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Importance of Mixing & Fallback
& Aspherical Effects (Tominaga et al.)
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Poor Fit to Extremely Metal-Poor (EMP)

Stars

> High Explosion Energy
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GRB-SN Gonnection
(GRB 030329 / SN 2003dh)
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Spectra of Supernovae & Hypernovae
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Supernova — GRB Cannection -

Three GRB—SNe = all Typeﬁ‘
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Kinetic Energy (1051ergs)
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Hypernova in Prague




Hypernova in Prague
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EMP stars vs. Hypernova (E;,=10)
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UMP Star : [Fe/H] = -4.75

Hypernova model (E;,=20:1D)=»Co
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Hyper Metal-Poor Star

: > o . Fe/H-~ solar ratio / 200,000
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‘Unique abundance pattern:
e.g., high (C, Co, Zn)/Fe

HE1327-2326

MAGNUM Telescope (U, B, V)
June 23 & 25, 2004 ,




HMP stars: 1D Low E models (E;;< 1)
mixing & fallback =» low [Co/Fe]
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M=25Mg, E=7 X 10°%erg (Weak Explosion) [Fe/H]=—5.3
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Supernovae
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Jet-induced Nucleosynthesis

|/ Special relativistic

gl hydrodynamics
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cf. “Collapsar’(e.g., MacFadyen et al. 01)
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Faint Supernovae —
EMP (extremely metal-poor) Stars

Fallback Supernovae: small M(NI)
large [CNO/Fe] = CEMP

(1) Jet-like Energetic EXp
large [Zn/Fe],

(2) Weak Explosion

osion

Co/Fe], [Ti/Fe]

Mixing & Fallback



Diversity & Peculiarities of Supernovae

 Ultra-Luminous SNe (lin, lI-L, Ic)
Pair-Instability ? Core-Collapse ?

« Ultra-Faint SNe (lIn): AGB progenitors?

(Ibc): Fallback SNe ?

* |c:. GRB-SNe, Hypernovae; aspherical
* |b: Energetic (HN-like); aspherical
LBV, WR connection ?
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Pair-Instability SNe (140-300 M)
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Pair Instability SN vs EMP stars
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Pulsation of O, Si Core (80-140M)
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Evolution of the 90M Star
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Models for Luminous SNe

Core-Collapse PISN
e M (ms) = 100 Mg 270 Mg
« M (C+O core) =43 Mg 121 Mg
M (ejecta) = 39 Mg 121 Mg
e E(kin)= 3.3 E52erg /E52 erg
« M (56NI) = 6.1 Mg 9.8 Mg

e LC:rise time = 52 - 85 days 150 days
« Jet-induced Explosion
-> Aspherical Hypernova - GRB?



absolute magnitude
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(core-collapse Hypernova)
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Photospheric Velocity (SN 2007bi)
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Interaction with Dense Circumstellar Matter
(mass accreting star ?)
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HMP/CEMP/EMP Stars

Peculiar Abundance Patterns:

large
large

C/Fe]: (HMP, CEMP)

Zn/Fe], [Co/Fe],

Possible Source of Peculiarities
(1) Hypernovae (GRB-SN)
(2) Non-SN GRB (Dark Hypernovae)
(3) Faint (& Weak) Supernovae

Fallback SN (after Mixing)



Nucleosynthesis In First Supernovae

* Metal-Poor Stars : peculiar abundance patterns
Hypernova contribution (Zn, Co, TI..)

* Fallback Supernovae : = Faint Supernovae
Weak Explosion
Jet-induced Hypernovae

* Extremely Luminous Supernovae:
PISNe vs. Core-Collapse Hypernovae(GRB?)
Circumstellar Interaction ?
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