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Why this talkWhy this talk??

...we like to play around a black hole...we like to play around a black hole

...many AGN show relativistic jets ...many AGN show relativistic jets 

...what is the mechanism of powering them?...what is the mechanism of powering them?

...are they enough?...are they enough?

...also for low accretion rate and very spinning BHs...also for low accretion rate and very spinning BHs

...jets power ...jets power –– observational dataobservational data

...at the end: a TOOL for estimating the BH spin parameter......at the end: a TOOL for estimating the BH spin parameter...



This talk:This talk:

1.  1.  IntroductionIntroduction

2.  2.  Jets driven by accretion and BH rotation:Jets driven by accretion and BH rotation:

2.1.2.1. Basic assumptionsBasic assumptions

2.2.  2.2.  Power of driving jetsPower of driving jets

2.3.  Efficiency of driving jets        2.3.  Efficiency of driving jets        

3.3. ConclusionsConclusions



How much energy canHow much energy can
the  JETS get the  JETS get 

from from accretionaccretion andand
black hole black hole rotationrotation????

What is the ratio of the jets power to the accretion and BH rot What is the ratio of the jets power to the accretion and BH rot power?power?
-- efficiency of driving jets efficiency of driving jets --

What is the main ingredient for the mechanism of powering the jeWhat is the main ingredient for the mechanism of powering the jets?ts?
-- BH BH magnetic torquesmagnetic torques on the accretion disk on the accretion disk --

What is more important: What is more important: accretion poweraccretion power or or spin powerspin power??



Kerr Black Kerr Black HolesHoles:    :    MM --massmass; ; JJ--spinspin



2.2. Jets Jets drivendriven byby accretionaccretion and BH rotationand BH rotation
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2.1.  Basic2.1.  Basic assumptionsassumptions::

•• KerrKerr blackblack hole hole M ~ 10M ~ 109 9 MMSunSun ++ thinthin accretionaccretion disk rdisk rinnerinner= r= rmsms

•• innermostinnermost regionregion of of thethe disk: staticdisk: static limitlimit 2r2rg g --»» rrmsms = = thethe footringfootring of of thethe jetjet

•• rotational energy and angular momentum are extracted from the blrotational energy and angular momentum are extracted from the black ack 
hole through magnetic  f ie ld l ines that  connect  the disk to  the Bhole through magnetic  f ie ld l ines that  connect  the disk to  the B H      H      
(magnetic coupling )(magnetic coupling )

•• instead of radiating the energy released from the instead of radiating the energy released from the 
innermost region of the disk,  that energy is used innermost region of the disk,  that energy is used 
to power the jetsto power the jets
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••angularangular--momentum conservation law:momentum conservation law:
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2.2. Power of driving jets2.2. Power of driving jets PPjetsjets::

••energy conservation law:energy conservation law:
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accretion                         BH rotationaccretion                         BH rotation

accretion                     jets          BH           accretion                     jets          BH           
rotationrotation

magnetic torquemagnetic torque
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••flux of angular momentum transferred by flux of angular momentum transferred by poloidalpoloidal magnetic field:magnetic field:
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Blandford, 1976Blandford, 1976

Macdonald & Thorne, 1982Macdonald & Thorne, 1982

Znajek, 1978Znajek, 1978
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Fixing the parameter Fixing the parameter ȗȗ::



...power of driving jets vs. BH spin parameter...power of driving jets vs. BH spin parameter



2.3. Efficiency of driving jets:2.3. Efficiency of driving jets:
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Strongest points:Strongest points:

•• ȘȘ ~ 1 ...~ 1 ...the additional energy comes the additional energy comes 
from the BH rotation energy by from the BH rotation energy by 
magnetic torquesmagnetic torques on the disk  on the disk  

•• also for relativistic jets of some also for relativistic jets of some lowlow--
luminosityluminosity AGNAGN……

•• …… the jets` power depends stronger on the jets` power depends stronger on 
BH spin power than on accretion powerBH spin power than on accretion power

•• possible low limitpossible low limit for accretion rate: for accretion rate: 

~ 0.001~ 0.001

Weakest points:Weakest points:

•• time dependence of time dependence of poloidalpoloidal
magnetic fieldmagnetic field……

for all accretion rate valuesfor all accretion rate values

3. Conclusions:3. Conclusions:

...at the end: a TOOL for estimating the BH spin parameter......at the end: a TOOL for estimating the BH spin parameter...
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