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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

A study of nearly two thirds of the world’s 
6000+ languages has revealed widespread 
associations between the sounds of words 
and their meanings. It has long been known 
that when people are shown pictures of 
an amorphous blob and a star-like shape 
and are asked which one is likely named 
“bouba” and which one “kiki”, speakers of 
different languages consistently associate 
the blob with the former word and the 
star with the latter. Damián Blasi of the 
University of Zurich and colleagues have 
now found that a large proportion of 
100 basic vocabulary items have strong 

associations with specifi c speech sounds 
across continents and linguistic families. 
The distributions of the associations 
with time and location suggest that many 
words arose independently, potentially 
revealing deep connections between the 
developments of languages.

 ● Further reading 
D Blasi et al. 2016 PNAS 113 10818.

Cosmic rays make more muons
Researchers at the Pierre Auger Observatory 
in Argentina have measured the longitudinal 
and lateral distributions of ultra-high-energy 
cosmic-ray air showers with primary energies 
of 6–16 EeV (corresponding to centre-of-mass 
energies of 110–170 TeV). The average shower 
is 1.33±0.16 and 1.61±0.21 times larger than 
predicted from the leading LHC-tuned 
models EPOS-LHC and QGSJetII-04, 
respectively, corresponding to an excess 
of muons. This suggests either fl aws in the 
underlying models or a more fundamental 
change in physics at these energies.

 ● Further reading 
A Aab et al. 2016 Phys. Rev. Lett. 117 192001.

Statistical mechanics of 
consciousness
Ramon Guevara Erra of the Université Paris 
Descartes and colleagues have reported a 
new insight into the nature of consciousness. 
The researchers recorded the brain activity 
of people while they were sleeping, awake, 
and having epileptic seizures. They found 
that normal wakeful states are characterised 
by the greatest number of interactions 
between brain networks, equating to the 
highest entropy values. This means there is 
higher information content in the networks 
associated with conscious states and suggests 
that consciousness could be the result of 
optimising information processing.

 ● Further reading 
R Guevarra Eva et al. 2016 Phys. Rev. E 94 052402. 

An antidote to carbon monoxide
For the fi rst time, an antidote has been found 
to carbon-monoxide poisoning. Ling Wang 
and Qinzi Xu of the University of Pittsburgh 
in Pennsylvania and collaborators gave mice 
air containing 3% carbon monoxide for 
4.5 minutes, which would kill most humans. 
The mice recovered when given a modifi ed 
neuroglobin (a protein found in the brain 
and retina that protects cells by binding with 
oxygen and nitric oxide) that was engineered 
to bind to carbon monoxide 500 times more 
tightly than it binds to hemoglobin. The US 
Food and Drug Administration has promised 
an expedited review of the work.

 ● Further reading 
I Azarov et al. 2016 Sci. Transl. Med. 8 368ra173.

Flying to reduce jet lag
Joseph Bass of Northwestern University 
in Chicago and colleagues have made the 
surprising fi nding that fl ying can sometimes 
reduce jet lag. After observing daily cycles in 
blood and tissue oxygen levels in mice kept on 
a normal light–dark cycle, the team found that 
if the mice were subjected to a six-hour-long 
change in light cycle that corresponded 
to fl ying east on a jet, those kept in a low 
concentration of oxygen adapted more 
quickly. The mechanism involves changing 
the amount of HIF1α, which is required for 
oxygen levels to entrain the circadian clock.

 ● Further reading 
C Peek et al. 2016 Cell Metabolism DOI:10.1016/j.
cmet.2016.09.010.

Linking sound with meaning  
Words for “tongue” tend to contain the 
letters i or u, “round” often appears with r, 
and “small” with i. 

LEDs for Alzheimer’s
Researchers in the 
US have unveiled a 
non-invasive, drug- 
free approach to 
treating Alzheimer’s 
disease, based on 
fl ickering LEDs. 
Hannah Iaccarino of 
MIT and colleagues 
showed that levels 
of beta-amyloid 
plaque of the type 
associated with 
Alzheimer’s in 
mice are reduced 
by exposure to 
fl ickering LED light 
at frequencies 
of 40 Hz. This 
corresponds to the 
gamma-frequency 
range of brainwaves 
(25–80 Hz), which 
in normal brain 
function is associated with attention, perception 
and memory. One hour of exposure to the light 
reduced beta-amyloid plaque by an impressive 
40–50%. Levels of abnormally modifi ed Tau 
protein, also associated with Alzheimer’s 
disease, were also reduced. Other frequencies 
between 20 and 80 Hz were ineffective. Clinical 
trials with humans are now being planned.

 ● Further reading 
H Iaccarino et al. 2016 Nature 540 230.

The brain of a mouse 
after seven days of 
one-hour per day in the 
dark (top) or exposure 
to a 40 Hz fl icker 
(bottom), showing 
plaques (white arrows). 
The scale bar is 50 μm.
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News

An interdisciplinary team of researchers 
from DESY in Germany and MIT in 
the US has built a new kind of electron 
gun that is about the size of a matchbox. 
The new device uses laser-generated 
terahertz radiation, rather than traditional 
radio-frequency fi elds, to accelerate 
electrons from rest. Since terahertz 
radiation has a much shorter wavelength 
than radio waves, the new device measures 
just 34 × 24.5 × 16.8 mm – compared 
with the size of a car for traditional 
state-of-the-art electron guns. 

This device reached an accelerating 
gradient of 350 MV per metre, which the 
team says is almost twice that of current 
electron guns. “We achieved an acceleration 
of a dense packet of 250,000 electrons 

from rest to 0.5 keV with minimal energy 
spread,” explains lead author W Ronny 
Huang of MIT, who carried out the work 
at the Center for Free-Electron Laser 

Science in Hamburg. The electron beams 
emerging from the device could already be 
used for low-energy electron diffraction 
experiments, he says, and will also have 
applications in ultrafast electron diffraction 
or for injecting electrons into linacs and 
X-ray light sources. 

 ● Further reading 
W R Huang et al. 2016 Optica DOI:10.1364/
OPTICA.3.001209.

Electron gun shrunk to matchbox size
a C C E L E r a t O r  t E C h n O L O G Y

A UV pulse (blue) back-illuminates the gun 
photocathode, producing a high-density 
electron bunch inside the gun that is 
immediately accelerated by ultra-intense 
single-cycle terahertz pulses to energies 
approaching 1 keV. 
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from high-energy quarks and gluons 
(“jet quenching”) and the suppression of 
quarkonium states (J/ψ and ϒ mesons). A hint 
of a stronger suppression of ϒ(2S) mesons 
compared to ϒ(1S) mesons is observed in the 
2013 pPb data, but a conclusive comparison 
with PbPb data at similar high multiplicities 
has not been possible because of limited 

statistical precision in the pPb data.
At the end of 2016, CMS again collected 

pPb collisions, with a higher energy and 
a larger accumulated data sample than 
in 2013. The experiment is thus poised to 
relaunch its comprehensive search for QPG 
signatures in high multiplicity pPb systems. 
Compared to 2013, the yields of relevant 

events (see fi gure) are enhanced by a factor 
of 20–30. This will enable many new 
studies that might provide conclusive results 
on the formation of QGP in pPb events.

 ● Further reading 
CMS Collaboration 2013 Phys. Lett. B 718 795.
CMS Collaboration 2014 JHEP 04 103.

Les physiciens des particules du monde entier sont invités à apporter leurs 
contributions au CERN Courier, en français ou en anglais. Les articles retenus 
seront publiés dans la langue d’origine. Si vous souhaitez proposer un article, 
faites part de vos suggestions à la rédaction à l’adresse cern.courier@cern.ch.

CERN Courier welcomes contributions from the international 
particle-physics community. These can be written in English or French, 
and will be published in the same language. If you have a suggestion for 
an article, please send proposals to the editor at cern.courier@cern.ch.

Event with a high-energy photon candidate (green tower) and a high-energy b-jet candidate (green cone and towers contained therein). The 
photon and the jet are nearly back-to-back. 
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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

By studying an isolated neutron star, 
astronomers may have found the fi rst 
observational indication of a strange 
quantum effect called vacuum birefringence, 
which was predicted in the 1930s by Werner 
Heisenberg and Hans Heinrich Euler. 

Neutron stars are the very dense remnant 
cores of massive stars – at least 10 times more 
massive than our Sun – that have exploded 
as supernovae at the ends of their lives. In 
the 1990s, the Germany-led ROSAT space 
mission for soft X-ray astronomy discovered 
a new class of seven neutron stars that are 
known as the Magnifi cent Seven. The 
faint isolated objects emit pulses of X-rays 
every three to 11 seconds or so, but unlike 
most pulsars they have no detectable radio 
emission. The ultra-dense stars have an 
extremely high dipolar magnetic fi eld (of 
the order 109–1010 T) and display an almost 
perfect black-body emission, making them 
unique laboratories to study neutron-star 
cooling processes.

A team led by Roberto Mignani from 
INAF Milan in Italy and the University of 
Zielona Gora, Poland, used ESO’s Very 
Large Telescope (VLT) at the Paranal 
Observatory in Chile to observe the neutron 
star RX J1856.5-3754. Despite being the 
brightest of the Magnifi cent Seven and 

located only around 400 light-years from 
Earth, its extreme dimness is at the limit of 
the VLT’s current capabilities to measure 
polarisation. The aim of the measurement 
was to detect a quantum effect predicted 
80 years ago: since the vacuum is full of 
virtual particles that appear and vanish, a 
very strong magnetic fi eld could polarise 
empty space and hence also light passing 
through it. Vacuum birefringence is too weak 
to be observed in laboratory experiments, but 
the phenomenon should be visible in the very 
strong magnetic fi elds around neutron stars.

After careful analysis of the VLT data, 
Mignani and collaborators detected 
a signifi cant degree (16%) of linear 

polarisation, which they say is likely due 
to vacuum birefringence occurring in the 
empty space surrounding RX J1856.5-3754. 
They claim that such a level of polarisation 
is not easily explained by other sources. 
For example, the contribution from dust 
grains in the interstellar medium were 
estimated to be less than 1%, which was 
corroborated by the detection of almost 
zero polarisation in the light from 42 nearby 
stars. The genuine thermal radiation of the 
neutron star is also expected to be polarised 
by its surface magnetic fi eld, but this effect 
should cancel out if the emission comes from 
the entire surface of the neutron star over 
which the magnetic-fi eld direction changes 
substantially.

The polarisation measurement in this 
neutron star constitutes the very fi rst 
observational support for the predictions 
of QED vacuum polarisation effects. 
ESO’s future European Extremely Large 
Telescope will allow astronomers to study 
this effect around many more neutron stars, 
while the advent of X-ray polarimetric 
space missions offers another perspective to 
this new fi eld of research.

 ● Further reading 
R Mignani 2016 MNRAS 465 492.

Picture of the month

This beautiful image displays IC 405, known as 
the Flaming Star Nebula, in the constellation 
of Auriga some 1500 light-years away. Many 
hundreds of stars are visible in the extremely 
sharp view, which was taken at the 2800 m-high 
Mount Lemmon Sky Center Observatory in 
Arizona, US. The bright star visible left of centre 
is AE Aurigae, which was not born in this nebula 
but most likely in the famous Orion Nebula, from 
where it was ejected in a multiple star interaction. 
Over millions of years, the runaway star has 
already covered 40° on the sky relative to its 
birthplace. The intense ultraviolet emission of 
the high-speed star ionises hydrogen atoms, 
which then recombine and emit the characteristic 
reddish glow of such nebulae. Dusty fi laments 
are seen in blue because they refl ect the blue and 
ultraviolet stellar light. AE Aurigae, which is at the 
limit of what can be seen by the naked eye, will 
continue its run around the sky for some time, 
before exploding as a supernova.

Compact star hints at vacuum polarisation
Artist’s 
illustration 
of an isolated 
neutron star 
with an 
extreme 
magnetic 
fi eld able to 
polarise 
empty space 
and light 
passing 
through it. 
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