
CQULDTHEKERRGEOMETRYCONTRPBUTETQTHE 

COLLIMATION QF' COSMIC JETS?* 

J. B I C A K ~ ? ~ ,  0. SEMERAK~ 
Bepadment of Theoretical Physics, Faculty of Mathematics and Physics, 
ChaTles University, V Holes"oviEkdch 2, 180 00 Prague 8, Gzechoslovakia 

2 i t l a s - ~ l a n c k - l n s t ~ t e  for Astrophysics, 80.46 Garching by Munich, G e m a n y  

and 

P. HADRAVA 
Astronomzcal Institute, Academy of Sciences, 251 56 Ondr'ejov, Czechos lava~a  

ABSTRACT 

The latitudinal motion of free test particles outwards from central regions 
in the Kerr geometry is investigated. As compared with particles with 
parabolic energies, particles with hyperbolic energies escape closer to the 
rotation axis, while slower particles tend to fall towards the equatorial 
plane. The effect is not large in the case of black holes, but it is significant 
for naked singularities. In a region still closer to the center, the repulsive 
character of the field near the rotation axis and near the disk spanning the 
ring singularity gives particles outward accelerations and collimates the 
particles along the rotation axis. 

1. Introduction 

Although there are no direct observational grounds available, it is generally 
believed that cosmic jets emerging from quasars and active galactic nuclei are ini- 

tiated on scales of order of the size of a central engine. As experts in the field 
emphasize, "the major unsolved problem is to understand how and where jets are 
collimated9'l. In this paper we wish, in this context, to examine a simple questi 

mhich does =at. w p e a  h have b e p a  Lade$. ye&: gat $ha @axit a&an 
of the central source, i.e. - as is generally supposed - of the Kerr geometr 
possibly help in (p~e)coPlimating particles ejected from the vicinity of the source by 
some process? We discuss this question by studying trajectories, in particular the 
latitudinal and radial motion, of free test particles moving outwards in Kerr geom- 
etry from given positions and under given initid conditions (see Fig. I), TVe thu 

%n extended version appeared as the "Green report", MMPA 596, July 1991, of the 
Max-Pianck-Institute for Astrophysics, Garching. 

deal with idealized situations in which other physicd processes are not considered, 

only the gravity is taken into account, 

2. Results  

Just few results of our numerical cal- 
4 

culations can be given here (Figs. 2-4). The & 
forms of the trajectories depend on the coor- 

dinates in which they are plotted. Two coor- 
dinate systems are used: the Boyer-Lindquist 

in1 

(BL) coordinates ( t , r ,  8, cp) and the Kerr- 
Sehild (KS) coordinates (t, x, y, z). BL coordi- 
nates are geometrically natural coordinates in 
the Kerr spacetime; in these coordinates the 

geodesic equations separate; and they go over 
into the Schwarzschild coordinates if the angu- - - - + 
lar momentum parameter a of the Kerr metric r sin 5 

vanishes. However, when the mass parameter FiguTe 1, The particle is ejected from a 

M = 0, the BL coordinates are oblate sphero- point (qi,), 8(i,)). The initial velocity 
idal coordinates in flat spacetime. The whole is represented by its magnitude ~(i , ) ,  

disk r = 0, 6' # 7~/2  which is spanning the by local latitude a and azimuth /?, as 
ring singularity r = 0, 6' = n/2,  is mapped measured with respect to the orthonor- 
into the origin in the plots with r sind, r cos 6' mal basis of the locally non-rotating 
as axes. The disk is well described just in the frame. 

KS coordinates by 2 = 0 ,  x2 + y2 < a 2 ;  and the KS coordinates become standard 

Cartesian coordinates when M = 0 and spacetime is flat. In Fig. 4 , ~ j  = (a2 -i- y 2 ) 1 / 2  

r j  = (e; -+ .z2)l12, cos Of = z/rf.  In the case of a black hole, particles ejected radi- 

ally (along 8 = const and with zero angular momentum) with hyperbolic energies 
escape - in comparison with particles with lower energies - closer towards the 
rotation axis, but the effect is not very large (Fig.2). In the case of naked sin- 

gularities, the effect is much more pronounced (Fig. 3). This, primarily, is due to 
the fact that particles may strongly be influenced by the field in the regions close 

to the disk and then move towards more distant regions. It is known2 that some 
repulsive effects occur dose to the disk. The repulsive character of the Kerr field 
above the disk is clearly demonstrated in Fig. 4. The trajectories constructed there 
also indicate how the field in this region can collimate them considerably. Particles 
with ~arabolic energies ejected from a point situated above the disk (at about an 




