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Transparent Wind UV INtense (TWUIN) stars

* fast rotators at low metallicity (Z=1/50 Z,)

* 10% or more stars can be effected by
Chem. Homogeneous Evolution

¢ log(L/Lg)=up to 7
* Teg=up to 80 000 K

* wind optical depth 0.05 < 7 <1 during
most of the core H burning lifetime

* 1GRB in the collapsar scenario

* photoionization!
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Do TWUIN stars exist?

|7 13

* Blue Compact Dwarf
Galaxy

Q(He I1)°bs =

° 18 Mpc — local
103% photons s™!

® SFR: 0.1-1 Mg/yr
° ionized gas + weak WR features

* low metallicity:

12+log(O/H)=7.17 .
(Kehrig+15,Crowther+06)

Z=1/50 Zg =~ 0.0002

\, J

Legrand+07, Aloisi+09, Annibali+13, Kehrig+13, Lebouteiller+13
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Post-MS phase of TWUIN stars
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Globular Clusters & Abundance Anomalies

Globular clusters
Galactic halo

*

=
Galactic bulge

Composition of most
Globular Clusters:

[Fe/H] ~-1.5...-2.0
(Gratton+04)

Gas and dust

Open cluster
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Globular Clusters & Abundance Anomalies

° extreme & intermediate pop: polluted by hot hydrogen burning
* CNO-cycle, Ne-Na and Mg-Al chains

° need: astrophysical source that can pollute the ISM

° new stars form from the polluted material (Palous+2014)
* accretion onto pre-MS low mass stars (Bastian+ 2013)

AGB stars: hot bottom burning (Ventura+2001)

fast rotating massive stars: close to break-up
(Decressin+2007)

supermassive stars (104 Mg): continuum-driven wind
(Denissenkov+2014)

massive binaries: non-conservative mass transfer
(de Mink+2009)

— New scenario...
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Evolution of low metallicity massive stars

Szécsi et al. 2015 (A&A)
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Evolution of low metallicity massive stars

log(L/Lg)

6.5

5.5

4.5

35

Szécsi et al. 2015 (A&A)

T T T

v

29400,

150 Mg

Core Hydrogen Burning
Cool Supergiants

TWUIN stars
as ionizing sources 0km/s

core H-burn
ZAMS maassss

200 km/s
350 km/s s

N 500 k{n/s -------

L L L

4.8

4.6

4.4 4.2 3.8 36

log(Tes/K)

EN



Evolution of low metallicity massive stars

log(L/Lg)

6.5

5.5

4.5

35

Szécsi et al. 2015 (A&A)

T T T

v

150 Mg

Core Hydrogen Burning
Cool Supergiants

0Mg
TWUIN stars
as ionizing sources
-
1 1 1 1
4.8 46 4.4 4.2

log(Tes/K)



New scenario:

Starforming Supergiant Shells



New scenario:

Starforming Supergiant Shells

External ionizing
radiation

/

Photoionization-
confined shell

PICO shell: Mackey+ 2014 (Nature)
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Simulating the PICO shell

Distance (1016 cm)



Simulating the PICO shell

Distance (1016 cm)

Lifetime of the shell: ~10° yr
>>
Growth timescale of grav. unstable
perturbations: ~10% yr




Compared to observations:

O — Na anticorrelation
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Compared to observations:

Mg — Al anticorrelation
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Details

Mass budget

¢ second generation IMF
only contains low-mass

stars!

° some GCs (but not all): Y~0.4
observed

RSGs as polluters * shell-stars are predicted to have
Yh=0.48

° atlow-Z, core-H burning
RSGs

° even without PICO shell:
contributing to the
general pollution of the
GC!

¢ — undilluted material explains
most extreme Y values!

® shell stability...
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Core-H-burning Supergiants in the Early GCs

1 ionizing
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B adiation

¢ early globular clusters

® PICO shell around core-H burning
cool/red supergiants

¢ grav. unstable — low-mass
starformation

® simulated composition fits the 2nd
generation stars

¢ explains abundance anomalies in
globular clusters




Core-H-burning Supergiants in the Early GCs

Szécsi et al. 2015
(A&A, vol. 581, A15)

Szécsi & Mackey & Langer 2016
(in preparation)

onizing

external !

cadiation

¢ early globular clusters

® PICO shell around core-H burning
cool/red supergiants

¢ grav. unstable — low-mass
starformation

® simulated composition fits the 2nd
generation stars

¢ explains abundance anomalies in
globular clusters




Comparison to the Geneva grids at low-Z
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Comparison to Bonn grids (0<Z<Z)
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Appendix: Mass loss
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Appendix: Mass loss
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Appendix: Mass loss
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Appendix: Mass loss
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Appendix: Surface Helium
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Appendix: Surface Nitrogen
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Appendix: Surface Nitrogen
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Appendix: Rotation
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Appendix: Rotation
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Appendix: Rotation
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Appendix: Rotation
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Appendix: Rotation
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Appendix: Rotation

1.2 T T T ' '

ATV NN T T
K wnn Mg e,
,,"";mmm LLTTIo

T
" iy,

o
[0d]
T

Vsurf/Vzams
o
[e)]
T

I sssssee 20-izw snnnns 20-|McC
s 39-jzw wann— 40-lme
== 77 -izw == 80-lmc
wem 150-izw s 150-Imce
SRR 29I4—izw 300—lmcI

o
~

o
N
T

0 0.2 0.4 0.6 0.8 1

time/‘CMS



Appendix: Rotation
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Appendix: Initial Composition
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Appendix: Photoionization
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Appendix: Photoionization
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Appendix: Photoionization
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Appendix: Photoionization
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Appendix: Photoionization
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Appendix: Photoionization
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