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Figure 16. Artist impression of the different energy sources powering the GRB 180618A multiwavelength emission. (a) The material is equatorially ejected by tidal
forces during the neutron star binary merger (Cucchiara et al. 2011) and radially ejected by hydrodynamic interactions at the neutron stars contact region (e.g.,
Metzger 2019). (b) The accretion of the torus onto a rotationally supported supramassive neutron star remnant (i.e., a millisecond magnetar) powers two relativistic
jetted outflows (Bucciantini et al. 2012; Metzger et al. 2018) that, via internal dissipation mechanisms, produce the initial ~0.3 s hard prompt gamma-ray emission. At
this stage, the accretion disk releases winds that largely dominate the total mass ejected (Margalit & Metzger 2019). (c) The winds from the rotationally powered
magnetar are collimated by the surrounding ejecta, which give rise to the ~45 s duration soft gamma-ray emission (Bucciantini et al. 2012). (d) As the spin-down
luminosity of the magnetar decreases, the jetted winds become stifled behind the ejecta, which is reheated at larger radii. When the opacity of the ejecta decreases
sufficiently, bright optical thermal emission is emitted (Yu et al. 2013; Metzger & Piro 2014; Metzger 2019). (e) Hours after the merger, the ejecta is fully ionized by
the winds of the long-lived magnetar, and the magnetar spin-down luminosity is detected (Metzger & Piro 2014).

5. Discussion Our multiwavelength data also gives information about the
geometry of the system. Given that we are detecting prompt
gamma-ray emission that is bright and spectrally hard, we are
likely facing the GRB jet (Yamazaki et al. 2002). If the
magnetar is releasing energy and accelerating ejecta along the
polar regions of the system, material can easily reach
transrelativistic speeds (Metzger et al. 2008; Bucciantini et al.
2012). This extra kinetic energy is consistent with what we
observe at optical bands; there is an early and rapid evolution

The early-time multiwavelength observations of short GRB
180618A propose a scenario in which only a long-lived
magnetar remnant can account for all the observed emission
components (see Figure 16): the extended soft gamma-ray
emission following the short GRB (Metzger et al. 2008;
Bucciantini et al. 2012), the unusual optical light curve (Yu
et al. 2013; Metzger & Piro 2014), and the additional X-ray

component (Metzger & Piro 2014; Gao et al. 2015). of the thermal luminosity given the relativistically expanding
Tens of magnetars have been identified in our Galaxy so far photospheric radius and the fast-fading spin-down luminosity
(Kaspi & Beloborodov 2017), and some of them are regular of the magnetar, which we measure as Ly, o< 1~ *2%01) For
X-ray bursters that, less frequently, emit at soft gamma-ray the optical to be reprocessed within the observed timescales,
bands (Ridnaia et al. 2021). More recently, giant flares from we require an ejecta mass M < 107*M (k+/10%)! at the
extragalactic magnetars have also been associated with low- polar regions of the merger, which is reasonable given that a
luminosity short-duration GRBs (Svinkin et al. 2021). How- total ejected mass =~ (0.01-0.3)M,, is expected in all directions
ever, the remnant of a neutron star binary merger is expected to (Oechslin & Janka 2006; Murguia-Berthier et al. 2017). This
be the more energetic version of a magnetar, a millisecond suggests that the merger ejecta distribution is considerably
protomagnetar (Metzger & Piro 2014), which is rotationally asymmetric, likely due to long-lasting cavities drilled by the
powered with typical energies E, .~ 10°'-10°3 erg, and will early relativistic outflows or the disk winds ejecting more
spin down until its collapse into a black hole (Margalit & material in equatorial directions (Bucciantini et al. 2012).
Metzger 2019). Current magnetohydrodynamic simulations cannot form
After a neutron star binary merger, if a newborn rapidly jetted outflows just from the neutron star binary merger itself
spinning magnetar has sufficient spin-down luminosity, the (Ruiz & Shapiro 2017); successful jets require the formation
winds will pierce through the ejecta and be collimated into and delayed collapse within a hundred milliseconds of an
bipolar jetted outflows that will dissipate Poynting-flux energy intermediate hypermassive neutron star (Murguia-Berthier et al.

— powering the extended gamma-ray emission of GRB 2014). However, constraints on the nuclear equation of state

180618A (Metzger et al. 2008; Bucciantini et al. 2012). As ~ Suggest that 18%—65% of the neutron stars binary mergers will
’ result in a less massive and rotationally supported supramassive

neutron star remnant with longer lifetime (Fryer et al. 2015;
Margalit & Metzger 2019). Without the need for the neutron
star remnant to collapse into a black hole, a viable short GRB
from a merger could be powered by direct accretion onto the
magnetar (Bucciantini et al. 2012), or by the enhancement of
the spin-down luminosity given the temporary presence of the

the spin-down luminosity of the magnetar decreases with
Ly o< 2, these winds are trapped behind the ejecta forming a
hot nebula of electron—positron pairs that will radiate via
synchrotron and inverse Compton emission (Metzger &
Piro 2014). A fraction of the X-ray emission is then absorbed
by the neutral ejecta walls and reprocessed into optical and

infrared photons that are able to escape when the optical depth accretion disk (Metzger et al. 2018). Yet, baryon pollution

of the expanding ejecta decreases enough. This allows the remains a concern in these environments (Lee & Ramirez-
magnetar-powered kilonova of GRB 180618A to be a hundred Ruiz 2007; Murguia-Berthier et al. 2014).

times brighter than a radioactively powered kilonova (Yu et al. The multiwavelength data set of GRB 180618A confirms
2013; Metzger & Piro 2014). Hours to days after the burst, if GW170817/GRB 170817A findings (Abbott et al. 2017b)—
the strong magnetar winds can completely ionize the ejecta, i.e., neutron star binaries as progenitors of short GRBs. While
nonthermal X-ray emission will leak from the nebula producing the remnant of gravitational wave event GW 170817 is likely a
an X-ray excess (Metzger & Piro 2014), similar to that hypermassive neutron star that collapsed into a black hole
observed ~0.5 days after GRB 180618A. within the first few hundreds of milliseconds after the merger
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(Abbott et al. 2017b; Metzger 2019), observations of short
GRB 180618A suggest a different outcome. We observe that a
vast energy reservoir is injected into the system on timescales
much larger than the duration of the accretion disk outflows—
powering several emission components across the spectrum
that can only be explained by a long-lived magnetar remnant.
Furthermore, it suggests that supramassive neutron stars with
delayed collapse into a black hole are remnants of neutron star
binary mergers (Fryer et al. 2015; Margalit & Metzger 2019),
and can power short hard GRBs and extended soft gamma-ray
emission through accretion and spin-down luminosity (Metzger
et al. 2008; Bucciantini et al. 2012). These findings preserve a
good agreement between the percentage of short GRBs that
have extended emission (13%-50%; Norris et al. 2010; Lien
et al. 2016), and the expected number of remnants from neutron
star binary mergers that can power such emission (18%—65%;
Margalit & Metzger 2019).

Future early-time studies of short GRBs with extended
gamma-ray emission and joint GW/GRB detections will be
able to statistically constrain how long and how many of these
cosmological magnetars survive the merger, characterize the
asymmetries in the distribution of the ejected mass, and probe
jet acceleration in millisecond magnetars.

6. Conclusions

We report the multiwavelength observations of short GRB
180618A; a GRB with unique gamma-ray, X-ray, and optical
properties result of a compact object binary merger at the
outskirts of a galaxy at redshift z=0.554 4+ 0.001.

The bright prompt gamma-ray emission of GRB 180618A
consists of a multipeaked structure with total duration 0.3 s
and maximum energy radiated in the MeV domain, making
GRB 180618A one of the most energetic gamma-ray pulses
ever detected among short-duration GRBs (i.e., flux, fluence,
Epear)- After the typically short and spectrally hard gamma-ray
pulse, we also detect a period of weak extended gamma-ray
emission below =100 keV, lasting =45 s.

We find no detectable polarization at optical bands and a rate
of change of the light that initially follows a power law
F,oct ©, with index o =0.46 + 0.02. The optical emission is
surprisingly short-lived, and the slow decline is replaced by a
sudden drop in brightness 35 minutes post-burst, steepening to
a =4.6 = 0.3. The light-curve break progressively passes from
the ultraviolet to near-infrared bands. Afterwards, there is no
further detection of the optical transient at the GRB 180618A
coordinates.

The GRB 180618A optical counterpart presents temporal
and spectral properties that do not satisfy the characteristic
scalings of the synchrotron spectrum of the GRB afterglow
(Sari et al. 1998)—powered by the shock of the relativistic
collimated ejecta with the circumburst medium. In contrast, the
fast-fading X-ray emission is consistent with a decelerating
jetted outflow and with an extra emission component 0.5 days
post-burst. This leads us to consider two distinct mechanisms
powering the X-ray and unusual optical emission.

The modeling of the overall emission suggests thermal-like
emission from a relativistically expanding source dominating
the optical emission ~15-60 minutes post-burst, which natu-
rally accounts for the sharp chromatic drop of the optical
emission at high-frequency wavelengths. Furthermore, the
X-ray to optical emission before 15 minutes post-burst is
consistent with the fast-fading jet afterglow.
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We interpret the unusual spectral and temporal properties of
GRB 180618A as evidence of a highly magnetized, spinning
neutron star that survives for longer than~10’s after the
merger and spins down at a rate Ly, o<t~ 2> powering a
relativistically expanding hot thermal nebula in the process. Here,
we confirm that newborn millisecond magnetars can power bright
emission components across the electromagnetic spectrum that
remain detectable at cosmological distances: i.e., the extended soft
gamma-ray emission following some short GRBs (Metzger et al.
2008; Bucciantini et al. 2012), optical plateaus at early times
(Knust et al. 2017), the fast-evolving bright thermal optical
emission (Yu et al. 2013; Metzger & Piro 2014), and the late-time
flattening of the X-ray light curve (Metzger & Piro 2014; Gao
et al. 2015). The early afterglow emission drop and the short-lived
thermal optical emission may explain why such thermal emission
has not been detected yet in other short GRBs with extended
emission; this discovery opens a new era for searches of
gravitational wave counterparts with fast-cadence surveys.
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