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indicate that...

Average field strengths: 
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gradually and is dynamically important
within the circumgalactic medium
(CGM) [r < 100 kpc]
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How do galactic magnetic fields grow
to observed        strengths from minute

seed fields?

Main science question:
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How do magnetic fields grow (in theory)?
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Rieder and Teyssier 2015Wang and Abel 2009

Pakmor and Springel 2013 Pakmor et al 2023

Wissing and Shen 2023

Key tool: magnetohydrodynamical simulations!
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What causes simulation results to differ?

source
advected

               Powell                                     Dedner                             Constrained Transport   

                 (8-wave Method)        (Generalized Lagrange Multiplier Method)

source

with the flow propagated and dampened
like a ripple on a lake

Electric fields on cell edges,
Magnetic fields on cell faces

by construction
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catastrophe in action
(e.g. Dedner in ART)

Diemer, Semenov, Ugalino et al (in prep)

Left - slow propagation,
weak damping (blue
curve)
Right - fast propagation,
fast damping (orange
curve)
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What causes simulation results to differ?

Rieder and Teyssier 2015Wang and Abel 2009

Pakmor and Springel 2013 Pakmor et al 2023

Wissing and Shen 2023

Key tool: magnetohydrodynamical simulations!

Zoo of codes with different schemes
Solved in an adaptively
refined mesh (Eulerian)

or with particles or a moving
mesh (Lagrangian)

+
+ different initial conditions

How sensitive is the magnetic field
amplification to the choice of

numerical scheme? 🤔

Methods question:
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Towards reliable simulations of galactic B-fields

We compare simulation results obtained using four (4) cosmological
simulation codes with common initial conditions (Milky Way-like galaxy):

Discretization         Grid-based codes                       Moving mesh         Particle code

Divergence            CT                    GLM/Dedner                Powell                 GLM/Dedner
“cleaning”
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RAMSES                 

AREPO                     

SWIFT                      
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We compare simulation results obtained using four (4) cosmological
simulation codes with common initial conditions (Milky Way-like galaxy):

Simulations with
magnetic fields but
without star
formation and
feedback

(MHD control)

Simulations with
full physics

(SF+FB suite)

AGORA-like
comparison

Dynamo
comparison 1

Simulations
without
magnetic fields,
with/out star
formation and
feedback

(HD control)

Dynamo
comparison 2 

+ comparable cooling, same SF
+ similar supernova feedback presc.

at different effective resolutions of up to ~20 pc scales...

Towards reliable simulations of galactic B-fields
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Note:
No feedback, driven by
shear/MRI (if well-resolved)
In the kinematic phase (linear
regime), magnetic energy
growth is quadratic in time
(Dubois & Teyssier 2010)
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+ comparable cooling, same SF
+ similar supernova feedback presc.

at different effective resolutions of up to ~20 pc scales...

Note:
No feedback, driven by
shear/MRI, 
AGORA LOW (                    )
Similar cooling prescriptions
across all codes + pressure
floor to support disk in the
absence of feedback
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Ugalino et al (in prep)

Additional notes from Mark: All of these simulations are of isolated disks with initial
conditions similar to AGORA. Magnetic fields are initially uniform and is pointing
along the z-direction. Hence, seeds for magnetic field growth along radial and
azimuthal directions are generated a few timesteps into the simulations.
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Results: Evolution of volume-averaged B energy and div(B)

14
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Ugalino et al (in prep)

Additional notes from Mark: Note that AREPO is not designed to run
on a static mesh. These results are illustrations of effects that may
arise when you slow down the mesh.
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Results: What’s causing the growth?

17

Additional notes from Mark: While it is a great metric, dimensionless divergence errors
alone do not provide the entire picture for field growth. One should compare the
divergence term above to physical drivers of growth like compression and shear!
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Energy growth rate at

Red curves show a very noisy measurement due to the fact that we
are computing gradients on a uniform grid for SPH data (currently
working on a fix) 
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Watch out for our paper Summer or Fall 2026!
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