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e Colgate & White ~ 66

began simulation

importance of neutrino
heating

e Sato ' 75
neutrino trapping

e Wilson’ 82
delayed explosion

e Liebendoerfer et al. * 04, Rampp
et al. ' 02, Sumiyoshi et al. 05
1D spherical simulation could

not reproduce the supernovae
Sepplesiere modelers devote

abount 50 years to solve neutrino

\_ transport with adequate accuracy.
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Progenitor Group Mechanism  Dim. faxp Eexp(B) v transport
(Year) (Hydo) (ms) @b (ms) (Dim. O(v/9)
MPA[51] v-driven 1D ~200 0.1 Boltzmann
8.8 M, (2006) (PN) (~800) 2.0(v/©)
(NHS88[71]) Princeton+ v-driven 2D -125 0.1 MGFLD
[741(2006) (N) - 1. (N)
10 M, Basel[75] v+(QCD 1D 255 0.44 Boltzmann
(WHWO02[72]) (2009) transition) (GR) (350) 2. (GR)
11 M, Princeton+ Acoustic 2D 550 ~0.1% MGFLD
(WW95([73]) [74](2006) (N) (1000) 1.(N)
MPA[76] v-driven 2D ~100 ~ 0.005 "RBR” Boltz-
11.2 M, (2006) (PN) (~220) mann_ 2. O(v/c)
(WHWO02[72]) Prnceton+ Acoustic 2D -1100 ~0.1* MGFLD
[77] (2007) (N) (1000) 1.(N)
NAOJ+ v-driven iD ~100 0.01 IDSA
[78](2011) ) (300) 1L (N)
12 M, Oak Ridge+ v-driven 2D ~300 03 "RBR™ MGFLD
(WHWO2[72]) [79](2009) (PN) (1000) 1.0(v/c)
13 M; Princeton+ Acoustic 2D >1100 ~0.3* MGFLD
(WHWO2[72]) [771(2007) (N) (1400) 1.(N)
(NHS88[71]) NAOJ+ v-driven 2D ~200 0.1 IDSA
[80](2010) ™) (500) 1 (N)
15 M, MPA[81] v-driven 2D ~600 0.025 Boltzmann
(WWO95[73]) (2009) (PN) (~700) 2.0(v/©)
(WHWO02[72]) Prnceton+ Acoustic 2D - - MGFLD
[77] ) ) 1. (N)
OakRidge+ v-driven 2D ~300 ~0.3
[79](2009) (PN) (600)
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High resolution
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Spectral transport

Low resolution
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1D vs 2D simulations
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2D vs 3D simulations

2000 kilometers

Nordhaus et al. 2010

2D Cylindrical(Left) vs
3D Cartesian(Right)
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Neutrino transport, concept

p+e Z=n+ 1,
n+et2p+ i,

- Toward Thermal &|Beta
matter jlibrium

Trapped neutrino

= Diffusion
_Freesstr €aming neutring
|

Neutrino sphere

Heating

Transport

RadiUS —

IDSA( isotropic diffusion source approximations)
Dividing neutrino into two parts, trapped and free streaming
For v_X, simple leakage scheme

o




-

¢ (he)’
x [(l—f)/Rf’du-’—ffR(l—

Trapped Particle

Angular integration
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Energy integration
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Diffusion term

(To streamlng part)
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Neutrino transport, trapped part

f(x,y,z,E,theta,phi)
6 dimensional variable

Determined
parameter for Fermi-
Dirac distribution

by Y and Z

/[J —(j+x) f' —ZIEdE.
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4 ™
Neutrino transport, free streaming part

ar | H?_f+[u (d"‘p+ﬁ)+l](] _2) Y f(x,y,z,E, theta,phi)

cdt = " dr cdt —cr) r % 6 dimensional variable
,(dlnp 3v\ v E%
M cdt * cr)  er| T OE
=j(1—=f)—xf+ i

¢ (he)’
X [(l —f_)/Rf’du.’—ffR(] —f’)du,'jl.
Weak coupling . ,
afs _afs 1 o Of P
» (-£f+'“ 8{' +,—_(1—u") 3£ =—(j+x)f‘+2.
Angular integration is performed.
B i Anf B [dpift = [di— (j+ %) f 8

Different from the original IDSA, f(x,y,z,E)
We treat the LHS explicitly and the RHS implicitly. 4 dimensional variable

Newton Method is used for solving RHS.
\ No message passing during the iteration. /




| t=0009/ms " Result!
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Difference of Resolution

. 300x64x32 . :
Fine structure inside the shock is produced
_In high—resolutional model! y




Evolution of Shock
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Convection and Their Transport
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Large-mode and Small mode
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"Advection time vs Heating time
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Neutrino Heating
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Neutrino Luminosity [107°

Neutrino average energy [MeV)
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‘Advection timescale
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Effect of Rotation
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NAOJ-XT4 K computer
300x64x32 320x64x128 > 640x128x128
\_ 256 parallel 4096 parallel > 16,384 parallel %
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