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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

The Hypatia stone, found in western Egypt 
in 1996, is believed to have formed about 
28 million years ago in a meteorite impact. In 
2013 it was confirmed to be of extraterrestrial 
origin and possibly the first sample of a 
comet nucleus. Now Georgy Belyanin of the 
University of Johannesburg in South Africa 
and colleagues have found compounds 
including polyaromatic hydrocarbons and 
silicon carbide associated with a nickel 
phosphide compound not found in the solar 
system before. Other facts supporting the 
other-worldly origin of the stone include 
ratios of silicon to carbon opposite to those 

of the Earth, Mars or Venus, but consistent 
with interstellar dust, and mineral grains that 
contain phosphorus and metallic elements 
not in the ratios expected. The Hypatia stone 
challenges the generally accepted view of 
how the solar system was formed and the 
study of its history continues. 

 ● Further reading 
G Belyanin et al. 2018 Geochim. Cosmochim. Acta 223 462.

Recipes for DNA assembly 
DNA can be designed to assemble into 
specific shapes, but the range of possibilities 
has been limited – until now. A clutch of 
papers published in the same issue of Nature 
describe several approaches to making very 
large structures. Lulu Qian and colleagues 
at Caltech used simple assembly rules 
recursively to create 2D arrays with areas 
up to 0.5 µm2, while Peng Yin and team at 
Harvard University used DNA “bricks” 
to make 3D nanostructures of more than 
10,000 components. Hendrik Dietz and 
colleagues at the Technical University of 
Munich, meanwhile, show that large objects 
can be efficiently assembled in a multi-stage 
process using DNA building blocks with 
optimised shape and interaction patterns, 
also demonstrating a scalable, cost-efficient 
method for making the required DNA strands. 
The results make it clear that DNA can be 
made to self-assemble into a wide variety 
of large structures with the aim of building 
synthetic cellular machines for research, 
engineering and medical applications. 

 ● Further reading 
G Tikhomirov et al. 2017 Nature 552 67; L Ong et al. 
2017 Nature 552 72; K Wagenbauer et al. 2017 Nature 
552 78; F Praetorius et al. 2017 Nature 552 84.

Equivalence principle in space
The weak equivalence principle, a cornerstone 
of general relativity, says that all bodies 
should fall at the same rate. Recent results 
from the MICROSCOPE satellite, launched 
in April 2016 and operated by the French 
space centre CNES, show that this key physics 

principle holds to unprecedented precision. 
The experiment measured the force needed 
to keep two similar floating test masses made 
of different alloys in the same orbit as the 
satellite completed more than 1500 orbits. 
No deviation from the equivalence principle 
was found up to the level of one part in 1014, 
strongly constraining theories containing 
very weakly coupled particles.

 ● Further reading 
P Touboul et al. 2017 Phys. Rev. Lett. 119 231101. 

Sound from water to air
Normally, it’s all but impossible to hear 
underwater sounds from above the water 
surface due to reflection at the interface. 
By placing a novel metamaterial in contact 
with the surface, however, Sam Lee of 
Yonsei University in Seoul and colleagues 
show that the structure enhances sound by 
a factor of 160 and allows 30% of the sound 
energy to get through. The metamaterial 
is a cylindrical shell with a thin plastic 
membrane divided into segments and with 
a mass in the centre, and was designed to 
respond to sound with secondary waves 
that interfere destructively, boosting 
transmission. Possible applications range 
from better underwater microphones to 
non-contact ultrasonic imaging.
 

 ● Further reading 
E Bok et al. 2018 Phys. Rev. Lett. 120 044302.

Supercool water
Water’s complicated phase diagram may 
need to be updated. Kyung Hwan Kim of 
Stockholm University and colleagues used 
femtosecond X-ray laser pulses to probe 
micrometre-sized water droplets supercooled 
in a vacuum. Measuring the diameter of the 
drops as they evaporate and cool, the team 
found evidence for a supercooled liquid phase 
at 229 K for water and 233 K for heavy water 
(consistent with a “Widom line” separating 
the two liquid phases). Remarkably, water can 
remain liquid down to –42.55 °C. 

 ● Further reading 
K Kim et al. 2017 Science 358 1589.

Origin of Hypatia stone questioned
Fragments from the Hypatia stone uncovered 
in south-west Egypt in the Libyan Desert 
Glass Field, measuring around 1 cm across. 

Topology and water waves 
Mysteriously, ocean and atmospheric waves 
near the equator all share the property that 
they travel eastwards. Now, Pierre Delplace 
of the University of Lyon and colleagues have 
suggested a topological origin to this effect, 
with time-reversal symmetry broken by Earth’s 
rotation. Remarkably, the work points to a 
formal analogy between equatorially trapped 
waves and topological insulators, showing yet 
another example of the unity of physics.

 ● Further reading 
P Delplace et al. 2017 Science 358 1075.
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Astrowatch
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Many questions remain about what 
happened in the first billion years of the 
universe. At around 100 million years old, 
the universe was a dark place consisting 
of mostly neutral hydrogen without many 
objects emitting detectable radiation. This 
situation changed as stars and galaxies 
formed, leading to a phase transition known 
as reionisation where the neutral hydrogen 
was ionised. Exactly when reionisation 
started and how long it took is still not fully 
clear, but a recent discovery of the oldest 
massive black hole ever found can help 
answer this important question.

Up to about 300,000 years after the Big 
Bang, the universe was hot and dense, and 
electrons and protons were fully separated. 
As the universe started to expand, it 
cooled down and underwent a first phase 
transition where electrons and protons 
formed neutral gases such as hydrogen. The 
following period is known as the cosmic 
dark ages. During this period, protons and 
electrons were mostly combined into neutral 
hydrogen, but the universe had to cool much 
further before matter could condense to the 
level where light-producing objects such 
as stars could form. These new objects 
started to emit both the radiation we can 
now detect to study the early universe and 
also the radiation responsible for the last 
phase transition – the reionisation of the 
universe. Some of the brightest and therefore 
easiest-to-detect objects are quasars: 
massive black holes surrounded by discs of 
hot accreting matter that emit radiation over 
a wide but distinctive spectrum.

Using data from a range of large-area 
surveys by different telescopes, a group led 

by Eduardo Bañados from the Carnegie 
Institution for Science has discovered a 
distant quasar called J1342+0928, with 
the black hole at its centre found to be 
eight million solar masses. After the 
radiation was emitted by J1342+0928, it 
travelled through the expanding universe, 
increasing its wavelength or “red shifting” 
in proportion to its travel time. Using known 
spectral features of quasars, the redshift (and 
therefore the moment at which the radiation 
was emitted) can be calculated.

The spectrum of J1342+0928, shown in the 
figure, demonstrates that the universe was 
only 690 million years old – just 5% of its 
current age – at the time we see J1342+0928. 
The spectrum also shows a second 
interesting feature: the absorption of a part 
of the spectrum by neutral hydrogen, which 
implies that at the time we are observing 
the black hole, the universe was not fully 
ionised yet. By modelling the emission 
and absorption, Bañados and co-workers 
found that the spectrum from J1342+0928 

is compatible with emission in a universe 
where half the hydrogen was ionised, putting 
the time of emission right in the middle of the 
epoch of reionisation.

The next mystery is to explain how a black 
hole weighing eight million solar masses 
could form so early in the universe. Black 
holes grow as they accrete mass surrounding 
them, but the accreting mass radiates and 
this radiation pushes other accreting mass 
away from the black hole. As a result, there is 
a theoretical limit on the amount of matter a 
black hole can accrete. Forming a black hole 
the size of J1342+0928 with such accretion 
limits would require black holes in the very 
early universe with sizes that challenge 
current theoretical models. One possible 
explanation, however, is that this particular 
black hole is a peculiar case and was formed 
by a merger of several smaller black holes.

Thanks to continuous data taking from a 
range of existing telescopes and upcoming 
new instrumentation, we can expect more 
objects like J1342+0928 or even older to be 
discovered, offering a probe of the universe at 
even earlier stages. The discovery of further 
objects would allow a more exact date for the 
period of reionisation, which can be compared 
with indirect measurements coming from 
the cosmic microwave background. At the 
same time, more measurements will show if 
black holes of this size in the early universe 
are just an anomaly or if there are more. In 
either case, such observations would provide 
important input for research on early black 
hole formation.

 ● Further reading 
E Bañados et al. 2018 Nature 553 473.

Picture of the month

This small planetary nebula, NGC 7027, was first spotted in 1878, 
only 450 years after the nebula first started expanding. The name 
“planetary nebula” is a misnomer, however. It dates back to William 
Herschel, who classified these objects based on their rounded 
planet-like shape. We now know that planetary nebulae are not related 
to planets but are instead created as massive stars come towards 
the end of their lives and eject large amounts of gas due to the high 
radiation pressure from the dying star. NGC 7027 consists of a neutral 
gas cloud surrounding an elliptical inner cloud of ionised gas known 
to emit X-rays. The high temperature of the inner cloud needed to emit 
X-rays is thought to be a result of an accretion disc surrounding the star 
in the centre, which is now a white dwarf.

Ancient black hole lights up early universe
12

flu
x

9

6

3

0
1.0 1.4

CIV
CIII

MgII

Lyα

wavelength (μm)
1.8 2.2

quasar J1342 + 0928 at z = 7.54
Banados et al. (2017)~

The spectrum from J1342+0928, with the 
red line showing the modelled original 
spectrum before absorption by both neutral 
and ionised hydrogen. 
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VACUUM SOLUTIONS 
FROM A SINGLE SOURCE
Pfei� er Vacuum is proud to have been a supplier of innovative and customized vacuum solutions to the particle accelerator 
community for more than 50 years. Our complete product portfolio for vacuum technology, our focus on competent and 
specialized advice supported by robust and reliable service, makes Pfei� er Vacuum the partner of choice for the analytical 
and research communities worldwide.

■ Pumps for vacuum generation down to UHV
■ Vacuum measurement and analysis equipment
■ Leak detectors and leak testing systems 
■ System technology and contamination management solutions
■ Chambers and components

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
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