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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

Some plants are able to live in dry 
environments by extracting water from the 
crystalline structure of gypsum, in the absence 
of any free liquid water. Sara Palacio of the 
instituto Pirenaico de ecología in Jaca, Spain, 
and colleagues have shown that the gypsum 
specialist plant Helianthemum squamatum 
– a small evergreen shrub that can be found 
in northeastern Spain, and other places – can 
draw water from gypsum. The mineral, 
which is a hydrated form of calcium sulphate 

(caSo4 • 2 H2O), can also exist as bassanite 
with a quarter of the water content, or as 
anhydrite, with no water at all. The isotopic 
composition of the crystallization water in 
gypsum differs from free water, and can be 
used to show that for shallow-rooted plants, 
70–90% of the water taken up comes from 
gypsum. Details of how the plants extract the 
crystallization water have yet to be worked 
out, but it is interesting to note that gypsum is 
widespread not just on earth, but also on Mars.

 ● Further reading 
S Palacio et al. 2014 Nature Commun. 5 4660.

Imaging with undetected 
photons
In a remarkable extension of earlier 
interaction-free measurement techniques, 
Gabriela Barreto Lemos of the Austrian 
Academy of Sciences in Vienna and 
colleagues have managed to make images 
using only photons that have not interacted 
with the object to be visualized. Two separate 
down-conversion nonlinear crystals are 
driven with the same pump laser, but creating 
only one pair of photons. The ambiguity 
in which crystal produced the photons, 
together with a rather subtle interferometric 
set-up, allows an image to be formed entirely 
using information from photons that are not 
themselves detected – that is, the photons that 
illuminate the object are not detected, while 
those that are detected never illuminated the 
object. The technique is demonstrated by 
making images of objects that are opaque or 
invisible to the photons that are detected.

 ● Further reading 
G B Lemos et al. 2014 Nature 512 409.

Reliable teleportation
implicit in the now iconic phrase “Beam 
me up, Scotty!” is the assumption that 
teleportation should be reliable – something 
that has only just been achieved. W Pfaff 
of Delft university in the netherlands 
and colleagues used two diamond 
crystals, each with a cryogenically cooled 
nitrogen-vacancy (nV) as the sender and 
receiver sites (traditionally called “Alice” 
and “Bob”). An input qubit is entangled with 
Alice’s nV, 3 m from Bob’s, with which it 
was previously entangled by optical means. 
Before decoherence spoils things – here a 
few milliseconds – Alice couples her input 

qubit to her nV, and makes a measurement 
whose result can then inform Bob (via a 
classical channel) what to do to his nV to get 
the original qubit at his end.

This is a fi rst for quantum teleportation 
between distant solid-state (as opposed 
to photonics) qubits. owing to small 
imperfections, the actual fi delity was 86%, 
but in principle could be perfect. now it is 
just a matter of getting from one qubit up to 
Avogadro’s number, to make Star Trek fans 
happy, but in the meantime the technique 
holds great promise for quantum computing.

 ● Further reading 
W Pfaff et al. 2014 Science 345 532. 

Searching for (not-so?) 
intelligent alien life
Attempts to detect signatures of alien life 
have involved looking for atmospheres 
with molecular oxygen and a reducing 
gas, but what about intelligent life? Henry 
Lin of Harvard college in cambridge, 
Massachusetts, and colleagues have made 
the amusing – or perhaps depressing – 
suggestion that exoplanetary atmospheres 
could be searched for industrial pollutants, 
such as the chlorinated fl uorocarbons (CFCs) 
that are damaging our own ozone layer and 
are unlikely to arise naturally. They estimate 
that the James Webb Space Telescope could, 
within a couple of days of observation and 
at no signifi cant extra cost, check out other 
worlds, not just for signs of life, but for signs 
that their residents are dumping around 10 
times as much CFCs into their atmospheres 
as we have done.

 ● Further reading 
H W Lin et al. 2014 The Astrophysical Journal Letters 
792 L7.

Plants that drink from rocks

Helianthemum squamatum. (Image credit: 
Ghislain118 http://www.fl eurs-des-
montagnes.net.)

Space dust
NASA’s Stardust 
spacecraft might 
have brought the fi rst 
specks of dust from 
outside the Solar 
System back to Earth. 
Andrew Westphal 
of the University of 
California, Berkeley, 
and colleagues, 
together with 
30,714 volunteers 
worldwide working 
with Stardust@
home, scanned 
more than 1 million 
tracks left in the .1 m2 
Stardust Interstellar 
Dust Collector. The collector, made of 
ultralow-density aerogel and aluminium, 
was exposed to the interstellar dust stream 
coming from the direction of the constellation 
Ophiuchus for 195 days during two periods in 
2000 and 2002.

Interstellar dust-particle candidates were 
distinguished on the basis of composition 
and/or impact trajectory, rather as in a 
particle-physics experiment. Seven candidate 
dust specks were found – one dominated 
by carbon, another a silicate, and the others 
more complex. The observations diverge from 
any one representative model of interstellar 
dust, leaving the understanding of its nature 
an ongoing open problem that will take more 
data to solve.

 ● Further reading 
A J Westphal et al. 2014 Science 345 786.

Tri-colour iron, 
calcium, 
(chromium+ 
manganese) 
elemental map of 
one dust-particle 
candidate derived 
from X-ray 
fl uorescence data.

Advertising feature

A giant leap in 
vacuum performance

The innovative turbomolecular pumps from 
the TURBOVAC i product line always deliver 
the maximum performance even for widely 
differing requirements.

The TURBOVAC i series comprises the 
following models:
l TURBOVAC 350 i and 450 i
l TURBOVAC T350 i and T450 i
l TURBOVAC 350/400 MI multiple inlet

Each model comprises special technical 
features to match the unique requirements 
of the target markets:

Ultrahigh vacuum applications/compact 
pump system solutions
TURBOVAC 350 i and 450 i are equipped with 
an additional compression stage and deliver 
an excellent vacuum performance, especially 
for light gases. Offering a pumping speed for 
light gases which is up to 60% above that of 
comparative products, and a compression 
level which is approximately 100 times 
higher compared to products of the previous 
generation, these pumps were designed 
especially for processes with small backing 
pumps. 

Process applications/high gas loads and 
particles
TURBOVAC T 350 i and T 450 i are designed 
with a classic rotor. The main advantages 
include high gas throughput, fast run-up 
time and high insensitivity to particles.

Analytical/Multiple chamber systems
Multi-inlet turbomolecular pumps 
TURBOVAC 350/400 i MI offer an extremely 
high degree of flexibility thus providing the 
possibility to specify the number, height and 
position of the vacuum connections and to 
customize the pump chamber to individual 
needs. 

With the best ratio between performance 
and size in the ISO 100- and 160-range, 
the new turbomolecular pumps offer an 
innovative concept. Rotors and Holweck 
stages have been optimized. The result 
is excellent vacuum performance and a 
previously unattainable pumping speed. 
This accelerates pumping especially in 
connection with light gases.

The maintenance and oil-free hybrid 
bearings with lifetime lubrication excel 
through extreme reliability and durability 
making regular maintenance by way of oil 
changes superfluous. The bearing system 
ensures low vibration and low noise 
operation – thereby being less demanding 
with respect to applications which are 
sensitive to vibrations. The ceramics ball 
bearings are replaceable on-site should this 
be required. The optimized thermal design of 
the TURBOVAC i ensures optimum cooling of 
the bearings. To protect the bearings against 
critical gases or particles, all pumps have 
been equipped with a purge gas connection. 
This not only significantly increases the 
service life of the pump, but also system 
uptime in general.

The TURBOVAC i range offers numerous 
options for fulfilling a wide range of different 
requirements. Both the TURBOVAC 350 i and 
also the 450 i are available with an additional 
interstage port allowing pumping down 
of an additional chamber. In order to keep 
installation, operation and maintenance 
as simple as possible, the TURBOVAC i is 
equipped with a rotatable vacuum flange 
connection, integrated drive electronics with 

direct 24/48 V DC supply as well as a flexible 
communication interface with USB, RS 485 
and digital I/O ports. Additional interface 
options are available upon request.

 A flexible and comprehensive range of 
accessories supplements the new product 
line. It comprises among other things 
cost-effective power supplies for 100 V to 
240 V mains supplies (either on-board or 
stand-alone), adjustable air or water cooling 
units, heating jackets, venting and purge gas 
accessories (actively controlled, passive) as 
well as installation and mounting kits which 
readily assist commissioning.

Contact
E-mail media.vacuum@oerlikon.com
Tel +49 221 347 1261
Web www.oerlikon.com/leyboldvacuum
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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

ESA’s INTEGRAL satellite has detected 
gamma-ray lines from the radioactive decay 
of nickel and cobalt in a nearby supernova of 
type Ia. This unprecedented result confi rms 
that the intense light of the supernova comes 
from the radioactive decay of these elements, 
which were formed by the thermonuclear 
explosion of a white-dwarf star. 

There are basically two main classes of 
supernova explosions. Type II supernovae 
result from the collapse of the core of a 
massive star, whereas those of type ia are 
thought to be the thermonuclear disruption 
of a white-dwarf star. According to the 
theory of such explosions, the carbon and 
oxygen found in a white dwarf should be 
fused into radioactive nickel (56ni) during 
the explosion. The 56ni should decay quickly 
into radioactive cobalt (56co), which itself 
subsequently decays, on a somewhat longer 
timescale, into stable iron (56Fe). The ignition 
should arise when the white dwarf’s mass 
exceeds a critical mass of about 1.4 times the 
mass of the Sun. This can result from mass 
transfer from a companion star or by the 
merger of two white dwarfs.

it is this uniform process among all type-ia 
supernovae that makes them “standard 
candles” for cosmology, which were used to 
measure the acceleration of the expansion of 
the universe (CERN Courier november 2011 
p5). Type Ia supernovae are also less frequent 
than type iis, and it is only by coincidence 
that two relatively nearby events appeared 
recently: SN 2011fe in the Pinwheel Galaxy 
(CERN Courier January/February 2012 p13) 
and now Sn 2014J in Messier 82 (Picture of 
the month CERN Courier March 2014 p12). 

At a distance of 11.5-million light-years 
from earth, Sn 2014J is the closest of its type 
since 1972. Its appearance offered a unique 
opportunity to use the SPi gamma-ray 
spectrometer aboard INTEGRAL to try to 
detect the emission lines from the decays 
of 56ni and 56co. All other scheduled 
observations of INTEGRAL were delayed, 
but it paid off.

eugene churazov, from the Space 
research institute in Moscow and the 
Max Planck Institute for Astrophysics in 
Germany, and collaborators, report the 
detection of two emission lines at 847 and 
1238 keV from the radioactive decay of 56co 
between 50 and 100 days after the ignition. 
They also fi nd a weak signal at 511 keV 
from the electron–positron annihilation 

following the decay 56co → 56Fe + e+ and 
associated emission in the 200–400 keV 
band. By fi tting a three-parameter model to 
the observations, they calculate that about 
0.6 solar masses of 56ni have been produced 
by the thermonuclear explosion. The 
observed broadening of the lines suggests 
a typical expansion velocity of about 
10,000 km/s.

Another team, led by roland Diehl from 
the Max Planck Institute for Extraterrestrial 
Physics, reports the detection of 56ni 
already 15 to 20 days after the explosion. 
This came as a surprise, and suggests that 
about 10% of the nickel is not produced 
at the centre of the star – from where the 
radiation could not escape – but must have 
been produced outside it. The researchers 
propose that a belt of helium accreted from 
the companion star could have detonated 
fi rst, forming the observed nickel and 
then triggering the internal explosion that 
became the supernova.

Regardless of the fi ne details, these 
results represent a new breakthrough for the 
12-year-old INTEGRAL spacecraft, which 
has previously detected the radioactive signal 
of 44Ti from the bright type-II SN 1987A 
in the Large Magellanic cloud (CERN 
Courier December 2012 p11). The new 
results provide direct evidence that type-ia 
supernovae are indeed thermonuclear 
explosions of white-dwarf stars.

 ● Further reading 
E Churazov et al. 2014 Nature 512 406.
R Diehl et al. 2014 Science Express DOI:10.1126/
science.1254738.

Picture of the month

This unprecedented high-resolution view of the nucleus of a comet was taken by 
the OSIRIS narrow-angle camera of ESA’s Rosetta spacecraft on 3 August 2014. 
“After 10 years, fi ve months and four days travelling towards our destination, 
looping around the Sun fi ve times and clocking up 6.4-billion kilometres, we are 
delighted to announce fi nally ‘we are here’,” declared Jean-Jacques Dordain, ESA’s 
director-general. Indeed, launched on 2 March 2004, Rosetta fi nally reached its 
target comet 67P/Churyumov-Gerasimenko on 6 August, and remains in orbit 
around this icy body at a distance of less than 100 km. The comet nucleus is only 
about 4 km in size, and was found to have an unexpected double-lobed structure 
with many surface features. The next major mission objective – scheduled for 
11 November – is to drop the Philae module to land on the surface and drill into the 
comet. (Image credit: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/
SSO/INTA/UPM/DASP/IDA.)

INTEGRAL catches radioactivity of a supernova

Hubble image of the supernova SN 2014J, 
taken in visible light on 31 January 2014 
(inset) superimposed on an earlier 
wide-fi eld view of the host galaxy 
Messier 82. (Image credit: NASA/
ESA/A Goobar (Stockholm University)/
Hubble Heritage Team (STScI/AURA).)
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