
CERNCOURIER
V o l u m e  5 7   N u m b e r  8   O c t o b e r  2 0 1 7

www.

13

C E R N C our i e r      O c t o b e r  2 0 17

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

Biological media are not usually thought 
capable of guiding light because they 
do not exhibit large nonlinear optical 
responses, but a new study by Zhigang 
Chen of San Francisco State University and 
colleagues changes this picture. The team 
sent a 50 μm-wide green laser beam into 
a 4 cm-long tube of seawater, upon which 
the beam broadened to 650 μm, largely 
due to normal diffraction. Then a strain of 
cyanobacteria called Synechococcus, which 
do not move on their own and thus could not 
actively enter or leave the beam, were added 
to the tube. At low power (0.1 W) the beam 

diffraction doubled, but at 3 W the beam 
constricted to a 0.2 mm needle – with almost 
all bacteria left unharmed. The data could 

only be explained by taking into account 
radiation pressure, which is more important 
in cells with internal structures. Similar 
results with E. coli and human red blood 
cells suggests analogous self-focusing could 
provide ways to send light through normally 
opaque tissues for treatment or imaging.

 ● Further reading 
A Bezryadina et al. 2017 Phys. Rev. Lett. 119 058101.

Solar neutrinos probe Earth
Oscillations of solar neutrinos could 
provide valuable information on the 
internal structure of the Earth, according to 
a new study. Ara Ioannisian of the Yerevan 
Physics Institute in Armenia and colleagues 
argue that the relative number of νe events 
detected during the day compared to those 
collected at night could be affected by 
the layer-like structure of Earth’s density, 
allowing a tomographic scan of the Earth’s 
interior. Specifically, the team studied the 
possibilities with the future long-baseline 
DUNE experiment in the US, which expects 
to see around 75 neutrino events per day 
in a 40 kt-active mass detector. Five years 
of data should, in addition to establishing 
the day–night asymmetry to a level of 
six standard deviations and providing 
valuable information on the squared mass 
difference between the lightest neutrinos, 
provide confirmation of the layer model of 
the Earth.

 ● Further reading 
A Ioannisian et al. 2017 Phys. Rev. D 96 036005.

Nutmeg cooler than menthol
Menthol is a ubiquitous cooling agent used 
in a wide variety of products. But it turns 
out that nutmeg packs a punch 30 times 
stronger, making it the most powerful 
natural cooling agent known. Tomohiro 
Shirai and colleagues at Kao Corporation 
in Tochigi, Japan, identified a neolignan 
compound (a class of compounds that bind 
to a cold-sensitive ion channel in the body 

to trigger a cooling sensation) in nutmeg 
that binds at a different molecular site than 
menthol, suggesting that the two might be 
usefully combined. Used in mouthwash 
for a 30 second rinse, the new compound 
took five minutes to kick in as strongly as 
menthol, but then gave a cooling sensation 
lasting 30 minutes instead of menthol’s 
10 minutes.

 ● Further reading 
T Shirai 2017 ACS Med. Chem. Lett. 8 715. 

Lithium battery reversed
In a conventional lithium-ion battery, 
ions moving inside the medium power 
electrons through an external circuit. In an 
ingenious reversal of this idea, an “electron 
battery” sees electrons moving internally 
while ions are pushed through an external 
circuit. Liangbing Hu of the University of 
Maryland in College Park and colleagues 
have made a prototype with a lithium-anode 
and vanadium-oxide cathode immersed 
in an organic electrolyte that stimulates 
the flow of calcium ions inside living cells 
derived from human embryonic kidney 
cells. Biocompatibility was achieved by 
using Kentucky bluegrass stems soaked in 
salt solution as ionic cables to connect to the 
cells. The drifting sodium ions then generate 
an electric field that releases calcium ions, 
demonstrating a novel electro-biomedical 
technology with potential applications 
including nerve and muscle stimulation.

 ● Further reading 
C Wang et al. 2017 Nat. Commun. 8 15609.

Bacteria light the way
Bacteria are drawn inward and forward by a 
light beam, creating a waveguide that helps 
reduce the spread of the beam. 

Squid vision
Spherical lenses suffer from optical aberration, 
which prevents all rays from being focused to a 
single point. As long ago as 1854, James Clerk 
Maxwell proposed a mathematical solution 
to this problem by making the refractive 
index decrease parabolically from the centre 
to the edge. Although hard to implement in 
practice, Alison Sweeney and colleagues at 
the University of Pennsylvania in the US have 
now shown that squid already perform this 
trick via assemblies of transparent S-crystallin 
protein dimers that vary in size to achieve what 
Maxwell suggested. The stability of the gradient 
index of refraction is remarkable, suggesting an 
anisotropic interaction between the proteins to 
maintain it, and the finding suggests new ways 
to make aberration-free lenses.

 ● Further reading 
J Cai et al. 2017 Science 357 564.
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A squid showing spherical gradient-index 
lenses that can correct optical aberration.
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News

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.

The left figure shows the observed WZ mass 
distribution in the qqqq channel together with 
simulations of some example signals. An 
important key to probe very high-mass signals 
is to identify high-momentum hadronically 
decaying V and h bosons. ATLAS developed 
a new technique to reconstruct the invariant 
mass of such bosons combining information 
from the calorimeters and the central tracking 
detectors. The resulting improved mass 
resolution for reconstructed V and h bosons 
increased the sensitivity to very heavy signals.

No evidence for a new resonance was 
observed in these searches, allowing 
ATLAS to set stringent exclusion limits. 
For example, a graviton signal predicted in 
a model with extra spatial dimensions was 
excluded up to masses of 4 TeV, while heavy 
weak-boson-like resonances (as predicted 
in composite Higgs boson models) decaying 
to WZ bosons are excluded for masses up 

to 3.3 TeV. Heavier Higgs partners can be 
excluded up to masses of about 350 GeV, 
assuming specific model parameters.  

 ● Further reading 
ATLAS Collaboration 2017 ATLAS-CONF-2017-051.

ATLAS Collaboration 2017 arXiv:1708.04445.
ATLAS Collaboration 2017 ATLAS-CONF-2017-055.
ATLAS Collaboration 2017 arXiv:1707.06958.
ATLAS Collaboration 2017 ATLAS-CONF-2017-058.
ATLAS Collaboration 2017 arXiv:1708.00212.
ATLAS Collaboration 2017 arXiv:1707.04147.
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WZ invariant mass spectrum in the qqqq channel (left) and upper limits on the cross-section 
times branching ratio of a hypothetical boson decaying into a WZ pair (right). The signals 
are taken from a composite Higgs boson model.
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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

During the last two decades the WMAP and 
Planck satellites have produced detailed 
maps of the density distribution of the 
universe when it was only 380,000 years 
old – the moment electrons and protons 
recombined into neutral hydrogen, producing 
today’s cosmic microwave background 
(CMB). The CMB measurements show that 
the distribution of both normal and dark 
matter in the universe is inhomogeneous, 
which is explained via a combination of 
inflation, dark matter and dark energy: 
initial quantum fluctuations in the very early 
universe expanded and continued to grow 
as gravity pulled matter together while dark 
energy worked to force it apart. Data from 
the CMB have allowed cosmologists to 
predict a range of cosmological parameters 
such as the fractions of dark energy, dark 
matter and normal matter.  

Now, using new optical measurements of 
the current universe from the international 
Dark Energy Survey (DES), these 
predictions can be tested independently. 
DES is an ongoing, five-year survey that 
aims to map 300 million galaxies and 
tens of thousands of galaxy clusters using 
a 570 megapixel camera to capture light 
from galaxies eight billion light-years away 
(see figure). The camera, one of the most 
powerful in existence, was built and tested 
at Fermilab in the US and is mounted on the 
4 m Blanco telescope in Chile. 

To measure how the clumps seen in the 
CMB evolved from the early universe into 
their current state, the DES collaboration 
first mapped the distribution of galaxies 

in the universe precisely. The researchers 
then produced detailed maps of the matter 
distribution using weak gravitational lensing, 
which measures small distortions of the 
optical image due to the mass between an 
observer and multiple sources. The galaxies 
observed by DES are elongated by only a few 
per cent due to lensing and, since galaxies 
are intrinsically elliptical, it is not possible to 
measure the lensing from individual galaxy 
measurements. 

The first year of DES data, which includes 
measurements of 26 million galaxies, 
has allowed researchers to measure 
cosmological parameters such as the 
matter density with a precision comparable 
to those made using the CMB data. The 
matter-density parameter, which indicates 
the total fraction of matter in the universe, 
measured using optical light is found to be 
fully compatible with Planck data based 
on measurements of microwave radiation 
emitted around 13 billion years ago. 
Combining the measurements of Planck 

and DES places further constraints on this 
crucial parameter, indicating that only about 
30% of the universe consists of matter while 
the rest consists of dark energy. The results 
are also compatible with other important 
cosmological parameters such as the 
fluctuation amplitude, which indicates the 
amplitude of the initial density fluctuations, 
and further constrain measurements of the 
Hubble constant and even the sum of the 
neutrino masses. 

The DES results allow for a fully 
independent measurement of parameters 
initially derived using a map of the early 
universe. With the DES data sample set 
to grow from 26 million to 300 million 
galaxies, cosmological parameters will be 
measured with even higher precision and 
allow more detailed comparisons with the 
CMB data.

 ● Further reading 
T Abbott et al. 2017 FERMILAB-PUB-17-294-PPD, 
arXiv.org:1708.01530.

Picture of the month

This image from the Chandra X-Ray Observatory shows the Carina Nebula in X-rays 
(low-energy shown in red and the highest energy X-rays in blue). The nebula lies at an 
estimated distance of 6500–10,000 light years, measures approximately 200 light-years 
across, and is visible with binoculars toward the southern constellation of Carina. The 
Carina Nebula is a star-forming region in the Sagittarius-Carina arm of the Milky Way and 
Chandra has detected more than 14,000 stars in this region. As a star-forming region, the 
nebula hosts a large number of young and very bright star systems including WR25, which 
contains the brightest star in the Milky Way. The Trumpler 15 area, located in the northern 
part of the image, contains a deficit of bright X-ray sources indicating that several stars 
have recently died here. One object in this nebula that could end its life at any moment is Eta 
Carinae, a stellar system containing at least two stars with a combined luminosity greater 
than five million times that of the Sun. Eta Carinae erupted around 150 years ago when it 
became the second brightest star in the sky, and although it has since dimmed it is expected 
to become a supernova in the near future.

Optical survey pinpoints dark-matter structure
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Map of dark matter made 
from gravitational lensing 
measurements of 26 million 
galaxies by the Dark 
Energy Survey, covering 
about 1/30th of the entire 
sky and spanning several 
billion light-years in extent. 
Red regions have more dark 
matter and blue regions 
less dark matter than 
average.
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Are you looking for a perfect vacuum solution? Please contact us:
Pfeiffer Vacuum (Schweiz) AG · T +41 44 444 22 55 · F +41 44 444 22 66
info@pfeiffer-vacuum.ch · www.pfeiffer-vacuum.com

The new HiCube Eco turbo pumping station stands out with its modular design. It now reaches 
high ultimate pressures even faster, especially when combined with the HiPace 300 H turbopump 
which delivers particularly high compression. 

 ■ Different combinations of turbopumps and backing pumps possible 
 ■ Turbopumps with pumping speeds from 30 l/s to 300 l/s
 ■ Backing pumps with DC drive provide maximum energy savings
 ■ Connectivity for total pressure gauges
 ■ Easy data collection and analysis 

Modular turbo pumping stations for all high and ultra-high vacuum applications

HICUBE ECO
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