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Population III Stars
Ionizing Photon Fluxes and Synthetic Spectra
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* Abstract

Population Ill (Pop lll) stars are theorized to be the first generation of stars formed after the Big Bang and are expected to be main drivers of cosmic reionization.
d \We study these objects using the state-of-the-art stellar atmosphere code PoWR®, Iin order to quantify their impact on their surroundings. We model the g
atmospheres of massive Pop lll (zero metallicity, Z = 0), and very low metallicity (Z = 0.0002) stars, to calculate ionizing photon fluxes and provides synthetic
M spectra. We compare our ionizing photon flux results with blackbody approximation of Pop lll stars, as well as plane parallel models, as those are typically used
B In population studies. We also assess the distinct spectral imprints of the two types of stars.
Introduction Spectral Features
e First generation of stars

* Around 100 to 400 million years after
the Big Bang

e Virtually zero metals
» Key contributors to Cosmic Reionization

UNIVERSE THROUGH TIME

Recombination occurs
380,000 years after the big bang

FIRS1 RS form 200-400
million years after the big bang

niverse forms
roughly 13.8 billion
rs

o cos ® € Aim of this work:

« Quantify the impact of Pop Il
stars via ionizing photon flux

« Comparison with a blackbody, low
metallicity star and existing literature.

« Examine distinct synthetic spectral
features
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Weak mass-loss rate;
No direct imprint of terminal
velocity

Reionization

begins when the first complete within 1 billion

ars start to shine years after the big bang

SUN forms more than 9 billion
years after the big bang
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Model Specifications
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Comparing He Il A4686 — Z=0 vs. Z=0.0002
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Chemical Composition O 8.8232e-05
* Zero metallicity (Z=0)
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Lyman edge for H
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He II

Ne II1

Lyman-Werner™*
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P Cygni wind feature; also found in hot WR
stars and O stars with X-ray emission

lonizing Photon Fluxes

Z=0 vs. Blackbody Z=0 vs. Z=0.0002 Z=0 vs. Existing Literature

Parameters for POWR Z=0.0002 model:

log L/Lg
6.103
6.3883
6.5688

SED : Blackbody vs. POWR Z=0

Blackbody
—— PoWR Z=0

—k— 7=0
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== Schaerer,02
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Mass[ M|
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log Teyy [K]

4.7919
4.815
4.8245

Terr K]
61929.8
65313.1
66757.5

Voo [Km/s]
4533.92
4970.35
5288.05

logmﬂf[ﬂj@ Jyr]
-7.26628
-7.01239
-6.8501

Parameters for POWR Z=0 model:
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Calculating the ionizing photon flux
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*Grey points represent ZAMS points from Schaerer, D., 20027

lonizing photon flux yields for POWR
Z=0 model compared to a blackbody:
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lonizing photon flux yields for POWR Z=0
compared to a plane-parallel model"

X/X\“

N

Calculating the ionizing photon flux
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lonizing photon flux yields for POWR Z=0
compared with POWR Z=0.0002:
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Q(H, He l) - in agreement
Q(Ly-W) - significantly lower (about 90%)

Q(H) - 20% lower Q(He Il) - 15-20% higher

Q(Ly-W) - 40-50% lower
\ Q(He I) -~ Comparable

b .
2 12 Ll [ 2 Kl Q(He Il) - Factor of 2 higher
4K, /B)‘ hcd/\ = drd /F)‘ hcd)\ Q(Ne IlIl) - Factor of 3 higher

B\, T) =

200 250

Mass of Star [M O ]
Q(H, Ly-W, He |) - relatively comparable

Q(He Il, Ne lll) - 3, 4 orders of magnitude higher

* Different assumption in mass-loss rate for
plane-parallel models

* Choice of tracks
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d * Investigating the nature of He Il emission feature in high redshift galaxies: stellar or nebular
» Effect of metallicity variation on ionizing photon fluxes

o Comparison with available observed spectra
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