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Introduction 1

Accretion Discs

Core of Galaxy NGC 426l
Hubble Space Telescope Accretion of material occurs in different

Wide Field / Planetary Camera

Ground Based Opical/Radio mage HST mage of a Gas and Dust Disk galactic or extra-galatic environments like
’ | AGNs or YSOs

Which mechanisms to explain:

e the turbulent transport of angular
momentum

e the existence of the well-collimated jets

W o o W
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS

Magnetic field = link between accretion and ejection
e MRI drives turbulence = outward angular momentum transport

e Magneto-centrifugal ejection and B -collimation

Origin of the large scale magnetic field (B) ?
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Introduction 2

Magnetorotational Instability in Accretion Discs

Velikhov 1959, Chandrasekhar 1960, Balbus & Hawley 1991

Local linear analysis

e Weakly magnetized (8 > 1) and differential rotating flows unstable if d€2/dr < 0
e Free energy = differential rotation = MRI extremely powerful v ~ 7|d$2/dr|

Small vertical length-scales & large radial length-scales

2-D studies
e (B,) # 0: channel flow unstable in 3D
e (B,) = 0: turbulence which decays over a

resolution dependent time scale

3-D Studies

e (B,) or (B,) # 0 determine the saturation
level of turbulence

e No dependence on initial B, if its average value
is 0; (B?) relies on the level of numerical
dissipation
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Introduction 3

Magnetorotational Instability & Dynamo

Shear flow hydrodynamically nonlinearly unstable but stable to the MRI: <U2> saturates
but (B?) decreases.

Hawley et al. 1996
(8¢/6P, ) (~B,B,/4nP,) Brandenburg et al. 1995: (B) # 0
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Set-up of the model 4

Global Dissipative Study

NL evolution equations:

(0, +U-V)U =—-V® — VII + B-VB 4+ vAU
(0,+U-V)B = B-VU + nAB
V.-B=V-U=0

Boundary conditions: Generalized pressure:

e Two BCs only for ideal discs e Does not evolve explicitly

p:¢+n{

e Ten BCs for dissipative discs e Can vanish = rotation not supported

Differential rotation sustained by the BCs which may
either enforce the rotation or constrain the pressure
variations
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Set-up of the model 5

Basic State & Boundary Conditions

Disc equilibrium: Axisymmetric and Z-invariant, U, = 0, B, = B, = 0

3v )
u., = ——
27
U, = 1i/2 ¢* = GM, (Keplerian), or
r
9,2  GM, — (2 ¢* = GM, — v*|a| (Sub-Keplerian)
I, = 6—= -
8 r2 r
BZO — BO J
oU, = — 2r
¥ 800/ U =U
0,U, =0 ’ o
No BCs on U, or B, 8,(rB.) = 0 and or to drive the shearing flow
r\T —
’ I =11,
0,B, =0
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Set-up of the model

Linearized Problem

Linear evolution equations:

e Normal modes: oo -
&(I‘,t) = ﬁ(’l“) eXp(at—l— im © + ik Z) olved numerically:

e 10th order linear system:
o Z(r) x(r) = L(r) £(r)
e II evolves on much shorter time scales:
V- U=0<«<=7Z,=0

— e inverse iteration
e shooting (double checking)

Linear boundary conditions:

dru, =0
Uy, = 0 : . .
dru, =0 forcing U, itself seems more reliable
and or but _ L ) :
d.(rb,) =0 N at first to sustain differential rotation
dyb. = 0 m=0
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Cylindrical MRI Modes 7

Ideal MRl Modes

No inflow in the basic state f |
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e m = 0 is the most unstable global mode
e Quenching by the magnetic tension

e Saturation: Ymax — 71/2 |d2/dr|,,
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