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Abstract:

Magnetic fields play a key role in shaping the dynamics and observational phenomenology of binary neutron star (BNS) mergers.
In this talk, | will present results from general relativistic magnetohydrodynamic (GRMHD) simulations performed with the code
GR-Athena++, exploring how different initial magnetic field configurations affect the evolution of BNS mergers. We investigated
magnetic field amplification, primarily driven by the Kelvin-Helmholtz instability, the post-merger remnant and disk structure,
and the characteristics of the ejected material. | will discuss how these processes impact potential electromagnetic counterparts
and their detectability. Finally, | will highlight recent advancements in our numerical methods that improve the modeling of
magnetized neutron star mergers, paving the way for more accurate predictions of multimessenger signals from these extreme
events.
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Why do magnetic f1elds matter in

BNS simulations?

EB ~ 5 x 104 By, erg

e Binary NSs: Bgyf ~ 108 — 102 @ < <
Ey ~ 10 er

Ep ~ 10°° — 10°! erg,
B~ 10! G

Lorimer (2008)
e During and after the merger,
instabilities may amplify the magnetic
field by ~orders of magnitude.




Why do magnetic fields matter in
BNS simulations?

e Key role in the launching of MHD
winds, relativistic jets, SGRBs,
precursors or delayed emission,
kilonova
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Ashley Villar+ (2017)
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The challenge of small- scale amphflcatlon
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How to get a large magnetic field .
Kiuchi+ (2014, 2015, 2023, 2024),
after merger? Ciolfi+ (2019, 2020),

Palenzuela+ (2022),

e Very-high resolution (unachievable yet)  Aguilera-Miret+ (2022, 2023),
Chabanov+ (2023), Combi &

° SU]D_-glfid mod?lin_g _ Siegel (2023), Ruiz+ (2011, 2016,
e Initialize artificially large magnetic 2020, 2021), kawamura+ (2016)
fields
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This work: explore the effect of different
initial conditions for the magnetic field on
its evolution )

e ™, 1], Tilted =, Tor, -

Mixed, no B, bitant sym. 2
e SFHo (soft), DD2 (stiff) EOS
e Az i, ~180m

® tend — tmrg ~ 17 — 35 ms

® ml/mz — 1,12
e B..~10° G
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Stone+ (2020)

GR—Athena+ + Daszuta+ (2021)

Cook+ (2025)

e Extension of Athena++ to
dynamical spacetimes (Z4c
evolution, VC)

e Block-based AMR, CT

e Valencia formulation of MHD

e Tabulated Nuclear EOS

Video from M. Jacobi
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Toroidal Poloidal
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e Bitant symmetry decreases turbulence and rapidly gives rise to

more coherent fields.
¢ Initial magnetic field affects the polarity of the toroidal field
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Magnetic field energy amplification
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Magneto-thermodynamic evolution of
the post-merger remnant and disk

t — tmer =30.2 ms t — tmer =31.6 ms
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Magneto-thermodynamic evolution of
the post-merger remnant and disk
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Take aways and future work

e Bitant symmetry gives rise to a larger o
amplification, lower turbulence close
to the equatorial plane Sl

e Initial B topology may affect [~
amplification, post-merger topology A A

e EG, WC++, in prep. (2025)
e WC, EG++, in prep. (2025) :

em’

Caveats: -
e Finite resolution C& 2 =
e Finite duration M
¢ No neutrino transport

rle
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Magnetic field energy amplification
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