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acceleration, pressure (for example, during 
flight or when swimming at depth) and tem-
perature.  Such work promises to illuminate 
not only predator–prey interactions, but also 
how wild animals cope with other real-world 
issues9,10. For example, this type of research 
could enhance our understanding of how ani-
mals are dealing with the impacts of climate 
change, or offer insight into the factors gov-
erning behaviours such as habitat selection, 
mating and foraging. Moreover, understand-
ing how animals move might inspire the 

design of robots that can negotiate complex 
environments. ■
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R A L P H  W I J E R S

Last year, scientists reported the 
coalescence of two astronomical objects 
known as neutron stars1. The event, 

called GW170817, produced gravitational 
waves, which had weakened to a faint ‘chirp’ by 
the time they reached us. In addition, some of 
the matter in the neutron stars was ejected into 
space. Moments later, this matter was hit by a 
powerful jet of material from the merged stars, 
resulting in a roaring outburst of radiation at 
all wavelengths2. However, despite a flood of 
data, the process by which this radiation was 
generated has not been certain. On page 207, 

Mooley et al.3 report that GW170817 still 
whispers to us in radio waves. These signals 
suggest that the observed radiation came from 
a relatively slow-moving ‘cocoon’ of matter that 
was energized by the jet.

The 1993 and 2017 physics Nobel prizes 
were awarded for the indirect4,5 and direct6 
detection of gravitational waves, respectively. 
These studies concerned systems that can be 
well described using only Einstein’s theory of 
general relativity. But astrophysics is rarely so 
simple. For instance, when two neutron stars 
merge, they produce fireworks — they deform, 
splash, explode and radiate. Consequently, all 
the complexities of fluid dynamics, magnetic 

fields, nuclear reactions, particle acceleration 
and radiation come into play. Astronomers 
cannot create and tune experiments, but must 
make do with the messy ones performed 
by nature.

What astronomers can do, however, is take 
advantage of two of the biggest revolutions in 
the field since the invention of the telescope. 
First, in the twentieth century, astronomy 
became multi-wavelength: we can now detect 
radiation across the electromagnetic spec-
trum (from radio waves to γ-rays). Second, in 
this century, it became multi-messenger: we 
can now detect a broad range of emissions — 
from high-energy cosmic rays and neutrinos 
to gravitational waves. The discovery of 
GW170817 demonstrated the full potential of 
these advances for the first time.

After being alerted to the gravitational-wave 
signal, astronomers used just about every type 
of telescope available to try to view the event. 
As a result, a wide variety of data was obtained, 
potentially providing enough information to 
pin down a complete picture of what physically 
happened when the neutron stars merged. In 
particular, NASA’s Fermi Gamma-ray Space 
Telescope detected a flash of γ-rays  that had 
formed within two seconds of the merger7. The 
properties of the flash were consistent with a 
γ-ray burst (a cosmic explosion long thought 
to be related to neutron-star mergers), which 
immediately increased interest in GW170817. 
However, the exact cause of the γ-ray emission 
became a matter of debate.

Standard γ-ray bursts can be produced only 
by a jet — an outflow of material moving at a 
speed at least 99.9% that of light. But the burst 
from GW170817 was about 10,000 times 
weaker than these bursts and seen only because 
it occurred relatively close to us7. Such a weak 
burst could have come from an off-axis jet (one 
that was aimed away from us), which would 
allow only the tiny fraction of light that it emit-
ted sideways to be observed. But it could also 
have been produced by a comparatively slow-
moving cocoon of matter, perhaps travelling at 
‘only’ 95% of the speed of light (Fig. 1).

The initial papers2,8 concluded that both 
scenarios are possible, and that additional data 
should allow us to identify which one is cor-
rect. Mooley et al. now fulfil this promise. They 
show that although the outburst of radiation 

A S T R O P H Y S I C S

A chirp, a roar and 
a whisper
In 2017, gravitational waves and electromagnetic radiation were detected from 
the merger of two stellar remnants called neutron stars. An observational analysis 
reveals how this radiation was released from the merger. See Letter p.207

Neutron star

Orbit

Merged 
stars

Jet

Ejected
matter

Cocoon

Radiation

Figure 1 | Radiation from a neutron-star merger.  A pair of stellar remnants called neutron stars can 
orbit each other, gradually getting closer, before eventually merging. In 2017, electromagnetic radiation 
was detected from a neutron-star merger2. Mooley et al.3 report evidence for a model that explains how 
this radiation was generated. In the model, some of the matter in the neutron stars is ejected. This matter 
is then energized by a powerful jet of material from the merged stars, creating a relatively slow-moving 
‘cocoon’ of matter. The cocoon then emits the observed radiation.
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F R A N K  W.  W I S E

Waves spread out as they propagate. A 
familiar example is the broadening 
of a beam of light. The challenge 

of overcoming the ubiquitous spreading of 
waves has motivated scientists for decades, and 
packets of light waves that retain their shape, 
known as solitons, have been demonstrated in 
one and two dimensions1. However, it has been 
extremely difficult to create solitons that are 
stable in three dimensions. Writing in Physical 
Review X, Lahav et al.2 report an experimen-
tal approach that can produce such objects. 
The work will allow fundamental properties 
of 3D solitons to be investigated, and could 
lead to 3D solitons that have technological 
applications.

A narrow beam of light contains wave 

components that propagate in different 
directions. As the beam travels through a 
material, these wave components get out of 
sync, causing the beam to spread out — a pro-
cess known as diffraction. However, if the beam 
is powerful enough, the light changes the mater
ial’s refractive index (a quantity that describes 
how light propagates in a medium), which in 
turn affects the beam. In particular, if the beam 
has a bell-shaped intensity profile, as do most 
laser beams, the material focuses the beam like 
a lens. By tuning the beam intensity, this focus-
ing can counteract diffraction to produce a 
‘self-guided’ beam that does not spread out.

In addition to diffraction, a pulsed beam 
exhibits a broadening effect along its direc-
tion of propagation. Each pulse of light con-
tains wave components that have a range of 
frequencies (colours), and, as a pulse moves 

O P T I C A L  P H Y S I C S

Solitons divide  
and conquer
An experimental technique allows packets of light called solitons to maintain 
their shape in all three dimensions as they travel through a material. Such wave 
packets could find applications in optical information processing.

from GW170817 is dying down, the intensity 
of its radio emission is rising — a finding that 
is difficult to explain using the relatively simple 
jet models that they consider. The presence of 
an off-axis jet that breaks free of the surround-
ing material is not completely excluded, but 
the cocoon model is more consistent with the 
observational data.

Establishing the origin of the electro
magnetic emission from GW170817 is key to 
gaining a detailed understanding of the rela-
tionship between gravitational-wave events, 
neutron-star mergers and γ-ray bursts. If a 
consideration of a greater number of jet and 
cocoon models than that of Mooley et al., and 
high-quality simulations of these models, 
support the authors’ conclusions, nature will 
once again have shown us that the range of 
phenomena possible is wider than our sim-
plest thinking suggested. If the cocoon model 
is correct, this probably implies that many 
more gravitational-wave events have associ-
ated γ-ray bursts than was previously thought.

However, Mooley and colleagues’ explana-
tion for the burst does not affect our basic 
understanding of what happens in a neutron-
star merger — all of the models considered 
by the authors have great commonality. 
For instance, the merged stars are always 
surrounded by matter that is both inflowing 
(in the equatorial plane of the merged stars) 
and outflowing (in all other directions). And 
a faster and narrower outflow is always driven 
into this matter along the rotational axis of the 
merged stars.

The differences are in the precise outcome of 
the attendant fluid dynamics. How much mass 
is contained in slow parts of the surrounding 
matter, and how fast and narrow is the jet? 
Does the jet break out of the surrounding 
matter so that it can be seen by us, or does it 
share its energy with this material, producing 
a relatively slow and broad explosion?

The next few years will see fierce efforts to 
address these questions. Gravitational-wave 
events will be under surveillance by an army 
of telescopes, to find or exclude a fast jet. And 
elaborate computer simulations will be used 
to try to determine what we should expect 
to happen in neutron-star mergers from a 
theoretical standpoint. The next handful of 
well-observed events will bring us much closer 
to the answers. ■
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Figure 1 | Light pulses versus 3D solitons.  a, A pulse of light tends to spread out as it propagates through 
a material (coloured arrows). It broadens along the direction in which it is travelling (the x axis) as a result 
of dispersion, whereby components of the pulse that have different frequencies separate. Furthermore, it 
widens along the perpendicular directions (the y and z axes) because of diffraction. b, Lahav et al.2 report 
a technique for producing three-dimensional solitons — packets of light that maintain their geometry as 
they move through a material.
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