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The magnetorotational instability (MRI) must be the most
promising source of anomalous viscosity in accretion disks.
Balbus & Hawley showed that astrophysical accretion disks
are unstable to axisymmetric disturbances in the presence of a
weak magnetic field. The instability sets in under a broad range
of conditions and is capable of initiating and sustaining MHD
turbulence in accretion disks, as long as the approximation of
ideal MHD holds. However, protoplanetary disks are so cold
and dense that the ionization fraction is very low. Because
the coupling of some charged particles with magnetic fields is
not strong enough, the processes of ambipolar diffusion, Hall
effect, and ohmic dissipation have to be considered. These
processes have an effect of suppressing the MRI.

Most existing models of accretion disks are based on theα-
prescription of Shakura & Sunyaev. In magnetized accretion
disks, it is likely that the rate of angular momentum trans-
port and the value of theα-parameter are determined by the
saturation amplitude of the turbulence resulting from MRI.
Numerical simulations indicate that the Maxwell stress in the
saturated state is usually proportional to the magnetic pres-
sure. Therefore it is important to determine how the magnetic
pressure depends on the gas pressure, so that we can relate
MHD calculations to the many existing studies that use theα
prescription.

The nonlinear saturation mechanism of the MRI have not
been understood yet, so that what determines the saturation
amplitude of the stress, or the size of theα parameter, is still
unclear. The magnetic pressure is controlled by generation
and dissipation processes, and the rate of dissipation may vary
with the gas pressure. It is interesting to investigate throughly
the nature of MHD turbulence in accretion disks to understand
the nonlinear saturation processes of MRI.

In this paper, we focus on the evolutions of channel flow in
MRI driven turbulence. The channel flow is the most unstable
mode of axisymmetric MRI whose wavevector is parallel to the
rotation axis. The eigen functions of this mode satisfy not only
the linearized MHD equations but also the nonlinear equations
in the incompressible limit. Fluid motions in MRI driven
turbulence can be assumed to be incompressible, because the
turbulent velocity is of the order of the Alfvén speed and much
smaller than the sound speed. Thus the amplitude of channel
flow can grow exponentially even in the nonlinear regime.
The nonlinear growth of channel modes is the most efficient
mechanism of field amplification in the disks.

In 2D axisymmetric simulations under the ideal MHD ap-

proximation, two-channel flow appears in the nonlinear regime
and continues to grow without saturation. Two-channel flow
is an axisymmetric mode whose vertical wavelength fits to the
height of the computational domain. Because of the nature of
inverse cascade, the vertical wavelength of MRI increases as
the magnetic field is amplified, and finally becomes compara-
ble to the box size. Two-channel flow consists of inwardly and
outwardly moving fluid which can generate and amplify the
horizontal field from the vertical component. Thus the channel
mode forms the vertical shear of the horizontal flow and a pair
of current sheets at the same time.

If the ohmic dissipation is taken into account, magnetic
reconnection can take place and possibly destroy the channel
flow structure. On the other hand, the strong vertical shear
brings the Kelvin-Helmholtz instability which could also break
the channel growth. Therefore, the evolution of channel modes
is one of the key features of MRI driven turbulence. Saturated
turbulent state is achieved by a balance between the growth
of the MRI (channel flow) and the field dissipation through
magnetic reconnection. Then the breakup of the channels
must be closely related to the saturation mechanism. In this
paper we demonstrate the importance of the channel flow in
MRI driven turbulence and examine the nonlinear evolutions
of a channel mode.

We found that MHD turbulence driven by the MRI is
well-characterized by the nonlinear evolutions of channel flow.
When there is a net veridical flux in the disks, nonlinear
growth of two-channel flow occurs quasi-periodically which
contributes the higher saturation level and large amplitude of
time variability in the Maxwell stress. For the cases of zero net
flux, on the other hand, large-scale channel flow never appears.
However we found many small-scale fluctuations of the mag-
netic field whose structures are similar to the channel mode.
These small-scale channels prevent the growth of two-channel
flow and reduce the saturation amplitude of the field. Each
channel evolves independently so that the volume-average of
the stress shows a smaller time variation. Simplified simula-
tions of the nonlinear evolution of a channel mode reveal that
the channel is unstable to the Kelvin-Helmholtz (parasitic) in-
stability when the horizontal field strength exceeds the vertical
component by a factor of several. The parasitic instability
triggers the magnetic reconnection. Characteristics of the re-
connection are found to be consistent with the Sweet-Parker
model. These results would be quite useful to understand the
saturation mechanism of the MRI.

Protostars and Planets V 2005 8222.pdf


