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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

Graphene, the one-atom-thick sheet 
of carbon atoms, continues to provide 
surprises with possibly enormous 
implications. Yuan Cao from MIT and 
colleagues show that a stack of two 
graphene layers can conduct electrons with 
zero resistance if the layers are twisted at 
a “magic angle” of 1.1° — a discovery that 
could be a step towards room-temperature 
superconductors. The material still needs  
to be cooled to 1.7 K, but the results  
indicate that it may superconduct in a 

way similar to high-temperature cuprates 
and point the way towards higher 
superconducting temperatures. Details 
of exactly what is taking place are being 
worked out.

 ● Further reading 
Y Cao et al. 2018 Nature 556 43.

Continuous-wave maser
Masers – the microwave analogues of lasers 
– have not seen the degree of use one might 
expect because they have long required 
cryogenics and high-vacuum systems. The 
development of room-temperature solid-state 
masers based on pentacene molecules in a 
p-terphenyl host in 2012 was a breakthrough, 
but the poor mechanical and thermal 
properties of p-terphenyl have restricted these 
masers to pulsed mode. Now, Jonathan Breeze 
of Imperial College London and colleagues 
have demonstrated the first continuous-wave 
room-temperature maser oscillator using 
optically pumped nitrogen-vacancy defect 
centres in diamond at 9.2 GHz. Immediate 
applications include radio astronomy and 
deep-space communications.
 

 ● Further reading 
J D Breeze et al. 2018 Nature 555 493.

Modifying nuclear decay rates
It is well known that the spontaneous emission 
rates of atoms or molecules can be modified by 
changing their electromagnetic environment, 
which is typically an optical cavity. But the 
same is hard to achieve for nuclear transitions 
because the frequency of the radiation emitted 
in most nuclear transitions is much larger than 
that of the cavity modes. Eugene Tkalya of 
Moscow State University now predicts that the 
decay rate via emission of 229Th from its lowest 
excited nuclear state can be increased or 
decreased by an order of magnitude by placing 
the atom in a dielectric sphere or a thin film. 
The effect could lead to ultraprecise atomic 
clocks based on nuclear transitions.

 ● Further reading 
E V Tkalya 2018 Phys. Rev. Lett. 120 122501.

Superionic ice 
It has been suggested that water ice under 
high pressure, such as inside planets, would 
be superionic, with liquid-like hydrogen ions 
moving inside a solid lattice of oxygen. Now, 
Marius Millot of Lawrence Livermore 
National Laboratory and colleagues report 
laser-driven shock-compression of ice VII 
and find melting near 5000 K at 190 GPa. A 
variety of measurements, including optical 
reflectivity and absorption measurements, 
show a low electronic conductivity, which, 
together with previous measurements, 
provides evidence for superionic ice under 
planetary-interior conditions, verifying a 
prediction dating back 30 years.

 ● Further reading 
M Millot et al. 2018 Nat. Phys. 14 297.

Gamma-ray lasing
Gamma-ray lasers have been elusive because 
it’s hard to produce coherent gamma rays. 
Now, Luca Marmugi of University College 
London and colleagues have identified a 
gamma-ray lasing mechanism in a Bose–
Einstein condensate (BEC) of 135Cs atoms in 
their isomeric state, 135mCs, that could be 
implemented with existing techniques. The 
mechanism is triggered by the spontaneous 
emission of one gamma photon, and relies on 
the transfer of the coherence of the BEC to the 
photon field. The 135mCs atoms can be made 
from proton-induced fission of actinides, 
followed by neutralisation, laser cooling and 
trapping. Standard techniques should allow 
trapping only of atoms in the desired state, so 
that a total population inversion is achieved. 

 ● Further reading 
L Marmugi et al. 2018 Phys. Lett. B 777 281.

Graphene is also a superconductor
A stack of two graphene layers 
superconducts if the layers are twisted  
at a “magic angle”. 

Laundry physics
Physics usually tackles big questions, but 
smaller everyday ones can also be interesting. 
Sangwoo Shin of the University of Hawaii 
at Manoa and colleagues have solved a 
long-standing problem in laundry detergency 
called the stagnant core problem – figuring out 
how detergent gets stain particles out from 
between tightly wound fibres, where water 
flow is restricted. Shin et al. explain this by the 
migration of particles along a concentration 
gradient, a process that is far more effective 
than naive solute diffusion. This manifests as 
stain particles being removed from cloth far 
better by rinsing soapy fabric in fresh water 
than in detergent-filled water – an insight with 
potentially wide industrial applications, and 
perhaps something to think about the next 
time you do laundry.

 ● Further reading 
S Shin et al. 2018 Phys. Rev. Appl. 9 034102.
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Rinsing soapy fabric in fresh water (right) 
gets stain particles out far better than 
rinsing in detergent-filled water (left).
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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

In the 1920s, Edwin Hubble discovered 
that the universe is expanding by showing 
that more distant galaxies recede faster 
from Earth than nearby ones. Hubble’s 
measurements of the expansion rate, now 
called the Hubble constant, had relatively 
large errors, but astronomers have since 
found ways of measuring it with increasing 
precision. One way is direct and entails 
measuring the distance to far-away galaxies, 
whereas another is indirect and involves 
using cosmic microwave background 
(CMB) data. However, over the last decade 
a mismatch between the values derived 
from the two methods has become apparent. 
Adam Riess from the Space Telescope 
Science Institute in Baltimore, US, and 
colleagues have now made a more precise 
direct measurement that reinforces the 
mismatch and could signal new physics.

Riess and co-workers’ new value relies 
on improved measurements of the distances 
to distant galaxies, and builds on previous 
work by the team. The measurements are 
based on more precise measurements of 
type Ia supernovae within the galaxies. 
Such supernovae have a known luminosity 
profile, so their distances from Earth can 
be determined from how bright they are 
observed to be. But their luminosity needs 
to be calibrated – a process that requires an 
exact measurement of their distance, which 
is typically rather large.

To calibrate their luminosity, Riess and his 
team used Cepheid stars, which are closer 
to Earth than type Ia supernovae. Cepheids 
have an oscillating apparent brightness, the 
period of which is directly related to their 
luminosity, and so their apparent brightness 
can also be used to measure their distance. 
Riess and colleagues measured the distance 

to Cepheids in the Milky Way using parallax 
measurements from the Hubble Space 
Telescope, which determine the apparent 
shift of the stars against the background sky 
as the Earth moves to the other side of the 
Sun. The researchers measured this minute 
shift for several Cepheids, giving a direct 
measurement of their distance. The team 
then used this measurement to estimate 
the distance to distant galaxies containing 
such stars, which in turn can be used to 
calibrate the luminosity of supernovae 
in those galaxies. Finally, they used this 
calibration to determine the distance to 
even more distant galaxies with supernovae. 
Using such a “distance ladder”, the team 
obtained a value for the Hubble constant of  
73.5 ± 1.7

   km s–1 Mpc–1. This value is more 
precise than the 73.2 ± 1.8   km s–1 Mpc–1 value 
obtained by the team in 2016, and it is 3.7 
sigma away from the 66.9 ± 0.6   km s–1 Mpc–1 
value derived from CMB observations made 
by the Planck satellite.

Reiss and colleagues’ results therefore 
reinforce the discrepancy between the results 

obtained through the two methods. Although 
each method is complex and may thus be 
subject to error, the discrepancy is now at a 
level that a coincidence seems unlikely. It is 
difficult to imagine that systematic errors in 
the distance-ladder method are the root cause 
of the tension, says the team. Figuring out the 
nature of the discrepancy is pivotal because 
the Hubble constant is used to calculate 
several cosmological quantities, such as the 
age of the universe. If the discrepancy is 
not due to errors, explaining it will require 
new physics beyond the current standard 
model of cosmology. But future data could 
also potentially help to identify the source 
of the discrepancy. Upcoming Cepheid data 
from ESA’s Gaia satellite could reduce the 
uncertainty in the distance-ladder value, 
and new measurements of the expansion rate 
using a third method based on observations 
of gravitational waves could throw new light 
on the problem.

 ● Further reading
A Riess et al. 2018 Astrophys. J. 855 136.

Picture of the month
Several nebulae make up this image, three of which form the large 
Seagull Nebula in the top centre, while a fourth in the bottom right 
is known as the Duck Nebula or Thor’s Helmet. The emission from 
the Duck Nebula comes from hundreds of solar masses’ worth of 
ionised gasses being pushed away and irradiated by a massive hot 
star thought to be on the verge of exploding as a supernova. The 
Seagull’s head is also composed of ionised gas, although here the 
gas is irradiated by a binary system of two massive young stars. 
Finally, the large wings of the Seagull consist of a vast cloud of 
hydrogen gas, which is from the Milky Way’s spiral arms and is lit 
up by young stars formed within the cloud.

Hubble expansion discrepancy deepens

An artist’s concept of the distance-ladder method used by Riess and colleagues.
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