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SUPERMASSIVE COMPACT OBJECT WITHOUT EVENTS
HORIZON IN GAS ENVIRONMENT

E. Yu. Bannikova ! and L. V. Verozub 2

Kharkov National University,
Svobody Sq.4, Kharkov 61077, Ukraine

A simplest model of a supermassive object without event horizon in a gas environment, that are similar to the ones in the
Galaxy center, is considered. It is shown that at the spherically symmetric accretion onto such an object the luminosity is about
10*"erg/s which agrees with low luminosity of the Galactic center.

1. Introduction

An analysis of the observation data gives evidence for
the existence of a massive (about 2.6 - 106M ) com-
pact object in the Galactic center [1-4] The observation
data do not allow to make a definite conclusion about
the nature of the object. For this reason it is identified,
as arule, with a supermassive black hole [5-7]. Another
possibility is considered in the present paper.

Bimetric gravitation equations, the spherically sym-
metric solution of which have no the events horizon
and physical singularity in flat space-time from the
viewpoint of a remote observer were proposed in pa-
per [8]. The radial component of the gravity force F
affecting a test particle with mass m in the spherical
coordinate system in flat space-time is given by

F = —m [®Bg, + (2B, — Bj))v*].  (1.1)

Here By, BS; and B}, are the nonzero compo-
nents of the strength tensor BZB of gravity field in
flat space-time:

c’ C! A’

Bl = 50 Bli= ik Bl s (2
where f = (r2 + r3)1/3, r, = 2GM/c? is the
Schwarzschild radius, v is the radial component of
a particle velocity and

4
T r
C=1--2, A=—17rn.
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Fig 1 shows the function F' (in arbitrary units) of
the distance 7 /7.
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Fig. 1. The gravitational force F' (in arbitrary units)
as the function of r/r4 acting on free falling particles
(the curve 1) and particles at rest (the curve 2).

It is shown in the paper [9] that equilibrium sta-
ble configurations of the degenerated Fermi - gas with
masses up to 10° M, or more than that can exist in the
above theory. So, we can suppose that such a kind of
the object can be found in the Galaxy center.

2. Peculiarity of accretion onto the
massive objects without events
horizon

Consider the object without the events horizon with
the mass 2.6 - 106M, in the center of a spherically
symmetric gas medium. Let us assume that the gas
density is sufficient to describe the gas motion by us-
ing the hydrodynamics equations and the state equa-
tionis P = Kp” where P is the gas pressure, p is
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the density, K and ~y are constants. For numerical
estimates we assume in this paper that y = 4/3.

The following equations are used here for describ-
ing the system [10].

1. The integral of the continuity equation

4rrup =M, 2.1)

where v is the radial gas velocity at the distance r

from the center, M= dM/dt is the mass rate of ac-
cretion.

2. The adiabatic relationship between the sound
velocity a and the density p

4 \2/G-D
2 (—) : 22)

Qoo

where v and po, are the velocity and density at in-
finity.
3. The Euler equation
d Al F
v = a” dp

+—==0, 2.3)
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where F' is given by eq. (1.1).

The velocity of the gas falling from infinity to the
center reaches the sound velocity a at the distance r 4
which is defined by the equations

2

2:—8 = F(ry, as), 2.4)
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where ag is the value of a at r = ry,
- Me8lod)
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In contrast to the Newtonian gravity law, equa-
tions (2.5) may have two solutions. For example, at
ae = 107cm/s , at the density of the particles num-
ber neo = 103cm =3 and at M= 10~6My, /year, the
numerical solution of egs. (2.5) yields

rs1 =5.3-105¢em
Ts2 = 5- 10100m

as1 = 1.7-108em/s
asz = 6.5 108cm/s.

The radius R of the central object can be found by
a numerical solution of the equation of the hydrody-
namical equilibrium and is equal to 0.04r, ( 3-10%m).

The reason of the appearance of the second solu-
tion is that the gas velocity of a particle falling from
infinity increases up to the distances of the order of
the Schwarzschild radius and after that decreases ac-
cording to the peculiarity of the gravity force.

Egs. (2.1), (2.2) and (2.3) can be written in the
form

s %rl—mvl—v 4 _11; =1, (2.5)
where

D =v— Kr~ 20—y~

K = a%,(4/pe)"""
and

A =M /4r.

We find the function v(r) as a result of the numerical
solution of eq. (2.5). Fig. 2 shows v as the function
of 7 in the range from 1.4 - 10'1em up to the surface
of the central object.
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Fig. 2. The velocity v (c¢cm/s) as the function of r
(cm) from 1.4 - 10 cm to the surface of the central
object.

3. Luminosity

The force of the radiation pressure at the radial dis-
tance r from the center is given by

LO’T
4mr2c’

3.1)

Frad pEE

where L is the luminosity and o7 = 0.66-10~24cm?.
The Eddington’s limit of the luminosity

Lpg = F A
Ed g 32

where F is given by eq. (1.1), is a function of r, and
is equal to 10%%erg/s atthe r = R.
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The ”impact” luminosity is
Lim ~v3(R) M, (3.3)

where v(R) is defined by eq.(2.5) at r = R. For the
object under consideration v(R) = 2.3-108¢m/s and

at M= 10"%Mg /year we obtain L;,, ~ 10%7erg/s,
that is observed luminosity of Sgr A*. This fact is
noteworthy because the explanation of the low lumi-
nosity of the Galaxy center at the spherically symmet-
ric accretion is a central problem [5, 6, 7]

4. Tonization Radius

There must be an ionization zone around the central
object without events horizon (the same as around neu-
tron stars [11]) which depends on the temperature of
the central object and the physical conditions in the
gas environment.

An effective temperature of the object is given by

1/4
T, = (L) @1

4norR?

where L is the luminosity of the object and o is the
Stephan-Boltzmann constant. For example, at L =
10%7erg/s the temperature T, = 5.4 - 10°K. The
maximum of the radiation corresponds to the wave-

length about 560 ;1

Let us assume that the number of neutral atoms,
ions and electrons per unit volume is n1, n4+ and ne,
respectively. We shall assume that n, = n, . At these
conditions 77 = (1 — X)n , where n = n; +ny is
the total number density and X = ny/(ny +n4) is
the degree of the ionization at the distance 7 from the
center.

Then at the distance 7 from the center the Saha
formula can be written as:

X2

1= B exp(—71), 4.2)

1/2 3/2
p=tiw (5) el
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T, is the electronic temperature, g4 and g; are the
statistical weights of the ions and the atoms of the
ground state, respectively, v; is the ionization fre-
quency,

2
W:% 1= 1—<§> 4.4

r

is the dilution factor, 7 is the optical thickness that we
define as

T=[1-X()] ks /Rr n(r')dr’, (4.5)

where the function X () is the solution of egs. (4.2)
and (4.5). The constant k, is the averaged absorption
coefficient.

The function n(r) can be found as

M

n(r) =

For numerical estimates we assume that 7', as the
function of the distance r is given by

Ty Lo pl o) it 4.7

Setting, for example, 7, = 6 - 10* K (which cor-
responds to L = 10%7 erg/s ) and Teoo = 220 K
(which corresponds to v, = 107 ¢m/s) we obtain by
anumerical solution of eq. (4.2) the function X of r.
The function X (r) decreases from 1 to 0.1 when r
increases from R to 10'4cm. Fig. 3 shows the ion-
ization degree X as the function of z = log(r) inside
the interval from R to 104 cm.
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Fig. 3. The ionization degree X as the function of z =
log(r) from the radius R to 10'* cm.

5. Conclusion

The above a simple model is an alternative to the su-
permassive black hole in the Galaxy center hypothe-
sis. We hope that a more detailed consideration of
the problem and a detailed analysis of the observations
will lead to more definite conclusions.
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CYIEPMACCHBHBIE KOMIIAKTHBIE
OFBEKTHI BE3 TOPU30HTA COBBITHH B
TA30BOM CPEJIE

E. IO. Bannukosa, JI. B. Bepo3yo

Panee 65110 MOKa3aHO, YTO YPaBHEHHUS TATOTEHMS, MIPe/-
JIOKEHHBIE OJIHMM M3 aBTOPOB, JOMYCKAIOT CYIIECTBOBAaHHE
YCTOWUHMBBIX CyNEPMACCHBHbBIX KOH(HIYpAaLHil BBIPOKIACH-
Horo ®epmu-raza 6e3 ropusonta cobeiTHii. B HacToswmei
paboTe paccMaTpHBAETCA MPOCTEHIIAs MOAEb TAKOIO 00b-
€KTa B ra30BOH CpeJie C XapaKTepPUCTHKAMH, OTM3KHMH K Cy-
mecTBytonmM B nenTpe lanakruku. [TokasaHo, 4To cBeTH-
MOCTb 3@ CYET CTOJIKHOBEHHS ra3a ¢ MOBEPXHOCTHIO COCTa-
Biset okono 10%79pr/c, uto cornacyercs ¢ nabmonaemoii
HH3KOH CBETHMOCTBIO Sgr A*,

HAJIMACUBHI KOMIIAKTHI OB’€EKTH BE3
T'OPH30HTY IOAINA B TA30BOMY
CEPEJIOBHIII

O. I0. bannikosa, JI. B. Bepo3yo

Paniie Gyo moka3aHo, 1O PiBHAHHS THKIHHA, AKi Oyiu
3arpONOHOBAHI OJHUM i3 aBTOPiB, J03BOJISIOTH ICHYBAHHS
CTIHKHX HaIMACHBHMX KOH(irypauiii Bupomkenoro depmi-
razy 0e3 ropu3oHTy moxiii. B nawiii mpaui posmisaaeTs-
¢ HalnpoCTilla MOJENb TAKOrO 00’ €KTa B ra30BOMY cepe-
JIOBHIII 3 XapPaKTePHCTHKAMH, sIKi ONMH3bKI 10 iCHYIOUMX B
uenTpi Nanaktiky. ITokazaHo, 1O CBITHICT 38 paxyHOK 3i-
TKHEHHs rasy 3 MOBepXHelo ckmanae Gnusbko 10%7epr/c,
IO Y3rOJUKY€ETHCS 31 CMIOCTEPEKEHOK HHU3BKOIO CBITHICTIO
Sgr A*.

S92 Radio Physics and Radio Astronomy, 2001, v. 6, No. 2



