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Layered-disk: physical processes

collisional ionization: z = x(p,T) (Umebayashi, 1983)
{ 10716 for T <800 K

1071 for T ~900 K
1071 for T >1000 K

x ~ log(p), z(T) =

CR ionization: stopping depth X, ~ 100 g/c:m2
(Umebayashi & Nakano, 1981)
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Layered disk: basic equations for ASL

2,02 =0T
emission is optically thick: (Hubeny, 1990)
Tc4 — %Ea"@(pa TC)Tél
vertical hydrostatic equilibrium:
Cg — Ha(Ha + HDz)Q2

disk is geometrically thin:

1/2
2= ()
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Layered disk: analytical solution

accretion cannot be steady - when
Ypyz is high enough, DZ mass is ac-
creted in an outburst like event

= suggested as mechanism for FU
Orionis outbursts (Gammie, 1996)
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Numerical model

HHV (v =0
9% 4 (v-V)pv=—-VP—-pV®+V. T p =t

D

cop [E+ (v-V)T] = =PV -v+T:(Vv)
at the end of time-step: radiation transfer

0B = _V.F, where E,=aT*, F=-2VE,

2D axially symmetric in spherical (r,6#) coords.
initial conditions: analytical model (vertically isothermal)

viscosity:
> o = 0.01 - surface layers (X, = 100g cm™?) and inner region (T > 1000K)
> a=0 - elsewhere (dead zone)
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Ring instability

(2~ )
(Papaloizou & Pringle, 1985)
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Ring instability - analytical description

rnng-uKe peraurbation O .

60 = g + 0 cos(kR), where R=r —rg
09 - unperturbed disk thickness, ry - position of the ring,
k - wavenumber

inserting into equations of layered disk, linearization

— perturbation growth.rate given by the equation:
Ox = w(ro, d0, k)or
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Ring instability - dispersion relation

w- rin(ig 1
w(k=0.04,ry=0.12) ——

dial transfer of heat makes
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the temperature profile i
shallower
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Layered-disks: MRI simulations

Reynolds stress
non-zero in DZ - HD
turbulence survives

due to perturbations
from active layers
(10% of Maxwell s.)

Richard Wunsch, NCAC, Warsaw




il

800 1000 1200

0.00012
0.00011
0.0001
9e-05
8e-05
7e-05

6e-05

accretion rate at IB [MSun/yr]

5e-05

4e-05
400 600 800 1000 1200

tlyr]

Mpz accretion rate




Conclusions
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Conclusions

disk thickness leads to a drop of the viscosity and the ac-
cretion rate profile which increases the original disk thick-
ness enhancement

in the case of small viscosity in DZ the oscillations of the
inner edge occur

mass is continuously removed from the inner part of the
dead zone - not consistent with the sudden huge increase
of accretion rate due to the ignition of mass accumulated
in the dead zone (FU Ori outburst)
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