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Particle Acceleration
in a Black Hole"Magnetosphere
with a Thin Disk
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Particle Acceleration in a Black Hole Magnetosphere
with a Thin Disk

M.Takahashi ichiuniv.edu) « H.Ishihara ovuvy . Y.Endo omu)

We discuss the motion of charged particles in a vacuum magnetosphere
around a rotating black hole with a geometrically thin disk. The
magnetic field is created by a disk’s toroidal current, and the electric field
IS generated by the spacetime dragging effect. We discuss the effective
potential for a charged particle, and find the negative potential regions
above the disk surface. Hence, we show the possibility of "Magnetic
Penrose Process'. For a supermassive black of mass 10”9 M_sun and
magnetic field strength 1 T, it is possible to explain ultrahigh-energy

cosmic rays of energy > 10720 eV.
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Magnetic flux function — Poloidal
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- Separatrix —> Inner/Outer BH Magnetosphere a = 0.99M

- An electric field is generated in the magnetosphere due to the BH spin.
It behaves as if charge separation occurs on the event horizon and thin disk.




Equation of Motion for a charged particle

e.g., Gravitation (1973), Takahashi & Koyama (2009)

Hamiltonian of the system Constants of motion
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Hamilton’s equation (eq. of motion)
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Effective Potential fror a charged particle

1:st term 2nd term
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Minimum near the separatist surface

% Evaluate the contribution of each term_at the equatorial plane:

Negative angular momentum
Negative charge

Positive angular momentum
Negative charge

-' «  inner-edge ’Separatrl;
. due to electrostatic
. potential
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The third term is minimal.

due to spacetime
dragging

The 2nd term is only prominent
in the ergosphere

— Negative potential

— The first term dominates.

Larger angular momentum
Negative charge
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Magnetic Penrose Process (MPP)

Depends on magnetic field strength and angular momentum

% A neutral particle near the disk surface splits

into positive and negative charged particles.

% Particle 1: Negative energy orbital bound by
negative electrostatic potential.
Particle 2: Can escape from the magnetosphere
on an amplified energy orbit.
— Origin of cosmic rays ?

= Electrostatic energy extraction from the

BH magnetosphere.

% In the BH-Disk magnetosphere, negative orbits

are possible near the separatrix (above the disk).

The electric field cannot occur unless the BH is rotating.

The energy extraction mechanism unique to the rotating

BH magnetosphere.

Weak magqg. Field
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Particle 1

Strong mag. field
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A large amount of energy can be
extracted from this narrow area.
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High-energy phenomena
S u m m a ry in the black hole magnetosphere

Y We investigate the orbits of charged particles and effective potential

for a BH magnetosphere solution with a thin disk.

Y Negative potential region originating from the electrostatic potential

exists. The electrostatic potential is generated by the spacetime dragging

effect of the BH.

Y We consider the Magnetic Penrose process
In the negative potential region.

Expected as the origin of Ultrahigh-energy
cosmic rays (E > 10'%ev) 1?

e.g.) a~ M Mpguy= 109M@ By = 10*Gauss

ie min ~ 1P S — Y. ' (m ) ( M ) Disk M

(Vett)min &~ —0.9 x 10" me? = —4.6 x 10* eV
This can explain UHECRSs
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Plasma is supplied
from the disk surface.



