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news and views

conceptual outline that describes the key
steps in L-R patterning — from the initial
breaking of symmetry at the node, through
a cascade of signals that culminates in the
direct induction of asymmetrically biased
morphogenetic events'”. As we continue to
fill in the details of this outline, we will dis-
cover further how spatial orientation is
controlled during the assembly of an
embryo and, judging by the extraordinary
pace at which this story has unfolded over
the past few years, we should not have long
to wait. O
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Astrophysics

Stress drives gas into ablack hole

Kartik Sheth and Peter J. Teuben

n page 324 of this issue, Beck et al.!

present new measurements of inter-

stellar magnetic fields in the bar
region of the galaxy NGC1097 (Fig. 1). From
this, they infer the direction of gas flow in the
galaxy and the location of regions of gas
compression, where the gas traces visible
dust lanes. It is suspected that gas flows
inward along these lanes to fuel bursts of star
formation in a ring of dense molecular gas
known as the circumnuclear ring. Or, the gas
may reach the very centre of the galaxy and
provide fuel for an ‘active galactic nucleus’—
the extremely bright core where enormous
amounts of energy are generated by the
accretion disk around a supermassive black
hole. This is the first time that the relation-
ship between magnetic fields and gas flow in
barred spiral galaxies has been investigated.
The features of the magnetic field in the
nuclear region lead Beck et al. to suggest that
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magnetic stress might be an efficient mecha-
nism for fuelling the central black holes of
active galactic nuclei.

Perhaps as many as two-thirds of spiral
galaxies have a bright, central bar of stars.
Indeed, our own Milky Way appears to havea
bar’. These bars can extend over most of the
optical disk and contain a large fraction of
the stellar mass, as in NGC1097; or they may
be confined to the nuclear region or form
slight oval distortions to the disk, which are
only evident at infrared wavelengths. A
bar can have a dramaticinfluence on the evo-
lution of the galaxy. Its gravitational pull
induces large-scale non-circular motions in
the stars and the interstellar gas. Although
the resulting stellar orbits intersect, stars do
not collide because of their small collision
cross-sections. In the interstellar gas, on
the other hand, there are many collisions
between particles and considerable dissipa-

Figure 1 Optical image"'
of spiral galaxy NGC1097
studied by Beck et al.'.
The bar region is the
elongated feature in the
centre of the galaxy with
two prominent straight
dust lanes along the
leading edge. Trailing
spiral arms can be seen
emerging from the ends
of the bar.
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tion of energy; as a consequence, the gas can
lose angular momentum and fall inwards.

The infall of gas can produce major
changes in a galaxy. It can trigger a nuclear
starburst (a relatively short period of intense
star-forming activity in the nucleus), or the
inflow may lead to formation of a new bulge
of young stars at the centre of the galactic
disk’. The mechanisms and timescales for
bulge (and disk) formation are crucial for
understanding the evolution of galaxies. If
the gas falls deep enough into the centre of
the galaxy, it may fuel the supermassive black
hole thought to exist in the active nucleus of
many galaxies’. Thelarge-scale mixing of the
gas due to the bar can also change the overall
chemical abundance in a galaxy’, which
bears upon our understanding of the history
of star formation and predictions of its
future activity. Finally, one of the most
dramatic effects of the gas infall is the des-
truction of the bar itself when sufficient
mass accumulates in the centre’. The bar
can be its own worst enemy.

So gas inflow in barred galaxies has many
effects, but there is disagreement about its
exact nature. Although all models of the
process predict inflow, they differ in how the
gas reaches the centre. In one set of models,
which simulate the interstellar dust as a col-
lection of distinct clouds, the gas experiences
occasional collisions and slowly spirals
inwards®. In another set of simulations”® in
which the gas is modelled as an ideal fluid,
experiencing hydrodynamic forces, the gas
undergoes a compression, or shock, at the
leading edge of the bar and flows directly
into the centre. Some of these latter models
show gas flowing close to the nucleus, but the
bars required for this type of behaviour are
not usually observed. The hydrodynamic
models of gas inflow that best imitate obser-
vations show the gas stallingin a ringaround
the centre of the galaxy and not reaching
the nucleus. These models successfully pre-
dict the dust lane morphology® and gas
velocities’ observed in bars.

Beck et al.' measure polarized radio syn-
chrotron emission in the bar region of the
galaxy NGC1097. From the intensity and
direction of the radio emission, they deter-
mine the direction of the magnetic field in
the bar and conclude that the field vectors
are consistent with the gas flow vectors pre-
dicted by hydrodynamic models (as long as
one makes the usual assumption that the
magnetic field is frozen into the fluid). They
observe a strip of zero polarization, which
appears to be offset from the bar dust lane,
about 800 parsecs (2,600 light years) in the
upstream direction. Beck ef al. interpret this
strip to be the location of the hydrodynamic
shock, in contrast with previous observa-
tions and models which concluded that the
shocklociare in the dust lane itself. The strip
may be an artefact produced by a varying
field strength or gradually changing gas flow
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