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Neutrino heating mechanism

neutrino cooling (electron capture) rate: Q oc T° oc 77°

neutrino heating (neutrino capture) rate: QF oc L,r=2 o 72

Shock front

gainradius: Q) = Q7 gain radius

heating between gain radius and shock:
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shock revival by neutrino heating cooling o 1/7° k

» “delayed explosion”
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Currently viable mechanisms

e Acoustic mechanism Burrows+ 06,07)
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Currently viable mechanisms

e MHD mechanism

Free energy of rotation is converted to magnetic energy; magnetic
pressure or dissipative heating via magnetorotational instability
(MRI) can drive explosion!

BUT: Requires a lot of rotation energy — very fast initial rotation
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summary of explosion mechanisim

o Neutrino-heating mechanism

o “standard” scenario

o only one group (@MPA) obtains explosion

o Acoustic mechanism

o Impedance mismatch between g-mode and SASI
o takeslongs time (~ 1sec) to be induced

o only one group (@Arizona) obtains explosion

e MHD mechanism

o explodes only polar direction

= the other mechanism is required for whole regime
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Neutrino transter

e Boltzmann equation for neutrinos
(Lindquist 1966; Castor 1972; Mezzacappa & Bruenn 1993)
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Current status of 1D
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state-of-the-art simulations do not obtain explosion!
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multi-D effects
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SASI

o Standing Accretion Shock Instablity

e Non-radial, non-local low-mode (/=1,2) instability of flow

: Bolondon+ 2003, 2006
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SASI-aided SN explosion

o SASI develops and deforms the accretion

= The convection grows anc
heating efficiency
= Explosion!

| leads larger neutrino-

Marek & Janka 2009
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o Isotropic Diffusion Source Approximation (IDSA)

o Very new scheme for radiative transfer (Liebendérfer+ 09)

o divide the dlstrlbutlon functlon mto two parts
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ray-by-ray treatment
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Simulation Result

Spherically symmetric case (13 Me)

entropy

i No explosion is obtained, consistent with previous works. |
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Simulation Result

Axisymmetric case (13Me)

entropy

TETaE

{ The shock wave is largely deformed by SASI and convection in 2D case! §

o
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Timescales
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The efficiency of neutrino heating is much larger in 2D than 1D!
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1. vx Z At % L 7z (with leakage scheme)

2. End ki Pk (cf. IDSA DFHARAL)

3. SXILETEDBENONTWET (BT EIvOA) @ KX &
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11.2 Mew/ leakage
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13 Me W/ leakage
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t= 0000 ms
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Discussion

1. How about progenitor difference?

ratio of timescales in 1D Buras+ 06 Burrows+ 07 density profiles at precollapse
1’0_'r1'1""|f'f1|1s'“‘)'l_ 1T 7777

Cotaaiinlry 25050 25.0Mg WHWO02
n13 20,0My, WHWO2

___s15s7b2] 17.0Mg WHWO2
115 | 15.0Mg WHW02

_ 13.0Mg, WHWO2
—..s15a028 | 11.2Mg WHWO2
590,00 15.0Mg Nomoto
N _|2255 ey 13.0Mg Nomoto
e e . 11.0Mg WW95
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The other models should be investigated!
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Discussion

pout progenitor difference?
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Discussion

2. How about EOS difference?

from H.-Th. Janka’s presentation

2D Explosions of 11.2 M_ star : Test of EoS Intluence

80

Simulations for 3 different nuclear EoSs:
Lattimer & Swesty (L&S), Hillebrandt & Wolff
(H&W) Shen et al.

F“Softer” (L&S) EoSand' tusmore'co’mpactﬂ

neutron star radius [km]
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time [ms]

, Inclusion of hyperon /quark matter, which softens
| EOS is better for explosmn7 ’ ]

100 200 300 % 100, ": 0 .............200 300 400 500
time [ms] el time [ms]
(Marek & THJ, 2009, in preparation)

19/24




(NS 2)

& D+ tEld ? ?

b L EBMINAREAT —VDFE (ShRLHWE LD | () IEEEZS
BT LD, K D robust Ze &R IZAR] ?

NIRD 3 RILIEIZ IT E ?
b Do ENTRIZ DWW TRITR DS PLE
“chaotic” : E->THKH N, TEERL L hEENL TS

RN N e (T YA

= s R U B HAERIC 50— 1) e
B I EENICIZENIZE ?

Z DAt missing physics (213238 % ? axion & 7> ?

(e.g., Schuramm & Wilson 82)

2010/5/31 FTAMTBEIRA O3PS 2 [lfigis @ H TR



FEDESRDEE(?)

o HAITET T 21— 3y (inc. vEBHEGE)

(itdk) ZXouDiFIC

e . - L g i H A

FDOEBEICHETDOPREF L Wb

: 2010/5/31 B IIRAOHIEES 2 [IFZE 2 @ iAoy



