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WHY RADIATION-MHD ¢

* Disk viscosity is magnetic origin.
* Dissipation of the magnetic energy heats up the gas.

* Difference of the radiative cooling rate leads to the difference
of the disk structure (thick or thin, hot or cold).

e Radiation- and/or magnetic pressusure drive jets and disk
outfilows.

* Clumpy, time-dependent outflow is produced by
thermal instability (that is, radiative cooling).

¥

Performing radiation=-MHD simulations,
we Investigate the inflow=-outflow structure.
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BASIC EQUATIONS OF
RADIATION-MHD
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NUMERICAL METHOD

e Cylindrical coordinate (r, @, z); r=2-100Rs, z=0-100Rs
* Axisymmetry & Mid-plane Symmetry
e nrtial Conditions & density parameter

Torus
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No disk inrtially !
Rotating torus (plasma-beta= 100,

osed poloidal magnetic fields; B=0)

-We set the density parameter; po

(density at the center of the torus).
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Standard disk
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STANDARD DISK & RIAF

p/po, [po=10* g cm™] plpo, [po=10° g cm™]

MgH= 1 OMsun
Lool~ | 0% Legg, Mdot~ 1 03Legd/c? L~ 10712 cqq, Mdot~ | 0L eqd/c?
Cold, thin disk Hot, thick disk & magnetic jet




STANDARD DISK & RIAF
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Sui)er Eddington

Standard type
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Our RMHD simulations succeeded in reproducing
three types of flows (Super-Eddington, standard, RIAF)
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OBSERVED LUMINOSITY

,4 L>20L.4

% LsLcq

e Radiative Flux i1s mildly collimated, =20°

* _uminosity Is estimated as L>20Lc44 for
a face-on observer.

*|n contrast, the objects might be
observed to be L=sLeqq, If Observer's

viewing angle i1s much larger than 20°.

Radiation energy (Eo, color)
Radiation flux, (Fo, vector)
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RADIATION-MHD JETS
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Takeuchi, Ohsuga, Mineshige. 2010, PAS), 62,143~

Our RMHD simulations reveal a new type of jet;
Radiatively-accelerated and magnetically collimated jet
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RADIATION-MHD JETS
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Takeuchi, Ohsuga, Mineshige. 2010, PAS), 62,143~
Our RMHD simulations reveal a new type of jet;

Radiatively-accelerated and magnetically collimated jet
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RADIATION-MHD JETS
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Our RMHD simulations reveal a new type of jet;
Radiatively-accelerated and magnetically collimated jet
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TIME-DEPENDENT
Ohsuga in prep. CLU M PY O UTFLOW Man=10Msun

We found time-dependent, clumpy outflows, 20-50°,
[rom the super-Eddington disks




TIME-DEPENDEN T
Ohsuga in prep. CLU M PY O UTFLOW
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We found time-dependent, clumpy outflows, 20-50°

f[rom the super-Eddington disks
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THERMAL INSTABILITY
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Super-Eddington
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[-CYCLE OSCILLATION
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[-CYCLE OSCILLATION
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LIMIT-CYCLE OSCILLATION

Our simulations nicely fit the

observations of microguasar,
GRSIISEREE)

M/ (Lg/c?)

|. Luminosity variation

ZLedd N O-ZLedd
2. Timescale~several |0 sec.
3. Intermittent outflow.
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AGN FEEDBACK
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We find that mass outflow-
rate can exceed Ledd/c?, and
momentum ejection-rate can
exceed Ledd/C.

Feedback from the super-
Eddington flow would affect

10_2 WERI
oL

LT
Minput/ <LE/C 2>

'1'1)3 - ""'1'O4the evolution of the host
galaxy and might contribute to

Mass supply rate; from host galaxy to galactic center. establish ‘M-o relation (King 2003).
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