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ABSTRACT

We present multi-epoch spectropolarimetry of Type IIn supernova SN2017hcce, 16-391 d after explosion. Continuum polarization
up to 6 percent is observed during the first epoch, making SN 2017hcc the most intrinsically polarized SN ever reported at
visible wavelengths. During the first 29 d, when the polarization is strongest, the continuum polarization exhibits wavelength
dependence that rises toward the blue, then becomes wavelength independent by day 45. The polarization drops rapidly during
the first month, even as the flux is still climbing to peak brightness. None the less, unusually high polarization is maintained
until day 68, at which point the polarization declines to levels comparable to those of previous well-studied SNe IIn. Only
minor changes in position angle (PA) are measured throughout the evolution. The blue slope of the polarized continuum and
polarized line emission during the first month suggests that an aspherical distribution of dust grains in pre-shock circumstellar
material (CSM) is echoing the SN IIn spectrum and strongly influencing the polarization, while the subsequent decline during
the wavelength-independent phase appears consistent with electron scattering near the SN/CSM interface. The persistence of
the PA between these two phases suggests that the pre-existing CSM responsible for the dust scattering at early times is part of
the same geometric structure as the electron-scattering region that dominates the polarization at later times. SN 2017hcc appears
to be yet another, but more extreme, case of aspherical yet well-ordered CSM in Type IIn SNe, possibly resulting from pre-SN
mass-loss shaped by a binary progenitor system.

Key words: circumstellar matter — stars: evolution —supernovae: general —supernovae: individual: SN 2017hcc — stars: winds,
outflows.

2008; Patat et al. 2011; Mauerhan et al. 2014; Bilinski et al. 2018;

1 INTRODUCTION Bilinski 2021). Some H-poor superluminous SNe and fast blue

The namesake relatively narrow hydrogen lines of Type IIn super-
novae (SNe IIn) arise when moderately slow circumstellar material
(CSM) around the progenitor is shocked or photoionized by the SN
(see Smith for areview of interacting SNe). Polarimetric observations
of SNe IIn commonly show high degrees of continuum polarization
relative to other classes of SNe (Hoffman et al. 2008; Smith et al.
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optical transients that also showed evidence for CSM interaction
have exhibited strong polarization at early times (Fox & Smith 2019;
Pursiainen et al. 2022, 2023; Maund et al. 2023). The most widely
invoked hypothesis for the strong polarization from interacting SNe
is electron scattering at the interface of the SN ejecta and dense
aspherical CSM, creating an optically thick pseudo-photosphere that
traces the geometry of the CSM.

In principle, scattering of SN photons off circumstellar dust grains
could also generate continuum polarization in SNe IIn, but dust-
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induced polarization has not been considered in most previous
studies of interacting SNe; see, however, Mauerhan et al. (2017a)
and Bilinski (2021). If dust scattering contributes to the polarized
flux, these reflected photons should mix with the electron-scattered
photons to create complex spectropolarimetric evolution. In this
paper, we consider both sources of polarization and their implications
for the relative geometries of the gas and dust distributions.

Among the most well-studied polarized SNe was the 2012 explo-
sion of SN 2009ip (Mauerhan et al. 2013), which resulted in one of
the most complete spectropolarimetric data sets ever obtained for an
SN IIn, and provided a striking example of multicomponent geometry
in an SN environment. Despite much initial debate, continued
study has confirmed that the 2012 event was likely the terminal
explosion of a blue supergiant with asymmetric CSM (Mauerhan
et al. 2013, 2014; Smith, Mauerhan & Prieto 2014; Chugai 2022;
Smith et al. 2022). Mauerhan et al. (2014) demonstrated that the
so-called 2012a outburst, during which broad emission lines from
a fast SN outflow first emerged, was strongly polarized along a
particular axis of symmetry. Roughly a month later, the 2012b
event began when the SN blast began interacting with the CSM
created by stellar outbursts from years prior (Smith et al. 2010),
and a strong jump in polarization was accompanied by a ~90°
flip in the on-sky position angle (PA) of the polarized source. This
behaviour implies that the SN and CSM had orthogonal geometries,
consistent with an intrinsically bipolar explosion that crashed into an
equatorial or disc-like distribution of CSM. Significant asymmetry
or axisymmetry in the CSM of SNe IIn has important implications
for the mechanism of their eruptive pre-SN mass-loss (Smith 2014;
Smith & Arnett 2014). It has been suggested that pre-SN mass-
loss shaped by binary interactions between evolved stars at late
stages of nuclear burning possibly ejects mass into the equatorial
plane of the binary (Smith & Arnett 2014), setting the stage for
the type of spectropolarimetric evolution observed in SN 2009ip
(Mauerhan et al. 2014; Reilly et al. 2017). It is important to note
that spectropolarimetric data obtained during the earliest phases of
SN 2009ip’s 2012 event were essential in revealing the orthogonal
SN/CSM geometry, made possible only because of the early discov-
ery of the eruptive progenitor as a luminous blue variable (Smith
et al. 2010).

SN 2017hcc was a relatively nearby interacting explosion (Type
IIn) that achieved superluminous status (Prieto et al. 2017), located
in an anonymous host galaxy at redshift z = 0.0168. The explosion
date adopted here is MJD 58027.9, estimated from the well-sampled
rise of the light curve (Prieto et al. 2017). During the early evolution,
no X-rays or radio emission were detected from the source (Chandra,
Fransson & Chevalier 2017; Nayana & Chandra 2017). As in the case
of SN 2006gy, a slow rise to a superluminous optical peak — but with
no X-ray emission —indicates that the early CSM interaction was very
optically thick (Smith & McCray 2007; Smith et al. 2007b). At much
later times on day 727, a faint X-ray source was detected, and after
1000 d at radio wavelengths (Chandra et al. 2022); analysis indicates
an extreme mass-loss episode in the decade prior to explosion,
which created a dense inner envelope that the shock broke through
during the initial days to months. Chandra et al. (2022) also noted
an unexpectedly high ratio of infrared (IR) to X-ray luminosity,
interpreted as possible evidence for an asymmetric circumstellar
region.

Smith & Andrews (2020) presented a detailed analysis of
SN 2017hcc, which included high-resolution Echelle spectroscopy.
They interpreted the evolving blueshifted emission-line profiles as
the result of dust condensation in post-shock material, required by the
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fact that the blueshift was more pronounced at shorter wavelengths,
whereas near-IR lines showed more symmetric line shapes. They
also noted interesting similarities with SN 2010jl. Smith & Andrews
(2020) explained the shape and evolution of narrow-line profiles in
SN 2017hcc by invoking CSM having bipolar morphology that we
view from a mid-latitude, where early phases included strong CSM
interaction with the pinched equatorial waist of the bipolar CSM
shell. Moran et al. (2023) presented additional low-resolution spectra
of SN 2017hcc, including IR spectroscopy, which they interpreted as
evidence for some pre-existing CSM dust.

Mauerhan et al. (2017b) reported an early epoch of spectropo-
larimetry exhibiting an integrated V-band polarization near 5 per cent,
the strongest V-band polarization ever reported for any SN. Kumar
etal. (2019) subsequently published broad-band imaging polarimetry
of this explosion with coverage starting at a later date, confirming
a declining yet persistently strong polarization signature. Some of
the spectropolarimetric data analysed below in this paper also appear
in the study by Bilinski et al. (2023), where spectropolarimetry of
SN2017hcc is analysed as part of a larger sample of SNe IIn. For
consistency of method in analysing that larger sample, some of Bilin-
ski et al.’s adopted values [interstellar polarization (ISP), E(B — V),
etc.] are slightly different than those used here, but the results are
complementary. This paper presents our full spectropolarimetric data
set on SN 2017hcc, including the earliest spectropolarimetry of the
source, which exhibits even stronger polarization than previously
reported.

2 OBSERVATIONS

Spectropolarimetry was obtained at three of the University of
Arizona’s observatories. The Kuiper 61 in telescope at Mt. Lem-
mon, AZ, was used on 2017 October 17-22, November 15-22,
December 8-16, and 2018 January 12-16 UTC with the CCD
Imaging/Spectropolarimeter (SPOL; Schmidt, Elston & Lupie 1992).
On December 21, the 6.5 m Multiple Mirror Telescope (MMT) on Mt.
Hopkins was used with the same SPOL instrument. A very late epoch
the following year was obtained using the 2.3 m Bok telescope on
October 28-29, and November 1, also with the SPOL instrument. The
University of California’s Shane 3 m reflector at Lick Observatory
and Kast instrument (Miller, Robinson & Goodrich 1988) were
used on 2017 October 30 and December 12, as well as on 2018
July 19. Both SPOL and Kast are dual-beam spectropolarimeters
that utilize a rotatable semiachromatic half-waveplate to modulate
incident polarization and a Wollaston prism in the collimated beam
to separate the two orthogonally polarized spectra on to CCD
sensors. Additional details of these instruments can be found in the
above references and in Mauerhan et al. (2014). The instrument
polarization angle and response to polarized light are calibrated
using observations of polarized and unpolarized standard stars,
respectively. All spectral data were extracted and calibrated in the
standard manner using generic IRAF routines and home-grown IDL
functions. Spectropolarimetric analysis was also performed in IRAF
and IDL following the methods described by Miller, Robinson &
Goodrich (1988) and implemented by Leonard et al. (2001). After
all calibrations were applied, the data were corrected for the redshift
of the host galaxy.

Multicolour photometry of SN2017hcc was obtained using the
0.76 m Katzman Automatic Imaging Telescope (KAIT; Filippenko
et al. 2001) and the 1 m Nickel telescope at Lick Observatory, with
the first observation collected on MJD 58054.30441.
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Table 1. Integrated spectropolarimetry of SN 2017hcc.

Epoch UTC dates averaged Day range® Tel./Instr. P (per cent) 6 (°)

1 Oct. 17 16 Kuiper/SPOL 5.80 (0.04) 92.6 (0.1)

2 Oct. 20-22 19-21 Kuiper/SPOL 5.69 (0.02) 94.4(0.1)

3 Oct. 30 29 Lick/Kast 4.79 (0.03) 96.4 (0.1)

4 Nov. 15-16 45-46 Kuiper/SPOL 3.08 (0.02) 97.8 (0.1)

5 Nov. 21-22 51-52 Kuiper/SPOL 2.57 (0.02) 99.2 (0.1)

6 Dec. 8-9 68-69 Kuiper/SPOL 1.91 (0.02) 102.5 (0.2)
7" Dec. 12 72 Lick/Kast 1.59 (0.12)" 107.5 (0.8)°
8 Dec. 15-16 75-76 Kuiper/SPOL 1.83 (0.02) 102.4 (0.2)
9 Dec. 21-22 81-82 MMT/SPOL 1.65 (0.01) 104.1 (0.2)
10 Jan. 12-16 103-107 Kuiper/SPOL 1.60 (0.10) 100.0 (5.1)
11 Jan. 19-20, 22-23 110-114 Bok/SPOL 1.06 (0.03) 103.9 (1.8)
12 Jul. 19 (2018) 291 Lick/Kast <0.07 (0.08) -

13 Oct. 28-29, Nov. 1 (2018) 391-393 Bok/SPOL <0.29 -

“Day range is with respect to the estimated explosion date JD 2458 027.9. All integrated values of P and 6 are for the
V band (50505950 A), except for the two latest 2018 epochs of relatively low S/N, which were integrated over the
range 6400-6700 A to provide upper limits on the continuum polarization.

bThe Lick/Kast observations on December 12 were impacted by intermittent clouds. On this same date, the measurement
of our polarized standard star Hiltner960 was also slightly out of family by approximately 0.18 per cent relative to
prior measurements; thus, the brief temporary change in polarization on this date is probably a systematic error and

not real.

3 ANALYSIS AND RESULTS

Polarization is generally expressed as the quadratic sum of the
Q and U Stokes parameters, P = /g% + u?, and the PA on the
sky is given by Oy = 1/2 tan™'(u/g), while carefully taking into
account the quadrants in the Q-U plane where the inverse-tangent
angle is located. Since P is a positive-definite quantity, it is biased
high in situations where the signal-to-noise ratio (S/N) is low. It
is thus customary to express the ‘de-biased’ form of P, given by
Py =
uncertainties in the Q and U Stokes parameters and the sign is
determined by the sign of the total quantity under the square root.
All polarized spectra presented herein are displayed in this manner.
Note, however, that at low S/N, Pygy, is also not a reliable function, as it
has a peculiar probability distribution (Miller, Robinson & Goodrich
1988). Thus, for extracting statistically reliable values of polarization
within a particular waveband, it is best to bin the calibrated Q and
U Stokes spectra separately over the wavelength range of interest
before calculating P and 0; all quoted and tabulated values in this
paper were determined in this manner, although spectra are displayed
as Pgy, so may exhibit slight offsets from our quoted values.

Table 1 lists the observation dates, instruments used, and the
average V-band polarization (Py) and PA (6) derived from the
polarized spectra. We first binned Q and U separately in the V-
band wavelength range 5050-5950 A and calculated Py and € from
there. Most of the observations with the Kuiper and Bok telescopes
at Steward Observatory were conducted on consecutive nights. In
cases where there was no statistically significant change from night
to night, we averaged those data to increase the S/N. Multicolour
photometry data are listed in Table 2. Throughout this paper, we
adopt the explosion date of JD 2458 027.9 (Prieto et al. 2017; Smith &
Andrews 2020).

(g2 + u?) — (Gq2 +02)|, where o, and o, represent the

3.1 Weak interstellar polarization

All available data indicate that the interstellar extinction toward
SN 2017hcc is low. From high-resolution spectra of the interstellar
Na1D absorption, Smith & Andrews (2020) estimated a host-galaxy
reddening of E(B — V) < 0.016 mag, or Ay < 0.05mag, which is
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lower than the estimated Milky Way line-of-sight reddening of E(B
— V) = 0.0285 mag. Considering the so-called Serkowski relation,
whereby Pism < 9 per cent X E(B — V), the inferred Milky Way
line-of-sight reddening of E(B — V) = 0.0285 mag (Prieto et al.
2017), combined with a small host reddening of E(B — V) <
0.016 mag (Smith & Andrews 2020), implies ISP <0.4 percent;
a maximum value of 0.4 percent would only occur if the PAs of
the host and Milky Way polarization were aligned and constructively
interfered. Alternatively, if these separate components were perfectly
misaligned and interfered destructively, then the ISP could be <0.1
per cent. It should be noted, however, that this analysis requires that
the interstellar dust in both the Milky Way and the SN host galaxy
polarize photons according to the Serkowski law.

We re-examine the ISP in Section 3.2.4 to further demonstrate
its low value, but state from the outset that, given the large degree
of polarization measured for the SN, the small degree of possible
ISP is relatively unsubstantial and does not influence our physical
interpretation. We thus make no attempt to remove the ISP from the
data.

3.2 Spectropolarimetric evolution of SN 2017hcc

Fig. 1 shows the total-flux spectra, fractional polarization (P), and
PA (6) of SN 2017hcc for epochs between days 16 and 114 (epoch
11), and two late-time epochs on days 291 and 391 (epochs 12 and
13). Fig. 2 displays the temporal evolution of the integrated V-band
polarization (5050-5950 A) in the Q—U plane, which we regard as
a continuum sample. Fig. 3 shows the polarized flux (P X F) for
epochs 1-6. Fig. 4 shows the temporal evolution of the integrated
fractional V-band polarization and PA, together with the photometric
light curve. Below we address the spectropolarimetric evolution of
the continuum, prominent emission lines, and PA.

3.2.1 Continuum polarization

At the earliest observed epoch 1, which is 16 d after explosion,
SN 2017hcc exhibits a strongly polarized continuum with Py =
5.8 percent. The continuum slope rises toward blue wavelengths
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Table 2. KAIT and Nickel photometry of SN 2017hcc; # is the adopted explosion date, MJD 58027.9.

MJD =10 (d) B 14 R I Clear Tel.
58054.3086 26.4 14.00 (0.02)  13.98 (0.01) 13.88 (0.01) 13.84 (0.01) 13.76 (0.01)  KAIT
58055.3086 27.4 13.99 (0.02) 13.96 (0.01) 13.85 (0.01) 13.83 (0.01) 1374 (0.01)  KAIT
58056.2969 28.4 13.98 (0.02)  13.93(0.01)  13.82(0.01) 13.78 (0.01) 13.70 (0.01)  KAIT
58063.2734 354 13.85 (0.02) 13.78 (0.01) 13.68 (0.01) 13.60 (0.01) 13.57 (0.01)  KAIT
58064.3359 36.4 13.81 (0.13)  13.79 (0.02) 13.68 (0.01) 13.60 (0.01) 13.61 (0.01)  KAIT
58065.3008 374 13.85 (0.10) 13.81 (0.06) 13.63 (0.08) 13.55 (0.05) 13.55(0.02)  KAIT
58068.3125 40.4 13.87(0.02)  13.72 (0.01) 13.60 (0.01) 13.51 (0.01) 13.51(0.01)  KAIT
58069.3164 414 13.91 (0.02) 13.70 (0.01) 13.59 (0.01) 13.49 (0.01) 13.50 (0.01)  KAIT
58070.2578 424 13.82(0.02)  13.69 (0.01) 13.57 (0.01) 13.47 (0.01) 13.45(0.02)  KAIT
58075.2969 474 13.80 (0.23) 13.66 (0.28) 13.52 (0.20) 13.43 (0.20) 13.43(0.29)  KAIT
58076.2891 48.4 13.77(0.03)  13.68 (0.01) 13.54 (0.01) 13.41 (0.02) 13.46 (0.01)  KAIT
58079.2617 514 13.82 (0.02) 13.67 (0.01) 13.53 (0.01) 13.39 (0.01) 1342 (0.01)  KAIT
58080.2695 524 13.39(0.14)  KAIT
58087.2305 59.3 13.89(0.04)  13.63 (0.02) 13.51 (0.02) 13.34 (0.02) 1346 (0.02)  KAIT
58088.2422 60.3 13.93 (0.04)  13.71(0.01)  13.54 (0.01) 13.36 (0.01) 1347 (0.01)  KAIT
58089.2266 61.3 13.91(0.05)  13.66 (0.01) 13.55 (0.01) 13.38 (0.02) 1348 (0.01)  KAIT
58093.2266 65.3 14.04 (0.04)  13.74(0.01)  13.56 (0.01) 13.39 (0.01) 13.51(0.01)  KAIT
58095.2461 67.3 14.08 (0.02)  13.77 (0.01) 13.58 (0.01) 13.41 (0.01) 13.55(0.01)  KAIT
58096.2109 68.3 14.05(0.02)  13.76(0.01)  13.57 (0.01) 13.38 (0.01) 13.50 (0.01)  KAIT
58097.2227 69.3 14.08 (0.02)  13.76 (0.01) 13.58 (0.01) 13.40 (0.01) 13.52(0.01)  KAIT
58098.1523 703 14.09 (0.04)  13.77(0.01)  13.59 (0.01) 13.39 (0.01) 13.52(0.01)  KAIT
58099.1680 713 14.14(0.03)  13.79 (0.01) 13.60 (0.01) 13.40 (0.01) 13.54(0.01)  KAIT
58100.1016 722 14.18 (0.02)  13.82(0.02)  13.63 (0.02) 13.44 (0.03) 13.54(0.05)  KAIT
58101.1680 733 1356 (0.02)  KAIT
58102.1172 742 1421 (0.01)  13.83(0.01)  13.63 (0.01) 13.43 (0.01) 13.55(0.01)  KAIT
58105.1367 772 1431(0.04)  13.85(0.02)  13.67 (0.01) 13.47 (0.02) 13.60 (0.01)  KAIT
58106.1289 782 1430 (0.02)  13.88(0.01)  13.66 (0.01) 13.46 (0.01) 13.61 (0.01)  KAIT
58108.1172 80.2 1436 (0.02)  13.94 (0.01) 13.72 (0.01) 13.51 (0.01) 13.66 (0.01)  KAIT
58109.1211 81.2 1439 (0.02)  13.95(0.01)  13.73 (0.01) 13.51 (0.01) 13.68 (0.01)  KAIT
58110.0938 822 1437(0.10)  13.97(0.04)  13.77 (0.05) 13.49 (0.08) 13.75(0.03)  KAIT
58114.0977 86.2 1453 (0.03)  14.10(0.02)  13.89 (0.02) 13.65 (0.03) 1373 (0.05)  KAIT
58115.1133 87.2 14.62(0.03)  14.08(0.02)  13.84 (0.01) 13.60 (0.02) 13.79(0.01)  KAIT
58116.1680 88.3 14.64 (0.06)  14.11(0.02)  13.83 (0.02) 13.56 (0.02) 13.79 (0.01)  KAIT
58117.1094 89.2 14.63(0.02)  14.09(0.01)  13.84 (0.01) 13.61 (0.01) 13.81(0.01)  KAIT
58118.0938 90.2 14.66 (0.08)  14.16(0.04)  13.85 (0.03) 13.64 (0.02) 13.87 (0.03)  KAIT
58119.1094 91.2 13.88(0.03)  KAIT
58120.1055 92.2 1474 (0.06)  14.16(0.03)  13.90 (0.01) 13.64 (0.02) 13.90 (0.02)  KAIT
58121.1016 9322 13.97 (0.10)  KAIT
58130.1133 102.2 1503 (0.02)  14.40(0.01)  14.07 (0.01) 13.81 (0.01) 14.07 (0.01)  KAIT
58132.1211 104.2 15.10(0.02) 1446 (0.01)  14.10(0.02) 13.84 (0.02) 14.11 (0.01)  KAIT
58133.0977 105.2 14.05 (0.20)  KAIT
58134.1172 106.2 15.13(0.03)  14.52(0.02)  14.16 (0.02) 13.89 (0.02) 14.18 (0.01)  KAIT
58136.1172 108.2 1528 (0.03)  14.53(0.02) 14.21 (0.01) 13.93 (0.02) 1421 (0.01)  KAIT
58142.1055 114.2 1541 (0.03)  14.72 (0.01) 14.35 (0.01) 14.07 (0.02) 1438 (0.02)  KAIT
58148.1250 120.2 15.56 (0.13)  14.91 (0.08) 14.56 (0.06) 14.21 (0.06) 14.53 (0.03)  KAIT
58149.1211 121.2 15.63 (0.05)  14.87 (0.02) 14.49 (0.01) 14.20 (0.01) 14.55(0.01)  KAIT
58150.1289 1222 15.66 (0.11)  14.85(0.07) 14.42 (0.04) 14.20 (0.04) 1457 (0.02)  KAIT
58154.1328 126.2 15.77(0.07)  15.00(0.02)  14.58 (0.02) 14.27 (0.02) 14.62(0.02)  KAIT
58155.1250 1272 15.80 (0.05) 15.07 (0.02) 14.63 (0.02) 14.31 (0.02) 14.63 (0.02)  KAIT
58156.1328 128.2 15.83(0.07)  15.11 (0.03) 14.60 (0.02) 14.31 (0.02) 14.65 (0.01)  KAIT
58157.1172 129.2 15.83 (0.04) 15.07 (0.02) 14.63 (0.01) 14.34 (0.02) 14.68 (0.01)  KAIT
58158.1328 130.2 15.87 (0.06)  15.12 (0.02) 14.66 (0.02) 14.33 (0.02) 14.69 (0.01)  KAIT
58163.1211 135.2 16.12 (0.21) 15.19 (0.10) 14.61 (0.14) 14.78 (0.03)  KAIT
58310.4531 282.6 1720 (0.04)  16.62 (0.09) 15.87 (0.04) 15.84 (1.11) 16.03 (0.02)  KAIT
58314.4766 286.6 17.20 (0.03) 16.68 (0.02) 15.95 (0.02) 15.90 (0.02) 16.10 (0.02)  KAIT
58320.4688 292.6 17.28 (0.05)  16.78 (0.02) 16.00 (0.02) 15.96 (0.02) 16.13 (0.01)  KAIT
58321.5078 293.6 17.35 (0.12) 16.80 (0.05) 16.03 (0.03) 16.01 (0.05) 16.16 (0.04)  KAIT
58324.4961 296.6 17.28 (0.29)  16.81 (0.06) 16.04 (0.03) 16.01 (0.04) 16.22(0.03)  KAIT
58327.4883 299.6 17.30 (0.17) 16.79 (0.08) 16.12 (0.05) 16.03 (0.05) 1632 (0.05)  KAIT
58340.5117 312.6 17.56 (0.08)  17.00 (0.04) 16.27 (0.03) 16.27 (0.03) 1642 (0.03)  KAIT
58343.5000 315.6 17.62(0.05)  17.08 (0.03) 16.33 (0.03) 16.29 (0.03) 1642 (0.03)  KAIT
58346.5195 318.6 17.62(0.14)  17.14(0.06)  16.39 (0.04) 16.40 (0.06) 16.55(0.03)  KAIT
58349.4883 321.6 17.61 (0.05)  17.18 (0.05) 16.44 (0.02) 16.38 (0.03) 1659 (0.03)  KAIT
58352.4531 324.6 17.65 (0.06)  17.20(0.03)  16.44 (0.02) 16.38 (0.03) 16.58 (0.02)  KAIT
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Table 2 — continued

MJD t— 1o (d) B 1% R I Clear Tel.
58361.4844 333.6 17.80 (0.12)  17.32(0.09)  16.61(0.04)  16.51(0.05)  16.75(0.05)  KAIT
58364.4531 336.6 1779 (0.08)  17.41(0.05)  16.62(0.03)  16.57(0.04)  16.75(0.04)  KAIT
58367.4102 339.5 17.83(0.05)  17.42(0.04)  16.67(0.03)  16.62(0.03)  16.79(0.05)  KAIT
58370.4102 342.5 17.95 (0.06)  17.46(0.05)  16.74(0.04)  16.68 (0.04)  16.86(0.05)  KAIT
58373.4023 345.5 17.95(0.07)  1747(0.06)  16.78 (0.05)  16.67(0.05)  16.86(0.02)  KAIT
58376.3867 348.5 18.01 (0.06)  17.54(0.04)  16.83(0.03)  1675(0.04)  1692(0.03)  KAIT
58379.4414 3515 18.15(0.08)  17.58(0.04)  16.87(0.03) 1677 (0.04)  16.96(0.04)  KAIT
58382.3281 354.4 1822 (0.13)  17.53(0.06)  16.87(0.04) 1676 (0.06)  17.01 (0.06)  KAIT
58397.3008 369.4 18.12(0.30)  17.81(0.07)  17.12(0.05)  17.02(0.06)  17.20(0.05)  KAIT
58400.3789 372.5 18.31(0.09)  17.88(0.06)  17.14(0.04)  17.02(0.05)  17.27(0.06)  KAIT
58403.3164 3754 18.36 (0.13)  17.88(0.09)  17.17(0.07)  17.01(0.09)  17.27(0.10)  KAIT
58406.3789 3785 18.34 (0.16)  17.78(0.09)  17.26(0.06)  17.05(0.08)  17.28(0.11)  KAIT
58409.3672 381.5 18.33(0.10)  17.91(0.06)  17.25(0.05)  17.13(0.06)  17.39(0.04)  KAIT
58417.3438 389.4 18.36 (0.22)  17.87(0.14)  17.43(0.09)  17.22(0.10)  17.33(0.11)  KAIT
58420.3281 3924 18.45(0.22)  17.95(0.14)  17.35(0.13)  17.09 (0.11)  17.42(0.15)  KAIT
58423.2852 395.4 1840 (022)  18.04(0.25)  17.32(0.12)  17.33(0.13)  17.60(0.19)  KAIT
58429.2734 401.4 1873 (0.14)  18.19(0.09)  17.49(0.54)  17.37(0.08)  17.57(0.06)  KAIT
58432.2695 404.4 18.18 (0.53)  1823(0.23)  17.54(0.09)  17.37(0.12)  17.62(0.09)  KAIT
58438.2109 4103 18.50 (0.22)  18.09(0.13)  17.74(0.13)  17.63(0.18)  17.68(0.10)  KAIT
58447.2617 419.4 17.86 (0.10)  KAIT
58455.2266 4273 18.38 (0.27)  18.50(0.22)  17.91(0.16)  17.62(0.16)  17.85(0.09)  KAIT
58460.2031 4323 1875(0.17)  18.46(0.09)  17.92(0.07)  17.71(0.07)  17.92(0.09)  KAIT
58464.1797 436.3 1871 (046)  18.43(0.27)  17.96(021)  17.96 (0.28) KAIT
58476.1289 4482 18.05 (0.18)  KAIT
58482.0938 4542 19.18 (0.33)  18.42(0.28)  17.84 (0.17) 17.97 (027)  KAIT
58485.0898 457.2 1875(0.18)  1875(0.15)  1820(0.13)  17.99(0.15)  18.10(0.14)  KAIT
58087.1914 59.3 13.93(0.01)  13.66(0.01)  13.51(0.01)  13.36 (0.01) KAIT
58089.2227 613 13.92(0.02)  13.67(0.01)  13.51(0.01)  13.34 (0.01) Nickel
58097.2461 69.3 14.14 (0.04)  13.75(0.01) 1359 (0.01)  13.39 (0.01) Nickel
58147.1133 119.2 1554 (0.13)  14.83(0.08)  14.44(0.05)  14.11 (0.07) Nickel
58319.4375 2915 17.35(0.05)  16.76(0.02)  16.07(0.03)  15.93 (0.03) Nickel
58325.4727 297.6 17.39 (0.03)  1675(0.02)  16.12(0.02)  16.02 (0.02) Nickel
58342.4688 314.6 17.54 (0.08)  16.98(0.80) 1630 (0.08)  16.21 (0.06) Nickel
58369.3477 3414 1797 (0.06)  17.34(0.93) 1678 (0.10)  16.66 (0.73) Nickel
58384.3398 356.4 18.16 (0.54)  17.55(1.08)  16.97 (0.91) Nickel
58400.3164 372.4 1828 (0.04)  17.77(0.03)  17.23(1.55)  17.09 (0.51) Nickel
58464.2383 436.3 19.00 (0.13)  18.51(0.58)  17.92(0.07)  17.92 (0.08) Nickel
58488.1641 460.3 19.19(0.10)  18.66 (0.50)  18.20(0.09)  18.13 (0.12) Nickel
58508.1055 480.2 19.14 (0.19)  18.89 (0.11) Nickel
58735.3594 707.5 2022 (0.14)  20.03 (0.14) Nickel
58751.2812 7234 2047 (0.73)  19.83(023)  19.89 (0.67)  19.66 (0.31) Nickel
58759.2422 731.3 2047 (023)  20.04 (0.40) 20.06 (0.35) Nickel
58779.2812 751.4 2048 (0.19)  20.06(0.16)  20.23 (0.41) Nickel
58788.1875 760.3 2072 (0.12)  2022(037)  20.02(0.78)  20.13(0.21) Nickel
58789.2422 761.3 2049 (0.11)  20.29(0.43)  19.99 (021)  19.70 (0.28) Nickel
58792.2031 764.3 20.51(0.67)  2027(049)  19.88(0.55)  20.10(0.20) Nickel
58805.2109 7713 20.52(0.48)  20.38 (0.14) 19.98 (0.16) Nickel

by nearly 1 percent between 7500 and 4700 A, reaching nearly 6
percent at the blue end. The wavelength dependence is observed
through day 29, at which point Py has declined to 4.8 per cent.
By day 45 (epoch 4), however, the wavelength dependence has
disappeared. Interestingly, the steep decline in P and the change
in wavelength dependence occurs while the SN flux is still climbing
to peak brightness, as illustrated in Fig. 4, which also includes the
multicolour photometry listed in Table 2. By day 51 (epoch 5), Py has
dropped to 2.6 per cent, while the SN flux is still climbing to its V-
band peak one week later on approximately MJD 58087 (day ~59).
By day 68 (epoch 6) the SN has passed peak flux and the polarization
has dropped to 1.9 per cent. At this point in time the decline rate of
the polarization has slowed. By day 103 (epoch 10), Py drops more
slowly to 1.6 percent, and bottoms out at ~1.1 percent on day
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110 (epoch 11). Very late epochs of spectropolarimetry obtained on
days 291 and 391 (epochs 12 and 13, respectively) provide only
upper limits; these data have large uncertainties, as the source was
faint and (on day 291) observed in morning twilight. Nevertheless,
the day 291 data indicate a very low continuum polarization level
below 0.1 percent, which is physically significant as discussed
later.

3.2.2 Continuum position angle

Overall, 0 is remarkably constant throughout the observed evolution
of SN 2017hcc, shifting by <10° during the steep polarization decline
between days 16 and 68 (epochs 1-6). The Q—U track shifts direction
slightly by a few degrees as the polarization declines further and the
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Figure 1. Flux, polarization Pgy, and PA 6 for SN2017hcc. The data are
averaged into epochs where multiple collections were on consecutive nights
of a given observing campaign (see column 1 of Table 1). The data for P and
6 are binned to 50 A resolution, except for the day 103 data (200 A) which
were of lower quality. Error bars are omitted for clarity. For the latest two
epochs on days 291 and 391 only the total-flux spectra are shown, as P and
6 data for those epochs have low S/N and provide only upper limits on the
integrated polarization. The low-S/N 6 spectrum for day 103 is also omitted
for clarity.
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Figure 2. Evolution of the V band in the Q-U plane at epochs 1-13,
corresponding to days 16-391 post-explosion. ISP is constrained to <0.4
per cent, illustrated by the black dot near the origin. The colours of the symbols
correspond to those epochs used to create the averaged spectra displayed in
Fig. 1 with the same colour display. In most cases, the error bars are smaller
than the symbols.
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Figure 3. Polarized flux (scaled vertically for clarity) for epochs 1-6 (days
16-69 after explosion). The colours correspond to those in Figs 1 and 2. The
wavelengths of the H o and H 8 emission are marked by dashed vertical lines.
Wavelengths of telluric absorption features are illustrated by Earth symbols
(circled ‘plus’ signs).

source approaches the origin of the O—U plane, but overall, deviations
in 6 are always <15°, and mostly <10°. For the very late epochs
on days 291 and 391 (epochs 12 and 13), 6 has no meaning, and
the source is consistent with zero intrinsic polarization, which is
expected from the inferred small degree of ISP.

3.2.3 Line polarization

As evidenced by the fractional polarization illustrated in Fig. 1,
during the first few months after explosion, the spectrum exhibits
strongly depolarized cores for the narrow Balmer and He I emission
lines, this is not to be confused with the polarized flux (P X F)
shown in Fig. 3, which will be discussed later in Section 3.2.4.
The core of H 8 is less depolarized than that of H«, possibly the
result of the stronger underlying polarized continuum at those shorter
wavelengths. We note that the spectral resolution of our data limits
our sensitivity to the actual polarization minimum of the narrow-line
cores, as the strong polarization of the surrounding continuum, and
possibly the wings of the Lorentzian emission profile, probably blurs
and fills in some of the line.

The relatively narrow emission in SNe IIn originates in the pre-
shock gas of the CSM, which is illuminated by ultraviolet (UV)
photons from the underlying shock interaction region (Smith ); as
this narrow-line region from excited CSM gas extends to radii outside
the electron-scattering zone, it contributes unpolarized photons to
the source, which leads to depolarization of the line core. This line
depolarization of Ho and H 8 disappears by day 72 (epoch 7).
Interestingly, day 75 (epoch 8) is when Smith & Andrews (2020)
began to see the direct emission from the fast SN ejecta in the
form of broad He1 P Cygni absorption. Up until this point the
strongly depolarized lines exhibited no significant change across
the line. Then, on day 68 (epoch 6) we start to see a PA change
develop across the line as the depolarization fills in, becoming most
prominent on day 72 (epoch 7), exhibiting a ~20° PA excursion
across H «. The high-resolution spectra of Smith & Andrews (2020)
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Figure 4. Upper panel: BVRI and ¢ lear-band light curve from KAIT and the Nickel telescope (filled circles), and early V-band data from Prieto et al. (2017)
shown as inverted triangles. A small sample of KAIT data points in the range 300—400d are excluded from the figure owing to their large uncertainties.
Lower panel: Polarization and 6 averaged over the 5050-5950 A V-band region, with the exception of day 291, which was averaged over the continuum region

64006700 A.

also showed that at those later times the narrow emission from
the pre-shock CSM weakened, while the P Cygni profile devel-
oped a prominent absorption component that was actually stronger
than the corresponding narrow emission. The data from Smith &
Andrews (2020) therefore might explain why the depolarization
disappears in our lower resolution polarized spectra, which does not
resolve the P Cygni profile seen by their high-resolution spectra
— that is, because narrow emission cannot cause net depolariza-
tion if the narrow absorption component of the profile becomes
stronger.

3.2.4 Polarized flux (P x F)

The polarized flux, given by the product of the total-flux spectra
and fraction polarization, is shown in Fig. 3. Epochs 1-2 and 4—
5, which correspond to days 16-21 and 45-52 (respectively), have
been averaged to increase the S/N. The data have also been scaled
vertically for visual clarity. The motivation for showing this plot is to
determine whether any of the prominent emission lines, which appear
strongly depolarized when displayed as fractional polarization (see
Fig. 1), exhibit evolving features in polarized flux. Interestingly, H o
exhibits significant polarized flux for the first three epochs, when
the overall polarization of the source is extremely strong and the
fractional polarization of the continuum exhibits a blue slope (see Fig.
1). There is also an H 8 feature for epochs 1 and 2, which becomes
indistinguishable from noise by epoch 3. The PA is stable across H o,
within a few degrees, as illustrated by Fig. 1. The implications of our
detection of polarized flux for Ho during the early epochs will be
discussed in Section 4.
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3.2.5 ISP revisited

We further demonstrate the relatively low value of the ISP using our
late-time data from day 391 (epoch 13). The highest S/N portion
of the flux spectrum during that epoch is the region of the strong
H o emission feature, for which Q and U are both a null detection.
Assuming the line emission is intrinsically unpolarized during this
late optically thin phase, we can calculate an upper limit ISP from
the noise in the polarized spectrum across the line. The standard
deviation of Q and U over the full width at half-maximum intensity
of the line, between 6650 and 6700 A, gives Q < 0.37 per cent and U
< 0.46 per cent, implying P < 0.59 per cent (1¢). This limit is not as
constraining as the limit implied by the low E(B — V) colour index
in Section 3.1, because at this late phase the SN was relatively faint
at V& 17 mag and the S/N is low, but the two estimates are none the
less mutually consistent and further support our claim that ISP does
not significantly impact our interpretation.

4 DISCUSSION

Continuum polarization in SNe has generally been attributed to
electron scattering in the SN ejecta photosphere, which can generate
a net continuum polarization if the outflow geometry and projection
on the sky are aspherical. For interacting SNe IIn, as the SN shock
wave plows through CSM, a dense shell of ionized material forms in
the wake, creating a pseudo-photosphere outside of the SN outflow
photosphere that traces the geometry of the SN/CSM interface. This
shock interface becomes the primary source of continuum photons
in an SN IIn, rather than the normal SN ejecta photosphere. At
early times, a photoionized precursor often places the continuum
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photosphere upstream in the unshocked CSM itself. Net continuum
polarization can therefore arise from an aspherical distribution of
CSM, regardless of the underlying SN outflow geometry. This is
probably why interacting SNe are more likely to be polarized as
a class, because CSM distributions around evolved massive stars
can have complex and aspherical geometries (Smith et al. 2001;
Clark, Larionov & Arkharov 2005; Smith, Bally & Walawender
2007a; Wachter et al. 2010; Smith 2014). Meanwhile, pre-shock
CSM gas surrounding this region becomes photoionized by UV
photons and/or X-rays, and the resulting emission lines contribute
unpolarized photons to the source, reducing the polarization fraction
at those discrete wavelengths.

The spectropolarimetric data on SN 2017hcc appear roughly con-
sistent with this picture, exhibiting a strongly polarized continuum
and partially depolarized emission-line cores.! However, electron
scattering is wavelength-independent (Miller & Goodrich 1990;
Miller, Goodrich & Mathews 1991) and, yet, during the first month
we detect a significant slope in the continuum polarization, rising
~1 per cent toward blue wavelengths in the range 4700-7500 A, as
shown in Fig. 5. Dust scattering has higher polarization efficiency
than electron scattering, in addition to a wavelength dependence
(e.g. see Kawabata et al. 2000 and references therein), which would
naturally explain the unusually strong continuum polarization and its
blue slope during the first month. Moreover, the net polarized flux
(P x F) for He and H B (shown in Fig. 3), is also consistent with
dust scattering of the SN IIn spectrum during the first month, as such
line emission should be intrinsically unpolarized. Analyses of IR
spectra of SN 2017hcc indicate that the CSM around the progenitor
contained dust that must have been pre-existing (Smith & Andrews
2020; Chandra et al. 2022; Moran et al. 2023), so some scattering
of SN light by this dust is to be expected. Similarly, IR spectra of
SN 2009ip also revealed dust in the immediate pre-SN environment
(Smithetal. 2013), and as we note below, SN 2009ip showed an early-
time blue excess in the polarization similar to that of SN2017hcc.

The remarkable drop in fractional polarization from ~6 to
~3 percent during the first 45d appears to be anticorrelated with
the SN light curve as it climbs to peak brightness. This drop in
polarization is also associated with the disappearance of both the
blue-rising slope of the polarized continuum and the polarized flux of
the Balmer lines. This implies a transition in the relative contributions
of dust versus free electrons to the scattering media and polarized
flux. There are several potential causes for this transition.

First, the scattering transition might be attributable to the struc-
ture and composition of the CSM. Multiwavelength analysis of
SN 2017hce (Smith & Andrews 2020; Chandra et al. 2022) indicates

I'The situation is admittedly somewhat complicated. At early times, SNe IIn
typically show narrow emission lines with broader Lorentzian-shaped wings
(Smith ). The unresolved narrow components are understood to arise from
direct emission by pre-shock CSM that is not scattered, so the unpolarized
narrow photons should result in depolarization in P percent and show no
excess polarized flux. The broader Lorentzian wings, on the other hand,
arise because some of the narrow-line photons experience thermal electron
scattering as they escape from the marginally optically thick regions of
the CSM, becoming polarized in the process. One therefore expects the
Lorentzian line wings to exhibit roughly the same polarization level as the
electron-scattering continuum, so they should appear flat in P per cent and
show some excess polarized flux. The interpretation is complicated by the
fact that the narrow components are not entirely resolved in our spectra,
making them difficult to fully distinguish from the line wings, and causing
the apparent P per cent to underestimate the true depolarization of the narrow
component.

SN 2017hcc spectropolarimetry — 6097

Peak polarization epoch
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Figure 5. Polarization spectra at observed peak polarization epoch for
SN 2017hcc, compared with SN 2009ip (Mauerhan et al. 2014), SN 2010jl
(Lick/Kast epoch from Williams et al., in preparation), and SN 1998S
(Leonard et al. 2000). A version of the SN 2009ip polarized spectrum, scaled
up by a factor of 3.35 to match the strength of SN 2017hcc and smoothed by
a factor of 4, is shown to illustrate the overall similarities and slope.

that the progenitor experienced a brief period of strongly enhanced
mass-loss in the decade prior to explosion, creating a dense inner
CSM envelope that scattered the SN light as the shock plowed
through it during the first days to months after explosion. Smith &
Andrews (2020) suggest that a significant fraction of the ~10 Mg
CSM in this inner envelope was likely concentrated in an equato-
rial region. The interaction time-scale for the inner CSM appears
consistent with the polarization decline time-scale and scattering
transition. If the dense inner envelope inferred was relatively dust-
rich, then this might explain the drop in strength and a change in
the mode of polarization once this inner region was overtaken by the
shock.

One should also consider the possibility that the UV luminosity
of the superluminous SN heated and sublimated dust in the CSM,
and whether this process could affect the relative contribution of
electron scattering versus dust scattering as the SN climbed to
peak. Interestingly, some recent theoretical investigations of radiative
disruption of dust grains in an SN environment suggest a time-scale
of ~1-2 months for significant grain evaporation to have occurred
in superluminous SNe (Hoang et al. 2019). Incidentally, Moran
et al. (2023) reported that the blackbody temperature associated with
the IR excess of SN 2017hcc inferred on day 110, for example, is
1900 K, which is above the evaporation temperature for grains of
both graphite (Stritzinger et al. 2012) and silicates (Laor & Draine
1993; Gall et al. 2014).2 Therefore, it seems plausible that dust in
the inner CSM could have scattered photons more efficiently during
the first month or so before the luminosity reached its peak and the
dust was broken down by the UV radiation field. At the time of
peak luminosity, the dust sublimation radius would have been a few
thousand astronomical units, and it would have been a factor of 2-3

2Note, however, that Moran et al. (2023) did not account for the wavelength-
dependent emissivity of dust, so the implied grain temperature is likely lower
than their derived blackbody temperature, probably around 1500 K.
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smaller than this at the time of the early epochs when 6 percent
polarization was detected. This is farther than the radius reached by
the shock by the time of peak luminosity, which is only a few hundred
astronomical units.

Whatever scenario governed the spectropolarimetric transition, the
relative constancy of the PA between the purported dust-scattering
phase (<45 d) and electron-scattering phase (>45 d) implies that the
scattering material of these two components are part of the same
geometric structure. If, instead, the light echoes came from a mottled
orirregular distribution of dust clumps or shells, then we might expect
more pronounced fluctuations in PA between transition and over the
course of the SN evolution. Rather, as illustrated by Fig. 2, the PA of
the source varies little during the entire spectropolarimetric evolution
and follows a relatively straight path with time toward the origin in
the O—U plane. Therefore, it appears that as the SN shock propagated
outward, it continued to interact with the same CSM geometry that
echoed the CSM interaction at early times, before it was either
engulfed or the dust sublimated. Therefore, the electron-scattering
pseudo-photosphere resulting from that interaction produces the
same projected scattering geometry on the sky as the light echo, and
results in a relatively stable PA as the SN transitions between these
two scattering phases. Moreover, the dust scattering and electron
scattering components having the same geometry could also explain
the extreme record-breaking polarization, since the integrated electric
vectors of both scattering components would interfere constructively
and amplify the net polarization signal. This consistent well-ordered
geometry for all significant sources of polarization in the mix implies
the presence of a continuous CSM structure with a global orientation
that is preserved at least out to radii the SN has reached during the
course of our spectropolarimetric coverage.

The very low or undetectable polarization at late times, in contrast
to the high polarization at early times, has implications for the origin
of the intermediate-width components in the spectral lines. At early
times, as typically seen in SNe IIn, SN2017hcc showed strong
Balmer emission lines with symmetric Lorentzian-shaped wings.
These Lorentzian profiles are thought to be caused by electron scat-
tering of the narrow-line emission (Chugai 2001; Smith et al. 2008;
Smith ). Data from Smith & Andrews (2020) showed that at later
epochs, especially after day 200 in SN 2017hcc, the intermediate-
width components no longer showed Lorentzian shapes and instead
transitioned to composite shapes (both broad and intermediate width)
that were marginally asymmetric and skewed to the blue. Although
our spectral data do not have sufficient resolution to examine the
polarized line profile in detail, the lack of detectable polarized line
flux at these later epochs is consistent with the interpretation of
Smith & Andrews (2020) that the narrow lines were no longer
broadened by electron scattering, but instead, their widths indicate
that Doppler broadening from expansion of the post-shock gas and
SN ejecta was responsible for the line profile.

A transition from a polarized source initially dominated by dust
scattering to later becoming dominated by electron scattering might
also have been exhibited by SN 2009ip, where a relatively rapid
rise and drop in polarization during October 2012 was also asso-
ciated with the appearance of a blue-rising continuum polarization
(Mauerhan et al. 2014). A re-examination of the spectropolarimetry
data for SN 2009ip from Mauerhan et al. (2014), not shown here, also
revealed that net polarized flux (P x F) for the H « line was also only
seen during the rapid polarization spike in October 2012; we suspect
that, as in the case of SN 2017hcc, an extended distribution of dusty
CSM echoed the SN IIn spectrum during that phase, including the
narrow H o from the CSM interaction occurring within. Aside from
the much higher polarization strength of SN 2017hcc, the overall
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structure of the polarized spectrum actually appears quite similar to
those of the Type IIn SN 2009ip (Mauerhan et al. 2014) and SN 2010j1
(Williams et al., in preparation). Fig. 5 compares each of these SNe
at their highest observed polarization epoch; SN 1998S data from
Leonard et al. (2000) are also shown for comparison. Interestingly,
if one simply multiplies the polarized spectrum of SN 2009ip during
its observed polarization peak by a factor of 3.35, the polarized
spectrum matches that of SN 2017hcc remarkably well, including
the dust scattering-induced slope of the polarized continuum and the
depolarization fraction of the emission lines. It may be surprising that
SN 2017hcc and SN 2009ip look so similar, even though SN 2017hcc
is ~10 times more luminous and has roughly 10 times more CSM.
But although SNe IIn span a huge range in luminosity, their spectra
and spectral evolution are remarkably similar; this is likely because in
all cases, the emergent spectrum is determined by shock interaction
with slow CSM, and the shock speeds and the CSM composition tend
to be similar. We might therefore expect the polarization behaviour to
be similar as well, although the quantitative value of the polarization
depends to a large extent on the degree of asymmetry in the CSM
and the viewing angle, which may of course differ from one object to
the next, and are not necessarily correlated with the total CSM mass.

The extreme polarization of SN 2017hcc likely indicates that the
SN/CSM is intrinsically more aspherical than that of SN 2009ip
and/or viewed at an orientation angle that enhances the projected
asphericity on the plane of the sky. In many previous studies, SN
asphericity has been quantitatively parametrized by the axial ratio
of a simple ellipse (Hoeflich, Mueller & Khokhlov 1991), but it is
only appropriate to quantify asphericity in this way for the case of
pure electron scattering with asymmetric scattering material around a
central light source. This is not the case in SNe IIn, where the source
of the photons that are scattered is itself extended and asymmetric
(i.e. the radiative shock moving through the CSM). None the less,
it remains true that a higher degree of projected asphericity will
result in a higher degree of polarization, regardless of whether the
polarized flux is dominated by dust scattering or electron scattering.
It is also possible that SN 2017hcc’s stronger polarization results in
part from the fact that it had a relatively large mass of CSM with
more light-scattering dust.

In conclusion, it is clear that multicomponent scattering models
incorporating both dust and electron scattering are needed to quantify
SN/CSM geometry based on polarization data with a higher degree
of confidence. As the sample of polarized SNe continues to increase,
there will be more opportunities to search for statistical correlations
between polarization level and other physical parameters, which
will help elucidate the physics and geometries involved. Interpretive
challenges notwithstanding, it is abundantly clear that the collective
spectropolarimetric data on SNe IIn imply the commonality of
aspherical distributions of CSM for SN IIn progenitors, and this
prevalence seemingly dovetails with the hypothesis that binary
interactions between highly evolved massive stars, whose envelopes
expand during their final nuclear-burning stages and possibly come
into contact with one another, play an important role in shaping the
CSM SN IIn progenitor systems (Kashi, Soker & Moskovitz 2013;
Smith 2014; Smith & Arnett 2014).
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