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Sciencewatch
C O M P I L E D  B Y  J O H N S W A I N ,  N O R T H E A S T E R N U N I V E R S I T Y

Gardiner’s frogs live in the Seychelles islands 
and are among the smallest in the world at 
just 1 cm long. now they have another claim 
to fame because they hear in what seems 
to be a completely distinct way – through 
their mouths. other frogs have a tympanic 
middle ear with a membrane that vibrates on 
the surface of their heads, while Gardiner’s 
frogs have none and so might seem to be deaf. 
However, they do croak to communicate 
and now renaud Boistel of the centre de 
neurosciences Paris-Sud and colleagues have 
found that they can hear using their mouths as 
resonators coupled to an inner ear.

using X-ray imaging techniques at the 
european Synchrotron radiation Facility 

in Grenoble, the researchers established 
that the pulmonary system of these frogs 
could not contribute signifi cantly to the 

transmission of sound to the inner ears, so 
they focused instead on the head. With the 
aid of numerical simulations the researchers 
were able to confi rm that the mouth acts 
as a resonator. Hearing via a middle ear is 
common to all other four-legged animals 
and seems to have evolved independently 
in different lineages. The home islands 
of these unusual frogs have been isolated 
from other land masses for 47–65 million 
years, so their hearing mechanism may be a 
unique survivor of ancestors from the ancient 
continent of Gondwana.

 ● Further reading 
R Boistel et al. 2013 PNAS 110 15360.

Nature’s pain medicine
While a large fraction of modern medicines 
are extracted or derived from natural plant 
sources, medical chemistry has managed to 
synthesize quite a few that would seem to be 
human creations. now Ahcène Boumendjel 
of université Joseph Fourier in Grenoble and 
colleagues have found a synthetic painkiller 
in a plant used in traditional African medicine 
to treat pain. They found that the roots – the 
part used in traditional pain remedies of 
cameroon – of the pincushion tree (Nauclea 
latifolia) contain large amounts of tramadol, 
a synthetic painkiller used since the 1970s. 
This seems to be the fi rst time a widely used 
synthetic drug has been found at medically 
useful levels in a plant. it seems that nature got 
there fi rst for this one.

 ● Further reading 
A Boumendjel et al. 2013 Angewandte Chemie 
DOI: 10.1002/anie.201305697.

Cheap and quiet MRI
A new approach to magnetic resonance 
imaging (Mri) could lead to cheaper 
devices without the clanging noises and 
possible nerve stimulation in patients that 
arise from switching the directions of 
large magnetic-fi eld gradients in present 
day devices. Jonathan Sharp at Alberta 
innovates Technology Futures in calgary 
and colleagues have used a static magnetic 
fi eld and two resonant RF fi elds twisting in 
opposite directions to manipulate nuclear 

spins and produce high-resolution images 
even with a low fi eld of 0.2 T provided 
by a permanent magnet. in addition to 
making Mri cheaper and quieter, it opens 
up new possibilities for Mri imaging and 
experiments in general because it allows 
independent simultaneous multi-nuclear or 
spectrally selective imaging to be done.

 ● Further reading 
J C Sharp et al. 2013 NMR in Biomedicine 
DOI: 10.1002/nbm.3023. 

Perovskites for solar power
A new, inexpensive approach to making 
solar cells could beat silicon in price and 
effi ciency. Mingzhen Liu and colleagues at 
the university of oxford have shown that 
vapour-deposited perovskites can provide 15% 
effi ciency at about $0.15 per watt – a factor 
of four cheaper than silicon. This effi ciency 
is already close to what has been achieved 
with silicon and is expected to improve. The 
fact that the fl at layers work has come as 
something of a surprise, as expectations were 
that complicated nanostructuring would be 
needed. An advantage is that the devices 
produce more than 1 V, which is higher than 
the 0.7 V from silicon. Moreover, they absorb 
in a different spectral region, so they could 
even be printed on top of conventional silicon 
solar cells, boosting effi ciency by 25% with 
only minor modifi cations to fabrication.

 ● Further reading 
M Liu et al. 2013 Nature 501 395.

The frog that hears through its mouth

A male Gardiner’s frog in its natural habitat 
in the Seychelles. (Image credit: R Boistel/
CNRS.)

Insect gears
For the fi rst time, intermeshing gears that 
function like familiar mechanical gears have 
been found in an animal. Malcolm Burrows 
of the University of Cambridge and Gregory 
Sutton, now at the University of Bristol, 
have shown that the fl ightless planthopper 
insect Issus has, in its nymph stage, gears 
as part of its jumping mechanism. It uses 
the gears to synchronize motion of the two 
hind legs, rotating at an amazing 50,000 
teeth per second. When the nymph molts to 
its adult form it seems to no longer need this 
mechanism and loses it. Once again, nature 
seems to have got a basic technology fi rst.

 ● Further reading 
M Burrows and G Sutton 2013 Science 341 1254.

A scanning electron micrograph shows the 
gears in the issus nymph. (Image credit: 
Malcolm Burrows.)
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News

in mid-September, the Long Baseline 
neutrino experiment (LBne) collaboration, 
based at Fermilab, welcomed the participation 
of 16 additional institutions from Brazil, italy 
and the uK. The new members represent a 
signifi cant increase in overall membership 
of more than 30% compared with a year ago. 
now, more than 450 scientists and engineers 
from more than 75 institutions participate 
in the LBne science collaboration (CERN 
Courier April 2012 p12). They come from 

universities and national laboratories in the 
uS, india and Japan, as well as Brazil, italy 
and the uK. 

The swelling numbers strengthen the 
case to pursue an LBne design that will 
maximize its scientifi c impact. In mid-2012, 
an external review panel recommended 
phasing LBne to meet the budget constraints 
of the uS Department of energy (Doe). in 
December the project received the Doe’s 
critical Decision 1 (cD-1) approval on its 

phase 1 design, which excluded both the near 
detector and an underground location for the 
far detector. However, the cD-1 approval 
explicitly allows for an increase in design 
scope if new partners are able to contribute 
additional resources. under this scenario, 
goals for a new, expanded LBne phase 1 
bring back these excluded design elements, 
which are crucial to execute a robust and 
far-reaching neutrino, nucleon-decay and 
astroparticle-physics programme.

LBNE gains new partners from Brazil, Italy and UK

Modern physics experiments often require 
the detection of particles over large areas 
with excellent spatial resolution. This 
inevitably leads to systems equipped with 
thousands, if not millions, of read-out 
elements (strips, pixels) and consequently the 
same number of electronic channels. in most 
cases, it increases the total cost of a project 
signifi cantly and can even be prohibitive for 
some applications. 

in general, the size of the electronics can 
be reduced considerably by connecting 
several read-out elements to a single channel 
through an appropriate multiplexing pattern. 
However any grouping implies a certain 
loss of information and this means that 
ambiguities can occur. Sébastien Procureur, 
raphaël Dupré and Stéphan Aune at ceA 
Saclay and inP orsay have devised a method 
of multiplexing that overcomes this problem. 
Starting from the assumption that a particle 
leaves a signal on at least two neighbouring 
elements, they built a pattern in which the 
loss of information coincides exactly with 
this redundancy of the signal, therefore 
minimizing the ambiguities of localization. in 
this pattern, two given channels are connected 
to several strips in such a way that these 
strips are consecutive only once in the whole 
detector. The team has called this pattern 
“genetic multiplexing” for its analogy with 
DnA, as a sequence of channels uniquely 
codes the particle’s position. 

combinatorial considerations indicate 
that, using a prime number p of channels, 
a detector can be equipped with at most 
p(p–1)/2+1 read-out strips. Furthermore, the 
degree of multiplexing can be adapted easily 

to the incident fl ux. Simulations show that a 
reduction in the electronics by a factor of two 
can still be achieved at rates up to the order of 
10 kHz/cm2. 

The team has successfully built and 
tested a large, 50 × 50 cm2 Micromegas 
(micro-pattern gaseous detector) with such 
a pattern, the 1024 strips being read out with 
only 61 channels. The prototype showed the 
same spatial resolution as a non-multiplexed 
detector (Procureur et al. 2013). A second 
prototype that is built from resistive-strip 
technology will be tested soon, to achieve 
effi ciencies close to 100%.

The possibility of building large 
micro-pattern detectors with up to 30 times 
less electronics opens the door for new 
applications both within and beyond 
particle physics. in muon tomography, this 

multiplexing could be used to image large 
objects with an unprecedented accuracy, 
either by defl ection (containers, trucks, 
manufacturing products) or by absorption 
(geological structures such as volcanoes, 
large monuments such as a cathedral roof). 
The reduction of the electronics and power 
consumption also suggests applications in 
medical imaging or dosimetry, where light, 
portable systems are required. Meanwhile, 
in particle physics this multiplexing could 
bring a signifi cant reduction in the cost of 
electronics – after optimizing the number 
of channels with the incident fl ux – and 
simplifi cations in integration and cooling.

 ● Further reading 
S Procureur, R Dupré and S Aune 2013 Nucl. Instrum. 
& Meth. A. 729 888.

Genetic multiplexing: how to read more with 
less electronics

Schematic of the connection between the 61 electronic channels and the 1024 strips of the 
50 cm prototype. (Image credit: CEA-Saclay.)
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Astrowatch
C O M P I L E D  B Y  M A R C TÜ R L E R ,  I SDC A N D O B S E R V AT O R Y  O F  T H E  U N I V E R S I T Y  O F  G E N E V A

For the fi rst time, astronomers have caught 
a pulsar in a crucial transitional phase 
that explains the origin of the mysterious 
millisecond pulsars. The newly found 
pulsar swings back and forth between 
accretion-powered X-ray emission and 
rotation-driven radio emission, bringing 
conclusive evidence for a 30-year-old 
model that explains the high spin rate of 
millisecond pulsars as a result of matter 
accretion from a companion star. 

Pulsars are the highly magnetized, 
spinning remnants of supernova explosions 
of massive stars and are primarily observed 
as pulsating sources of radio waves. The 
radio emission is powered by the rotating 
magnetic fi eld and focused in two beams that 
stem from the magnetic poles. Similarly to 
a rotating lighthouse beacon, the rotation 
of the pulsar swings the emission cone 
through space, resulting in distant observers 
seeing regular pulses of radio waves (CERN 
Courier March 2013 p12). it is actually the 
kinetic rotational energy of the neutron star 
that is radiated away, leading to a gradual 
slow down of the rotation. While pulsars 
spin rapidly at birth, they tend to rotate more 
slowly – with periods of up to a few seconds 
– as they age. For this reason, astronomers 
in the 1980s were puzzled by the discovery 
of millisecond pulsars – old but extremely 
quickly rotating pulsars with periods of a few 
thousandths of a second.

The mysterious millisecond pulsars 
can be explained through a theoretical 
model known as the “recycling” scenario. 
if a pulsar is part of a binary system and is 
accreting matter from a stellar companion 
via an accretion disc, then it might also 

gain angular momentum. This process can 
“rejuvenate” old pulsars, boosting their 
rotation and making their periods as short as 
a few milliseconds. This scenario relies on 
the existence of accreting pulsars in binary 
systems, which can be detected through 
the X rays that are emitted in the accretion 
process. The discovery in the 1990s of the 
fi rst X-ray millisecond pulsars was fi rst 
evidence for this model but, until now, the 
search for a direct link between X-ray bright 
millisecond pulsars in binary systems and 
the radio-emitting millisecond pulsars has 
been in vain.

now, the missing link to prove the validity 
of the scenario has fi nally been discovered 
by the wide-fi eld IBIS/ISGRI imager on 
board eSA’s inTeGrAL satellite. A new 
X-ray source appeared in images taken on 
28 March 2013 at the position of the globular 
cluster M28. Subsequent observations by the 
XMM-newton satellite found a modulation 
of its X-ray emission at a period of 3.9 ms, 
revealing the incredibly fast spin of the 
neutron star of more than 250 rotations per 
second. A very clear modulation of the delay 
in the pulse arrival time further showed that 
a low-mass companion star orbits the pulsar 

every 11 hours.
These results obtained by an international 

team led by Alessandro Papitto from the 
institute of Space Sciences in Barcelona were 
then compared with properties of a series of 
known radio pulsars in M28 and – luckily 
– they found one with precisely the same 
values. There is therefore no doubt that the 
radio and X-ray sources are the same pulsar, 
providing the missing link that validates the 
recycling scenario of millisecond pulsars. 
Follow-up radio observations by several 
antennae in Australia, the netherlands 
and the uS showed that the source does 
not exhibit radio pulsations when active in 
X-rays and vice-versa. it was only at the end 
of the X-ray outburst, on 2 May, that radio 
pulsations resumed.

This bouncing behaviour is caused by the 
interplay between the pulsar’s magnetic fi eld 
and the pressure of accreted matter. When 
the accretion dominates, the source emits 
X rays and radio emission is inhibited by the 
presence of the accretion disc closing the 
magnetic fi eld lines.

 ● Further reading 
A Papitto et al. 2013 Nature 501 517.

Picture of the month

While the almost 10-year old Opportunity rover starts the ascent of 
Solander Point on Mars and the Curiosity rover has recently found 2% 
of water in martian surface soil, the red planet is still being continuously 
scrutinized from orbiting satellites. This picture is an incredibly strange 
looking landscape revealed by the High Resolution Imaging Science 
Experiment (HiRISE) camera on NASA’s Mars Reconnaissance Orbiter 
(Picture of the month, CERN Courier December 2009 p11 and March 2010 
p9). This “brain terrain” displays icy lobate features wrapping around a 
small hill. Researchers have identifi ed them to be made of almost pure ice, 
but they do not know for sure if these martian ice deposits fl ow like Earth’s 
glaciers and whether this could induce the mysterious lobate features or 
not. (Image credit: NASA/JPL/University of Arizona.)

Volatile millisecond pulsar validates theory
Artist’s impression 
of a bright X-ray 
millisecond pulsar 
in a binary system 
accreting mass and 
angular momentum 
from a low-mass 
companion star. 
(Image credit: 
ESA.)
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