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observed at most connections between
excitatory cortical neurons’. If the
synapse is not activated again for many
seconds, it will spontaneously recover to
full strength.

Levina and colleagues show that this
frequency-dependent modulation of
synaptic strength can play a crucial role
in tuning a network towards criticality.
In their model, when a single neuron
is activated it will initiate an avalanche
of activity that will spread until it
encounters depressed synapses (Fig. 2).
Depressed synapses will therefore limit
avalanche sizes. But when the network
consistently produces many small
avalanches, then unused synapses will
have time to recover strength, thus
increasing the probability that large
avalanches will occur later. In a similar
manner, large avalanches will depress
most synapses, causing the network
to produce subsequently more small
avalanches. This interplay between

synaptic depression and spontaneous
recovery pushes slowly driven neural
networks to a steady state, poised
between a phase where activity will

be damped, and a phase where it will

be amplified. At this critical point,
avalanches of all sizes occur. When the
probability of an avalanche is plotted
against its size in log-log space, it
produces a power law with an exponent
of -3/2, matching what has been reported
in experiments®?. It is interesting to note
that the dynamics in this model® bears

a strong resemblance to what happens

in forest fires, where freshly burned

areas are less likely to ignite, and where
recovery occurs when trees grow back.
Forest fires have also been shown to obey
a power law of event sizes®.

Yet models must ultimately make
predictions and influence experiments.
Perhaps one prediction from the work
of Levina and colleagues® would be that
large avalanches should occur more

LASER-PLASMA INTERACTIONS
Fast electronsona wire

The advent of ultra-high-intensity
lasers has opened up the possibility

of producing high-quality electron,
proton, X-ray and ion beams in facilities
that are much smaller and less costly
than a typical particle accelerator or
synchrotron radiation source. The
ability to generate intense electron and
ion beams in particular could hold

the key to the so-called fast-ignition
approach to laser-driven thermonuclear
fusion (M. Tabak, et al. Phys. Plasmas 1,
1626-1634; 1994), in which a target of
hydrogen isotopes is first compressed
by an array of laser beams, and then
ignited by a single tightly focused
higher-intensity beam that generates
beams of fast electrons (or ions) within
the resulting plasma. But when a laser
is focused onto a simple planar target
(with an intensity of around 10" W cm~
or higher), the MeV electrons

produced emerge at a wide divergence
angle of around 40°. This limits the
ultimate intensity of the hotspot and

is detrimental in most applications

for which laser-driven beams are

being developed.

A number of designs have been
proposed to try and narrow this
divergence of the electrons, but one of
the most promising consists of a hollow
gold cone with a thin (7 um diameter)
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copper wire at its tip (R. Kodama et al.,
Nature 432, 1005-1008; 2004). The
guiding of electrons by the large fields
that is generated around a wire enables
them to propagate for a distance of
several millimetres within a diameter
similar to that of the wire. This effectively
increases their energy flux by an order

of magnitude compared with a cone on
its own, and by up to 30 times compared
with a planar target. In addition, energy
loss in the transverse direction (beam
cooling) improves the beam emittance —
a figure of merit that characterizes a
beam’s confinement and momentum
spread — while electrons propagate along
the wire. But the precise details of this
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often after long recovery times. Their
model should generate a correlation
between avalanche sizes and intervals
between avalanches; this could be easily
evaluated with existing data. Another
issue concerns whether this picture
really applies to the intact brain, as the
experiments that motivated Levina et al.
were all performed in isolated neural
networks. If their model survives these
tests, then perhaps we will have moved
one step closer to a statistical mechanics
not of particles, but of neurons.
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process have proven elusive. In this issue
J. S. Green and colleagues (Nature Phys.
3, 853-856; 2007) present an exhaustive
experimental and numerical study of the
intricacies of the fast electron transport
along a wire, and at laser irradiancies
one order of magnitude higher than
previously reported.

The authors’ results demonstrate that
when a petawatt laser pulse interacts
with a cone-wire target, the heating of
the plasma is maximized close to the
wire surface.Moreover, their simulations
show that the complex field structures
that emerge from this interaction
(see figure) involves a reversal of the
magnetic field inside the wire, which
enhances the return current within a thin
layer beneath its surface. This finding
substantially improves our understanding
of the guiding mechanism, and should
enable further improvements in the
design of cone-wire targets for a host
of applications in medicine, materials
science, physics and biology in which
laser-driven electrons beams are expected
to be used.
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