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1. Introduction

Turbulence is important for accretion

Turbulence is important for planet formation

&

e in disks is probably hydromagnetic (MRI)




1.1 Turbulence stresses transport angular: nmomeniiin

Stresses and Energy
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1. Introduction

Turbulence is important for accretion
Turbulence is important for: planet formation

)

Turbulence in disks is probably hydromagnetic (MRIT)




1.2 Turbulent eddies are efficient particle traps

Bullke DensigroiEsSolils




1. Introduction
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Turbulence is important for accretion

Turbulence is important W%
Turbulence in dilem/% 1R1

— that's also what is implemmentedsinilie

Pencil Code



1. Introduction

Turbulence is important for aceretion
Turbulence is important for planet formation

Turbulence in disks is probably hydromagietic(IVIR),

Yy

Most works deal with Ideal MHD (only ions) - that's alse what is implementedimbilie
Pencil Code

But the midplanes of pro %pllaijtal y disles arve eold and
therefore only WEAKILY IONIZIZD,
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1. Introduction

Turbulence is important for accretio

that's alse what is implementedsinitlie
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2. Two-fluid MHD with partial ionization

ionization recombination
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collisional drag




2. Two-luid MHD with partial ionization in the Pencil Code
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2. Two-luid MHD with partial ionization in the Pencil Code

xp.
—p.'Vp +ply+—|(u,—u,)
Jo,

n




2. Two-fluid MHD with partial ionization in the Pencil Code
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Recombination

lon density

Meutrals density




3. Basic tests
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3. Comparison Sample

Effects of pressure and resistivity on the Ambipolar diffusion

singularity — Brandenburg & Zweibel 1995
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ABSTRACT

Ambipolar diffusion, or ion-neutral drift, can lead to steepening of the magnetic field profile and even to the
formation of a singularity in the current density. These results are based on an approximate treatment of
ambipolar drift in which the ion pressure is assumed vanishingly small and the frictional coupling is assumed
to be very strong, so that the medium can be treated as a single fluid. This steepening, if it really occurs, must
act to facilitate magnetic reconnection in the interstellar medium, and so could have important consequences
for the structure and evolution of the galactic magnetic field on both global and local scales.

In actuality, the formation of a singularity must be prevented by physical effects omitted by the strong
coupling approximation. In this paper we solve the coupled equations for charged and neutral fluids in a
simple slab geometry, which was previously shown to evolve to a singularity in the strong coupling approx-
imation. We show that both ion pressure and resistivity play a role in removing the singularity, but that, for
parameters characteristic of the interstellar medium, the peak current density is nearly independent of ion
pressure and scales inversely with resistivity. The current gradient length scale, however, does depend on ion
pressure. In the end, effects outside the fluid approximation, such as the finite ion gyroradius, impose the
strictest limit on the evolution of the magnetic profile.

Subject headings: diffusion — ISM: magnetic fields — MHD
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3. Comparison Sample

Effects of pressure and resistivity %fhe » Ambipol
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3. Comparison Sample

Diffusion singularity — Densities
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Brandenburg & Zweibel 1995
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Solved with Pencil's neutrals module



3. Comparison Sample

Diffusion singularity — The field approaches B=z %, dependinesomn
the nesIstivity;

Brandenburg & Zweibel 1995

0.0 02 04 06 08 1.0
z

Solved with Pencil's neutrals module
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Summary and Conclt
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