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1. FU Ori outbursts
2. Layered-disk model
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FU Ori outbursts
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FU Ori objects (Hartmann & Kenyon, 1996)

Object Outburst ¢(Rise) t(Decay) d(kpc) L/L., CO flow Jet/HH
FU Ori 1937 ~1lyr ~100yr 0.5 500 no no
V1057 Cyg 1970 ~1lyr ~10yr 0.6 800-250 yes no
V1515 Cyg 1950s ~20yr ~ 30 yr 1.0 200 no no
V1735 Cyg ~ 1957-65 <8 yr > 20yr 0.9 > 75 yes no
V346 Nor > 1984 <5yr >5yr 0.7 ? yes yes
BBW 76 < 1930 ? ~ 40 yr 1.77 ? ? no
Z. CMa ? ? > 100 yr 1.1 600 yes yes
L1551 IRS5 ? ? ? 0.15 > 20 yes yes
RNO 1B,C ? ? ? 0.8 ? yes? no




FU Ori outbursts: models

Models have to explain rise times ~1 yr = eruption must involve
inner region (<1AU) of the disk.

e Triggering of outburst (Bonnel & Bastien, 1992)

— disk perturbed by the passage of close companion star
— but no apparent v, shifts were observed in the brightest FU Ori

objects
e The thermal instability mechanism Hartmann & Kenyon (1996)
— S-curve: balance between vis- ) "’W"}T/; .5
. ° § 1[]‘ - ,,/ P —-: -4
cous heating and rad. cooling g FE ( .
: : : E § 444 s
— predicts increase of accretion S S AT
. . ® L T 1.8
rate consistent with observa- £ b7 o
p - 5 .
tions n 10
..Ljﬁl.l.lljf...l_ll JJ..I.UI.I.E I.J.,L_IJ. l..'.IJIl .El:ﬁ -11
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e The layered-disk model a=10"110"2,1073, 104

— accretion of material accumulated in ”dead zone”
—can DZ with such amount of mass (0.01 M) survive?



Layered-disk: basic idea (Gammie, 1996)
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e angular momentum transfer — MRI (Balbus & Hawley, 1991)

e parts of the disk are not ionized enough to be well coupled to
the magnetic field

e inner active region (IAR) — collisional ionization

e layered accretion region (LAR) — active surface layers (ASL)
ionized by cosmic rays shields the dead zone (DZ) near the mid-
plane

e outer active region (OAR) — low surface density, CR are able to
ionize whole disk



Layered-disk: physical processes

e MRI occurs for: Rey = VAUH > 1
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e Alfven velocity related to a-viscosity: V4 = a/“c,

e resistivity 7 related to the ionization degree = = n./ny:
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n=06.5x 10°z tem?s™

e using H = ¢,/{) magnetic Reynolds number:
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e collisional ionization: = = z(p,T) (Umebayashi, 1983)

10710 for T < 800 K
x ~ log(p), z(T)=1{10"1 for T ~ 900 K
1071 for T > 1000 K

e CR ionization: stopping depth >, ~ 100 g/cm2
(Umebayashi & Nakano, 1981)
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Layered disk: analytical solution

e Basic equations for the layered accretion region:
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® Y, =const = M = M(r) increasing with r
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Layered disk: mass accumulated in DZ
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Viscosity in the dead zone

e M HD simulations of MRI show that the pure hydrodynamic tur-
bulence in DZ may be supported by perturbations from active
layers (Fleming & Stone, 2003)

e viscosity in DZ can explain observed decrease of accretion rate
on the evolutionary time-scale (Stepinski, 1999)

Mpz [Mgynl



The TRAMP code (H. Klahr)

Three-dimensional RAdiation-hydrodynamical Modeling Project

e finite-difference hydrodynamic code similar to ZEUS
e includes full tensor viscosity

e radiation transfer using flux limited diffusion approximation

Solves the set of Navier-Stokes equations:
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The numerical model

e 2D, axially symmetric in (r, 0)
e 2 model types:

1. Inner disk: TAR, part of LAR
2. Contain whole DZ: TAR, LAR, OAR

® parameters:
a = 0.005,0.01,0.02
b= OdDz/O{ = 0, 0.01, 0.1
Moar =2 % 1073 — 1077 My yr~! (type 2 models only)

e initial conditions:
radial profiles of >, T, {) according to analytical model
v, =0y =0
vertical structure — isothermal

e boundary conditions:

inner boundary: outflow |
outer boundary: inflow, My (type 1) or Moar (type 2)



Type 1: Inner disk models
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Type 2: Whole-DZ models
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