How big are stars?
...a tale of Super Giant Stars and Shells

v

g'f‘Birmingham’ of N>



Luminosity (Sun= 1)

SUPERGIANTS .
Pole.
star

WHITE DWARFS .

Temperature (Kelvin ) /Stellar classification

.Bettlgeuse

[ -

3000



A “globular” star-cluster = a globular cluster




A “globular” star-cluster = a globular cluster




A “globular” star-cluster = a globular cluster

Globular clusters
Galactic halo

s

»

=
Galactic bulge - -

; O, B stars
Galactic center

Galactic disk

Gas and dust
Emission nebula

Open cluster
3




A “globular” star-cluster = a globular cluster

Globular clusters
Galactic halo

N

This is our Galaxy, &
the Milky Way . o
Galactic b}ulge . -

; O, B stars
Galactic center

Galactic disk

Gas and dust
Emission nebula

Open cluster




A “globular” star-cluster = a globular cluster

Globular clusters
Galactic halo

N

This is our Galaxy, &
the Milky Way

=
Galactic bulge - -

; O, B stars
Galactic center

Galactic disk

Gas and dust
Emission nebula

Open cluster




So what do we know about GCs?




So what do we know about GCs?

* old stars, similar to
our Sun




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them

* very densely
populated




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them

* very densely
populated

* spherical —
“globular” :)




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them

* very densely
populated

* spherical —
“globular” :)

* in the Milky Way,
about 150 GCs




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them

* very densely
populated

* spherical —
“globular” :)

* in the Milky Way,
about 150 GCs

* metal-poor!
about 50 times
more metal poor
than our Sun




So what do we know about GCs?

* old stars, similar to
our Sun

* about a houndred
thousand of them

* very densely
populated

* spherical —
“globular” :)

* in the Milky Way,
about 150 GCs

* metal-poor!
about 50 times
more metal poor
than our Sun







Let’'s go home.

...okay, maybe not. Just yet. Cause...



Let’'s go home.

...okay, maybe not. Just yet. Cause...




By taking a closer look, astronomers found...



By taking a closer look, astronomers found...

1 . . 2
[ he periodic table of elements He
aioes
3 4 5 7 8 9 10
Li | Be B|C|[N|O|F]|Ne
AL e B L B e
1 12 13 14 15 16 17 18
Na | Mg Al |Si|P | S |CI|Ar
R || | T R T T
19 29 22 2 24 kal 32 34 35 36
K | Ca Sc|Ti| V|Cr Zn|Ga|Ge|As | Se| Br| Kr
37 39 40 M1 48 49 50 53 54
Rb| Sr Y | Zr [ Nb [Mo Cd|{In |Sn|Sb|Te| | | Xe
55 57-70 ™ T2 73 74 80 81 82 83 84 85 86
Cs|Ba| * [Lu|Hf | Ta| W Hg| Tl |Pb| Bi | Po| At | Rn
87 89-102 103 104 105 106 107 1 109 10 m "2 14
Fr |Ra|**| Lr | Rf [ Db | Sg | Bh | Hs | Mt (Uun|Uuu/Uub| Uuq
1223 el 631 8] 2o [0 1o e | pes [l B _pm 2894
| R e | | S e
“Lanthanide series 57 59 &0 61 62 63 64 85 66 67 €9 70
La|Ce| Pr|{Nd|Pm|Sm|Eu|Gd| Tb| Dy |Ho| Er | Tm| Yb
T R B T R e T LR
**Actinide series 89 90 9 92 93 94 95 96 97 98 29 101 102
Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk| Cf | Es|Fm|Md| No
won | zoos | s | owos | oo | o | pun | opon | omer | oor | omn | ooen | oo | oo

By LeVanHan (Own work) [GEDL (http://ur

A periédusos rendszer forrasa: https:

‘commons.wikime dia.orz/wiki/Fil

3APeriodic-table.jpz (2015-06-30)

vw.gnu.org/copyleft/fdlhtml) or CC BY-5A 3.0 (http://crestivecommons.ore/lic

2/3.0]], via Wikimedia Commons




By taking a closer look, astronomers found...

10019

Thevagen
1

The periodic table of eleme

6ot

T

ntS He

21 22 23 24
Sc|Ti| V|Cr Zn
prevl e P vt
o s o -
39 40 M 48
Y | Zr | Nb (Mo Cd
5110 kil 72 73 74 80 84 85 86
* |Lu| Hf [ Ta| W Hg Po | At | Rn
wigr | vuse | wwoss | wase | wesor | e o | oo | o | S o | o | o
89102 103 104 105 106 107 1 109 110 m 12
*%| Lr | Rf | Db | Sg | Bh | Hs | Mt |Uun|Uuu|Uub|
1269) 1261 126 1n8 1764 {26 1268 1] 2T 2
e e b R e e K Eol BTl e B B o
“Lanthanide series
La|Ce| Pr|{Nd|Pm|Sm|Eu|Gd| Tb| Dy |Ho| Er |Tm| Yb
I R L e g g e g e g T
**Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk| Cf | Es |Fm|Md| No
per | e | zowe | zon | pan | pen |"pes | e |open | ogen | G | open | ope | g

By LeVanHan (Own work) [GEDL (http://ur

A periédusos rendszer forrasa: https:

‘commons.wikime dia.orz/wiki/Fil

3APeriodic-table.jpz (2015-06-30)

vw.gnu.org/copyleft/fdlhtml) or CC BY-5A 3.0 (http://crestivecommons.ora/lic

2/3.0]], via Wikimedia Commons




By taking a closer look, astronomers found...

] e
1 L . 2
[ he periodic table of elements He
s
3 4 5 1
Li | Be B
e T |
9 20 21 22 23 24 28 29 30 3
K | Ca Sc| Ti Ni |Cu| Zn | Ga
soia | s e | ara wen | awe | e | om
37 38 39 40 4 a7 48 49
Rb | Sr Y | Zr Pd|Ag|Cd]| In
i | wp oo | ome | wom | s5us wo | i | e | we
55 56 5110 kil 72 73 74 78 ki 80 81
Cs|Ba| * |[Lu|Hf | Ta| W Pt |Au|Hg| TI
88 89102 103 104 105 106 107 1 109 110 m 12
Fr |Ra|**| Lr | Rf [ Db | Sg | Bh | Hs | Mt [Uun|Uuu/Uub|
(x4 224 1621 161 e 108 [264] 126 128 Iridll 273 2
T R e | P | | | v [
“Lanthanide series
La|Ce| Pr|{Nd|Pm|Sm|Eu|Gd| Tb| Dy |Ho| Er |Tm| Yb
R R L T B R B e B e e e e e
**Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 10 102
Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk| Cf | Es |Fm|Md| No
v | zone | v | oo | b | o |"oee | o | oo | g | oz | e | e | e

By LeVanHan (Own work) [GFDL (http://ww

A periédusos rendszer forrasa: https:

‘commons.wikime dia.orz/wiki/Fil

3APeriodic-table.jpz (2015-06-30)

w.gnu.org/copyleft/fdlhtml) or CC BY-54 3.0 (http://creativecommons.ore/lict

-53/3.0]], via Wikimedia Commons




By taking a closer look, astronomers found...

1 . . 2
The periodic table of elements He
soore
Ne
o
18
Ar
| T | O T e
21 22 23 4 25 26 28 29 30 36
| V |Cr|M Ni [Cu|Zn Kr
1
103 104 105 106 107 109 110 m 112 114
Fr |Ra|**| Lr | Rf [ Db | Sg | Bh | Hs | Mt [Uun|Uuu/Uub| Uuq
1223 1724 126) 1261 126 .2 1764 {26 EL 1] 27 L2 iz |
e e b R e e K Eol BTl e B B o
“Lanthanide series
La|Ce| Pr|Nd|Pm|Sm| Eu|Gd
AR A R N e o e
**Actinide series 89 920 91 92 95 96 97 00 101
Ac|Th|Pa| U |Np|Pu|Am|Cm| Bk | Cf | Es |[Fm|Md|No

g | zoes | zios | o | pan iy 243

151 2l 51 ]

A periddusos rendszer forrasa: https://commons.wikime dia.orz/wiki/Fil
By LeVanHan (Own work) [GFDL (http://www.gnu.org/copyleft/fdlhtml) or CCBY-54 30 (+

3APeriodic-table.jpz (2015-06-30)
53/3.0]], via Wikimedis Commons




By taking a closer look, astronomers found...

Thevagen

e
21

Sc

T
2

L

Ve
2

v

g
2

£

s

e

e

El
27

Ca

T
28

B

]
25 26

=

29

Cu

i
88

Ra

el

L
et
103

i

1o.1
[ oo

107

Bh

e

T | ety |
*Lanthanide series | 57 | % o o
La|Ce Pm
15 101
T [Tacwnem orm
**Actinide series 89 90
Ac| Th
wen | ze
A perisdusos rend
By LeVanHan (Own work]) [GFDL (http://fwww.gnu.org/copyleft/fdl.html] o




high sodium (Na) + low oxygen (O)
high aluminium (Al) + low magnesium (Mg)




high sodium (Na) + low oxygen (O)
high aluminium (Al) + low magnesium (Mg)

Antares

On{y

DO So;
S,
/77‘388/.1/@ / b[ Q /,7

Betelgeuse
al‘s

Rigel Aldebaran



high sodium (Na) + low oxygen (O)
high aluminium (Al) + low magnesium (Mg)

Antares

On{y

DO So;
S,
/77‘388/.1/@ / b[ Q /,7

Betelgeuse
al‘s

10-300 x Sun’s

A e Rigel Aldebaran mass




10-300 x Sun’s

/V F wews pigel  Aldebaran mass




Supergiant Shells forming new stars



Supergiant Shells forming new stars

External ionizing

\ radiation /

Photoionization-
confined shell

lonization
front



This is how GCs might have been born:
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Or ... rapidly rotating stars:
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Okay, this is cool. But who cares?!
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