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Abstract— Determination of the orientation of the elliptical galaxies is an important problem. We determine the orientation of
the light distribution of individual elliptical galaxies by combining the profiles of photometric data from the literature with
triaxial models. The likelihood of obtaining the data from a model is a function of the parameters describing the intrinsic shape
and the orientation. Integrating the likelihood over the shape parameters, we obtain the estimates of the orientation. Apply the
methodology to determine the orientation of the galaxy NGC 741.
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l. INTRODUCTION

The orientation of the individual elliptical galaxies have been
investigated by [1], [2], [3] and [4].The methodology is
based on Bayesian statistics, and is described in [5], [6] and
more recently in [7]. The likelihood of obtaining the data
from a model in a chosen orientation is a function of the view
angle and the shape parameters. The likelihood is multiplied
by a model for the parent distribution of these parameters
(the prior), and integrated over the parameters that one is not
trying to constrain. The normalized result is the posterior
probability distribution for the parameters of uninteresting.
Probability of the shape is obtained by integrating over the
uninteresting orientation parameter.

Section |1 presents the triaxial models to find the orientation
of the elliptical galaxy NGC 741, Section Ill presents the
methodology to determine the orientation, Section IV
presents the observational data of the galaxy, Section V
presents the calculation and statistical summary of the
orientation of NGC 741, Section VI describe the Result and
discussion.

Il.  MODELS

A. M? Models

A triaxial generalization of [8] spherical density
distribution p(r) is made triaxial by considering the
distribution p(7) and replacing r by M, and its modify by [6],

pOM?) = HETEEM Y (b + M) )
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where M2 = x2 + L +— Here, (x, Y, z) are the usual
Cartesian coordinates, r is the spherical radial coordinate and
Bb*py* + M*py*

Bb?% + M?

Bb%qy?* + M?q?

Bb?% + M?

The constant density surfaces are coaxial and coaligned
ellipsoids with varying axial ratios (P, @), which are (py, qo)
at small radii and are (p., q,,) at large radii. In above, b is the
scale length and 8 > 0 is a parameter. The parameter 3 alters
the values of (P,Q) in the intermediate region. These
models are presented in [4] and [6].

B. fgh Models

Another form of triaxial generalization of [8] model
is presented in [9] and its modified by [6]. Rewriting p(r) as
f(r), the triaxial model is density distribution of the form

p=f) =g+ MY + [h() + L (M]YE (2)

P2(M) =

Q*(M) =

where p is the density in the usual spherical polar coordinates
(r,0,¢), g(r) and h(r) are two suitably chosen radial

. 3 1 .
functions, Y} = ;cosze - andY? = 3sin?fcos2¢ are the
usual spherical harmonics and

Lr

g1(r) = m 30rn
T3

hl (7") m 3 07'7'4
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In above, g(r), h(r) and the parameters r; ..r, are the same as
in [9]. g.(r) and hy(r) are introduced in [6], which for choices
of parameter o>0, alter the profiles of ¢ and 6 in the
intermediate region.

Orientation of the elliptical galaxies can be determined using
these models exhibit ellipticity variation and position angle
twist. They use ellipticities e, o and the position angle
difference @y, — @, at two suitably chosen points R;, and
Rout from the profiles of the photometric data of the galaxies.
The orientation is described by the parameters of the
orientation as a function of polar coordinates (0',9") of the
line of sight. (qo, 0w To, T), Where o, 0., (To, To) are short
to long axial ratios (triaxialities) at small and at large radii,
respectively. They find that the best constrained shapes
parameters are the axial ratios qo, (., and the absolute value
of the triaxial difference T, defined as [Tq | = [T, — To |

The orientation is given by a Bayesian probability
distribution. The likelihood of obtaining the data from a
model is a function of the parameters describing the
orientation. Integrating the likelihood over the uninterested
shape parameters, we obtain the estimates of the orientation.
We find that the position angle difference between the two
suitable chosen points from the profiles of the photometric
data plays a key role in constraining the orientation of the
galaxy.

I1l. ORIENTATION OF NGC 741

The observed data of NGC 741 is ¢j, = 0.129, eoy = 0.188, 04
= 2.5° at Ry, = 6.8 arcsec and R, = 16.5 arcsec. Effective
radius R, of NGC 741 is 57.5 arcsec. This data is obtained
from R-band photometry of [10]. While applying this data to
calculate the probability of the intrinsic shape, we consider
the uncertainty of 0.02 in ellipticities, and the uncertainty of
1° in position angles both at R;, and R, . We use the
ensemble of models, as described in section I, M? models
with g =5.0, 2.5, 1.0, and fgh models with & = 0.0, 2.5, 5.0.
Integrating the marginal posterior density over all possible
values of gy and g, , and taking unweighted sum over all
these models, we obtained orientation estimate the
probability P as a function of (0',¢") is a model independent.

IV. RESULTS AND DISCUSSION

Table 1. presents the statistical summary of orientation of the
galaxy NGC 741. The determination of the orientation of this
galaxy is present in fig. 1. The probability of the orientation
plotted in dark grey shade: darker is the shade, higher is the
probability. The white contour encloses the region of 68%
highest posterior density, which may be interpreted as lc
error bar. The plus mark is the true orientation of the galaxy.
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We find a good agreement between the results of probability
calculations and the true orientation.

Table 1. Statistical summary of the orientation of NGC 741.

Area of

68%

Models 0', 0'p | <0'> | <¢'> | highest
probabil

ity

P=1.0 | 675 | 495 | 526 | 89.2 | 44.5%

M2 | B=2.5 | 735 | 495 | 51.6 | 888 48.9%
P=5.0 | 735 | 195 | 484 | 89.8 | 53.5%

¢=0.0 | 795 | 255 | 53.1 | 84.1 | 49.0%

fgh | €25 | 855 | 285 | 473 | 87.0 | 56.4%
¢=5.0 | 405 | 205 | 43.9 | 87.35 | 59.2%

Sum over

The plot of the posterior probability distribution P of the
orientation as a function of polar coordinates (8'¢’) of the
line of sight as shown in fig. 1. We use a rectangular plot
with 68’ going from 0° to 90° in the vertical direction from
bottom to top and ¢’ going from 0° to 180° in the horizontal
direction from left to right. The observational data use from
[10] and use the M? model with # = 1.0, 2.5, 5.0 and fgh
model with o = 0.0, 2.5, 5.0.

L

0

0 b’ 180

Figure 1.  Plot of the posterior probability distribution P as a function of
(0',9") for NGC 741. Plus marks the location of the maximum probability.
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