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The motion of a magnetized particle orbiting around non-Schwarzschild black hole
immersed in an external uniform magnetic field is considered. The influence of deformation
parameter h to effective potential of the radial motion of the magnetized particle around non-
Schwarzschild black hole using Hamilton-Jacobi formalism is studied.

Introduction.

In the literature magnetized particles motion and the relevant important properties have
been investigated for the Schwarzschild black hole [1], the Kerr black hole [2], black hole in
braneworld [3], and other spherically symmetric black holes [4] where authors have
accomplished area around compact objects where magnetized particles motion is allowed.
Here, we plan to extend these results to the case of non Schwarzschild black hole immersed in
external magnetic field. In this work we have focused on to describe a magnetized

particle motion and to show the influence of space-time deformation and external
magnetic fields on this motion.

Main section.

_The spacetime of a black hole is described by non-Schwarzschild metric with
deformation coefficient 2 in a spherical coordinates (t.7,8. ¢} which can be written as
following [5]

ds?=-f(1+h)dt2+ f 1A +r)dr?+72d6? + risin?8d ¢? (1)
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here f =1-2M/r s the lapse function, h=€""/ 35 deformation parameter and € is

deformation coefficient of the spacetime which can be either positive or negative, namely,
€>0 or € < 0 |f there is no deformation, i.e. € =9 | the metric form (1) becomes the
Schwarzschild one. The four-vector potential Aa of the electromagnetic field can be written
a« = s=a5Sin? 0.

through the strength of uniform magnetic field Bo as it is given in [6] 26, B One
can easily obtain the nonvanishing components of the electromagnetic field tensor as
Frg = Borsin? 8, Fg, =Byr?sinficosf
The Hamilton-Jacobie quation for the magnetized particle is

as as

afi Bttt 2 - afi —
3x% 5B +m? -mDF =10 (2)
It is clear that the scalar product D - F in (2) is responsible for the interaction between

magnetic field and magnetized particle, according to [7] Dap s given as
Daﬁ=£“’3”ua;ir, D“ﬁuﬁ =0

, where 47 and 47 are the magnetic moment four-vectors
and four-velocities of the particle, respectively. Using nonvanishing components of the

electromagnetic field tensor it is possible to calculate the scalar product D - F = 2uB, Zlysl,
T
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It is clear that at the equatorial plane i.e. 2 components of the four-momentum
Pg =0  but other components are conserved. The spacetime symmetries are preserved by the
axial symmetric configuration of the magnetic field and, therefore, they still allow for two

conserved quantities: Pe =L and p+ = E . These are energy and angular momentum of



particle, respectively. From (2) using the scalar product D - F one can get the expression for
effective potential of magnetized particle moving around non-Schwarzschild black hole

immersed in an external magnetic field as
2
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V(,D,’}!,e,ﬁ,e)—(l—g)(l +$)(1 b zm]). (3)
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Here we introduce the notices following [7]° ~2M"" “2mm’® “m'” =" m * Nowitis
possible to calculate circular orbits following the standard procedure:
dp _ . d(p.y.e.f.€) _

3= D,T_ 0. (4)

From these equations one can easily get relations between the parameter £ and other particle

and spacetime parameters which are given in (4) in the following form:
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Figure 1 The dependence of magnetic coupling £ from the radial coordinate 2 for the
different values of the deformation parameters €7 and €

Defining the effective potential for magnetized particles as £{(o.v.€.€}, one can study
the radial motion of magnetized particle. Figure 1 demonstrates the radial dependence of the
effective potential of radial magnetized particles motion around non-Schwarzschild black
hole. Moreover, it is possible to conclude from the plots of Fig. 1 that for positive (negative)
values of the deformation parameter the circular orbits of the magnetized particles become
unstable.
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