
Stellar Evolution

The birth, life and death of stars



Sol (our Sun)
Distance 8.3 light minutes
Mass 1.989 × 1030 kg (1 solar mass or 1𝑀⊙)
Age 4.6 billion years
Dwarf 3 Digital Telescope





M42
Distance 1,344 light years
Radius 25 light years
SeeStar S50 Digital Telescope



Orion Constellation
Apple iPhone



Orion Constellation
Apple iPhone

Betelgeuse
Distance 650 light years
Mass 14 𝑀⊙

Would extend to asteroid belt



Orion Constellation
Apple iPhone

Bellatrix
Distance 250 light years
Mass 9 𝑀⊙



Orion Constellation
Apple iPhone

Rigel
Distance 850 light years
Mass 21 𝑀⊙



Saiph
Distance 650 light years
Mass 15 𝑀⊙

Orion Constellation
Apple iPhone



Orion’s Belt
Masses 17 𝑡𝑜 33 𝑀⊙

Orion Constellation
Apple iPhone



Orion Constellation
Apple iPhone



M42
Distance 1,344 light years
Radius 25 light years
SeeStar S50 Digital Telescope



Orion Molecular Cloud
Rogelio Bernai Andreo in October 2010



M42
Distance 1,344 light years
Radius 25 light years
SeeStar S50 Digital Telescope





Orion Molecular Cloud
Rogelio Bernai Andreo in October 2010



Perseus Molecular Cloud
NASA’s Spitzer Space Telescope









Cat’s Paw Nebula
Atacama Large Millimeter/Submillimeter Array (ALMA)



Gas Cloud

H-II

Protostar



Protostar
James Webb Space Telescope (JWST)



Eagle Nebula
Distance 6,000 light years
Radius 75 light years
Dwarf 3 Digital Telescope



Pillars of Creation 
Hubble Space Telescope







Our Sun
NASA



Gas Cloud Protostar Main Sequence Star





HR Diagram
ESO
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HR Diagram
ESO





Earth

Jupiter

The Sun

2 solar mass star

Betelgeuse

(10 to 20 solar masses)



When is a star a massive star?

Sun = 1 solar mass (1 𝑀⨀)

Massive star ≥ 8 solar masses (8 𝑀⨀)





Hydrogen

Helium Lithium Beryllium Boron

Carbon Nitrogen Oxygen

Fluorine Neon Sodium Magnesium Aluminium

Silicon

Iron

ManganeseChromiumVanadiumTitanium

ScandiumCalciumPotassiumArgon

ChlorineSulphurPhosphorus





Iron is where fusion ends.

Unlike lighter elements, fusing iron doesn't release energy

- it requires energy.

When a massive star's core turns to iron, it's doomed



Central core becomes iron



Core collapses



Collapse leads to explosion



Supernova explosion





Core collapses



Collapse leads to explosion





What does this all mean?

All elements beyond the most basic are produced by stars

Elements heavier than iron will be generated in supernova explosions

Some of the gold or silver you have with you today

possibly originated from the explosion of a massive star

Almost all the elements that make up YOU are from an extinct star



Vela Pulsar
Distance 1,000 light years
Age 11,000 years
Chandra X-Ray Observatory



M87 Black Hole
Distance 55 million light years
Event Horizon Telescope Collaboration



M87
Distance 55 million light years
FORS2 (FOcal Reducer/low dispersion Spectrograph 2) on ESO's Very Large Telescope



Andromeda Galaxy
Distance 2.5 million light years
Stars 1 trillion
Dwarf 3 digital telescope

Messier 110
Distance 2.7 million light years
Stars few billion
Dwarf 3 digital telescope



Hubble Deep Field
Distance 12.7 billion light years
Galaxies 3,000
By Robert Williams (NASA, ESA, STScI)



100 hours

over 10 days

342 exposures

12.5 hours



𝑊ℎ𝑒𝑟𝑒 𝑑𝑖𝑑 𝑖𝑡 𝑎𝑙𝑙 𝑏𝑒𝑔𝑖𝑛 … ?





The first 3 minutes

A sea of elementary particles and energy



3 to 20 minutes

First atomic nuclei



380,000 years

First atoms – space ceases to be opaque



~ 75% 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛

~25% 𝐻𝑒𝑙𝑖𝑢𝑚

t𝑟𝑎𝑐𝑒𝑠 𝑜𝑓𝐿𝑖𝑡ℎ𝑖𝑢𝑚



Cosmic Microwave Background (CMB)
Distance 13.8 billion light years
Age 380,000 years after the Big Bang
NASA / WMAP Science Team



Population III Star
Masses From 10 to 100s solar masses
Artist’s Impression



Westerlund 2
Blue/White stars are young stars
Pillars and globules are star forming regions
Surrounding clouds are ionized Hydrogen
20,000 light years away
Hubble Space telescope (25th Anniversary image)



Thank you
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  1 . 989   ×     10  30


  1  M ⊙


  14    M ⊙


  9    M ⊙


  21    M ⊙


  1 5    M ⊙


  1 7   t o   33    M ⊙


  1    M ⨀


  ≥


  8    M ⨀


  W h e r e   d i d   i t   a l l   b e g i n … ?


  ~   75 %   H y d r o g e n


  25 %   H e l i u m


  r a c e s   o f L i t h i u m

