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Strange flasheslinked to
stars merging, not dying

Luigi Piro

Long bursts of y-rays usually signal the death of massive stars,
but an emission detected last year suggests that along burst
with peculiar properties originated from the merger of starsin
acompactbinary system. See p.223, p.228, p.232 & p.236

Brief, intense flashes known as y-ray bursts
appear every day at random locations in the
sky. These bursts are classified according to
their duration. Short y-ray bursts, lasting less
than one second, are thought to derive from
the merging of two neutron stars in a binary
system, whereaslongy-ray bursts are active for
afewseconds or more, and result from the col-
lapse of amassive star. Four papers published
inthisissue of Natureby Trojaetal.!, Rastinejad
etal?,Meietal>and Yanget al.* now challenge
this long-standing paradigm, by providing evi-
denceofalongy-ray burst that seemsto have
been produced by the merger of a compact
binary system.

Over the past 25 years, astronomers have
studied emissions at wavelengths longer than
y-rays to pinpoint the source of these bursts,
and have deduced that the two classes of
burst come from distinct progenitor systems
(Fig.1). Long y-ray bursts take place in galax-
ieswithirregular or spiral-shaped geometries,
occurring preferentially in bright star-forming
regions in the central part of the galaxy. The
spectra of these bursts contain features con-
sistent with supernovae, whichare considered
indisputable proof of the connection between
long y-ray bursts and the collapse of massive
stars>.

By contrast, shorty-raybursts cancome from
bothspiral-shaped galaxies and more-regular
elliptical galaxies, but always originate in iso-
lated regions that are often far from the cen-
tres of their host galaxies. These propertiesare
consistent with theideathatshorty-ray bursts
originate in old stellar populations from pro-
genitors comprising either two neutron stars
oraneutronstarand ablack hole. The orbit of
such systems shrinks over tens to hundreds of
millions of years, owing to energy lost through
gravitational waves, until eventually the two

bodies merge. The remnant is a black hole, or
perhaps arapidly spinning neutron star, that
accretes matter quickly from a disk of debris
that powers the y-ray burst. The kick from the
supernovaexplosion that formed the neutron
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starisresponsible for having flung the system
totheoutskirts of the galaxy — or even beyond.

This scenario was confirmed in August 2017
when gravitational waves from the merger of
two neutron stars (labelled GW170817) were
detected at the same time that a short y-ray
burst was observed®, revealing a cosmic event
known as a kilonova, as the electromagnetic
fingerprint of suchamerger’. The neutron-rich
matter thatis ejected during the merger gen-
erates heavy radioactive elements, the decay
of which powersaflashinthe opticalinfrared
spectrum that lasts a few days. So just as a
supernova links long y-ray bursts to the col-
lapse of massivestars, akilonovaisthesmoking
gun for acompact binary merger.

But this neat picture was disturbedin 2006,
when NASA’s Neil Gehrels Swift observatory
identified afewlongy-ray burstswithnotrace
of a supernova, nor convincing evidence of a
stellar progenitor®. The data reported by the
four papers in this issue constitute indisput-
able evidence that these unusual events are
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Figure 1| Cosmic events that result in bursts of y-rays. Bright flashes known as y-ray bursts either last less
than one second, or more than a few seconds. a, Short y-ray bursts are thought to derive from the merging of
two neutron stars inabinary system, which leaves ablack hole, or aspinning neutronstar, that accretes matter
from a disk of debris to power a jet that emits y-rays. A cosmic event called a kilonova, produced by neutron-
rich ejecta, is evident in the electromagnetic spectra associated with these mergers. b, Long y-ray bursts are
linked to the collapse of a massive star, with spectral features that are consistent with a supernova. Troja et
al.!, Rastinejad et al.?, Mei et al.® and Yang et al.* report that a long y-ray burst detected on 11 December 2021
exhibits strange properties (including those characteristic of akilonova) that suggest it originated in a stellar

merger, rather thanin stellar death.
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connected to mergers of compact objects,
rather than to the collapse of massive stars.

On1lDecember2021, the Swift observatory
detected another bright, long y-ray burst with
high intensity at all wavelengths, the source
of which was a relatively close 350 megapar-
secsaway from Earth. The optical and infrared
light emitted far exceeded that expected from
the standard afterglow of the y-ray burst. This
afterglow is produced by a jet of relativistic
particles, which are particles travelling at close
tothe speed of light, interacting with the sur-
rounding medium. Trojaet al.and Rastinejad et
al.attribute this excesstoakilonova, becauseit
is consistent with theoretical models of merg-
ers, and its luminosity, duration and colours
are similar to those of GW170817. In fact, this
burstresemblesashorty-rayburstinallaspects
exceptits duration.

Thisdiscovery begs the question of how the
merger of two neutron stars could have given
risetosuchalongemission —apulse of13 sec-
onds, followed by a pulse of lower intensity
lasting another 55 seconds. One possibility is
thatacompactremnant of the merger (ablack
hole) powered ajet by accreting material from
atemporary disk of debris from the collision.
Butthelargerthedisk, thelongertheburst,and
neutron-star mergers produce small, compact
disksthatareunabletosustainy-rayburstslast-
inglonger than a second®.

Yangetal. propose that the duration of the
first pulseislongbecauseitisassociated with
alargeaccretion disk surrounding a spinning
neutronstar with a very strong magnetic field
(aproto-magnetar) that formed when awhite
dwarfmerged withaneutronstar. By contrast,
the extended emission shows a different spec-
trumthat suggests it was powered by arelativ-
isticwind that extracted therotational energy
of the proto-magnetar. This scenario is not
uncommonand hasbeen proposed to explain
the extended emission observed in asubstan-
tial fraction of short y-ray bursts™. Indeed,
the idea that a proto-magnetar is involved in
GW170817 has not been ruled out™*,

Previously, the only known electromagnetic
signature of akilonovawas the opticalinfrared
flash. But Mei et al. found that the kilonova is
also evident in the appearance of more pho-
tons than expected in the gigaelectronvolt
energy range. This excess is produced by the
same population of relativistic electrons that
emits the afterglow of the y-ray burst and that
boosts the optical photons of the kilonova at
high energies.

Other distinctive features of kilonovae
have been proposed in the past, but have so
fareluded detection. For example, ejectafrom
the merger are expected to produce shocks
whentheyinteract with the interstellar mate-
rial, leading to faint emissions at radio to X-ray
wavelengths that peak several years after the
merger'. Ongoing monitoring of GW170817
(ref. 14) with existing observatories and a
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sample of short y-ray bursts®” has not detected
such components. The low luminosity of the
expected emission would require obser-
vatories with improved sensitivity, such as
that promised by the Advanced Telescope
for High-ENergy Astrophysics (Athena), the
European Space Agency’s X-ray observatory
mission®®.

Future observatories might also reveal the
spectral features produced by the decay of the
radioactive nuclei thatare generated in merg-
ers'®’, Understanding the signatures of kilo-
novae at different wavelengths would enable
anincreaseinthe number of mergers detected
throughbothgravitational waves and electro-
magneticsignals.Suchjointeffortswould hone
the many merger models used to estimate the
mass, compositionand velocity of ejecta— data
that are key to theories touting neutron-star
mergers as the main source of heavy metals
inthe Universe.

Yang and colleagues’ proposed scenario
suggests that the kilonova emission is pow-
ered by a large amount of energy from the
proto-magnetar, because mergers between
neutronstarsand whitedwarfsarenotexpected
toyield much neutron-rich material'®. By con-
trast, a neutron-star merger requires limited,
ifany, energy from a magnetar’ It remains to
beseenwhichscenariois correct, butanyextra
energy should boost the long-termradio emis-
sion in a way that might soon be detectable®,
Another means of distinguishing the most plau-
siblescenarioinvolves the effectiveness of the
accretiondiskinsupportingalongy-ray burst,
because the disk associated with the merger
of awhite dwarfand ablack hole might not be
capable of doing s0®.

The nextcampaignfor the Earth-based gravi-
tationalwavelaboratoriesLaser Interferometer
Gravitational-Wave Observatory (LIGO), the
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Virgo interferometer and the Kamioka Gravi-
tational Wave Detector (KAGRA) is planned for
2023and 2026, andisexpectedto uncovertens
to hundreds of neutron-star mergers®. About
10% of these mergers could be associated’ with
thestrange hybrid y-ray bursts reported in the
four papers. Thiswould mean that these events
hadbeen detected by both gravitational waves
and electromagnetic emission, atleastin cases
inwhichthe progenitor comprisestwoneutron
stars. The gravitational-wave emission for the
merger of a white dwarf and a neutron star
wouldbetoo low for LIGO and Virgo to detect.
Butwith so many pieces of the puzzle coming
together, it won’t be long before the origin of
these peculiar flashes is revealed.
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A plastic container
for carbon emissions

Sangwon Suh & André Bardow

Modelling reveals that the carbon emissions associated
with plastics could be negative by 2100 under a strict set of
technological and socio-economic conditions — including
increased recycling and plant-derived production. See p.272

The direct effect of plastics on the marine
ecosystem has attracted global attention. How-
ever, the productionand disposal of plastics are
alsoaconcern, because these processesrelease
more climate-warming gases annually than
does global aviation'. And these emissions are
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increasing: the growing global appetite for plas-
tics is expected to result in a doubling of their
associated carbonemissions by 2050.Such an
increase would prevent us from achieving net-
zero emissions, a target that is widely held to
be necessary to protect the planet’s ability to





