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PISNISIEFEIEZILEEIC K > TERT 5,

core entropy rapidly increase due to
explosive nuclear burning of oxygen.

Core collapse (40Msun)
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log Tc [K]

ON TLELARTH,

explosion mechanism:
e'e* pair creation reduces gamma < 4/3
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PISNe need very massive CO cores (~60-130 Msun),
formed in very massive stars (~150-300 Msun)
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Very massive CO cores are favored by
low metallicity environments.

This is because

1. Very massive stars would be
formed in the early universe.

k\\\\\\\\\\\\\\‘ P3 | 20 I T T T T T
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g Susa et al. 14 i
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low-mass stars massive stars ; very massive stars ,_.,&".’
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Yields of Pop III PISNe was calculated in
Umeda & Nomoto (02) and Heger & Woosley (02).

NUCLEOSYNTHESIS OF ZINC AND IRON PEAK ELEMENTS IN POPULATION III TYPE II
SUPERNOVAE: COMPARISON WITH ABUNDANCES OF VERY METAL POOR HALO STARS

HmEeyuk1l UMEDA AND KEN'ICHI NOMOTO

Research Center for the Early Universe and Department of Astronomy, School of Science, University of Tokyo, Bunkyo-ku,
Tokyo 113-0033, Japan; umeda@astron.s.u-tokyo.ac.jp, nomoto@astron.s.u-tokyo.ac.jp

Received 2001 February 28; accepted 2001 August 21

ABSTRACT

We calculate nucleosynthesis in core collapse explosions of massive Population III stars and compare
the results with abundances of metal-poor halo stars to constrain the parameters of Population III
supernovae. We focus on iron peak elements, and, in particular, we try to reproduce the large [Zn/Fe]
observed in extremely metal-poor stars. The interesting trends of the observed ratios [Zn, Co, Mn, Cr,
V/Fe] can be related to the variation of the relative mass of the complete and incomplete Si-burning
regions in supernova ejecta. We find that [Zn/Fe] is larger for deeper mass cuts, smaller neutron excess,
and larger explosion energies. The large [Zn/Fe] and [O/Fe] observed in the very metal-poor halo stars
suggest deep mixing of complete Si-burning material and a significant amount of fallback in Type II
supernovae. Furthermore, large explosion energies (Es; 2 2 for M ~ 13 M and Es; 2 20 for M 2 20
M) are required to reproduce [Zn/Fe] ~ 0.5. The observed trends of the abundance ratios among the
iron peak elements are better explained with this high-energy (“hypernova”) model than with the simple
“deep” mass cut effect because the overabundance of Ni can be avoided in the hypernova models. We

also present the yields of pair instabilit¥ supernova_explosions of M ~ 130-300 M g _stars and discuss
that the abundance features of very metal-poor stars cannot be explained by pair instability supernovae.

THE NUCLEOSYNTHETIC SIGNATURE OF POPULATION III

A. HEGER AND S. E. WOOSLEY

Department of Astronomy and Astrophysics, University of California at Santa Cruz, 477 Clark Kerr Hall, Santa Cruz, CA 95064 ;
alex@ucolick.org, woosley@ucolick.org

Received 2001 July 2; accepted 2001 November 5

ABSTRACT

Growing evidence suggests that the first generation of stars may have been quite massive (~ 100-300
M ). Could these stars have left a distinct nucleosynthetic signature? We explore the nucleosynthesis of
helium cores in the mass range My, = 64-133 Mg, correspondingmin-sequemmr

M. ABOVE My, = 133 My, without rotation and using current reaction rates, a
black hole is formed, and no nucleosynthesis is ejected. For lighter helium core masses, ~40-63 M,
violent pulsations occur, induced by the pair instability and accompanied by supernova-like mass ejec-
tion, but the star eventually produces a large iron core in hydrostatic equilibrium. It is likely that this
core, too, collapses to a black hole, thus cleanly separating the heavy-element nucleosynthesis of pair
instability supernovae from those of other masses, both above and below. Indeed, black hole formation
is a likely outcome for all Population III stars with main-sequence masses between about 25 and 140
Mo (My, =9-63 M) as well as those above 260 M. Nucleosynthesis in pair instability supernovae
varies greatly with the mass of the helium core. This core determines the maximum temperature reached
during the bounce. At the upper range of exploding core masses, a maximum of 57 M of *°Ni is pro-
duced, making these the most energetic and the brightest thermonuclear explosions in the universe. Inte-
grating over a distribution of masses, we find that pair instability supernovae produce a roughly solar
distribution of nuclei having even nuclear charge (Si, S, Ar, etc.) but are remarkably deficient in produc-
ing elements with odd nuclear charge—Na, Al, P, V, Mn, etc. This is because there is no stage of stable
post-helium burning to set the neutron excess. Also, essentially no elements heavier than zinc are pro-
duced owing to a lack of s- and r-processes. The Fe/Si ratio is quite sensitive to whether the upper
bound on the initial mass function is over 260 M or somewhere between 140 and 260 M. When the
yields of pair instability supernovae are combined with reasonable estimates of the nucleosynthesis of
Population III stars from 12 to 40 M, this distinctive pattern of deficient production of odd-Z elements
persists. Some possible strategies for testing our predictions are discussed.
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AIM of this work:

Calculate Yields of PISNe for
wide mass range
& wide metallicity range.

The grid of yields will be useful for
-SLSN light curve estimates
-Chemical evolution

log Production factor rel. to solar
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Kozyreva et al. 14
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Three stages of the calculation.

1. Stellar evolution calculation

Using stellar evolution code (KT+14).

Solve stellar evolution from MS phase up to the ignition of carbon
(~Tc=10°1K)

2. Explosion calculation

Using implicit hydrodynamical code (Yamada97/)
Onset of collapse, oxygen & silicon burning, explosion, and shock
propagation are solved

3. Yield calculation
Post process calculation with a large reaction network.
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Stellar Evolution Code |
Calculate hydrostatic and hydrodynamic structure of a star.

O Basic Equations

- mass conservation e | e
dr _ _ | O e

— e T - v ~N

dM 4_rrr2P ) Iime()'(:ur) B 5“5.‘ .:"5?5
R U NI

- hydro dynamical structure - I T

d__GM M dr 7 L

dM 41t 41r2p dt?

- energy conservation

dL ds

— H Ne
~— He Na
c Mg
-1 0 ................... N “siu
0 — “Eg"

- energy tranSPOrt 0 10 20 | 50 w |
dT _ GMT

dM  4TTrp
- composition evolution

92 = [ e + [T (S = = 6T Yo,
dt " dt - de "
dX.)

-dXiq
Tt mix M (D

[vrad or Vconv] Evolution of a rotating 40 M® first star.
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2. Explosion calculation
9, - N
Implicit hydrodynamical code (Yamada 97, Yamada+99) |
-general relativistic hydrodynamical equations
-Shock capture by Roe method
-Boltzmann solver for neutrino transport is equipped, e
but turned off in this work. N
-instead, locally determined neutrino cooling effects. T :
[ . | \ |

are installed.

-non-NSE EQOS is equipped.
-Nuclear network is newly implemented.
-Two options, coupled and decoupled with u
hydrodynamical equations. Decoupled treatment is .
used in most cases. 1
=
|
|
3 isotopes -
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casel: He stars BHEOARDBEARGE D LI RILE—%
SN REE

| | | | | |
m60,He
70 - m70,He ------- et et s e s e Rt |
m80,He --------
MOO0,He
m100,He
60 - m110,He
m120,He - - -
mT30,He - - -
50 |
=
()
— 40 }
L0
o
- ;
o y
g 90r I
o %
() If'
1 &
L po 5" |
&
R A R 'Energy Gain region
9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8

151 H18HHEH



PISN Y1 eld?r’ﬁl

casel: He stars PISN(Z O, Si, LT 2,
ZERT DDIFEVPISN (FZ1F)

50_'E|'"'|""|""|""|" | | ',,,1"_70
4 60
4 50
4 40
o)
g ()
p o
430
4 20
4 10
- T n M M T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O
60 70 80 90 100 110 120 130 1405 REME

151 H18HHEH



PISN Yieldist&

o = TEIN

casel:

He stars

HeZ2

DEHE TH&W(02) D R %

- 7

ENEDE. XYIDHEHIETIEEDRD?

350

N
o

W
(@]
IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|III.!IIIII|IIIIIIIII

\

yield / solar masses

N
o

LI

helium core mass / solar masses

Msun

explosion energy / foe

=X
BitAo

130

70
| 60
| 50
: 40
| 30
] 20

10

10° erg

151 H18HHEH



PISN Yield: Jrﬁl

|
IVIHe z=2e-3 —
I\I\/I/ICO z=2e-3 ~TX=""
He ,z=2e-4
140 | Mg 7-0e-4 _
IVIHe ,2=0
Mco z-0
120
o 100
3
=
80
60 |- - _
/"’/
o L case |l: Full evolution
| | | | |
100 150 200 250 300

ini

151 H18HHEH



PISN Yieldist&

280Msun, Z=0

_____
- o

— gl — <
Massive metal poor star D P EHE (3. 3

F & 1F € Dmetallicity (104~102 Zsun) T—HF R E L),

metallicity HYKZ L) (0.002 = 10! Zsun) &
BEBRHDOIH/NS <D

metallicity DV/\& L (Z=0) & HelREEEA D - DN\l
dredge-up(Yoon et al.2010)IC & > CTHe I 77 HHIS NS,
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case ||: Full evolution
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Massive metal poor star D P EHE (3.

[F & 1F E Dmetallicity (104~102 Zsun) T—&FH KK E L\,

PISNOFIEAE = (REEIEKE VDY)

Mini = 120 - 300 Msun (Z=0)
= 120 - 260 Msun (Z=10®-102 Zsun)

140 - 300 Msun (Z=10"! Zsun)

case ||: Full evolution
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