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short gamma-ray bursts

MERGING BINARY 
NEUTRON STAR SYSTEM

origin of heavy elements

jet formation / central engine

jet breakout and propagation

prompt and afterglow emission 
(at different viewing angles)

EOS of supranuclear matter
GW and multi-messenger constraints 

gravitational waves

Astrophysics and fundamental Physics
with BNS mergers

radioactively-powered kilonovae
r-process nucleosynthesis

mass ejection mechanisms
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jet launching mechanism?

jet launching time?

central engine:
neutron star or black hole?

mass ejection mechanisms?

which ejecta components?

which elements? amount?

large uncertainties
also due to incomplete 

theoretical scenario

GW170817: multi-messenger observation of a BNS merger
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Our MAIN GOAL

building a solid theoretical framework for the 
interpretation of BNS merger events

 

based on relativistic MHD simulations 
of both the merger process and the emerging short GRB jets

complementary to INAF observational effort and leadership
 

(e.g., 170817 breakthrough papers Pian+2017, Ghirlanda+2019)
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Scientific highlights: BNS merger simulations

first systematic investigation of long-lived remnant neutron star scenario in presence of magnetic fields

at the time, longest GRMHD simulations of magnetized BNS mergers

Ciolfi 2020a
MNRAS Letters

collimated outflow from 
massive neutron star remnant

not enough powerful for a short GRB
        BH engine favoured

Ciolfi & Kalinani 2020
ApJ Letters

magnetically-driven post-merger 
baryon winds are viable

explanation for 2017 blue kilonova
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Scientific highlights: short GRB Jet simulations

Pavan+2021
MNRAS

first incipient jet propagation 
in environment directly imported
from outcome of BNS merger simulation

[PLUTO code]

realistic environment makes the difference

non-axisymmetry of emerging jet
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Scientific highlights: short GRB Jet simulations

Pavan+2021
MNRAS

first incipient jet propagation 
in environment directly imported
from outcome of BNS merger simulation

density

Lorentz factor

[PLUTO code]

Pavan+2023
MNRAS

magnetized environment
magnetized rotating jet
physically motivated injection
prescription

realistic environment makes the difference

non-axisymmetry of emerging jet
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Scientific highlights: from Jet simulations to EM signals

Pavan+
in prep.

first jet parameter exploration 
with realistic propagation 
environment

Jet initial power, total injected energy, 
magnetization, launching time, ..
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Scientific highlights: from Jet simulations to EM signals

Pavan+
in prep.

first jet parameter exploration 
with realistic propagation 
environment

Jet initial power, total injected energy, 
magnetization, launching time, ..

Dreas+
in prep.

extending 3D jet simulations 
to a nearly ballistic phase

jet afterglow emission

first approach to prompt emission:  
opacities and time delay (just started)

see Emma’s poster
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Scientific highlights: end-to-end consistent description

jet-forming BNS merger GRMHD simulation
[Spritz code]
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Scientific highlights: end-to-end consistent description

jet-forming BNS merger GRMHD simulation

input for large-scale 
SRMHD jet simulation

PRELIMINARY RESULTS  (~150 ms after merger or 100 ms after collapse)

[Spritz code]
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GRAWITA

ENGRAVE

THESEUSVIRGO (LVK)

EINSTEIN TELESCOPE
EM follow-up campaigns

INAF

ESO

Ground-based GW detectors GRB mission (ESA finalist M7)

present future
(2030s)(2020s)

coordinating 
Theory WG coordinating 

Multimessenger
Astrophysics WG

NuMerJetsee also scheda INAF
Numerical modelling of binary neutron star and neutron star-black hole mergers, short gamma-ray burst jets, and kilonovae 

Synergies
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Resources

GRANTS/FUNDING
 (as PI)

PRIN INAF 2019

MAECI ITA-USA

PRIN MUR 2022

INAF THEORY GRANT~450 kEUR
ac

tiv
e

COMPUTATIONAL 
GRANTS (as PI)

~20 awarded projects 
~60 Million cpu-hours

(TWICE ERC FINALIST)
including 2 EuroHPC allocations 

~ 22 Mcpu-h

(would cost ~1 Million EUR)
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TAKE-HOME MESSAGE

the only INAF group performing relativistic MHD simulations of BNS mergers and short GRB jets

    fully complementary to the INAF observational efforts and in strong synergy with Virgo/LVK, GRAWITA,   
    ENGRAVE, and the future Einstein Telescope and THESEUS

ambitious goal:  

1) building the first end-to-end consistent description from the inspiralling binary to the final jet in 
nearly ballistic motion

2) connecting realistic system dynamics with its EM signatures


