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1. Introduction

The problem of the existence of a massive black hole at the centre of a

compact stellar system is a subject of intense investigation during the last

decade. Important consequences of the interaction of stars with the black

hole are understood: the influence of the central hole on the dynamics of

stellar system including the redistribution of surrounding stars by the

hole and the stellar consumption rate (among reviews and papers see[l-4 , П-1з]} ,

accretion of the gas liberated at the tidal disruption of stars by the black

hole t 5 " 1 0 ] etc.

In 1976 tahcall and Wolf *• * mentioned that the massive black hole of

a mass ГА cannot be localized exactly at the centre of a star cluster ( i .e.

at the centre of mass) due to the interaction with stars and should oscillate

with an amplitude

fcf •
where t*

c
 is the cluster core radius, W is the mean stellar mass. Later

on 1t has been shown that this effect does not alter essentially either the

rate of tidal disruption of stars Inside the Roche lobe, or the distribution

law of bound stars nearby the holeL * 1. The role of various processes on

the displacement of the black hole from the centre was discussed recently



by Lin and Tremaineu . Particularly , tney snowej that tne interaction of

uiiuound scars with tne Hole is more important as comparua with bound ones in

tnc case of globular clusters.

In the present paper we rtinvestigate t.ie character of stel lar perturba-

tions on the dynamics of toe massive black nole at tne centre of star cluster

T.ie proolem in our consioeracion is analogous to t<tat of tne behaviour of a

.iiassive test part icle in a gas of l ight particles investigated in the clas-

sical theory of Srownian motion. Therefore the results obtained here may be

equally applied to compact objects of other nature situateo at the centres

of globular clusters or gabct ic nuclei. Delow, to be b r ie f , we shall speak

about a black nole.

2. Solution of Stochastic Equation

In order tc describe the behaviour of a black hole under the influence of

a rapidly changing force we shall proceed from a well-known method in clas-

sical theory of iirownian motion based on the solving a stochastic equation •

in the simplest case in Lanoevin form

wnere X is the stochastic variable (one-dimensional). The force acting on

the test particle from the right-hand side of this equation is decomposed,

as usual , to the fluctuating component F C t ) , the dynamic friction -f

and the external force U .

For r(t) we have by definition

<F(O> = Q (3a)
and

(



where у is a constant. The second condition reflects the Markovian cha-

racter of the considered chance process.

The resistance force affectinc the black hole at the motion inside the

Maxwellian stellar qas of a temperature v* and mean concentration lrt , as

it is shown in the Appeudir, can be represented in the form

\ ( 2 $\ 1)©
 +

 4,(0(2 ?- 2 -)

where ^ - (velocity of black hole- v )/(mean velocity of stellar gas-V" }

Here we approximate t'"e black hole with a model of a sphere of a cross

section о - T r ? i b ( " R t = ( ~ V 3 is the t1c*l radius, U, = 2&М/<л^>

the radius cf gravitational influence) moving in the rare gas of ncht par-

ticles.

When e , « 1 . (4) takes a form which in a f i r s t approximation is propor-

tional to V :

V

The gravitation! field within a stellar system of density p ( r ) is

where P
o
 is the central density. In deriving this expression we usea the

isothermal ficnsity distribution law ¥l(\r) ̂  ̂  .which is in accord with

the observed density run of realistic stellar systems, too. The existence of

density cusp of finite ii.<?.rs cannot significantly alter the results, since

1n this case the law 1ПлР) ~ Г does not differ much from the isothermal

one. Note that in their investigation of tha displacement of tne Dlock hole

Lin and Tremaine neglected the decreasing cf the density by radius (adopting



2
P - const. , potential >» f ) , which appears rather crucial.

Using expressions (5) and (6) the initial equation (2) after averaging

takes the form

hA Л Л t r\ л i (7)

where
r -

<vr>

In (7) we have taken Into account the fact that X and FCt) are not

correlates:

=0 .

The solution of eq.(7) can be represented 1n the form

(9)

where

X -» X
o
 when "t -* 0 .

The second member 1n (9) 2-^icy»-t •= 2 T>tr 1s the well-known mem-

ber derived originally by Einstein while constructing the theory of Browniar?

motion ( D 1s the coefficient of diffusion)

3. Discussion

One can see from (9) that when

the effective gravitational potential of the system cannot confine the black

hole at the centre of the cluster and the former will have to execute Brown-

Ian motion within the system.



The condition (10) rewritten in the form of

limits the mass of the hole which is able to escape from the potential well

For the last condition with characteristic values of physical parameters

we have approximately:

for globular clusters

M < 5 . 1O6(~V5 (
for galactic nuclei

M < 7 - 1 0 2 ( П° ) ( -E ) M Q .
\ -№%£*/ 4 Q . 5 ? C /

Now omitting the non-stationary part 1n (9) for the mean squared

displacement of the hole of a mass determined by (12) at time "t , we have

or

Respectively , we have:

for alobular clusters

1 / a

0 ) \ 1 0 ¥ / \ 5 - 1 ( 1 Ч

Р Л

for galactic nuclei

-i



In order the continual transition made at the description of the dynamics

of the black hole be correct one should become sure that the characteris-

tic time scales of variation of physical parameters exceed the mean period 1

of fluctuating force F6t) . The latter value approximately equals to

-2 -S

anc for considered values of Yl and V yields less than «0 - 1 0 jn .

As it follows from (14) , during tnis time the hole is able to cover only

a distance which does not exceed the statistical uncertainty of the locali-

zation at the cluster centre. This shows the correctness of the derived re-

sults.

Thus , a black hole situated at the centre of olobular cluster may escape

from the centre of mass of tha system. This conclusion will make one to re-

investigate two Important problems related with alobuiar clusters widely disi

cussed at present.
[16 , 17]

Already in 1975 it has been suggested that those of observed

X-ray sources which were identified with globular clusters may b* massive

black holes situated at the centres of these systems. Up to the present timt

much progress has been made towards understanding the nature of these X-ray

sources - both from experimental and theoretical positions. From at least /

fifteen globular clusters with X-ray sources for eight clusters the precise

[18]

positions of the latter are determined (up to September 1980 ). Theoreti-

cal investigation of experimental data seriously supports the model of close

binary system generating the observed X-ray luminocity via accretion onto

a neutron star accompanied with nuclear burning on Its surface (е.д.Гш ).
1
 1201

Photometric data do not show the necessity of a central black hole» too ,

as had been previously suggested, particularly , for globular cluster M 1 5

However one important remark should be made here: the masses of X-ray source^



are usually determined from the relation (1) by known core radius and poten-

tial offset. Now, in view cf the presented results one should be cautious In

derivation of the source mass by its displacement from the cluster centre

only (cf. [22] ).

The second problem to be reinvestigated is the one related with the dyna

mical evolution of the globular cluster containing a central massive black
[23]

hole. As it was originally shown by Shapiro *• ' , the black hole , 1n prin-

ciple , may not only halt the core collapse, but even get to reexpand the

cluster up to its complete dissolution.

Thus . our qualitative analysis allows us to formulate the following con>

elusions:

a) a massive black hole practically may not be localized at the centre

of a globular cluster and has to move within the cluster core influenced by

stochastic perturbations of stars;

b) the stochastic behaviour of tfte black hole 1s suppressed in compact

galactic nuclei , but may become sufficient in nuclei with mean stellar

concentration less than 10 - 10 pc" .



APPENDIX

Let us obtain the force of dynamical friction affecting a sphere of a

radius Я. movinq with a velocity V in a rare qas of light particles of a

temperature V . Assume that the particles of a mean velocity V and

mass *K lose their all initial momentum colliding with the sphere.

In the polar system of coor

dinates , as it Is shown in th$

figure , the angle Ot between

0 A ( ft,, is the encounting

point of the particle with

the sphere surface) and V

is determined by the expres-

sion

CosoC x cos sp cos 3 cos

where ^ К are the angular coordinates of the encounting point, f 1s

the angle between V and V .
-tk

The momentum got by the sphere in the direction Oft

m 1 u-Vl cos Й
has a projection on

- m I U - V 1 cos ^ cosol .

The number of collisions of the particles with sphere's surface element

1n a unit of time will be

\ v^V l Я г si* p cos fJi f» A x •

10



Assuming that the velocity distribution of particles is given by the

Maxwell law, we shall have for the force affscting the sphere

Т/г

О о

After integrating we obtain

where ^

. _2
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