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The early Universe (Z≈0)

Credit: hubblesite.org



Compact Dwarf Galaxies

• Blue Compact Dwarf
Galaxy

• 60 million lightyears
→ local

• star formation rate:
0.1 M�/yr

• ionized gas

• low metallicity!
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Theoretical modelling of the stellar structure

Guilera et al. 2011

mass conservation

momentum conservation

energy conservation

transport of energy

composition change due to nuclear burning ?!
∂Xi

∂t
=

Aimu

ρ
(−Σj ,k ri ,j ,k +Σk ,l rk ,l ,i ) (13)

+ Rotation.
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Massive vs. low-mass stars

Massive stars: & 9 times the Sun (& 9 M�)

• nuclear reactions, final composition

• number of stars: massive stars are rare

• lifetime: massive stars have shorter lives

• final fate
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Low Metallicity Massive Stars

– my thesis,
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Back to I Zw 18

• Blue Compact Dwarf
Galaxy

• 60 million lightyears
→ local

• star formation rate:
0.1 M�/yr

• ionized gas

• low metallicity:
Z=1/50 Z�

I Zwicky 18

Q (HeII)obs =
1.33·1050 photons s−1

+ 9 WC stars

(Kehrig+15, Crowther+06 )

Photoionization

Legrand+07, Aloisi+09, Annibali+13, Kehrig+13, Lebouteiller+13
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Globular Clusters & Abundance Anomalies

Composition of most
Globular Clusters:

Z=1/40 Z�..1/50 Z�
(Gratton+04 )
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• fast rotating massive stars: close to break-up (Decressin+2007 )
• supermassive stars (104 M�): continuum-driven wind
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• massive binaries: non-conservative mass transfer (de Mink+2009 )

• still open question (problems with mass budget, surface helium etc.)

→ New scenario...
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Simulating the PICO shell

T ~100 K

Neutral 
wind

External ionizing 
radiation 

Ionized
wind

T ~10
4
K

Ionization
front

Photoionization-
confined shell
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Distance (1016 cm)

ρ (10-21g cm-3)
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ρ = 2·10−
16 g/cm

3

T = 50 K

Mass of the photoionization-confined (PICO) shell: ∼14 M�

Lifetime of the shell: ∼105 yr
>>

Growth timescale of grav. unstable
perturbations: ∼104 yr



Compared to observations: O – Na anticorr.
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Compared to observations: Mg – Al anticorr.
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Thank youfor yourattention!


