A Possible Mechanism for Hot Corona Formation and Angular
Momentum Transfer in Accretion Disks around Black Holes

Introduction:

Hot coronae have been found to exist in black hole and
low-mass neutron star X-ray binaries. However the origin
of the hot coronae has not been understood completely. In
this poster we investigate a possible mechanism for hot co-
rona formation and also for angular momentum transfer.

We use Shakura-Sunyaev disk model to consider the
following scenario:

General Relativity effects — high orbital ellipticity and
orbital precession near a black hole — violent collisions
in the accretion disk —

e Electrons escape from the disk to form a hot corona

e Angular momentum transfer outwards via collisions
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Figure 1. Three-layered atmospheric structure in accre-
tion disks. (S. N. Zhang et. al. 2000)

Part I: The deviation from Keplerian motion
in a disk around a black hole

In the whole poster, r; denotes the Schwarzschild radius. We Consider a stellar mass black hole with 7 so-
Iar masses and a supermassive black hole with 2%10° solar masses.

General Relativity vs Newton’s Theory
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ferent curves present different initial velocities. Due to
high orbital ellipticity and orbital precession, there will

Figure 2. The orbital motion of electrons due to the dis-|Figure 3. Electrons 37; away from a 7 solar mass black hole
turbance of the Maxwellian velocity distribution with a|in Newton's theory. Apparently, the ellipticity is far lower
temperature of 4x107K for 7 solar masses black hole. Dif- than in Fig 1 which is calculated in General Relativity. Fur-
ther more, these electrons have no orbital precession in
Newton’s theory. So there won’t exist considerable colli-
sions among the particles in the disk.

Since the difference between this two theories is so great, this effect is a manifestation of the General Relativity.

Part II: Properties of the Hot Corona Formed

Properties of the Hot Corona formed through collisions of electrons and protons
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Summary

. We study some properties of black hole accretion disks, and then consider

a possible mechanism for hot corona formation and angular momentum
transfer.

. In the inner region of black hole accretion disks, particles’ orbits are very

unstable because of high orbital ellipticity and precession; General Rela-
tivity plays an important role in this process.

. So there will be violent collisions occurring in the disk and then some

particles escape from the disk to form a hot corona. Angular momentum
also transfer outwards via collisions.

. We use the Shakura-Sunyaev disk model to estimate this effect. We calcu-

late the properties of the corona and do some Monte-Carlo simulations to
estimate the rate of angular momentum transfer.

. Also we find this effect will generate instability in the innermost region

of accretion disks.

Properties of the Hot Corona:
Total particle escaping rate versus distance
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Figure 5. Total particle escaping rate versus distance for a 7 solar mass black hole

and a 2*10° solar mass black hole, with different accretion rate and .

Properties of the Hot Corona:
Optical Depth versus Viewing Angle
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I Figure 6. Optical depth of hot corona versus viewing angle. l

Brief Summary of the Hot Corona Formed

e Size : about 50rg.
eTemperature : 10® ~ 10°K for electrons & 10" ~ 10'’K for protons

eTime scale : as Keplerian period

Part III: Angular Momentum Transfer:

eAngular momentum transfers when collisions occur. But normally the transfer is not effective,
because the particles move without preferred directions.

oClose to the horizon, particles with lower angular momentum rapidly fall into black hole, while
the others go outside——angular momentum transfers from inner region to out region.

eEquation of motion of a particle in Schwarzschild field:
=

eEquation of motion of a particle if the gravitational field is ignored:
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eEquation of motion of a par‘éicle if the gravitational fi;a'Td is ignored and collisions are allowed:

Where 1, i§ the timescale of collisions between the
partiqlé and electrons while t, of protons
Wher:e"ve is the velocity changed in collisions with
electrons while v;, of protons; both are random

The random force:

The acceleration:
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In polar coordinate:

* Where v, is the radial part of v, while v,, the

In radial direction: radial part of v,

SO Where v, is the radial velocity and

. vt is the tangent velocity.
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«Combine the equations abovfs, we firid-the equation of motion of a particle in Schwarzschild
field with collisions: :
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The last term comes from collisions.
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eDo Monte-Carlo simulations to calculate motions of particles in different initial radius, esti-
mate the rate of angular momentum transfer.

eNow we only calculate the efficiency of the angular momentum transfer for a 7 solar mass
black hole at z=4H (z is height from the center of disk plane and H is the scale height); we
find the angular momentum transfer is very efficient in the inner disk region.

Angular Momentum Transfer:
Mass transfer rate due to collisions at different radius

Figure 7. Mass transfer rate due to collisions
at different radius for a 7 solar mass black
10° 1 |hole. The accretion rate in the SS disk the is
unit Eddington accretion rate.
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. Mass transfer rate due to collisions increases
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. The mass transfer rate in the inner most re-
S 1 gion is greater than the accretion rate sup-
plied in the disk, so the disk is unstable.
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So this effect will produce instability in the innermost region and a stable and opti-
cally thick disk will not exist very close to the horizon of a black hole. Effectively
matter will fall into the hole sporadically and the disk is truncated at a distance be-
yond the last stable orbit: the truncation radius is larger for lower accretion rate.



