
  

 
  

  
 

 
  

   

 

  

 

 

 

  

 
   

 

    
CHANDRAMore on black holes X-RAY CENTER 

How are black holes created? In general, black holes are created whenever enough matter is squeezed into a small 
enough space. To turn the Earth into a black hole, we would have to compress all its mass into a region the size of a marble! 
Stellar mass black holes are formed when a massive star (about 25 times the mass of the Sun) runs out of fuel and its core 
collapses. The formation of supermassive black holes is more mysterious. They may be created when stellar mass black holes 
merge and gobble up matter in their vicinity, or by the collapse of giant clouds of dust and gas. 

Can you see a black hole? No light of any kind, including X-rays, can escape from inside the event horizon of a black hole. The 
X-rays Chandra observes from the vicinity of black holes are from matter that is close to the event horizon of black holes. Matter 
is heated to millions of degrees as it is pulled toward the black hole, so it glows in X-rays. 

How do you find black holes if you can’t see them? Searching for black holes is a tricky business. One way to locate black holes 
is to search for the X-radiation from a disk of hot gas swirling toward a black hole. Friction between particles in the disk heats 
them to many millions of degrees, and they produce X-rays. Such disks have been found in binary star systems composed of a 
normal star in a close orbit around a stellar-mass black hole and, on a much larger scale, around the supermassive black holes in 
the centers of galaxies. 

What happens to objects when they get too close to a black hole? Objects can orbit a black hole without any serious 
consequences as long as the size of their orbit is much greater than the diameter of the event horizon of a black hole, which is 
about 30 kilometers for a stellar black hole, and many millions of kilometers for a supermassive black hole. But, if any object 
gets too close, its orbit will become unstable and the object will fall into the black hole. 

Is all matter in the disk around a black hole doomed to fall into 
the black hole? No, sometimes gas will escape as a hot wind that 
is blown away from the disk at high speeds. Even more dramatic 
are the high-energy jets that X-ray and radio observations show 
exploding away from the vicinity of some supermassive black 
holes. These jets can move at nearly the speed of light in tight 
beams and can travel hundreds of thousands of light years. 

Illustration of a Black Hole  
This artist’s conception shows a 
black hole surrounded by a disk 
of hot gas, and a large doughnut 
or torus of cooler gas and dust. 
Jets of high energy particles are 
propelled away from the vacinity 
of the black hole by intense elec-
tric magnetic fields. Illustration: 
CXC/M. Weiss

Do black holes grow when matter falls into them? Yes, the mass of the black hole increases by the amount of mass that was 
captured. For a stellar-mass black hole the radius of the event horizon increases by about 3 kilometers for every solar mass that 
is captured. 

Are there limits to black hole growth? Theoretically, black holes can grow without limit. However, in the Universe, black holes 
do not have an infinite food supply! Sooner or later they will consume all the matter within their gravitational reach. Material 
further away may be affected by the gravitational field of the black hole, as we on Earth are affected by the massive black hole 
in the center of the Milky Way, but will not fall past its event horizon. 

Can matter ever come back out of a black hole? No, even if matter was able to move at the speed of light, it could not escape 
once it falls past the event horizon. This is because the gravitational field inside a black hole is so strong that space is curved in 
on itself. Anything that falls into a black hole is able to travel in one direction only—towards the singularity (a point of infinite 
density where the laws of physics as we know them break down) at the center. Stephen Hawking showed that quantum theory 
implies that black holes should emit radiation. This radiation is predicted to be exceedingly weak and undetectable, except for 
hypothetical black holes with the mass less than that of a comet, and has yet to be observed. 

MOre InFOrMatIOn On bLack hOLeS IS avaILabLe at 
http://chandra.harvard.edu/xray_sources/blackholes.html 
http://chandra.harvard.edu/photo/category/blackholes.html 

Inside image credits (top - bottom, left - right) - GOODS Deep Field South: NASA, ESA, A. M. Koekemoer (STScI), M. Dickinson (NOAO) 
and The GOODS Team;  Lockman Hole: NASA/CXC/U. Wisconsin/A.Barger et al.; MS 0735.6+7421: NASA/CXC/Ohio U./B.McNamara; 
Perseus Cluster: NASA/CXC/IoA/A.Fabian et al.; RX J1242-11: NASA/CXC/MPE/S.Komossa et al.; NGC 6240: NASA/CXC/MPE/S.Komossa 
et al.; M82: NASA/SAO/CXC; Sagittarius A*: NASA/CXC/MIT/F.K.Baganoff et al.; Cygnus X-1, XTE J1650-500 & GX 339-4: Illustration: 
NASA/CXC/M.Weiss; Spectra: NASA/CXC/SAO/J.Miller et al.
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