
����������	���

mental in meiotic recombination. Nature 
has once again demonstrated its unfailing 
ability to create enlightening variations of a 
beautiful theme. 0 
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Hot winds stay in the plane 
Fred Hamann 

A tronomers first detected high-speed 
plasma outflows from quasars in the 
ate 1960s, just a few years after the 

quasars themselves were recognized as 
extremely distant and luminous objects. Since 
then we have grappled with basic questions 
about these winds. What drives them? What is 
their geometry? What is the source of outflow
ing gas? How much gas is involved and what is 
its ionization state and chemical composi
tion? New progress on these questions, stimu
lated by observations using satellites and large 
ground-based telescopes, was discussed at a 
meeting in Pasadena in February*. 

Current theory holds that quasars are 
massive black holes (up to about a billion 
times the mass of our Sun) fuelled by gaseous 
accretion disks. The material inside the disks 
becomes extremely hot and shines brightly 
as it spirals down the gravitational funnel 
towards the black hole. The result is an object 
less than 0.0 1light years across that typically 
outshines the entire galaxy around it. Out of 
these exotic environments come outflows of 
hot, ionized gas, driven up to speeds that 
sometimes exceed 50,000 km s-1 (nearly 0.2 
times the speed of light). We measure the 
amount and speed of the outflowing plasma 
via ultraviolet absorption lines that are wave
length -shifted by the expansion. 

A fundamental characteristic of quasar 
outflows is the amount of each ion present. 
For years we have naively assumed that 
shallow absorption lines result from relative
ly small numbers of absorbing ions, but one 
of the points stressed in Pasadena is that what 
you see is not necessarily what you get. Some 
of the quasar light can, for example, leak 
unabsorbed through holes in the wind, and 
thereby fill in the bottoms of what would 
otherwise be deep absorption troughs. Our 
resulting tendency to underestimate the 
number of absorbing ions can be corrected 
in some cases by comparing different 
absorption lines of the same ion - where 
the true relative line strengths are known 
from atomic physics. High-resolution spec
tra obtained with large, ground-based tele
scopes in the past few years have allowed us to 
apply this comparative analysis to several 
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quasars and obtain the first reliable measures 
of the wind material1- 3• 

The best estimates of the total outflowing 
mass remain dose to old accepted values -
roughly 0.1 solar masses, varying by at least a 
factor of ten between quasars. But new satel
lite X-ray observations4'5 suggest that the 
ions we measure in the ultraviolet, such as 
C+3, are just trace constituents in a highly 
ionized plasma dominated by ions like 0 +6 

and 0+7• The X-ray data do not provide 
accurate velocity information, so it is not yet 
clear whether the enormous amounts of 
highly ionized gas are part of the outflows 
revealed by the ultraviolet lines. If they are, 
the total flow masses would be at least 100 to 
1,000 times larger than previous estimates. 

Perhaps the most interesting results dis
cussed in Pasadena come from measure
ments of the polarization of quasar light6- 8• 

The light emitted by quasars becomes polar
ized if it scatters off surrounding material, 
possibly dust or free electrons far above the 
accretion disk. The measured spectrum can 
be divided into the polarized (scattered) and 
unpolarized (direct) components to provide 
several 'views' of the same quasar (Fig. 1). 
We therefore have an indirect probe of the 
geometry of the outflow. 

The growing opinion among several 
research groups is that the flows are 
concentrated near the surface of the accretion 
disk. This result fits nicely into schemes 
that attempt to explain differences in the mea
sured properties of quasars by their orienta
tion. In particular, quasar accretion disks are 
believed to be just the inner extensions of 
much larger and thicker disks or tori that have 
galactic dimensions (thousands oflight years) 
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Figure 1 Quasar geometry. The dashed lines are 
light rays seen by an observer to the right. The 
scattered light is highly polarized, and the direct 
light is attenuated by the outflow, which also 
gives it blue-shifted absorption lines. 

and are opaque to most radiation. If we view 
one of these disk systems edge-on, the central 
quasar is obscured, but still contributes polar
ized flux by scattering light off the tenuous 
debris above and below the disk plane. The 
observed flux in this case is highly polarized. 
The same system viewed pole-on would reveal 
the unobscured quasar shining brightly, with 
relatively little contribution from scattered, 
polarized light. Several studies have now con
firmed that quasar spectra with the signatures 
of an outflow also tend to be highly polarized. 
Evidently, when we view a quasar/disk system 
nearly edge-on (high polarization), we are also 
looking through the outflow, so quasar winds 
lie dose to the disk plane. 

Most theoretical models now incorporate 
this geometry. There is also a growing consen
sus that light from the bright central quasar 
both ionizes and accelerates the gas. The mod
els remain significantly divided, however, 
about the source of outflowing material. 
Some invoke the accretion disk as a gas reser
voir, whereas others use material ablated off 
stars near the quasar. Resolving this issue is 
critical, but it is not yet dear whether any 
existing model can explain the wealth of data. 

In his meeting summary, Colin Norman 
reminded us of our ultimate goals. We study 
quasar outflows to learn more about these 
peculiar objects and their exotic environ
ments. But several studies are now also con
necting this work to broader problems in 
astronomy. For example, we know that all of 
the heavy elements from carbon up are syn
thesized from hydrogen and helium in stars. 
Estimates of the elemental abundances near 
distant quasars can therefore constrain the 
amount of star formation and chemical pro
cessing in the early Universe. New results from 
quasar winds indicate that the heavy elements 
are often more abundant in these environ
ments than they are in theSun'·9- 11.Apparent
ly, the star formation is rapid - most of the 
gas initially in the centres of massive galaxies 
(where quasars reside) collapses into stars just 
a few billion years after the Big Bang. The gas 
becomes enriched by frequent supernova 
explosions, which are the spectacular fate of 
short-lived massive stars. This evolution is 
frenzied compared with what occurs in outer 
galactic regions, such as the solar neighbour
hood of our own Milky Way. 0 
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