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Massive Star (>10M.,) Temp Burning Products
e-capture SNe (8-10M,,) [10 K] Stage
0.2 H He
1.5 He C,0O
I C Ne,Mg
15 Ne O,Mg
30 O Si
40 Si CréMn
50  NSE *°Ni

s P

Core collapse driven by
Fe photodisociation
NS/BH formation

Energy deposition




Post-shock Temperature
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::Complete Si—Bur.“ Incomplete= Si—Burning 7

Complete Si burning
Fe, a,Ni1,Zn,Co,V
Incomplete Si burning

Fe,SI1,Cr,Mn
O burning
Si




(e.g., Shigeyama & Tsujimoto 1998)
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R EDTTRMEK
[A/B] = Iog[ K/I/I:EI:; i I\l\;:ivvz EQ;] ~log(A/B).

M_(X): the ejected mass of an element X
M., (X): the swept—up mass of X (=X;,(X) x M_,)

In spherical symmetry (e.g.. Shiceyama & Tsujimoto 98),
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Hence, M, (H.He)>>M_(H.He).

For low metallicity (Mgi(metal)>>MSw(metal)),
[A/H]~Iog(MeJ.(A)7MSW(H))+con.
[A/B]~Iog(Mej(A)/Mej(B))+con.
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Metal-poor stars (EERZ Z)
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(e.g., Cayrel + 04; Honda + 04)

[Fe/H]<-5

Hyper Metal-Poor (HMP)
[Fe/HI<-4

Ultra Metal-Poor (UMP)
[Fe/H]<-3

Extremely Metal-Poor (EMP) O

[Fe/H]<-2
Very Metal—-poor (VMP)
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(e.g., Tumlinson 06)
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High [Zn/Fe] & low [Na/Fel D2 iF
—High entropy & high energy explosion—
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EMP stars (-4.2<[Fe/H]<-3.5)
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Normal SN model (25M,
M(Fe)=0.14M,
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Hypernova vs. EMP stars

EMP stars (-4.2<[Fe/H]<-3.5)
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Hypernova model (25M,, E-,=10, [O/Fe]=0.5)
M(Fe)=0.10M




Pair—-instability SNe vs. EMP stars

EMP stars (-4.2<[Fe/H]<-3.5)

C

O Ne Mg Si S Ar Ca Ti Cr Fe

PISN model (270M,,, E;;=80)
M(Fe)=10M,,

PISNe do not contribute to the abundance [/-

patterns of the EMP stars.
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Hypernovae: M_ >25M,, E>10°%ergs, M(°6Ni)~0.1-0.6M,,
Normal SNe: M_ <25M,, E~10%Tergs, M(°5Ni)~0.07M,,,

Faint SNe: M_ >20M,, E<10°Tergs, M(°®Ni)~0.001-
0.01M... (—CEMPE)



R ED[Fe/H]
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(Shigeyama & Tsujimoto 98)

(PISNe: E~10-80x10°'ergs, M(Fe)~1-30M,,)
Hypernovae: E>10°%ergs, M(Fe)~0.1-0.6M .
Normal SNe: E~10°Tergs, M(Fe)~0.07M,
Faint SNe: E<10°'ergs, M(Fe)~0.001-0.01M,
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Trends of [Zn/Fe], [Na/Fe] vs. [Fe/H]
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Kinetic Energy (1051ergs)
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Hypernova = Aspherical explosion

Gamma-—ray bursts association Hypernovae

PSP T L E S e t%ﬁ_%’k%%owﬁﬁﬂﬁﬁl

Progenitor ‘ F g 3 line profiles observed from an aspheri
e winn madal darand an tha adantation T

(massive star) Shell? 2

External

Internal shocks o]

A ; shocks ‘\ e line B

- - b - - - - 8000 AN [27:Th)
" , Rast wavelength (A
Col
I

Mazzah Kawabata .
¢ Maeda, etal. 05 .
: Maeda + 08 wd

Bows M o pru wes) winpueu 1 cw ae ol
pared with the spectra of SN 1998bw and SN 2003jd

Gamma-ray
burst

érmmﬁﬁﬁiﬁﬁzm#Wﬂﬂsﬁ“
THAEBZEZTHFEMNLEL),
(e.g., Maeda + 08) \:\

EYHZ T . Hypernoval C DA IEBR A TR EEET S,




Jet

out




[X/Fe]

Mixing—fallback model

vs. Jet=induced SN model
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High entropy environment
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