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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

China’s Micius satellite, launched in August 
last year, has been used to distribute quantum 
entanglement over a distance of 1200 km 
– beating previous terrestrial records by 
an order of magnitude. Juan Yin of the 
University of Science and Technology and 
co-workers used a 405 nm laser to pump a 
periodically poled KTiOPO4 crystal inside a 
Sagnac interferometer on board the satellite, 
producing two entangled down-converted 
photons with a wavelength of about 810 nm. 
These were then sent to separate receiving 
stations in Delingha and Lijian located 
1200 km apart in the Tibetan mountains. The 
team observed the survival of two-photon 
entanglement and measured a violation of 

Bell’s inequality by a factor 2.37±0.09 under 
Einstein locality conditions. Until now, 
free-space demonstrations of entanglement 
have been limited to line-of-sight links 
across cities or between mountaintops, with 
link separations limited to around 100 km 
due to scattering and coherence decay. The 
new result therefore marks a big advance for 
secure communications networks and, in the 
future, a space-based quantum internet.

 ● Further reading 
J Yin et al. 2017 Science 356 1140.

Dialects and magnets
A remarkable analogy with magnetism 
can explain how regional dialects develop, 
according to a new study. James Burridge 
of the University of Portsmouth in the UK 
has shown that a simple spatial model of 
language change reproduces a wide range 
of observations and predictions of linguists 
who study dialects in which speakers adopt 
the dialect they most hear. This leads to a 
local “alignment” similar to that of spins 
in a ferromagnet, and the appearance of 
dialect domains bounded by domain walls 
or “isoglosses”, to use the linguists’ term. 
Taking into account varying population 
densities makes the isoglosses spontaneously 
bend, reflecting relevant geographical 
features.

 ● Further reading 
J Burridge 2017 Phys. Rev. X  7 031008.

Quantum voting
Arrow’s theorem, perhaps better known to 
political scientists than to physicists, proves 
that no electoral system in which voters 
simply rank candidates can rank them for the 
population as a whole while simultaneously 
satisfying three “fairness criteria”: if every 
voter prefers option A over option B, the 
population prefers A over B; if every voter’s 
preference between A and B is unchanged 
then the population’s preference remains 
unchanged; and there is no one voter (no 
dictator) who can always determine the 

population’s preference. This assumes 
classical voting, but Ning Bao and Nicole 
Yunger Halpern of Caltech have now shown 
that if entanglement, superposition and 
interference are used, a quantum version of 
such voting becomes possible. This quantum 
version of majority rule is shown to violate 
the quantum Arrow conjecture, elucidating 
how quantum phenomena can be harnessed 
for strategic advantage.

 ● Further reading 
N Bao and N Yunger Halpern 2017 Phys. Rev. A 95 
062306. 

Invisible solar cells
The performance of silicon solar cells can 
be boosted by cloaking their metal contacts 
such that they are invisible to incoming 
light, according to a demonstration by 
Martin Schumann of Karlsruhe Institute 
of Technology and co-workers. Today’s 
commercial solar cells lose around nine per 
cent of their efficiency due to light being 
blocked by their metallic contacts. While 
diffractive optical structures can help, the new 
scheme is based on coordinate-transformation 
materials that bend light around the contacts 
to achieve all-angle invisibility. Results 
showed that the short-circuit current density 
of the cloaked cell increases by 7.3%, while 
its power-conversion efficiency is enhanced 
by 9.3%.

 ● Further reading 
M Schumann et al. 2017 Adv. Opt. Mater. 1700164.

Quantum comms in space
High-altitude receiving stations minimise 
the effects of the atmosphere.

The shapes of eggs
Understanding why the shapes of avian 
eggs vary between species has long puzzled 
researchers, but a new study sheds light on 
the issue. Mary Caswell Stoddard of Princeton 
University and co-workers studied egg-shape 
diversity in terms of asymmetry and ellipticity 
using a sample of 49,175 eggs from some 
1400 species of bird in 35 extant orders and 
two extinct ones. The team was able to explain 
the distribution in terms of a simple model 
based on geometric and mechanical properties 
of the egg membrane. The researchers also 
found that the shape of eggs correlates with 
the ability of birds to fly, and suggest that 
adaptations for flight may have been critical 
factors driving egg-shape variations.

 ● Further reading 
M Caswell Stoddard et al. 2017 Science 356 1249.
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The team measured the degree to which 
avian eggs are symmetrical, round or 
bottom-heavy. 
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Quarkonium states, such as the 
J/ψ meson, are prominent probes 
of the quark–gluon plasma 
(QGP) formed in high-energy 
nucleus–nucleus (AA) collisions. 

That bulk J/ψ production is suppressed in 
AA collisions with respect to proton–proton 
collisions had been reported by ALICE five 
years ago. However, measurements of J/ψ 
production in proton–lead collisions, where 
the formation of the QGP is not expected, 
are essential to quantify effects that are 
present in AA collisions but not associated 
with the QGP. In a recent study, ALICE has 
shown that the production of J/ψ mesons in 
proton–lead collisions is strongly correlated 
with the total number of produced particles 
in the event (event multiplicity), and that this 
correlation varies as a function of rapidity. 

In ALICE, the J/ψ measurements are 
performed at forward (proton direction), 
mid- and at backward-rapidity (lead 
direction). An increase of the J/ψ yield 
relative to the event-averaged value with 
the relative charged-particle multiplicity 

is observed for all rapidity domains, with 
a similar slope at low multiplicities (see 
figure). At multiplicities a factor two above 
the event average, the trend at forward 
rapidity is very different from those at 

mid- and backward-rapidity. In the forward 
rapidity window, a saturation of the relative 
yield sets in at high multiplicities, which is 
interesting because the forward region with 
low parton fractional momentum is in the 
domain of gluon shadowing/saturation. 

Models incorporating nuclear parton 
distribution functions with significant 
shadowing have previously been shown 
to describe J/ψ measurements performed 
in event classes selected according to the 
centrality of the collision. The present 
measurement, exploring significantly more 
“violent” events (below 1% of the total 
hadronic interaction cross-section), suggests 
that effective gluon depletion in the colliding 
lead nucleus is larger in high-multiplicity 
events. However, there are additional 
concepts to describe this regime of QCD, and 
it remains to be seen whether such models 
can also describe the saturation of the yields 
at forward rapidities.

 ● Further reading 
ALICE Collaboration 2017 arXiv:1704.00274.

J/ψ mesons reveal stronger nuclear effects in pPb collisions

The J/ψ yield relative to the measurement in 
minimum-bias collisions in three rapidity 
regions, as a function of relative 
charged-particle multiplicity measured at 
central pseudorapidity. 
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Astrowatch
C o m p i l e d  b y  m e r l i n  K o l e ,  d e p a r t m e n t  o f  pa r t i C l e  p h y s i C s ,  U n i v e r s i t y  o f  G e n e v a

The reason why some stars are born in pairs 
while others are born singly has long puzzled 
astronomers. But a new study suggests that 
no special conditions are required: all stars 
start their lives as part of a binary pair. 
The result has implications not only in the 
field of star evolution but also for studies of 
binary neutron-star and binary black-hole 
formation. It also suggests that our own Sun 
was born together with a companion that has 
since disappeared. 

Stars are born in dense molecular clouds 
measuring light-years across, within which 
denser regions can collapse under their 
own gravity to form high-density cores 
opaque to optical radiation, which appear 
as dark patches. When the densities reach 
the level where hydrogen fusion begins, the 
cores can form stars. Although young stars 
already emit radiation before the onset of the 
hydrogen-burning phase, it is absorbed in 
the dense clouds that surround them, making 
star-forming regions difficult to study. 
Yet, since clouds that absorb optical and 
infrared radiation re-emit it at much longer 
wavelengths, it is possible to probe them 
using radio telescopes. 

Sarah Sadavoy of the Max Planck 
Institute for Astronomy in Heidelberg 
and Steven Stahler of the University of 
California at Berkeley used data from the 
Very Large Array (VLA) radio telescopes 
in New Mexico, together with micrometre-
wavelength data from the James Clerk 
Maxwell Telescope (JCMT) in Hawaii, to 
study the dense gas clumps and the young 

stars forming in them in the Perseus cluster 
– a star-forming region about 600 light-years 
away. Data from the JCMT show the location 
of dense cores in the gas, while the VLA 
provides the location of the young stars 
within them.

Studying the multiplicity as well as the 
location of the young stars inside the dense 
regions, the researchers found a total of 
19 binary systems, 45 single-star systems 
and five systems with a higher multiplicity. 
Focusing on the binary pairs, they observed 
that the youngest binaries typically have 
a large separation of 500 astronomical 

units (500 times the Sun–Earth distance). 
Furthermore, the young stars were aligned 
along the long axis of the elongated cloud. 
Older binary systems, with an age between 
500,000 and one million years, were found 
typically to be closer together and separated 
around a random axis. 

Subsequent to cataloguing all the young 
stars, the team compared the observed star 
multiplicity and the features seen in the 
binary pairs to simulations of stars being 
formed either as single or binary systems. 
The only way the model could reproduce the 
data was if its starting conditions contained 
no single stars but only stars that started out 
as part of wide binaries, implying that all 
stars are formed as part of a binary system. 
After formation, the stars either move closer 
to one another into a close binary system or 
move away from each other. The latter option 
is likely to be what happened in the case of 
the Sun, its companion having drifted away 
long ago.

If indeed all stars are formed in pairs, it 
would have big implications for models of 
stellar birth rates in molecular clouds as well 
as for the formation of binary systems of 
compact objects. The studied nearby Perseus 
cluster could, however, just be a special case, 
and further studies of other star-forming 
regions are therefore required to know if 
the same conditions exist elsewhere in the 
universe.

 ● Further reading 
S Sadavoy and S Stahler 2017 MNRAS 469 3881.

Picture of the month

This image from the Juno spacecraft shows the great 
red spot on Jupiter in beautiful detail. The Juno satellite 
was launched in 2011 and produced the image during a 
flyby on 11 July during which the satellite came as close 
as 3000 km to the cloud tops of Jupiter. The fast rotating 
storm on Jupiter is several times larger than the Earth 
and contains winds with speeds up to 600 km per hour. 
The feature is at least 150 years old, but observations of 
a large spot on Jupiter date back to the first astrophysical 
measurements from around 1600, although it is not clear 
if the storm observed at the time is the same that Juno 
captured now. The nature of the red colour is still not 
understood. One possibility is that it is due to chemicals 
that are formed as a result of cosmic-ray interactions with 
the ammonium hydrosulphide in Jupiter’s atmosphere.

Evidence suggests all stars born in pairs 

Radio image of a triple-star system forming 
within a dusty disc in the Perseus molecular 
cloud, obtained by the Atacama Large 
Millimeter/submillimeter Array in Chile.
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Image courtesy of Diamond Light Source  
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