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Introduction

observations of AGN jets



M87 radio observation   Hada +(2011)

M87 radio observations
¸ M87 D=16.7Mpc

¸ M
BH

~3.2-6.6x 109M_sun

¸ Location of the central BH is 

near the radio core by analysis 

of several bands of radio 

observations.

¸ The shape of the jet near the 

core is not conical but  

paraboric.

¸ Rim brightening @ 100Rs

BH ?

No !



Bulk velocities are  measured
by using a series of radio 
observations of M87 up to 
105-6 Rs.
Acceleration to relativistic 

velocities occurs at ~104Rs.

Similar results for Cygnus A 
jets. (Boccardi + A&A (2016))

Where is acceleration site ?

Rs

HST-1

Asada +2014



JET

Central Engine

-Black Hole(BH) accretion disk

-B filed amplification

relativistic jet (ũ~10 for AGN jet)

-How to launch  the jet is also  a big problem for astrophyics.

Blandford-Payne (magnetic centrifugal force)

Blandford-Znajek (general relativistic + B filed effect)

or others ?

M87 opitical 

Relativistic jet launched from  BH+accretion disk

B filed plays an important role !



GRMHD simulations
of Black hole and 
accretion disks



Mass conservation Eq.

Basic Equations : GRMHD Eqs.
GM=c=1, a: dimensionless Kerr spin parameter

EOS (ɔ=4/3)  

Induction Eq.

Energy-momentum tensor

Energy-momentum conservation Eq.

No-monopoles

constraint

Ideal MHD condition

Normalization of 4-velocity

Constraint equations.

GRMHD code (Nagataki 2009,2011)

Kerr-Schild metric (no singular at event horizon)

HLL flux, 2nd order in space (van Leer), 2nd or 3rd order in time 

See also, Gammie +03, Noble + 2006

Flux-interpolated CT method for divergence free  



Computational domain, grids

Spherical coordinate (r, ɗ, ű) R[1.4:3e4] ɗ[0:ˊ] ű[0:2ˊ]

[Nr=124,Nɗ=124, Nű=28]

r=exp(n
r
),  dɗ~1.5o, dű~13o: uniform

ïnot enough high resolution to resolve fastest MRI growth mode

Initial condition

Fisbone-Moncrief (1976) solution ïhydrostatic solution of tori around 

rotating (a=0.9, rH~1.44), 

ïequilibrium state : gravitational potential, pressure gradient, and

centrifugal force, geometrical thick disk

ïimpose weak poloidal B-field (Minimum plasma beta =100)

case1. maximum 5% random perturbation in thermal pressure (3D)

case2. w/o  perturbation in thermal pressure (2D)

=const =4.45, r
in
=6. > r

ISCO

Units L : Rg=GM/c2 (=Rs/2),     T : Rg/c=GM/c3, Mass : scale free   

~1.5x1013cm(M
BH

/108M
sun

) ~500s (M
BH

/108M
sun

)



Magnetized jet launch

Low mass density and electromagnetic flux

along the polar axis. Intermittent  

movie



Magnetized jet launch

~60Rg



Electric-magnetic energy

I̧n transition phase 
(t<18000 for 3D)  
accretion late is relatively 
high.
A̧fter that a new phase 

starts.  
Şhort time availability 
(ȹt ~a few tens to a few 
hundreds.)
A̧ccretion rate for 2D is 

1/10-1/100 lower than 
that of 3D.

Mass accretion rate horizon



Outflow luminosity for 3Dcase ( 0<ɗ<10)

ɗ
0
=0
ɗ

1
=10

Short time variavilitry (ȹt~a few tensGM/c3) in electromagnetic 
components (green and pink) :
=> possible origine for flares in blazars (on axis observer),



Blandford-Znajek process



ɗ0=0,ɗ1=ˊ

Electricmagnetic power at  the horizon

Electromagnetic components in Tɛ
ɜ

BZ powered ?

Efficiency (Ele-mag power/M_dot) is good

for 2D case.


