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X-ray observations of supernova remnants

X-ray observations allow us to investigate the distribution and composition of elements at the same time.

X-ray imaging X-ray spectroscopy

(Distribution of each element) (Abundance, KT, ionization state...)
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Nucleosynthesis of core-collapse supernovae
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Asymmetric structures and elements produced by neutrino heating

Neutrino heating makes convective bubbles, and then we could expect

High-entropy (high temperature+low density) + Fe-rich plumes

Hammer et al. (2010)

Supernovae = a point source

However...
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Credit: High-Z Supernova Search Team, HST, NASA

We found such Fe-rich ejecta and investigated its elemental composition


http://cfa-www.harvard.edu/cfa/oir/Research/supernova/highz/names.html
http://www.stsci.edu/
http://www.nasa.gov/
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Protruding Fe-rich ejecta*
Possibly, high-entropy plumes!?
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Observation and Comparison with Theory

Ti and Cr produced in high-entropy region have been found for the first time!

Discovery of Ti, Cr in X-ray spectrum
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The observation indicates that the Fe-rich ejecta could be the high-entropy ejecta plumes from the neutrino convection
(Note: we cannot completely dismissed the production at the neutron-rich region)



On-going project: Observational verification of neutrino process

Neutrino effects in SNe are unclear, both observationally and theoretically

Can we discuss the effects using X-ray observations?

Neutrino-matter interactions
— v-process (neutrino nucleosynthesis)

v-process : spallation by neutrinos
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X-ray observations of supernova remnants allow us to discuss neutrino-matter
interactions for the first time (Sato et al., to be submitted)



On-going project: Observational verification of neutrino process

We can not explain the observation without the neutrino-matter interactions

Calculated by T. Yoshida

10—1 im

L 23,4 €

|| It

1072 - o e 2,

...... ®) e n 232 —

| o

@ b
S 10734 m -23.0 §
— 18 | ] C
: With v-process 2

1074 - Without v-process .- 22.8 ._(%’

: VProcess @ Toeak = 10 GK, Ye = 0.55 o

] ] I ™

o Prellmlnary result Toeak = 6 GK, Ye = 0.499 .-22.6 §

10~ ——— S A —h — — o
10~> 104 10-3 1072 1072 S

Mn/Fe f

X-ray observations of supernova remnants allow us to discuss neutrino-matter
interactions for the first time (Sato et al., to be submitted)



Future works: X-ray calorimeter missions from 2020’s to 2030’s
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Perspectives for 2030’s

1. Entropy/Ye distributions
2. 0dd-Z elements (v-process, proton-rich ejecta?)
3. More detailed neutrino physics?

L. Lopez et al. (Astro2020 Science White Paper)



Summary

A X-ray observations of supernova remnants allow us to measure the distribution and
composition of elements at the same time.
This is a useful method to probe the explosion mechanisms of SNe.

The discovery of the structure from the deepest part of the supernova explosion
allows us to discuss in detall the activity of the explosion center, including the
influence of neutrinos.

In the future, the combination of observational research using future X-ray missions
and theoretical research using supercomputers will bring us much closer to
understanding the mechanism of supernova explosions.



