences may be due to the early phase of the
SN 1998S spectrum capturing photons coming from the shock
breakout. This would explain the swift change in the appear-
ance of the spectra of SN 1998S. SN 2010jl at a comparable
epoch was much redder, though the overall emission features
are similar to SN 2017hcc. SN 2005ip is also far redder than
SN 2017hcc and has a broad component in the Ha emission
which is absent in SN 2017hcc. At these early times the light
curve evolution of these objects is rather distinct, so differing
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Fig. 11. Selection of spectra showing the evolution of the Ha profile.
The ALFOSC spectra (green) were taken with an identical set up. The
other spectra were taken with different instruments, but all have been
rebinned to a common resolution (Table A.5). The central vertical line is
at the rest wavelength of He, whilst the vertical green, blue, and brown
lines are 1000, 2000, and 3000 km s~ respectively from the rest wave-
length. The flux values for each spectrum have been normalised against
the corresponding peak value of Ha. The onset of a blueshift is apparent
from +230d onwards.

spectral presentation is not surprising. [Ca II] 147291,7323 is
either very weak or completely absent in the +190 d spectrum of
SN 2010jl, but hints of this doublet can be seen in the +230d
spectrum for SN 2017hcc and it is quite apparent by the +453d
spectrum. The Ca 11 1118498,8542,8662 triplet is clearly present
in the +230d and +453 d spectra of SN 2017hcc. It is present in
SN 2010jl in panel ¢ too, but it is less prominent.
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Fig. 12. Evolution of the He 1 47065 line equivalent width over time.
We only show those epochs for which the signal-to-noise ratio of the
equivalent width measurement is greater than 5.

In the inset of panel a of Fig. 13, we see that the Ha emis-
sion of SN 201051 shows an excess in the blue. In the inset of
panel b, the Ha profiles of both SN 2017hcc and SN 2010j1 are
blueshifted and are broader than that seen in SN 2005ip, which,
along with SN 19988, displays a complex multipeaked profile. A
multipeaked profile, though not seen here, is visible in SN 2010j1
at higher resolution (Fransson et al. 2014; Jencson et al. 2016).

The Ha of SN 2017hcc shows higher velocities than
SN 2010jl and SN 2005ip. At late times, the Ha velocities of
SN 201051 and SN 2017hcc are comparable, but SN 2010j1 is
clearly the more blueshifted of the two. The Ha emission of
SN 1998S continues to show a multipeaked structure with the
central peak displaying a slight blueshift. The O T 18446 line is
clearly present in both SN 2017hcc and SN 2010j1 at late times,
but the SN 1998S spectrum does not extend to that wavelength,
unfortunately.

The presence of the Fe 11 45018 line can be seen in panel a
in SN 2017hce, SN 2010j1 and SN 2005ip. The Fe 11 1114924,
5018, 5169 multiplet becomes visible in SN 2017hcc in panel
b and is clearly present in panel ¢ in both SN 2017hcc and
SN 2010j1.

4.3. Infrared spectral evolution

The NIR spectra (Fig. 14) span a period of 301d, from +39 to
+340d, with the first four spectra covering a short period up to
day 73 during which the spectral features change little: the spec-
tra are rather blue, with the clearest lines from the Paschen and
Brackett series, whilst some weaker features likely due to O are
also apparent. The final spectrum, taken at +340 d, shows signifi-
cant evolution, and is markedly different from the earlier epochs.
The Paschen and Brackett series now dominate the spectrum.
Pay appears to be blended with He 1 110830, and O 1 19264 and
A11287 are now also clearly discernible. The latter is stronger
than the either of the O 1 47774 and 19264 features, possibly
due to excitation by UV photons via Ly 8. At this epoch, the first
overtone of CO is also visible (Fig. 14), and as with other core-
collapse SNe, it probably appeared around +100 d, although our
data do not allow us to be more precise.

In Fig. 15 we compare the +340d spectrum of SN 2017hcc
with those of other type IIn SNe at comparable epochs. The
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Fig. 13. Spectral comparison of SN 2017hcc with SN 2010jl (Zhang et al. 2012; Jencson et al. 2016), SN 2005ip (Stritzinger et al. 2012) and
SN 1998S (Leonard et al. 2000; Fransson et al. 2005) at four selected epochs. The spectra have been corrected for redshift. The inset in each panel
shows Ha with the rest velocity marked with a vertical line to make the blueshift more obvious. The telluric lines marked are those corresponding
to the SN 2017hcc spectra. Phases are given against discovery date, except in the case of SN 2017hcc, where the explosion epoch is used. The flux
values for each spectrum have been normalised against the corresponding peak value of Ha.
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+379 d spectrum of SN 2010jl is quite similar to the SN 2017hcc
spectrum in terms of the spectral features present. In the case of
SN 1998S we show both the +126d and +327d spectra. The
latter shows a clear red continuum, unlike SN 2017hcc, which
instead shows a continuum more similar to that of SN 2010jl.
The first CO overtone first appears in SN 1998S in a spectrum
taken 109 d after discovery (Fassia et al. 2001). There is no clear
evidence for the presence of the first CO overtone in any of the
NIR spectra of SN 2010j1 seen in Borish et al. (2015).

In Fig. 16 we compare the shapes of the Ha, HB, PaB, and
Pa¢ profiles of SN 2017hcc. Those particular Paschen lines were
chosen to avoid blending with other features. The difference in
width of the optical and NIR lines at early times is likely to be
due to differences in spectral resolution. At later times (+330d

L]
—— 985 ® ®
— 10jl
—— 17hcc
+126¢
)
S +327d
Lo
n
c
9
+ w
~< +379d
[Ty
S
o
o
|
+340d
CO (2-0)
Call Sil Paschen Series
ol Mg | Brackett Series
He | Fel Telluric

1

7500

10000 12500 15000 17500 20000 22500 25000
Rest frame wavelength (A)

Fig. 15. Comparison of the +340d spectrum of SN 2017hcc with late-
time spectra of SN 1998S (Fassia et al. 2001; Pozzo et al. 2004) and
SN 201051 (Borish et al. 2015). Phases are given against discovery date,
except in the case of SN 2017hcc, where explosion epoch is used.

in the optical and +340d in the NIR) there is a clear blueshift
present, as already noted for Ho and HB in Sect. 4.1. The lines
at late times are all in fairly good agreement with each other,
though the Balmer lines do appear to display greater evidence of
extinction, as would be expected from these bluer lines. The red
shoulder visible in HB is due to blending with Fe II.

5. Metallicity

We employed the O3N2 index, which uses the relative line
strengths of [O III]/HB and [N II]/He to determine the metallic-
ity of the host galaxy, as described in Pettini & Pagel (2004).
We measured these lines from the +688d MUSE spectrum.
We extracted the spectrum with an aperture of radius 1.2 arcsec
centred on the core of the host. It should be noted that
we determined the metallicity at the host galaxy centre due
to signal-to-noise constraints, whilst it appears that the SN
itself exploded in a spiral arm, which would be expected to
be of lower metallicity (Pilyugin & Thuan 2005). We deter-
mined the metallicity in terms of oxygen abundance to be
12 +1og(O/H) = 8.49 £ 0.01 dex, that is to say approximately
two-thirds solar (Asplund et al. 2004).

6. Discussion

SN 2017hcc is a long-lived SN IIn that shows slow spectro-
scopic and photometric evolution as well as an IR excess, which
becomes apparent soon after peak brightness. There are only a
handful of type IIn SNe with five years of detailed observations.

The light curve shows a gradual rise to the peak (57 + 2 days,
ATLAS o band) that is consistent with interaction with a massive
and dense CSM, and can be explained by the diffusion timescale
for photons through an optically thick CSM. The rise is fol-
lowed by a monotonic decline, but after approximately two years
the decline flattens out. There is no dramatic spectral change
even at late times, and the emergence of nebular SN lines is not
seen, suggesting that the optically thin inner ejecta never become
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visible, or that the ejecta density remains too high for forbidden
lines to form.

SN 2017hcc shows an IR excess, which is apparent shortly
following peak brightness, and can be seen in the V — K colour
evolution (Fig. 4) as well as in the SED fits (Fig. 6). Initially, a
single black body is sufficient to match the SED, but a second,
cooler, black body is needed to describe the SED after around
90 d. Such behaviour is fairly typical, and has been observed in
many type IIn SNe, such as SN 2005ip (Stritzinger et al. 2012),
SN 201051 (Sarangi et al. 2018), and SN 2015da (Tartaglia et al.
2020), to name but a few.

Our analysis also included MIR photometry spanning 60—
980days and NIR photometry spanning 40-1170days from
explosion. At +110d the IR excess can be described by a T ~
1900 K black body component consistent with the evaporation
temperature for graphite dust grains. Our estimated radius for
the IR black body at +110d of 2.3+ 0.5 x 10'° cm corresponds
to a black body velocity of ~24 000kms~'. The early onset of
the IR excess together with the above values are suggestive of
pre-existing dust in the CSM rather than condensation of new
grains. Thus, these IR observations can be explained by absorp-
tion of the SN UV and optical photons and their re-radiation at
IR wavelengths by the surrounding dust, that is to say an IR echo
(e.g., Bode & Evans 1979; Graham et al. 1983).

Over the first ~100days, we can fit the intermediate-width
Ha emission with a single Lorentzian profile (Fig. 10), suggest-
ing that for the first season the photosphere is located within the
opaque CSM. After +200d the shocked ejecta start to become
visible (when we see a FWHM of 1650kms™!). Given that
maximum velocities of over 5000kms~! are seen after +200d
(Fig. 10), may suggest that we are seeing freely expanding ejecta
as the CSM starts to fragment.

We also note that Ha appears to have a flat top between
~=700 and +300kms~'. Flat-topped or boxy profiles have
been seen in a number of other SNe (e.g., SNe 1993J, 1995N
Matheson et al. 2000; Fransson et al. 2002) where they have
been accounted for as a sign of ejecta-CSM interaction, the flat
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Fig. 17. Selection of spectra showing the evolution of the Ha line cen-
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detectable.

top resulting from emission from a homologously expanding
cool dense shell (CDS) formed between the forward and reverse
shocks (e.g., Dessart & Hillier 2022). The appearance of the flat
top is coincident with the increase in the equivalent width of the
He 1 27065 line (Fig. 12) and the decrease in the decline rate of
the light curve (Fig. 2), both of which are signs of ejecta-CSM
interaction. This also aligns with the beginning of the blueshift
visible in the He line profiles (~—350kms~! at +230d, Fig. 11),
as the ejecta-CSM interaction and CDS are being exposed, hav-
ing previously been hidden below the CSM.

A natural explanation for blueshifted emission lines is the
condensation of new dust grains that increasingly block the
receding part of the expanding ejecta (Lucy et al. 1989). Indeed,
Smith & Andrews (2020) interpreted the increasing blueshift of
the emission lines from +24 d to +848 d in SN 2017hcc as result-
ing from newly formed dust in either a post-shock CDS or in the
SN ejecta.

However, upon closer examination of the centroid of the
intermediate component of Ha over time (Fig. 17), we find a
maximum blueshift (~7 A) at the start of season two. After this
point the peak evolves redwards, almost to rest until around
+430d and after this epoch we see a gradual evolution towards
the blue again, but not as large as that seen at earlier epochs. In
the final four epochs, +1173d to +1765d we see a shift back
towards the rest wavelength.

It is likely that the early blueshifted emission results from the
fast-moving (a few 1000 kms~') dense shell of material consist-
ing of decelerated ejecta and swept-up CSM. This, combined
with the fact that it is also optically thick in the continuum,
means that line photons emitted in the red are preferentially
absorbed (Hillier & Dessart 2012; Dessart et al. 2015). Indeed,
the decreasing blueshift together with a lack of a sudden and
marked increase in the infrared flux argues against dust forma-
tion in the CDS at these epochs. However, as noted above, the sit-
uation is complicated by an excursion bluewards between ~500
and 1000d, possibly indicative of the onset of grain conden-
sation, facilitated by the decreasing optical depth of the shell,
allowing clumpy material therein to cool down. However, tak-
ing the latest spectra (>1000d) at face value, any condensation
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of grains appears to occur in a short and finite window. In light
of the above, it therefore seems likely that the IR emission in
SN 2017hcc originated from a combination of pre-existing and
newly formed dust similar to a number of other IIn SNe, for
example SN 2010j1 (Chugai 2018).

By +399d, +773d, and +1020d our two component black
body fits yield a T = 1640, 1160, and 940K for the IR com-
ponent, respectively. Within the errors, the black body radius
remains constant until +1020d with the black body velocity
at this epoch corresponding to ~2600km s~!. This is consistent
with the dust being located in the CDS or in the SN ejecta.

Previously, dust formation in the post-shock CDS has been
observed, such as in SN 1998S, where the dust formation
was suggested to have taken place behind the reverse shock
(Pozzo et al. 2004), and in the SN Ibn SN 2006jc, where the
dust formation probably occurred behind the forward shock
(Mattila et al. 2008). It is difficult to pinpoint the exact location
given that different, and time dependent processes both destroy
and form dust grains as the SN evolves.

SN 2017hcc shows particular similarities to SN 2010jl, espe-
cially in terms of overall brightness and spectral evolution.
Both showed blueshifted Ha profiles up to late times, with
SN 2010j1 having such a profile at least as late as +1287d
(Bevan et al. 2020), though the blueshift may be fading in the
case of SN 2017hcc at a comparable epoch. In the case of
SN 2010jl the blueshift was explained by Fransson et al. (2014)
as resulting from a highly asymmetric bulk motion of the scatter-
ing medium towards the observer. A similar blueshift in the Ho
was also observed in SN 2015da and was explained in the same
fashion (Tartaglia et al. 2020). Interestingly, SN 2017hcc shows
a symmetric Ha profile around +1400 d, whereas SN 2010jl1 dis-
plays a clear multi-component structure at a comparable epoch.
Combined with the significant (few percent) polarisation mea-
surements (Mauerhan et al. 2017; Patat et al. 2011), this possi-
bly implies a similar configuration of the CSM in these objects,
but with different viewing angles to the line of sight.

Long-lived SNe IIn tend to be found in low metallic-
ity hosts, comparable to the LMC, making SN 2017hcc an
apparent outlier in this respect. SN 2010jl, for example, was
found in a low metallicity irregular dwarf host with metallic-
ity 12 +1og(O/H)=8.2+0.1dex and quite possibly had a low
metallicity progenitor (Stoll et al. 2011). However, the existence
of at least some SNe IIn with a very massive H-rich CSM in near-
solar metallicity environments (e.g., 8.48 dex for SN 2015da,
Tartaglia et al. 2020) complicates this picture. It is clear that
objects such as SN 2017hcc require careful and detailed mod-
elling to disentangle the progenitor and explosion properties
from those of the CSM. It is also clear that results and trends
from other studies of long-lived type IIn SNe can only be applied
in a qualitative sense, and it remains to be determined whether
these SNe share a common combination of parameters that deter-
mine their behaviour.
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Appendix A: Tables

Table A.1. Optical photometry, apart from that of Swift. The B and V filters are in Vega magnitudes and the griz filters are in AB magnitudes.

Date MID Epoch B (err) V (err) g (err) r (err) i (err) z (err) Telescope (Instrument)
(d)
2017-11-03  58060.9 335 13.85 (0.02) 13.75 (0.03) 14.04 (0.01) 13.81 (0.05) 14.05 (0.05) 14.34 (0.07) LT (10:0)
2017-11-10  58067.0 39.6 - - - - - 14.30 (0.94) NOT (ALFOSC)
2017-11-14  58071.9 44.5 14.02 (0.05) 13.60 (0.03) 13.60 (0.06) 13.64 (0.04) 13.81 (0.05) 13.99 (0.04) LT (10:0)
2017-11-16  58073.9 46.5 13.79 (0.06) 13.62 (0.04) 13.61 (0.03) 13.63 (0.04) 13.77 (0.05) 13.98 (0.06) LT (10:0)
2017-11-17  58074.8 474 13.52 (0.09) 13.66 (0.08) 13.64 (0.06) 13.70 (0.07) 13.78 (0.05) - Asiago Schmidt (Moravian)
2017-11-18  58075.0 47.6 13.76 (0.03) 13.62 (0.06) 13.63 (0.05) 13.71 (0.04) 13.71 (0.05) 13.95 (0.05) NOT (ALFOSC)
2017-11-19  58076.9 49.5 - 13.60 (0.05) 13.60 (0.08) 13.56 (0.06) 13.82 (0.08) 13.95 (0.04) LT (10:0)
2017-11-20  58077.9 50.5 13.85 (0.06) 13.63 (0.05) 13.63 (0.05) 12.46 (0.06) 13.72 (0.02) - NOT (ALFOSC)
2017-11-26  58083.8 56.4 13.80 (0.03) - - - - - Asiago Schmidt (Moravian)
2017-11-26  58083.9 56.5 - 13.65 (0.02) 13.64 (0.02) 13.64 (0.03) 13.74 (0.03) - Asiago Schmidt (Moravian)
2017-11-30  58087.9 60.5 13.91 (0.06) 13.67 (0.07) 13.70 (0.06) 13.68 (0.03) 13.66 (0.09) 13.87 (0.08) NOT (ALFOSC)
2017-12-03  58090.8 63.4 13.90 (0.04) 13.70 (0.05) 13.74 (0.03) 13.67 (0.03) 13.75 (0.03) - Asiago Schmidt (Moravian)
2017-12-05  58092.8 65.4 13.92 (0.03) 13.70 (0.03) 13.72 (0.02) 13.66 (0.02) 13.76 (0.03) - Asiago Schmidt (Moravian)
2017-12-07  58094.0 66.6 - - - 13.72 (0.02) 13.26 (0.01) - NOT (ALFOSC)
2017-12-09  58096.7 69.3 - 13.74 (0.03) 13.76 (0.02) 13.70 (0.02) 13.77 (0.03) - Asiago Schmidt (Moravian)
2017-12-09 58096.8 69.4 13.98 (0.03) - - - - - Asiago Schmidt (Moravian)
2017-12-18  58105.7 78.3 14.22 (0.06) - 13.97 (0.05) - - - Asiago Schmidt (Moravian)
2017-12-18  58105.8 78.4 - 13.90 (0.07) - 13.81 (0.06) 13.86 (0.05) - Asiago Schmidt (Moravian)
2017-12-23  58110.9 83.5 14.31 (0.03) 13.84 (0.13) 14.03 (0.04) 13.79 (0.03) 13.81 (0.07) 14.00 (0.07) NOT (ALFOSC)
2017-12-29  58116.8 89.4 14.52 (0.15) 13.99 (0.15) 14.24 (0.09) 13.98 (0.09) 13.88 (0.1) 14.12 (0.04) NOT (ALFOSC)
2018-01-10  58128.7 101.3 14.90 (0.06) 14.38 (0.05) 14.54 (0.05) 14.21 (0.05) 14.19 (0.05) - Asiago Schmidt (Moravian)
2018-01-12  58130.8 103.4 14.98 (0.13) 14.31 (0.15) 14.68 (0.06) 14.27 (0.04) 14.19 (0.02) 14.29 (0.04) NOT (ALFOSC)
2018-01-19  58137.8 110.4 - 14.49 (0.18) 14.79 (0.07) 14.39 (0.12) 14.40 (0.03) - NOT (ALFOSC)
2018-05-19  58257.4 230.0 15.84 (0.02) 16.16 (0.03) 16.26 (0.03) 15.54 (0.03) 15.99 (0.04) 15.50 (0.05) LCO (f103)
2018-05-22  58260.4 233.0 16.78 (0.03) 16.22 (0.04) 16.29 (0.04) 15.58 (0.04) 16.05 (0.05) 15.52 (0.06) LCO (fl03)
2018-05-28  58266.1 238.7 16.82 (0.1) - - 15.61 (0.09) 16.11 (0.05) 15.50 (0.05) LCO (fi16)
2018-06-02  58271.4 244.0 16.84 (0.04) 16.31 (0.04) 16.41 (0.02) 15.68 (0.03) 16.18 (0.04) 15.64 (0.05) LCO (fi15)
2018-06-11 58280.1 252.7 16.91 (0.03) 16.33 (0.02) 16.46 (0.01) 15.68 (0.03) 16.13 (0.04) 15.76 (0.08) LCO (fl06)
2018-06-17  58286.3 258.9 16.92 (0.05) 16.21 (0.02) 16.54 (0.05) 15.70 (0.04) 16.17 (0.06) 15.71 (0.05) LCO (fl03)
2018-06-22  58291.3 263.9 16.99 (0.03) 16.42 (0.05) 16.55 (0.02) 15.82 (0.04) 16.26 (0.05) - LCO (f115)
2018-06-27  58296.4 269.0 17.00 (0.05) 16.51 (0.05) 16.63 (0.04) 15.82 (0.04) 16.33 (0.06) - LCO (f115)
2018-07-07  58306.1 278.7 17.08 (0.04) 16.61 (0.04) 16.73 (0.03) 15.90 (0.03) - - LCO (fl06)
2018-07-07  58306.2 278.8 - - - - 16.44 (0.05) - LCO (fl06)
2018-07-11 58310.3 2829 17.17 (0.03) 16.65 (0.03) 16.73 (0.02) 15.92 (0.02) 16.47 (0.04) - LCO (fl03)
2018-07-14  58313.8 286.4 17.17 (0.02) 16.70 (0.03) 16.79 (0.02) 16.00 (0.03) 16.55 (0.06) - LCO (fil1)
2018-07-20  58319.8 292.4 17.20 (0.03) 16.75 (0.03) 16.83 (0.02) 16.05 (0.02) 16.58 (0.04) - LCO (fi12)
2018-07-22  58321.8 294.4 17.29 (0.04) 16.79 (0.04) 16.87 (0.02) 16.09 (0.03) 16.62 (0.05) - LCO (fi12)
2018-07-23  58322.6 295.2 17.19 (0.06) 16.77 (0.05) 16.89 (0.03) 16.08 (0.03) 16.61 (0.06) - LCO (fi12)
2018-07-25  58324.8 297.4 17.31 (0.03) 16.81 (0.03) 16.92 (0.02) 16.13 (0.02) 16.67 (0.05) - LCO (fi12)
2018-07-29  58328.7 301.3 17.35 (0.04) 16.86 (0.05) 16.95 (0.03) 16.19 (0.03) 16.69 (0.05) - LCO (f112)
2018-08-04  58334.8 307.4 17.43 (0.03) 16.95 (0.04) 17.03 (0.03) 16.24 (0.03) 16.83 (0.06) - LCO (fi11)
2018-08-11 58341.3 3139 17.50 (0.05) 17.04 (0.08) 17.10 (0.05) 16.35 (0.07) 17.03 (0.08) - LCO (fl03)
2018-08-18  58348.1 320.7 17.49 (0.04) 17.13 (0.04) 17.12 (0.03) 16.45 (0.03) 17.10 (0.04) - LCO (fl06)
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Table A.1. continued.
Date MID Epoch B (err) V (err) g (err) r (err) i (err) z (err) Telescope (Instrument)
(d)

2018-08-21 58351.5 324.1 17.64 (0.04) 17.21 (0.05) 17.18 (0.03) 16.46 (0.03) 17.18 (0.04) - LCO (f112)
2018-09-01 58362.3 3349 17.83 (0.06) 17.39 (0.06) 17.35 (0.05) 16.61 (0.04) 17.37 (0.06) - LCO (fl03)
2018-09-14  58375.7 348.3 17.89 (0.03) 17.54 (0.04) 17.47 (0.03) 16.83 (0.03) 17.56 (0.04) - LCO (fi12)
2018-09-28  58389.8 362.4 18.02 (0.04) 17.63 (0.05) 17.63 (0.03) 17.02 (0.04) 17.69 (0.05) - LCO (fi16)
2018-10-01 58392.1 364.7 18.20 (0.04) 17.76 (0.05) 17.83 (0.05) 17.21 (0.06) 17.55 (0.05) 17.09 (0.04) NOT (ALFOSC)
2018-10-14  58405.9 378.5 18.17 (0.05) 17.88 (0.08) 17.80 (0.05) 17.19 (0.04) 17.87 (0.07) - LCO (fl16)
2018-10-15  58406.0 378.6 - - - - 17.89 (0.06) - LCO (fl16)
2018-10-26  58417.2 389.8 18.30 (0.12) 18.05 (0.09) 18.03 (0.06) 17.40 (0.04) 17.99 (0.08) - LCO (fa03)
2018-10-29  58420.2 392.8 - 17.90 (0.08) 17.83 (0.04) 17.33 (0.1) 16.84 (0.77) - LCO (fa03)
2018-10-31 58422.2 394.8 18.54 (0.1) 18.15 (0.08) 18.02 (0.04) 17.46 (0.04) 18.16 (0.06) - LCO (fa03)
2018-11-04  58426.0 398.6 18.38 (0.07) 18.06 (0.06) 18.03 (0.04) 17.49 (0.05) 18.13 (0.08) - LCO (fal5)
2018-11-05  58427.4 400.0 18.24 (0.31) 18.24 (0.24) 17.94 (0.15) 16.63 (0.09) 18.11 (0.59) - LCO (fi11)
2018-11-16  58438.8 411.4 18.44 (0.17) - - - - - LCO (fa06)
2018-11-16  58438.9 411.5 - 18.25(0.17) 18.30 (0.13) 17.74 (0.09) 18.15(0.18) - LCO (fa06)
2018-11-20  58442.9 415.5 18.74 (0.06) 18.37 (0.07) 18.36 (0.07) 17.96 (0.04) 18.32 (0.03) 17.67 (0.05) NOT (ALFOSC)
2018-11-21 584439 416.5 18.49 (0.11) 17.99 (0.09) 17.97 (0.06) 17.64 (0.05) 18.15 (0.09) - LCO (fa06)
2018-11-24  58446.1 418.7 18.69 (0.08) 18.40 (0.06) 18.29 (0.05) - - - LCO (fa03)
2018-11-24  58446.2 418.8 - - - 17.77 (0.05) 18.45 (0.07) - LCO (fa03)
2018-11-27  58449.5 422.1 18.50 (0.2) 18.30 (0.05) 18.32 (0.03) 17.87 (0.03) 18.49 (0.06) - LCO (fi12)
2018-12-10  58462.1 434.7 18.86 (0.03) 18.55 (0.05) 18.47 (0.03) 17.99 (0.03) 18.58 (0.07) - LCO (fa03)
2018-12-21 58473.1 445.7 18.97 (0.1) 18.50 (0.08) 18.55 (0.07) 18.03 (0.05) 18.62 (0.1) - LCO (fa05)
2018-12-28  58480.9 453.5 18.97 (0.07) 18.64 (0.07) 18.67 (0.06) 18.30 (0.07) 18.54 (0.09) 18.19 (0.1) NOT (ALFOSC)
2019-06-05  58639.4 612.0 19.71 (0.1) 19.67 (0.12) 19.50 (0.11) 19.31 (0.12) 19.76 (0.37) - LCO (fa03)
2019-06-13  58647.2 619.8 19.83 (0.25) 19.76 (0.28) - - - - NOT (ALFOSC)
2019-06-20  58654.2 626.8 20.08 (0.16) 19.87 (0.07) 19.86 (0.04) 19.72 (0.05) 19.97 (0.12) 19.74 (0.1) NOT (ALFOSC)
2019-06-22  58656.8 629.4 20.06 (0.18) 19.77 (0.17) 19.37 (0.16) 19.59 (0.16) 19.25 (0.31) - LCO (fall)
2019-07-12  58676.4 649.0 19.90 (0.08) 19.44 (0.1) 19.49 (0.08) 19.28 (0.15) 16.62 (0.76) - LCO (fa05)
2019-07-21 58685.2 657.8 20.25 (0.1) 19.97 (0.06)  20.04 (0.08) 19.84 (0.05)  20.11(0.13) 20.03 (0.1) NOT (ALFOSC)
2019-07-24  58688.8 661.4 19.95 (0.11) 19.67 (0.12) 19.92 (0.07) 19.75 (0.08) 20.14 (0.2) - LCO (fal2)
2019-08-04  58699.8 672.4 20.24 (0.06)  20.15(0.07)  20.06 (0.05) 19.89 (0.07)  20.17 (0.15) - LCO (fall)
2019-08-05  58700.1 672.7 20.17 (0.29) 19.66 (0.18) 19.90 (0.06) 19.74 (0.09) 19.94 (0.12)  20.05(0.12) NOT (ALFOSC)
2019-08-13  58708.0 680.6 19.98 (0.19) 19.55 (0.19) 19.88 (0.12) 19.26 (0.11) 19.71 (0.13) 19.53 (0.19) NOT (ALFOSC)
2019-08-17  58712.1 684.7 20.29 (0.27) 19.89(0.28)  20.04 (0.19) 19.78 (0.23)  20.14 (0.34) 20.39 (0.8) NOT (ALFOSC)
2019-08-20  58715.2 687.8 19.96 (0.17) 19.96 (0.13) 19.87 (0.12) 19.68 (0.15)  20.06 (0.18)  20.23 (0.33) NOT (ALFOSC)
2019-08-20  58715.4 688.0 20.32(0.33)  20.04 (0.27)  20.09 (0.23) 19.68 (0.18)  20.09 (0.34) - LCO (fa05)
2019-09-02  58728.3 700.9 20.29 (0.06)  20.07 (0.07)  20.01 (0.06) - - - LCO (fal5)
2019-09-02  58728.4 701.0 - - - 19.98 (0.07) 20.4 (0.15) - LCO (fal5)
2019-09-09  58735.0 707.6 19.91 (0.17) 19.26 (0.09) 19.78 (0.11) 18.89 (0.1) 19.16 (0.11) 19.09 (0.17) NOT (ALFOSC)
2019-09-16  58742.0 714.6 20.37 (0.16)  20.25(0.14)  20.17(0.13)  20.01 (0.15)  20.10(0.28) 20.58 (0.3) NOT (ALFOSC)
2019-09-17  58743.2 715.8 20.70 (0.55) - - - - - LCO (fa05)
2019-09-17  58743.3 715.9 20.38 (0.44)  20.02(0.33) 19.83 (0.23)  20.05 (0.48) 21.17 (1.6) - LCO (fa05)
2019-09-28  58754.3 726.9 20.39 (0.1) 20.14 (0.11)  20.06 (0.07) 19.88 (0.09) 20.58 (0.2) - LCO (fa03)
2019-10-09  58765.0 737.6 20.14 (0.35) 19.93 (0.67)  20.57 (1.44) 19.69 (0.75) 19.45 (0.6) - LCO (fal5)
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Table A.1. continued.

Date MID Epoch B (err) V (err) g (err) r (err) i (err) z (err) Telescope (Instrument)
(d)
2019-10-20  58776.2  748.8 19.89 (0.1) 1936 (0.1)  19.65(0.11)  19.63 (0.13) - LCO (fal5)
2019-10-20  58776.3 7489 - - - - 19.65 (0.16) LCO (fal5)
2019-10-31  58787.0  759.6 19.97 (0.1) - - - - LCO (f203)
2019-10-31  58787.1  759.7 - 19.82(0.13)  19.92(0.09)  20.02 (0.09)  20.22 (0.16) - LCO (fa03)
2019-11-04  58791.0  763.6  20.20(0.15)  19.98(0.15)  20.33(0.06) ~ 20.09 (0.09)  19.92(0.13)  20.02 (0.24) NOT (ALFOSC)
2019-11-11  58798.1 7707  20.12(0.31) - - - - - LCO (f03)
2019-11-11 587982  770.8 - 19.55(0.2)  19.72(0.18)  19.42(0.16)  20.29 (0.35) - LCO (fa03)
2019-11-17  58804.9  777.5  20.27(0.16)  20.12(0.15)  20.29(0.06)  19.82(0.1)  20.15(0.11)  20.26 (0.21) NOT (ALFOSC)
2019-11-23 588100  782.6  20.29 (0.92) - - - - - LCO (fa07)
2019-11-23  58810.1 7827  20.10(0.22)  19.41(0.13)  19.68 (0.1)  19.11(0.15)  20.01 (0.51) - LCO (fa07)
2019-12-01 588189  791.5  20.71(0.06)  20.42(0.03)  20.44 (0.07)  20.26 (0.08)  20.00 (0.65)  20.72 (0.14) NOT (ALFOSC)
2019-12-03  58820.8 7934  20.20(0.17)  19.81(0.17) - - - - LCO (fal4)
2019-12-03 588209  793.5 - - 19.87 (0.15)  19.37(0.13)  19.69 (0.19) - LCO (fal4)
2020-01-15  58863.8 8364  20.79 (0.11)  20.54 (0.06)  20.58 (0.06)  20.32(0.15)  20.43(0.28)  20.87 (0.15) NOT (ALFOSC)
2020-06-22 590222 9948  20.98 (0.04)  20.77 (0.06)  20.65(0.13)  20.52(0.15)  21.04 (0.11)  21.40 (0.27) NOT (ALFOSC)
2020-07-25  59055.1  1027.7  20.95(0.07)  20.62 (0.07) - - - - NOT (ALFOSC)
2020-07-25 590552 1027.8  21.09 (0.07)  20.82(0.05)  20.64 (0.12)  20.59(0.09)  21.06 (0.09)  21.07 (0.2) NOT (ALFOSC)
2020-08-21  59082.0  1054.6  21.02(0.15)  20.77 (0.08)  20.70 (0.09)  20.62 (0.16)  21.04 (0.13)  21.22 (0.24) NOT (ALFOSC)
2020-09-14 591060  1078.6  21.14 (0.05) - - - - - NOT (ALFOSC)
2020-09-14  59106.1  1078.7  21.15(0.06)  20.90 (0.05)  20.73(0.16)  20.53(0.19)  21.07(0.1)  21.34(0.2) NOT (ALFOSC)
2021-01-18  59232.8  1205.4 - - 20.87 (0.11)  20.82(0.1)  21.18(0.14)  21.34(0.25) NOT (ALFOSC)
2021-01-18  59232.9  1205.5 - - - - 21.22(0.14) - NOT (ALFOSC)
2021-07-06 594012  1373.8  21.19(0.15)  20.90 (0.21)  20.88 (0.21)  20.90 (0.23)  21.40(0.22)  21.47 (0.29) LRS (LRS)
2021-10-11  59498.1 14707  21.3(0.05)  20.89(0.13)  20.95(0.13)  20.88(0.12) ~ 21.32(0.11) - NOT (ALFOSC)
2021-11-12 595309  1503.5 - - 21.14(0.13) - - NOT (ALFOSC)
2021-11-13  59531.0  1503.6  21.41(0.18)  20.85 (0.18) - 21.01(0.11)  21.26(0.16) NOT (ALFOSC)
2022-07-07  59767.2  1739.8 - - - 21.16 (0.04) - NOT (ALFOSC)
2022-07-16 597762  1748.8  21.34(0.27)  20.85(0.24)  21.04(0.2) - - NOT (ALFOSC)
2022-08-23 598142  1786.8  21.41(0.08)  20.92(0.13)  21.18 (0.11) - 21.40 (0.15) NOT (ALFOSC)
2022-09-22  59844.0  1816.6 - - - 20.99 (0.11) - NOT (ALFOSC)
2022-10-20 598729 18455  21.20(0.12)  20.86 (0.11)  21.03(0.12)  20.89 (0.18)  21.33(0.15) NOT (ALFOSC)
Table A.2. Swift photometry (Vega magnitudes).
Date MID Epoch UVW2(err) UVM2(err)y UVWI (err) U (err) B (err) V (err)
(d)
2017-10-28 58054.4 27.0 12.48(0.04) 12.32(0.04) 12.40(0.04) 12.70(0.04) 13.97(0.04) 13.93(0.05)
2017-10-30 58056.1 28.7 12.52(0.04) - 12.40 (0.04) 12.68 (0.04) 13.90(0.04) -
2017-11-04  58061.0 33.6 12.59(0.04) 12.39(0.04) 12.41(0.04) 12.58(0.04) 13.80(0.04) 13.78 (0.04)
2017-11-05 58062.5 35.1 - 12.42 (0.04) - - - -
2017-11-05 58062.8 354 12.62(0.04) 12.41(0.04) 12.43(0.04) 12.58(0.04) 13.77(0.04) 13.72(0.04)
2017-11-10  58067.7 40.3 1278 (0.04) 12.54(0.04) 12.52(0.04) 12.60(0.04) 13.75(0.04) 13.69 (0.04)
2017-11-16  58073.5 46.1 1297 (0.04) 12.78 (0.04) 12.67(0.04) 12.66 (0.04) 13.75(0.04) 13.65(0.04)
2017-11-19  58076.6 49.2  13.12(0.04) 12.89(0.04) 12.78(0.04) 12.69 (0.04) 13.73(0.04) 13.60 (0.04)
2017-11-22  58079.6 522 13.27(0.04) 13.03(0.04) 12.89(0.04) 12.72(0.04) 13.78(0.04) 13.62 (0.04)
2017-11-30 58087.6 60.2 13.76 (0.04) 13.49(0.04) 13.29(0.04) 12.94(0.04) 13.82(0.04) 13.65(0.04)
2017-12-04  58091.6 64.2 14.02 (0.05) 13.75(0.05) 13.48(0.04) 13.10(0.04) 13.93(0.04) 13.72(0.04)
2017-12-09  58096.1 68.7 14.33(0.05) 14.05(0.05) 13.74(0.04) 13.24(0.04) 13.98 (0.04) 13.71 (0.04)
2017-12-12  58099.3 71.9 14.55(0.05) 14.27(0.05) 13.89(0.05) 13.38(0.04) 14.04 (0.04) 13.75(0.04)
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Date MID Epoch J (err) H (err) Ks (err) Telescope (Instrument)
(d)
2017-11-10 58067.2 39.8 13.08 (0.14) 13.06 (0.17) 12.69 (0.09) NTT (SOFI)
2017-11-26  58083.0 55.6 12.85(0.25) 13.09(0.14) 12.71 (0.4) NTT (SOFI)
2017-12-14 58101.1 73.7 12.95(0.15) 13.05(0.27) 12.33(0.13) NTT (SOFI)
2018-01-03 58121.9 94,5 13.25(0.13) 13.19(0.12) - NOT (NOTCAM)
2018-01-06 58124.0 96.6 13.14(0.16) 12.79(0.24) 12.34(0.15) NTT (SOFI)
2018-08-19 58349.2 321.8 15.55(0.14) 14.83(0.19) 13.90(0.14) NTT (SOFI)
2018-09-04 58365.1 3377 15.62(0.23) 14.80(0.25) 13.09 (0.14) NOT (NOTCAM)
2018-11-03 58425.9 398.5 16.19(0.19) 15.03(0.21) 13.89(0.11) NOT (NOTCAM)
2019-07-22 58686.2 658.8 18.44(0.18) - - NOT (NOTCAM)
2019-08-18 58713.1 685.7 18.56(0.18) 16.90(0.21) 15.23(0.21) NOT (NOTCAM)
2019-10-05 58761.0 733.6 19.09 (0.24) 17.16(0.26) 15.29 (0.15) NOT (NOTCAM)
2020-06-25 59025.2 997.8 20.18(0.33) 18.65(0.23) 16.76 (0.12) NOT (NOTCAM)
2020-07-17 59047.1 1019.7 20.61 (0.35) 18.78 (0.38) - NOT (NOTCAM)
2020-07-17 59047.2 1019.8 - - 16.85 (0.1) NOT (NOTCAM)
2020-12-16 591999 1172.5 - - 17.44 (0.14) NOT (NOTCAM)
Table A.4. NEOWISE photometry.
Date MJD Epoch W1 (err) W2 (err)
(d

2017-12-01 58088.7 61.3 12.814(0.009) 12.688 (0.020)

2018-06-18 58287.0 259.6 13.744 (0.019) 12.720 (0.034)

2018-11-27 58449.4 422.0 13.020(0.010) 12.436 (0.019)

2019-06-17 58651.2 623.8 13.362 (0.014) 12.584 (0.014)

2019-11-26 58813.4 786.0 13.742 (0.022) 12.697 (0.026)

2020-06-18 59018.4 991.0 14.230 (0.030) 13.10(0.04)

2020-11-27 59180.6 1153.2 14.555(0.023) 13.315(0.032)

2021-06-17 593827 1355.3 14.93 (0.05) 13.72 (0.16)

2021-11-26 595449 1517.5 14.932(0.015) 13.79 (0.04)
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Table A.5. Log of optical spectroscopic observations of SN 2017hcc.

Date MJD Epoch Exposuretime Slit width Wavelength range Telescope (instrument, grism)
(d) (s) A)
2017-10-07 58033.4 6 900 2.0" 5000-9500 FTS (FLOYDS, red/blue)
2017-11-01  58058.9 31.5 300 1.0" 3200-9600 NOT (ALFOSC, #4)
2017-11-09  58066.2 38.8 600 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2017-11-09  58066.2 38.8 600 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2017-11-27  58071.8 44.4 1800 250 um 3300-7000 Asiago 1.22m (B&C, 300tr)
2017-11-17  58075.0 47.6 420 1.3" 3200-9600 NOT (ALFOSC, #4)
2017-11-27  58083.9 56.5 1800 200 um 3300-7000 Asiago 1.22m (B&C, 300tr)
2017-11-27  58084.1 56.7 600 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2017-11-27  58084.1 56.7 600 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2017-12-04  58090.8 63.4 1800 200 um 3300-7000 Asiago 1.22m (B&C, 300tr)
2017-12-06  58094.0 66.6 420 1.3" 3200-9600 NOT (ALFOSC, #4)
2017-12-11  58096.8 69.4 1800 200 pum 3300-7000 Asiago 1.22m (B&C, 300tr)
2017-12-13  58100.1 72.7 600 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2017-12-13  58100.1 72.7 600 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2017-12-21 58107.7 80.3 1200 250 ym 3300-7000 Asiago 1.22m (B&C, 300tr)
2017-12-28 581159 88.5 600 0.9" 6330-6870 NOT (ALFOSC, #17)
2017-12-29  58116.8 89.4 420 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-01-14 58132.0  104.6 600 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2018-01-14 58132.1 104.7 600 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2018-05-20 582584  231.0 900 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2018-05-20 582584  231.0 900 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2018-06-27 58296.2  268.8 900 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-06-30 58299.3  271.9 1500 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2018-06-30 58299.3  271.9 1500 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2018-07-13 58312.2  284.8 900 1.3" 3200-9600 NOT (ALFOSC, #4)
2018-07-24 58323.1  295.7 900 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-08-04 583342  306.8 1200 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-08-08 58338.2  310.8 1200 1.3" 3200-9600 NOT (ALFOSC, #4)
2018-08-11 58341.1  313.7 1800 1.69" 3300-9300 Asiago 1.82m (AFOSC, VPH6+VPH7)
2018-08-27 58357.1  329.7 1200 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-10-01 58392.1  364.7 2000 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-10-18 58409.0  381.6 1900 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-11-13  58436.0  408.6 2400 1.0" 3200-9600 NOT (ALFOSC, #4)
2018-12-04 58456.5  429.1 3600 2.0" 5400-10000 FTS (FLOYDS, red)
2018-12-06 58459.0  431.6 2400 1.3" 3200-9600 NOT (ALFOSC, #4)
2018-12-28 584809 4535 2400 1.3" 3200-9600 NOT (ALFOSC, #4)
2019-05-13 586164  589.0 3600 1.0" 3380-7520 NTT (EFOSC, Gr#l11)
2019-05-14 586174  590.0 3600 1.0" 6015-10320 NTT (EFOSC, Gr#16)
2019-06-13 58647.2  619.8 3600 1.0" 3200-9600 NOT (ALFOSC, #4)
2019-07-20 58684.1  656.7 3600 1.0" 3200-9600 NOT (ALFOSC, #4)
2019-07-28 58692.2  664.8 2373 - 4700-9400 VLT (MUSE, -)
2019-07-30 58694.2  666.8 3380 1.0" 3200-9600 NOT (ALFOSC, #4)
2019-08-05 58700.2  672.8 3000 1.0" 3200-9600 NOT (ALFOSC, #4)
2019-08-20 58715.2  687.8 3600 1.3" 3200-9600 NOT (ALFOSC, #4)
2019-11-17 58804.9 7775 3600 1.3" 3200-9600 NOT (ALFOSC, #4)
2019-12-01 58819.0  791.6 3600 1.0" 3200-9600 NOT (ALFOSC, #4)
2020-07-02  59032.2 1004.8 1500x2  1.0" 3630-7500 GTC (OSIRIS, R1000B)
2020-10-12  59125.0 1107.6 1432, 1800 1.5" 3000-8430 TNG (DOLORES, LR-B)
2020-12-17 59200.8 1173.4 1800x2 1.5" 3000-8430 TNG (DOLORES, LR-B)
2021-07-06  59401.1 1373.7 1800x2 1.5" 3000-8430 TNG (DOLORES, LR-B)
2021-09-09 59466.0 1438.6 1800x2 1.0" 3000-8430 TNG (DOLORES, LR-B)
2022-08-01 59792.2 1764.8 1800x2 1.0" 5100-10000 GTC (OSIRIS, R1000R)

AS51, page 21 of 22



A&A 669, A51 (2023)

Table A.6. Log of NIR spectroscopic observations of SN 2017hcc.

Date MIJD Epoch Exposuretime Slit width Wavelength range Telescope (instrument, grism)
@ (s) (pm)
2017-11-10 58067.2 39.8 960 1.0" 0.95-1.64 NTT (SOFI, GB)
2017-11-10 58067.2 39.8 1500 1.0" 1.53-2.52 NTT (SOFI, GR)
2017-11-26  58083.1 55.7 2880 1.0" 0.95-1.64 NTT (SOFI, GB)
2017-11-26  58083.1 55.7 4500 1.0" 1.53-2.52 NTT (SOFI, GR)
2017-12-11 58098.2 70.8 4191 0.5" 0.8-24 IRTF (SpeX, ShortXD)
2017-12-14 58101.0 73.6 960 1.0" 0.95-1.64 NTT (SOFI, GB)
2017-12-14 58101.1 73.7 1500 1.0" 1.53-2.52 NTT (SOFI, GR)
2018-09-06 58367.3 3399 719 0.5" 0.7-2.5 IRTF (SpeX, Prism)
Table A.7. Comparison objects.
Name Right ascension Declination Redshift Source(s)
SN 2010j1 09:42:53.330 +09:29:41.78 0.0107 Stoll et al. 2011; Patatetal. 2011; Smith et al.
2011; Andrews et al. 2011; Zhang et al.
2012; Ofeketal. 2014; Franssonetal. 2014,
Borish et al. 2015; Jencson et al. 2016; Li et al.
2022; Sarangietal. 2018; Chugai 2018;
Ofek et al. 2019; Bevan et al. 2020
SN 1998S 11:46:06.180 +47:28:55.49 0.0030 Leonard et al. 2000; Fassiaetal. 2000, 2001;
Pozzo et al. 2004; Fransson et al. 2005
SN 2005ip 09:32:06.420 +08:26:44.41 0.0072 Smith et al. 2009; Stritzinger et al. 2012
SN 2015da 13:52:24.110  +39:41:28.60 0.0067 Tartaglia et al. 2020
HSCl16aayt (SN 2016jiu) 10:02:05.570  +02:57:58.30 0.6814 Moriya et al. 2019
PTF12glz 15:54:53.040  +03:32:07.50  0.0799 Soumagnac et al. 2019
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