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Matter can orbit closer to a black hole if the black hole is spinning rapidly. The 
spin rate can be derived from the more or less elongated shape of the X-ray emission 
line emitted by iron atoms swirling around the black hole. (Illustration: NASA/CXC/ 
M Weiss; Spectra: NASA/CXC/SAO/J Miller et al.) 

Do all black holes spin? How fast do they 
spin? The most detai led studies of stellar 
black holes to date by NASA 's Chandra X-ray 
Observatory and the European Space 
Agency ' s XMM-Newton satellite have found 
observat ional ev idence that some stellar 
black holes have high spin rates. 

Stellar black holes have masses between 
five and 20 t imes that of the Sun . T h e y are 
probably formed during supernova explosions, 
when the core of a massive star col lapses 
once its nuclear fuel is exhausted. A g a m m a -
ray burst might be the signature of such an 
event (CERN Courier September 2003 p l 5 ) . 

Black holes remain hidden in our galaxy 
unless they are close enough to another star 
to manifest their strong gravitational pull. In 
tight binary sys tems composed of a star and a 
black hole rotating around each other, the 
black hole strips the star of its outer layers. 
This material then forms a swirl ing disc of gas 
around the compact object. T h e gas rotates 
faster the closer it gets to the black hole and 
is heated, due to fr iction, to up to tens of 
mill ions of degrees. At such temperatures the 
gas is ionized and emits X-rays. 

Iron a toms in the swirl ing gas around a 
black hole produce distinctive emiss ion lines. 
These spectral features can be used to s tudy 
the orbits of particles around the black hole. 
For example , the gravity of a black hole can 
shift the emitted X-rays to lower energies. The 
orbit of a particle near a black hole depends 
on the curvature of space induced by the 
black hole, which also depends on how fast 
the black hole is spinning. A spinning black 
hole drags space around with it and al lows 
a toms to orbit closer to the black hole than is 
possible for a non-spinning black hole. 

T h e latest Chandra data f rom Cygnus X - l , 
the first stellar-sized black hole d iscovered, 
show that the gravitational effects on the 
signal f rom the iron atoms can only be due to 
relativistic effects around a black hole. 
However , there is no ev idence for a spinning 
black hole in Cygnus X - l . The XMM-Newton 
observat ions of the binary sys tem XTE J1650-
500 show a very similar distribution of iron 
atom X-rays, but with more low-energy X-rays 
coming from deep in the gravitational well 
around the black hole, at only about 30 km 
from the black hole event hor izon. An orbit as 

Picture of the month 
This beautiful picture of the galaxy NGC 
3982 is just one of the images that are 
being collected of hundreds of galaxies by 
the NASA/ESA Hubble Space Telescope, in 
the hope that one of the millions of resolved 
massive stars will some day explode as a 
supernova. The European astronomers 
leading this project will then look back into 
these images to pinpoint the exact star that 
has exploded. Up to now, only two such 
supernova "mother stars" have been 
identified. (ESA and Stephen Smartt, 
University of Cambridge.) 

close to the black hole as this can only be 
stable if the black hole is spinning rapidly. 
Evidence for another spinning black hole has 
been obtained by the Chandra observat ions 
of a third binary sys tem, GX 339-4. 

To explain why some stellar black holes 
spin rapidly and others do not, a likely possi­
bility is that the spin rate depends on how 
long the black hole has been devour ing mat­
ter f rom its compan ion star, a process that 
makes the black hole spin faster. Black holes 

with more rapid sp in , XTE J1650-500 and 
GX 339-4, have low-mass compan ion stars. 
These relatively long-lived stars may have 
been feeding the black hole for longer, allow­
ing it to spin up to faster rates. Cygnus X - l , 
with its short- l ived blue giant companion star, 
may not have had enough t ime to spin up. 

F u r t h e r r e a d i n g 
J Miller etal. 2003 www.arx i v .o rg / 
as t ro -ph /0307394 and ApJ (in press) . 

http://www.arxiv.org/
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