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Fig. 1. A qualitative picture of the accretion of matter on to a ¢.s. with a frozen, regular magnetic

field. Arrows indicate the direction of motion of the matter. The magnetic field far from the star lies

in the direction of the z-axis and its sense is indicated by arrows on the lines of force. The infalling

matter forms a disk in the plane # = /2, which slowly settles to the star, In the flow region Eg ~ Ejyin,
and rotation is entirely absent.
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Magneto-bremsstrahlung spectrum of a black hole of M = 10 Solar M, for a spherically

symmetric accretion and random magnetic field, at
Poo = 107 g.cm™3, T = 104 K, 0% = 1/3.

The solid lines represent asymptotic dependencies, dashed lines give extrapolations.
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Sketch of the magnetic field threading an

accretion disk.
Shown increase of the field owing
to flux freezing in the accreting disk matter

At presence of large-scale magnetic field the efficiency of accretion
is alvays large (0.3-0.5) of the rest mass energyflux



Self-similar solution for the stationary flow outside
the symmetry plane

2
v, vy du, Vg GM By

(')_r+ r 00 r

d(rBg) 0B,
Or a0 |

U

r2  dnpr

Jvg vy Ovg  UrUg B,

d(rBg) B,
or 06

U, — =
ar ro od r drpr

?

1 g, , |

TP+ s

(sinfpvg) =0,

| 0

siné By) =0,
™ sinHﬁH(Sln 9)

UrBH - U(JBr — O



v, = —\2GM/r f(0), ve= V2GM/rg(8). p=p(#). B =apv, a = const.

a* B>
2 2 __ =108z, g=SINz y=-—p= .
f + g — . / ' 4JT 4JTpU~

ly cotz—cotf . i
tl_.H — (1= y) 22 sin2z.  Theonly physically relevant
uc 1IN 7 — Vv .
Sz=) solution: y=1
dz 1 sinzcosz(cotz—cotd) B

— == - . ) vg = + :
2 N -\ )
dt SINZ—) A0 P

dz

3 . .
T tanz-cot#. with the boundary condition z(0) =0,
e L

“~



Accretion disk around BH with large scale
magnetic field (non-rotating disk)

The Basic Equations for the Stationary Disc Structure in the Plane 0=mn/2
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Equation of state

Gas: P = P, = pRT (R- Gas constant)
Radiation: P =P =aT"/3,
Opacity, electron scattering Re =~ 0-2(1"‘){)

Krammers opasity: ff+fb: K ~ 2.10% p/TT/Q
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Lucky name for the old model

(a) (b)

Fig. 1. (a) The basic elements of the proposed accretion model. An axisymmetric accretion disk is disrupted at a magnetospheric radius Ry by a
strong poloidal magnetic field which has accumulated at the center. Inside Ry, the gas accretes as magnetically confined blobs which diffuse through the
field with a relatively low velocity. Surrounding the blobs is a hot low-density corona. (b) The accretion flow around a magnetized compact star. An
axisymmetric disk is disrupted at the magnetospheric radius Ry, by the strong stellar field. Inside Ry, the gas follows the magnetic field lines and free-falls

on the polar caps of the star.



Numerical simulations of MAD

lgumenshchev, I.V. Astrophys. J. 2008,524 677, 317-326.
MAGNETICALLY ARRESTED DISKS AND THE ORIGIN OF POYNTING JETS: A NUMERICAL STUDY

(b) (a)

Snapshot of magnetic lines in model with g;,, = 100, at two subsequent moments. The BH is located
on the left, and the small open circle corresponds to the inner boundary around the black hole at R;;, = 2 R,. The
axis of rotation is in the vertical direction. The domain in the figure has a radial size 100 R, along the equatorial
plane and represents a fraction of the full computational domain with R,y = 220 R,. The poloidal field lines
lying in the meridional plane are shown. The accretion disk transports the vertical magnetic flux inward, which
accumulates in the vicinity of the black hole. Small-scale magnetic loops are the result of turbulent motions in
the disk and disk corona. (a) Period of accretion, in which most of the accumulated magnetic flux is outside the
black hole horizon. (b) Accretion period, in which all the accumulated flux goes through the horizon, [30].
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Two-temperature, Magnetically Arrested Disc simulations
of the jet from the supermassive black hole in M87
I,
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! Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
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Figure 4. Additional time- and azimuth-averaged properties of the two simulations. From left to right, the quantities displayed are
the density p in g cm—2, the bulk Lorentz factor «y, the plasma magnetization oj, the ratio of ion thermal pressure to magnetic pressure
Bi, and the ratio of radiation pressure to thermal pressure Sg. In the first column, white contours show the poloidal magnetic field in
the averaged data. In the remaining columns, the solid white contour denotes the o;=1 surface. The dashed black contour shows the
Be = 0.05 surface defining the jet boundary. The dashed white contour in the third panel shows the ;=25 surface; this is the maximum
o; included in the radiative transfer (see Section 3.3).
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Quasars and AGN contain supermassive black holes

About 10 HMXR - stellar mass black holes in the
Galaxy: microquasars.

Jets are observed in objects with black holes:
collimated ejection from accretion disks.



Jet in M87:

radio, 14GHz, VLA,
O. 2”

HST (F814W)

Chandra image, 0.2”,
0.2-8 keV
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Fig. 1.— Images of the jet in M 87 in three different bands. rotated to be horizontal. and an

overlay of optical contours over the X-ray image. Top: Image at 14.435 GHz using the VLA.
The spatial resolution is about 0.2". Second panel: The Hubble Space Telescope Planetary
Camera image in the FRIAW filter from Perlman et al. (2001a). The brightest knots are
labelled according to the nomenclature used by Perlman et al. (2001a) and others. Third
panel: Adaptively smoothed Chandra image of the X-ray emission from the jet of M 87 in
0.2 pixels. The X-ray and optical images have been registered to each other to about
0.05" using the position of the core. Fourth paned: Smoothed Chandra image overlaid with
contours of a Gaussian smoothed version of the HST image. designed to match the Chandra
point response function. The X-ray and optical images have been registered to each other to
about 0.05" using the position of the core. The HST and VLA images are displayed using a

logarithmic stretch to bring out faint features while the X-ray image scaling is linear.
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Left:

MERLIN, 1.647 GHz.
Middle:
HST(F622W), 6170A.
Right:

Chandra, 0.1 “
Marshall et al. (2000)
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The end



