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Abstract. We report results for two epochs of spectropolarimetry on the luminous type IIn
SN2010jl, taken at ~36 and 85 days post-explosion with VLT FORS2-PMOS. The high signal-
to-noise data demonstrate distinct evolution in the continuum and the broad lines point to a
complex origin for the various emission components and to a potentially common polarization
signal for the type IIn class even over 1-2 orders of magnitude in luminosity output.
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1. Introduction

SN2010jl was discovered on Nov 3.52 UT, 2010 with a broad visual magnitude of
12.9 (CBET 2532) and was later isolated to have an explosion date prior to Oct 9.60
UT, 2010 (Stoll et al. 2011). It was spectroscopically classified as a prompt strongly-
interacting type IIn (CBET 2536), and is ultraviolet- and X-ray-bright, as expected for
its class (ATEL 3012). The SN resides in the metal-poor UGC 5189A at 48.9 Mpc (ATEL
3010), giving it a peak uncorrected My = —20.55, roughly 1-3 mags more luminous than
typical IIn (My = —17 to —19.3; Richardson et al. 2002; Kiewe et al. 2012). Type IIn
SNe are characterized by intense, composite-profile emission lines, a lack of the broad
P-Cygni absorption troughs, and X-ray/radio emission. The properties are explained as
arising from a strong interaction between the fast-moving SN ejecta and a dense, slow-
moving CSM, created by significant and likely rapid mass loss of the progenitor star
(e.g., Chugai & Danziger 1994). Yet many questions remain regarding the mass loss
history of these progenitors, the geometry of both the explosion and CSM, and the origin
of the broad emission lines (e.g., Chugai 2001). The geometrical insight gained from
spectropolarimetry may allow a critical approach to these open issues, especially for rare
luminous type IIn’s like SN2010jl, which could provide extreme tests of models. The only
other type IIn SNe to be observed in polarized light were SN1998S (Leonard et al. 2000;
Wang et al. 2001) and SN1997eg (Hoffman et al. 2008) to provide points of comparison.

2. Data

We obtained 1hr spectropolarimetric integrations of SN2010jl on Nov. 14.3 UT, 2010
(E1) and Jan. 2.2 UT, 2011 (E2) with FORS2 PMOS on the 8m VLT-UT1. These
correspond to 35.7 and 84.6 days after earliest detection. SN2010jl was also observed via
spectropolarimetry by Patat et al. 2011 (hereafter P11) at lower S/N (2.7hr) and spectral
resolution on Nov. 18.2 UT, 2010 with the Calar Alto 2m telescope. A 3rd epoch observed
on days &530-540 is still being analyzed. Spectral reductions, calibrations, and error
estimates were performed following the prescriptions described in Patat & Romaniello
(2006). Following P11, we assume negligible (<0.3%) interstellar polarization (ISP); this
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is consistent with the nearly complete depolarization seen in narrow Ha at both epochs,
despite a 0.5% change in continuum polarization.

3. Results and Discussion

Our high S/N spectra provide several useful insights into the properties of SN2010jl.
The E1 spectrum provides a significant improvement upon the Nov 18, 2010 spectrum of
P11, and confirms many of their findings, while the E2 spectrum allows us to understand
the evolution of the various polarized components. Here are our main findings:

e The narrow Ha lines presumably stem from the slow-moving and possibly clumpy
circumstellar wind material outside of the SN shock and polarized regions. This recom-
bination region provides a large electron scattering shell to naturally explain the various
observed polarization signals and narrow-line depolarization.

e The continuum is strongly polarized, and is stronger toward the blue. Values of 1.7—
2.5% on E1 and 1.2-2.0% on E2 imply axial ratios of <0.7 and <0.8 for the continuum-
generating region, respectively. On average, Qcons = 0.0% with no apparent evolution,
while Ugone ~ 2.0% on E1, decreasing to ~ 1.5% by E2, implying a clear axis to the
polarized signal and presumed continuum asymmetry, which is slowly becoming more
isotropic. The polarized continuum fades faster than the actual continuum, particularly
in the blue, while the strength of total and polarized broad Ha does not appear to evolve,
indicating that these components originate from distinct regions.

e No obvious line features are seen in polarization percentage, although broad Ha and
Hg lines are clearly distinguished in polarized flux. Other line complexes are presumably
strongly polarized as well, since they are individually distinct in Stokes @, U, and polar-
ization angle plots. Together, this implies strong depolarization is present in most lines at
both epochs, presumably due to continuum dilution. Continuum-subtracted polarization
percentages (and hence asymmetries) for the lines are generally higher than the nominal
continuum values reported above. The variations in the evolving polarization strength
and angle for line emission of broad H, He, and Fe implies that the various elements likely
arise in somewhat distinct asymmetric regions: H and He from shocked CSM possibly
associated with swept up material from the SN shock, and Fe from fast-moving shocked
ejecta.
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