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Observational Study of the Diversity of Type Ia
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Type Ia supernovae (SNe Ia) are widely accepted as the results of thermonuclear ex-
plosion of carbon-oxygen white dwarfs (C/O WDs). However, the basic mechanism of SNe
Ta is still uncertain although it has been used to determine the cosmological parameters. It
is related to the observed diversity of SNe Ia tightly. The observations of SNe Ia during
the extremely early phase can provide key information about the diversity of SNe Ia, and
improve the measurement of their distances. Eighty-four SNe are identified from a sample
of around 100 SNe candidates based on their spectral observations with the Lijiang 2.4 m
telescope. And the following spectroscopy and photometry observations focus on the SNe
Ta at the extremely early phase. Based on these observations, we found that some SNe Ia
cannot be well classified in the current spectral and photometrical classification systems,
which might indicate complex progenitor systems and explosion mechanisms of SNe Ia.

Three representative SNe Ia will be introduced in following:

(1) Narrow-lined (NL) SN Ia—SN 2012fr: Two different profiles of Si IT A 6355 absorp-
tion in the luminous “shallow silicon” (SS) SNe Ia are found. That might imply distinction
in the structure of the ejecta. Observational differences in the evolution of the “UV-Optical”
color and the strength of second ionized iron also exist. Thus, we suggest a new sub-class
SNe Ia for it named as NL which shows similarities as SN 2012fr, e.g., small decline rate
of the light curve, narrow absorption profile of the spectra, and young environment of the
birth place. It is important to reduce to intrinsic luminosity scatters of SS SNe Ia with NL
SNe Ia. Thus, it is essential for the further research of SN Ia cosmology.

(2) Calcium-poor and luminous SN Ta—SN 2011hr: The extreme 91T-like SN Ta 2011hr
has some similarities with the super-Chandrasekhar candidate SN 2007if according to their
observations and spectral modelling. Spectral modelling suggests that the high luminosity
and relatively weak absorption of Si IT and Ca II are due to the efficient transformation of
the progenitor material into the iron group elements during the explosion. It implies that
some over-luminous SNe Ia may arise from a Chandrasekhar-mass white dwarf progenitor,
which experienced a more efficient burning process during the explosion.

(3) Cabron-rich SN Ia—SN 2013dy: Its extremely early light curves give an upper
limit (R < 0.25 Rg) of the progenitor radius, and the early spectrum reveals strong C II
absorption. These indicate a C/O WD progenitor for this SN. The following observation
suggests that it is a fairly normal but transitional SN Ia, bright in optical, but the near
infrared (NIR) brightness of SN 2013dy is about 2-3 times lower than usual. There is about
2.0 mag scatter in the NIR luminosities of the SNe Ia with small decline rate. This might
challenge the assumption of the NIR luminousity uniformity in the SNe Ia.

These research works indicate complex diversity among the nature of progenitor system
and the explosion mechanism of SNe Ia. Understanding the diversity of SNe Ia is essential
to improve the study of SNe Ia cosmology.



