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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

Something resembling wine, made from a 
mixture of grapes, hawthorn fruit wine, rice 
beer and honey mead, appears to have been 
made in the Yellow Valley in China around 
7000 BC. However, what about wine as we 
know it, made just from grapes? This goes 
back almost as far, according to a study 
by Patrick McGovern of the University of 
Pennsylvania Museum of Archaeology and 
Anthropology in Philadelphia in the US. 
Advanced archaeological, archaeobotanical, 
climatic, and chemical methods applied to 
newly excavated materials from two sites 

in Georgia in the South Caucasus, reveal 
evidence for grape wine and viniculture in 
the Near East as early as 6000–5800 BC 

during the early neolithic period. Wine 
is key to many civilisations and requires 
sophisticated horticultural techniques, such 
as domestication, propagation, pressing and 
the use of suitable containers.

 ● Further reading 
P McGovern et al. 2017 PNAS 114 12627.

Toroidal plasma
In a first for plasma physics, a stable 
room-temperature topologically confined 
plasma has been created without the need  
for external electromagnetic fields.  
Morteza Gharib of Caltech and colleagues 
fired a high-speed 100 micron jet of 
deionised water onto a polished quartz  
wafer. This, they found, creates a stable 
coherent toroid of glowing plasma for 
speeds of the water jet above 200 ms–1. 
The mechanism appears to be tribo-
electricification caused by the large 
hydrodynamic shear. 

 ● Further reading 
M Gharib et al. 2017 PNAS 114 12657.

Ageing unavoidable
Hopes that aging might be defeated by 
identifying and interfering with culpable 
genes, have run into an obstacle. Paul  
Nelson and Joanna Masel of the University  
of Arizona in Tucson have shown that,  
while competition between cells within  
one organism should seemingly just remove 
ones that work less well, the need for cells  
to co-operate with other cells can also  
select ones which do not themselves work as 
well, but co-operate better. This is at odds 
with the idea that aging is simply be due to  
a weakness in removing genes that 
only affect mortality late in life, and 
suggests aging is a fundamental feature of 
multicellular life. 

 ● Further reading 
P Nelson and J Masel 2017 PNAS 114 12982. 

Quark fusion
Following the recent observation by the 
LHCb experiment of a doubly charmed 
baryon Ξcc

++ with a large (130 MeV) binding 
energy between the two charm quarks, Marek 
Karliner of Tel Aviv University and Jonathan 
Rosner of the University of Chicago have 
shown that this opens the door for a quark 
analog of nuclear fusion. For example, two 
Λc baryons can fuse to form a Ξcc

++ and a 
neutron, releasing an energy of 12 MeV, with 
an analogous process for b quarks releasing 
138 MeV. While unlikely to ever be a source of 
useful energy, this novel form of fusion could 
help in studies of strange hadronic matter.

 ● Further reading 
M Karliner and J Rosner 2017 Nature  551 89.

Cosmic rays image pyramid
Modern particle physics has teamed up with 
ancient Egyptian archaeology to discover 
a void in the Great Pyramid, similar in size 
to the Grand Gallery but located above it. 
Kunihiro Morishima of Nagoya University 
in Japan and colleagues used cosmic-ray 
muons and external micro-pattern gaseous 
detectors to perform the analog of X-ray 
tomography. In addition to confirming 
earlier results, it brings the significance of the 
void now to almost six standard deviations. 
Half of the muon detectors positioned around 
the pyramid, based on a design by CEA 
SACLAY, were built at CERN. 

 ● Further reading 
K Morishima et al. 2017 Nature  doi:10.1038/
nature24647.

World’s oldest wine found
Wine became the focus of religious cults, 
pharmacopoeias, cuisines, economies, and 
society in the ancient Near East, suggests 
new evidence. 

Nuclear reactions in lighting
Following the observation of neutrons and 
gamma rays in association with lightning, 
a new study reports evidence that lightning 
also triggers specific nuclear reactions. On 
6 February 2016, Teruaki Enoto of Kyoto 
University in Japan and colleagues observed 
a gamma-ray flash lasting less than 1 ms 
followed by an exponentially decaying 
gamma-ray spectrum and then prolonged 
line emission around 0.511 MeV (indicative of 
electron–positron annihilation). The process 
is well-explained by photo-dissociation 
processes such as 14N + γ → 13N + n with 
emission of de-excitation gamma rays, 
followed by positron decay of the nucleus to 
13C, and finally the positron annihilating with 
an electron. In addition to its intrinsic interest, 
the result reveals a new source of isotopes, 
including 14C, used for carbon dating.

 ● Further reading 
T Enoto 2017 Nature 551 481.

Lightning and thunderclouds are natural 
particle accelerators.
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Big or small, science calls for the ultra high 
purity copper in all shapes and sizes.
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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

Since 2008, astronomers have been puzzled 
by a mysterious feature in the cosmic-ray 
energy spectrum. Data from the PAMELA 
satellite showed a significant increase in the 
ratio of positrons to electrons at energies 
above 10 GeV. This unexpected positron 
excess was subsequently confirmed by both 
the Fermi-LAT satellite and the AMS-02 
experiment onboard the ISS (CERN Courier 
December 2016 p26–30), sparking many 
explanations, ranging from dark-matter 
annihilation to positron emission by 
nearby pulsars. New measurements by the 
High-Altitude Water Cherenkov (HAWC) 
experiment now seem to rule out the second 
explanation, hinting at a more exotic origin 
of the positron excess.

Although standard cosmic-ray 
propagation models predict the production 
of positrons from interactions of high-energy 
protons travelling through the galaxy, the 
positron fraction is expected to decrease as 
a function of energy. One explanation for 
the excess is the annihilation of dark-matter 
particles with masses of several TeV, which 
would result in a bump in the electron–
positron fraction, with the measured increase 
perhaps being the rising part of such a bump. 
According to other models, however, the 
excess is the result of positron production by 
astrophysical sources such as pulsars (rapidly 
spinning neutron stars). Since these charged 
particles lose energy due to interactions with 
interstellar magnetic and radiation fields they 
must be produced relatively close to Earth, 
making nearby pulsars a prime suspect. 

HAWC, situated near the city of Puebla 
in Mexico, detects charged particles 
created in the Earth’s atmosphere from 

collisions between high-energy photons and 
atmospheric nuclei. The charged particles 
produced in the resulting shower produce 
Cherenkov radiation in HAWC’s 300 water 
tanks, their high altitude location making 
HAWC the most sensitive survey instrument 
to measure astrophysical photons in the TeV 
range. This allows the study of TeV-scale 
photon emission from nearby pulsars, such as 
Geminga and PSR B0656+14, to investigate 
if these objects could be responsible for the 
positron excess.

Pulsars are thought to emit electrons 
and positrons with energies up to several 
hundred TeV, which diffuse into the 
interstellar medium, but the details of the 
emission, acceleration and propagation 

of these leptons are not well understood. 
The TeV photons measured by HAWC are 
produced as the electrons and positrons 
emitted by the pulsars interact with low 
energy photons in the interstellar medium. 
One can, therefore, use the intensity of the 
TeV photon emission and the size of the 
emitting region to indirectly measure the 
high-energy positrons. The HAWC data 
show the large emitting regions of both the 
pulsars Geminga and PSR B0656+14 (see 
figure). The spectral and spatial features of 
the TeV emission were then inserted in a 
diffusion model for the positrons, allowing 
the team to calculate the positron flux from 
these sources reaching Earth. The results, 
published in Science, indicate that the 
positron flux from these sources reaching 
Earth is significantly smaller than that 
measured by PAMELA and AMS-02. 

These indirect measurements of the 
positron emission appear to rule out a 
significant contribution of the local positron 
flux by these two pulsars, making it unlikely 
that pulsars are the origin of the positron 
excess. More exotic explanations such as 
dark matter, or other astrophysical sources 
such as micro-quasars and supernovae 
remnants, are not ruled out, however. 
Results from gamma-ray observations of 
such sources, along with more detailed 
measurements of the lepton flux at even 
higher energies by AMS-02, DAMPE or 
CALET, are therefore highly anticipated 
to fully solve the mystery of the cosmic 
positron excess. 

 ● Further reading 
HAWC Collaboration 2017 Science 358 911.

Picture of the month

This image shows a nebula named after Edwin Hubble, recorded by the 
observatory that bears his name. Hubble’s Variable Nebula was discovered 
more than 200 years ago and later studied in detail by Hubble in the 
20th century. This object is peculiar because its appearance is known to 
change within a matter of weeks. This so-called reflection nebula consists of 
gas and fine dust fanning out from the star R Monocerotis. The faint nebula is 
about one light-year across and lies about 2500 light-years away towards the 
Unicorn constellation. One of the explanations for the fast variability of such a 
large object is that dense clouds of opaque dust move around the star, which is 
seen in the top left of the image. As the clouds move between the star and the 
nebula they cast shadows on the reflective gasses, causing different parts of 
the nebula to light up at different times.

HAWC clarifies cosmic positron excess
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Geminga

PSR B0656+14

The area around Geminga and PSR 
B0656+14 as measured by HAWC in the 
1–50 TeV energy region, showing the large 
area around the two pulsars from where 
high-energy gamma rays are emitted.

H
AW

C
 c

ol
la

bo
ra

tio
n

H
ub

bl
e,

 N
A

S
A

, E
S

A

CCJanFeb18_Astrowatch.indd   17 03/01/2018   12:48

www.

http://cerncourier.com
http://ioppublishing.org/
http://home.web.cern.ch/
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

	vol58-issue1-p015-e
	vol58-issue1-p016-e

	Btn Fullscreen 2: 
	Page 8: 
	Page 9: 



