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Omega Centauri 47 Tucanae



Tarantula – Large Magellanic Cloud Orion Nebula



Cosmo Field Hubble Ultra Deep Field



THE COSMIC HIERARCHY SEQUENCE – THEY ARE ALL MADE OF STARS

Structure Type Members Count Physical Diameter Range Key Characteristics

Star 1 (individual) Sun: 1.4 x 106 km The fundamental atomic factory of the universe; sustained by core 
nuclear fusion.

Star Cluster 102 – 106 stars 1 – 40 parsecs 
(3.2 - 130 light-years)

Gravitationally bound stellar families born from a single molecular cloud. 
Includes loose open clusters and dense globular clusters.

Galaxy 107 – 1012 stars 1000 – 100000+ light-years Massive isolated islands of stars, gas, dust, and dark matter. Can be 
spiral, elliptical, or irregular.

Galaxy Cluster 50 – 1000+ galaxies 1 – 5 Megaparsecs 
(3.2 – 16 million light-years)

The largest structures held together by their own gravity. Composed of 
galaxies, intense X-ray plasma, and up to 90% dark matter.



• A cloud of gas, mainly hydrogen and helium.

• The core is so hot and dense that nuclear fusion can occur.

• This is where the energy comes from that makes the stars shine.

• The fusion converts light elements into heavier ones.

• This is where all the atoms in your body have come from.

WHAT IS A STAR?



THE HERTZSPRUNG RUSSELL DIAGRAMME





THE COSMIC RECYCLING PROGRAM



WHAT IS THE UNIVERSE MADE OF WHAT ARE “WE” MADE OF 





THE COSMIC STARTER PACK (THE BIG BANG)

BTW: Astronomers call every single element heavier than Helium a "metal". 



NUCLEAR FUSION

If the star is massive enough, the core temperature increases until 

helium fusion starts (when T > 100 million Kelvin, 3 Helium nuclei can 

be fused together to produce 1 carbon nucleus) 



THE 1957 MILESTONE (THE B2FH PAPER) 



15

OTHER WAYS TO REPRESENT THE PERIODIC TABLE …

+ Be,B: CR spallation



GALACTIC ARCHEOLOGY

By using telescopes to split starlight into a barcode (spectroscopy), 
we can read exactly what elements a star is made of. 

The universe doesn't enrich itself all at once, it evolves. It takes generations of stars. 

Old stars formed early in the universe have almost no "metals" (low metallicity). 

Short-lived massive stars eject elements like Oxygen and Magnesium immediately. 

Iron takes longer because it largely relies on lower-mass binary stars.

Our Sun was born late in the game, inheriting a highly enriched cocktail of elements. 

The stars are our fossils.



WHAT INFORMATION DOES THE OBSERVED FLUX CARRY?



THE SOLAR SPECTRUM



SOME EXAMPLES OF ABSORPTION LINES
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Helium lines

Hydrogen lines (Balmer series)



THE POWER OF STELLAR ABUNDANCES

A key abundance ratio! plateaus      knees
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GCE MODELING



HOW REPRESENTATIVE IS THE MILKY WAY? 



GAIA’S REVOLUTIONARY MAPS 

Credits: 
(1) ESA/Gaia/DPAC, CC BY-SA 3.0 IGO. Ack: the image was created by A.Brown, based on an idea from S. Jordan, and with inputs from T. Roegiers, X. Luri, E. Masana, and T. Prusti.
(2) ESA/Gaia/DPAC - CC BY-SA 3.0 IGO. Acknowledgements: created by O.Creevey, M. Fouesneau, and the Gaia group at MPIA
(3) Gaia Data Release 3: Chemical cartography of the Milky Way by Gaia Collaboration et al. 2022. CC BY-SA 3.0 IGO.
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Average stellar ages

Chemical composition

Stellar motions

(3)



Ph
ot

o:
 ©

ES
A

 (S
ag

it
ta

ri
us

 c
ol

lis
io

ns
 t

ri
gg

er
 s

ta
r 

fo
rm

at
io

n 
in

 M
ilk

y 
W

ay
)



M
a
lh
a
n
+
2
0
2
1

GAIA MISSION: DECIPHERING THE FORMATION OF THE MW An intriguing story of 
passages, mergers, 

remnants



Chemical abundances help reveal nature of halo substructures: [Mg/Fe] vs [Fe/H]

Source: 

Horta+23

THE MW ACCRETION HISTORY  

Data source: APOGEE

[Mg/Fe]



WHAT COMES NEXT

Many more millions 

of stars coming soon … 

Source: Hill 2024, IAUS395

The ELT = Extremely Large Telescope



We aren't just living in the universe; 

we are a functional product of its chemical evolution.


