Three-Dimensional View of
supernovae




Supernova

® End point of stellar life

® Origin of elements

® Stellar nucleosynthesis

® Explosive nucleosynthesis
® Huge kinetic energy

® Injection to ISM
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Big mystery in astrophysics

Numerical simulation by -
Sumiyoshi+05, ApJ, 629, 922 .
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Observations of supernovae

¥

Three-dimensional geometry
of supernovae
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Observations of supernovae

Supernova remnants
(> 300 yr)

Young supernovae
(< 2-3 yr)

Subaru HST/Spitzer/Chandra .



Extragalactic Supernova

® Velocity ~ 10,000 km/s
® Radius~2x 10'>cm ~ 0.00lpc @ 30d

(t/10 days) -2

Subaru
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Spectrum

Type Il: Hydrogen
Type I: No hydrogen

la: Strong Si
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Ib: Strong He

Ic: No strong Si/He

3000 4000 5000 6000 7000 8000
Rest wavelength (A)




Progenitors of -

or

supernovae red giant

Massive stars
HType Il Typelb Typelc

Wolf Rayet star

red supergiant R~ 1-10Re
R~ 1T000R®

C+0
white dwarf




“P-Cygni” profile

Element abundance
&
Expansion velocity
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Power of polarization
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http://sg.lensya.com/polarized/index.html



http://sg.lensya.com/polarized/index.html
http://sg.lensya.com/polarized/index.html
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Explosion

Progenitor
H/He ‘

C/O Nucleosynthesis

: “ Absorption line

(progenitor/explosive)




Diaghostic of the Geometry?

2D bipolar flow ? 3D convection?
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Polarization~ 1 %
Measurement error ~ 0.1 %

SN Spectro-
with ~16 mag polarimetry

Spectroscopy

Imaging

, 5. . el
> = =



SN 2009jf (Ib)

SN 2009jf ——

Call

' Valenti+1 1|
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Rest wavelength (A)

Tanaka+2012, ApJ, 754, 63



SN 2009jf ——
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SN 2009mi (Ic)

SN 2009mi
(+26.5 days)
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Kawabata+02, Leonard+02,
Wang+03

Maund+07, MT+09
Maund+09

SN 2002ap

Ic broad

SN 2007gr

SN 2008D




Observations of supernovae

Supernova remnants
(> 300 yr)

Young supernovae
(< 2-3 yr)

Subaru HST/Spitzer/Chandra .
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C: NASA/Chandra/MPIA



2 September 2008
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Tycho’s SNR = Type la!!

2 September 2008
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- Extragalactic SN
Krause, MT+2008, Nature, 456, 617
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3D View of Tycho




Cas A = Type lib
(Type Ib with small H)
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Cassiopeia A

Possible variation
in velocity?
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Future opportunity with TMT
Thirty Meter Telescope

-2014

Start construction
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Summary

® Mechanism of supernova is not yet
understood

® Multi-dimensional geometry is a key

® Three-dimensional geometry of SN
iIs becoming apparent

® extragalactic supernovae <= polarization
® Galactic supernova remnants

® Light echo (with different angle)

® More opportunities with TMT



