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•  Sequence of expansion/contraction 
repeats as higher and higher 
elements begin to fuse 

•  Each heavier element requires 
higher core temperatures to fuse 

High-Mass Stars (M >8 MSUN)  

•  Core structure  
keeps on building  
successive shell 
-  Like an onion 
 
•  Lighter elements  
on the outside,  
heavier ones on 
 the inside 



•  Most elements are formed via Helium Capture  
–  A helium (2 protons) nucleus is absorbed, energy is 

released 
•  The elements are created going up the periodic 

table in steps of 2 



Other Reactions 



Carbon (6), Oxygen (8), Neon (10) 
Magnesium (12)…. 



“WE ARE ALL STAR STUFF!” 

- Carl Sagan 



“We are all star-stuff”  
•  All heavy elements are created and dispersed 

through the galaxy by stars 

•  Without high mass stars, no heavy elements 

•  Our atoms were once parts of stars that died 
more than 4.6 billion years ago, whose 
remains were swept up into the solar system 
when the Sun formed 



HIGH mass stars keep creating 
elements up the period table UNTIL….    

IRON (Fe, 26 protons ) 

•  Iron does not 
release energy 
through fusion or 
fission 
–  Remember: All 

energy created by 
the loss of mass 
from the fusion or 

    the fission 
(E=mc2) 



There Is No Way Iron Can Produce Any 
Energy to Push Back Against the Crush 

of Gravity in the Star’s Core 

The star is DOOMED!!! 



What is the heaviest element that can be 
created through fusion? 

A.  Carbon 
B.  Silicon 
C.  Iron 
D.  Uranium 

Clicker Question 



What is the heaviest element that can be 
created through fusion? 

A.  Carbon 
B.  Silicon 
C.  Iron 
D.  Uranium 

Clicker Question 



No significant changes  
in luminosity 
Star travels back and forth 
 on the HR diagram 

In the most massive stars, 
changes happen so quickly  
that the outer layers do not 
have time to respond 
 

Outer layers subject 
 to strong winds 



Massive  
red giant  
or supergiant: 
 
Fierce hot 
winds and  
pulsed ejecta 

Hubble 



Wildest of all ! 
 
ETA CARINAE 
 
Supermassive 
star (150 MSUN ) 
late in life, 
giant outburst  
160 yr ago 

Violent bipolar 
ejecta + disk 
at equator 
 



Question: why do we see the glowing gas surrounding 
 the star to grow in time? 

Note: the star emitted a 
pulse of radiation some 
time ago. 



Star V838 
Monocerotis 
HST-ACS 

`Light Echo’ 
 from pulse 

Red Giant 
with 
intense 
brightening 



•  The core of a high 
mass star accumulates 
iron as the layers 
above it fuse 

•  Without any outward 
pressure, the core 
once again starts to 
contract. 

•  Electron degeneracy 
pressure supports the 
core for awhile until the 
mass of iron  gets too 
heavy (how heavy?) 



•  When mass is too large 
(>1.4Msun), core collapses and 
iron atoms get compressed into 
pure neutrons  

•  protons + electrons à neutrons 
+ neutrinos 
–  This takes less than 0.01 seconds 

•  Electron degeneracy pressure - 
GONE! 

–  Core collapses completely 

• Eventually neutron degeneracy pressure stops the 
collapse abruptly 
 
• Infalling atmosphere impacts on the core. 

• Time for a demo… 



Big and small balls Demo 

•  What do you think will happen? 

A.  The little ball will bounce up together with the 
others 

B.  The little ball will bounce higher than the others, 
but no higher than when the little ball is dropped 
alone 

C.  The little ball will bounce much higher than the 
other balls  



Supernova! 

•  The lightweight atmosphere impacts on 
the heavy core and is “bounced” off in  
a huge explosion 

•  Plus huge energy release from 
neutrinos! 

The star’s former surface zooms outward ���
    with a velocity of 10,000 km/s! 



Life and Death of High Mass Stars
(M > 8 Msun) 

Last stage: 
 
Iron core surrounded 
by shells of increasingly 
lighter elements. 
 
 

Question of the day: What Happens to the Iron Core? 



The Stellar Graveyard 



What’s In The Stellar 
Graveyard? 

•  Low-mass stars (M < 8 Msun) à white dwarfs 
–  Gravity vs. electron degeneracy pressure 

•  High mass stars  (M>8Msun but M<30-40Msun) à 
neutron stars 
–  Gravity vs. neutron degeneracy pressure 

•  Even more massive stars à black holes 
- Gravity wins 



Neutron Stars 

Neutron star over NYC 

•  Structure determined by 
gravity vs. neutron 
degeneracy pressure  

•  Radius ~ 10 km  
•  Mass less than ~ 3 MSun   

•  Made of degenerate 
neutrons 
–  More massive = smaller !! 

 
•  Crushing gravity at its 

surface, not a nice place 
to visit 

QUEENS 

BROOKLYN 

STATEN  
ISLAND 

BRONX 

MAN 



Size of a neutron star 

Mount Everest            Neutron Star

Weight of a neutron star

Pinhead of



Observing the ‘First’ Pulsar:  BIG discovery 

•  Jocelyn Bell: 
Cambridge (UK) 
graduate student in 
1967 (+Anthony 
Hewish) discovered 
pulsars by accident!  

 
•  Named it LGM-1 (Little 

Green Man)  Just 
WHAT could cause 
signal? 

1.3 sec period 



Pulsars = Rotating Neutron Stars 

Pulsars are lighthouses  
    in our Galaxy! 





 Pulsars often discovered 
in supernova remnants.  
The Crab Nebula (known 
to be supernova remnant) 
Is a well known example. 
  

The Crab pulsar also 
pulses in visual light 



Crab 
Nebula 
SNR 

infrared 

radio 

optical 

x-ray 





 
  “Sound” of Pulsars 



Synchrotron Radiation 
•  Fast electrons in 

strong magnetic 
fields à   
spiraling along 
magnetic fields 

 
•  Different shape 

(powerlaw) from 
thermal radiation: 
emits at  all 
wavelengths, 
strongest in radio 



Visible vs. X-ray emission 

•  Thermal light 
from stars à 
visible and IR 

•  Synchrotron light 
from neutron 
stars à X-ray 
and radio 

Visible light 

X-ray light 

Additional X-ray emission 
from hot surface (blackbody radiation) 



What is a pulsar? 

A.  A neutron star emitting pulses of light. 
B.  A white dwarf emitting pulses of 

hydrogen gas. 
C.  A red giant expanding and contracting 

in very short (millisecond) pulses. 
D.  A powerful gamma ray burst.  
E.  Your heart during final exams. 

Reading Clicker Question 
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When a neutron star is formed, will we 
always see a pulsar? 

A.  Yes, because due to conservation of angular 
momentum the neutron star will always be 
spinning. 

B.  Yes, neutron stars always give off pulses of 
light which we can detect with sensitive 
enough telescopes. 

C.  No, some neutron stars don’t spin. 
D.  No, it depends on the orientation of the 

neutron star’s magnetic field. 

Clicker Question 
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