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RESEARCH HIGHLIGHTS

however, had so far been verified only for 
the ground state of the gas. But Lászó Erdős 
and colleagues have looked at the dynamics 
predicted by the theory and present a 
mathematically rigorous proof that the famed 
Gross–Pitaevskii equation indeed describes 
the time-evolution of a Bose–Einstein 
condensate as it is trapped and then released.

In the Gross–Pitaevskii theory, the 
state of a gas of N bosons is given, on 
large scales, by the product of N copies of 
a single orbital; it seems that the N-body 
wavefunction can be factorized. But, in fact, 
on short scales many-body effects introduce 
correlations between pairs of particles that 
cannot be neglected. Erdős et al. show that 
this so-called two-scale structure follows, 
rigorously, from first principles.

Space splash

J. Comput. Phys. 
doi:10.1016/j.jcp.2006.12.020 (2007)
The final phase of the first Moon landing on 
20 July 1969 was complicated by an oscillatory 
motion of the ‘Eagle’ — the lunar module of 
Apollo 11 — caused by the sloshing of its fuel. 
Other space missions have suffered the same 
problem, which is becoming increasingly 
prevalent as spaceships carry more liquid 
on board. But liquid dynamics under 
micro-gravity conditions is still not fully 
understood, needing dedicated experiments 
as well as refined modelling.

To fill in some of those gaps, a mini 
satellite dubbed ‘Sloshsat FLEVO’ was 
launched on 12 February 2005. It weighs 
128.5 kg, of which 33.5 kg are distilled water 
that can move freely in an 86.9-litre tank. 
The satellite has 12 thrusters with which to 
move around and set the water sloshing. 
A. E. P. Veldman and colleagues now report 
a first comparison of data from Sloshsat 
FLEVO with their numerical simulations, 
which shows good agreement between them.

smooth replication rates, the contributions 
of mutation and horizontal transfer to mean 
‘fitness’ are very similar.

Under the radar
Opt. Express 15, 289–301 (2007)
If you want to send a message in secret, 
going public might be a good idea. This is 
the conclusion reached by Bernard Wu and 
Evgenii Narimanov, who have analysed 
the security performance of a protocol that 
promises secure communication over public 
optical-fibre networks by cloaking the signal 
within the background noise of the channel. 
They find that choosing a public line to 
transmit the encoded message can decrease 
an eavesdropper’s chances of obtaining the 
secure data — even when she (or he) knows 
that secure transmission is taking place.

In the ‘stealth protocol’ — proposed 
recently by the same authors — a properly 
prepared secret message is sent with an 
average power that is below the noise level 
of the fibre used in the transmission. Similar 
approaches have been explored before, but 
using the public network, and mimicking 
its spectrum, seems to offer an extra layer 
of security against attacks. This could open 
a new avenue to using existing optical 
networks for secure communications.

q.e.d.
Phys. Rev. Lett. 98, 040404 (2007)
In the early 1960s, Eugene Gross and 
Lev Pitaevskii set out a framework to describe 
a gas of interacting bosons in external 
potentials — work in which there has been 
renewed interest now that Bose–Einstein 
condensates can be explored experimentally. 
The assumptions underlying the theory, 

Evolving model

Phys. Rev. Lett. 98, 058101 (2007)
Mutations in DNA during its 
replication — copying errors — drive 
evolution. But, in simple organisms such as 
bacteria, the genetic code may also evolve 
through the transfer of genetic material from 
one body to another (that is not its offspring). 
In 2005, Cohen, Kessler and Levine showed 
that such ‘horizontal’ gene transfer, and 
subsequent ‘recombination’ of the genetic 
material with the DNA of the absorbing body, 
has a marked effect on the rate of evolution, 
speeding up the process significantly.

That study was conducted for a finite 
population size, over a finite time interval. 
Now J.-M. Park and W. M. Deem present an 
extended, analytic study, running effectively 
over infinite time, infinite genome length 
and infinite population. They use a two-
component field theory to map out the 
phase diagram, delineating selected and 
unselected phases for different rates of 
replication. Their results predict that, for 

Astrophys. J. 656, L5–L8 (2007)
Hot plasma surrounds bright galaxy 
clusters. Thermal energy is carried 
away by X-rays that provide clues to the 
conditions of density and temperature in 
galaxy formation. However, to maintain 
hydrodynamic stability, radiative cooling 
from X-ray emissions must be balanced by 
some heating mechanism. Assaf Sternberg, 
Fabio Pizzolato and Noam Soker 
probe the role of bubbles in heating the 
intercluster medium.

Bubbles emit radio waves rather than 
X-rays, and thus they probably contain 
relativistic electrons and protons, as well 
as magnetic field. They are normally 

Bubbles wrapped up?
inflated in pairs by an energetic jet from 
the centre of the cluster (where lies a 
black hole). The largest bubble pairs are 
spherical and touch at the centre, creating 
an hourglass shape.

Sternberg et al. concentrate on 
such ‘fat’ bubbles, for which previous 
simulations produced unstable bubbles. 
Their two-dimensional simulation shows 
that a slow (104 km s−1), wide-angle jet is 
able to blow fat bubbles with low-density 
cavities and dense shells, as observed. 
Relativistic particles and magnetic fields 
account for 10% of jet energy being 
pumped into the bubbles, which also 
agrees with measurements.
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