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  To Andromeda, already on its way.







  
    
      “Somewhere, something incredible is waiting to be known.”


    

    
      — Carl Sagan 


    

  







  
  
  Introduction

  
  




Four billion years from now, sky-watchers if any remain will see a hazy spindle blooming next to the Milky Way’s bright band. 




That glow will be Andromeda, drifting toward us at about 110 km per second. The two galaxies are roughly on a head-on collision path right now and If gravity does pull us together on the most likely track, the first close pass comes in roughly 4 billion years, just before the Sun swells into a red giant.




When this happens, Tidal forces will sling long streamers of stars into space while funnels of gas pour toward each galactic core, shredding both elegant spirals in the process. Starbirth will spike to more than a hundred Suns per year, an ultra-luminous frenzy rivalling modern merger poster-child Arp 220, whose incandescent knots were laid bare by the James Webb Space Telescope. 




All that fuel will also wake the normally quiet black holes at each centre. Fed by inflowing gas, they will blaze as quasar-bright beacons before coalescing some 100 million years later, punching out immense gravitational waves.




The merger of our home galaxy Milky Way, to its larger neighbor Andromeda, will be a violent, catastrophically chaotic event, with stars being smashed and thrown out of galaxy, planets evaporated instantly. 




This book is about how the future of our galaxy and we within it will unfold.
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The Andromeda Galaxy is a barred spiral galaxy and is the nearest major galaxy to the Milky Way
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  Countdown to Collision

  
  




In the 1920s, astronomer Edwin Hubble discovered that many faint objects in the sky were actually separate galaxies far beyond our Milky Way. He settled what came to be known as the island universe debate. 


He classified these galaxies into three types: elliptical, which are rounded, smooth, and mostly contain older stars, then spirals, which have rotating discs with spiral arms filled with gas, dust, and young stars, and irregular.


Spiral galaxies, like our Milky Way and Andromeda, are some of the most visually striking objects in the cosmos. At their center is the bulge, a dense, spherical concentration of older stars. Often, this region hosts a supermassive black hole. 


Surrounding the bulge is the stellar disk, a flat, rotating structure populated by stars, gas, and dust. This disk is where most star formation occurs, fueled by large clouds of molecular gas that collapse to create new stars.
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Astronomer Edwin Hubble

Extending outward from the bulge are the spiral arms. These arms are rather regions of increased star formation caused by density waves moving through the disk. Enveloping the galaxy is the halo, a vast spherical region filled with older stars and globular clusters. The halo also contains the galaxy’s most mysterious and abundant component: dark matter. Although invisible, dark matter’s gravitational effects are crucial. Without it, galaxies would not have sufficient gravity to keep their outer stars orbiting at observed high speeds.


Today, we know many of these irregular galaxies are not naturally misshapen but are actually normal galaxies caught in collisions. These interactions twist their shapes, offset their central bulges, and pull out long streams of stars, creating strange patterns. 
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The Milky Way Galaxy

That realization dawned gradually. 


Progress was made in the 1950s thanks to work of Russian astronomer Boris Vorontsov Velyaminov who compiled photographic plates of interconnected nebulae. Caltech iconoclast Fritz Zwicky also pushed the field forward with dialogues on galactic catastrophes.


But it was Halton Arp 1966 Atlas of Peculiar Galaxies that finally showcased the stellar carnage. His long exposure plates of ragged galaxies with some sporting antenna like plumes stretching hundreds of thousands of light years made astronomers suspect that gravitational pull could create this carnage but they lacked the tools to prove it. 


That changed with the invention of computers.


In the early 1970s, astronomers Juri and Alar Toomre began using computer simulations to study how galaxies collide. They modeled disk shaped galaxies and let gravity pull them together, discovering that these interactions alone could create unusual shapes previously observed by astronomer Halton Arp. 
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Astronomer Halton Arp

Later, researchers like Lars Hernquist, Joshua Barnes, and Phil Hopkins improved these simulations by including how gas behaves, how stars form, and the energy from black holes. 


Recent simulations, such as FIRE 3 and IllustrisTNG50, are based on powerful computers to track millions of individual particles. This has let scientists simulate billions of years of galaxy evolution within just a few days, which gives a whole new picture of how galaxy collisions shape the universe.


In the 1980s, infrared astronomy took a big leap forward with the launch of the Infrared Astronomical Satellite. 


This satellite scanned nearly the entire sky using far infrared light, which allowed astronomers to spot many of the brightest galaxies in the universe that were previously hidden by dust. 


Dust in galaxies blocks visible light, making these galaxies appear dim or invisible to conventional telescopes. However, infrared light has longer wavelengths that can pass through the dust more easily, revealing the bright, energetic regions of star formation and active black holes hidden within.


These galaxies are now known as luminous infrared galaxies and, even more powerful, ultraluminous infrared galaxies. Ultraluminous infrared galaxies emit energy equivalent to over a trillion suns. The intense infrared glow from these galaxies comes from starlight and the energy released as gas spirals into massive black holes, both hidden by dust and then re-emitted as heat. This infrared radiation is a clear sign of intense star formation triggered by gravity pulling gas into dense regions of the galaxy. 


The Infrared Astronomical Satellite was only the start.


Space telescopes like Spitzer, Herschel, and now the James Webb Space Telescope have dramatically improved our view of galaxies hidden behind dust. The Webb telescope, in particular, has provided clear images of galaxies such as Arp 220, a famous merging galaxy.


Using infrared light, Webb can see detailed structures within these galaxies, such as dense clusters of stars just 200 light years wide. Each of these small regions produces new stars at a rate hundreds of times greater than the entire Milky Way.


Webb’s advanced instruments such as the Mid Infrared Instrument have also measured gas movements in these star forming areas. They found that warm hydrogen gas is rapidly moving outward at speeds of hundreds of kilometers per second. This movement is clear evidence that powerful winds from newly formed stars and central black holes are pushing away surrounding gas, clearing space within these active regions. 


Those winds are central to an evolutionary pathway first articulated in the late 1980s by David Sanders and colleagues. It starts with two galaxies colliding, forming a dust covered starburst galaxy called an ultraluminous infrared galaxy. This then evolves into a bright, visible quasar, eventually settling down into a calm elliptical galaxy.


Recent observations with the Atacama Large Millimeter submillimeter Array telescope of carbon monoxide emission confirm that more than half the gas in some ultraluminous infrared galaxies is exiting at escape velocity, effectively shutting down star formation after just about 100 million years, a very short time on cosmic scales. 
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Atacama Large Millimeter Array

Even distant quasars observed when the universe was just two billion years old show disturbed patterns of gas and stars, clear evidence that they experienced galaxy collisions early in their histories.


Galaxy collisions are sure to witness some pretty dramatic events, especially when two supermassive black holes merge at their centers. Such mergers produce powerful gravitational waves which are ripples in space time. 


Future missions like the European Space Agency’s Laser Interferometer Space Antenna spacecraft will detect these. Simulations predict that when two black holes, each millions of times more massive than our sun, collide, they briefly shine brighter than all the stars in their host galaxy combined. 


These powerful events send gravitational waves traveling across the universe, detectable from billions of light years away.


It is fair to say that galaxy collisions are a key driver in cosmic evolution. These collisions trigger the formation of new stars from gas clouds, rapidly grow supermassive black holes, reshape galaxies, and brighten much of the infrared sky. 


Many faint galaxies seen in deep images from the James Webb Space Telescope are likely the aftermath of ancient collisions, showing impacts that continue to shape the universe billions of years later.


Astronomers have been trying to model the merger with the help of N body and hydrodynamic simulations. These simulations calculate the gravitational interactions and the complex behavior of gas and stars as galaxies merge. Simulation tools such as GADGET and Illustris are widely used for modeling gravitational interactions and hydrodynamics. 


Simulations predict that the Milky Way and Andromeda will have their first close encounter in roughly 4 billion years. During this initial close pass, called pericentric passage, gravity will distort both galaxies, creating spectacular tidal tails which are long streams of stars and gas flung out into space.


Over the next few billion years, repeated interactions will pull the galaxies closer together, causing their orbital paths to shrink. This process, driven by gravitational drag known








* * *
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