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Motivation:
Non-thermal filaments in Galactic Center
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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%)



* Kinked shape can be seen in some
filaments (“Snake”)

* B can reach ~ 1 mG inside the filaments,
but only ~10 uG elsewhere in the ISM (?)

* The filaments may be transient
(unconfined) structures (?)



Curved spacetime

e Space-time metric: g, (r,#) = Kerr black hole

e Weak, electromagnetic test-fields in a given, fixed
background spacetime.

o Anile A. M., & Choquet-Bruhat Y. (eds.) (1989),
Relativistic Fluid Dynamics, Lecture Notes in Mathematics 1385 (Springer, Berlin)

o Lichnerowitz A. (1967),
Relativistic Hydrodynamics and Magnetohydrodynamics (Benjamin, New York)

o Znajek R. M. (1976), Black Hole Electrodynamics,
PhD Dissertation (Univ. of Cambridge)

¢ Phinney E. S. (1983), A Theory of Radio Sources,
PhD Dissertation (Univ. of Cambridge)

¢ = (G = 1, and the signature of metric —+++



Conservation laws

e Conservation of the particle number:
(:/)U'u'u )n =0, po = min,

m 1S the particle rest mass,
n humerical density,
u™ four-velocity.

Note: we do not consider a possibility of pair creation.

e Normalization condition for four-velocity:
uu, = —1

¢ Energy-momentum conservation:

Tﬂ."? ;"."-} _ 0 .



Energy-momentum tensor
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Electromagnetic field tensor:

Fu.u — AU,[,L — Au.,u-



. TR S
- ‘.'."-xll'-
- .. -
——

-

Magnetic null points from an
organized magnetic field
near a rotating BH

Kunneriath
2011, 2013)
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Context of particle orbits




Context of particle orbits

« "Halo orbits’ — off-equatorial circular orbits at constant r and 6

Schwarzschild geometry + rotating dipole
MF

Kerr geometry + uniform magnetic field

Kerr-Newman geometry

slowly rotating neutron star

Kerr BH embedded in MF
Kerr-Newman BH




Effective potential and examples of trajectories

rxsin(f)Xcos

rxcos(#)Xsin(g)

(Kovar et al., CQG, 2010)



Dusty plasmas

Coulomb vs gravitational forces on dust grains,

miy mso d1 42 d
G — € 2D
d? 4Aend?

m; o~ %Wa,'?’p, q; >~ 4mega
(Horanyi 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

¢ = —BkT/e.

In1eV hydrogen plasma ¢ =-2.5V.

a~1 um radius particle will collect ~1800

extra electrons. Charges fluctuate around
their equilibrium value.
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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, Kovar, Slany, Stuchlik, Cremaschini, & Miller (2011, 2013)




