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Far-ultraviolet to Near-infrared Observations of SN 2023ixf: A High-energy Explosion

Engulfed in Complex Circumstellar Material
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Collectite Team/.E'ffort in Follow-up . Discovered by Itagaki-san!
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Brief Introduction

. . Almost constant phase of luminosity -
Shock breakout ionises the outer ejecta (T >10,000 K) P_Gyanifeatiresiort il e L R e cpectra

Envelope expands ->/Recombination wave moves inwards in
mass (and opacity), staying at roughly the same radius (and
temperature) - Cooling & Recombination Ni/Co Decay |

Photosphere

(Recomb'\naﬂon Tempeva\ure)
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Ultraviolet-Optical~Infrared Light Curves

Optical (ugriz)

Growth-India Telescope

NIR (JHK)
Kanata Telescope (HONIR)
/

Ultraviolet
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Bolometric Light Curve and Temperature Evolution

e Shock Breakout inside a dense CSM. Hence, No shock Cooling phase as in a standard SN ejecta.
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Spectroscopic
Sequence

/

1. Flash Spectroscopy (High j
/features) up until 7 days.

2. Shows d plethora of fea
indicating €SM interaction. (Will
discuss inffollowing slides)
Features/of Na, Fe,/Ba and Sc are
seen - Normal as a Type Il SN
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Evolution of Balmer Features -1

o Inthe Spectrum of 7.9-9.9 d, we observe intermediate-width
Ha emission at 1000 Km/s , in addition to the emergence of
a broad P Cygni-feature with an absorption trough.

e This could possibly/be due to a residual of ongoing
interaction with the' dense CSM along with the presence of
photospheric emission from the SN ejecta.
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Evolution of Balmer Features - 2

Spectra from June 03-06 (which'is transitional
from Flash Phase to/the Photospheric phase)
shows multiple broad Gaussian and Lorentzian
features

There are two absorption features at the
blue-wing of Ha at 8000 km/s and 15000 km/s.
We also detect an analogous profile blueward
of HB with a similar velocity as seen in the Ha
profile, indicating that the feature is likely due
to’hydrogen’

Using the ’jecta velocitizs/we estimate an
innéer radius of 75 AU and/an outer radius of 140
AU.
Assuming
that this
years before explosion.

standard RSG wind, we estimate
ection of mass happened 35-65
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Evblution of Balmer Features - 3

HB 4861 A - Ha 6563 A

e/ We see dual Absorption component
in the Blue-wing of Halpha from 15 d
to 80 d.

e Absorption Feature at -13,200 km/s of
Halpha (Wavelength 6278 Angstrom)
present through all the spectra (both
Seimei KOOLS and HCT HFOSC).
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Power Law Exponent: —0.31 +0.02

Line Velocity Evolution

1. / Photospheric velocity shows evolution to a normal Type Il SN.
2./ ,Itis similar to an average/Type Il SN despite a much brighter absolute
magnitude of the SN and,several instances of CSM interaction
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Polarisation Signatures | f @ Ve Gsonso) |

e / We see 2 peaks in the/polarisation light curve.
e  one during the flash €SM (peak at 0.9%)
e / and one during/'the extended wind CSM (at 0.5%),
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Conformation with our spectral signature that we are seeing a
CSM with a complex geometry.
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MESAZSTELLA Hydrodynamical Modelling

Preliminary model fits suggest: Fe Il 2018 ——

Fe 114924

1) a' low-mass progenitor - 10/M
2) Explosion energy - 2e51 gfg
3) 56Nimass - 0.06 M__ .
4) mass-loss rate - 102 Msdn/yr
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5) Beta = 3.0 (0.084 M__ )
6) dense CSM extent - 10" cm.
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SN/2023ixf is one of the nearest Type Il SNe in the last 2 decades and it offers us a rare opportunity for comprehensive
servations and progenitor characterization, We plan to submit a paper within a month for the photospheric phase!
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e/ Presence of Flashf£atures till 7 d ,
e  FUV-NIR Bolometfic LC rising and temperature ingreasing indicdtes shock breakout inside a de CSM
Extended Wind CSM: é

Signs of a Inner Dénse JSM : §/

e  CSMinner Radius of 75AU and an outer radius 6f 110 AU. / 7
e  Enhanced mass-loss episode 35-65 years before the SN (assuming 10 km/s RSG wind)

Typle IIL SN dind Light Curv¢ Modelling /
ight Qurve decline rateg’is 1.5mag/100d, indicating it to be J"y"pe [IL SN
Preliglinary modelling Suggests a 10 solar mass progenitoy having mass-loss rate of 10 solar

mass/year with a solar metallicity. / _
° Exp71 parameters : 2e51 erg with a mass with 0.06 solgr mass of 5(7¢<ﬁ synthesized
/ /

/ Polaris /
i e , Poldrisation light curve has 2 peaks indicating a multi-faceted CSM geometry congruent with our,
/ spectral seq7ce. /
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