
cerncourier
V o l u m e  5 3   N u m b e r  8   O c t o b e r  2 0 1 3

9

C E R N C our i e r      O c t o b e r  2 0 13

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

Mammalian nervous systems send electrical 
signals at speeds of about 100 m/s and some 
plants such as the Venus fl ytrap are known 
to send electrical signals that propagate at 
slower speeds of 3 cm/s to trigger their leaf 
movements. other plants move more slowly 
and none have nervous systems. nevertheless 
they can send electrical signals, as Seyed 
Mousavi of the university of Lausanne and 
colleagues have recently discovered.

using thale cress (Arabidopsis thaliana) 
plants with electrodes that are grounded in the 
soil or connected to the leaves, the researchers 
found that when egyptian cotton leaf worm 
(Spodoptera littoralis) larvae walked on 

the leaves there 
were no changes 
in electrical 
potential. 

However, when the larvae started eating, 
electrical signals appeared at the attack site 
and propagated to other leaves at speeds of up 
to 9 cm/s. While this is slow compared with 
mammalian responses, it is similar to the 
speed of nerve-signal propagation in mussels. 

Wounding in plants is known to send 

out a wave of reactive oxygen species. 
By inhibiting this, the team found that 
two glutamate-receptor-like proteins are 
involved in the production of the electrical 
wave. These are similar to glutamate 
receptors in animal nervous systems and the 
fi ndings suggest an early origin for parts of 
mammalian nervous systems. 

 ● Further reading 
S A R Mousavi et al. 2013 Nature  500 422.

Soft actuator breakthrough
A long-standing problem is how to build soft 
actuators – things that could provide the sort 
of motion that is generated by muscles. now, 
christoph Keplinger of Harvard university 
and colleagues have developed a class of 
devices based on ionic conductors based on 
ionic hydrogels that stretch under an applied 
electric fi eld. These muscle-mimics are fully 
transparent across the visible spectrum and 
can operate at frequencies above 10 kHz. The 
researchers demonstrated the technology by 
making a transparent actuator providing large 
area (up to 167%) strains and a transparent 
speaker that produces sound across the full 
audible range of frequencies.

 ● Further reading 
C Keplinger et al. 2013 Science 341 984.

Near-infrared metatronic 
nanocircuits
Lumped elements in electrical systems 
such as resistors, capacitors and inductors 
are hard to imagine at high frequencies but 
Humeyra caglayan and colleagues at the 
university of Pennsylvania have shown 
that metamaterials using simple nanorod 
geometry and transparent plasmonic 
conducting oxides can do the job all of the 
way up to near-infrared wavelengths. earlier 
approaches using silicon nitride could not 
reach the 1.55 μm wavelength that is used by 
most telecommunications optical fi bres, a 
problem that is now overcome using indium 
tin oxide. changing the shape and spacing 

of the nanorods, adding nickel chromium 
to the tops of the rods or fi lling the inter-rod 
gaps with lead sulphide can all be used to 
tune the circuits. Band-gap or band-pass 
fi lters at almost optical frequencies can now 
be conceived of and designed as electrical 
circuitry.

 ● Further reading 
H Caglayan et al. 2013 Phys. Rev. Lett. 111 073904. 

Nanoscale thermometry in 
living cells
Taking temperatures at nanoscales has 
become easier thanks to the work of G Kucsko 
of Harvard university and colleagues. They 
use tiny nanodiamonds with single-nitrogen 
atom impurities, creating a nitrogen-vacancy 
(nV) centre in which two neighbouring 
carbon atoms are replaced by a nitrogen atom 
and a vacancy. The ground state of the nV is 
split into two energy levels and the difference 
between them (in the microwave region) is a 
sensitive function of temperature because it 
depends on thermally induced lattice strains. 
Temperature differences of 1.8 mK can be 
measured on length scales of 200 nm. By 
putting gold nanoparticles that can be heated 
by a laser and nanodiamonds into a single 
human embryonic fi broblast they could also 
demonstrate temperature-gradient control and 
mapping at the subcellular level. This opens 
up new possibilities for research into what 
goes on inside cells.

 ● Further reading 
G Kucsko 2013 Nature  500 54.

Wounded plants communicate electrically
When one leaf of Arabidopsis thaliana comes under attack, it 
sends electrical signals to trigger defence mechanisms in the 
others. (Image credit: Charles Andrès /CC-BY-SA_3.0.)

Collisions in sandstorms
computer simulations by Marcus carneiro 
of the Swiss Federal institute of Technology 
in Zurich and colleagues show that there 
is more to sandstorms than just “sand 
blowing around”. in a sandstorm, the grains 
fl y mostly close to the ground, but a few 
– “saltons” – are kicked upwards where 
they are accelerated by stronger winds. 
When they fall, they kick up new saltons. 
Surprisingly, when the simulations included 
mid-air collisions between grains, rather 
than diminishing, the amount of sand in the 
air could double through collisions between 
lower ejected grains or “leapers”. it turns out 
that the optimal coeffi cient of restitution for 
the collision to maximize sand fl ux is about 
0.7, similar to experimentally measured 
values.

 ● Further reading 
M V Carneiro et al. 2013 Phys. Rev. Lett. 111 
058001.

In a simulated sandstorm, a “salton” 
(yellow) smashes into the dense particle 
bed near the ground and ejects “leapers” 
(red). The arrow indicates wind direction.
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A stunning image of the nearby Andromeda 
galaxy (M31) captured by the Subaru 
Telescope’s Hyper Suprime-cam (HSc) has 
demonstrated the instrument’s capability of 
fulfi lling the goal to use the ground-based 
telescope to produce a large-scale survey 
of the universe. The combination of a 
large mirror, wide fi eld of view and sharp 
imaging represents a major step into a new 
era of observational astronomy and will 
contribute to answering questions about 
the nature of dark energy and matter. The 
image marks a successful stage in the HSc’s 
commissioning process, which involves 
checking all of its capabilities before it is 
ready for open use. 

The Subaru Telescope, which saw fi rst 
light in 1999, is an 8.2-m optical-infrared 
telescope at the summit of Mauna Kea, 
Hawaii, and is operated by the national 
Astronomical observatory of Japan (nAoJ). 
The HSc – which was installed on the 
telescope in August last year – substantially 
increases the fi eld of view beyond that which 
is available with the present instrument, the 
Subaru Prime Focus camera, Suprime-cam. 
The 3-tonnes, 3-m high HSc mounted at 
the prime focus contains 116 innovative, 
highly sensitive CCDs. Its fi eld of view 
with a diameter of 1.5° is seven times that 
of the Suprime-cam and with the 8.2-m 
primary mirror enables the high-resolution 
images that will underpin what will be the 
largest-ever galaxy survey.

First conceived of in 2002, the HSc 
Project was established in 2008. The major 
research partners are nAoJ, the Kavli 
institute for the Physics and Mathematics 
of the universe, the School of Science at 
the university of Tokyo, KeK, Academia 
Sinica institute of Astronomy and 
Astrophysics and Princeton university, 
with collaborators from industry, 
Hamamatsu Photonics KK, canon inc. and 
Mitsubishi electric corporation.

a s t r O P a r t i C L E  P h Y s i C s

Hyper Suprime-Cam offers new 
view on universe

of 16 technical experts and 
12 socio-environmental experts were 
created separately to provide expertise 
on issues such as geological conditions, 
environmental impact, possible problems 
during construction and the social 
infrastructure of each candidate site.

After more than 300 hours of meetings, 
the site-evaluation committee made a 
tentative choice in early July. This choice 

was then submitted and reviewed by an 
international review committee. The 
committee recognized that the process 
to choose the site had been conducted 
with great care and that the selected site 
has excellent geological conditions for 
tunnelling and stability.

 ● For more information, see the Japanese 
iLc Strategy council website http://ilc-str.
jp/.

Hyper Suprime-Cam. The instrument 
weighs 3 tonnes and is 3 m high. (Credit: 
NAOJ.)

M31, the Andromeda galaxy, captured by 
HSC. (Credit: HSC Project / NAOJ.)
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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

Follow-up observations of a recent 
short-duration gamma-ray burst (GrB) 
provide the strongest evidence yet that 
these elusive bursts result from the merger 
of two neutron stars. The evidence is in the 
detection with the Hubble Space Telescope 
(HST) of a new kind of stellar blast – a 
kilonova. 

During the 1990s, the detection of 
thousands of GrBs by the Burst and 
Transient Source experiment (BATSe) 
revealed two bumps in the distribution 
of their duration. GrBs were therefore 
classifi ed as being of either short or long 
duration, with a dividing line at 2 s. The 
origin of these brief fl ashes of gamma rays 
remained mysterious until the “rosetta 
stone” burst, GrB 030329 (CERN Courier 
September 2003 p15). A supernova explosion 
was found to be associated with this bright, 
relatively nearby burst of 29 March 2003 and 
therefore proved that long-duration GrBs 
result from core-collapse in massive stars. 
The collapse of the core forms a black hole, 
which powers a pair of relativistic jets that 
drill their way through the remains of the 
dying star and produce an energetic fl ash of 
gamma rays (CERN Courier June 2013 p12).

So what is the origin of the short-duration 
GrBs? Are they really of a different nature? 
The favoured hypothesis is that they are 
produced by the merger of two neutron stars, 
or a neutron star and a black hole (CERN 
Courier December 2005 p20). Theorists 
expect such mergers to produce neutron-rich 
radioactive isotopes, whose decay within 
days would lead to a transient infrared 
source. Such a hypothetical transient is 

called a kilonova 
because its 
brightness is 
about a thousand 
times that of a 
typical stellar 
nova, but is still 
10 to 100 times 
less bright than a 

supernova explosion.
A team of astronomers led by nial Tanvir 

of the university of Leicester now claims to 
have detected the fi rst kilonova associated 
with the short GRB 130603B. The burst 
was detected on 3 June by the Burst Alert 
Telescope on the Swift spacecraft. The 
subsequent detection of an optical afterglow 
allowed the team to pinpoint the location of 
this genuine short GrB, which lasted only 
about 0.2 s. The burst occurred in a known 
galaxy at a redshift of z = 0.356, an ideal 
target for the sharp vision of the Hubble 
Space Telescope (HST).

Two HST observations have been 
performed: one nine days after the burst and 
the second after 30 days. While no transient 
source is detected in visible light, the earlier 
near-infrared image has a point source at 
the position of the burst’s afterglow, which 
is no longer present in the later observation. 

Furthermore, the brightness of this source 
is found to be signifi cantly in excess of the 
extrapolation of the afterglow decay to nine 
days after the burst. This discrepancy reveals 
the presence of an additional component that 
Tanvir and his team suggest is the expected 
kilonova. The time delay, infrared brightness 
and the absence of emission in the visible 
light are characteristics that are all consistent 
with recent calculations for the emission of a 
kilonova.

if the infrared transient observed by the 
HST is correctly interpreted, this would be 
a new milestone in the understanding of 
GRBs. It would confi rm that short GRBs 
are indeed produced by the merger of two 
compact stellar objects ejecting neutron-rich 
radioactive elements decaying in a kilonova 
blast. This would also be good news for 
searches for gravitational-wave signals from 
the merger of compact objects. Detecting 
the kilonova transient associated with a 
gravitational-wave signal would allow the 
location and distance of the source to be 
obtained, even in the absence of a detectable 
short GrB when the gamma-ray emission is 
pointing away from the earth.

 ● Further reading 
N R Tanvir et al. 2013 Nature  500 547.

Picture of the month

This unprecedented image of a double jet from a young star combines 
radio observations acquired by the Atacama Large Millimeter/
submillimeter Array (ALMA) with visible-light observations from ESO’s 
New Technology Telescope (NTT). Young stars are violent objects that 
can eject material at speeds as high as 106 km/h. When this material 
crashes into the surrounding gas it glows, creating a Herbig-Haro object 
(Picture of the Month, CERN Courier September 2012 p14). Herbig-Haro 
46/47 is a spectacular example that is situated about 1400 light-years 
away. Until now, the visible part of the jet (in pink and purple, upper left) 
had been seen. Now, the ALMA observations reveal for the fi rst time the 
counter-jet (orange and green, lower right), which is hidden in the visible 
by an opaque cloud of gas and dust. (Image credit: ESO/ALMA (ESO/
NAOJ/NRAO)/H Arce. Acknowledgements: Bo Reipurth.)

Kilonova solves the short GRB puzzle
The host galaxy of GRB 130603B. On 13 June, Hubble’s Wide 
Field Camera revealed a glow in near-infrared light at the source 
of the GRB (top). By 3 July, the source had faded (below). The 
fading glow provided key evidence that it was the decaying fi reball 
of a new type of stellar blast – a kilonova. (Image credit: NASA/
ESA/N Tanvir (University of Leicester)/A Fruchter (STSciI)/A 
Levan (University of Warwick).)13 June 2013
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