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MHD model of GRBs

(Spruit et al. 2001 A&A 369, 694 )
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Fig. 2. Field configuration in quasi-spherical magnetic out-
flow driven by a perpendicular rotator (“pulsar-like” case)
(schematic). Left: view in the equatorial plane, with dots and
pluses indicating field lines into and out of the plane of the
drawing. Right: top view from the rotational pole. Bottom



Flare/CME model of

GRBs driven by magnetic “‘E;;:f,;?;;k

reconnection .
(AOki, Yashiro, Shibata 2004) internal shock % % ;

GRB
Only large flares can relativistic shells L
produce large plasmoids Q
that have enough energy to 7

escape from
O plasmoid

magnetosphere of the |
central engine of a GRB , magnetic

reconnection
(cf. Negoro and Mineshige ‘

2002) w
accretion disk
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jets from Kerr hole

magnetosphere

MHD

Koide et al. 2002 Science
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Relativistic Outflow driven by
Magnetic Field from Ergosphere

Kerr black hole ~«

\

Magnetic field
flux tube acts as
propeller screw!

Koide 2004
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3D stability

 MHD jets are linearly unstable for helical KH
instabllity, but nonlinearly stable
(Ouyed and Pudritz 2002)

 MHD jets show non-axisymmetric structure
because of unstable character of accretion disk.
Neverthelss, the basic characteristics of jet
velocity and its parameter dependence are the
same as those in 2.5D (Kato. S et al., Kigure et
al. 2005).
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3D non-axisymmetric structure of a jet
produced by non-axisymmeric MHD
instability of the disk (Kigure-Shibata 2005)
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Spinning jets have finally been
observed by HST (Bacciotii et al. 2002)

DISK
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1
i 0.5"=110 AU
JET
111
Optical jet from
v 0.”15 DG Tau

¥

-12.5 0.0 +12.5
Velocity (km/s)
Fia. 7.—Schematic mapol the radial velocity shifts in the southeastern and northwestern sides of the fow (projected omo the plane of the sky), derived from
he Bow isassumed 1o be axially symmetric. The velocity scaleislinear.



Modeling Faraday rotation measure
of AGN jet (Kigure et al. 2004)
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Case of collapsing
magnetized rotating star



Case of Collapsing cloud/star
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MHD simulation of collapsar
Mizuno et al. (2004) ApJ
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MHD model of protostellar jets as an

extention of Hayashi et al (1996) model
(Uehara et al. 2005)

Density

Hayashi et al (1996)

A jet consists of two component:
reconnection outflow and
disk wind




Long term evolution of dipole case
Uehara et al. 2005. to be submitted

1 orbit = 6.28

Time = 0.00

Knots

Are formed
By sausage
Instability ?




Jet velocity in the case of dipole field
(Uehara et al. 2005, submitted)

® Maximum Velocity of Jet (Vz,max)

(<Bp'/?

This is

due to reconnection-
related-acceleration
of coronal outflow

for dipole field
for uniform field)
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Case of Initially Localized weak field
(Kudoh, Matsumoto, Shibata 2002, PASJ)

Magnetorotational Instability (Balbus and Hawley 1991)
leads to turbulence and reconnection

temperature

If external gas pressure is low,
Strong jet is formed




KatoY, Mineshige, Shibata (2004)
3D sim. (ApJ)

external
coronal
pressure

disk corona
plasmap ~ 1

accretion flow
rbulence, dynam
plasma >1

This toroidal field dominated jet is launched by magnetic pressure (similar to
Shibata and Uchida 1985, Turner et al. 1999, Kudoh et al. 2002), and is also
Similar to “magnetic tower” of Lynden-Bell (1996)
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Long term evolution —

nonsteady, intermittent ejection of jets
with many reconnection events

Fi
I 1

-4 -3 -2 -1 @&

Time = 0.00

Sato et al. 2005 | brahim et al. 2005
in prep



Why do jets and disks can never reach
steady state ?

Because Magnetorotational Instability is so
powerful (Balbus and Hawley 1991)

lag 10{Temp.)

Time = 0,00

Kudoh et al
2002 PASJ




Magneto-rotational instability

« Balbus-Hawley (1991)
» [Chandrasekhar (1961), Velikhov (1959)]
» Explains viscosity of accretion disks
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Mass Accretion Rate vs Mass Ejection Rate
(Sato et al, Ibrahim et al. .2005, to be submitted)

4[]:' ! ! | ! ! ! | ! ! ! | ! ! ! | ! T T | T T T |: 4
- See poster =
30E 3 3
20 F d 2
10 % 3 1
T — Jo
~10 ~— 134
0 % 8xn 12:: 15::: S0n 24z

time

d1ey uondalyg sseN



Power spectrum of mass ejection rate
from MHD simulations

Observations of Time variability

1¢ T of X-rays from BH accretion disk
- | (Miyamoto, Kitamoto, Negoro)
., (1) Cyg X-1
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= # A two-component model for jets from source+disk

Tsinganos
(2003)

Recent numerical simulations and analytical models of magnetically collima ted
plasma outfows from a uniformly rotating central gravitating object and for
i KHeplerian aceretion disk have shown that relatively low mass and magnetic
Huxes reside in the produced jet. Observations bowever indicate that in some
cases. as in jets of YSO s, the collimated ontflow carries higher luxes than these
simulations predict. A solution to this problem is proposed by the above model
where jets with high mass Hox originate in a central source which produces
a noncollimated ontflow provided that this source s surronnded by a rapidly
rotating aceretion disk The relatively faster rotating disk produces a collimated
wind which then forces all the enclosed ontiow rom the central sonrce to
be collimated too. This conclusion is confirmed by self-consistent numerical
enlutinns of the fll sst of the WTHD sonarinns
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