
B Y  E L I Z A B E T H  G I B N E Y

Superconductivity — a phenom-
enon in which electrons can travel in  
certain materials with zero resistance — 

has revolutionized aspects of medicine, travel 
and science. Now, an intriguing experiment 
has seen the same behaviour that underlies 
superconductivity — in particles of light.

“This is really exciting work,” says Nick 
Vamivakas, a quantum physicist at the Uni-
versity of Rochester, New York, who was not 
involved with the research. “It’s a beautiful 
connection between light scattering, con-
densed-matter physics and quantum optics.”

Conventional superconductivity relies 
on the formation of ‘Cooper pairs’ of elec-
trons, which stabilize each other’s path and 
allow electricity to flow without resistance. 
Its discovery led to the development of 
powerful superconducting magnets, which 
are now used in medical scanners, particle 
accelerators, wind turbines and magnetically  
levitated trains.

Physicists in Brazil have now seen evidence 
of photons of light forming similar pairs. The 
process occurs at room temperature when 
light passes through a range of transparent 

liquids, including water, although it is very 
difficult to observe. “Not only is this forma-
tion of pairs possible, but it is everywhere,” 
says André Saraiva, a theoretical physicist 
at the Federal University of Rio de Janeiro 
(UFRJ) and co-author of a paper that has 
been accepted for publication in Physical 
Review Letters.

The team has yet to explore how far the 
parallel with superconductivity goes. As pho-

tons already interact 
less with their envi-
ronment than elec-
trons do, similar pairs 
in light are unlikely to 
lead to such dramatic 
effects as in electric 

currents. But the work has already triggered 
speculation about how light ‘supercurrents’ 
might behave, and how they might be used.

The discovery stems from work led by Ado 
Jorio at the Federal University of Minas Ger-
ais (UFMG) in Belo Horizonte, Brazil, which 
investigated how light scatters within mate-
rials. When this happens, photons can lose 
energy to the atoms in the material, which 
vibrate. If a second photon immediately 
absorbs this packet of vibrational energy, the 

is something that was not expected,” Guillot 
said at the meeting. “We were not sure at all 
whether we would be able to see that.”

Another clue to the structure of Jupiter’s 
interior came from how the gravity field varies 
with depth. Theoretical studies predict that 
the bigger the gravity signal, the stronger the 
flow of gas deep down2,3. That information is 
important for teasing out whether all of Jupi-
ter’s interior is rotating as a single solid body, or 
whether different layers spin separately from 
one another, like a set of nesting Russian dolls 
moving within each other.

Juno detected a gravity signal powerful 
enough to indicate that material is flowing as 
far down as 3,000 kilometres. “We’re just tak-
ing the clouds and the winds and extending 
them into the interior,” Kaspi said. Future work 
could help to pinpoint how strong the flow is 
at various depths, which could resolve whether 
Jupiter’s interior really resembles Russian dolls.

Juno scientists are now looking to see what 
else the gravity data will tell them, such as how 
far the famous storm called the Great Red Spot 
extends into the atmosphere. Another instru-
ment aboard Juno has already hinted that the 
Great Red Spot’s roots may reach hundreds of 
kilometres down, and it could go even deeper. 
“It’s not yet clear that it is so deep it will show 
up in gravity data,” said David Stevenson, a 
planetary scientist at the California Institute 
of Technology in Pasadena. “But we’re trying.”

Juno has also been peering into Jupiter’s 
depths in other ways. One big surprise was the 
clusters of cyclones at each pole, seen by Juno’s 
cameras in visible and infrared wavelengths. 
Scientists had not spotted the storms before 
because Juno is the first spacecraft to fly over 
Jupiter’s polar regions. There are eight cyclones 
around the north pole and five around the 
south. All are mysterious: computer modelling 
suggests that such small storms should not be 
stable in swirling polar winds.

The answer may lie in a quirky physics con-
cept known as a vortex crystal, said Fachreddin 
Tabataba-Vakili, a planetary scientist at NASA’s 
Jet Propulsion Laboratory in Pasadena. Such 
crystals have been seen in a few Earth-based 
phenomena such as rotating superfluids; they 
are born when small vortices form and persist 
as the material in which they are embedded 
continues to flow.

Something about the flow around Jupiter’s 
poles may set up the same dynamics, Tabataba-
Vakili said. Next up is to work out why there 
are eight cyclones at one pole and five at the 
other, he added.

Between Jupiter’s polar cyclones and its 
deep interior flows, Juno continues to tease out 
new surprises from the Solar System’s biggest 
planet. “It’s clear that giant planets have a lot of 
secrets,” Guillot said. ■
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P H Y S I C S

Light can act like 
a superconductor
Quantum vibrations cause photons to pair up just like 
superconducting electrons.

“Not only is this 
formation of 
pairs possible, 
but it is 
everywhere.”

Shining pulses of laser light through water causes some of the photons to form linked pairs.
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CHANGING BASES
Researchers have devised several ways of making pinpoint changes in DNA and RNA. 
One technique uses a modi�ed CRISPR–Cas9 system to edit single DNA base pairs.

B Y  E L I E  D O L G I N

The toolbox for editing genes expanded 
this week, as two research groups 
announced techniques that enable 

researchers to make targeted alterations to 
DNA and RNA. Unlike the original CRISPR 
gene-editing system — a relatively unpredict-
able and blunt form of molecular scissors 
that cut sizeable sections of DNA — the new 
systems rewrite individual letters, or genetic 
bases. The ability to alter single bases means 
that researchers can now attempt to correct 
more than half of all human genetic diseases1,2.

The tools, developed by separate teams at 
the Broad Institute of MIT and Harvard in 
Cambridge, Massachusetts, are adaptations 
of the CRISPR system. Whereas most past 
attempts to use CRISPR-based methods to  
fix individual bases have been crude affairs 
— akin to using a machete to remove a  
wart — the new techniques are more like 
“precision chemical surgery”, says David Liu, 
a chemical biologist at the Broad Institute 
who led one of the studies. 

Last year, his group reported3 the first ‘base 
editing’ method for converting one target 
DNA letter into another without needing to 
cleave the genome’s double helix. It has since 
been used around the world to correct genes in 
fungi, plants, fish and mice, and even in human 
embryos harbouring a defective gene that can 
cause a blood disorder. But that base editor 

could achieve only two kinds of chemical  
conversions: a cytosine (C) into a thymine (T) 
or a guanine (G) into an adenine (A). 

The new base editor — described in a 
paper published on 25 October in Nature1 — 
works in the other direction, converting  T to 
C or A to G. It can therefore undo the most 
common types of ‘point mutation’, which 
involve single aberrant bases.

In human embryonic kidney cells and 
bone-cancer cells, the technique made the 
desired corrections with about 50% effi-
ciency and almost no detectable by-prod-
ucts. By comparison, a more conventional 
CRISPR-based method, in which scientists 
insert a strand of DNA containing the desired 
base change, fixed the same single-base dif-
ferences with less than 5% efficiency and 
often caused undesired insertions or dele-
tions of large chunks of DNA.

“This is a major breakthrough in the 
field of genome editing,” says Jin-Soo Kim, 
a molecular geneticist at Seoul National  
University.

Another method, described in a study 
published on 25 October in Science2 and led 
by Broad Institute bioengineer Feng Zhang, 
performs a similar conversion, but for RNA 
instead of DNA. It turns an A into inosine 
(I), which is read as a G by the cell’s protein-
building machinery. This allows for a tempo-
rary correction of a disease-causing mutation 
without permanent alteration to the genome 

G E N E  E D I T I N G

CRISPR hacks allow 
for pinpoint repairs
Precision tools expand the number of ‘base editors’ that 
can manipulate individual components of DNA and RNA.

two photons become indirectly linked, with 
one gaining the energy the other lost.

For physicist Belita Koiller at UFRJ, Jorio’s 
research sparked an idea. She noticed the sim-
ilarity between this process (in which vibra-
tions caused by one photon affect another) 
and the formation of Cooper pairs in super-
conductivity, when distortions in an atomic  
lattice, caused by a speeding electron, allow the  
particle to attract a partner in its wake.

In superconductors, however, the vibrations  
are of a fleeting kind allowed by quantum 
mechanics, known as virtual phonons. Koiller 
and her team wondered whether this was true 
for light as well.

First, the UFRJ team showed mathematically  
that if photons also interact via virtual phon-
ons, their behaviour would be an exact match 
for Cooper pairs in superconductors. Then the 
researchers at UFMG looked for evidence of 
such pairs by shining pulses of laser light at 
room temperature through water and seven 
other transparent liquids. They examined the 
emerging photons for pairs that arrived simul-
taneously, in which one photon had shifted 
towards red (losing energy) and the other 
towards blue (gaining energy).

The team then applied a filter to let through 
only photons with energy shifts too small to 
come from classically allowed vibrations, and 
compared the numbers they saw when photons 
shifted by both types of vibration were allowed. 
In both cases, they saw the same rate of photon 
pairs, suggesting that these had to be created 
by the virtual process. The signal was tiny: of 
around 10 quadrillion photons pumped through 
the material per second, they saw 10 pairs (100 
times the number expected by chance).

The result has both quantum-optics  
physicists and condensed-matter physicists 
wondering how far the analogy with supercon-
ductivity can be stretched. In matter, Cooper 
pairs are behind a wide range of intriguing 
effects — but so far the team has no data to 
hint whether the same would be true of light. 
“These are very important questions we’re 
keen to answer,” says Saraiva.

If the team can boost the number of photon 
pairs, there could also be applications. Har-
nessing the way the paired photons interact 
with matter might reveal currently invisible 
properties of a material. And if the particles 
can be shown to correlate in ways beyond 
their timing — to have their quantum proper-
ties intrinsically linked — room-temperature 
water could prove a remarkably cheap source 
of ‘entangled’ photons, which are essential for 
quantum cryptography and computing.

Physicists are also wondering whether the 
pairs might form supercurrents, behaving sim-
ilarly to their electron counterparts: perhaps 
light would disperse less as it travels through a 
material, for example, leading to more efficient 
quantum communication. Might paired pho-
tons even make materials more transparent? 
At this stage, says Saraiva, we just don’t know. ■
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CORRECTIONS
The News story ‘Light can act like a 
superconductor’ (Nature 550, 438–439; 
2017) implied that a filter was used to select 
photon pairs. In fact, that was a separate 
analysis.

©
 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.




