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Supernova Nucleosynthesis
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Long Gamma-Ray Bursts --- Hypernovae 7?7

Short Gamma-Ray Bursts --- Kilonovae ??



Yields from Core-Collapse SNe
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Yields from Core Collapse Supernovae
In Metal-Poor Environment

* Comparison with Extremely Metal-Poor Stars

= Yield from an individua
[environment with much

SN
ess contamination
ess mixing]

- Yields of unusually faint & luminious SNe

* First Stars, First SNe?



Metal Poor Stars

Mega Metal Poor (MMP): Fe/H] < -6
Hyper Metal Poor (HMP): Fe/H] < -5
Ultra Metal Poor (UMP): Fe/H] < -4
Extremely Metal Poor(EMP) : [Fe/H] < -3
Very Metal Poor (VMP): ~e/H] < -2
Metal Poor (MP) : Fe/H] < -1
Solar: Fe/H]~0
Super Metal Rich(SMR): Fe/H] > +0.5

[Fe/H]=log(Fe/H)-log(Fe/H)q
(Beers & Christlieb 2005)



VMP Stars vs. Normal SN Il (10 - 50 M,,)

(-2.7 < [Fe/H] < -2.0) (Salpeter IMF)

[X/Fe]

Y, = 0.5001 — 0.4997
Z=0, IMF integration, Mass Range: 10—-50M,

He Be C O Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn _
2.7 < [Fe/H] < -2.0 (Cayrel et al. 2004) -
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EMP Stars vs. Normal SN I (E<,=1)
(-4.2 < [Fe/H] < -3.5)

15M,, 72=0, B ,—1, ®Ni=0.07 (Poor fit)

- He Be C 0 Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn -
: -4.2 < [Fe/H] < -3.5 (Cayrel et al. 2004) -
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CEMP-no Star (nomral + fallback SN)

(Poor fit)
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Hyper Metal-Poor (HMP) Stars
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GRB-Supernovae
SNe Ic
SN GRB
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GRB-SN Connection

(GRB 030329 / SN 2003dh)

i GRB030329/SN2003dh
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Spectra of Supernovae & Hypernovae

Ic: no H,
] no strong He,
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CO Star Models for SNe Ic
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>6Co-decay
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Bolometric Magnitude
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Hypernova — GRB Cannection -

Three GRB—SNe = all Type?c'
L
. (~10 X normal SN)

Large M. — ; SNe
L
-
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080425 | 1998bw |  14° 40 300 f g
030329 | 2003dh | 11+ | 35 40 0.35
031203 | 2003w | . 16 45 60 | 055




Hypernova in Prague




SNe [M,.-E relation]
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Type Ibc SNe:
Bipolar Explosion

Flux {arbitrary units)

6000 6300 6600
Rest wavelength (A)

S6Fa 1998bw
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Flux (arbitrary units)
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Maeda et al. (2002, 2005)




Mixing & Fallback Supernova

=» Carbon Enhanced Metal Poor - M/
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SN-GRB Connection

GRB-HN Magnetar Non-SN GRB
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HypemOVfi (1) M(Complete Si-burning) /
Nucleosynthesis (Zn, Co)lFe /
(Mn, Cr)/Fe \|

E~10%lerg —  E/10%2erg
Fe/(O, Si)) /"

Complete (2) More o - riché= entropy/
Si-burning Zn/Fe / <:| BAG e

Colm‘;ar?
Magnpetar':? Ti/Fe /
Low energy High energy

56N, o, 4Zn, Ti

Jet + Fallback (3) More O burns
~ Mixing & Fallback (si,s,cajo /
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EMP Stars vs. Normal SN I (E<,=1)
(-4.2 < [Fe/H] < -3.5)

15M,, 72=0, B ,—1, ®Ni=0.07 (Poor fit)

- He Be C 0 Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn -
: -4.2 < [Fe/H] < -3.5 (Cayrel et al. 2004) -
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[X/Fe]

EMP stars vs. Hypernova (E-,=10)

(-4.2 < [Fe/H] < -3.5) (better fit)

Y, = 0.5001 — 0.4997
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CEMP-no-s Star (Hypernova with fallback)

(better fit)
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UMP Star : [Fe/H] =-4.75
Hypernova model (E;,=20:1D)=>»Co
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'C3O0fiNe Mg Si' S Ar Ca Ti Cr Fe Ni Zn :
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Mega Metal-Poor Star : [Fe/H] <-7.1
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First stars --Metal-poor stars -- GRB
connection

Hypernovae with relativistic jets

M_. ~ 20 — 130 Mg,

GRBs Metal-Poor stars
Y GRB-HNe EMP stars
E.de
" No-SN GRBs SMP stars

Smaller HMP stars



Hypernova Nucleosynthesis

e Central Engine ??
Outflow from Disk ? (MmcLaughiin +)
Magnetar ?

Materials in Jets: Ye ?
r-process elements ?
Correlation with
Fe-peak elements
(Zn, Co) ?
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