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  To the physicists who found light in the study of darkness.







  
    
      “Black holes may be entrances to Wonderlands.”


    

    
      — Carl Sagan 


    

  







  
  
  Introduction

  
  




In the star-crowded heart of the Milky Way, 26 thousand light years away from us, lies a monster 4 million times heavier than the Sun.




In your journey to the center of our galaxy, as you drift past the last bright star and weave through curtains of dust, you will begin to feel a pressure that isn’t really pressure at all. It is space itself bending inward. Fold all the sunlight you have ever seen into something smaller than the orbit of Mercury, spin it like a potter’s wheel, and you still have only the faintest sketch of the thing astronomers call Sagittarius A*.




4 million suns’ worth of mass; a diameter of 44 million kilometers; encircled by a swarm of gas clouds that whip around it at a hair-raising thirty percent the speed of light. 
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Artistic illustration of Sagittarius A*




According to a 2022 image released by the Event Horizon Telescope, its silhouette is a lopsided ring of fire, glowing radio light marking the last photons to escape. Closer in, clocks slow to a crawl; closer still, time itself simply stops.




The radio heartbeat of Sagittarius A* pulses once every 76 minutes; infrared flares bloom and fade like cosmic fireflies; and somewhere just beyond the rim, the laws of physics sign a non-disclosure agreement. In this pocketbook, we are going to violate that agreement. 




We’re going to ask whether anything quantum trickery, dark-energy voodoo, or a cosmic demolition charge can kill this monster. Because if even a black hole can die, then maybe nothing in this universe is truly permanent.




Attend closely, quieten the extraneous, and allow the darkness to articulate what words seldom reach.
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Sagittarius A* as captured by Event Horizon Telescope
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  Can Something Kill a Black Hole?

  
  




Despite the name, nothing inside a black hole is truly black; it’s the space around it that has run out of ways to let light escape. The hole itself is merely the place where goodbye means forever. Black holes are not a single species but a whole menagerie. 




The runt of the litter is the primordial black hole, hypothetical fossils from the first fraction of a second after the Big Bang that could weigh less than a mountain. 




Next come the stellar-mass holes, forged when a massive star’s core collapses, and the outward blast fails to counter gravity’s final tug. These range from about three to a few dozen Suns and cram that heft into a sphere no wider than downtown Stockholm. 




They are the kind LIGO has heard. When two of them collide and ring the Universe like a giant bell, the very first gravitational-wave detection in 2015 came from a pair that merged in under two-tenths of a second, releasing more energy in that blink than every star in the observable cosmos over the same interval.




Above them lurk the elusive intermediate-mass clan, hundreds to tens of thousands of solar masses, suspected in dense star clusters and dwarf galaxies. In 2021, astronomers found a 140-solar-mass bruiser named GW 190 521, the “impossible” child of two smaller holes, hinting that even black holes have a family tree.




Finally, there are the supermassive and ultramassive titans anchoring galactic centres. Sagittarius A*, the black hole at the center of our galaxy milky way, event at roughly four million solar masses, is only modest by this standard.
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Two Black Holes Merge into One 




Its cousin in the galaxy M87 weighs 6.5 billion Suns; the current record-holder on black hole masses is buried in the quasar TON 618, tipping the scales at an absurd 66 billion solar mass. If dragged next to our Solar System, its event horizon would swallow every planet out to Pluto and still have room for the Kuiper Belt.




To get a perspective check, picture all of Manhattan Island crushed until it fits inside a teaspoon; that’s roughly the density of a neutron star. Squeeze that teaspoon a thousand times smaller, and you have a typical stellar-mass black hole. Now gather millions of those stellar holes together, and you’re finally in the ballpark of Sagittarius A*.




Yet size is only half the story; speed matters too. Take the star S2, which pirouettes around Sagittarius A* once every 16 years, swooping past the black hole at 7,650 kilometres per second, fast enough to dash from Earth to the Moon in under a minute. Each close pass lets physicists watch starlight stretch as time slows, giving Einstein’s equations a stress test they keep passing with honours.




Black holes are also prodigious jet engines. GRS 1915 105, a stellar-mass black hole in our galaxy spinning at 98% of nature’s speed limit, spits twin plasma beams light-years long, turning gravitational energy into radio noise bright enough to reach us across 36,000 light-years. On the supermassive scale, M87 star fires a jet so vast it would span the entire Milky Way; the Event Horizon Telescope’s historic 2019 image showed the glowing ring that launches it.




Contrary to Hollywood, black holes are not cosmic vacuum cleaners. Swap the Sun for a one-solar-mass hole tomorrow, and Earth would keep circling almost unchanged, though the nights would get chilly. Gravity cares about mass, not shape. 




Danger comes only if you stray disastrously close, where tidal forces rise, and the infamous spaghettification begins, stretching matter into sub-atomic noodles. So what if you missed the warning labels and stepped too close to a black hole? 




First, you’d feel nothing; free fall is weightless. But every millisecond, the gravity tugging at your feet would grow stronger than the tug on your head. By the time you were as near as the International Space Station orbits Earth, the difference would already be thousands of g’s, stretching you thinner than a strand of DNA. Each part of your body will disintegrate into constituent atoms.




Ahead, the glow from infalling gas would blue-shift to blistering X-rays; behind, starlight would redden and fade as time outside raced forward. Cross the horizon, and the outside universe would finish its story in an instant, while you plunge on toward the singularity where tidal forces soar to infinity and the very atoms of your body are pulled apart.  It is not falling into darkness; it is falling into the end of spacetime itself.




* * *




Can Anything Kill One?




Now that we understand the monsters we are dealing with a little bit better, here comes our central question: Can anything kill a black hole? When we pose this question to listeners, the first suggestion that we receive is the obvious gambits. Why not nuke it? 




Unfortunately, once the device crosses the event horizon, the blast cannot push outward; all of its light and heat fall inward and vanish from the universe.




The next idea on the list is antimatter. What if we dropped antimatter into the black hole? Shouldn’t that annihilate the black hole made from matter? Well, Matter and antimatter do annihilate, but the released energy also obeys Einstein’s equation. From the black hole’s point of view, that radiant energy is just more mass to digest, so the hole ends up heavier, not lighter.




A science-fiction scenario could be “quantum bulldozer,” a gargantuan machine meant to scoop spacetime itself away like snow from a driveway. The calculations, however, show that clearing so much curved space as what an average black hole produces would consume more energy than all the stars in the Milky Way produce in their entire lifetimes.




But not all hope is lost. Turns out, theoretically speaking, there are still ways for you to become a giant slayer and attempt to kill a black hole.




* * *
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