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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

Eric Betzig, of the Janelia Research 
Campus of the Howard Hughes Medical 
Institute in Virginia, shared the 2014 Nobel 
Prize for Chemistry for the invention of 
super-resolution microscopy. Now, he and 
his colleagues have taken the technique 
a step further. They have extended 
light-sheet microscopy to use utrathin 
light sheets from 2D optical lattices to 
scan plane by plane through a specimen to 
build up a 3D image at up to 1000 frames 

per second. The reduced illumination also 
has the advantage of causing minimal 
specimen damage, so cells and small 
embryos can be fi lmed as they go about 
their lives, as the researchers demonstrate 

for 20 biological processes covering four 
orders of magnitude in space and time.

 ● Further reading 
Bi-Chang Chen et al. 2014 Science 346 439.
For the movies, visit http://vimeo.com/
album/3098015.

Long-range tractor beam
A Star Trek-like tractor beam able to stably 
push or pull semitransparent gold-coated 
glass spheres over tens of centimetres has 
been developed by Vladen Shvedov of the 
Australian National University in Canberra 
and colleagues. They use a laser beam with a 
doughnut-shaped profi le (with a hole down the 
middle) to hold the sphere. Then, by adjusting 
the polarization of the same beam (azimuthal 
or radial), they can have energy absorbed 
mainly on the sphere’s front side, heating it so 
that it ejects warm air and is pushed along the 
beam, or at the rear side, so that the warm air 
pushes back and the tractor beam exerts a pull. 
This is the fi rst working long-range tractor 
beam that both pushes and pulls.

 ● Further reading 
V Shvedov et al. 2014 Nature Photonics 8 846.

Oxygen and the boring billion
In the beginning...the Earth had essentially 
no free oxygen in its atmosphere. The 
Great Oxygenation Event came around 
2000 million years ago, when cyanobacteria 
produced enough oxygen for it to 
accumulate, but only in the past 800 million 
years did an explosion of multicellular 
animal life take place. The intervening 
period of not much happening is often 
called, rather approximately, “the boring 
billion”. Now, Noah Planavsky of Yale 
University and colleagues have shown that 
it coincides with a low atmospheric oxygen 
content, improving previous upper limits 
by at least an order of magnitude. Looking 
at the oxidation of chromium isotopes in 
ancient sediments, they found that oxygen 
levels were only 0.1% of those today – while 
associated with the boring billion, this is not 
boring at all.

 ● Further reading 
N J Planavsky et al. 2014 Science 345 635. 

Hope for a diabetes cure
For the fi rst time, human stem cells have 
been converted into insulin-producing 
pancreatic β cells. Douglas Melton of the 
Harvard Stem Cell Institute and colleagues 
report on a complex process that over 35 days 
produces some 200 million β cells, which 
would be enough, in theory, to treat a human 
patient. Transplanted into mice, the β cells 
work, secreting human insulin and improving 
hyperglycemia in diabetic mice. In human 
diabetics, these cells might still be destroyed 
in the person’s immune system, like the 
original β cells, but recipients of transplanted 
cadaveric human tissue transplants have been 
insulin-free for fi ve years – a procedure that is 
limited owing to the scarcity of suitable donor 

tissue. While not yet a cure, this is the fi rst 
example of making functional, transplantable 
insulin-producing human cells, and of the 
importance of continuing stem-cell work. 

 ● Further reading 
F W Pagliuca et al. 2014 Cell 159 428.

Genetic tools on paper
The term “on paper” often means 
“theoretically”, but James Collins of Harvard 
University, Boston University, and the Howard 
Hughes Medical Institute in Maryland 
and colleagues have shown that working 
biological circuits can be printed on paper. 
They produced cell-free gene networks made 
from off-the-shelf parts and freeze-dried 
onto paper. When rehydrated, these worked 
as diagnostic devices with a colorimetric 
output, capable of detecting glucose and 
distinguishing RNA fragments from two 
related species of the Ebola virus.
 

 ● Further reading 
K Pardee et al. 2014 Cell 159 1.

Oxygen – less space is more
An oxygen cylinder holds more gas if fi lled 
fi rst with a sponge-like powder. Jared DeCoste 
of Leidos, Inc. in Maryland and colleagues 
searched among 10,000 metal-organic 
frameworks using a Monte Carlo simulation, 
and found two that increase the capacity of an 
empty cylinder by 89% and 114% at a pressure 
of 140 bar. This should allow for smaller, 
lighter oxygen tanks that require lower 
pressures, and has implications for divers, 
fi ghter pilots, astronauts, and anyone who 
needs medical oxygen.

 ● Further reading 
J B DeCoste 2014 Angew. Chem. Int. Ed. 53 1. 

Super-resolution microscope makes movies
Stills from two of the movies following cell 
division, left, and cell movement through a 
matrix.

Hot solar explosions
Just above the surface of the Sun lies the 
relatively cool photosphere, at around 6000 K, 
but it turns out to host some remarkably hot 
explosions. Using the Interface Region Imaging 
Spectrograph (IRIS), Hardi Peter of the Max 
Planck Institute for Solar System Research 
in Göttingen and colleagues report pockets 
of plasma heated to almost 100,000 K for 
a few minutes. Presumably from magnetic 
reconnection, these explosions have 0.1–1% of 
the energy of a fl are, making the brightest ones 
an order of magnitude more energetic than 
the microfl ares known as “Ellerman bombs”. 
This new fi nding contributes to an ever more 
complex view of the photosphere.

 ● Further reading 
H Peter et al. 2014 Science 346 1255726.
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News

and KM3NeT collaborations signed 
a memorandum of understanding for 
co-operation within a Global Neutrino 
Network (GNN). GNN aims for extended 
inter-collaboration exchanges, more coherent 
strategy planning and exploitation of the 
resulting synergistic effects.

No doubt, the evidence for extraterrestrial 
neutrinos recently reported by IceCube 
at the South Pole (p30 this issue) 
has given wings to GNN, and is 
encouraging the KM3NeT (in 
the Mediterranean Sea) and GVD 
(Lake Baikal) collaborations in 
their efforts to achieve appropriate 
funding to build northern-hemisphere 
cubic-kilometre detectors. IceCube is 
also working towards an extension of its 
present confi guration.

One focus of the MANTS meeting was, 
naturally, on the most recent results from 
IceCube and ANTARES, and their relevance 
for future projects. The initial confi gurations 
of KM3NeT (with three to four times the 
sensitivity of ANTARES) and GVD (with 
sensitivity similar to ANTARES) could 
provide additional information on the 
characteristics of the IceCube signals, fi rst 

because they look at a complementary part 
of the sky, and second because water has 
optical properties that are different from ice. 
Cross-checks with different systematics are 
of the highest importance for these detectors 
in natural media. As an example, KM3NeT 
will measure down-going muons from 
cosmic-ray interactions in the atmosphere 

with superb precision. This could help 
in determining more precisely 
the fl ux of atmospheric neutrinos 
co-generated with those muons, 
in particular those from the decay 
of charmed mesons, which are 
expected to have particularly high 

energies and therefore could mimic 
an extraterrestrial signal. 
A large part of the meeting was 

devoted to fi nding the best “fi gures of merit” 
characterizing the physics capabilities of the 
detectors. These not only allow comparison 
of the different projects, but also provide an 
important tool to optimize future detector 
confi gurations. The latter also concerns the 
two sub-projects that aim to determine the 
neutrino mass hierarchy using atmospheric 
neutrinos. These are both small, high-density 
versions of the huge kilometre-scale arrays: 

PINGU at the South Pole and ORCA in the 
Mediterranean Sea. In this effort a particularly 
close co-operation has emerged during the past 
year, down to technical details.

Combining data from different detectors 
is another aspect of GNN. A recent common 
analysis of IceCube and ANTARES sky 
maps has provided the best sensitivity ever 
for point sources in certain regions of the sky, 
and will be published soon. Further goals of 
GNN include the co-ordination of alert and 
multimessenger policies, exchange and mutual 
checks of software, creation of a common 
software pool, development of standards for 
data representation, cross-checks of results 
with different systematics, and the organization 
of schools and other forums for exchanging 
expertise and experts. Mutual representation in 
the experiments’ science advisory committees 
is another way to promote close contact and 
mutual understanding. 

Contingent upon availability of funding, 
the mid 2020s could see one Global Neutrino 
Observatory, with instrumented volumes of 
5–8 km3 in each hemisphere. This would, 
fi nally, fully raise the curtain just lifted by 
IceCube, and provide a rich view on the 
high-energy neutrino sky.

Formerly entitled Progress of Theoretical Physics, this journal has published many significant articles in 
theoretical physics, including several papers that have led to the Nobel Prize. In 2012, the journal expanded 
its scope to incorporate experimental physics on an equal footing with theoretical physics. 

Why PTEP should be the first choice for your next paper:

How to submit
Visit www.ptep.oxfordjournals.org for Instructions to authors or email the editorial office  
(ptep@jps.or.jp) with any pre-submission inquiries. 

Extensive financial support for all authors
PTEP is a SCOAP3 partner and has reached an agreement with institutions including KEK, YITP, 
RIKEN Nishina Center, RCNP, ICRR and Kavli IPMU to provide financial support for authors.

Visit www.oxfordjournals.org/our_journals/ptep/sponsoring_organizations.html for more details. 

The publication of this journal is supported in part by a Grant-in-Aid for the Publication of Scientific Research Results from the Japan 
Society for the Promotion of Science, Japan. 

Choose PTEP for your next paper

• Fast peer-review
• Extensive financial support 
 for authors

• Fully open access
• Online only
• International editorial board

PTEP Half page ad.indd   1 01/10/2014   16:34

BaikalAntares

KM3NeT

IceCube

GNN

www.

http://cerncourier.com
http://home.web.cern.ch/
http://ioppublishing.org/
mailto:cern.courier%40cern.ch.?subject=CERN%20Courier%20digital%20edition
http://cerncourier.com/cws/our-team
http://cerncourier.com/cws/Pages/digital-edition.do
http://cerncourier.com


CERNCOURIER
V o l u m e  5 4   N u m b e r  1 0   D e c e m b e r  2 0 1 4

15

C E R N C our i e r      De c e mb e r  2 0 14

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

Until now, ultra-luminous X-ray sources 
(ULXs) were thought to be black holes, 
because their high luminosity implied a 
mass exceeding by far the maximal mass of 
a neutron star. The most luminous of them 
were thought, furthermore, to be of a rare 
class of intermediate-mass black holes. The 
surprising discovery of pulsations from one 
of them now shakes this interpretation, and 
suggests that at least some neutron stars 
can become much more luminous than 
previously thought. 

ULXs were discovered in nearby galaxies 
by the Einstein Observatory in the 1980s. 
These sources are characterized by X-ray 
luminosities that are intermediate between 
normal X-ray binaries and active galactic 
nuclei (AGN). If luminosity simply scaled 
with the mass of the accreting compact object, 
ULXs should be intermediate black holes 
with masses typically 100 to 10,000 times 
that of the Sun. This is an unusual mass range 
for black holes, which are more commonly 
found either with masses of about 10 solar 
masses, typical of stars, or with millions of 
solar masses, as in the case of those powering 
AGNs at the centres of galaxies.

A simple mass-luminosity relation arises 
naturally from the equilibrium between the 
inward gravitational force and the outward 
radiation pressure acting on matter accretion. 
Indeed, accretion can only increase as 
long as the resulting luminosity does not 
exceed what is known as the Eddington 

limit, at which the radiation pressure stops 
accretion and generates an intense outward 
wind. The Eddington luminosity is linearly 
proportional to mass and has a value of about 
1031 W for a solar-mass star, which is about 
10,000 times the luminosity of the Sun.

Although the Eddington limit holds, 
strictly, only for isotropic accretion, it serves 
as an order-of-magnitude upper limit to the 
luminosity of a source of a given mass. A 
ULX with a luminosity of 1033 W should, 
therefore, indicate the presence of a black 
hole at least 100 times the mass of the Sun. 
This argument is now disproved strongly 
by the detection of pulsed X-ray emission 

from a ULX in the nearby galaxy Messier 82 
(M82), reported by Matteo Bachetti from the 
University of Toulouse and colleagues.

This source, M82 X-2, is the second 
brightest X-ray source in this star-forming 
galaxy, and can reach a luminosity exceeding 
1033 W. The clear detection of pulsations with 
a period of 1.37 s and an orbital modulation 
of 2.5 days identifi es the source as a binary 
system that is composed of a neutron star 
accreting gas from a massive companion 
star. The pulsed emission was observed in 
the 3–30 keV X-ray range by the Nuclear 
Spectroscopic Telescope Array, a NASA 
satellite launched from below an aeroplane 
on 13 June 2012. Confi rmation that the 
pulsating source is indeed the ULX M82 X-2 
came from contemporaneous observations 
by the Chandra X-ray Observatory and the 
Swift satellite.

The discovery of pulsations in M82 X-2 
was made possible thanks to a long 
observation campaign in early 2014 of the 
M82 galaxy triggered by the explosion of 
the supernova SN 2014J (CERN Courier 
October 2014 p17). It proves that at least 
some ULXs can be accreting pulsars, rather 
than massive black holes. Theorists are now 
left with the challenge of proposing a model 
to explain how a pulsar can radiate at about 
100 times its Eddington luminosity.

 ● Further reading 
M Bachetti et al. 2014 Nature 514 202.

Picture of the month

This portrait of the Earth and Moon system was taken by 
the Chinese Chang’e 5-T1 mission. It offers a rare view of 
the far side of the Moon – which is always hidden as seen 
from the Earth – with the Earth appearing as a distant blue 
marble. The Chinese spacecraft was launched on 23 October 
for a round-trip fl ight around the Moon before a successful 
return to Earth on 31 October. Although this was mainly an 
unmanned engineering test mission, it bears witness to 
the rapid development of the Chinese space programme. A 
year ago, China attracted worldwide attention with mutual 
portraits of a lunar lander and its little rover Yutu (“Jade 
Rabbit”). India is also making a notable entry into deep-space 
exploration with its Mars Orbiter Mission, which has been 
sending back beautiful images of the red planet since its 
orbital insertion manoeuvre on 23–24 September, following 
a 10-month journey. (Image credit: Chinese National Space 
Administration, Xinhuanet.)

Ultra-luminous X-ray source is ‘just’ a pulsar

Artist’s rendering of a pulsar – a rapidly 
rotating magnetized neutron star – funnelling 
plasma from the surrounding accretion disc 
onto its magnetic poles. (Image credit: NASA/
JPL-Caltech.)
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