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Why do magnetic fields matter in binary 
neutron star mergers?

● Key role in the launching of 
MHD winds, relativistic jets, 
sGRBs, precursors or delayed 
emission, kilonova

Moesta+ (2020)

Ashley Villar+ (2017)

Most & Quataert (2023)



Why do magnetic fields matter in binary 
neutron star mergers?

• During and after the merger, 
instabilities can amplify the 
magnetic field by ~orders of 
magnitude.

EB ∼ 1051 erg

B ≳ 1016 G

• Binary NSs: 
Lorimer (2008)

Bsurf ∼ 108 − 1012 G
EB ∼ 5 × 1041B12 erg

≪ Ek ∼ 1053 erg



Instabilities drive dynamo processes that 
amplify the magnetic field 

• K e l v i n -H e l m h o l t z 
Instability (KHI)

• MRI-driven dynamo, 
winding

• Tayler-Spruit dynamo

• …

Price & Rosswog (2006); Obergaulinger+2010; Zrake & 
MacFadyen (2013); Giacomazzo+2015; Kiuchi+2014,2015;…

Siegel+2013; Kiuchi+2024; Most (2023); 
Reboul-Salze+2025; Aguilera-Miret+2025;…

Reboul-Salze+2024



The challenge of small-scale amplification



How to capture the large magnetic field 
amplification due to the KHI after merger in 
numerical simulations?

● High resolution
● Sub-grid modeling
● Initialize artificially large magnetic fields

Kiuchi+ (2014, 2015, 2023, 2024), Ciolfi+ (2019, 2020), 
Palenzuela+ (2022), Aguilera-Miret+ (2022, 2023), Chabanov+ 
(2023), Combi & Siegel (2023), Ruiz+ (2011, 2016, 2020, 2021), 
Kawamura+ (2016);…



We investigate the KHI amplification by 
means of a “zoom-in” simulation approach

FIRST: We run a global simulation of BNS merger 
using AthenaK:
● SFHo EOS (w/ trapped )
●
●
●

●

ν
M1 = M1 = 1.3M⊙
Bsurf ∼ 1010 G
Δx ≈ 92 m
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Global simulation evolved up to a few milliseconds after 
the merger. We record high-frequency data in the inner 
regions



THEN: when the stars make contact, we map the region 
containing the hot shear-layer to a new “zoom-in” grid

• We run a set of “zoom-in” simulations with resolutions: 

• Width of shear layer is limited by the scale-height on the NS surface 
-> : gravity introduces a length scale. 

≈ 92m, 46m, 23m, 12.5m, 5.8m, 2.9m

h ∼ (ρ/∂rρ) ∼ (50 − 100) m





The shear layer rapidly becomes KHI-unstable and generates 
vortical structures where the field undergoes  exponential 
amplification.



As vortices becomes themselves KHI-unstable, the shear layer 
grows in size, merge, and fill a large fraction of the volume 
with turbulent structures.



The velocity power spectrum rapidly develops a Kolmogorov 
power spectrum



Magnetic spectrum suffers small-scale amplification; develops 
a Kazantsev power spectrum. At later times, magnetic field 
begins to grow on large scales



Magnetic power  at progressively lower wavenumbers 
begins to increase, after the small-scale field has reached  
sufficiently large amplitudes



Takeaways
• KHI in BNS mergers acts as a 

turbulent dynamo.
• Magnetar-level f ields within 

milliseconds.
• Growth at large-scales
• Breakout? Potential to powering 

gamma-ray flares

arXiv:2601.20953
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Small, intermittent current sheets form. The current density 
traces B field gradients, showing where the field is stretched, 
twisted, and folded


