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Understanding mechanisms of core-
collapse supernovae

 Recent simulation of CCSNe suggested the
key to the explosion is to understand how to
revive stagnated shock waves.

 The proposed mechanisms of the revival of
shock wave are non-(axi-)synmetric feature
s.t. rotation, non-stationarity of fluid,
Neutrino heating. Important how to observe
such signature.

 GW is not main source of SNe. Energy of
radiated from SN is "10~47erg, which is far
smaller than 10~52erg. But its observation
will play important roles for understanding
?ince GW is generated by the non-symmetric
eature.



Rotation, non-axisymmetric instatilities

Recent 3D GR simulation of rapidly rotating core-collapse supernova
performed by Kuroda, T. ++(2014) shows that

in rapidly differentially rotating core, non-axisymmetric instabilities are
growing with T/|W|>10%
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One-Armed Spiral mode of GW from Rapidly Rotating Core-Collapse

Supernovae
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Trying to know rotation

Matched filtering method can
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Key to know the rotation

* In a system with uniformal rotation, it need
astronomically too high T/|W| for non-
axisymmetric instabilities evolving.

* But in a system with differential rotation,
even T/|W| <~0.1 non-axisymmetric

instabilities occur, which produce strong
GWs.



Stokes Parameter

To probe the core rotation, we introduce Stokes

parameter.
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Noise Free case Polar direction

-21

x 10

100

gl

60

40

20

tine = 102.1[ms]

x 10

100

80

60

40

20

1000
500

x 10

h+



At 10kpc (polar direction)

. 10'21 time = 97 7[ms]
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At 10kpc from 45deg direction

« 10'21 time = 93.8[ms]

157

051
0t
-0.5
-1t )
g
-1.5} E

ht+ x10 tine [ms]



Other models?

 Nakamura(U Fukuoka)'s model also show the polarity feature.
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These rotating SN models are coming from 3-dimensional, special-relativistic
hydrodynamic simulations in the Cartesian coordinates, employing L5220
EOS. The neutrino-matter interaction is included by a simple light-bulb
scheme., Nakamura+ ApJ 2014



Other models?

1.5

y [1e7 cm]
=

-1.5 0 1.5
x [1e7 cm]
R3E1AC
20 T T
+1
. . . . . . 1
T
z R
oy EL] L ¥ bl
5f- e o --|rl|| !J
Eody) ity ! (ML Il
r L ko1 il '..JI:'|IJI'||'
0 A (1 '”-" A R e T G 1111 | :
:ar'{gh ,[' P E b ll II!
. ALY A | |
i . o il [ ||I|'|
_5_4r R I KRR
i 311 l‘ ||:
: | |
-10F- : p
_15 i i i i i i i
-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06

+.%.pol [C m]

A

x [1e7 cm]

R3E1AC,

150

100_

_50-.._5__...

_100-.._5_.....

50_ s ll

-150

il I" f ,I|I|1'|' ':. ll"

l.. it

|'1|I'|I i

I|I| I|
||I|I |I ]
I '||| i

|'.| "’|I

0.05

01
tt, 18]

Scheidegger+ AA (2010)

0.15




The circular polarization may show
some feature of the mechanism of the
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At 10kpc Equator direction
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