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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

Mathematics is often dubbed the language 
of science, but does mathematical aptitude 
itself have anything to do with language? To 
investigate, Marie Amalric and Stanislas 
Dehaene of the Université of Paris-Sud 
and Université Paris-Saclay, France, used 
functional MRI (fMRI) imaging to image 
the brains of professional mathematicians 
and non-mathematicians of equal academic 
standing when asked questions about 
the truth or falsity of mathematical and 
non-mathematical statements. Among 
the professional mathematicians, fMRI 
clearly showed activation in the bilateral 
frontal, intraparietal and ventrolateral 

temporal regions – regardless of whether 
the questions concerned algebra, analysis, 
topology or geometry. Intriguingly, the 
subjects did not rely on areas of the brain that 
relate to language and general-knowledge 
semantics, and instead used areas that 
were activated by numbers and formulae 
in the non-mathematician group. This, 
claim the authors, suggests that high-level 
mathematical expertise and basic number 
sense share common roots in a non-linguistic 
brain circuit.

 ● Further reading 
M Amalric and S Dehaene 2016 PNAS 113 4909.

Chirality detected in deep 
space 
Chiral molecules, which cannot be 
superimposed on their mirror image, are 
a key feature of biological life on Earth 
and have already been detected in other 
solar-system objects. Now, for the fi rst 
time, a chiral molecule has been detected 
in interstellar space. Brett McGuire of the 
National Radio Astronomy Observatory in 
the US and colleagues used data from the 
Green Bank Telescope in West Virginia, 
with some help from the Parkes radio 
telescope in Australia, to detect propylene 
oxide near the centre of our Galaxy in the 
star-forming dust and gas cloud Sagittarius 
B2. The identifi cation was made via 
multiple spectral lines, but the data did not 
allow the team to determine the molecule’s 
absolute handedness. The result should 
help in the ongoing struggle to understand 
the origin of the bimolecular chirality that 
is so important to life as we know it.

 ● Further reading 
B McGuire et al. 2016 Science 352 1449.

Bio-inspired robotic fi sh
Batoid fi shes, which include stingrays, 
have served as inspiration for a bizarre robot 
that is a hybrid of machines and living cells. 
Kevin Kit Parker of Harvard University and 
colleagues put living muscle cells from a 
rat’s heart on an elastomeric body enclosing 
a microfabricated gold skeleton, so that 
the structure could mimic the undulating 

swimming motion of a batoid fi sh. The 
muscle cells, which were genetically 
engineered to contain an optogenetic 
molecular switch, were controlled externally 
via an optical signal. The artifi cial animal, 
which replicated fi sh morphology at the 
1/10th scale (corresponding approximately 
to the size of a one-cent coin) including the 
basic fi n defl ection patterns of batoid fi sh, 
uses these light cues to navigate simple 
obstacle courses.

 ● Further reading 
S-J Park et al. 2016 Science 353 158. 

Burying carbon dioxide
Carbon capture and storage (CCS) 
technologies aim to reduce harmful 
carbon-dioxide emissions by diverting 
them underground, rather than into the 
atmosphere. Now, for the fi rst time, Juerg 
Matter of the University of Southampton 
in the UK and colleagues have shown 
that carbon dioxide can be disposed of 
permanently by being mineralised to benign 
carbonate minerals in basaltic rocks. The 
team found that it took less than two years 
for more than 95% of the carbon dioxide 
injected into the CarbFix site about 25 km 
from Reykjavik in Iceland to be immobilised 
this way. Previously, it was thought that such 
processes take several hundreds to thousands 
of years, and the results therefore hold 
promise for CCS solutions.

 ● Further reading 
J M Matter et al. 2016 Science 352 1312.

Mathematics on the brain

New study probes the relationship between 
mathematics and language.

Feathers in amber 
Plumage in the Cretaceous period, which 
holds important evolutionary clues, is 
notoriously diffi cult to study due to the 
poor preservation of details in compression 
fossils. Fortunately, however, two ancient 
bird wings trapped in Burmese amber 
99 million years ago have been found 
in which feathers have been preserved 
in stunning detail. The samples have 
allowed Lida Xing of the China University of 
Geosciences in Beijing and colleagues to 
make detailed studies, for example using 
synchrotron X-ray micro-CT techniques, 
to reveal the fi rst examples of several 
physiological structures – including follicles 
and feather tracts – that until now have not 
been preserved. The feathers are likely to be 
from hatchlings of enantiornithines, a group 
of extinct fl ying dinosaurs.

 ● Further reading 
L Xing et al. 2016 Nature Communications 7 12089.

A mummifi ed partial wing preserved in a 
few cubic centimetres of amber, revealing 
rachis, skin, muscle and claw.

Advertising feature

D-Pace, in partnership with Buckley Systems, 
have recently completed the design, build, 
installation and commissioning of an Ion  
Source Test Facility (ISTF) at Buckley Systems’  
New Zealand site.

Goals. 
The ISTF serves multiple purposes. The primary 
goal is the development, commercialization and 
characterisation of RF and filament based 
negative ion sources licensed to D-Pace by the 
University of Jyvaskyla and TRIUMF. These ion 
sources are designed to produce H- ion beams 
for cyclotron-based radioisotope production. 
However, the production of other heavy negative 
and positive ion beams - which are of interest for 
semiconductor implantation purposes - will also 
be investigated.

Another important use of the ISTF will be to 
refine the array of beam diagnostic equipment 
currently available from D-Pace, including 
emittance scanners, Faraday cups, wire/optical 
beam profilers and mass spectrometer systems.

From left: Ion beam through slit/analyser system (highlighted by injection of nitrogen gas); D-Pace DC volume cusp ion source; Emittance plot measured using 
D-Pace ES-4 emittance scanner system.

A longer term aim is to produce turnkey ion 
source systems for customized applications 
including control and data acquisition systems, 
power electronics and vacuum equipment.

Last but not least, D-Pace has recognized that 
there is a lack of readily accessible ion source 
test facilities. The ISTF is therefore open to 
others that may wish to conduct their own ion 
source related research.

Description. 
In its current configuration the ISTF consists of a 
15mA, TRIUMF type DC Volume-Cusp H- ion 
source. This can easily be exchanged for other 
ion sources such as the 1mA, 13.56MHz RF H- 
ion source from the University of Jyväskylä. Both 
class-leading ion sources are coupled to ion-
optics to produce stable, low emittance ion 
beams with energies of up to 30keV.
A turbo-pumped, dual-stage, vacuum chamber 
houses a D-Pace ES-4 1.5kW Emittance Scanner 
and a 1kW pneumatically actuated Faraday cup. 
This combination allows both beam current and 

distribution in x, x’ and y, y’ to be measured. 
D-Pace’s UniBEaM - a fibre optic beam profiler - 
can also be positioned at various locations for 
simultaneous X & Y beam profiling.

Downstream, a quadrupole doublet, with 
integrated steering, guides the beam through  
an adjustable slit system and an analyser  
dipole to a fixed Faraday cup. This enables  
the composition of the ion beam to also  
be determined.

Summary.
A facility dedicated to the development of ion 
source technology and related beam diagnostic 
equipment has been collaboratively built by 
D-Pace and Buckley Systems.

The system is flexible, self-contained, includes 
all of the tools required to quantify the 
performance of an ion source and is available to 
other researchers. 

For any further information on the Ion Source 
Test Facility, ion sources and beam diagnostic 
equipment contact D-Pace.

D-Pace
Suite 305, 625 Front Street, Nelson,  
British Columbia, Canada V1L4B6
Ph: 1 250 352 5162
Email: info@d-pace.com
Web: www.d-pace.com

Buckley Systems
6 Bowden Rd, Mt Wellington, Auckland 1060, 
New Zealand
Ph: +64 9 573 2200
Email: info@buckleysystems.com
Web: www.buckleysystems.com

A New Ion Source Test Facility
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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 ,  A N D CH IPP,  U N I V E R S I T Y  O F  Z U R I C H

With its very fi rst observation, Japan’s 
Hitomi X-ray satellite has discovered that 
the gas in the Perseus cluster of galaxies 
is much less turbulent than expected. The 
unprecedented measurement opens the way 
towards a better determination of the mass 
of galaxy clusters, which has important 
cosmological implications. 

Hitomi, which translates to “pupil of 
the eye”, is an X-ray observatory built and 
operated by the Japanese space agency 
(JAXA) in collaboration with more than 
60 institutes and 200 scientists and engineers 
from Japan, the US, Canada and Europe. 
Launched on 17 February this year, Hitomi 
functioned for just over a month before 
operators lost contact on 26 March, when 
the spacecraft started to spin very rapidly, 
leading to its partial disintegration. It was a 
tragic end to a very promising mission that 
would have used a micro-calorimeter to 
achieve unprecedented spectral resolution 
in X-rays. Cooled down to 0.05 K, the soft 
X-ray spectrometer (SXS) was designed to 
record the precise energy of each incoming 
X-ray photon.

Hitomi targeted the Perseus cluster just 
a week after it arrived in space to measure 
the turbulence in the cluster to a precision of 
10 km s–1, compared with the upper limit set 
by XMM-Newton of 500 km s–1. The SXS 
micro-calorimeter met expectations and 
measured a velocity of only 164±10 km s–1 
along the line-of-sight. This low velocity came 
as a surprise for the Hitomi collaboration, 
especially because at the core of the cluster 

lies the highly energetic active galaxy 
NGC 1275. It indicates that the cluster gas has 
very little turbulent motion, with a turbulent 
pressure being only four per cent of the heat 
pressure of the hot intra-cluster gas. This is 
extraordinary, considering that NGC 1275 is 
pumping jetted energy into its surroundings to 
create bubbles of extremely hot gas. 

Previously, it was thought that these bubbles 
induce turbulence, which keeps the central gas 
hot, but researchers now have to think of other 
ways to heat the gas. One possibility is sound 
waves, which would allow energy to be spread 
into the medium without global movement 

of the gas. The precise determination of 
the turbulence in the Perseus cluster allows 
a better determination of its mass, which 
depends on the ratio of turbulent to quiescent 
gas. Generalising the result of an almost 
negligible contribution of turbulent pressure 
in the central core of galaxy clusters impacts 
not just cluster physics but also cosmological 
simulations. 

The impressive results of Hitomi only 
reinforce astronomers’ sense of loss. As this 
and several missions have shown, equipping 
an X-ray satellite with a micro-calorimeter 
is a daunting challenge. NASA’s Chandra 
X-ray Observatory, which launched in 1999, 
dropped the idea due to budget constraints. 
JAXA took over the calorimeter challenge 
on its ASTRO-E spacecraft, but the probe 
was destroyed in 2000 shortly after rocket 
lift-off. This was followed by the Suzaku 
satellite, launched in 2005, in which a leak in 
the cooling system destroyed the calorimeter. 
This series of failures is especially dramatic 
for the scientists and engineers developing 
such high-precision instruments over two 
decades – especially in the case of Hitomi, for 
which the SXS instrument worked perfectly 
until the loss of the satellite due to problems 
with the attitude control. Researchers may 
now have to wait more than a decade to 
use a micro-calorimeter in space, until 
ESA’s Athena mission, which is tentatively 
scheduled for launch in the late 2020s.

 ● Further reading 
Hitomi Collaboration 2016 Nature 535 117.

Picture of the month

This spectacular infrared image of the Orion Nebula is the 
deepest view ever of this archetypical star-forming region. 
The famous Orion Nebula spans about 24 light-years within 
the constellation of Orion, and is visible from Earth with the 
naked eye as a fuzzy patch in Orion’s sword. In visible light, it 
is brightly illuminated by ultraviolet radiation from the many 
hot stars it contains. In infrared light, however, it is possible 
to see inside the star-forming clouds and detect fainter 
objects. This image was obtained using the HAWK-I infrared 
camera on ESO’s Very Large Telescope in Chile, and reveals 
objects as small as brown dwarfs and isolated planets. The 
new image also reveals an unexpected wealth of very faint 
planetary-mass objects, which suggests that the Orion 
Nebula may be forming proportionally far more low-mass 
objects than do closer and less active star-formation regions.

Hitomi probes turbulence in galaxy cluster

A portion of the spectrum from the Perseus 
cluster of galaxies, as measured by the Hitomi 
micro-calorimeter (squared area), which is 
highlighted on the background image 
showing bubbles of hot gas.
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