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Abstract
We model supernova (SN) driven turbulence in the multi-phase
interstellar medium (ISM) to explore the dynamo in a differen-
tially rotating section of the galactic disk. Using a small seed
field the SN explosions drive a turbulent dynamo and the ro-
tation of shear drive a large scale dynamo, the interactions of
which have been poorly understood and rarely included in dy-
namo modelling. Our resulting field is, therefore, physically de-
rived and embedded differentially within the cold ( 100K), warm
( 10kK) and hot ( 1MK) phases of the ISM, and exhibits scale
separation between its random and large scale components.

We consider a domain in excess of 1 kiloparsec (kpc) horizon-
tally and up to 2 kpc either side of the galactic disk, with parsec
scale resolution. Such modelling enables us to better interpret
the role of the magnetic field in the large scale structure of the
ISM, its impact on the various phases of the ISM and how phase
affects the composition and structure of the mean and random
components of the magnetic field.

Numerical result

Typical snapshot of gas density (top) and temperature (bottom).

Basic equations
Solved using the pencil-code (https://github.com/pencil-code):
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where the advective derivative includes the transport by the im-
posed shear flow u0 = (0, S x, 0),
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Vorticity generation
Vorticity, ω, understood highly conducive to dynamo action.

∂ω

∂t
= ∇× (u× ω)︸ ︷︷ ︸

induction; ω̇I

+ ∇T ×∇s︸ ︷︷ ︸
baroclinicity; ω̇B

−ν∇× (∇× ω) + ν∇× F ,

− ∇× (2Ω× u + Suxŷ)︸ ︷︷ ︸
rotation and shear contribution; ω̇RS

where ∇ν neglected and Fi = 2Sij∇j ln ρ. ω̇I analagous to induc-
tion ∇× (u×B) in Eq.(1).
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.

Baroclinic term, ω̇B, acts only where temperature and entropy
gradients are misaligned.

AKA effect

The horizontal mean vortices clearly independent of systemic
vertical inflows and outflows.
(Frisch et al., 1987) called this the anisotropic-kinetic-α effect
(AKA). Important mechanism for galactic mean-field dynamo.

Results for varying rotation
Runs have rotation Ω = 0 . . . 4× Ω0 and shear S = ±Ω.
Volume- & time-averaged products: +ve growth, −ve decay:

〈ω · ω̇B〉 〈ω · ω̇A〉 〈ω · ω̇C〉 〈ω · ω̇S〉
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4Ωp 2.61 –0.39 –0.84 –0.96
2Ωp 2.61 –0.36 –0.87 –0.94
1Ωp 3.00 –0.41 –0.95 –1.12
0Ω0 3.33 –0.46 –0.97 –1.14
1Ωn 1.50 –0.27 –0.64 –0.66
2Ωn 1.27 –0.19 –0.55 –0.55
4Ωn 1.52 –0.21 –0.58 –0.54

Only baroclinic effect gives rise to net vorticity generation
(Käpylä et al., 2018).

Ideal gas law
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ρT,

ν kinematic viscosity χ thermal conductivty η magnetic diffusity
kB Boltzmann constant cp specific heat capacity mu atomic mass unit
µ molecular weight Φ gravitational potential σSN SN sources
Γ diffuse UV-heating ρΛ radiative cooling

Highly compressible ISM – traceless rate-of-strain tensor S,
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Artificial shock-handling diffusivities ζν, ζη and ζχ. Angular mo-
mentum Ω0 ' 25 km s−1 kpc−1.
Gravity, with stellar & dark-matter components,
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follow Kuijken and Gilmore (1989)
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Galactic dynamo

Gent et al. (2013) found a galactic dynamo growth rate ∼ 2 Gyr−1, with solar neighbourhood typical parameters.

Analysis of the multiphase struc-
ture of the magnetic field (Evir-
gen et al., 2017) identified the hot
gas to contain mainly turbulent
field, while the mean field resided
mainly in the warm phase, sup-
porting the hypothesis that warm
gas dynamics drive the mean-field
dynamo.
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Background image: M81 composite image http://hubblesite.org/gallery/album/entire/pr2007019j
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