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My topic:

MHD turbulence in the ISM



Present-day spirals host large-scale coherent magnetic fields with a typical strength of a few
uG (Fletcher et al. 2016,Beck et al. 2019)
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The first estimates for redshifts z>1 yield fields of the order of uG already at these epochs!
(Bernet et al. 2008, Mao et al. 2017,Geach et al. 2023,Chen et al.2024)



THE MAGNETIC FIELD OF THE MILKY WAY
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MHD turbulence In the interstellar medium

Generated by large-scale instabilities, shear from differential rotation, feedback

c. Parker instability in global disk simulations (Kortgen et al. 2018)
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The coupling of these unstable modes can cause
rapid re-organization of the magnetic field
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Impact of stellar feedback on the ISM
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Massive stars are also a source of turbulence
as strong as the large-scale complexity of the galaxy!
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Massive stellar feedback and triggered cloud formation
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Massive stellar feedback and triggered cloud formation
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Effects of massive stellar feedback on galaxy scales

Magnetic energy
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Synthetic polarisation maps, TE correlation and EE/BB asymmetry
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Synthetic polarisation maps, TE correlation and EE/BB asymmetry
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Current question:

Characterising turbulence in the ISM



Weak turbulence: 0B < B,
_—  —  »

Magnetic fluctuations are described as a
superposition of weakly non-linear modes

The spectral transfer of energy happens through
resonant three wave interaction
(Vedenov 1963; Galtier 2009)

For CR propagation this means we can take the
small-angle scattering approximation and describe
the propagation as a diffusion process
(the only existing approach in on-the-fly simulations)
Predicts scattering rates orders of magnitude
different between models, and wrong scaling

between residence time and CR rigidity R = Z_
e

(e.g. Hopkins et al. 2021c,
see also Butsky et al. 2024)

Strong turbulence: 0B > B,

Intermittent appearance of
Magnetic Coherent structures (MCoSs)

Current sheets Magnetic vortices Magnetic filaments

|

Yoon, Wendel & Yun 2023 Phys. Of Fluids AIP Dudson et al. 2009

Particles suffer large deflections, trapping, heating/
acceleration in MCoSs

Pezzi, Blasi & Matthaeus 2022



The simulations

(A. Konstantinou, E. Ntormousi, K. Tassis & A. Pallottini A&A 2024)

RAMSES (Teyssier 2002, Fromang et al 2006 ) with KROME chemical network for H> formation, following H, H+, e,
He, He+, He++, Ho, Ho+ for a constant UV background (Go=1)

Metal cooling also from KROME assuming solar metallicity

Star formation follows the Schmidt-Kennicutt relation (Schmidt 1959, Kennicutt 1998) based on H> content
(Pallottini et al. 2017) with an efficiency e=1%.

Supernova feedback from 20% of the stellar mass given as thermal energy to the neighbouring 27 cells

100 kpc box, coarse grid 1283, 5 levels of AMR
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Subtle differences in the
model evolution:

Model R is slightly larger in the
radial direction
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O0B/B0 and J/Jrms PDFs
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patial distribution of 6B/B0 and MCoSs
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Magnetic energy and MCoSs
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MCoSs: Sizes, velocities and velocity dispersions
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xample MCoS
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Bonus topic for discussion:
Galactic magnetic fields from

cold inflows

N. Ledos, E. Ntormousi, S. Takasao, K. Nagamine A&AL 2024



Filamentary accretion onto galaxies

Numerical simulations of
cosmic structure formation
predict that massive
galaxies are fed by
filamentary cold accretion
(Fardal et al. 2001; Keres et
al. 2005; Dekel & Birnboim
2006; Dekel et al. 2009,
Agerz et al. 2009)
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regions are KH unstable

and the vortical motions
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Ledos et al. 2023, Ledos, Ntormousi, Takasao, & Nagamine 2024



B-field amplification in sheared flow

If cooling dominates, the CGM gas in the
mixing layer condenses onto the stream
and the stream becomes more massive
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The magnetic energy power spectrum has the same for as that of vorticity at earlier times
At later times it is closer to that of kinetic energy
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B-field in an accreting galaxy
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High galactic magnetization at high redshift (?)

Geach et al. 2023 Pl
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Conclusions and next steps

e Simple “bathtub” model predicts high magnetisation for typical
inflow rates

 BUT: we need to properly model the time evolution of the flows
and their interaction with the galaxy

 ALSO: We haven’t modelled diffusive properties, could this play a
role?

e The future: can we model cosmic ray “trapping” in and around
these flows? Would such a process have an observational
sighature?



