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Null models are used to assess departures
from randomness in other fields such as
palaeobiology10 and the reconstruction of
phylogeny11, so this new analytical proce-
dure will be useful beyond community ecol-
ogy. Some interlocking statistical and bio-
logical concerns remain, however, centred
on the problem of interdependencies. 

For example, in the Vanuatu analysis
pairs occurring nine and only nine times,
like the twos, are improbably rare, but pairs
occurring ten and only ten times are
improbably common. These opposite direc-
tions in deviation of ‘neighbours’ in the fre-
quency distribution (and there are others)
hint at further structure in the data, struc-
ture that may be statistical12,13 or biological.
The source of that structure might lie in the
full set of 56 bird species being analysed
together, rather than just guilds of potential
competitors, and in the artificiality (and
convenience) of holding the number of
islands per species constant, for which there
is no biological theory; in contrast there
is good biogeographical theory14 to justify
holding the number of species per island
constant in the null modelling. 

This raises the issue of how a biologically
realistic null model can be constructed for
communities of species in an archipelago
when the source area and set of species can-
not be specified; and of how sequential colo-
nization and local adaptation, geography
and history15, can be adequately built into
the null model. In fact, how much biology

should be incorporated into the null model? 
Here we have echoes of a major issue in

population genetics — whether variation is
maintained by random drift or selection. We
are left, as Diamond2 was, with a challenging
problem, that of determining the relative
influences of chance and necessity (system-
atic forces, such as competition) in the
assembly of biological communities through
time.
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Photonics

An atomic dimmer switch
Philip H. Bucksbaum

On page 239 of this issue1, Doron
Meshulach and Yaron Silberberg
of the Weizmann Institute show how

atoms can be made to absorb light more or
less readily, or not at all, simply by control-
ling the phase of light shone at them. This
joins a growing list of new ‘coherent control’
methods for manipulating the internal
quantum dynamics of atoms and molecules
using the coherence properties of light,
rather than its intensity or colour.

All atoms and molecules can absorb light.
The absorption usually occurs for light that
has a frequency n at resonance — that is
where the energy of a single photon in the
light beam, hn, equals the energy difference
between the ground state and an excited
quantum state of the system. But when an
atom is subjected to intense light, such as that
produced by a laser, nonlinear absorption is
also possible. In nonlinear absorption, two
or more photons pool their energy to excite
the atom, and the sum of the photon energies
equals the excited-state energy difference.
The photons must not only have the right

total energy, they must also arrive at the
target at nearly the same time, so nonlinear
optical effects are usually stronger when the
light is compressed into a short, intense
pulse. This is the principle behind several
practical devices in lasers such as harmonic
frequency converters.

One reason that the arrangement of
photons is important in a nonlinear process
is quantum interference. When a quantum
dynamical process can take more than one
path, interference occurs between the differ-
ent possible routes. The interference may be
destructive or constructive, slowing or has-

tening the process. An example is the two-
photon absorption experiment described
by Meshulach and Silberberg: if the photons
are both present at the same time, then the
absorption may take two paths, correspond-
ing to absorption of photon 1 first, followed
by photon 2, or the other way around.
Coherent control provides a way to adjust
the quantum interferences between these
different paths, affecting the rate of the
whole process.

This is easier to understand if we stop
talking about photons and consider the light
as a classical electromagnetic wave. The light
pulse is a travelling wave with frequency n
and electric field amplitude A, so that an
atom will experience the light as an oscillat-
ing electric field E = Acos(2pnt) where t is
time. Figure 1 is a picture of the electric field
versus time for a typical short laser pulse. The
turn-on and turn-off create a frequency
spread, shown in the spectral density of this
pulse given by its Fourier transform (Fig. 2a).

An atom with a resonance at any frequen-
cy in this spectrum can be excited by absorb-
ing a single photon of light from the pulse.
Each frequency present can have different
phases as well as different amplitudes — that
is, the light with frequency n1 might be a sine
wave, sin(2pn1t) while the light with n2

might be a cosine wave cos(2pn2t) or any
intermediate phase. In Fig. 1, all the different
frequencies happen to be cosine waves.

Figure 1 The electric field of a short laser pulse.

Figure 2 Spectral power distributions. a, The
spectrum of the pulse in Fig. 1. b, The two-
photon spectrum of the same pulse. c, The two-
photon spectrum of a similar pulse, whose
spectral components with frequency greater
than the mean have been reversed in sign. The
two-photon nonlinear absorption rate is
sharpened.
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Now if there is no resonance at the prin-
cipal frequency, but one at twice that fre-
quency, then absorption only occurs for
pairs of photons. The atom no longer
responds resonantly to the applied electric
field, but rather to the square of the field
E2(t)=A2(t)cos2(2pnt), (the probability of a
single photon’s presence is proportional to
the field, so the probability of two being pre-
sent at once is proportional to the square).
That has a completely different frequency
spectrum (Fig. 2b), one peak of which hap-
pens to be at twice the laser frequency — that
is at the position of the nonlinear resonance
for two-photon absorption.

If one now adjusts the various phases of
the different colours (or frequencies) in the
initial spectrum, but leaves all of their ampli-
tudes just the same, then the spectral energy
density of the light field E(t) stays the same,
but the spectral density of the nonlinear field
shown in Fig. 2b can change. For example,
let’s reverse the sign of the upper half of the
spectrum in Fig. 2a; in other words, trans-
form the spectral components above the
laser frequency from cosine waves to minus
cosine waves. The power spectrum of E2(t)
now looks like Fig. 2c. By manipulating
phases, the nonlinear spectral density can
change so much that any particular resonant
frequency in the spectrum can be made to
vanish, and absorption at that frequency will
vanish as well.

To achieve this degree of control, the
Weizmann group made use of a new tool in
optics called a pulse shaper2 (Fig. 3). It is
essentially two spectrometers arranged
back-to-back. The first spectrometer dis-
perses the light into its various colours,
which are displayed along the exit plane of
the device. At this exit plane are a series of
filters side-by-side, which can attenuate or
delay separate segments of the pulse spec-
trum. Meshulach and Silberberg’s filters
were parts of a programmable liquid crystal
display, not very different from the one used
in laptop computers, which could adjust the

phase delay of each frequency band. The sec-
ond spectrometer then puts the separated
colours back together again, and the result
is a pulse with the same colours as before,
but arranged with different relative phases
and/or amplitudes.

To the original pulse the researchers
added a frequency modulation that changes
the phase, not the amplitude, of any frequen-
cy; but its effect on the nonlinear absorption
spectrum was dramatic. As they describe in
their paper, the two-photon resonance could
even be made to vanish.

This dependence of quantum processes
on the coherence of the driving radiation has
already been used to control molecular disso-
ciation and ionization pathways3, current in
semiconductors4, and the direction of photo-
emission5. Ultrafast pulse shapers, which
make it possible to manufacture very compli-
cated phase distributions, have been used in
time-domain coherent control experiments,
where the control is achieved by manipulat-
ing the internal motion of a molecule, to
guide it to a particular set of final states6. Pulse
shapers have also been used to shape quan-

tum wave packets in atoms7. The new use of
computer-controlled programmable pulse
shapers in nonlinear interference experi-
ments adds further capabilities to the field of
coherent control. This could facilitate differ-
ent chemical reactions in applications where
laser chemistry is important, such as photo-
lithography. A shaped nonlinear spectrum
could also aid or inhibit atomic motion in
molecules or in solids, where the energies of
the two photons subtract rather than add
(Raman interference).
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Figure 3 A pulse shaper, capable of imposing
selective phase changes on a laser pulse.

The major histocompatibility complex
(MHC) is unambiguously part of the
immune system. Generally speaking

the immune system operates outside the
blood–brain barrier, and this has been corre-
lated with the belief that MHC glycoproteins
are not expressed in the normal central ner-
vous system. But this comforting correlation
is now challenged by the radical observations
of Carla Shatz and colleagues, published in
Neuron1. They not only demonstrate, for the
first time, considerable amounts of surface-
expressed MHC glycoproteins in the optic
system, but they also show that these
proteins may be involved there in synaptic
remodelling during development. 

Shatz and co-workers were searching for
genes that are differentially regulated in a
region of embryonic cat brain called the lat-
eral geniculate nucleus (LGN). They looked
specifically between days 42 and 52 of gesta-
tion, when retinal input from the two eyes
segregates into eye-specific zones. This activ-
ity-dependent repatterning of synaptic con-
nectivity is blocked by tetrodotoxin, so the
authors compared transcription in the LGN
in the presence and absence of this toxin.
They found just one messenger RNA that
was differentially expressed, and this turned
out, most surprisingly, to be the product of a
known feline class I MHC gene.

Class I molecules usually present pep-
tides derived from intracellular pathogens
(such as viruses and bacteria) to the immune

system. In the brain, most normal, resting
cells have vanishingly low levels of MHC
class I (ref. 2). Now, however, Shatz and
colleagues show, through elegant in situ
hybridizations using feline class I MHC
probes, that spatio-temporal expression of
both the mRNA and protein correlates
closely with synaptic remodelling in the
development of binocular vision.

Shatz et al. demonstrate that expression
of class I MHC within the LGN is highest in
the late fetal and early neonatal stages of
development. This period is well after axons
from the retina first reach the LGN, but is
when their terminal processes segregate into
eye-specific zones and their morphology is
fine-tuned (Fig. 1a, overleaf). Segregation
and fine-tuning depend on neuronal
activity3,4, but it is the pattern rather than the
level of activity that is important. In the late
fetal period, populations of retinal ganglion
cells spontaneously fire short bursts of action
potentials and then remain silent5. Although
neurons in the same place tend to fire at the
same time within each retina, there is no cor-
relation between firing patterns in the two
eyes. Tetrodotoxin blocks the eventual segre-
gation of inputs from the two eyes in the
brain, so this simultaneous firing seems to be
a kind of link among the ganglion cells of
each eye. Thus, if ‘neurons that fire together,
wire together’, the pattern of spontaneous
activity will ensure segregation of input from
the two eyes in the LGN.

Developmental neurobiology

First class way to develop a brain
Jonathan Howard and Ian Thompson


