
 

How quickly does a supernova happen?

April 10 2015, by Fraser Cain
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Core-collapse supernova explosion expelling nearly-spherical debris shell.
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CREDIT: Bill Saxton, NRAO/AUI/NSF

When a massive star reaches the end of its life, it can explode as a
supernova. How quickly does this process happen?

Our sun will die a slow sad death, billions of years from now when it
runs out of magic sunjuice. Sure, it'll be a dramatic red giant for a bit,
but then it'll settle down as a white dwarf. Build a picket fence, relax on
the porch with some refreshing sunjuice lemonade. Gently drifting into
its twilight years, and slowly cooling down until it becomes the
background temperature of the Universe.

If our sun had less mass, it would suffer an even slower fate. So then,
unsurprisingly, if it had more mass it would die more quickly. In fact, 
stars with several times the mass of our sun will die as a supernova,
exploding in an instant. Often we talk about things that take billions of
years to happen on the Guide to Space. So what about a supernova? Any
guesses on how fast that happens?

There are actually several different kinds of supernovae out there, and
they have different mechanisms and different durations. But I'm going to
focus on a core collapse supernova, the "regular unleaded" of
supernovae. Stars between 8 and about 50 times the mass of the sun
exhaust the hydrogen fuel in their cores quickly, in few short million
years.

Just like our sun, they convert hydrogen into helium through fusion,
releasing a tremendous amounts of energy which pushes against the star's
gravity trying to collapse in on itself. Once the massive star runs out of
hydrogen in its core, it switches to helium, then carbon, then neon, all
the way up the periodic table of elements until it reaches iron. The
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problem is that iron doesn't produce energy through the fusion process,
so there's nothing holding back the mass of the star from collapsing
inward.

… and boom, supernova.

The outer edges of the core collapse inward at 70,000 meters per second,
about 23% the speed of light. In just a quarter of a second, infalling
material bounces off the iron core of the star, creating a shockwave of
matter propagating outward. This shockwave can take a couple of hours
to reach the surface.

As the wave passes through, it creates exotic new elements the original
star could never form in its core. And this is where we get all get rich.
All gold, silver, platinum, uranium and anything higher than iron on the
periodic table of elements are created here. A supernova will then take a
few months to reach its brightest point, potentially putting out as much
energy as the rest of its galaxy combined.
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SN 1987A, an example of a Type II-P Supernova

Supernova 1987A, named to commemorate the induction of the first
woman into the Rock and Roll Hall of Fame, the amazing Aretha
Franklin. Well, actually, that's not true, it was the first supernova we saw
in 1987. But we should really name supernovae after things like that.
Still, 1987A went off relatively nearby, and took 85 days to reach its
peak brightness. Slowly declining over the next 2 years. Powerful
telescopes like the Hubble Space Telescope can still see the shockwave
expanding in space, decades later.
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Our "regular flavor" core collapse supernova is just one type of
exploding star. The type 1a supernovae are created when a white dwarf
star sucks material off a binary partner like a gigantic parasitic twin,
until it reaches 1.4 times the mass of the sun, and then it explodes. In
just a few days, these supernovae peak and fade much more rapidly than
our core collapse friends.

  
 

  

Evolution of a Type Ia supernova. Credit: NASA/CXC/M. Weiss

So, how long does a supernova take to explode? A few million years for
the star to die, less than a quarter of a second for its core to collapse, a
few hours for the shockwave to reach the surface of the star, a few
months to brighten, and then just few years to fade away.

Source: Universe Today
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