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The night-sky and beyond
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Astronomers and metal
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The early Universe (Zx0)

Credit: hubblesite.org



Compact Dwarf Galaxies

Legrand+07, Aloisi+09, Annibali+13, Kehrig+13, Lebouteiller+13



Compact Dwarf Galaxies

— G

* Blue Compact Dwarf
Galaxy

° 60 million lightyears
— local

® star formation rate:
0.1 M@/yr

® ionized gas

* low metallicity!

1Zw18 SMC

12+log(O/H)=7.17

1
7=1/50 Z,, ~ 0.0002

o
0] |

0.0002 0.0021

Legrand+07, Aloisi+09, Annibali+13, Kehrig+13, Lebouteiller+13



Globular Clusters

Globular clusters
Galactic halo\ /

*
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e O, B stars

Galactic disk ' ; Galactic center //

Gas and dust i
Emission nebula

Open cluster
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Globular Clusters

Galactic halo

*

=
Galactic bulge

Galactic disk

Gas and dust

Open cluster
3

Globular clusters

Composition of most
Globular Clusters:

Z=1/40...1/50 Zg
(Gratton+04)
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hot, dense plazma

equilibrium: pressure gradient gravity




hot, dense plazma

pressure gradient gravity




hot, dense plazma

d  What is inside?

pressure gradient gravity




hot, dense plazma

d  What is inside?

pressure gradient




Theoretical modelling of the stellar structure
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_ ® ____mass conservation ()
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\Y transport of energy (12)

Guilera et al. 2011
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composition change due to nuclear burning ?!
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a_t' = %(—Zbk rijk+ Ek,sz,l,i) (13)



Theoretical modelling of the stellar structure

or | "
_ ® ____mass conservation ()

dm,  4xrip
aP Gm,

palliymwall ___momentum conservation &Y
JL,
Lo -1 an

T Gm,T
(;Smr = _4:r4PV transport of energy (12)

Guilera et al. 2011

composition change due to nuclear burning ?!

oX;  Am
a_t' = %(—Zbk rijk+ Ek,sz,l,i) (13)

+ Rotation.



Theoretical modelling of the stellar structure

or | "
— = ed mass conservation

. ©)
am,  4nrip
apr Gm, .
T = T momentum conservation 10)
dm, 4
AT AC
Life Cycle
Red Giant
of the Sun Now F— Planetary Nebula
looooloo...
White Dwarf ...
Birth 1 2 3 4 5 ] 7 8 9 11 12 13 14
In Billions of Years (approx.) Sizes not drawn to scale
CompOSItlon Change due to nuclear Durnlng 71
aX,- A,-mu

(=X krijk +Zi ki) (13)

= p

+ Rotation.



Massive stars: > 9 times the Sun (2 9 M)
Life Cycle of a Star

= W
. L —> »
ek White
Dwarf
Red Giant Planetary Nebula

e

. ; -
\ Neutron Star
Stellar Nebula . o - N :

Massive Star

Red Supernova
Supergiant pe Black Hole

nuclear reactions, final composition
number of stars: massive stars are rare
lifetime: massive stars have shorter lives

final fate



Matching theory to observations

Surface properties! — temperature (i.e. colour) X axis
— luminosity (i.e. brightness) Y axis



Matching theory to observations

Surface properties! — temperature (i.e. colour) X axis
— luminosity (i.e. brightness) Y axis

10 T T
M5 CMD with 11 billicn year isochrone

Hertzsprung—Russell diagram (HR diagram)



Hertzsprung—Russell diagram
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Hertzsprung—Russell diagram
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Hertzsprung—Russell diagram

y (Lsun)

5.5

(i.e. optically thick winds)

Wolf-Rayet stars

Massive stars
with
solar composition
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Low Metallicity Massive Stars

Szécsi et al. 2015 (Astronomy & Astrophysics, v.581, A15)
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Transparent Wind
Ultraviolet INtense stars
(TWUIN stars)

—in the

starburst galaxy | Zwicky 18



Backto1Zw 18

— R

* Blue Compact Dwarf
Galaxy

Q(Hell)obs =
1.33-10°° photons s~ 1

* 60 million lightyears
— local

® star formation rate:
0.1 M@/yr

® jonized gas

+ 9 WC stars

(Kehrig+15, Crowther+06)
* low metallicity:

7=1/50Z,

Legrand+07, Aloisi+09, Annibali+13, Kehrig+13, Lebouteiller+13
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Photoionization in | Zw 18
A
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Photoionizationin | Zw 18

6 I

55

log(L/L)

simulated stellar population of |Zw 18
i (including post-MS phase):

TWUIN stars — Hell flux of 1Zw 18 (100 s71) v/
— number of WC stars (8-9) v

Transparent Wind Ultraviolet INtense




Photoionizationin | Zw 18

Collapsar — IGRB

—
6 I

55

log(L/L)

simulated stellar pop

(including post- long-duration Gamma-Ray Burst

(IGRB)
"angular momentum in the core is
TWUIN stars — Hell flux of | Zw 1 8 [ g e e e N R (A
formation of an accretion disc
around a rotating black hole"

— number of WC stars (8

Transparent Wind Ultraviolet INtense




Core Hydrogen Burning
Supergiants

—in the

Early Globular Clusters
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Globular Clusters & Abundance Anomalies

Globular clusters
Galactic halo

Galactic disk

Composition of most
Globular Clusters:

(Gratton+04)

Gas and dust

Open cluster




Globular Clusters & Abundance Anomalies

[Na/Fe]
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Globular Clusters & Abundance Anomalies

Mg — Al anticorrelation Globular clusters
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Globular Clusters & Abundance Anomalies

Mg — Al anticorrelation Globular clusters

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

° need: astrophysical source that can pollute the ISM

* 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)

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

— New scenario...

N waeee B




New scenario:

Starforming Supergiant Shells



New scenario:

Starforming Supergiant Shells

External ionizing

\ radiation /
Photoionization-
confine

PICO shell: Mackey+ 2014 (Nature)



Simulating the PICO shell

Distance (1016 cm)

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










—— 150 M, (T5=3.952)
—— 294 M, (T g=2.300)
—— 575M,, (T_g=0.686)

-1.5 -1










T50 M, (T5=3.952)
294 M, (T 5=2.300)
575 M, (T 5=0.686)

0 0.1

0.2 0.3
[Mg/Fe]
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Evolutionary models of low metall|C|ty massive stars.
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model spec “um of TWUIN stars — Ondrejov

app[y SG : ,e's as mput for dlnamlcal GC S|mulat|ons — ’
SporllQ Elsans e




Future plans at the Astronomicky Gstav AV CR

Evolutionary models of low metall|C|ty massive stars.
-between 9-300 Mo S

‘ :"_WIth and W|thout ragatlon

Next steps

’v'other metal poor enwronments (Green Peas galaXIes,
_metal- poor halo stars, etc. ) :

: ‘blnary Stars graV|tat|onal waves'




Future plans at the Astronomicky Gstav AV CR

Evolutionary models of low metalll
. between 9-300 Mo :

Wlth and WlthOUt rq[:atlon

.

ol

Next steps...

‘Jthe eal'ly Umve se'

£ _othe .metal- poor envn'onments (Green Peas galaXIes,
meta_}ypoor halo stars, etc. ) G :

: ‘blnary stars... grawta_tlonal waves!




