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Two topics in the Post-K era

“A” self-consistent 3D model

Gray-transport simulation

~ 35Q years old N
Delaney et aI (2010)

Hydrodynamic model:
\ Mixing, RT, RM instabilities

\os‘o“)

(,.._ BSpb 7.5 e7 km
Wongwathanarat et al. (2012) (mln — day)

Wongwathanarat et al. (2014)

Takiwaki, KK, Suwa (2014,2012 ApJ) |
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(4D with approximate transport)

Project L: B1E! 935 B %18 A Tself-consistent® T )L CREFfEIE L
(FRROETEE R D~101Z) = FAILLE - REEMEDIER

Project F: ZJLRILYT 2 EHE (6D problem)
TAY(ZavINEETH? = BEMDER




I Project F: ZJLIRIL YU EHE (6D problem) T avyohERZT S0 = FEIEDIER I

AoNn— REEH (ED) . 8 LG (BFER) . 25 XNGEESE), ILBE— (BFEA)
MEEX (KEK)., §EBE(RIERKX)

‘ R THORFR(Z N2) : Golden code (6D full Boltzmann) ® 1 pX, ‘

of L, O ) /1 L% COoS ¢, o Full Boltzman
g f_;‘_l, ,t;].,."ifl{—umh*f}
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sin® e, 81 ) ol

iR #2818

(Advection Term) (Collision Term)

V20128 0—RERRIRT
Sumiyoshi & Yamada (2012)

B DOREKE ) 15 M, model
v 20144 EE5TT AMET Sumiyoshi et al. (2014) | 10 Full-Boltzmann

v 20154 B FRS SalL—a T AMRT =
Nagakura et al. (2015)\» 9
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‘2D explosions”

L ¥ transport (Suwa et al. (2009,10,12,13),PASJ,ApJ
- see KK et al. (2012), PTEP for review)

Progenitor Caroup Mechanism L¥imm.

mass metallicity

(solar masses) solar 10~ solar primordial
10.8 242 kBvte --- ---
11.0 249 kBvte 245 kBvte 244 kBvte
11.2 242 kByte 247 kByte
11.4 225 kBvte 245 kBvyte
11.6 224 kBvte 247 kBvte
11.8 237 kBvte 246 kBvte
12.0 234 kBvte 245 kBvte
12.2 236 kByte 250 kBvte
12.4 237 kByte 251 kByte
12.6 233 kBy 247 kByte

Big breakthrough :

v Success of the neutrino
mechanism: (shock-revival)
for 8.8 to 27 M, stars
in 2D self- consistent
simulations !

~ 40 successful 2D models

But still,
The neutrino mechanism:

Unexplored >90 %

12.8 234 kBx 247 kBvte

13.0 228 kB 246 kBvte

13.2 232 kB 242 kByte

13.4 234 kB 240 kByte

13.6 232 kB 241 kByte

13.8 233 kB 243 kByte
14.0 234 kB 244 kByte 241 kByte
14.2 From$0i8:ito 75 M_ .-star

sun

14.4 235kBvte  Morethan=300 models

14.6 20kBvie  (Wogsléy'Heger, Weaver
14.8 236 kBvte o n g 2fa i

Crak Hidge 2 ~ L7 "HERT MGELD
[ 3009 AEi 1, (M)

Systematic study needed.
Self-consistent (in 2D, firstly) sim.

to gain a “landscape view” of

explosion dynamics !




Recent trend : 2D Landscape simulations
Nakamura et al. (2014)




Recent trend : 2D Landscape simulations
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v “Progenitor mass” is a good diagnostics for explosion.

/ Key : “Compactness: M, . /Rcore”|

More Compact = Stronger gravity due to PNS = higher accretion neutrino luminosity

= helpful for shock-revival = (Diagnostic) Explosion energy higher
v Core-Collapse SN problem = Initial value problem ! = Multiple progenitor studies needed!




Observation (2D models)

(“Cautions”: “2D” with unsaturated “My; ” and “E,,,”)

Light-curve : Tanaka et al. (2009)

~ Bruenn et al. (2014) |
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ZAMS Progenitor Mass [M_]

Pre-supernova image : S

|
NS | BH

LI IR L L B AL B
Nakamura et al. (2014)

/M

Mickel Mass
Nickel Mass [Msun]

1/ Lend support to the validity of the neutrino-driven mechanism !

ZAMS Mass | Msun|




Project L: 458 A5 2 T3D self-consistentET L CREFREIHEIL = SRS - RETEE AR I

AoN— BB IR, AKX (TR BFH(REX) . REME N—EIILK).
EH B(REX), FSANCEESE). §EBEGERRXK), #3H K X(KEK)
RIVFAyEOry—@iT BREERE (RXE),imUFAX (KERHX)  EREEFEON—2Z7F

TH#X)
Takiwaki et al. (2014), ApJ
v/ 3D vs 2D
HDBR(ZD1) 1D:384 11.2M,,, star

2D:384x128
3D:384x064x128
3D:384x128x256

(Mesh# N N, N
- " Thé highéns)t resolution
(as of today)
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v’ 3D explosions are weaker than 2D explosions (Hanke et al. (2014): 27 M,
however, Nelson et al. (2015):9.6 M.,,) = Systematic 3D modeling needed !!

v Encouraging... Find possible ingredients to boost explosions !




Tpb(Mms)=8.59512
7.5 10. 12. 15. 18.

3D GR simulations with

Neutrino Transport;
roda, Takiwaki, KK
in prep

400km



- ' - . . ’
SN 20xx ! in the GalacCtic centers End;to-End Bridging Simulations
. .° h » S .
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Absolute R-band magnitude

Self-Consistent CCSN Simulations

Self-con5|stent Shock-breakout

Hammer et al. (2011) ~ 350 years old
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Project F: % = 8932 ¢
3% : 3D full Boltzmann + SR/post-Newton hydro simulation

BB TN —T2ENICEE
T—W:Za— b M) ) AH=RLORE
7T —< L RBETIVEM SR RBMLE5003 V1 €TV

CAGRENTEEL! Feedbacks | BRBICHET L.

IO MBDHE \ /

2. Project L: & 40432 %
1% : 3D approximate transport (IDSA, M1) + GR simulation
LRI AT — T T, RALE R PR
T K&EMIE, =2 — )/ eBBEO BRI EIE
7 — < : Systematics (HL.2, M 2 B/ KRG 1, 8% - #g,
EOS, 24 7 o MEoME) +E~5.




