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Abstract:
Amplification of magnetic fields by differential rotation and feedback by magnetic instabilities is one of the main mechanisms for

magnetizing a protoneutron star. | will discuss a recent revision of the Tayler instability of strong toroidal fields and its

implications for the stably stratified interior of protoneutron stars. If time permits, | will briefly highlight new simulations
quantifying the efficiency of the chiral dynamo instability.
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Tayler instability in protoneutron stars

Valentin Skoutnev

COLUMBIA UNIVERSITY
MPA

Skoutnev, Beloborodov, 20244, Tayler instability revisited. ApJ. . . .
Skoutnev, Beloborodov, 2024b. Zones of Tayler instability in stars. ApJ {in review). In collaboration with Andrei Beloborodov

Skoutnev, Beloborodov, Nattila. in prep.
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Dynamos in a PNS/merger remnant

Tayler-Spruit !

MRI dynamo

~ ~ 10s
KH RL, S

Pirsa: 25030117 Page 3/19



Differential rotation & magnetic field Tayler instability of toroidal fields
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Tayler Instability Revisited

Complete characterization of all unstable roots in “Tayler instability revisited”
SKOUTNEV & BELOBORODOV 2024a. Ap..

Previous analysis:
e Based on marginal stability
e Missed the most unstable wavenumbers, their stability criteria, and some roots.
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Tayler Instability Revisited

Four ingredients:

e Stable stratification
By

VAT pR2

e Rotation N > Q> WA =

e Toroidal magnetic field

e Diffusivities: 1/, 1), K
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Stable stratification (no rotation)

TAYLER 1973

e Unstable modes have short radial length scales
0B x exp[i(kpR + kg RO + m¢ — wt)]
e Frequency and growth rate:
_ N KR > Rp—
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DNS of Tl with no rotation

SKOUTNEY, BELOBORODOV, NATTILA, 2025. in prep.
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Dedalus code
BURNS+ 2020
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Increasing Stratification
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Rotation

SKOUTNEV & BELOBORODOQV 2024a

e No instability in ideal MHD

e A rapidly rotating, magnetized fluid supports two classes of waves

Magnetostrophic waves Inertial waves
Coriolis force ~ Lorentz force Coriolis force ~ Inertia
2
Low frequency Wy ~ ﬁ High frequency Wy ~ 2()
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Rotation

SKOUTNEV & BELOBORODOQV 2024a

e Diffusivities break rotational constraint when: tdiffusion(k) ~

k’fth _ (nggh)% k, = (,Q_Q.
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Tayler instability in a protoneutron star

Skoutnev & Beloborodov (2024a). ApJ.
Skoutnev & Beloborodov (2025). in prep.

e With the revisited stability analysis, we now know the wavelengths of the instability
Diffusive-buoyancy enabled mode: A ~ 50 m

Viscosity enabled mode: A, ~ dm

e Growth rate is slow. On magnetostrophic timescales:
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Can Tayler instability contribute to the PNS/merger dynamo?
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Linear phase must fit in Kelvin-Helmholtz time tijy ~ 10s
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