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e Introduction
e Super Asymptotic Giant Branch star
e Electron-Capture Supernovae

® Theoretical light curves of ECSNe
e Observable features
® Pulsar contribution

e Comparisons with possible ECSNe

® SN1054 (Crab SNR)
® SN2008S
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Please refer Mr. Jones’ talk, Mr.Takahashi’s poster.

Super AGB star w/ ONeMg core
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Please refer Tuesday morning session.

Electron capture supernovae

Kitaura + 06

Successful explosion in 1D!! B

Janka + 08
Wanajo + 09,13a,b
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Explosion properties
Low explosion energy
E~1.5x105°€rg

Neutron star
M;y~1.36M

1 Motivation
Let’s calculate a theoretical light curve of ECSN
based on first-principle simulations.
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Theoretical light curves
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Progenitor models

Den51ty structure HR diagram
" ONeMg core —— - | DL L
M, —20M@,Xem,( =05 —— | |
Mo =2.0M,, Xor (H)=07 —— 1
o0 | Vi OMg, XMH202 — 1 as) They locate at a
Many=30M, Xen, (H=0.5 . - tip of SAGB stars.
M =3.0M_, Xcr (H)=0.7 |
Sl Meny=4.7M, Xgn,(H)=0.2 T 486 1
0% Men=4.7M., X2 (H)=0.5 E;
T Mony=4.7M., Xor (H)=0.7 3
=, ko)
3 - -o? 44 7
2 10° g
o | 5
- 42 + 1
, SAGB star models
o . S — 8.8M.
10° rHydrostatic envelope — oM,
' . 4 — 9.5M. i
M, (_é)o 4.7M —
0.2-0.7
10_10 enV N 38 A | ] ] ]

10° 103 10* 10> 10° 107 108 107 364 362 36 358 356 350 352 35 348
Radius [km] Effective temperature log(T )



nght CUurves (adopted STELLA, Blinnikov+98,00,06)
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Bolometric LCs V-band LCs
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Observational features
-how to distinguish ECSNe from Fe-CCSNe-

e Plateau
e slightly short duration: 60-100 days (~100day)

e slightly slower photospheric velocity:
3-4x103 km s (~3-6x103 km s7)
(faint Fe-CCSNe: ~1-2x103 km s7)
e similar brightness: L~104* erg s

e Tail

e fainter: M, ,~ -11mag at the beginning (~13mag)
Luminosity drops by ~4mag.



Pulsar contribution

e ECSN is a NS-forming SN.

e Crab pulsar (Hester 2008)
e[, ~5x10¥ergs
® T ~ 700 yT
®n ~2.5
e [nitial spindown luminosity

®l ,~33x10%ergs’

The spin-down luminosity could
contribute to the LC of ECSN.

Note: however, we do not know how
efficiently the energy is deposited to the ©Chandra
envelope just after the explosion.
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Comparisons with observations




Luminosity log(L/L )
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Possible ECSNe

® SN1054 (9 Crab SNR) (Davidson + 82; Nomoto + 82)

® small ejecta mass: 4.6 =1.8M, (Fesen + 97)

® low kinetic energy: E~3x10%%erg for M =1-2M

5 T I I
4.8 |
46
44 B
SN 2008S progenitor -
4.2 |
SAGB star models
—_— 8.8M..
— OM
4L / — 9.5M. :
— 10M ..
7)
3.8 ! i

3.64 362 36 358 356 354 352 35 348

Effective temperature log(T )

1.6<He/H<8 (Davidson 73)
‘€~0.76-4 (Henry 84)

ricella+09)

ﬁk h“.;.‘ | ‘

el |
hﬁ";”j

y :
,,‘. Y ¢ -
. -
L
. *

E—



= — = = = = —_— e

) Meigetsuki (¥A R 32)
Observations of SN1054  Teika Fujiwara (%4 %)

(Pskovskii 1985; Stephenson&Green 2002)

e They are enscrolled in historiographies.

e We take 3 points with large error bars.

1. July 4, 1054 (possibly from
May 10, 1054)
as bright as Venus

Inopt ~ 3.5 to -5
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Absolute optical magnitude [mag]

Comparison with SNi1o54
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Multicolor L.Cs of SN2008S
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Analytic speculation for SN2008S

R, 2/3
3.5 x 10*3 cm)

E 5/6 T 4/3 M -1/2
x (1051 ergs) (4500 K) (10 M@)

L, (plateau) =~ 1.1 x 1042(

® Explosion energy

e E~3.5x104%Trg

K -1/3 -
X (Wzgl) ergss ', 9)
e Envelope mass ot V() )
»= 35 % 103 cm/ \ 105! ergs 4500 K
28 M 1/2 1/6
® Menv 3.4Mg X(IOMQ) (0_4C£2g_1) days, (10)

Dependence of plateau (Eastman + 94)

e Shock breakout luminosity
o] ~ 1.4X10%*erg S (eq. in Matzner & McKee 99)

® dust cavity with R__ .. ~10"km

(cf. R

cavity

cavity

~3-10x10"km for SN2008S, Botticella+o09)
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e We present first self-consistent multicolor |
light curves of ECSNe. ;

e ECSNe have |

: S ® a plateau with L ~10#* erg s and t ~ 60-100 days,
e a faint tail (luminosity drops by ~4 mag), and |

® a photospheric velocity at plateau of 3-4x103 km s™.
® Crab SNR is a remnant of ECSN SNi1o54.

® The model with 1.5 x 105° erg is too energetic
for SN2008S.




