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Detection of Neutrinos from SN1987A
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Prof. Koshiba Super-Kamiokande
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56Ni & 44Ti are trapped inside, with low velocity.
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Asymmetric Explosion & Neutron Star Kick

Model W15-6
Time: 15.10 ms
NS displacement: 0.00 km

-l

A. Wongwathanarat
(MPA - RIKEN)



Asymmetric Ejection of 56Ni & Neutron Star Kick

A. Wongwathanarat
(RIKEN)




Successful Reproduction of High
Velocity Component of 56Ni

Ni: 7%

O+Ne+Mg: 3%
C: ?. o 10_3?
time: 9003 s
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Great Collaborations Started (2014-)

e Radiation Transfer, including Gamma-Ray Line

Transfer. P — .
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Grebenev et al. Nature 12
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Larsson et al. 2013
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SN1987AIZRH 9 & 15 K ETIE

Self-Consistent Simulations (Simulations of
Explosion Mechanism & Explosive
Nucleosynthesis).

Explosive Nucleosynthesis (such as 44Ti) with
Large Reaction Network Coupled with Multi-
Dimensional Hydro Simulations.

Gamma-Ray Transfer/X-ray Transfer, including
Line Transfer.

Interactions between Supernova Ejecta and the
Surrounding Ring.

Very Exciting!
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Morphology?
Composition?
Cosmic-Ray Production?
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X-ray Image of Cassiopeia A by Chandra (~350yrs old).



3D structure of Cas A: Fe iIs Outside!

Delaney et al. 2010

Green: X-ray Fe-K
Black: X-ray Si XIlI
Red: IR [Ar Il]
Blue: [Ne H]/[Ar 1]
Grey: IR[SI Il]
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optical outer ejecta

Chandra ‘s X-rays & Spitzer ‘s Infrared



44TI 1S Inside of Iron!!

NuSTAR: Ti (68-78 keV)

s
NuSTAR (2012~)

Hard X-ray imager
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Engine/Nucleosynthesis SN1987A Remnants
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Our Big Challenge:

From (Takiwaki & Wongwathanarat) To (Lee, Ono, Warren)
Ono+14, in prep.
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How do they
Evolve?
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Asymmetries?

Legacy of
Supernovae?
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