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SN explosion shock in envelope shock propagation in core %
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1. (neutrino processes, EOS
etc.) ?

? >
2. ( neutrino transfer ,
convection, etc) ?
3.




(Ravenhall & Pethick.,83,

Hashimoto et al,84, Oyamatsu et al.,

84,...Maruyama et al., 98, Watanabe
o ct etal., 00, and 01, lida et al.,01)

QMD method
(Maruyama et al. 98).

Watanabe et.
al .,01,02,03,04).
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Watanabe,Sato,Yasuoka,E
bisusaki; PRC '02, ‘03, ‘4

Model:
N= 2048
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T=4MeV (almost homogeneous)




M | n kOWSkl FU nCtl Ona|S — A powerful tool for morphological analysis —

Euler characteristic

About a surface of a body K in 3D space

mean curvature H = (k1 + K9)/2

Gaussian curvature G = Kikg X = (number of isolated

K1, Ko : principal curvatures regions) — (number of
tunnels)

+ (number of cavities)
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T {MeV) = (number of isolated
regions) — (number of
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Supernova 1987A Rings

Hubble Space Telescope
Wide Field Planetary Camera 2
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Observations suggest pre-supernova stars have
large angular momentum.

Wheeler ‘02



Mesh code

2dim.
LeBranc & Wilson (70), Symbalisty (84)

Moenchmeier et al (91), Yamada, Sato
(93,94), Shimizu et al (94,01), Ardeljan et
al. (00) Kotake, Yamada, Sato(02,03),
Burnas et al (03)

3-dim.
Shimizu, Yamada, Sato (94)

SPH (Smoothed Particle Hydrodynamics)

Herant et al (’94)

Fryer (’99), Fryer et al (’01), Fryer and Warren
(02)

multi-dimension neutrino transport

general relativistic treatment







2dim-ZEUS CODE

Shen et al. (1998)
* Boltzmann Gas

* Thomas Fermi
approximation

e Relativistic Mean Field
Theory

(;—?ZVX(VXB) Neutri ‘

Realistic

CT )



(ssneb) piaiy onaubeln fenul

T/|W/: Initial ratio of rotational/gravitational energy

1% 2% 4%
0 BOTW1 BOTW?2 BOTWA4
10° G BOTW1 BOTW2 B9 TW4
10195 G B10.5TW | B10.5TW2 | B10.5T\WA4
1012 G Blel'Wl B12TW2  B12TWA4




B12TW4

Color contour : Entropy per baryon
Arrows: fluid velocity are displayed.

Rapid rotation on the axis.

Bottom figure:
Zoom-up of
the central part __,
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(ssneb) pjaiy onaubeln [eniu

model

T/|W/: Initial ratio of rotational/gravitational energy

1% 2% 4%
0 BOTW1 BOTW?2 BOTWA4
10° G BO9TW1 BOTW?2 BOTWA4
10195 G B10.5TW | B10.5TW2 | B10.5TWA4
102 G Bqul'Wl B12TW2 B12TWA4




B12TW?2

Entropy distribution and fluid velocity

Rapid rotation on the axis.

Bottom figure:
Zoom-up of
the central part
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Model B12TW2(2)

Color : strength of toroidal magnetic field

Arrows: direction of magnetic field on Z-R

plane.
Bottom figure:
Zoom-up of
the central part
Y

2) MRI (Magneto-Rotational Instability)





MRI

B Ty

when the core bounces,
t=164msec

When the jet is propagating,

t=235msec MRI



(ssneb) pjaiy onaubeln [eniu

model

T/|W/: Initial ratio of rotational/gravitational energy

1% 2% 4%
0 BOTW1 BOTW?2 BOTWA4
10° G BO9TW1 BOTW?2 BOTWA4
10195 G B10.5TW | B10.5TW2 | B10.5TWA4
102 G Blel'Wl B12TW2 B12TWA4




B12TW1 model

Entropy distribution and fluid velocity

1.2e+08

Bottom figure:  zew

Zoom-up of
the central part s

High entropy clumps are ejected intermittently
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(ssneb) pjaiy onaubeln [eniu

model

T/|W/: Initial ratio of rotational/gravitational energy

1% 2% 4%
0 BOTW1 BOTW?2 BOTWA4
10° G BO9TW1 BOTW?2 BOTWA4
10195 G B10.5TW | B10.5TW2 | B10.:>TWA4
102 G Bqul'Wl B12TW2 | B12TWA4




Case of BO9TWA4

Entropy distribution and fluid velocity

Bottom figure:

Zoom-up of
the central
part
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Evolution of the magnetic
field in the model BOTW4

Strength of magnetic field and direction in Z-R plane.

Although the simulation was stopped at 800 msec,
strong toroidal field is generating. There is the
possibility that jet —like shock is generated by this
Increasing the magnetic field, and eventually the
star explodes provided that the core doesn’t
collapse in to BH.

Bottom figure:
Zoom-up of
the central part





(ssneb) piaty onaubel [eniu

T/|WI|: the ratio of rotational/gravitational energy

1% 2% 4%
0 0 0 0
10° 0.05 0.0008 0
3x10%° 4.7 0.37 0.03
1012 y.O 5.6 1.8
| .

maximum  Unit (10°° erg)







aull a4

1sing

mo|bBiayy
; fel-ewien)

SHo0Ys
[eusau|

SHo0oUs
jeusa)xg

From K

(1ejs anlsseL)
jonuaboiy

B12TW1
B12TWA4

(~1015 G)






Mueller,Janka: MPI Garching, Woosley, Burrows: Supernova Science
Center, Mezakappa et al : TeraScale Supernova Initiative
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