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ERGOSPHERE

Space-time dragging effect
a=099m, r,=17m by rotating black hole

Negative potential region

— “Penrose process”
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T Magnetic field lines are alsp
o dragged near the horizon.

Energy extraction due to
magnetic torque:

“Blandford-Znajek process
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PENROSE PROCESS (1969)

Accretion of negative
energy particles

Outgoing particle can release
higher than incident energy.

There is a restriction that
i the relative velocity of
i two particles exceeds c/2. !

Ergosphere -~ | ThePenrose 1
; process isnot i

realistic when a
star is destroyed
by the tidal force ?

Restriction on \
Penrose-Process
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Restriction on \x
Penrose-Process (2)
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PENROSE PROCESS (Parasana 1978)
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When electromagnetic field exist.

the restriction of the limitation on
Penrose process is relaxed.

What is the Extracted energy ?
Rotational energy of a Black Hole
Electrostatic potential energy

\ due to the dragging effects of Kerr space-time j /

Restriction on \\
Penrose-Process (3)

( Electrostatic potential & (= A;) J in Kerr spacetime
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Super-radiance (1)
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Znajek condition (1977)

« Lorentz force to/act on BH from the outside
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MAGNETIC INTERACTION BLANDFORD & ZNAJEK PROCESS (1977)
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The dragging of space-time trails
the magnetic field lines.

(1) Poynting-flux (r-compornant):
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Light Rays

(2) The boundary condition at the horizon : toroidal compornent of magnetic fields
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ENERGY FLUX POYNTING POWER FOR GRB

Lee+ 1999
Rotational energy of BH
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MHD ACCRETION ONTO
BLACK HOLES

BH: slowly rotating  BH: slowly rotating

BH: rapidly rotating
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hydro-like magneto-like magneto-like

weak-magnetic field limit strong-magnetic field limit
=> Hydro Dynamical Flow => Force-free magnetosphere

Some critical points make regularity conditions.

~Plasma source => Slow Point => Alfven P. => Fast P. => Event Horizon 3
(boundary conditions)

MHD FLOWS IN A BLACK NEGATIVE ENERGY
HOLE MAGNETOSPHERE INFLOWS
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" When the Alfven point locates inside the Ergosphere,
Energy Extraction from@ Rotating BH
by MHD Inflows is possible. TAKAHASHI + 1990
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- /Negative\ gas accretion BZ process Lines
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This situation would be possible in the
- magnetically-dominated BH magnetosphere .
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" GRMHD Simulation Maeda+ 2014
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B HoT SPOT IN MAGNETOSPHERE
B VERY CLOSE TO THE EVENT HORIZON !
B ULTRA-HIGH ENERGY RADIATION
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