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Core-Collapse Supernovae

* THTHRLDIML WERHERD—D
w E,,~10°" erg
w E__ ~10%erg (~0.1 Mo c?)

grav

» E ~10% erg
* MR 77y 7BV
* RN —Z K

+ YIRS B T B BEN O T X TOM AR 2

e

Ll

*Macrophysics *Microphysics
pgravitation pweak interaction
core collapse neutrino physics
pelectro-magnetic field Pnuclear physics
pulsar, magnetar, equation of state of dense matter

magnetorotational explosion
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Supernova scenario
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Neutrino heating mechanism

* peutrino cooling (electron capture) rate: @, o< T° oc r~°

* neutrino heating (neutrino capture) rate: Q7 oc L,r= 2 oc 72

shock front

* gain radius: Q; = Q;

gain radius

* heating between gain radius and shock:

M L (%) roo\"2
Ly heat ~ 3 x 10°%erg s 2 ( )
heat ~ 0 % HUTELE S (0.1M@) (1053erg sl) ((15MeV)2> 200km

* shock revival by neutrino heating

cooling o 1/7°

= “delayed explosion” heating o 1/r*
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Current status of 1D fail to explode

Rammp & Janka OO ............................. N e S
iebendorfer+ 01 HFiaeFT —

"q"". === = Newton+O(v/c) |~

‘q-;\?ﬂz:t;-g{_\_ff.‘:-- -~ —_Relativistic 5

Radius [km)

~100 km

0 0.1 02 0.3 0.4 0.5
Time Aftar Bounce Isl

state-of-the-art simulations do not obtain explosion!
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Multi-D simulations
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Convectively unstable regions

Janka 01 .
T x PNS convection

» induced by negative Yi gradient due to
neutrino cooling

* Neutrino-driven convection

» induced by negative entropy gradient due to

gain R, R, < . -
radius PNS ’ neutrino heating

(convective)
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How convection aids explosion?

* PNS convection
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spherical convection
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SASI

* Standing Accretion Shock Instablity

® Non-radial, non-local low-mode (1=1,2) instability of flow behind standing
accretion shock

|
Bolondon+ 2003, 2006

2011/1/12 CfCAA—Y—XX=Z—FT 1 VI @KXE



Problems of 2D simulations
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How to solve these problems?
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Collective oscillation of neutrinos
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Numerical simulation

* 2 %ﬁ?ﬁ{$§+%(ZEUS'2D) (Stone & Norman 92)

A+ =2 — b Y ik
[sotropic Diffusion Source Approximation (Lichendorfer+ 09)

electron-type neutrino and anti-neutrino

* progenitOr: 13 M@ (Nomoto+ 88)

* Collective oscillation parameters: Ry, <e,>
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Collective oscillation-1
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Collective oscillation-2

TABLE 1
1D SIMULATIONS

Model Dimension R, kT, ' L ts Explosion B3~ M, Mg

[km)] [MeV—1] [1052erg s—1] [ms] [105 erg] [Mp] [Mgo]
N13R10E15T100S 1D 10 0.2101 (15MeV) 0.29 100 No — 1.18 —
N13R10E17T100S 1D 10 0.1854 (17MeV) 0.48 100 No — 1.18 —
N13R10E18T100S 1D 10 0.1751 (18MeV) 0.60 100 No — 1.18 —
N13R10E19T100S 1D 10 0.1658 (19MeV) 0. 75 100 Yes 1.00 1.18 1.14
N13R10E20T100S 1D 10 0.1575 (20MeV) 0.92 100 Yes 1.49 1.18 1.12
N13R20E13T100S 1D 20 0.2424 (13MeV) 0.66 100 No — 1.18 —
N13R20E13T150S 1D 20 0.2424 (13MeV) 0.66 150 No — .24 —
N13R20E13T200S 1D 20 0.2424 (13MeV) 0.66 200 No — 1.25 —
N13R20E14T100S 1D 20 0.2251 (14MeV) 0.88 100 No — 1.18 —
N13R20E14T150S 1D 20 0.2251 (14MeV) 0.88 150 No — 1.2i —
N13R20E14T200S 1D 20 0.2251 (14MeV) 0.88 200 No — .26 —
N13R20E15T100S 1D 20 0.2101 (15MeV) 1.16 100 Yes 0.97 1.18 .15
N13R20E15T150S 1D 20 0.2101 (15MeV) 1.16 150 Yes 0.54 1.2 <« .24
N13R20E15T200S 1D 20 0.2101 (15MeV) 1.16 200 Yes 0.47 1.26 < 1.26
N13R20E21T100S 1D 20 0.1500 (21MeV) 4.47 100 Yes 5.56 1.18 1.07
N13R20E22T100S 1D 20 0.1432 (22MeV) 5.39 100 Yes 6.50 1.18 1.07
N13R28E13T100S 1D 28 0.2424 (13MeV) 1.29 100 No — .18 —
N13R29E13T100S 1D 29 0.2424 (13MeV) 1.38 100 No — 1.18 —
N13R30E11T100S 1D 30 0.2865 (11MeV) 0.76 100 No — 1.18 —
N13R30E11T150S 1D 30 0.2865 (11MeV) 0.76 150 No — . 2il —
N13R30E11T200S 1D 30 0.2865 (11MeV) 0.76 200 No — .25 —
N13R30E12T100S 1D 30 0.2626 (12MeV) 1.07 100 No - 1.18 -
N13R30E12T150S 1D 30 0.2626 (12MeV) 1.07 150 No — .24l —
N13R30E12T200S 1D 30 0.2626 (12MeV) 1.07 200 No — 1.25 —
N13R30E13T100S 1D 30 0.2424 (13MeV) 1.48 100 Yes 0.85 1.18 < 1.19
N13R30E13T150S 1D 30 0.2424 (13MeV) 1.48 150 No — 1.21 —
N13R30E13T200S 1D 30 0.2424 (13MeV) 1.48 200 No — 1.25 —
N13R30E14T100S 1D 30 0.2251 (14MeV) 1.99 100 Yes 1.58 1.18 1.12
N13R30E14T150S 1D 30 0.2251 (14MeV) 1.99 150 Yes 0.98 1. 2il 1.19
N13R30E14T200S 1D 30 0.2251 (14MeV) 1.99 200 Yes 0.68 1.26 1.22
N13R30E15T100S 1D 30 0.2101 (15MeV) 2.62 100 Yes 2.27 1.18 1.10
N13R30E15T150S 1D 30 0.2101 (15MeV) 2.62 150 Yes 1.43 1.2i 1.16
N13R30E15T200S 1D 30 0.2101 (15MeV) 2.62 200 Yes 0.93 .26 1.22
N13R30E20T100S 1D 30 0.1575 (20MeV) 8.28 100 Yes 6.84 1.18 1.07
N13R40E11T100S 1D 40 0.2865 (11MeV) 1.38 100 No — 1.18 —
N13R50E11T100S 1D 50 0.2865 (11MeV) 2.10 100 Yes 0.86 1.18 < 1.18
N13R60E11T100S 1D 60 0.2865 (11MeV) 3.08 100 Yes 1.48 1.18 1.12
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I Collective oscillation-3
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Collective oscillation-4
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Summary
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* Z—a—hkU/EHIRE (collective oscillation)
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