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Abstract—We have used two astrometric methods developed at the Main Astronomical Observatory
of the Russian Academy of Sciences—the method of apparent-motion parameters (AMP) and a direct
geometrical method (DGM)—to derive the orbit of the star S2 around the Galactic center, and thereby
the mass of the supermassive black hole at the Galactic center. The AMP method, which is based
on measurements of the curvature of a fairly short orbital arc, is efficient if observational data on the
relative radial velocity are available. The mass of the supermassive black hole was also estimated using
astrophysical methods, based on the empirical relation between the masses of the supermassive black holes
at the centers of galaxies and quasars and the radio and X-ray luminosities of these regions. We estimate
the magnetic-field strength near the event horizon of the supermassive black hole at the Galactic center
using a synchrotron self-absorption model.
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1. INTRODUCTION

There is no longer any doubt that the centers of
all galaxies host supermassive black holes. The most
reliable basis for this statement is the discovery of
strong X-ray emission from the central regions of
galaxies with physical characteristics (such as the
variability timescale) that agree well with the model
of accretion onto a supermassive black hole (SMBH).
However, the decisive role in identifying the nature
of the central massive object in our Galaxy has been
played by observations of stellar motions in the clos-
est vicinity of the Galactic center [1–9]. These ob-
servations have enabled the detection of real stellar
motions in the central parsec of theGalaxy, 8 kpc from
the Sun, and the derivation of the orbits of these stars.

Additional important information on the physical
parameters of the central SMBH can be derived from
the radio and X-ray emission in its closest vicinity.
Key information can be derived by analyzing the vari-
ability of this radiation. Simultaneous observations in
various energy bands can reveal the physical mecha-
nism that is responsible for the radiation of the plasma
in the immediate vicinity of the SMBH.

A simultaneous burst of emission in X-rays and
the infrared was first discovered by Eckart et al. [10].
The X-ray luminosity during the outburst was 6 ×
1033 erg/s.

Strong variability of the source Sgr A* in the radio
was also discovered, on timescales from hours to
several years [11-13]. The short variability timescale
imposes strong constraints on the scale of the radio-
emitting region of ∼ 10 AU, fairly close to the gravi-
tational radius of a SMBH.
Studies of stellar dynamics in the vicinity of the

SMBH at the Galactic center provide unique possi-
bilities for testing post-Newtonian gravitational the-
ory. Recently, Zucker et al. [14] showed that infrared
stellar spectroscopy could be used for precise mea-
surements of Doppler shifts in radial-velocity curves,
which, in principle, can be used to derive corrections
to the classical Newtonian theory—the gravitational
redshift due to the SMBH, as well as the transverse
Doppler shift of the spectral lines (∼ v2/c2).
However, the most interesting problem may be

determining the physical nature and distribution of
matter at the dynamical center of the Galaxy, whose
total mass can be derived from observational data
on the orbital motions of nearby stars. It is expected
that, in addition to the central SMBH, the Galactic
center (central parsec) contains at least three more
components: dense star clusters, gas, which itself
has three components (neutral, ionized, and high-
temperature), and dark matter of an unknown nature
that has been captured by the gravitational field of the
SMBH and accumulates in this field, as in a potential
well [15–17].
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Recently, several ground-based and orbiting tele-
scopes detected a large excess flux of high-energy
γ-ray energy from the Galactic center, including a
flux of photons with energies close to 511 keV [18–
20]. This can be well understood in a model in which
dark matter consists of weakly interacting massive
particles (WIMPs) that decay and annihilate each
other. A most impressive recent result is the detection
of an excess flux of γ-rays with energies of several
TeV by HESS [17] during two observing sessions
lasting ∼ 4.7 and ∼ 11.8 hr; the fluxes themselves
were detected at the 6σ and 9σ levels, respectively.
The emission came from a region ∼ 3′ in size around
the dynamical center of the Galaxy, Sgr A*.
A detailed analysis of the behavior of stars in the

immediate vicinity of Sgr A* led Genzel et al. [2] to
the following conclusions.
1. The surface density and brightness of stars in

the immediate vicinity of the compact radio source
Sgr A* (∼ 10 light min) decrease with distance from
the source, while the volume density of stars depends
on the distance as R−2. Inside the region with pro-
jected radius<100′′, the surface brightness increases
inward to a radius of∼ 1′′, while the estimated density
of stars (K ≤ 15m) has a weak dependence on the
radius, possibly providing evidence for the presence of
dark matter that is concentrated around the SMBH.
The estimated size of this region is 0.34± 0.20 pc [22].
Curiously, the maximum of the surface brightness
and density of stars with K ≤ 13m occurs not at the
Galactic center, but in the cluster IRS 16, located
∼2” to the east of Sgr A*.
2. There are several stellar populations in the

central parsec: a cluster of red giants with typi-
cal lifetimes ∼ (1–10) × 109 yr, a cluster of old,
bright blue supergiants with ages of ∼ (2–7) ×
106 yr, and a cluster of bright (K ≈ 10m–12m)
intermediate-mass, asymptotic-branch giants with
ages of ≥108 yr.
3. Studies of the radial-velocity dispersions for the

stars at distances of 1′′–20′′ showed that this velocity
dispersion depends on the radius as 〈∆V 〉2 ∼ R−1.
Statistical modeling of these data enabled estimation
of the gravitational mass concentrated within a region
with a size much less than 10 light days: (2–3.3) ×
106 M�. In the meantime, Schödel et al. [23] esti-
mated the central gravitatingmass to be (3.5± 0.5)×
106 M�, based on an analysis of the orbits of 17 stars
located within several light hours of Sgr A*. This pro-
vided an estimate for the density of matter apart from
the mass of the SMBH: ≥ 2 × 1017 M�/pc3. The
upper limit for the proper motion of Sgr A* obtained
by Reid et al. [24] of ≤ 20 km/s raised the upper limit
for the density of this additional gravitational mass to

1019.5 M�/pc3. Moreover, Alexander et al. [25] were
able to derive the density distribution for this matter:

ρ(R) = 1.2 × 106

(
R

10′′

)−α

M�/pc3, (1.1)

where α = 2.0 ± 0.1 for R > 10′′ and α = 1.4 ± 0.1
forR < 10′′. In the very central region around Sgr A*,
the distribution of the density of the gravitational
mass is [2]:

ρ(R) =




3 × 107 M�/pc3 for R = 1′′,

7 × 108 M�/pc3 for R = 0.1′′.
(1.2)

The total mass in the vicinity of the SMBH is esti-
mated to be 1.3 × 104 M� forR ≤ 1′′

.6.
The aim of the present paper is to determine the

main physical properties of the dynamical center of
the Galaxy, including the mass of the SMBH, specific
angular momentum, and magnetic field outside the
event horizon, using the results of astrometric and
astrophysical observations of the central region of the
Galaxy in a broad range of wavelengths.
The central part of our study describes the pos-

sibility of applying original methods for determining
the orbits of binary stars developed at the Pulkovo
Observatory to analyses of stellar dynamics near the
Galactic center. These are two methods proposed by
A.A. Kisselev:
1) a direct geometrical method (DGM) [26, 27],
2) a method based on apparent-motion parame-

ters (AMP).
The latter method was initially developed by

a group of researchers at the Main Astronomical
Observatory of the Russian Academy of Sciences
for studies of the orbits of artificial satellites, but
later found wide application to the orbits of binary
stars [28–33]. The modern AMP method (as applied
to binaries) is based on the use of a high-precision,
fairly dense series of the relative positions, trigono-
metric parallaxes, and relative radial-velocities of the
binary components for an epoch close to the mean
epoch for the astrometric observations. This enables
the calculation of orbital elements and estimation of
the total mass of the components using data for a
short arc. For the well known star S2 this means
that, instead of having to observe its orbit over 15 yr,
it is enough to observe it for ∼ 3 yr, if the series of
observations is dense enough.
As a result, when the orbit is computed using the

AMPmethod, the total mass plays the role of a pivotal
parameter on which the residualsO−C, i.e., the best
fit to the observed orbit, depend.
The DGM determines the orbit in a somewhat

different way, and it is necessary to obtain the ob-
served ellipse for the entire orbital period; the mass is
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then derived directly from Kepler’s third law using the
known semi-major axis of the orbit and parallax.
Another aim of our study is to determine the mag-

netic field in the closest vicinity of the SMBH using
methods developed in several astrophysical studies
(see, e.g., [34–36]).

2. APPLICATION OF THE AMP METHOD
TO DETERMINE THE ORBIT

OF THE STAR S2 IN THE VICINITY
OF Sgr A*

Starting from 1991, regular observations of ob-
jects in the star cluster at the Galactic center were
carried out using an efficient IR camera (the MPE
SHARP NIP Speckle Camera) of the NTT telescope
of the European Southern Observatory. The resolu-
tion provided is sub-arcsecond. These observations
yielded high-precision series of positions for more
than ten stars orbiting Sgr A* (considered to coin-
cide with the central SMBH). Combined with radial
velocities obtained using one of the VLT telescopes
of the European Southern Observatory, these data
enabled determination of the orbits of these stars. A
similar study was done using one of the telescopes
of the Keck Observatory [3, 5, 9, 15, 23, 24, 37–
39]. The stellar orbits derived from these two sets of
observations are somewhat different; in two cases, the
differences are substantial.
The orbit of S2 (or S0-2) has been derived most

reliably, since it has the shortest period of revolution
about the Galactic center—about 15 yr—and has
already been observed for more than 10 yr. In this
time, the star passed through three quarters of its
apparent ellipse around Sgr A*—the compact radio
source at theGalactic center believed to coincide with
the SMBH. We applied the AMP method [28–33]
to determine the orbit of S2 based on a short arc.
The aim of our present study is to test how well it
is possible to derive this orbit by applying the AMP
method to an inhomogeneous series of observations,
and to compare the results for this method with those
for methods based on the complete orbital ellipse. We
were interested in the question of whether four years
of observations would be sufficient to determine the
orbit.
In the AMP method, the orbit of a visual binary

is determined from the position vectors and velocity
of the companion, B, relative to the main component,
A. In turn, the position vectors and velocities are cal-
culated from an accurate series of relative positions,
trigonometric parallaxes, and relative radial velocities
derived for an epoch that is close to the mean epoch
for the astrometric observations.
The orbit of S2 is interesting precisely because the

series of observations is not dense and homogeneous.

In addition, we did not have high-precision parallaxes
and relative radial velocities. We will not discuss here
the reliability and accuracy of the input data for our
determination of the orbit using the AMPmethod.

2.1. Input Data

Distance. For the distance to S2, we used the
estimated distance to the Galactic center obtained by
Eisenhauer [9]: R0 = 7.62 ± 0.32 kpc.

Relative positions. The positions of S2 relative
to the compact radio source Sgr A* were taken from
Fig. 1 of [7], while the relative radial velocities were
taken from Fig. 3 of that same paper. We adopted six
positions at epochs 1994.32–1998.36 to determine
the apparent motion parameters.

Total mass of the system. Our input estimate
of this mass corresponds to the data of [7, 9]: 15 M�

for S2 and (4.1 ± 0.6) × 106

(
R0

8 kpc

)3

M� for the

central body [4]; for the above distance, this gives
(3.5 ± 0.5) × 106 M�. Further, in the process of re-
fining the orbit, this estimate of the mass of Sgr A*
was increased to 4 × 106 M�.

2.2. Computations

The key formula of the AMP method for the dis-
tance between the components requires the curvature
of the trajectory:

r3 = ±k2ρρc

µ2
sin(ψ − θ) (AU)3, (2.1)

where ρ is the distance between S2 and Sgr A* at
the mean epoch of the chosen observed arc, θ the
position angle at this epoch, µ the apparent motion
of S2 relative to Sgr A*, ψ the position angle of the
apparent motion, and ρc the radius of curvature of the
observed arc,

k2 = 4π2(MA + MB) (a.u)3/yr2]. (2.2)

The curvature of the trajectory ρc was calculated
as follows. Two segments of the arc were chosen and
tangents to them drawn at the points T1 and T2, cor-
responding to the mean epochs of the segments. The
values of µ and the position angle ψ of the apparent
motion of S2 relative to Sgr A* were calculated for
these epochs:

µ =

√
ρ̇2 +

ρ2

57.32
θ̇2 arcsec, (2.3)

ψ = θ ± 90◦ ∓ arcsin
ρ̇

µ
deg (2.4)
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In the latter expression, in order to ensure the coinci-
dence of the direction of tangent (ψ) and the direction
of the growth of θ, the upper signs should be adopted
if θ increases with time, and the lower signs if θ
decreases with time. The time derivatives of ρ and θ
and the positions at the mean epoch T0, ρ0 and θ0,
were calculated via a least-squares fit of the series of
relative positions at the observed epochs (1994.32–
1998.36). Further, the curvature was calculated using
an approximation formula that corresponds to the
definition of the radius of curvature in the differential
geometry

ρc ≈
T2 − T1

|ψ2 − ψ1|
µ̄, (2.5)

where the angle ψ is in radians. Since the epoch

T =
T2 + T1

2
for which the curvature was calculated

is close to, but not equal to, the median epoch of the
observations T0, the relative positions ρ0 and θ0 of S2
were first interpolated for the epoch T and only then
used in the AMP method. As the result, the follow-
ing input data were used for the AMP computations

Epoch T 1996.154

Angular distance ρ 0.1578′′

Position angle θ 343.922◦

Apparent motion µ 16.7 arcsec/yr

Position angle of
the apparent motion ψ

218.2◦

Trajectory curvature radius
ρc

0.065′′

Relative radial
velocity Vr

180 km/s

Mass of the systemMA+B 4 × 106 M� + 15 M�

Parallax πtr 0.13 milliarcsec.

In the AMP method, the orbit is computed for a
given separation component separation r and space
velocity V of component B relative to component A,
which are derived from the parameters of the apparent
motion, radial velocity, and parallax.

The semi-major axis a and orbital period P are
determined, as in other methods, from the energy
integral for the two-body problem and Kepler’s third
law.

The orbital motion is considered in a reference
frame with its origin coincident with the main com-
ponent. TheX and Y axes are directed like tangential
coordinates in photographic astrometry, while the Z
axis is directed away from the observer.

Further, unit position and velocity vectors R and
V are calculated. The position vector R depends on
its orientation relative to the plane of the sky. The
angle between the plane of the sky and the position
vector of component B, β, is determined from the
relation

cos β =
ρ

rπtr
. (2.6)

The position vector calculated in this way has two
values, corresponding to the two possible signs of β,
and is located either in front of or behind the plane
of the sky. As a result, we obtain two orbits with
different geometries. Identifying the real orbit requires
invoking additional observations that are shifted in
time from the main short arc [31]. In the case con-
sidered here, the two possible values were β = ±44◦,
and β = +44◦ was identified as the value that satisfies
the observations.
After determining R and V, we can find the or-

bital orientation parameters and epoch of periastron
passage using classical methods based on Kepler’s
laws and the eccentricity. We should note that the
orbital inclination is uniquely defined: 0◦ < i < 90◦ if
cos i > 0, i.e., if the direction of apparent motion of
the companion in the orbit coincides with rotation
from X to Y in the plane of the sky (θ̇ < 0), and
90◦ < i < 180◦ if cos i < 0, i.e., the apparent motion
is in the opposite direction (θ̇ > 0).
We thus obtain all the elements of the visual bi-

nary’s orbit:

a, P, e, ω, i,Ω, and TP.

Our results for these elements are listed in the
second row of Table 1. The first row of Table 1 lists
the results for the orbital elements derived from the
apparent orbital ellipse with the direct geometrical
method, which uses the precise geometrical relations
between the parameters of the true ellipse and its
projection onto the plane of the sky, including the
projection of the star at the focus of the true ellipse
[26, 27]. For comparison, we also list in Table 2 the
orbital elements derived from the observed orbital el-
lipse earlier in other studies.
We will make two comments concerning Table 2.
1. When the inclinations were calculated in a dif-

ferent way, we give in parentheses the inclinations
calculated in the astrocentric reference frame.
2. The derivation of different longitudes of the

ascending node is due to the different choices of
reference frame and direction of increasing angle.
When the angles were measured differently than in
the DGM, we give in parentheses the angle in the
astrocentric reference frame, which increase in the
direction of the orbital motion. (The difference in the
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Table 1.Orbital periods of S2 calculated using the direct geometrical method (DGM) and the apparent ellipse and using
the apparent motion parameters (AMPs)

Method a P e ω i Ω ТP MA+B,M�

DGM 849.2 15.9 0.832 233.2 43.7 35.0 2002.3 2.07 × 106

AMP 924.8277 14.06 0.820 235.3 55.4 26.24 2002.592 4 × 106 + 15

Table 2.Orbital solutions for S2 obtained in various studies

Reference a P e ω i Ω ТP MA, 106M�

Ghez et al. 2003 [4] 996.8254 15.78 0.8736 248.5 –47.3 49.9 2002.334 4.07

Eisenhauer et al. 2005 [8] 893.6508 15.24 0.866 62.6 131.9 (48.1) 221.9 (41.9) 2002.315 4.06

Ghez et al. 2005 [5] 919 14.53 0.867 242.8 135.2 (44.8) 44 2002.308 3.67

Schödel et al. 2003 [23] 944.4444 15 0.87 250 46 36 2002.3 3.70

longitudes of the ascending node is due to the two-
valued nature of the transition from the apparent to
the true orbital ellipse when the classical methods are
applied. Applying the DGM, which uses the relative
orbital velocity, makes it possible to obtain a unique
solution to the problem.)
Figures 1 and 2 show howwell the derived orbits fit

the observations. Figure 2 shows that the DGM orbit
derived from six observations in 1994.32–1998.36 is
quite similar to the orbit derived using geometrical
methods, but deviates close to periastron. We believe
this inconsistency is a consequence of the use of
insufficient input data: the series of observations used
is not homogeneous, the number of points is small,
and precise radial velocities were not known.

2.3. Conclusion

The DGM does not require long observations: a
short arc and relative radial velocities are sufficient to
derive the orbit. Though the mass of the system is
not derived by the DGM, so that previously known
values must be used, this method can serve as a
means of indirect verification of the correctness of the
masses used, via a comparison of the ephemerides
and observations. In this case, the mass can serve as
a parameter that may be varied in order to reduce the
residuals, O − C.
Our comparison of the orbits of S2 determined

with the DGM using an almost complete orbital el-
lipse and with the AMP method using a short arc in-
dicates the following. If the DGM is applied to a series
of observations that has similar precision and density
as the series of observations for S2, this method is
quite satisfactory for estimating the orbital elements,
and can be applied to other stars orbiting the Galactic
center for which only short arcs have been observed.

This would be especially interesting for the two stars
for which different groups have presented fundamen-
tally different orbits (S0-1 and S04, see [37]; S1 and
S8, see [9]). This requires a series of observations
giving the stellar coordinates with precise epochs.
Moreover, there exists the possibility of refining

the estimate of the gravitating mass by constructing
a set of self-consistent (in terms of this mass) orbits
for all stars close to theGalactic center that have been
observed astrometrically.

3. ASTROPHYSICAL METHODS
FOR DETERMINING THE MASS

OF THE SMBH

There exist a number of astrophysical methods
for determining the masses of SMBHs, which have
been successfully applied to the active galactic nuclei
(AGN) and quasars (see, e.g., [40]).
The most popular one establishes a direct relation

between the mass of the SMBH in the active galactic
nucleus and the dispersion σ of the stellar velocities
and gas in its immediate vicinity (bulge)—so called
“reverberation mapping.” According to Gebhardt et
al. [41], this relation is defined as :

MBH = 1.2 × 108M�

(
σ

200 km/s

)3.75

. (3.1)

Taking σ ≈ 70 km/s, in accordance with Gould and
Quillen [42], we obtain MBH = 2.4 × 106M�, in
agreement with ourDGMestimate and about a factor
of 1.5 lower than our AMP estimate.
Another independent estimate can be derived from

the empirical relations (fundamental-plane relations)
found by Merloni et. al. [43–45] based on an analysis
of observations of AGN and quasars over a broad
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Fig. 1. Comparison of relative positions of S2 (circles) with the ephemerides obtained by Ghez et al. [4] (filled squares), Ghez
et al. [5] (open squares), and Eisenhauer [8] (triangles).

range of wavelengths. It appears that all these ob-
jects are located in a “fundamental plane” in the
three-dimensional physical parameter space formed
by logLR, logLX, and logM , where LR and LX are
the radio and X-ray luminosities and M is the mass
of the SMBH at the center of the galaxy or quasar in
solar masses. The equation of the fundamental plane
has the form [43]

logLR(5 GHz) =
(
0.60+0.11

−0.11

)
logLX (3.2)

+
(
0.78+0.11

−0.09

)
logM + 7.33+4.08

−4.07.

Using the existence of a strong correlation between
the radio and X-ray luminosities, Merloni et al. [43–
45] were able to exclude the dependence on the X-ray
luminosity from (3.2), and thereby to derive from (3.2)
the simpler expression

logLR = (28.75 ± 0.18) + (1.20 ± 0.04) log M.
(3.3)

Curiously, radio and X-ray observations of Galactic
stellar-mass black holes (microquasars [46]) were
also used to derive (3.3).

Let us estimate the mass of the SMBH at the
Galactic center using the observed spectral energy

distribution (SED) for Sgr A* [47, 48] and relations
(3.2) and (3.3).

At low frequencies, the maximum of the SED of
Sgr A* is at νR ≈ 1012 Hz and the luminosity is
LR = 1036 erg/s. Equation (3.3) then gives the value
MSMBH ≤ 2.5 × 106M�.

Using relation (3.2) with the radio luminosity at
ν = 5GHz and the X-ray luminosityLX, we estimate
the mass of Sgr A* to beMSMBH = 4.16 × 106M�.

Of course, we should bear in mind that these es-
timates of the SMBH mass are only indicative, since
they are subject to statistical scatter.

4. MAGNETIC FIELD NEAR THE EVENT
HORIZON OF THE SMBH

AT THE GALACTIC CENTER

It is commonly accepted that the energy and an-
gular momentum of a rotating black hole is most
efficiently transferred to the surrounding matter by
processes associated with existence of an appreciable
magnetic field in the vicinity of the black hole, which
connects the black hole with the surrounding material

ASTRONOMYREPORTS Vol. 51 No. 2 2007
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Fig. 2. Comparison of the orbit of S2 determined using the AMP method (squares) with the observational data (circles) and
the orbit determined using the DGM and the observed ellipse (diamonds). The position of Sgr A* is marked by a cross.

(accretion disk). The theory of this process was devel-
oped in the classical paper by Blandford and Znajek
[49].
Direct measurements of magnetic fields in AGN

and quasars remains a major problem. Unfortunately,
applying classical methods for magnetic-field mea-
surements to these objects meets with substantial
difficulties. There do exist several indirect methods
(see the reviews [36, 50, 51]). One is based on the as-
sumption that the densities of the magnetic and ther-
mal energies in the gas immediately adjacent to the
black hole are in equipartition. Using this assump-
tion, Zhang et al. [52] derived the following correlation
between the black-hole mass and the magnetic-field
strength in the vicinity of the event horizon from the
observational data:

logBBH = 9.26 − 0.81 log (MBH/M�) . (4.1)

The derivation of (4.1) made use of the well known
relation between the luminosity of an AGN at λ =
5100 Å and the mass of its SMBH.
Assuming that the mass of the central nucleus of

the Galaxy is 3.5 × 106M�, we obtain, using (4.1),
the magnetic-field strength

BBH = 2.5 × 103 G. (4.2)

If the assumed black-hole mass is MBH = 2.5 ×
106M�, the corresponding magnetic field is BBH =
1.5 × 104 G.

Slysh [34] suggested another independent method
for determining the magnetic field, based on syn-
chrotron theory. According to [34], the magnetic field
in the radio-emitting region of the compact object is

B = 10−5b(α)
( νp

1GHz

)2
θ4

(
1 Jy
Sp

)2

, (4.3)

where νp is the frequency at which the optical depth
for synchrotron self-absorption is unity, Sp is the flux
density at that frequency, θ is the angular size of the
radio source, b(α) is a numerical coefficient that de-
pends on the spectral index of the synchrotron source
in the optically thin region α, and we can assume
b(α) ∼ 1 [53].

Assuming that the typical scale of the radio-
emitting region is equal to the radius of the last stable
orbit around the SMBH, we obtain using (4.3) the
estimated magnetic-field strength B(3Rg) ≈ 300 G;
this corresponds to a field strength at the event
horizon of BBH(Rg) = 8.1 × 103 G, and is almost
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identical to the estimates (4.1) and (4.2) obtained
using an independent method.

5. ANGULAR MOMENTUM
OF THE SUPERMASSIVE BLACK HOLE

Sgr A*

Blandford and Znajek [49] suggested an inter-
esting physical process that demonstrates how the
energy of a rotating black hole can be extracted by
means of the magnetic field generated in the accretion
disk around black hole.
According to Blandford and Znajek [49], the max-

imum of energy that can be extracted is

LBZ =
(
B2

4π

)
πR2

H

(
a

RH

)2

c, (5.1)

whereRH ≈ GM/c2 is the radius of the event horizon
of a rotating Kerr black hole and a is the specific
angular momentum of the rotating black hole.
Using the luminosity of Sgr A* [46] and our esti-

mate of the magnetic field, we can derive from (5.1)
the ratio of the specific angular momentum of the
rotation to the size of the event horizon (known in
general relativity as the dimensionless ratio a/M in
units in whichG = c = 1).
If we assume that all the energy of the rotating

black hole is transforms into radiation, a/RH ≈ 3 ×
10−3, providing evidence that Sgr A* is most likely
a Schwarzschild black hole. Taking into account the
fact that some fraction of the energy of rotation of the
black hole is transformed into the kinetic energy of the
matter flowing from the Galactic center, we suggest
a/RH ≤ 0.01.

6. MAIN RESULTS

Our main result here is our demonstration of
the effectiveness of the AMP method, originally
developed at the Main Astronomical Observatory of
the Russian Academy of Science under the guid-
ance of A.A. Kisselev and successfully applied to
determine the parameters of visual binaries. Though
this method, in principle, requires high-precision
and fairly dense series of observations of the relative
positions, as well as precise trigonometric parallaxes
and relative radial velocities, it is also effective when
not all these conditions are fully met. The advantage
of the AMP method is that it does not require long
observations of the total orbit, which, in the case of
the Galactic center, require not less than 15 yr of ob-
servations. To apply the AMP method, it is sufficient
to have a short arc of astrometric observations and
the relative radial velocity for this arc.

There exist astrophysical methods for estimat-
ing the masses of SMBHs in Galactic nuclei. These
methods are based on various empirical relations,
such as the dependence between themass of the black
hole and the stellar and gas velocity dispersion in the
bulge, and the relation between the radio and X-ray
luminosities of the SMBH outside the event horizon
and its mass. While these methods can be used to es-
timate the mass of the SMBH at the Galactic center,
they are less precise than astrometric methods.
We have also estimated the magnetic field and

specific angular momentum of the black hole. Our
estimate of the angular momentum suggests that the
SMBH at the Galactic center is a Schwarzschild
rather than Kerr black hole, since we estimate the
Kerr parameter to be a/M ≈ 0.01 (in units with G =
c = 1).
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