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@ Formation of the First Stars
@ Mass of the First Stars
@ Fate of the First Stars
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Formation of the First Stars

The Cosmic Dark Age

(after recombination)
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Formation of the First Stars
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Formation of Micro-Galaxy

The First Supernova

© Discovery Channel
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First Stars and Nucleosynthesis
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Formation of the First Stars

Cosmic Dark Age

Formation of Micro-Galaxy

(after recombination)
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Formation of the First Stars

Formation and Properties
of the First Stars

No metals =» no metal cooling = more massive stars

(Bromm, Coppi, & Larson 1999, 2002; Abel, Bryan, & Norman 2000, 2002;Nakamura & Umemura 2001; O’Shea & Norman 2006)

=> typical mass scale ~100 M
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No metals =» no mass loss = end life as massive stars
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Formation of the Second Stars

Formation of the Second Stars
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Formation of the First Stars

Explosion of 30 M Pop lll Star

gas density

metal density

field of view: 93 pc proper

gas temperature

Brian O’Shea 2006 t=5.5x10%5yr  t=5.8x10%yr t=6.3x107yr
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Mass of the First Stars

What is the
IMF of the
first stars?
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The First Stars

Mass of the First Stars

What do we Mean by First Stars?

(after McKee, 2008; O’Shea, McKee, Heger, Abel 2008)

* Population Il
Stars of primordial composition
— Population lll.1
Form “independently”
Formation only determined by cosmological parameters
— Population lll.2
Formation changed by input from radiation, kinetic
feedback, cosmic rays, etc. from Population Ill.1 stars

* Polluted Stars

— Population II.5
Enrichment does not affect cooling for stars formation
Below “critical” limit ([Z] < ~ -3.5)

— “True” Population |
Enrichment affects formation and evolution
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Fate of the First Stars

What is the
fate of the
first stars?
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Fate of the First Stars

Nuclear burning stages
Burning stages 20 Mg, Star 200 Mg, Star

Main T Time T Time
Product| (10° K) (yr) (102 K) (yr)

0.02 107 0.1 2x108

Fuel

O,C 0.2 106 0.3 2x10°

Ne,
C Mg 0.8 103 1.2 10
0O, Mg 1.5 3 2.5 3x10-6

2.0 0.8 3.0 2x10-6
Fe 3.5 0.02 4.5 3x%10-7
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The First Stars

Fate of the First Stars

final mass, remnant mass (solar masses, baryonic)
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low mass stars

massive stars

pair instabilty

pulsatonal pair instabilfy

direct black hole formation

fallback

black hole

very massive stars &

Formation of the First Stars
a the First Stars
Fate of the First Stars

supermassive stars ( > 50,000 solar masses)

direct black hole formation

Ejected “metals”
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Fate of the First Stars

Reconstruction of the IMF

T
m-

primordial stars form, ejecta incorporated
nucleosynthesis ejected in low-Z halo stars

find low-Z halo stars
(HERES, SEGUE, ...)

Progenitor mass

measure abundances
(VLT, KECK, ...)

obtain IMF of population -

of progenitor stars compare abundances
to primordial star
nucleosynthesis library
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First Stars - Open Questions

The Legacy of the First Stars

* Where were the stars that we see today as UMP
halo stars really form?

* Where to find the ejecta of primordial stars and
can we see their supernovae?

* Feedback of the first stars on their environment

» Metal pollution of the early universe
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