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What kind of objects are we dealing with?
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Plasma and dust accretion
Experimental study of linear
instability (e.g. Richard and
Zahn 1999).

Linear instability mechanisms
are not efficient nor reproduce
the observed astrophysical
time scales. (Ji et al. 2006)
Linear instability of a stratified
flow causing turbulence (e.g.
Klahr and Bodenheimer 2003,
Urpin 2003).

The latter mechanism present
or inefficient (e.g. Arlt and
Urpin 2004 ...).



Protoplanetary disk structure
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T>10°K (r<1AU), surface layer dominates
MR turbulent

* Fleming & Stone 2003: MRI occurs only in the upper layers of the disks. The transport is maintained
by velocity fluctuations in the center of the disk. CHANGES THE CONCEPT of DEAD ZONE

« Salmeron & Wardle 2003, 2004: hall effect and ambipolar diffusion change the growth of fluctuations
at the mid plane, enhancing the transport at the midplane.

* Mori et al. 2019: the effect of radiation in the vertical structure of non ideal coefficients.

e Faure and Nelson 2015: planet trapping and migration, planet filtering by the transition (dead/
turbulent) surface.



Outline

A setup for a local, non stratified protoplanetary disk to
study of the transition between the active and ohmic dead
zone in the radial direction.

The ideal case: saturation and stress tensor, force balance.
Saturation, stress tensor and force balance in a simulation
with a resistivity profile which varies with R.

Density accumulation and ring formation in a local system.
Do spectral features of the magnetic field vary in the

transition between active and resistive domains?



What | will not talk about

* Non isothermal equation of State (ask Matt Coleman) and
radiative losses (e.g. Faure et al (2014)).

 Vertical stratification (Ambipolar diffusion e.g. Desch
(2004)).

e The Hall effect (Bai and Stone (2017)) was found to
respectively enhance or reduce the stresses and wind
transport, depending on the disk vertical magnetic field
being aligned or antialigned with respect to the angular
momentum of the disk.

* Disk Chemistry ( see e.g. ligner and Nelson (2006) )

 Dust grain shape functions (Desch and Turner (2015))



Vertical resistivity profile
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The shearing Box: Initial conditions

t= 0 orbits

J.Ce+C0 *ii
rz N
1.8 — 0.2
1 i
I ; »
. B
— -1.
=3.Ce+00
Vertical constant weak B
field along z direction
P(t)p(t) = cost
- L de02 (t)p(t)
| 0.0141436 —
ik e = VR
32 4
0.014143 = —
il o
r . PO — 1, Po — 1
1.4e-02




The shearing box equations and the angular
Momentum transport
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Ideal configuration
Periodic boundaries in z, shear periodic in x, periodic in y

t= £2




Stress Tensor

From, e.g. Stone and Gardiner 2010

azimuthal velocity fluctuations v, +g£2yx

Shear at t=0 in qﬁ

Normalization and actual calculation. From Shi et al 2015:
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Figure 2. The volume-averaged suesses for a standard box ((Ly, Ly, L;) = (1, 4, 1) H, lelt-hand panel) and a tall box ((Ly, Ly. L;) = (1,4, 4) A, right) wilh
various resolutions: 32/H(black solid),64/H(red dotted) and 128 /H(green dashed). In contrast to the small box, the vertically elongated box achieves good

convergence.
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Setups

Name | N, | N, | N, n B | Ly | L, | L, | T|Orbits|
Setupl | 256 | 128 | 64 0 10| 4 | 4 | 2 ~ 70
Setup2 | 256 | 128 | 64 | 1072 | 10* | 4 | 4 | 2 ~ 70
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Setup2: Beta=104




2D profiles : resistive vs ideal case, stress tensor
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Ideal configuration: Force balance
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Setup2: Beta=104force balance 7 = 10~
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Density bump and azimuthal jets
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The viscoresistive corotation theorem

Axial symmetry
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2D profiles : resistive vs ideal case, magnetic field
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Solution of v, for Prandtl| # 1

Iig. 1: {Colour on-line) 3D plot for the total density Dz, u”)
(43), with parameters chosen as A =1 ,0 = —1.a - —V3.b=
—(1-; £, =0.05, B=+40. The density profile exhibits & modu-
lation along the radial direction, while in the vertical direction
two minima appear.
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Fig. 2: (Colour on-line) Level lines for the total density D(a, u”)
(43), with parameters chosen as in fig. 1. We note that the
darkest zones are the minima of density, and the ring sequence
appears in the equatorial plane.



Setup2: profiles of v2,Beta=104, 1) = 102
How to read the spectra?

This cube of data is at t=47.75[orbits]
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Averaged between N = 10—2
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Averaged between
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Setup1: 2D Spectra
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Conclusions

Develop the diagnostics for the resistive setup: spectra and
stress tensors.

Is the dead zone affected by wave injection from the
turbulent zone?

How do the dead zone boundaries evolve?

How MRI saturation is affected?

Future work

e Simulate a resistivity which depends on the temperature.
 Relax the isothermal conditions to study the

thermodynamics of the disk (see Faure et al. 2014)



