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Core-collapse Supernova mechanism

Density |

~Nuclear density

hock wav;
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Photo-disintegration and A shock wave is generated.

electron capture reactions — propagates outward, ‘ .

remove pressure support.  making radial velocity of \ SUPERNOVA
accreting matter positive. \
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Sophisticated multi-D
CCSN simulation (1)

Mueller+
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Sophisticated multi-D . .
CCSN simulation (2) Takiwaki+ '12,'14
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Sophisticated multi-D
CCSN simulation (3)
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uieotomiend® O'Connor & Ott '11,13

1DGR

Outcome of Core Collapse (neglecting fallback, moderately-stiff EOS)
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Systematic CCSN study " 9
based on 1D simulation (2) Ug“anO"' 1 2
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Two extremes

Mueller+’12,13,14; Takiwaki+’12,14; Bruenn+’13,14
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Nakamura, Takiwaki, Kuroda, & Kotake
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Systematic CCSN study y
based on 2D self-consistent simulation! Nakam U ra+ 1 5 n
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8 solar-Z models
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$19.0 - s24.0 models (1)

Model s21 (M=21Mo) takes a longer

time to revive its shock than s22.
What determines the shock revival?

— mass accretion rate !
(dotted lines)

Compactness parameter

(O’Connor & Ott 2011)
¢ = M/ Mg
~ R(M)/1000km

It characterizes density profile
(=mass accretion rate) within the
mass coordinate M.

s21 > s20,s22

1000

800

600

400

200

average shock radius [km]

compactness parameter gy,

Average shock radii (solid lines)

shock radius

i I T II: T T “‘\I T T T I I
[ s19.0¢
L 200!

m 210 ——

[ 5220
523.0 |
$24.0

L L L L L L | L
0 200 400 600 800
time after bounce [ms]
Elscbllllll
F 3x&) —e—;
[ 3xEys —1321
L | | P |
20 25 30 35 40

ZAMS mass [M_,]

mass accretion rate [M]



$19.0 - s24.0 models (2)

1400: the time when average shock
radius arrive at 400km
(shock revival time; top-right) .

Mass accretion rate at 1=£400
(bottom-left).

average shock radius [km]

It correlated with compactness &
(well fitted by a linear line).
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e-neutrino luminosity [10™"erg/s]
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$19.0 - s24.0 models (3)

Shown are e -neutrino energy (top)
and luminosity (bottom-right).

The average energy evolves in
essentially the same manner.

Large compactness (= large mass
accretion rate) results in large
neutrino luminosity.

compactness parameter &, s

50 N L L L L L L L DL
s o..o.
i o ° o'.. ...
40 . *
B .:0 .:. :.; .‘:.”:..
» . .....' °
u ° o... ® oo ':
b e "
2.0 P T T T PR PN I TR T ST T I T
0 0.1 0.2 0.3 04

<e-neutrino energy> [MeV]

52

e-neutrino luminosity [10~"erg/s]
o)

\®]

o0

o

12

p—
S

nu luminosity

Average energies

$s19.0
A ———
s21.0 —
§s220 ——
s23.0

|

L 8240

400 600
time after bounce [s]

o 190 —
Luminosities sz(l).g —_
>¢smoothed $21.0 ——

i A $22.0 ——
s23.0

s24.0

200

)

400 600
time after bounce [s]



$19.0 - s24.0 models (4) PNS mass
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$19.0 - s24.0 models (4) PNS mass
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Compilation of CCSNe Simulations

for 101 Solar-metallicity Progenitors
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Compilation of CCSNe Simulations

for 101 Solar-metallicity Progenitors
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Metal-poor progenitors

o Solar-metallicity stars  (s) : M_zams = 10.8 - 40.0 Mo + 75.0 Mo (101 models)
o UMP (Zsun/10000) stars (u) : M_zams = 11.0 - 60.0 Mo + 75.0 Mo (247 models)
o Zero-metallicity stars  (z) : M_zams = 11.0 - 40.0 Mo ( 30 models)
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Metal-poor progenitors

o Solar-metallicity stars (s) : M_zams = 10.8 - 40.0 Mo + 75.0 Mo (101 models)
o UMP (Zsun/10000) stars (u) : M_zams = 11.0 - 60.0 Mo + 75.0 Mo (247 models)

o Zero-metallicity stars  (z) : M_zams = 11.0 - 40.0 Mo ( 30 models)
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- BEDHEEFEFHSTTS “compactness parameter”
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« CCSN as a multi-messenger
— EM/GW/neutrino signals
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