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behaviour of the cleaners. By using the pulleys,
Bshary and Grutter could test whether cleaner
fish were more likely to take the less preferred
food, if taking the more preferred food from a
plate meant that they would lose access to
other plates (just as they would lose access to
other clients in the wild if they cheated). And
indeed, the authors did find audience effects
under these admittedly contrived conditions,
as cleaners were induced into eating the less
preferred foods.
If social networks such as those uncovered by
Bshary and Grutter in fish are common in other
animals, the prospect for researchers is both
exciting and daunting. It is exciting because it
suggests that animal behaviour has to be seen 
as being embedded in a rich social tapestry,

composed of interconnected direct and indirect
streams of information. And it is logistically
daunting for exactly the same reason. ■
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is supported against gravitational collapse 
by centrifugal force. Through viscous damp-
ing processes within the disk, the mechanical
energy of the gas is dissipated and radiated
away as continuum emission over all wave-
lengths. That much is understood; what is
unclear, however, is how exactly the mechani-
cal energy is converted into heat and radiation
energy. Moreover, for gas to accrete through-
out the centrifugally supported disk, con-
servation of angular momentum requires a
mechanism that transfers the gas’s angular
momentum rapidly outwards. Otherwise, the
gas would orbit the central object forever, and
no radiation would be produced.
For decades, hydrodynamic processes were
thought to supply this mechanism. But despite
some successes — such as obtaining an under-
standing of the role of turbulence in disk
dynamics — the hydrodynamical approach
has so far not produced a consistent model
that can be derived from first principles3,4.
Only a turbulent disk with interacting eddies
will supply an effective viscosity large enough
to drive the fast accretion rates observed in
disks; but the question of what powers the 
turbulence remains unanswered. 
In this context, the introduction of magnetic
fields, presumed to originate in the star feeding
the compact object, pays off handsomely. This
applies even to small fields that are hard to mea-
sure directly: through an effect known as mag-
neto-rotational instability5, a weak magnetic
field can act as a kind of spring connecting
inner and outer areas of gas in the disk. This
spring exerts a force that transfers angular

momentum and energy outwards and extracts
disk rotational energy to power turbulence4.
Miller and colleagues1find indirect evi-
dence to support this theory in the properties
of a wind driven from the accretion disk of
GRO J1655–40. They studied an X-ray spec-
trum of the system taken by NASA’s Chandra
satellite observatory and detected tens of spec-
tral absorption lines shifted towards shorter
wavelengths. Such a ‘blueshift’ indicates that
absorbing gas is moving towards the observer
and, using geometrical and physical argu-
ments, Miller et al. conclude that the absorb-
ing medium is a wind blowing outwards from
the accretion disk at a small angle to the disk’s
plane. The fact that the wind is blowing from
the disk and not, for example, from the com-
panion star means that the wind’s properties
can reveal the properties of the disk itself.
To produce such a wind, the upper disk
atmosphere must gain extra energy to over-
come gravity. This extra energy can come from
heating, from radiation pressure, from mag-
netic fields or from any combination of the
three3,6,7. In many systems, it is hard to distin-
guish which of these dominates. Happily,
Miller et al. argue1, the GRO J1655–40 case is
clear-cut. In this system, the wind is too cold
for its thermal pressure to overcome gravity,
and the radiation pressure is too weak to drive
a wind. Thus, by a process of elimination, a
magnetic origin for the wind is the only
option. This is an attractive possibility, as the-
ories exist that posit magnetic fields as the dri-
vers of disk accretion in the first place7,8, and a
larger mystery would therefore also be solved.
Not all might find Miller and colleagues’
arguments for magnetic fields as the drivers of
disk accretion convincing, partly because they
rely on evidence that is mostly indirect. But this
is the best that can be done at the moment: cur-
rent models lack the predictive power to
demonstrate that magnetic fields power the
wind and disk accretion that are responsible,
respectively, for the observed absorption lines
and continuum emission. Nevertheless, many
astronomers will be motivated by such work to
develop and explore this promising model.
Clearly, much can be learned about accretion
disks by studying the properties of what escapes
them — not only radiation, but gas, too. ■
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Disks of hot gas drawn onto a central star or black hole are the best energy-
producing machines in the Universe. So how do these accretion disks work?
The answer, it seems, is blowing in their winds. 

Astronomical objects that siphon off their
energy from gravitational processes are the
most powerful sources of electromagnetic
radiation in the Universe. Of these, quasi-stel-
lar radio sources (quasars), which can release
as much power as several hundred galaxies,
are perhaps the most spectacular example. 
But for all their brightness, gravity-powered
sources are secretive when it comes to reveal-
ing how exactly they produce their radiation.
On page 953 of this issue, Miller et al.1investi-
gate a system known as GRO J1655–40, 
in which a black hole of seven solar masses
accretes gas stripped from a normal star. They
observe not just radiation, but a wind of 
ionized gas emerging from the system, and
conclude that a magnetic process powers this
wind — and that this process could also play
the lead part in producing the radiation.
For astronomers, gravity is not just the
seemingly all-conquering force of everyday
experience, but also the ultimate source of
energy. In a star depleted of nuclear fuel, for
instance, gravity prevails to form a very dense,
compact object. Depending on the star’s initial
mass, this object could be a white dwarf, a neu-
tron star or a black hole. When rotating gas is
fed to such a compact object, as for example in
GRO J1655–40, its mass is converted to radia-
tion with an efficiency of a few per cent. That
climbs to 40% for a rapidly rotating black hole
— values significantly higher than the 1% 
conversion efficiency for nuclear fusion2.
So how do these cosmic engines work? Ini-
tially, the falling gas forms a thin, dense ‘accre-
tion disk’ that encircles the compact object and

Nature  PublishingGroup ©2006


	ASTROPHYSICS Magnetic accretion



