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The Fate of Stars 

 If you recall from our discussion about 

the birth of modern astronomy, Tycho observed 

a ñbright new star in the heavensò that lasted for 

a few weeks in 1572 A.D. then faded away 

back into the darkness. Also, Chinese 

astrologers witnessed and record a similar 

event much earlier in 1054 A.D. Historical 

records are littered with many such events and 

observations, bright shiny stars appearing in the 

night time sky only to fade and disappear.  

I wonder what those ancient eyes and minds 

would have thought if they knew they were 

witnessing the cataclysmic death throes of stars ending their lives during incredibly energetic 

events. 

To begin with this subject first we must set the stage and remind ourselves of some stellar 

sizes. 

Low-Mass Stars:  

Stars like the Sun with masses less than or equal to around 8M
¼
. These stars end their lives as 

White Dwarf stars and Planetary Nebulae. We also know that the cores (the eventual white dwarf) 

can get no larger than 1.4 M
¼
. The outer regions of the stars are ñpushedò off leaving a hot glowing 

(cooling) core (like the embers in a fire) and an expanding outer gas cloud. The white dwarf is 

supported by ñelectron degeneracy pressure.ò 
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Figure 1: The death and ultimate fate of a 
star depends on its mass as a main 
sequence star. 
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Medium Mass Stars:  

Stars with a mass range between about 8M
¼
 and 25 M

¼
. These stars do not stop at Helium 

fusion. They go well beyond it. These stars go out with a super-duper bang! [Howôs that for a 

technical term?] These stars are also mostly responsible for the rest of the periodic table. The 

carbon in your bodies, the calcium in your bones, and the oxygen you breath is the product of 

these starôs lives. Without these stars and how they die, the universe would be a remarkably 

different place. 

High Mass Stars:  

Stars with masses greater than or equal to 25 M
¼
. These stars will die very violently and will 

produce one of the most interesting, intriguing, and confusing structures that science has dreamed 

up. 

The evolution of stars above 8M
¼
 is much as we have already discussed. However, whereas 

low mass stars die in a whimper and halt because the inner core is not large nor dense enough to 

fuse carbon nor oxygen, the cores of medium and high mass stars will fuse more elements. And 

the process is the same, when a fuel runs out in the stellar core, the core contracts and heats up 

while the rest of the star expands and cools down. Each time the product of the fusion becomes 

the next fusion fuel after the star readjusts itself. The stars that are able to accomplish this 

become supergiant stars after their respective red giant stages. 

 

The fusion chain:  

Medium and high mass stars during their lifetimes create heavy elements in their cores. These 

stars will successfully fuse; 

 H to He,  

 He into Carbon and Oxygen,  

 Carbon into Oxygen, Neon,  Sodium, and Magnesium, 

 Oxygen into Sulfur, Silicon, Phosphorous, Magnesium, 

 Neon into Oxygen and Magnesium 

 Magnesium into Silicon 

 Silicon into Iron!! 
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Between each new stage of core fusion reactions comes a period of a new added shell burning 

and supergiant star expansion. This means that the evolutionary tracks of these stars go through a 

number of gyrations (back and forth) on the H.R. Diagram. 

Stage 
Core Temperature  

(K) 
Core Density (kg/m3) Duration of Fusion 

Hydrogen Burning > 10  106 > 2  103 7  106 - 10  109 years 

Helium Burning > 100  106 > 4  105 > 15  105 years 

Carbon Burning 6  108 2  108 103 years 

Neon Burning 1.2  109 4  109 101 years 

Oxygen Burning 1.5  109 1  1010 > 12 months 

Silicon Burning 2.7  109 3  1010 > week 

Core Collapse 5.4  109 3  1012 > 1 second 

Core Bounce 2.3  1010 4  1015 milliseconds 

Explosion > 109 ? 10 seconds? 

 

 

 

 

 

 

 

 

 

After several such stages, the internal structure of a supergiant star resembles the structure of 

an onion, with core fusion taking place in the core of the star and successive layers of shell fusion 

taking place above it.  

 

The largest supergiant stars are thousands of times larger than our Sun, as large in diameter 

as the diameter of Jupiterôs orbit around the Sun! This is truly an incredibly large stage of medium 

and massive stars. 

 

H Shell Fusion 
He Shell Fusion 
C Shell Fusion 
Ne Shell Fusion 
O Shell Fusion 
Si Shell Fusion 

Iron Core (Fe) 

 

 

 

Red Giant Core 

Figure 2: The internal structure of a well evolved massive red giant star. 
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Figure 3: One of the brightest stars in the winter sky is called Betelgeuse, a red supergiant star 
that is in the very last stages of its stellar evolution. In fact, when this particular star ends its life it 
will be a very spectacular event as viewed from our Earthly location. It is good to remember that 
Betelguese is not bright because it is close but rather because it is so very very large. (Image: 
Courtesy of A. Dupree & NASA/STSci) 

Figure 4: Antares is a good 
example red supergiant. Antares 
is about 700 times the diameter 
of our own Sun, 15 times more 
massive, 10,000 times brighter, 
and nearly 500 light-years distant 
(close by). Antares is the 
brightest star in the constellation 
of Scorpius (The star represents 
the heart of the scorpion). 
Antares is seen surrounded by a 
nebula of gas which it has itself 
expelled as it nears the end of its 
life as a star. (Image: Courtesy 
David Malin, AAO, AATB, & 

UKS) 
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Supernova? Will it or wonõt it? 

When this mad dash of fusion arrives at producing a core of iron, what happens when silicon 

runs out? The same process that has happened at every stage begins to occur again. The Iron 

core begins to collapse under the force of gravity. The core is getting denser and hotter looking 

for another nuclear fusion process that can release enough energy to produce an outward pressure 

to halt the collapse. Unfortunately, to fuse Iron it actually takes energy rather than producing 

it, thus a star will not find iron fusion as an energy source! The core collapses very fast in on 

itself and its temperature sky-rockets to such high temperatures that copious amounts of gamma 

rays are produced. These gamma rays act to destroy a lot of the fusion work that has occurred, 

literally ripping apart atomic nuclei that the star has fused together! So begins 

photodisintegration. The gamma rays disintegrate much of the iron and other elements back into 

the more fundamental and separate protons, neutrons, and electrons as the core continues to 

collapse and get denser and smaller. 

The collapsing and contracting core gets to be so dense that the electrons (- charge) are 

forced to combine with protons (+ charge) which results in neutron creation (neutral charge); 

neutronization. This process also releases a torrent of neutrinos. So in a very short period of 

time the core becomes nearly pure neutrons collapsed down to nuclear particle densities; above 

4  1017 kg/m3. 

Again, we are at a cross-roads between stellar evolution. If the core  (the rest of the star can 

be much more) of the star at this point is less than 3M
¼
 then we arrive at a similar result that halted 

collapse in low mass stars. Neutrons do not like to be crowded into occupying the same location, 

thus when neutron runs into neutron they will start to resist the collapse. Thus, when the density of 

the core forces neutron interaction, the core becomes very stiff and rigid. The coreôs collapse 

comes to a very sudden and abrupt halt and will actually ñbounceò off of itself! This resistance and 

ñiron core bounceò is not without consequence. A tremendous shockwave of energy propagates 

throughout the star and when this energy shock reaches the less dense outer portions of the rest of 

the star a vast quantity of light it released as the outer portion of the star is entirely blown apart. 

The star has become a supernova!! 

 A supernova (on average) can release energy on the order of 1030 H bombs. Also 

remember that this final collapse and explosion are happening in seconds of time. 
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Supernova 1987A 

Ten years ago the most notable supernova of modern times was observed. On February 23, 

1987 (local date/time), the appearance of a supernova was discovered in the Large Magellanic 

Cloud (The LMC is a small irregular galaxy that is a companion to our own Milky Way). The 

supernova, because it was the first observed that year, has been named SN1987A (where "A" 

denotes "first"). In 1987, light reached Earth from a star that exploded in the nearby Large 

Magellanic Cloud, 170 thousand light years from us. 

 Progenitor star: Sanduleak -69o 202, a blue supergiant (A bit of a puzzle, but remember 

that these massive stars experience many size, surface temperature, and evolutionary 

gyrations as they die.). 

 Located very near to the Tarantula Nebula in Large Magellanic Cloud,  

 Discovered by Ian Shelton, University of Toronto, at Las Campanas Observatory, Chile.  

 

 

 

 

 

 

 

 

 

 

 

Supernova 1987a remains the closest supernova since the invention of the telescope. The 

explosion catapulted a tremendous amount of gas, light, and neutrinos into interstellar space. The 

Hubble Space Telescope turned to observe the supernova aftermath in 1994. The HST discovered 

some large strange unexpected rings whose origin is still under speculation and somewhat 

mysterious. 

Figure 5: (Left) This image shows supernova 1987a as it appeared upon discovery in the LMC. 
Notice how bright the supernova event is as compared to the surrounding stars. The arrow points 
out the region and star before it went supernova. (Right) This image is a close-up of the aftermath 
of the exploding star. The central region is the fireball burst from the supernova, The ring 
structures are swept up material from the explosive shock-waves. (Images: Courtesy of AAT & 
NASA/HST) 
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The answer may lie in the observer's perspective and an understanding of the complex 

unstable behaviors of a star about to undergo a supernova! Before the star dies it is undergoing 

huge energetic undulations that can peel away successive layers of a star and produce hourglass 

like outflows of stellar wind. [[Note: This is a large structure, the equivalent volume of our own solar 

system would be contained in only the very center most area.]]  More recent HST observations 

have uncovered something actually predicted: the expanding fireball from the exploding star. 

 

 

 

 

 

 

 

 

 

There are at least three reasons why scientists are so interested in these exploding stars and 

why ``supernova'' should be a household word for any student who cares about cosmic history and 

the origins of humanity.  

1. Astronomers today believe that a large fraction of the atoms in our bodies were once 

inside stars that became supernovae, and that they were ``launched'' into the universe 

when these stars exploded.  

2. Furthermore, we believe the explosions of supernovae have flooded the Galaxy with 

high-energy radiation that probably contributed to the radiation background that 

produces mutation and drives the evolution of life on Earth.  

3. Also, in recent years, there is intriguing evidence that the formation of our own solar 

system may well have been triggered by a nearby supernova - more than five billion 

years ago.  

Figure 6: The current structure of supernova 1987A is an 
intricate system of supernova remnant and expanding energy. 

Supernova Remnant and 
expanding fireball. 

 

 

 

Our vantage 
point view. 

Inner ring of swept up supergiant 
gas. 

 

 
Outer ring of swept 
up old stellar wind 
material. 
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The Crab Nebula 

In the Summer of 1054 A.D. Chinese astronomers (and Anasazi residents of Chaco Canyon 

also left petroglyphs) reported that a star in the constellation of Taurus suddenly became as bright 

as the full Moon (This is tremendous! It was easily visible in the daytime sky). Fading slowly, it 

remained visible for over a year. It is now understood that a spectacular supernova explosion - the 

detonation of a massive star whose remains are now visible as the Crab Nebula- was responsible 

for the apparition. The Crab Nebula Supernova Remnant is 6300 light years away. This 

supernova was so strong that had it occurred within 50 light years of Earth, all living things on the 

planet might have been destroyed. (Yes, you read that correctly.)  Western European cultures of 

the time left no record nor observation of this event, but one must remember that this "new star" 

and "change to the heavens" was not viewed as possible in the "unchangeable, immutable, and 

perfect heavens." So quite literally, this heresy was ignored. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: In 1054 AD a star exploded in a spectacular supernova 
brightly dominating the sky along with the Sun and Moon for many 
days. It left behind one of the most brilliant supernova remnants. 

(Image: Courtesy of AATB, CalTech, D. Malin, & J, Pasachoff) 
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Vela Supernova Remnant 

About 11,000 years ago in the constellation of Vela a star 

exploded. Today the Vela supernova remnant marks the 

position of a relatively close and recent explosion in our 

Galaxy. A roughly spherical, expanding shock wave can be 

seen in the images. As gas flies away from the detonated star, 

it reacts with the very sparse gas and dust present between 

stars, knocking away closely held electrons from even heavy 

elements. When the electrons recombine with these atoms, 

light in many different colors and energy bands is produced. 

We can then use spectroscopy to 

discover the chemical composition 

of supernova remnants. (Courtesy 

of UKS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: The flowing gaseous 
filaments outline the present position of 
the still-spreading blast wave from the 
detonation the supernova roughly ten 
thousand years ago. Passage of the 
shock wave heats the tenuous 
interstellar gas atoms, causing them to 
emit some visible light. (Image: 

Courtesy of ROE/AAO) 

Figure 9: Cygnus Loop of the 
Veil Nebula Supernova 
Remnant: 15,000 years ago a 
star in the constellation of 
Cygnus exploded. This picture 
shows a portion of a shock 
wave from this supernova 
explosion still expanding past 
nearby stars. The collision of 
this gaseous shock wave with a 
stationary gas cloud has heated 
the gas causing it to glow in a 
spectacular array of colors. 

(Image courtesy of STSci.). 


