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GWI170817 detection timeline

merger
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| short GRB X-ray afterglow  adio afterglow

t0 +1.7 sec / 10.87 hours +9 days  +16 days

optical
counterpart

kilonova
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GRB long/short divide
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number of events
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both elliptical & late-type galaxies
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NS-NS (NS-BH) mergers
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* confirmed supernova associations
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formation rates

core-collapse supernovae NV



GRB jet paradigm

Jet collides with
ambient medium

([external shock wave)

Collidina shells emit aJVVY
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GRB 170817A: a peculiar GRB
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Canonical SGRB or choked jet!?
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Dec effset (mas)
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VLBI observations

global network of 32 radio telescopes

Mooley+2018
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apparent superluminal motion
between 75 and 230 days
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source is moving
relativistically
(and getting closer)

23°22'53.38"

Ilux densily [pJy/beam|

source size < 2 m arcseconds @ 207 days
source is still rather compact!



VLBI observations

global network of 32 radio telescopes

Mooley+2018 Ghirlanda+2018
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collimated jet (<5 deg), seen ~15-30 deg off-axis
nearly isotropic, mildly relativistic outflow excluded
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source is moving
relativistically source size < 2 m arcseconds @ 207 days
(and getting closer) source is still rather compact!



SGRB jets from BNS mergers

[ jet launching mechanism? J

22 neutrino driven >
MHD driven \,

GW170817 GRB |708i TA — need GRMHD simulations

Kiuchi+2014

l A - \

- i Ciolfi+2019
Ruiz+2016 Kawamura+2016

Ciolfi+2017

BH + accretion disk massive long-lived NS~~~ = -
(Blandford-Znajek) (magnetorotational) o 2



Product of BNS mergers

massive metastable NS
short-/long-lived ..

..or STABLE NS

BNS
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prompt
collapse

massive/light disk
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SGRB jets from BNS mergers

[ jet launching mechanism? j

2 neutrino driven >
MHD driven

— need GRMHD simulations

S o Ciolfi+2019
Kawamura+2016 Ciolfi+2017

Ruiz+2016

BH + accretion disk
(Blandford-Znajek)

massive long-lived NS

(magnetorotational)

Ciolfi 2020a



SGRB jets from BNS mergers

[ jet launching mechanism? j

22 neutrino driven >
MHD driven \,

GW170817 GRB |708i TA — need GRMHD simulations

Kiuchi+2014

RN R
Ruiz+2016 Kawamura+2016

Ciolfi+2017 Ciolfi+2019

BH + accretion disk massive long-lived NS
(Blandford-Znajek) (magnetorotational)

Ciolfi 20203



BNS merger simulations

Ciolfi+2017




Magnetic field amplification and geometry

Kiuchi+2015
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[ Ciolfi+2019: 100 ms of post-merger evolution ]
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Magnetically driven wind

Ciolfi+2019
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Magnetically driven wind

Ciolfi+2019

x 107

t = 92.0ms

@50-100 ms after merger

nearly isotropic and constant density
distribution from ~50 km to ~400 km

cumulative mass flow across 150 km radius z k] X108
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strongly
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| magnetized

magnetized remnant NS
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| ® slow steady outflow maintaining
V== \ 0 40 6 s a fixed radial density profile

dynamical ejecta



z [10° km]

BNS mergers with much longer evolution

* BNS system with properties (e.g. NS masses) consistent with GW 70817

Ciolfi 2020a

o two different initial magnetization levels (factor 5 in field strength)

® evolution up to ~250 ms after merger
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BNS mergers with much longer evolution

Ciolfi 2020a

* BNS system with properties (e.g. NS masses) consistent with GW 70817
o two different initial magnetization levels (factor 5 in field strength)

® evolution up to ~250 ms after merger

higher initial magnetization  lower initial magnetization

NO

collimated ,
collimated

..but not ubiquitous



Origin and properties of the collimated outflow

Ciolfi 2020a
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Origin and properties of the collimated outflow

Ciolfi 2020a
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Emerging helical magnetic field

Ciolfi 2020a
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Can this collimated outflow
evolve into a SGRB jet!?

compared to GRB [70817A jet parameters:

o outflow energy is insufficient (or at most marginally consistent)

e outflow collimation is insufficient

* |ow outflow velocity of ~0.2c and energy-to-mass flux ratio <0.0|

— no way to accelerate up to ~0.995c (Lorentz factor of 10) or more

outflow is at least 3 orders of magnitude too heavy!

[ massive NS scenario for SGRBs is strongly disfavoured }




Connecting with EM observations

BNS merger simulations limited
to scales ~100ms/1000km

—>

disconnected from scales relevant for

SGRB EM radiation (prompt & afterglow)

need for models of jet propagation across the environment up to large scales

incipient jet
+
environment

propagation model

final jet structure
prompt & afterglow emission
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semi-analytical
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GRB 17081 7A: intrinsic jet properties

Lazzati, Ciolfi, Perna 2020

incipient jet interaction with the baryon
wind from the massive NS

- jet energy and duration - wind mass

- terminal Lorentz factor
- initial opening angle
- jet launching time
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(simulation-inspired environment
depending on launching time)

final jet properties

- viewing angle
- jet core opening angle >
y T £
- Eiso 00
L . m
- Lorentz factor of gamma-ray emission | «
o)
- delay between merger and GRB o
=
-~
B input parameters
B output parameters (constrained by observations)
Maidel | A9 | Flos ) | 8
Simulations; bascline (Y, =0.5; I' . < 10; m,, unconstrained) | < 036 | >240 | 23597 | 17933¢
Stmulations; T'y g, <7 w008 | =240 | 2474 1847137
Simulations: m,, =2 1072 <037 | >3% | 2368 737034
Simulations; I'y,... < 7 e > 107 <047 | »250 | 240%F | 193700
Simulations; Ye = 1.0 =027 | =260 | 2200933 | 18170
Sirmulatians: ¥ = 0.2 < 051 | =170 | 2580 |57l
Paramctric; baseline (Y, =0.5; 1') ., < 10; m,, unconstrained) | < L1 | =150 | 30335 [ 190285
Parametric; Ty,,, =7 < 087 [ =180 | 34470 9.2
Purametric; , = 1077 < 087 | =420 | 2757 | 162737
Parametric; T g, <75 my 2 1072 < 057 | =800 | 3072 | 1637
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—— jet launching time < 0.4 s




Towards the full picture..

NEXT CHALLENGE: putting together BNS mergers and jet propagation simulations
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Ruiz et al. 2016

..stay tuned!
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Pavan et al., in preparation



Take-home message

BNS merger can produce short GRBs!

Open questions: How is the jet launched?
Is the central engine a massive NS or an accreting BH!?

leading investigation tool: GRMHD simulations of the merger process
—p current results favour the BH scenario, but this conclusion is not final

modelling the propagation of incipient jets across the environment at large
scales is necessary to connect with EM observation, but current studies

are not directly linked to the merger process

Next challenge: putting things together
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Results from Ciolfi 2020a

GRMHD BNS merger simulations with up to >250 ms of massive NS
remnant evolution

collimated outflow form a massive NS obtained for the first time

massive NS can launch a collimated outflow, but this outcome is not
ubiquitous

followed the full outflow development, studied the associated
energetics and properties

identified the energy reservoir (NS differential rotation)
identified the launching mechanism (magnetorotational)

found strong indications against the possible production of a SGRB

— accreting BH scenario is favoured




A radioactively-powered transient

ejecta in NSNS and NSBH mergers r-process
capture rate much faster than decay

more than one neutron capture at a time
requires very special conditions:
‘ * High T (T > 10°K)
* High neutron density (n, > 10?2 cm3)

nucleosynthesis of heavy nuclei

é §-process
é [p-pProcess i x
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August 2017 kilonova (AT201 7gfo)
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lightcurves and spectra E:> BNS mergers are confirmed as ideal
consistent with a kilonova! site for r-process nucleosynthesis



Magnetically driven winds and blue KN

Ciolfi & Kalinani 2020
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GRB 17081 7A as a canonical SGRB

Lazzati+2018
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0 km radius
around center
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Magnetic field configuration

Ciolfi+2019
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100 km

Magnetic field configuration

Ciolfi+2019

100 km

Q3 ms

hints of an emerging global field structure
with magnetar-like dipolar field
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