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Binary neutron star mergers
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Mode resonances in GW?

See Kuan’s and Yong’s talk
 Detectability of a magnetar?


See Piasse, ARS+, submitted

Nucleosynthesis of

heavy elements

(r-process)

GW170817 GRB170817A



Amplification mechanisms in neutron star mergers
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Evolution of the merger

Kelvin-Helmholtz Instability 
(See Gutierrez’s talk)

Tayler-Spruit dynamo (See ARS+2025a) 
+ Magnetorotational Instability 
             (This talk)

g-mode resonance  
dynamo? 
See ARS+2025c Radice et al. 2020



Radice et al. 2020

Amplification mechanisms in neutron star mergers
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Evolution of the merger

Kelvin-Helmholtz Instability
Tayler-Spruit dynamo (See Paul’s talk) 
+ Magnetorotational Instability 

g-mode resonance  
dynamo? 
See ARS+2025c

|B |  at t − tmerger = 2.91 ms [G]

Kiuchi et al. 2015

Amplification from 1013 G to 1016 G on small scales 

Energy saturation at ~a few 1050 erg



Initial conditions right after mergers
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MRI unstable

Tayler-Spruit dynamo

TS dynamo: ARS et al. 2025a

Converged magnetic field spectrum

                     at t=10 ms

Aguilera-Miret et al. 2022

See also Gutierrez’s talk



Magneto-rotational instability (MRI)
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Credit : Fromang
Instability criterion: 


Growth rate:

  Fast growth for fast rotation 

 

Wavelength:

  Short wavelength for weak magnetic fields
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MRI mechanism in a simple case: 
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See Jannaud+2025 for derivation in zero-net flux setups

see Miravet-

Tenes’ talk



Local models of the MRI

Angular momentum transport coefficient
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MHD turbulence: toroidal field“Shearing box” models

Credit: G. Lesur

• Neutrino viscosity: Viscous impact on growth rate (Guilet+2015, 2017)

• High Magnetic Prandtl number Pm = viscosity/resistivity  (Guilet+2022, Held+2022,+2024)

• Buoyancy: Brunt-Vaisala Frequency N/Ω (Guilet+2015)

Guilet et al. 2022

Important parameters for HMNS (and PNS)

Ideal/non-ideal MHD equations



MRI-driven alpha-Omega dynamo in ideal GRMHD simulations
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Omega effect alpha effect
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R R

where

Credit: Love 99

See Mueller’s poster 

Credit: Love 99



MRI-driven alpha-Omega dynamos in ideal GRMHD simulations
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Omega effect at R = 30 km alpha effect
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MRI-driven alpha-Omega dynamos in ideal GRMHD simulations
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Omega effect at R = 30 km
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alpha-effect at R = 30 km

<latexit sha1_base64="WLyzADrsYo/baI1Qe/3giED/1JQ=">AAACGnicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSOUiuCygn1AE8LNdNIOnSTDzEQoId/hxl9x40IRd+LGv3HSdqHVAxfOnHMvd+4JBGdK2/aXVVpaXlldK69XNja3tnequ3sdlaSS0DZJeCJ7ASjKWUzbmmlOe0JSiAJOu8H4qvC791QqlsR3eiKoF8EwZiEjoI3kVx03Aj0iwLPr3HfFiOFL7AIXI/Cz4llUjt0AZNac+rlfrdl1ewr8lzhzUkNztPzqhztISBrRWBMOSvUdW2gvA6kZ4TSvuKmiAsgYhrRvaAwRVV42PS3HR0YZ4DCRpmKNp+rPiQwipSZRYDqLQ9SiV4j/ef1UhxdexmKRahqT2aIw5VgnuMgJD5ikRPOJIUAkM3/FZAQSiDZpVkwIzuLJf0nnpO6c1Z3b01qjOY+jjA7QITpGDjpHDXSDWqiNCHpAT+gFvVqP1rP1Zr3PWkvWfGYf/YL1+Q3XWaFh</latexit>

E� = ↵��B̄�
R R

where

See Mueller’s poster 

Kiuchi, ARS+

2024

Kiuchi, ARS+

2024



Large-scale dynamo and jet launching
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Bϕ [G]

[s][10 km]

[10 
km]

∼ 20 ms Propagation of magnetic field

 to the poles

 Bϕ  Br

5e15

2.5e15

-2.5e15

-5e15

 Bϕ[G]

 1.35 − 1.35M⊙ NS binary with DD2 EOS



Magnetic field lines and jet 
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t= 144.8 ms

35 km

500 km Jet+winds:

Post-merger ejecta Mass

       ~
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> 0.1M�

Turbulence dominated 
by the toroidal field


Jet starts from ~10 km


Pointing-flux isotropic 
luminosity 

~ 1052 erg/s 

Jet angle 

Magnetisation parameter


   σLC ≡ b2

4πρc2 = 10 − 20
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Impact on the GRB luminosity?
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FFT of toroidal field at 12 km in the HMNS Poynting Flux luminosity at 500 km

ARS+, in prep

How does this variability evolves with the jet propagation?
How does the dynamo frequency changes with initial conditions, EOS and microphysics?

Can this variability be detected in short GRBs?

ωαΩ = 1
2 αϕϕqΩkz where kz ∼ 2π

H



Quasi-periodic oscillations in GRBs associated with mergers?
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Chirenti+2023 

Low-frequency QPOs in GRB 181222B KiloHz QPOs in short GRBs

Also in GRB 230307A (Chen+2024)

Caballero-Garcia+2025 

QPO of 19.5 Hz in GRB 211211A (Chirenti+2024)



Magnetic Prandtl number dependency in local models
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Pm regime in PNS and BNS merger Held et al., 2024
Magnetic Prandtl number:

Weak resistivity due to degenerate 
relativistic electrons 

Guilet, ARS et al., 2022

Diffusive approximation for neutrinos

(Pm ∼ 103 − 104)

Unstratified shearing box study with Snoopy

Stratified case with increasing viscosity

In the mid plane (|z|<2 H): 

MRI-driven dynamo dynamics 

In the “atmosphere” (|z|>2 H):

magnetic buoyancy instabilities

H = cs

Ω

Simulations 

made with PLUTO



Azimutal averaged magnetic field comparison
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Pm=4 Pm=90

 PαΩ ∼ 10 − 11 orbits  PαΩ ∼ 7 − 8 orbitsARS+, 2025b

200 205 210 215
Time [orbits]

200 205 210 215
Time [orbits]



alpha effect and Dynamo frequency: global vs local 
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- Faster growth rate and period


 

 ~ 14-18 ms instead of 20-25 ms

Peak alpha strength

- Magnetic field would be 

> 3-5 times higher than 

GRMHD simulation


- Faster Propagation 

(off-diagonal alpha component)


- Stronger winds + 

more luminous jets 

compared to GRMHD simulations


GRMHD sim lvl=12

GRMHD sim lvl=13

Pm=90 shearing box

Pm =4 shearing box

Cylindrical radius [km]
10 20 30 40 50 60 70 80

107

2x107

3x107

4x107

6x107

GRMHD sim lvl=12

GRMHD sim lvl=13

Pm=90 shearing box

Pm =4 shearing box

 α ϕ
ϕ[

cm
s−1

]

Cylindrical
ARS+, 2025b

Comparison with 

GRMHD simulation (Kiuchi et al. 2024)



Preliminary: Extrapolation and other simulations 
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Prompt collapse case

ωαΩ = 1
2 αϕϕqΩkz

See Kenta Kiuchi’s talk next week

~ 33 Hz frequency

~ 60 Hz frequency

 1.375 − 1.375M⊙ NS binary

 1.3625 − 1.3625M⊙ NS binary

Intermediate-lived case (EOS BHB )Λϕ

Time [s]

Poynting Flux luminosity at 500 km

See Kota

Hayashi’s talk

Extrapolation from local models

αϕϕ ≈ 10−2ΩH and kz ≈ 2π
H

ωαΩ ≈ Ω/10 ∝ 1
PNS

 or  1
MBH

Short-lived case



Summary and Perspectives

• MRI-driven alpha-Omega dynamo in BNS mergers 
  Self-consistent MRI-driven alpha-Omega dynamo for 
different BNS mergers with frequencies 33-60 Hz 
  Dynamo period impacts the variability in the jet 
luminosity  
  Influence of initial conditions, EOS, NS masses, 
equatorial symmetry, resolution on dynamo period? 
  Evolution of the variability in jets? 

• High-Pm regime: higher dynamo efficiency 
  Faster growth rate, variability and propagation  
  More luminous and magnetised jets 
  Stronger winds of the HMNS and disks 
  Explore this regime with 2D axisymmetric 
simulations with dynamo terms/ subgrid modelling?
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