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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

nothing in nature is exempt from 
investigation by physicists, and the shape 
of suspended hairs has now come under 
scrutiny. James Miller and colleagues at 
Massachusetts institute of Technology and 
the université Pierre et Marie curie in Paris 
combined precision desktop experiments 
with theoretical analyses to study the shapes 
taken by thin elastic rods suspended by their 
own weight – essentially a hanging hair. 
Being thin, such rods can acquire large twists 
while remaining in the small-strain regime.

The researchers constructed a phase 
diagram in terms of a dimensionless 
curvature and weight, and found three 
distinct regions: planar curls, localized 

helices and global helices. Given curvature, 
length, weight and stiffness, their model 
will predict the shape of a hair, steel pipe or 

cable suspended under its own weight. The 
work is relevant for computer animations – 
where fl owing curly hair has been diffi cult to 
simulate – and covers a surprising range of 
systems including DnA and plant tendrils, as 
well as hanging pipes and cables.

 ● Further reading 
J T Miller et al. 2014 Phys. Rev. Lett. 112 068103.

Cracks toughen glass
Many brittle materials, such as glass or 
ceramic tiles, can be broken readily if the 
surface is cracked fi rst. It might come as a 
surprise then to fi nd that such materials can 
be toughened by etching a pattern of tiny 
cracks into them.

Taking a hint from strong natural 
materials such as teeth and mollusc shells, 
M Mirkhalaf and colleagues at McGill 
university in Montreal laser-etched a 3D 
pattern of micro cracks (up to about 25 μm 
across and spaced by 130 μm) into glass 
and fi lled them with shock-absorbent 
polyurethane. This impedes the ability 
of cracks to propagate into the bulk and 
gives a bio-inspired glass that is more 
deformable and 200 times tougher. The 
technique should be extendable to other 
brittle materials.

 ● Further reading 
M Mirkhalaf et al. 2014 Nature Comm. 5 3166.

Subdiffraction-limited 
imaging inside a cell
non-classical light can be used to circumvent 
traditional diffraction limits on imaging, and 
has now been demonstrated to look inside a 
living cell. To do this, Michael A Taylor of 
the university of Queensland and colleagues 
tracked lipid nanoparticles as they diffused 
through a live yeast cell using squeezed light 
in a photonic force microscope (PFM).

A PFM is similar to an atomic force 
microscope, but uses a nanoscale particle 
trapped in optical tweezers instead of 
the usual probe tip. using squeezed light 
reduced the measurement signal-to-noise, 
allowing the construction of 1D spatial 
profi les within a cell down to 10 nm. Seeing 
below 1 nm in vivo looks possible. This is 
the fi rst time that squeezed light has been 
used in biological imaging.

 ● Further reading 
M A Taylor et al. 2014 Phys. Rev. X 4 011017. 

One-way sound
Sound transmission is usually reciprocal 
– if you want to listen to someone you 
have to let them be able to hear you. now, 
romain Fleury of the university of Texas 
at Austin and colleagues have found how 
to obtain sound transmission that favours 
one direction over the opposite one. They 
found the required time-reversal invariance 
violation – sound propagation normally 
knows no direction of time – in an acoustic 
analogue of the Zeeman effect, where a 
magnetic fi eld makes a material birefringent.

In place of a magnetic fi eld, they used 
airfl ow around a circular cell so that sound 
propagates differently with or against 
the fl ow. Their device, built from simple 
off-the-shelf components, gives 40 dB of 
non-reciprocal sound isolation.

 ● Further reading 
R Fleury et al. 2014 Science 343 516.

Modelling the mechanics of curly hair
Flexible segments of tubing that James 
Miller made with varying degrees of 
curliness and used for the lab experiments. 
(Image credit: James Miller and Pedro Reis.)

Artifi cial muscles
A new type of artifi cial muscle made from 
fi shing line and sewing thread dramatically 
outperforms predecessors. Carter S Haines of 
the University of Texas at Dallas and colleagues 
have shown how inexpensive, high-strength 
polymer fi bres used for fi shing line and sewing 
thread can be made into artifi cial muscles, with 
their force provided by temperature-dependent 
twisting. With high degrees of twisting, these 
can contract by 49%, lift more than 100 times 
the load that the same length and weight of 
human muscle can, and generate 5.3 kW of 
work per kilogram of muscle – comparable to 
a jet engine.

 ● Further reading 
C S Haines et al. 2014 Science 343 868.

(A) A non-twisted 300-μm-diameter fi bre; 
(B) fi bre A after coiling by twist insertion; 
(C) a two-ply muscle formed from coil B; 
(D) a braid made from 32 two-ply, coiled, 
102-μm fi bres produced as in (C).
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Magnetic precision has a name www.metrolab.com
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PT2026 NMR Precision Teslameter 

Reach new heights 
in magnetic � eld 
measurement 
The Metrolab PT2026 sets a new 
standard for precision magnetometers. 
Leveraging 30 years of expertise building 
the world’s gold standard magnetometers, 
it takes magnetic � eld measurement to 
new heights: measuring higher � elds with 
better resolution.

The PT2026 offers unprecedented � exibility 
in the choice of parameters, interfacing 
and probe placement, as well as greatly 
improved tolerance of inhomogeneous 
� elds. And with Ethernet & USB interfaces 
and LabVIEW software, it � ts perfectly into 
modern laboratory environments. 

www.metrolab.com

on 11 February, the novA collaboration 
announced the detection of the fi rst 
neutrinos in the long-baseline experiment’s 
far detector in northern Minnesota. The 
neutrino beam is generated at Fermilab and 
sent 800 km through the Earth’s surface 
to the far detector. once completed, the 
near and far detectors will weigh 300 and 
14,000 tonnes, respectively. installation 
of the last module of the far detector is 
scheduled for early this spring and outfi tting 
of both detectors with electronics should be 
completed in summer.

Knowledge of the electron mass 
has been improved by a factor of 13, 
thanks to a clever extension of previous 
Penning-trap experiments. A team from 
the Max-Planck-Institut für Kernphysik in 
Heidelberg, GSi and the extreMe Matter 
institute in Darmstadt, and the Johannes 
Gutenberg-universität in Mainz, used 
a Penning trap to measure the magnetic 
moment of an electron bound to a carbon 
nucleus in the hydrogen-like ion 12c5+. 
The cyclotron frequency of the combined 
system allowed precise determination of the 
magnetic fi eld at the position of the electron, 
while the precession frequency allowed for 
measurement of the mass of the electron. 

The result, in atomic-mass units, is 
0.000548579909067(14)(9)(2) where the last 
error is theoretical. This new value for the 
electron’s mass value will allow comparison 
of the magnetic moment of the electron to 
theory – which is good to about 0.08 parts in 
1012 – to better than one part in 1012.

 ● Further reading 
S Sturm et al. 2014 Nature  506 467. 

NOvA experiment 
sees its fi rst 
long-distance 
neutrinos

New precision 
reached on 
electron mass
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One of the fi rst interactions captured at the 
NOvA far detector. (Image credit: NOvA 
collaboration.)
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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 U N I V E R S I T Y  O F  Z U R I C H

A new analysis of observations of the galactic 
centre by the Fermi Gamma-ray Space 
Telescope strengthens the case for a signal 
from annihilating dark matter. The authors 
claim that the excess emission has a spectral 
shape, spatial extent and normalization in 
good agreement with predictions of simple 
models of dark-matter annihilation. 

Although still elusive in particle-physics 
experiments, dark matter is a reality for 
astronomers. its presence is implied by 
the fl uctuations in the cosmic microwave 
background as measured by the Planck 
mission (CERN Courier May 2013 p12). it is 
essential for the formation of the fi rst stars 
and galaxies, and it provides the additional 
gravitational pull to hold clusters of 
galaxies together. Nonetheless, dark matter 
is only detected indirectly, via its effect 
on ordinary matter, or at most through its 
gravitational lensing effect on background 
galaxies observed through a massive galaxy 
cluster (CERN Courier July/August 2013 
p14). Weakly interacting massive particles 
(WIMPs) are a prime candidate for cold 
dark matter in the universe. With a mass 
above about 1 GeV and interacting only 
through the weak nuclear force and gravity, 
they can remain invisible because of their 
lack of electromagnetic interactions. 
However, the annihilation of WiMPs 
could potentially produce gamma rays, 
cosmic rays and neutrinos. Theoretical 
candidates for WiMPs include the lightest 
supersymmetric particle, neutralinos and 
sterile neutrinos.

As with all galaxies, the Milky Way is 

thought to be surrounded by a spherical halo 
of dark matter. The density gradient towards 
the galactic centre makes the latter the best 
place to search for a gamma-ray signal 
associated with dark-matter annihilation. 
The Fermi satellite is well suited for this 
search at energies between 100 MeV and 
300 GeV (CERN Courier november 2008 
p13). in the past few years, the analysis of 
Fermi’s observations of the central region of 
the Galaxy by different groups has detected a 
signifi cant excess with a maximum emission 
at around 1–3 GeV.

A new analysis by a uS team led by 
Tansu Daylan from Harvard university is 
now attracting attention. The team used 
a more restrictive selection of gamma 
rays, including only those with a small 
positional uncertainty. This allows the 
researchers to produce gamma-ray maps 

at higher resolution, enabling an easier 
separation of the putative spherically-
symmetric dark-matter signal from the 
contribution of the Galaxy’s diffuse 
emission and the “bubbles” found by Fermi 
(CERN Courier January/February 2011 
p11). The team fi nds an excess emission 
out to angles of around 10° from the 
centre of the Galaxy, with no signifi cant 
deviation from spherical symmetry. 
The excess has a high signifi cance and 
a best-fi t spatial distribution following a 
generalized Navarro-Frenk-White halo 
profi le, with an inner slope of γ = 1.26. 
Such a broad distribution disfavours the 
proposed alternative that this emission 
originates from a population of thousands 
of millisecond pulsars.

The derived spectrum associated with 
this excess is well fi tted by dark-matter 
particles with mass 31–40 GeV annihilating 
to b quarks. The new study disfavours the 
previously considered 7–10 GeV mass 
window in which the dark matter annihilates 
signifi cantly to τ leptons. The annihilation 
cross-section required to account for the 
signal is also found to be in good agreement 
with predictions for dark matter in the form 
of a simple thermal relic. While this analysis 
does not provide a discovery of dark-matter 
annihilation, it is nevertheless a compelling 
case for this process that will have to be 
confi rmed by corroborating observations in 
dwarf galaxies around the Milky Way.

 ● Further reading 
T Daylan et al. 2014 arXiv:1402.6703.

Picture of the month

This new image by the Hubble Space Telescope shows the spiral 
galaxy ESO 137-001, framed against a bright background as it moves 
through the heart of the Norma cluster of galaxies. The image captures 
not only the galaxy and its backdrop in stunning detail, but also 
something more dramatic – intense blue streaks streaming outwards 
from the galaxy, seen shining brightly in ultraviolet light. These streaks 
are hot young stars, encased in wispy streams of gas that are being 
torn away from the galaxy by its surroundings as it moves through 
space. This violent galactic disrobing is the result of a process known 
as ram pressure stripping – a drag force felt by an object moving 
through a fl uid. The fl uid in question here is superheated gas, which 
lurks at the centre of galaxy clusters and emits X-rays (Picture of the 
month, CERN Courier  November 2008 p11). (Image credit: NASA, ESA. 
Acknowledgements: Ming Sun (UAH), and Serge Meunier.)

Fermi gamma-rays match dark-matter signal

Gamma-ray emission in the 1–3.16 GeV 
energy band of the central 10° × 10° area of 
the Milky Way before (left) and after (right) 
subtracting all known contributions, 
leaving an unexpected excess that can be 
attributed to dark matter annihilation. 
(Image credit: T Daylan et al., Fermi Space 
Telescope, NASA.)
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Cerium Bromide (CeBr3)  scintillation detectors 

● High resolution
● No 138La background
● 76 x 76 mm available

4% @ 662 keV
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Visit us at Booth 605
New Photomultiplier HV Base
Using photomultipliers is now even easier with a new
range of compact, low noise, HV Bases from
ET Enterprises.

    range of input voltage (5V to 15V).
..
.

very low power
high stability

output voltage adjustable from 100V to 2000V

ET Enterprises is now your single source for ‘Electron Tubes’ and ADIT 
photomultipliers, including many Photonis replacements.

Visit our new website for further information.

Use our new interactive website to search our complete range of products or follow 
the contact links to discuss your application.

Incorporating socket, voltage divider and HV 
supply, they are suitable for use with a wide
range of photomultipliers operating in analogue, 
pulse counting or photon counting modes.

catch the light

«Easy close» all-metal angle valves Series 54.1, DN 40 (1½")

«Hard-on-hard» 
sealing method

Closing to stop, 
no torque wrench required

Maintenance-free, 
for UHV systems

CF-R flanges,  
protected CF knife-edge

www.vatvalve.com

UHV system engineers are often challenged 
with particulates in the vacuum envelope and 
the damage that they can cause to all-metal 
valve seats. To reduce the problem, FLEX 
VATRINGs use new sealing surfaces on lower 
levels. 
 

Replacement in the field is easy with no 
polishing or machining required. This extends 
the life of the valve by up to three times.

Original 
VATRING

1st and 2nd  
replacement 
VATRING

NEW
FLEX VATRING field replaceable
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