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Abstract

Kepler's SNR is the newest Type la supernovae (SNe la) observed in our galaxy in 1604. There are two main models of the mechanism in which the C-O white
dwarf approaches the Chandrasekhar mass to explode as SNe la, single-degenerate (SD) model and double-degenerate (DD) model. In the case of the Kepler’s
SNR, it is believed to have been produced from the an SD model because of the observed radiation from the circumstellar material (CSM) (). However, no
companion star has been found that should have remained (2). We investigated the elemental composition of the CSM using the Reflection Grating Spectrometer
on board the XMM- Newton satellite in order to determine the identity of the companion star. As a result, the emission lines of nitrogen and oxygen were
detected and the abundance ratio of N to O was obtained to be ~ 2.26. If this reflects the composition of the companion star’s stellar wind, this implies a lower

limit for the mass of the companion star of ~1.5 M@ and that it is likely in asymptotic giant branch (AGB) star phase.
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v The AGB star was in a close binary system and was
merged with the WD before the explosion in common
envelope (CE)®)?

e Possible by assuming Kepler’'s SN is SN [a-CSM.

e Simulated 1D stellar evolution of the companion star using MESA web and Geneva Code.
e Assuming all stellar winds accrete mass to the WD as CSM.
e Age ; ~108 yr, lower limit of initial mass; 1.5Me

e |f the WD explodes during the evolution of the companion star, expected N/O will ® ° .\:} ®
decrease (orange and blue dotted lines in the right panel of the above figure).
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abundance ratio of CSM when stellar winds are
integrated until the mass of the WD approaches
the Chandrasekhar mass with MESA web.

Top: models with mass of WD = 1.07Mes and

0.46Me ,with initial uniform rotation rate(Vzawus/

Veit) = 06), Color correspond to different scaling
factor for wind mass loss rate on the AGB phase
= 0.1(blue), 0.3(orange), and 0.5(magenta).
Bottom: with scaling factor for wind mass loss
rate on the AGB phase = 0.1. Color correspond
to different rotation rate(Vzams/Veit) = O(blue),
0.4(orange)
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v Kepler's SNR is one of the SNe la in which CSM was
observed.
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v N/O abundance could be measured in detail using the 3
data by XMM-Newton.

v The age and initial mass of the companion star can be
estimated, and the rotation velocity is found to have an
effect.
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The companion star of Kepler’'s SN was most likely in the AGB star phase.
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