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Motivation: 
Non-thermal filaments in Galactic Center

The inner GC region and 
NTFs at 90 cm radio map; 
the inner ~1� region, 
resolution ~10″ 

(LaRosa & Nord 2004)
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Text

Sgr B region
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• Filaments remain straight along their 
length (~1 x 40 pc)

• They cross the Galactic plane (almost) 
perpendicularly with little bending, ±20�

• Unique to GC, within ~150 pc from Sgr A*

• Non-thermal spectrum 

• Strong linear polarization (~50%)
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• Kinked shape can be seen in some 
filaments (“Snake”)
• B can reach ~ 1 mG inside the filaments, 

but only ~10 µG elsewhere in the ISM (?)

• The filaments may be transient 
(unconfined) structures (?)
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Magnetic null points from an 
organized magnetic field 

near a rotating BH

Karas, Kopáček & 
Kunneriath 

(2011, 2013)



Accretion tori 
near black holes



Context of particle orbits



• �Halo orbits� – off-equatorial circular orbits at constant r and θ

Context of particle orbits

Schwarzschild geometry + rotating dipole 
MF slowly rotating neutron star

Kerr geometry + uniform magnetic field Kerr BH embedded in MF
Kerr-Newman geometry Kerr-Newman BH



Effective potential and examples of trajectories

(Kovář et al., CQG, 2010)
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Dusty plasmas

Coulomb vs gravitational forces on dust grains,

(Horányi 1996; Ishihara 2007)
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In a case where the electron and ion 
thermal currents are the only charging 
currents, the equilibrium potential of a 
grain in a plasma is

ϕ = −βkT/e.

In 1 eV hydrogen plasma ϕ = −2.5 V.
a~1 μm radius particle will collect ~1800 
extra electrons. Charges fluctuate around 
their equilibrium value.



Kovar, Kopacek, Karas, &Stuchlik (2010) Classical & Quantum Gravity; (2011) Physical Review D



We construct a charged thick torus model around black-hole in GR.

We also construct charged tori in Newtonian limit of central gravitational
and dipole magnetic fields.

We find off-equatorial structures emerging above the equatorial plane.

Karas, Kovář, Slaný, Stuchlík, Cremaschini, & Miller (2011, 2013) 

Summary


