Towards reliable simulations
of magnetic fields in galaxies

Benedikt Diemer & Mark Ugalino
University of Maryland




Effect on star formation?
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What are the magnetic seeds?
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Results from the literature
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Results from the literature
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Results from the literature
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Fluid equations in conservation-law form
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Constrained transport schemes

Evans & Hawley 1988 e Stone & Norman 1992 e Image: Teyssier & Commercon 2019



Powell schemes
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Dedner (GLM) schemes
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Magnetic field implementation with ART+Dedner

Number Density Magnetic Field Magnitude (in G) Dimensionless Divergence

m m
106 10—4 102 10° 1013 10—11 10~2 107 10— 104 102 109 102

y [kpc]

t = 2509 Myt —=22359 Myl

50 -50 —25 0

x |kpc]



Dimensionless divergence error, (V - B)(dz/B)

Divergence errors

1071 F

T o MRS AA A —— e
102 3
1073 3

1079 ? H |

106 3
1077 3
10-8 | —— ART Average By = 1071° G |_
F ——— ART Median ]
—— ART 95%
—— ART 99%
1 1 P | | 1l 1 nn | |
0 500 1000 1500 2000 2500 3000 3500 4000

Time (in Myr)



Divergence errors

Median Dimensionless Divergence

107° 10~
1.00
0.75
0.50
0.25
0.01

0.05 0.1 025 0.5 0.75

fch



Code comparison
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Code comparison: ART, Ramses, Arepo
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Code comparison: Divergence in ART & Arepo
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Take-aways

e Dedner-style divergence cleaning schemes are
promising for galaxy simulations, as long as the
free parameters are reasonable

e Stay tuned for a more detailed code comparison!




Ulula: ultra-lightweight 2D hydro solver

Run simulation:

import ulula.setups.kelvin_helmholtz as setup_kh
import ulula.run as ulula_run f? ((j[J)

setup = setup_kh.SetupKelvinHelmholtz() N
ulula_run.run(setup, tmax = 4.0, nx = 200) 1'() 1.5 2.()

Change hydro scheme:

import ulula.simulation as ulula_sim

hs = ulula_sim.HydroScheme(reconstruction = 'linear', limiter = 'mc', cfl = 0.9)
ulula_run.run(setup, hydro_scheme = hs, tmax = 4.0, nx = 200)

Make plots or movies:

ulula_run.run(setup, tmax
ulula_run.run(setup, tmax

4.0, nx
4.0, nx

200, plot_time = 0.5, g_plot = ['DN', 'PR'])
200, movie = True, q_plot = ['DN'])

Diemer 2025 e bdiemer.bitbucket.io/ulula



