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Gamma-Ray Bursts
2704 BATSE Gamma-Ray Bursts
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Fluence, 50-300 keV (ergs cm™)

GRB (ramma-BcIjieCKM): BCIBIIMIKH ¢ JHEPrHe 0T HECKOJIbKHUX AecATKOB K3B 10 M3B (uHoraa u
Oouiee kecTKHE). BCNbIIKH JJIATCH OT HECKOJbKHUX J0JIeH CEeKYH/I 10 MUHYT, 4 HHOIIA U YacCoB.

KopoTrKkue raMmmMa-BCILIeCKH _(MeHbIIe 2 CeK) — CJIUSHUE HEMTPOHHBIX 3BE31.
Jdaunnubie — I'mnepHosa.




Gamma-Ray Bursts

Two models—merging Neutron Stars or a “Hypernova” —
have been proposed as the source of Gamma-Ray Bursts (“GRB’s”):

Neutron star Coalescence High-temperature
binary system and merger accretion disk

(a) Merging stars

Q—’ ‘ Supernova
e ' (case b only)

\

Supernova stalls and Accretion disk
Collapsing star black hole forms restarts supernova

(b) Hypernova




KpaTKkum 3KCKypcC B
TECOPHUIO 3BE3IHOM
3BOJIIOIIUH




WD: M ~0.6M,., BRCEIENY

R ~ 5000 km, Quiet envelope ejection,

white dwarf formation (WD)

p~10° g/em’

M=(8—25) Mgy ‘

Supernova (SN) explosion,
neutron star (NS) formation NS

DLl
D

M>25 Mg,y —
BH: R=2GM/c* = Collapse to WD, NS, BH = star’s
3M /Mg, km black hole (BH)? cemetery

Adapted from D.G. Yakovlev, “Nuclear burning in superdense matter”, Pushino (2010)




Supernova 1994D in
Galaxy NGC 4526 =)
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Crab nebula and pulsar
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JIBOWMHOU paauonyibcap
PSR 1913+16 Xanca u Teunopa
HooGenesckas nmpemus 1993 1.

Puc. 7. J{smienwme mepuacTpa opGHTH
myascapa PSR 1913 -L 16 — mepgoe
vHaGmogeane afpertos ofmeill Teopmm

OTHOCHTEIBHOCTA 33 ipefienaMa LOJTHETHO!
CHCTEMEL.

HewkeHrde nepracrpa, T. e, BPANEHHe 3JLIAN-
miyeckofl opOKMTH Nyabcapa B CBOEH nIiockocTH,
CBABAHO ¢ KDHMBHZHON HpPOCTPAHCTRA-BDEMEHI
BONMAN MAcCHBHOTO KOMUANBOMA. COTIacHo
o0mell TeOpHH OTHOCHTEIBLHOCTH CKOPOCTD KBH-
MHeHHMA OepHacTpa AOILKHA COCTABIAThL OHOJO 4
rpajyeoB B roj, Opgdes aTa BeaydnHa 3aBUCHT
OT MaccH TYJIbCADA H €TO HOMOIAHbOHA. Mamepe=
HHA, OPOBeleHHbe ABY0PAME CTATBH, TNOKAZAJIM,
4TO epHacTp BPAMAeTCH CO CKOPOCTRIO 4,2 Tpafy-
ca B TOM, 970 HAXOJHTCA B XOpPOOIEM COrTACHH
€ MpefcKasalieM TeopwHiL.
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Opbutanbubiii pa3oBwlii caABML, C
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Puc. 4. Biusinue ymenbiieHnsi opOMTAIILHOT O Iepro/ia Ha (pa3y ABOHHOIO

u

e ]

Leapd. [lviIheap IpoxXoIMT yepe: PUACTP BCE PAHE H PAHE
Mepe yMeHblieHus nepuoa. CrulomHas THHUS COOTBETCTBYET [IPe/IcKa-
3aHHIO 00IIEeH TEOPHH OTHOCHMTENLHOCTH JUIS M3MEPEHHBIX 3HAYEHMH
MACC KOMIIOHEHT JIBOHHOI'O nyJjbcapa. Toukamu HaHeCeHbl [JaHHBIE
HAOOAeHMI. DKCIEPHMEHTAJILHBIE OLIMOKM MEHBLIEC pasMepa TO4eK

(sirobesno npeoctasieno Hx X, Taitnopom)
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HAa KOPOTKHE
raMmMa-BCILICCKM:
MOJCHb CIHSHUS (merging)
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8  S. Bernuzzi et al.
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Figure 3. Snapshots of premerger dynamics for BLh ¢ = 1.8 (top) and
g = 1.0 (bottom) simulations. Shown is the rest-mass density in the orbital

plane at ~9 ms corresponding to the third orbit from the beginning of the S ° B emUZZI et al °9

simulations and 2 orbits to the moment of merger. The companion in the .

g = 1.8 BNS is tidally disrupted and a significant accretion onto the pri- arXIV:2003 3 060 1 SV 1
mary is taking place. Accretion starts approximately after one orbits from
the beginning of the simulations.




D.Radice, F. Galeazzi, J. Lippuner, L.F. Roberts, C. D. Ott, L. Rezzolla
MNRAS 460, 3255-3271 (2016)

m|

{

y [1

y [km]

r [I{m]

2 [km]|
Figure 1. Rest-mass density (equation 4) in the orbital plane for the parabolic encounter simulation LE_RP10 at six different times. The NSs undergo three

close encounters before merging. The panels show snapshots of the two stars immediately before and after each encounter. Tidal torques at the periastron result

in large mass ejection and trig



Equatorial symmetry

M. Ruiz, A. Tsokaros, S. L. Shapiro
arXiv:2001.09153v1

A MAGNETAR ENGINE FOR SHORT GRBS AND KILONOVAE
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E. Schnetter, S. Bernuzzi
ApJL, 901, L37 (2020)
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s highlight tt ation of the BH + disk remnant after an incipient jet
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in of the Solar System Elements
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o Kilonovae
Brian D. Metzger
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Masses in the Stellar Graveyard

in Solar Masses
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https://www.nature.com/news/rumours-swell-over-new-kind-of-gravitational-wave-sighting-1.22482
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. oL Coovimue GW170817
Rumours swell over new kind of gravitational-wave

sighting

Gossip over potential detection of colliding neutron stars has astronomers in a tizzy.

Tanakxmuxka NGC 4993
Paccmosanue 40 man nc

Davide Castelvecchi

24 August 2017 | Updated: 25 August 2017, 25 August 2017 F(lMM(l-eanleCK

Q‘ Rights & Permissions GRB 1 7081 7A

Living Rev Relativ (2017) 20:3
DOI 10.1007/s41114-017-0006-z

REVIEW ARTICLE

Kilonovae

Brian D. Metzger!

Nearly simultaneous with the discovery of the first binary pulsar (Hulse and Tay-
lor 1975), Lattimer and Schramm (1974, 1976) proposed that the merger of compact
star binaries—in particular the collision of BH-NS systems—could give rise to the
r-process by the decompression of highly neutron-rich ejecta (Meyer 1989). Symbal-
isty and Schr (1982) were the first to suwest NS NS mergers as the site of 1
r-process. Blinniko 08
between NS—NS mereers and GRB&,». E-l(.-hlel et al. (__ 1 @)b',»)_} plesented a more deteuled
model for how this environment could give rise to a GRB (albeit one which differs
significantly from the current view). Davies et al. (1994) performed the first numerical
simulations of mass ejection from merging neutron stars, finding that ~2% of the
binary mass was unbound during the process. Freiburghaus et al. (1999) presented the
first explicit calculations showing that the ejecta properties extracted from a hydro-

The galaxy NGC 4993 (fuzzy bright spot) in the constellation Hydra, where dete
have spotted gravitational waves from a neutron star merger.




GW170817

CnuaHne ABYX HEMTPOHHbLIX 3Be3/
Ha6bnoaanoCb AeTeKTOpPaMn rpaBUTaLMOHHbIX
BoJH LIGO / Virgo n 6onee 70
3NEeKTPOMAarHNTHbIMM 06CepBaTOpUSMHA.

PoccTosiHue
v& 130 mMnH. CBETOBbIX NIeT
@ [Mpousowno
17 Asrycra 2017

™ Tun .
O CnusiHne HEUTPOHHBIX 3BE3

12:41:04 UTC

JleTeKTUpoBaHa rpaBUTaLMOHHAA BOJSIHA OT
CNUSIHUS HEWTPOHHbBIX 3BE34

rpaBl/ITaLI,VIOHHaﬂ BONTHa
J1Be HEMTPOHHbIE 3BE34bl,
Kaxaasi pasMepoM C ropof,
HO C Maccoii He MeHblLle
Maccbl ConHua

[aMMa nsny4vyeHune
KopoTkasi BCribllKka raMmMa-
W3Sy UeHUs 3TO ApKUii nyu
ramMMa usnyueHus,
reHepupyemMbli
cpa3y nocne
CUSIHUSA 3BE3A

+ 2 ceKkyHAbI

JeTeKTpoBaHa BbICMbIWKa
raMmMa UsnyudyeHus.

GW170817 nossonser Ham
BrepBLIe U3MEPUTb CKOPOCTb
pacluMpeHns BCeNeHHON
HanpsIMyo, UCNOAb3YSl
rpaBUTaLMOHHbIE BOSHBI.

PervcTpauunsi rpaBuUTaLMoHHOro
W3NyYeHWs1 OT CAUSHUS
HEWTPOHHbIX 3BE3A MO3BOASIET
HaM y3HaTb GoJiblle O CTPOEHUN
3TMX HEOObIUYHbIX 0O BEKTOB

Peructpaumsi atoro co6bitus
pa3IMYHbIMK AeTeKTOpaMn
noATBEpXAaeT, UTO CIUAHUE
Hel‘/'ITpoHHbIX 3Be34 MOXeT
NnopoXAaTk BCMNbILWLUKW raMMa
nanyueHuna

MonyueHHble AaHHble O
KUAOHOBOM NO3BOAUAU
MoKa3aTb, UTO CTONKHOBEHUSA
HeWTPOHHLIX 3B&34 MOryT 6biTb
WUCTOUHMKOM 60JIbLUIMHCTBa
TSDKENbIX SiAep, HarnpuMep
30510Ta, BO BCEJIEHHOM.

Ha6nwoaeHne rpaBUTaLNOHHbBIX U
SNEKTPOMAarHMTHbIX BOJIH OT OAHOIO
CO6bITUA NO3BONAET YBEPEHHO
YTBEPXAATb UTO rpaBUTAUMOHHbIE
BOJIHbI pacnpoCTpaHAKTCS Co
CKOpPOCTbIO CBETA

KunoHoas
3BonowLma 6oratoro
HeVITpOHaMVI BeLlecTBa
BbI3bIBaeT CBeUeHKe
KVIHOHOBOVI, MPONCXOANUT
CHUHTE3 TsKeNblX
3JIeEMEHTOB, TaKNX KakK
30/10TO MU NAaTUHa

OcTaTo4Hoe
paano-usnydeHmne

Bbi6poc MaTepuana 13
3Be3/bl MPUBOAUT K
yAapHOW BOJIHE B
MeX3BE3AHOI cpeae.
3TO Co34aeT paAvo-
M3fyueHue, KoTopoe
MOXET NPOoAOKATLCS
rogamu,

+10 4yacos 52 MUHYTBI
HOBBINM APKWUIA UCTOUHWK
OMTUYECKOro N3NyUYeHUs
o6HapyXKeH B ranakTuke
NGC 4993, B cO3Be3aMH
TMAapbl.

+11 yacoB 36 MUHYT
Habnoaaetcs nHppakpacHoe
nanyyeHue

+15 yacos
[JeTekTupoBaHo sipkoe
YNbTPapUONETOBOE U3NYUeHHUe.

+9 gHein
QB6Hapy»>eHO peHTreHoBCKoe
n3nyyeHne

+16 oHen

O6HapyXeHo
W3yueHue
paiuo-AnanasoHa




FIRST Cosmic EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
Colliding Neutron Stars Mark New Beginning of Discoveries

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently contirm
Einstein's General Theary of Relatinty,
help measure the age ol the Universe,
and provide clues te the origins of
neavy elements like gold ana platinum

Gravrtational wave lasted over 100 s2conas

On August 17, 2017, 12:41 UTC, Within two seconds, NASA's

LIGO (US) and Virgo (Europe) detect Fermi Gamma-ray Space Telescope

gravitational waves from the merger detects a short gamma-ray burst from a

of two neutron stars, cach around region of the sky overlapping the LIGG/Virgo

1.5 tirmes the mass of our Sun. This is position. Optical telescope obsearvations o

the first detection ol spacetime ripples pinpoint the origin of this signal ta NGC 4993, ‘ —
from neutron stars a galaxy located 130 million light years distant ——

ELIGO s/ Smsut.
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FIG. 1. Time-frequency representations [65] of data containing

the gravitational-wave event GW 170817, observed by the LIGO-
Hanford (top), LIGO-Livingston (middle), and Virgo (bottom)
detectors. Times are shown relative to August 17, 2017 12:41:04
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inspiral (slow motion) merger (fast motion) postmerger

Time

[ —— Numerical Relativity (NR)

F — Analytical Relativity (AR)
_ Overlap region

D.Radice, S. Bernuzzi, A. Perego
Annual Reviews of Nuclear and Particle Science
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Inspiral Merger GW phase Viscous phase Spin down
~1ms ~10-20 ms

Black hole Stable NS
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INTEGRAL and NASA's Fermi satellite

(INTEGRAL)
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E. Troja The X-ray counterpart to the gravitational wave event GW 170817

GW170817 GW170817

© O

" 0.5-8.0 keV
22 Aug 2017 . 28 Aug 2017
Figure 1: Optical/Infrared and X-ray images of the counterpart of GW170817
a Hubble Space Telescope observations show a bright and red transient in the early-type galaxy

NGC 4993, at a projected physical offset of ~2 kpc from its nucleus. A similar small offset is

observed in some (~25%) short GRBs”. Dust lanes are visible in the inner regions, suggestive of a

past merger activity (see Methods). b Chandra observations revealed a faint X-ray source at the

position of the optical/IR transient. X-ray emission from the galaxy nucleus is also visible.
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BaxxHoe o GW1/0817/

» GW170817 — 6-e rpaBuTauMoHHO-BONIHOBOE cOBbITUE M 1-0e HabngeHWe
CNMAHNSA OObEKTOB C MacCaMM HEMTPOHHBIX 3BE34,

» [amma-Bcnneck GRB170817A Habnopganca cnycta 1.7 cek. nocne notepu
curHana GW170817.

» [loaTBepkaeHa cBsa3b kopoTkux GRB co cnuawowmmmca NS

P OrpaHuyeHua Ha rpaBUTaLIMIO: CKOPOCTb PAacnpOCTPaHEHUS
(Av/c < 10~1°), nopeHu-UHBapUaAHTHOCTb, NPUHLIMI
3KBMBAJIEHTHOCTH

» Cnycrsa 11 yacoB oTKpbIT UCTOYHMK B BUAMMOM ceeTe B NGC 4993

» Kpueble 6necka 1 crnekTpbl COOTBETCTBYIOT KMIOHOBOM

P CuHTe3 TaXkKenblX 2IEMEHTOB B r-rnpouecce

» Kocmonorua: HezaBUCMMOE M3MepeHUE PacCTOAHKWIA, NapaMeTpa
Xabbna

» Bnepeble BbINOAHEHbI HabNAeHUA 0aHOrO 06bekTa B rpaB.BOIHOBOM W
3N-Mar. (raMMma, peHTreH, ynstpaduonet, BUAMMbIA M MHPPaKpacHbIA CBET,

paauno) kaHane. [1ns HeMTpUHO Janeko _ .
Hauano 2Ppbl MHOTOOMATNA30HHOW (MHOFOKaHaﬂbHOM)

acTpoOHOMMMK — multi-messenger astronomy
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Figure 1. Dynamical ejecta masses and velocities from vari-
ous bmary neutron star merger simulations encompassing dif-

ferent numerical techniques, various equations of state, binary
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netic fields [77,78,64,73,65], together with the corresponding
ejecta parameters inferred from the ‘blue’ and ‘red’ kilonova of
see the text for details).




©
=
2
—
N
U
=
o
—
I
=
U
Y
—
=]
A
an

@® Long GRBs
Short GRBs
0817A 3

4 GRB17

Rotation Axis
Viewing Angle

e

Uniform
Core

Rotation Axis
Viewing Angle

4

Uniform
Core

Rotation Axis

Doppler
Beaming
into
Sightline

Central Engine

Structured
Jet

Central Engine

Central Engine

Viewing Angle

4

Cocoon




AJIbTEPHATHUBA:

MOJICJIb OO JUPAHUS
(stripping)




THE ASTROPHYSICAL JOURNAL, 215:311-322, 1977 July 1
© 1977, The American Astronomical Society. All rights reserved. Printed in U.S.A.

EVOLUTION OF CLOSE NEUTRON STAR BINARIES

Joun PauL ApriAN CLARK* AND DouGLAs M. EARDLEY}

Observatory and Department of Physics, Yale University
Received 1976 November 11; revised 1976 December 17

ABSTRACT

In binary systems consisting of two neutron stars, the orbit decays by gravitational radiation.
A crude model shows that the less massive star may suffer either immediate tidal disruption or
slow mass stripping when it reaches its Roche radius, depending on the initial masses and on the
details of mass exchange or mass loss. Typical energy releases are 4 x 10°2 ergs in gravitational
waves before the onset of stripping, 2 x 10°2 ergs in gravitational waves after the onset of stripping,
2 x 1073 ergs in neutrinos after the onset of stripping. The stripping process always ends in tidal
disruption of the less massive star after a few seconds or a few hundred revolutions,

As the endpoint of binary stellar evolutior h events are estimated to occur o 2ry ~ |0U
yr out to a radius of 15 Mpc, and are thus less important than supernovae as sources of gravita-
tional waves; the observed wave amplitude would be & ~ 10~**, Such events may occur in Type I1
supernovae, if the collapsing stellar core rotates rapidly enough to fission into two neutron stars,

Subject headings: gravitation — stars: binaries — stars: evolution — stars: neutron
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Exploding neutron stars in close binaries

S. . Blinnikov, I. D. Novikov, T. V. Perevodchikova, and A. G. Polnarev
Institute of Theoretical and Experimental Physics, Moscow

and Institute for Space Research, USSR Academy of Sciences, Moscow

(Submitted January 27, 1984)

Pis’ma Astron. Zh. 10, 422-428 (June 1984)

A close binary system comprising a neutron star and another neutron star (or a black hole) will evolve so that
the less massive component sheds mass, passing through a series of quasiequilibrium states, until it achieves
its minimum possible mass m ;, ~0.09 M ; and explodes. In a compact globular cluster or the nucleus of a
galaxy, such evolution can terminate in an explosion in less than the Hubble time.

Explosion of a low-mass neutron star

S. I. Blinnikov, V. S. Imshennik, D. K. Nadezhin, |. D. Novikov, T. V. Perevodchikova, and
A. G. Polnarev

Institute of Theoretical and Experimental Physics, Space Research Institute, USSR Academy of Sciences
(Submitted April 4, 1990)
Astron. Zh. 67, 1181-1194 (November—December 1990)

The process of hydrodynamic destruction of a neutron star that occurs when its mass becomes somewhat less
than the minimum mass M, =0.1 M is calculated. It is shown that this process occurs explosively and

results in the complete dispersal of the neutron star with a kinetic energy ~4.8 MeV per nucleon. The
calculated results hardly depend on the means by which the mass of the neutron star is reduced to less than
M . (transfer to a companion in a binary system, decay of nucleons, an equivalent mass decrease due to a
decrease in the gravitational constant). Destruction of the neutron star should be accompanied by a short
(hundredths of a second) burst of hard thermal x rays and soft gamma rays (k7 = 10-100 keV), which should
be followed by the considerably longer “tail” of x rays and gamma rays associated with a decay of long-lived
radioactive nucleons. Some fraction of the explosive energy is carried off in the form of neutrinos.




Exploding neutron stars in close binaries

S. I. Blinnikow, |. D. Novikov, T. V. Perevodchikova, and A. G. Polnarev

Once having achieved m, = my,ipn, star 2 will lose
its hydrostatic stability and will begin to expand at a rate
determined by thydand the amended equation of state,
Clark and Eardley® estimate that perhaps one neutron
star may undergo tidal disruption every 100 yr within
a 15-Mpc radius; thus the event would not be exceedingly
rare, Notonly should a burst of gravitational waves be

produced,® but also a powerful electromagnetic flare
(most likely x rays and y rays), Page? believes that the
explosion may attain an energy of supernova scale, but
the problem awaits a detailed analysis, We intend to

consider this process further in a separate paper,

We also have omitted discussion here of the physical
processes that will accompany the mass transfer, such as
the stripping from the star of material with nuclei having
excess neutrons; as these nuclei later decay, vy -ray
burster phenomena might occur (like the processes that
Bisnovatyi-Kogan and Checkétkin'® have discussed),
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surface layers can be maintained at 108-10% K. This should

lead to a burst of hard thermal x rays and soft gamma rays

with a total energy of 1043-1047 erg.

e
O AV

N ]

] =30 -15 =40 =45

log AM/M,
FIG. 12. Temperature distributions along the Lagrangian coordinate

(AM is the mass reckoned from the surface) in the course of the explo-
sion of a neutron star of mass M = 0.09499 M, at different times
(Table I). The temperature increase to 108-10% K at the surface indi-
cates the possibility of thermal x-ray and gamma-ray bursts accompany-
ing the explosions of neutron stars.
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A strangely light neutronstarwithina
supernovaremnant
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Andrea Santangelo®
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Fublished online: 24 October 2022

1o constrain the equationofstate of cold dense matter, astrophysical
measurementsare essential. These are mostly based on observations of
neutronstars in the X-ray band, and, more recently, also on gravitational
wave observations. Of particularinterest are observations of unusually
heavy or light neutronstars which extend the range of central densities
probed by observations and thus permit the testing of nuclear-physics
predictionsover a wider parameter space. Here we report on the analysis of
suchast 1 objectwithinthe supernovaremnant HESS
-347. We estimate the mass aifadius of the neutron star to be

M = 0.77+010 Mgand R = 10.4*5- 20 km, rpspectively, based onmedelling of
he X-rayspectrumand a robust di ceestimate from Gaia observations.
' i i bjectiseither the lightest neutronstar
known, ora strange star’with a more exotic equation of state. Adopting a

standard neutron star matter hypothesis allows the corresponding

eiuatic-ns of state to be constrained.
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Caption: Artist’s concept of the explosive collision of two neutron stars. |llustration by Robin Dienel courtesy of the Carnegie




FPressure tonization  Neutronization Neutron drip Fasta phase  Uniform matter

10 10° 107 10" 10™ density (g/cm’)

©

©
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©
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Envelope Outer crust Inner crust

iromn atoms neutron rich nuclei, ¢ nuclear clusters,

M — — e I W " w,

Solid crust Mantle Liquid core
| Pmax [¢/em®] Element 7 N Rea [fm] | body centered cubic nuclear pasta np,e,?

8.02 x 10° “Fe 26 30 1404.05 Coulomb lattice
2.71 % 10% 2N 28 34 449.48
1.33 % 109 G4Nj 28 36 266.97
1.50 x 107 66 N; 28 38  259.26
3.09 % 109 6Ky 36 50 222.66
1.06 % 101° #ge 34 50  146.56
2.79 x 1017 Ge 32 50  105.23
6.07 % 1010 807n 30 50 80.58
8.46 x 1010 5% 30 52 T2.77
9.67 % 1010 1285pd 46 82 80.77
1.47 = 1011 126Ry 44 R2 69.81
2.11 x 1011 NG 42 82 61.71
2.80 % 10 1227, 40 82 55.22
3.07 x 1011 120G, 38 g2 49.37
4.27 = 1011 LKy 36 82 47.92
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Model for the Explosion of a Critical-Mass Neutron Star in a Binary
System

K. V. Manukovskii*
Institute for Theoretical and Experimental Physics, ul. Bol'shaya Cheremushkinskaya 25,
Moscow, 117259 Russia
Received August 10, 2009

Model M1 M2 M3 M4 M5 M6 M7 M8 M9
Eoxp, 10° erg 0.63 0.66 0.65 0.67 0.72 0.77 0.76 0.45 0.66
V,, 10° kms™! 0.71 0.66 0.59 0.56 0.72 0.85 0.48 0.39 0.60
7 0.23 0.25 0.20 0.23 0.16 0.09 0.03 0.36 0.20

Note. Eexp is the total explosion energy, Vp is the final pulsar velocity, and s is the mass fraction of the ejecta’s material gravitationally
hound to the pulsar.




Versions of jet mechanism

The impressive success of multimessenger astronomy in 2017
was slightly overshadowed by the fact that this gamma-ray burst
turned out to be rather peculiar. In particular, it was 10,000 times
fainter than other known short gamma-ray bursts and initially
showed indistinct signs of a structured jet. More recent VLB

observations explained it within an off-axis structured jet model
(Mooley+ 2018). Another model, that of the choked jet, was
advanced by (Nakar+ 2018) where the latter write that ‘choked jet
seems to be incompatible with GW170817”. Nevertheless, X-ray
observations do not exclude that afterglow emission arises from a

quasi-spherical miLc ol atly outflow (NvnkaZ201&

3

Hajela2022). Moreover, recent data confirm “a growing tension
between the observations and the jet model” (TrojaZ2022).



Troja et al. X-ray lightcurve of GW1/70817/

X-ray emission from the gravitational wave transient GW1/0817/
Is well described as non-thermal afterglow radiation produced by
a structured relativistic jet viewed off-axis. We show that the
X-ray counterpart continues to be detected at 5.5 years after the
merger. Such long-lasting signal is not a prediction of the earlier
jet models characterized by a narrow jet core and a viewing angle
~20 deqg, and is spurring a renewed interest in the origin of the
X-ray emission.

We present a comprehensive analysis of the X-ray dataset aimed
at clarifying existing discrepancies in the literature, and in
particular the presence of an X-ray rebrightening at late times.
Our analysis does not find evidence for an increase in the X-ray

flux, but confirms a growing tension between the observations
and the jet model. Further observations at radio and X-ray
wavelengths would be critical to break the degeneracy between

models. 2022MNRAS.510.1902T



