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* Success of simulations

detailed v interactions and transfer (2000~)
hydro: 2D (2006~) and 3D (2012~)

multi-D GR+v transfer (2010~)

6D Boltzmann solver (2012~)

* Success of explosion

driven by neutrino heating (delayed exp.)

. . . Takiwaki, Kotake, Suwa (2016 )
multiple groups have obtained explosions

multi-D effects amplify neutrino heating efficiency

02/12/2016 HEHE KX @B I RILF—KAEHAEE2016




U -MINCreasingrurmocriorn COUeS

Xgrid-based codes only, not completed Onlyihesimulationsinerelcanudge
thelneutrinesdriveniexplosion
imension : : . o
D ensio % Blondin+, 07 ¢ Iwakami+, 08 ® Takiwaki, Kotake, & Suwa, 12
3D ® Mikami+, 08 n Scheidegger+, 08 7 Hanke+, 13
% Fernandez+, 10 L Nordhaus+, 10 L Lentz+, 15
QE J—— ..
== Endeve+, 10 & Hanke+, 12 ol Miiller, 15
. LE couch, 13 :
: % Handy+, 14 :
2D e o o o .. [ ] .Ya.m.ad.a.&§a.to‘9.4-. e 6 6 o o o .;. .KQOt?k.e-I-.’ 003. ® 6 6 6 o o o o o %.Bu.rr?ws+’ 06
(aX|a|'Sym-) i Blondin & Mezzacappa, 03 @ Ohnishi+, 06 = Buras+, 06
B8  Obergaulinger+, 06 % Murphy+, 08 %Ottﬁ 08
® Takiwaki+, 09 ® Suwa+, 10
- -MUIIer+,12

7 6 7 Sekiguchi+, 11

% Bruenn+, 13
,‘? Obergaulinger+,14

“Pan+, 16
L o

‘Connor+, 15

1D
(spherical-sym.)

B Rampp & Janka, 00

n Liebendorfer+, 01
L Thompson+, 03

@ Sumiyoshi+, 05

L O'Connor+, 13
—e—

Adiabatic cooling only Spectral transport
or .
flags are taken from http://icondrawer.com/flag-icons.php heat bv hand Neutrino Treatment
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http://icondrawer.com/flag-icons.php

V- ILXPIOSIONAEXPIOSIONAArd EXpiosion

02/12/2016 HEHE KX @B I RILF—KAEHAEE2016



02/12/2016

HEHE KX @B I RILF—KAEHAEE2016

5 /22



&
=5,
2
=
s
S
—
Y,
Q
S
=
%)

100 150
Time after bounce [ms]

02/12/2016 HEHE KX @B I RILF—KAEHAEE2016



Summa+ 1

o
—

Nickel Mass (solar)

Hamuy+ 03 .

10 00 01 02 03 04 05 06

Ener foe
gy (foe) time after bounce [s]

s12 Suwa+ 1
s15

s20
s30
s40
s50
s55
s&80
s100

-

Diagnostic energy [1050 er]

IIJlIIll_IAJ

600 800 1000 1200

Time after bounce [ms]

02/12/2016 HEHE KX @B I RILF—KAEHAEE2016



Suwa-+ in prep.

o
—

—~
[
&
®)
n
~
n
7]
©
=
©
i
=
Z.

Hamuy+ 03

Energy (foe)

0.01
0.1 1 10

Growth rate of explosion energy (1037 erg s1)

T>5x10°K

rsh<3700km
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& What should we do next?

More detailed simulations

accumulating 10% effects?

Looking for missing physics

importing something from other communities?

Reconsidering initial value problem

how reliable progenitor models?



9 Jnitial conditionmnay solve prooient
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o _PUPETTIOVASImuldtionis aiminitiai value provieri

stellar evolutionary calculations

p(r), T(l’), Ye(l"), Vr(l")

Time integration

" Hydrodynamic Neutrino Boltzmann I'
equations ’ equation
oy TP R AT z: e
p?—-VP - pVO, \r_ + [,4 (lcl:;’p :‘ (., a'
‘:L'+v [(e* + P)v] = —pv- VD + Qf, =j(l=f)=xf+ u)
) < [a-n [ rrac -7 [r0-r)ac].
A® =4xGp,

500 400 300 200 100 O 100 2

r [km) r|

Suwa+ 2010 (2D) '
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Takiwaki, Kotake, Suwa 2016 (3D)




- Anitdail condaitiorraeperiaerncesior siV sSimuaiation:

2D-hydro+v transfer 1D-hydro+approx. v treatment

SO————7 1 T 1 7] 1000 T T T Outcome of Core Collapse (neglecting fallback, moderately-stiff EOS)
[ —— gig:ygg; 1 — s11.0 — PD D Explosion at &5 < 0.45 . BH Formation at {5 2> 0.45 BH
[ B20-WHO07 ] — 5s15.0 - 1D Metallicity Fraction
400 B25-WHO7 1 — s21.0 — 2D S
_ I === 1D i 800 | . i WHWO02 zero S13%
E_t » = — 270 WHW02 10~ sol <15%
5300% / ] E solar ~
= X LCO6B  solar | | ~ 0%
v | n 600} . 5
= 200 B 110 3 LCO6A  solar | . -
Sl eI | T 0
2 s - g WHWO02  solar l l l S 1%
1001~ ] Aé 400} T WHO07 solar l [ - l S 4%
] g 20 40 60 80 100 120
T (RS (N R @ ’ ZAMS Mass [M.]
Time after Bounce [ms] 2001 __‘_,.____/:‘\\\ 7] y
Bruenn+ 2013 = T I T O’Connor & Ott (2011), > 100 models
4 mOdeIS 0 ! ! ! ZAMS MOSS [M@]
0.0 0.1 0.2 0.3 0.4
Time (s) 10 1 D) 20 25 30 35 40
2'O [ T 7 L L L L B L L |
Pan+ 2016 : W w1 |
1000 : 10 6 models -
] L ’| 5 ]
g 800 - ] 0.8 T: Eﬁ . i
F 1 = © [
S 600 H06 & =
o 1z ‘© 1.0 ]
] 1 =] —
G400 H04 & —
2 ] g
< 200 :— —: 02 E LI_I(D O '5 _
ol ——-—ow  Nakamura+ 2015 i
378 models 0.01 -
Ugliano+ 2012, 101 models
L
400 . — = 25} a) :
350 |- 4 F | 5 920 _ _
300 |- 1t . 2 . _f % . :
20 17 1 = oF i M o E
= 200 1T A sw 6 52667 ER S gl VL L5 o E
& 150 | {1+ 2701 0.5 b wime . e
Vo 202 527.0 N S o ]
100 -/ 7 ‘/ W 21.6 $28.0 7 0,0 F—————vt ﬂﬁ“ : "f“’ —— :#:.: ——
50 |- 1r s22.4 1 10 15 20 25 30
0 l l l l l l l l l l i i i i i MZAMS I:MQ]

Summa+ 2016, 18 models Miiller+ 2016, 2120 models
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V- UNCENLAntucS N stchar cvordtionary cdicuiations

Suwa+, ApJ (2016) Sukhbold & Woosley (2014)
. Nomoto & Hashimoto (1988) o | - ZAMS Mass [M_]
- . 15 20 25 30
- Woosley, Heger, Weaver (2002) | 5¢ oo i
Limongi & Chieffi (2006)
= Woosley & Heger (2007) -] 0.4 s
2 N P . 0.3 E
s [ ,7 ] Lok
& -/ | 0.2 F
1 ////’//fiﬁif//M- Oﬂé B B
, | ltff:O'Ols NB|) a||MZA1\|/[s=15Mo o0k A 5
/ 0> : = : >*1a  different splaciakresolution
Mass [M, ] 0.25¢ 1 F
Different codes lead to different structure ] S
0.15F ;
0,10E . . . ] [ . . ]
171 17.2 17.3 174 17.520.1 20.2 20.3 20.4 20.5
>0 different timezeesolution -
0.25¢ ] — 7
020f _~——7"~_ 7
. . . o015 — \\-f
Even with the same code, different (timeor .., | v ;
Space) resolutions Iead to different Structure 171 17,2 17.3 17.4 17.520.1 20.2 20.3 20.4 20.5
¢ M/Ms  “Compactness parameter”
M p—

/1000 km O’Connor & Ott (2011)
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what we want!

—
o
U
—

1030

current stellar evolutionary model ???

TOA9 ------mmmmmmmm e e e

diagnostic explosion energy (erg)

“key parameter”
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new approach

Q1. what is the better ini ondition for explosion?

stellar structure

Q2. is it possible to uce such structure?
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v-rarametricanital conditiors
[Suwa & Miiller, MNRAS, 460, 2664 (2016)]

SY original idea is given by Baron & Cooperstein (1990)
, Le
A

Ye4
S5

YeS’
\Y,

YQC

> M

M M> Ms My Ms

M;: the edge of the final convection in the radiative core
M: the inner edge of the convection zone in the iron core
M;: the NSE core

M the iron core mass

M:: the base of the silicon/oxygen shell
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- Ararreiricaniudi Coraitioris
[Suwa & Miiller, MNRAS, 460, 2664 (2016)]

r P(p, S, Ye) 1011 T T T T T T T I T T T T | ?
— 1010 — E
e SR o
r T n 3
" g 108 3 -
M u é 10’ e §11.2 = 5
ro_ 2 %) 6 [ WHWO02-s11.2-g0.99 3
TP = 0 WHWO02s11.2-60.975 ——
107 F WHWO2—s|11.2—gO.95 —
~ 2.0 L o e A M R — =
= 15[ -
= : A :
_ —M -
2 10 ¢ — S ———— e Y/ 4 4 =
< B .
Qﬁ 05 B 1 L L L | 1 1 l l | L I | | | -
0.0 0.5 1.0 1.5
Mass [M; ]
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V- ydrodyriartics simaiations

[Suwa & Miiller, MNRAS, 460, 2664 (2016)]

https://physik.unibas.ch/~liebend/download/

Agile-IDSA: 1D/GR/neutrino-radiation hydro code, publicly available

02/12/2016
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- drarricter yegimc ocyord eVOiutioniyriogcils
[Suwa & Miiller, MNRAS, 460, 2664 (2016)]

Model Se Sq So Sk Yec Y3 Pe
[k /baryon] (1019 g cm 3]
BCO1 0.5 0.63 1.6 4.0 0.415 0.46 2.0
BCO02 0.4 0.63 1.6 4.0 0.415 0.46 2.0
BC03 0.6 0.63 1.6 4.0 0.415 0.46 2.0
BC04 0.5 0.53 1.6 4.0 0.415 0.46 2.0
BCO05 0.5 0.73 1.6 4.0 0.415 0.46 2.0
BC06 0.5 0.63 1.5 4.0 0.415 0.46 2.0
BCO7 0.5 0.63 1.7 4.0 0.415 0.46 2.0
BCO08 0.5 0.63 1.6 3.0 0.415 0.46 2.0
BC09 0.5 0.63 1.6 6.0 0.415 0.46 2.0
BC10 0.5 0.63 1.6 4.0 0.411 0.46 2.0
BC11 0.5 0.63 1.6 4.0 0.425 0.46 2.0
BC12 0.5 0.63 1.6 4.0 0.415 0.452 2.0
BC13 0.5 0.63 1.6 4.0 0.415 0.47 2.0
BC14 0.5 0.63 1.6 4.0 0.415 0.46 1.0
BC15 0.5 0.63 1.6 4.0 0.415 0.46 3.0
BC16 0.4 0.73 1.6 4.0 0.415 0.46 2.0
BC17 0.4 0.63 1.7 4.0 0.415 0.46 2.0
BC18 0.4 0.63 1.6 6.0 0.415 0.46 2.0
BC19 0.4 0.63 1.6 4.0 0.425 0.46 2.0
BC20 0.4 0.63 1.6 4.0 0.415 0.47 2.0
BC21 0.4 0.63 1.6 4.0 0.415 0.46 1.0
BC22 0.4 0.63 1.6 4.0 0.415 0.46 3.0
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- WETSIty Structares
[Suwa & Miller, MNRAS, 460, 2664 (2016)]

S]‘]‘I.2 T T LI III§

Density (g cm'3)
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10 100 1000 10000

Radius (km)
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- IEXPIOSIONS TN D
[Suwa & Miller, MNRAS, 460, 2664 (2016)]
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* Dark side

* insufficient explosion energy and >°Ni mass
% 2D>1D, but 3D<2D (probably)

* |nitial condition may solve problem

02/12/2016 HEHE KX @B I RILF—KAEHAEE2016



