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1. Introduction 

The great interest roused to the investigation of the cent.­

ral region of our Galaxy (radius .( 1 - 3 pc) is stipulated main­

ly by an hope, that the realizing the nature of "Galactic Cent­

re" can throw light onto one of central problems of today as­

trophysics-problem of activity of galactic nuclei. Another rea­

son is the unprecedented diversity and complexity observed at 

this region: point radio and infrared sources, randomly distri­

buted clouds and regular spiral arms, evidence of a compact 

massive object etc.etc. 

In the present paper we shall discuss the nature of the 

point object assumed to be located at the Galactic Centre. The 

main attention will be paid to the estimation of the mass of 

that object - the key parameter for understanding its nature. 

We shall show that side by side with the available upper li­

mits' of the mass, from actually model-independent dynamical 

considerations, it is possible to obtain a~ mass limit as 

well. The result allows one to reject previously discussed mo­

dels of star-mass objects (pulsar, planetary nebulae, binary 

stars). 

First, we briefly review the most interesting observatio­

nal facts on the dynamical structure of Galactic nucleus necea-
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sary for subsequent analysis (Chapter 2). Black hole models 

are discussed in Chapter 3. In Chapter 4 we obtain the lower 

mass limit of the compact object. 

Further information on observational data and theoretical 

models one can find in recent reviews by C.H.Townes et a1.[1] 

and N.S.Kardashev (2). 

2. Several Observational Facts. 

Sgr A West and IRS 16. High resolution radio observe-

tions of Sgr A show existence of thermal, non-thermal compo -

nents and a point radio source in Sgr A West as well [3}. Va­

riable point radio source Sgr A West with dimensions less than 

1014-1015 cm (e.g.[4}), within present accuracy of observation• 

( "' 1
11

) coincides with infrared source IRS 16 [5) • According to. 

2.2rm data IRS 16 in located probably at the region of maxi~ 

mal stella r concentration in the Galaxy-a compact early-type 
. () -3 . 

star cluster with concentration ~ 10 -pc l51. Observations 

by differential radioastrometry methods do not show any suf -

ficient motion of the point radio source[6}. 

Compact "[NeII]" clouds • J.H.Lacy et al. [7,8] observing 

] 
n 

on 12.8rm[NeII spectral line with{:WHM=3.5, discover a sys-

tem of compact ionized clouds within Sgr A West. Cloud dimen­

sions are 0.1-0.5 pc, internal velocity dispersions 100 km s\ 
-1 

line-of-sight velocities up to * 260 km s • Clouds are parti-

cipating both in chaotical and rotational motions with rotation 

axis .perpendicular to that of the Galaxy. The cloud masses 

are O.i- 1 M0 and the ages obtained by their expansion rate 

-¥ 

are ,....., 104 'a"' • The analysis of velocities of 14 clouds within 

inner 1.6pc, gives the virial mass . 107 fv\0 with indication of 

existance of compact object of a mass 3.106 M0 • 

Note the following fact: according to spectral study of 

QSOs and Seyfert galaxies, the regions of formation of broad 

emission lines L.A. A 1216, H~ A 4861, M~ 1I >i 2800, C IV.>. 1550 

etc. appear to be ionized clouds with parameters similar to 

that of Galactic Centre ( for detailes see (9] ). From this 

point of view it is of particular interest the observed broad 

Hel (2.061"tn) line(FW\-\i'V\ =1500kms"). At the same 

time the Galactic Centre hydrogen and l,Ne 11) li~es have Dop­

pler width almost an order of magnitude smaller those of QSOs . 

Perhaps the closeness of physical paraip.eters of ionized clouds 

in QSOs and Galactic nucleus indicates the similarity of 

cloud formation mechanisms in these objects. 

CCD 1 and 2. Photometric observations on 90001!. 

using charged coupled device (CCD) detectors showed existence 

of two red sources (CCD 1 and 2) of ~i9"" quite near to IRS16 

and point source Sgr A West [11] • The situation was intri -

guing particularly because of extensive structure clearly seen 

near~y the sources. However, further broadband observations 

by Biretta et al. [12] between 7000 - 10000~ show no evidence 

of expected[~1!I1 doublet ( 9069 and 9532 ~ ) • This means that 

CCD objects are moat probably reddened stars a few kilopar -

secs from the Galactic Centre and not HII regions or clusters 

of K5 - MO stars. This conclusion seems to be confirmed by 
II 

the fact that CCD objects with an accuracy less than 0.5 do 

pq:!;_.~J!Lwj._th_any QLJm..own im,';careg_~_o.ru:cea [13] ~ 
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Spiral .Struct~e • In Figure the VLA 111 resolution map. 

of Sgr A West at 6cm, kindly communicated by K.Y.Lo,is presen­

ted, where the spiral structure of ionized gas discovered by 

R.D. Ekers et al (1983, in press) is clearly seen. The veloci­

ties of the gas are shown on the map, too. The centre of spi­

ral picture does not coincide with Sgr A West - displacement 

is 2
11

.5. The dynamics of spiral arms are unclear yet - are 

they leading of trailing, do we observe gas jets (cf. [14]) or 

on the contrary, accretion process? 

J . Upper Limit to Object's Mass. 

After D.Lynden-Bell's (1969) outstanding paper [15] the 

black hole model solidly enters into the repartoire of possibl• 

i nt erpretations of galactic nuclei properties. Ho~ever, becaus~ 

of large number of free parameters on one hand and rather compT 

lexity of physical processes in the vicinity of massive black 

holes on the other hand, the principal qu:estion of the exis­

tence of a black hole at Galactic Centre up to now remains 

open. The situation in this sense can be similar to that of 

=~~ X-1: a decade ago it seemed that the first black hole is 

discovered at last, however up to date this idea has been neigh­

ter confirmed nor refuted. 

The most perspective direction. from the point of view of 

objective evaluation of black hole hypothesis appears the esti­

mation of its mass. The mass of the assumed black hole was 

estimated by several model-dependent methods. 

1. Estimation using the inevitable process occuring in the 

vicinity of IDSf!_sive black hole . Aurround~d b~ <ieJP.:J~ 1;3tellar. eya~ 

- .6::::: 

tem - tidal disruption of stars [16,17] • Comparison of calcu­

l a t ed tidal luminosity wi th obs erved X-ray f lux - Lx ::1.5 . 1035 

erg.s-1 [1s] , gives the hole mass of or der 

3 ( r -Jc.?>%\ l Jc.3&( n. -~o.5(3 v )0.5;>, 
M ~ 1· 10 M _<=_ ~ " - --

0 c.1 iV\ 0 1.s.10
35 

.. ~:1•' 10\.~> 2ool<ms1 
(1) 

obtained in [16)* (n,v are the star density and velocity, n1 

is the mean stellar mass, c is the accretion efficiency). 

2. The a nalysis of possible processes (namel y, ~hoton-~ho­

ton interaction with e+ e- pair production) in or der to ex­

plain t he obs erved a nnihi lation line intensi t y discovered in 

the direction of Galac t i c Centre ( s ee [19,20J ) by Lingenfel t er 

and Ramaty i n cert ain as sumpt i ons led t o a maxi mal dimension of 

the pos i tron source ~ J .108cm l20J. This va l ue corr esponds to 

a ma ss of a Schwarzscild black hole 500 M0 • 

J. Lacy , Townes and Hollenbach [11] t r ying to interprete 

theoretical ly their own observations on [Ne rrj , come to fol­

l owing conclusions: 
- 4 

a) The observed de nsi t y run (~~r ) of compact clouds i~ 
- 3 -1 

compatible with the rate of generation of clouds ( 2·10 dr ) 

if one as s umes that the clouds are formed at stellar dis -

ruptive collisions. Existence of massive body ( M ~ 106 M
0 

) 

3hould lead to more intensive mechanism of cloud formation -

tidal disruption, which is undesirable according, to authors, 

* At the time the paper [16] was written only the upper limit 
36 -1 Lx"" 1 O erg. s was known. 
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from both predicted cloud velocity and tidal luminosity conei-

derations*. 

b) Very difficult it is to explain the radiation flux ne-

cessary to support the ionization of Ne by radiation of ac-

cretion disk surrounding the massive black hole. The increa­

sing of accretion rate (i.e. the hole mass) should contradict 

the observed flux on 2. rim. 
These arguments are partly removed if the hole mass does 

not sufficiently exceed 
. 3 
10 M 0 . 

From presented results on determination of the hole mass, 

l ess model - dependent are that from p.1 and 3b; the value (1 )!, 

mor eover, not strongly depends on free parameters. 

Special attention should be paid to the question of ioni-· 

zat ion flux, so far as its parameters may be obtained from al-

ready available observation data on [Ar II) (21] 

[s] , Brd., l>r~ [22) , HeI t10J etc. 

, LAr IIIJ 

Rees [23)has reviewed the arguments against the massive 

( M .,,., 1.0 
6 

M0) black hole and c.laimed that the model of two-

t emperature· ion-pressured torus can remove them (i.e. the dif­

ficulties related with disk accretion). In spite of attracti· 

veness of that model, it is difficult to justify the assumed 

* Note an additional argument. A massive object will not only 

open another chanal of cloud formation (tidal), but will dis­

tort the observed distribution law(~ 4 ), so far as steller 

velocity becomes dependent on radius. This fact does not de­

pend whether one neglects by density cusp or not. 
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complete absence of collective plasma processes, which can 

quickly equal the electron and ion temperatures and therefore 

"shut up" the torus into disk. 

Besides the model of black holes, the model of pulsar was 

suggested repeatedly [ 24 - 26] • It was known, however, that 

the properties of pulsars raughly can explain the observatio­

nal data: the needed high rate of positron production l20], 

the high radio luminosity and the absence of significant space 

motion of Sgr A West [21] , etc. Model of planetary nebulae 

was discussed also, whose radiation is apparently unsufficient 

to support the needed ionization degree l11J. 

As w: ll shall see below, the result following from dyna­

mical approach presented, completely reject both the pulsar 

and planetary nebulae models. 

4. Lower Limit to Object's Mass. 

As on~ could easily see, all presented above estimations 

of the black hole mass assumed to be located at the Galactic 

Centre, in fact concern the upper limit of the mass only. Here 
= 

we inquire into the possibility of determination of lower li-

mit of this parameter of principal importance. 

Assume a massive compact object* is situated at the cen­

ter of star eluate~. As was originally mentioned by Bah:call 

* We suppose that objects CCD 1 and 2 are not related with 

Galactic Centre. 
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and Wolf [2s] a massive black hole of a mass {\I\ due to the in­

teraction with stars should oscillate respect the centre of the 

cluster, with an amplitude y, 
~c ( ~) 2 (2) 

where ~c is the cluster core radius. 

For more detailed analysis of this process it is neces -

sary to proceed from stochastic differential equation intro -

ducing a S -correlated source, in the simplest case in Lan-

gevin form 
dz~ 

MclF:::F<t)+U, (3) 

where U is ·the regular part of the force (resistance force, 

etc.) and F(t) - the fluctuating. The latter satisfies the 

c9nditions 
<.. \:"(t);:. == 0 

< F Cl) F<t') ;> == ex. S (-l-t') 
7 (4) 

where ~ ) means, generally, averaging by ansemble. Function 'i="° (t.~ 

is usually well approximated by Holtsmark distribution. 

Acccording to the analysis from [29] if the mass of the 

object satisfies the inequality 

-3 

M :> 1 · 102. M0 ( ~ _; 
. 10 'f'/) 

_f; 

( i~;c) (5) 

the object should -oscillate with an amplitude given by (2). 

Otherwise the dynamics of the massive body should be determi­

ned by stochastic component of the field and the former should 

execute a Brownian motion within the cluster core. 

So far as po;nt source Sgr A West coincides with IRS 16 

-10-
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II II 
within uncertaini ty a..= 1 - 2 , which is assumed t o be loca-

lized at the mass centre of Galaxy, we conclude that the role 

of stochastic processes is suppressed, i.e. inequality (5) is 

fulfilled for the conditions of Galactic Centre. Exqluding 

from (5) using (2) we find, that the mass of the compact object 

will satisfy the condition 

->/4 - ~/2 

M > 1.34- io
2 

M0 (-11. \ c~) 
106 'r~~; 1" (6) 

Thus, the presented in fact model-independent approach 

(i.e. without modelling the processes of accretion, formation 

of annihilation line, etc.) allows us to obtain the lower li-

mit of the mass of compact object. Evidently, the latter can 

be neighter pulsar and planetary nebulae nor any star-mass ob-

ject. 

To whom of the known sources can be applied this es~imation, 

besides evidently to the point source Sgr A West? Following 

versions are possible: 

1. Point radio source does not coincide with IRS 16 which 

is t~e real center of Galaxy (mass center). Then (6) respects 

to the radio source and O..is displacement between it and IRS 16; 

2 Radio source and IRS 16 are one and the same object which 

is not located at the real Galactic Centre. Then C\.. is its 

displacement from the centre and (6) respects to that object; 

J. Radio source does not coincide with IRS 16, which is, 

not the Centre of Galaxy. Then (6) is applicable to IRS 16 too, 

where 0\.. should be its displacement from the real Centre. 
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To chooee between t his possibilities and therefore to do 

more def inite conclusion on the nature of Galactic Centre wil~ 

allow observations with higher resol ution ( < 111), particularl~ 
by means of IRAS. 

I thank J.A. Biret ta , R.E. Lingenfelter , K.Y. Lo and G.R. 

Ri egler for valuable information. 
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