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INTRODUCTION
Cosmological constant Ë  was introduced by Einstein

to balance the evolutionary models with repulsion to set a
steady state. He abandoned it later as a blunder. When
Hubble expansion was seen, it has now returned with a
vengeance as the accelerating expansion to contribute 75%
of the density of the universe as dark energy. Ë  can also be
introduced as the vacuum energy that is required to drive
inflation (Akcay, 2009). The accelerating expansion may even
be interpreted as the continuation of inflation, possibly at a
slower rate than in the early universe.

A black hole is supposed to possess three physical
properties: mass, angular momentum and charge. The
trajectory, of massive and massless particles in various
geometries, is described by the geodesics. In particular, the
behaviour of massive and massless objects around a
spherically symmetric gravitating body is described by
Schwarzschild formalism. Schwarzschild space-time is a
solution obtained from the Einstein's field equations that is
static. When we introduce Ë  in Schwarzschild space-time
solution, we obtain Schwarzschild-de Sitter space-time. Unlike
Schwarzschild solution, Kerr solution is an axi-symmetric
solution of Einstein’s field equations corresponding to a
rotating black hole. A rotating black hole in asymptotically
de-Sitter space-time can be described by Kerr-de Sitter
geometry.

THE SAMPLE
Database: We have selected 28 galaxies using Sofue

et.al (2007) and 2 galaxies (NGC 3379 and NGC 4100) from
literature of J. R. Brownstein & J.W.Moffat (2005) (Digitized
by software Labfit). A galaxy needs to fulfill the following
two selection criteria in order to be selected:

(1) Galaxy rotational curve should be given.
(2) Morphology and distance should be known.

Fig. 1: All sky distribution of 30 galaxies in our database.
Each solid square represents a galaxy.

Morphological Distribution: We classified our database
according to the morphology of galaxies into nine sub-

Abstract: In the present work, geodesic trajectories in Kerr-de Sitter geometry is used to fit the rotation curve of galaxies and
estimate the values of mass M, Kerr parameter a, and cosmological constant  Ë . In this work, non-linear least square fitting of
rotational velocity is used to estimate the some of the parameters. These estimates are mass in the range of (0.12±0.02) x10¹º
M  to (70.37±11.26) x10¹º M , the Kerr parameter in the range of  (0.7044±0.1127) to (0.9990±0.1598), and the cosmological
constant in the range  of (1.790±0.286) x10-49  km-2 to (7.523±1.204) x10- 4² km-² for positive value of Ë  while - (3.983±0.637) x10-41

km-² to - (1.860±0.298) x10-42 km-² for negative value of Ë . The negative Ë  values are found only for some galaxies with large
recessional velocity. This suggests that the transition from anti-de-Sitter to de-Sitter phase with the deposition of vacuum
energy may have occurred between the formation of these different galaxies.

Keywords: NGC and UGC type galaxies; Geodesic motion in Kerr-de Sitter space-time; Rotational curve data.

P.C. Poudel* and U. Khanal*
*Central Department of Physics, Tribhuvan University, Kirtipur Kathmandu, Nepal.

ESTIMATION OF MASS, COSMOLOGICAL CONSTANT
AND KERR PARAMETER OF DIFFERENT GALAXIES

USING GEODESIC MOTION IN KERR-DE SITTER
SPACE-TIME

Author for Correspondence: P.C. Poudel, Central Department of Physics, Tribhuvan University, Kirtipur Kathmandu, Nepal.



Scientific World, Vol. 10, No. 10, July 2012 2

samples. Fig. (2) shows morphological distribution of our
sample galaxies. We have considered Hubble’s extended
classification for the morphological classification of spiral
galaxies in our database. The galaxies of morphological type
Sa, Sab, Sb and Sbc are considered as early-type spirals
whereas Sc, Scd, Sd and Sdm are late-type spirals. There are
two barred spiral type galaxies (SBb & SBc ) in our database.
In addition to these, we have also elliptical and irregular
galaxies in our database. In these samples, we can see some
galaxies are Irregular, Interacting as well as active type of
galaxies. From the morphological distribution, it is seen that
there is a majority of Sc type galaxies in our database (12 in
number). After Sc type spirals Sb type spirals has dominated
our database (6 in number). Barred type spirals (SBb and
SBc) as well as I, E & Sd type spirals are equal in numbers,
each of them equal to one.

Method of Analysis
In the present work, we derive the time like geodesic

motion in Kerr-de Sitter space-time. Taking distance from
center as independent parameter and velocity as dependent
parameter, we can see mass, angular momentum per unit mass
and cosmological constant as constant parameters. Thus,
we estimate the values of the mass, cosmological constant
and angular momentum per unit mass of different galaxies
assuming the circular motion of the galaxies and using their
rotation curves. Since this geodesic equation is a non-linear
one, determination of the values of its constant parameters
is a tedious task. Therefore, we carried out in two steps.

Step I:- Preliminary estimation by trial method : In this
initial step we took the rotational velocity of the particle around
the central mass in the invariant plane and its value is given
by

Where,

M=Mass of the galaxy
r= distance from the galactic center (radius).
a= rotational Kerr parameter of the black hole.
Ë= cosmological constant.
c = velocity of light.
First we studied the nature of above equation by varying

Ë , M and a separately. Natures of above equation with the
variation of constant parameters are shown in fig. 3 and fig. 4.

Step II:- Graphical Method:
This is the final step in which we used software

Matlab7.6. We carried out non-linear least square curve fitting
technique. This parametric curve fitting requires initial nearby
values for which we supplied data from the first step. By the
application of this software, we found precise values of mass
distribution of galaxies, cosmological constant and Kerr
parameter. Determination of value of a is more sensitive than
others. Because we saw in fig (4) that the contribution to the
curve due to the value of a is negligible. However, it affects
on goodness of fit statistics. We have used some goodness
of fit statistics. These are

• The sum of squares due to error (SSE)
• R-square

Fig. 2: Morphological distribution of galaxies in our database.

Fig. 3: Variation of mass keeping Ë positive constant and
negative constant respectively.
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• Adjusted R-square
• Root means squared error (RMSE)
It is obvious that for the best fit the RMSE and SSE can

be expected near zero whereas the R-square and Adjusted R-
square value near the upper limit (l1).

 RESULT AND DISCUSSION
Estimation of Mass (M), Cosmological Constant (Ë )

and Rotational Kerr Parameter (a)
Discussion: In the entire work, mainly we focused our

interest to the database of galaxies that were well fitted to our
problems. For this we took non-linear curve fit statistics in
such a way that for which R-square and adjusted R-square
errors should be non-negative. We chose 30 galaxies and
fitted the values of mass (M), cosmological constant (Ë) and
rotational Kerr parameter (a).

Out of 30 galaxies, we could fit positive cosmological
constant for 23 galaxies while it was negative for 7 galaxies.
To find the unknown parameters we analyzed the nature of
curve of equation of motion in Kerr-de Sitter space-time and
fitted with rotation curves data of galaxies. It is found that the
rotational velocity in the flat portion in the rotation curves
data of galaxies increases with mass (M) keeping Ë  non-
negative. Similarly, curvature is found to be dependent on
the value of Ë . For non-negative value of Ë velocity decreases
as distance increases while for negative value it increases as

distance increases keeping mass constant. We found value
of a has negligible contribution in the curvature but it affects
in goodness of fit statistics. Therefore, we minimized the errors
associated with it. Thus, we fitted rotation curves data for
most appropriate values of mass (M), cosmological constant
(Ë) and Kerr parameter (a). Detailed values and further
discussion will be given later.

The best-fitted graphs of galaxies are shown in
respective figures. The detailed best fitted values of mass
(M), cosmological constant (Ë), Kerr parameter (a) and errors
associated with it are given in Table (1).

General Discussion: Since geodesic equation in Kerr-
de Sitter is non-linear as well as more complicated than in
other space-time, we focused our interest on the nature of
time-like trajectory. We found that the rotational velocity in
the flat portion in the rotation curves data of galaxies increases
with mass (M) keeping cosmological constant non-negative.
For non-negative value of Ë  ‘v’ vs. ‘r’ curves do not meet to
each other while they meet after a certain point for negative
value of Ë. The value of meeting point depends upon the
value of Ë. The plots of ‘v’ vs. ‘r’ curves are shown in fig (3)

Similarly, we found that the curvature of rotation curves
data of galaxies is dependent on value of Ë . For non- negative
value of Ë  velocity decreases as distance increases while
velocity increases with distance for negative value of Ë
keeping mass constant. The plot showing different curves
due to the variation of Ë  is shown in fig (4). Since a appears
as multiplicative factor with mass (M) and lies in the range 0.1
" 1.0, its effect in curvature is found to be negligible. So to
find the value of a we carried out the less errors associated
with goodness of fit statistics in non-linear least square curve
fitting. We took the values of M, Ë  and a so that there would
have best fit curves with the rotation curves of galaxies.

The value of cosmological constant is found to lie within
the range of (1.790 ± 0.286) × 10- 49  km-² to (7.523 ± 1.204)×10-

42 km-² for positive value of  while -(3.983± 0.637)× 10-41 km-² to
-(1.860 ± 0.298) × 10-42 km-2  for negative value of Ë . Among
positive values, the least value is found for the galaxy NGC
3521 and maximum is found for the galaxy NGC 3034. Similarly,
among negative values maximum is found for NGC 2708 and
minimum value is found for NGC 3495. Negative cosmological
constants were found to fit for the galaxies that are high red
shifted spiral galaxies. Exception to these is NGC 4569 that is
high blue shifted having radial velocity equals -235 km/s.
This is found to be Sab morphological type and having LINER
activity. Galaxies having low value of radial velocities (~ -300
km/s to 1116 km/s) were found to fit with positive cosmological
constants. Exceptions to these are NGC 1097, NGC 1365, NGC
4321 and NGC 4565 (~ 1230 km/s to 1636 km/s).

We have found greater value (~ 10Ét ² kmÉ² to 10Ét w
kmÉ²) of cosmological constants for galaxies NGC 1808, NGC
3034, NGC 3521, NGC 4736 and NGC 5194. Out of which NGC
1808, NGC 3034 are found to be of active galaxies and NGC
5194 (M51) shows peculiar characteristics (Sofue et al., 1999).
While NGC 4736 is found to be of Sab type and having
radial velocity equals 606 km/s. In general, we found
cosmological constant in the range of 10-41 km-2 to 10-49  km-2

for positive value of cosmological constant and in the range

Fig. 4: Variation of Ë and a keeping mass constant.
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Table 1: Parameters and Estimated values of Mass (M), Cosmological Constant (Ë) and Kerr Parameter (a) for different
Galaxies

of -10-41 km-2 to -10Ét ² kmÉ² for negative value of Ë that are
in agreement with the values found in other literatures.

Fig. 5: Plot diagram of Ë vs. Radial Velocity of galaxies. Each
square box contains the name of galaxy having exceptional
behaviour.

The estimated mass of the galaxies lie in the range of
(0.12±0.02)×10¹º M  to (70.37±11.26)×10¹º M   where 1 M
= 1.989 ×10³º kg which are also in good agreement with other
estimated values found in literatures. Value of mass is found
small (0.73 ± 0.12) × 10¹º M  for NGC 3034 which is Ir II type
and have positive value of Ë . While value of mass (0.12 ±

0.02) × 10¹º M  is found for NGC 3495 which is Sd type and
have negative cosmological constant. Greater value of mass
is found for NGC 1097 that is of SBb type. We had also
calculated mass of elliptical galaxy NGC 3379 whose value is
found to fit with (1.027±0.164)×10¹¹ M . In general mass is
found to be in the range 10y  M  to 10¹¹ M  for spiral barred
and unbarred galaxies.

Similarly value of Kerr parameter we fitted lie in the range
of (0.7044±0.1127) to (0.9990±0.1598). Small value
(0.7044±0.1127) of a is found for NGC 4736 which is early type
barred spiral (Sab) type and it has small mass while greater
value (0.9990±0.1598) is found for NGC 3379 which is of
elliptical type. Recent measurements of the Kerr parameters a
for two stellar size black-hole binaries in our Galaxy (Shafee et
al. 2006) for GRO J1655-40 and 4U 1543-47 are estimated to fall
in the range a = 0.65 - 0.75 and a = 0.75 - 0.85, respectively. Our
estimated values are quite reasonable because we know that
spin angular momentum for a collective mass of the galaxy
has always-higher value than for a black hole mass. We found
most of our estimated massive galaxies (> 50%) are fitted with
the higher value of a. Since spin of barred and unbarred
galaxies not only mass dependent but also depends on their
local inner activities such as starbursts as well as globular
cause such as its neighbouring galaxies, its position in galaxy
cluster etc. These results might be interesting in the future
studies.

Table (1) shows the list of database. The first column
lists the name of the galaxies according to the catalog. The
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Fig. 6: The observed and fitted rotation curves of galaxies NGC 0224, NGC 1097,  NGC 1808, NGC 3031, NGC 3034, NGC
3521, NGC 4631, NGC 4736, NGC 2903, NGC 3628, and NGC 5033. The thick solid and thin solid curve represents the
observed and fitted line respectively. The value of M, Ë and a is shown inside the square box.

Fig. 7: The observed and fitted rotation curves of galaxies NGC 2708, NGC 3495, NGC 4569, and UGC 3691. The thick solid and
thin solid curve represents the observed and fitted line respectively. The value of M, Ë and a is shown inside the square box.

second column shows the morphological type. The positions
in the equatorial coordinate system are listed in the third and
fourth columns. The fifth and sixth columns give the major
diameter (in arc min) and position angle (PA) respectively.
The seventh column lists the radial velocity in km s-¹. The
ninth, tenth and last columns list the estimated mass,
cosmological constant and Kerr parameter respectively. The
observed and fitted rotation curves of some galaxies are
shown in above fig.

CONCLUDING REMARKS
From its introduction, the cosmological constant has

become one of the most paradoxical quantities. The geodesics

motion of massive and massless particles for rotating
axisymmetric black hole can be described by Kerr-de Sitter
space-time. This contains a finite cosmological constant (Ë).
We estimated the values of cosmological constant (Ë ), mass
(M) and Kerr parameter (a) of 30 galaxies by using the formula
for rotational velocity of test particle in Kerr-de Sitter space-
time using circular orbit and central rotation curves of these
galaxies. We used the method of non- linear least square
curve fit and fitted for the values of mass (M), cosmological
constant (Ë ), and Kerr parameter (a) for different galaxies.
From this method, the results are summarized as follows.

• The value of the rotational velocity in the flat portion
in the rotation curves data of galaxies is found to be increased
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with mass (M) keeping cosmological constant (Ë ) non-
negative. For a constant negative value of Ë , ‘v’ vs. ‘r’ curves
meets at a point after certain distance with the variation of
mass. The meeting point is observed to be dependent on the
value of Ë .

• The Curvature of rotation curve data of Galaxies is
found to be dependent on the value of Ë  keeping mass
constant. For non- negative value of Ë , velocity (v) decreases
as distance from galactic center (r) increases while for negative
value of Ë  velocity (v) increases with the distance. Thus, Ë  is
an essential parameter to fit the curvature of rotation curves
data of galaxies.

• Since Kerr parameters lie in the range of 0.1 to 1.0 and
appears as coefficient of mass in our equation of motion, it
has negligible contribution in ‘v’ vs. ‘r’ curve. However, it has
an effect in goodness of fit statistics, particularly in non-
linear least square curve fitting.

• The value of mass (M) of galaxies are estimated in the
range of (0.12 ± 0.02) × 10¹º M  to (70.37 ± 11.26) × 10¹º M .
NGC 1097 is found to be more massive than others, which is
of SBb type. Least mass (0.12 ± 0.02) × 10¹º M  is found for
NGC 3495 which is fitted for negative cosmological constant
and is of Sd type. Value of mass is found small (0.73±0.12)×10¹º
M  for NGC 3495 which is Ir II type. In general mass is found
to lie in the range 10y  M  to 10¹¹ M  for spiral barred and
unbarred galaxies.

• The nature of cosmological constant fitted for galaxies
were found to depend upon radial velocities of galaxies.
Discarding exceptional cases, for the higher values of radial
velocity cosmological constants were found to be negative
while positive for small values of RV. These suggest some
local phase transition effects at the time when the high redshift
galaxies were formed.

• The value of Cosmological Constant is found to fall
within the range of (1.790 ± 0.286) × 10-49  km-2 to
(7.523±1.204)×10-42 km-2 for positive value of Ë while -(3.983 ±
0.637) × 10-41 km-2 to -(1.860 ± 0.298) × 10-42 km-2 for negative
value of Ë . Most of the galaxies were fitted for the values of Ë
in the range of 10-49  km-2 to 10-48  km-2.

• The value of Kerr parameter lie in the range of
(0.7044±0.1127) to (0.9990±0.1598). Small value, i.e.,
(0.7044±0.1127) of a is found for NGC 4736 which is Sab type
galaxy. It has small mass while greater value (0.9990±0.1598)
is found for NGC 3379 that is elliptical type.
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