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Cosmic Doomsdays: 
How Will It All End? 
An Guide to Freaky – but Improbable – Cosmic Doomsdays 
AN FQXI APRIL FOOL’S DAY SPECIAL REPORT 
 
by KATE BECKER 

You already know that our sun will 
eventually puff up into a red giant and in-
cinerate the Earth. You’ve seen the movie 
about killer asteroids and their extinction-
causing impacts a thousand times. Sure, 
these cosmic terrors used to chill you—
but lately, well, the thrill is gone. 

Not to worry. The universe has plenty 
of spine-tingling peril in store. So settle 
in for some new scary stories: The FQXi 
Guide to Freaky—but Improbable—
Cosmic Doomsdays. (Verrrrrry improb-
able, so no need to quit your day job.) 
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Close Encounters of the  
Black Hole Kind 
A black hole is a perverse deathtrap: 
Instead of just crushing matter into 
nothingness, as you might expect, a black 
hole actually spaghettifies it first. That is, 
should you fall in to a black hole, grav-
ity’s differential force between your head 
and toes will stretch you into long, pain-
ful ribbons until, blessed relief, you are 
ultimately ripped apart and your mole-
cules spiral into the abyss. 

Not to worry, you say, Just stay away 
from black holes. Not so fast. A wayward 
black hole could collide with Earth, ex-
acting its deadly toll on our entire 
planet. The particulars of our oblitera-
tion would depend on its size, says An-
thony Aguirre, associate professor of 
physics at UC Santa Cruz, but “some 
sort of rogue supermassive black hole” 

could take out the Earth, even the solar 
system, in one gravitational gulp.  

A smaller black hole might not swallow 
us, but it could upset the delicate orbital 
balance that keeps our planetary merry-
go-round on track around the sun, flinging 
the Earth into interstellar space. That 
might seem preferable to spaghettifica-
tion, but consider this: Without the sun  
to keep us stocked with warmth and 
energy, the remainder of our free-floating 
lives would be frigid and foodless. After a 
while, you just might wish you’d been 
made into spaghetti instead.  

Now, a planet or star could wreak the 
same havoc on the solar system, but at 
least we would see it coming. With a black 
hole, we would get a few years warning at 
best, and we literally wouldn’t see it; in-
stead, says Aguirre, the orbits of the plan-
ets would “start to get all screwy.” From 
there, scientists would infer the presence 
of a massive, invisible hazard. 

There is a third possibility: A minia-
ture black hole, small enough to wiggle 
its way inside of the Earth but too big to 
find its way out, could “swallow the 
Earth from the inside,” says Aguirre. 

Trapped in our planet, the baby black 
hole would nibble away at the Earth’s 
interior, eventually dispatching the 
whole planet. 

 
 

This would require a 
bubble of true vacuum 
to nucleate, expand and 
ultimately engulf our 
Earth, turning every-
thing here into some 
alien forms of matter. 

- Alexander Vilenkin 
on how to prove that we 

live in a false vacuum 
 
 
So, is it time to start shopping for 

black hole insurance? Supermassive black 
holes are believed to be churning away 
in the cores of many, if not all, galaxies. 
But it would take a galactic merger or 
collision to send one so wildly off-track 
that it would intercept our solar system. 
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K-T IMPACT 
A killer asteroid 
doomed the  
dinosaurs. Image 
Credit: Ron Miller, 
Black Cat Studios 
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Mid-sized black holes, like those spit 
out by supernovae, are definitely out 
there as well: Some astronomers esti-
mate that hundreds of millions of them 
might be making their way through the 
galaxy—though, as Cornell University 
researcher David Rothstein points out, 
“You kind of have to resort to magic to 
count things you can't see.”  

As for mini black holes with a taste 
for planetary entrails: They might not 
even exist. If they do, says Aguirre, we’d 
likely see them “eating stars and planets 
all over the place”—and there is no evi-
dence for that.  

So black hole insurance is probably 
premature. And anyway, neutron stars 
could do all of this too, nullifying your 
coverage. 

 
A False Vacuum Turns True 
Cosmologists pondering the accelerating 
expansion of the universe have posited 
that the vacuum of space might not be 
such a vacuum after all. Even if every 
atom is removed, they say, space retains 
an energy density that has negative pres-
sure; tug on it, and it tugs back. 
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This interpretation of “dark energy” is 

a nice fix for a cosmological quandary. 
Unfortunately, what is elegant for theo-
rists could be quite messy for our uni- 
verse, because if we’re living in a false 
vacuum, it could, one day, decay into a 
true vacuum. As Alexander Vilenkin, a 
professor at Tufts University told FQXi 
last year, “The only way to prove obser-
vationally that we live in a false vacuum 
is to observe its decay. This would re-
quire a bubble of true vacuum to nucle-
ate, expand, and ultimately engulf our 
Earth, turning everything here into some 
alien forms of matter. The bubble will 
come practically without warning, as it 
expands close to the speed of light.” 

If you could see the bubble coming, 
says Aguirre—slim chance—the bubble 
might look like “a big, blue-shifted mir-
ror.” That is, you might see a reflection 
of your own universe rushing toward 
you, distorted like a face in a bulging fun 
 

 
EARTH UNDER RED GIANT 
SUN Our sun will one day  
incinerate us. Image Credit:  
Ron Miller, Black Cat Studios 
 

house mirror. Or you might see nothing 
at all. 

In a variation on this theme, another 
universe, born from the same “parent” 
vacuum that bubbled up into our Big 
Bang, could smack in to our universe. If 
the “domain wall” between the two uni-
verses accelerates into our universe, it 
would hit us at enormous speed. Could 
we survive the shock? It would be “very 
energetic and very disruptive, but very 
brief,” says Aguirre, “The safe bet is that 
it’s catastrophic.” Which is to say, no. 

 
 
Thwacked with  
Dark Matter 
So much for deadly dark energy. But what 
about dark matter? This mysterious stuff, 
visible to us only through its gravitational 
effect on illuminated matter, is so “weakly 
interacting” that it can usually pass right 
through the Earth without knocking a 
single atom out of place.  

But if the Earth happened to run into 
a planet-sized clump of dark matter, 
even these mind-their-own-business 
particles could find themselves tangled 
up in the planet’s core. Some scientists 
hypothesize that dark matter particles 
burning their way out of the Earth could 
generate five times as much heat as the 
Earth’s core can typically muster, creat-
ing a geological pressure-cooker that 
would blow its top as a “superplume” 
and trigger deadly volcanic eruptions. 

Proponents of the “volcanogenic dark 
matter” hypothesis point out that the 
Permian extinction, approximately 250  
million years ago, was coincident with 
extensive volcanic activity, which seeded 
the atmosphere with excess carbon di-
oxide and robbed oxygen from the air 
and the seas. Whether a run-in with 
dark matter ignited those volcanoes 
remains to be proven—not that we’d 
want to give it a try. 

 
A Burst of Gamma Rays 
Gamma ray bursts are the death cries of 
exceptionally massive stars—and when 
these megastars go down, they’re poised 
to take nearby life with them. Saddled 
with so much mass that even a super-
nova isn’t explosive enough to keep 
gravity in check, these stars collapse in 
on themselves to become black holes. 
The energy from the newly formed black 
hole is converted into a tremendous  
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surge of gamma rays, releasing in a mat-
ter of seconds the same amount of en-
ergy generated by 1,000 suns over their 
entire lifetime.  

Though gamma ray bursts are rela-
tively common—they are detected, on 
average, once a day—they have always 
been some other galaxy’s problem. But if 
one went off closer to home and hap-
pened to be pointed at our planet, it 
could strip the ozone from the Earth's 
atmosphere, leaving us lethally exposed 
to solar ultraviolet radiation and induc-
ing acid rain and global cooling—“a one, 
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 two punch for life on the planet,” ac-
cording to Adrian Mellott of the Univer-
sity of Kansas, Lawrence. 

Mellott hypothesizes that our planet 
has fallen victim to a gamma ray burst at 
least one before: 440 million years ago, 
in the second most deadly extinction 
ever recorded. Indeed, according to 
some estimates, a gamma ray burst 
should go off in Earth’s neighborhood 
about once or twice every billion years. 
You might think that gives us about 500 
million years before we’re due for an-
other gamma ray-induced extinction, but 
the math doesn’t actually work this way: 
Though the average rate may be one 
gamma ray burst per billion years, 
there’s nothing to prevent two from 
going off in the same year—then two 
billion years passing before another 
blows its top. Fun! 
 
A Big Crunch, A Big Rip  
or A Little Whimper 
If the preceding scenarios have failed to 
nudge the needle on your personal 
doom-o-meter, here’s the best bet for a 
scare—if you’re willing to wait a while. 

If the universe continues to expand, as 
many cosmologists expect, it will end not 
with a Big Bang but with a Little Whim-
per. No fireworks here; in this scenario, 
the universe simply burns itself out. The 
stars slowly die; even the black holes 

evaporate away, reducing the entire uni-
verse to a lightless, lifeless ghost town. 
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Alternatively, the universe could col-

lapse back in on itself in a Big Crunch. A 
Big Crunch is an anti-Big Bang in which 
gravity compresses the universe into an 
impossibly small space called a singular-
ity. Right now, a Big Crunch seems un-
likely—cosmology leans heavily toward 
the Little Whimper—not that you’d 
want to be there for either one. 

If neither of these options sounds 
scary enough, there is a third possibility: 
A Big Rip, in which the universe is torn 
into pieces by its own vacuum energy. 
This would require vacuum energy to 
intensify as the universe expands, says 
Aguirre, resulting in a runaway accelera-
tion that stretches the fabric of space 
past the breaking point. Is there any 
evidence that vacuum energy behaves 
this way? “None whatsoever,” says 
Aguirre. “It violates pretty much every 
well regarded law of physics.”  

Sounds like a great movie, though. 
 
Is That All? 

Of course, as in any good horror flick, 
it’s the monster you can’t see that’s the 
most frightening. Telescopes have spot-
ted gamma rays bursts and inferred 
black holes; theorists have dissected the 
equations of dark energy; paleontologists 
have unearthed the fossilized remains of 
creatures for whom the end of the 
world has come and gone, perhaps be-
cause of overactive volcanoes. Yet it 
may turn out that the greatest threats to 
our planet and our universe are the ones 
we haven’t even thought of yet—the 
dangers still obscured by the limits of 
observation, theory, and the imagination.  

Although it would be hard to top spa-
ghettification. 

 
 

 

 

MAGMA OCEAN ON  
EARLY EARTH Happened 
before, could happen again – 
if dark matter gets stuck in 
the earth’s core. Image Credit:  
Ron Miller, Black Cat Studios 

 


