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A family of triaxial mass models : Analytical study of its projected
properties
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Abstract. Triaxial modified Hubble mass models are studied. The models are more
general than those studied by earlier workers. The potential and the projected surface
density of the mass models can be calculated analytically. The shapes of the isophotes
and the profiles of ellipticity and position angles are studied. The inclusion of large
number of terms in density function, allows one to produce a large variety of these
profiles, which can be compared with observations.

1. Introduction

Schwarzschild (1979) proposed a triaxial generalisation of a modified Hubble mass model.
Later, deZeeuw and Merritt (1983) casted it into an analytical form. Chakraborty and Thakur
(2000) (hereafter, CT2K), studied the projected properties of these models, following the apporach
of deZeeuw and Carollo (1996). The models have density p(r,0,¢) = f(r) — g(n)Y$5 (O)+ h(r) Y22
(6,¢) and potential V(r,0,¢) = u(r) — v(NY3 + w(r)Yzz. We modified the model of CT2K by
adding more number of terms to it and studied its projected properties analytically. The
potential and the projected surface density of the resultant mass model can be
calculated analytically. The inclusion of large number of terms in density function, allows one
to produce a large variety of the profiles of projected parameters, which can be compared with
observations.

2. Formulations

It was mentioned by deZeeuw and Carollo (1996), that terms with spherical harmonics of
higher order may be added. As a preclude to such studies, we added terms
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respectively to g(r) and h(r) of the density. The potential gets modified and the terms
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should be added respectively to v(r) and w(r) of the potential. The radial dependences of the

“extra-terms” g,, h,;, v, and w, are chosen such that they are effective in intermediate range of
r only. Therefore at small and at large radii, the terms f{r), g(r) and hA(r) are dominating and
the parameters appearing in these radial functions can be fixed by chosen axis ratios of the

~ approximate ellipsoidal constant p surfaces, at small and at large radii. The parameters q;.....

a, are chosen such that Ig,(r)l <« lg(ni and Ih; (Nl <« |A(r)l, at all r.

The projected surface density is given by Z(R, ©) =  (R) + XZ,(R) cos 2(© — ©,) where X, and
X, are given by certain r - integrals of the radial functions appearing in p, and viewing angles
(6’,¢"). These, in turn, can be used to find position angles ©, of the major axis and the axis
ratio - of the projected isodensity contours (cf: CT2K). The additional terms g, and h,,
modify the integrals G,, G,, H, and H, of CT2K : G, = G, + G;, G, = G, + G,, H| —
H, + H,,,and H, = H, + H,,. The integrals G,;, G,,, H,; and H|, can be calculated analytically
for the chosen functions. We found

G,, = 4a%R? I, + 12431, — 931, 3) .
where
n
2+R=02 P=3pam |
= B(63R* + 14R%02 + 304) I, = B(63R® + 21R%*? + 9R?c + 306)
I, = B(63R® + 28R%a2 + 18R*c* + 12R%06 + 708) I, = B(63R? +702) 4)

and for H;; (R) and H,, (R) in terms of a; and a,, in place of 4, and a, respectively.

. - ... b . '
In terms of these expressions, position angles ©, and the axis ratio—- can be written down,
which at small and at large radii can be expressed in terms of elementary functions.

3. Results

Projected properties -Z— and O, are studied. The inclusion of g, and A, terms enables us to
generate varieties of ellipticity and position angle profiles which may be compared with
observations.

We found an interesting property. The axis ratio L at small and large R are strongly
correlated, when a model is viewed in all possible orientations. This property is also exhibited
by other triaxial models, such as the triaxial version of ¥ - models of Dehnen (1993). We found
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Figure 1. (a) Cofrelation between (—5)0 and (%)°< when the model of a chosen (p, q) is projected in all possible
viewing angles in absence of “extra terms”, (b) Same with “extra terms”, (c) Plot with crosses (filled circles) show
—Z— as a function of R with (without) g, and h, terms.

that the correlations patterns are qualitatively similar for models with or without the g, and h,
terms. (Compare fig 1(a). and fig 1(b).). It will be interesting to see if the correlation patterns
carry the signature of intrinsic axis ratio of the mass models (cf: Statler and Fry 1994).

The “extra terms” also produce small scale variations in the profiles of photometric
parameters, which are observed in many elliptical galaxies. Fig 1(c). presents L profiles with
and without the “extra terms”. We find the inclusion of g, and k, terms introduces a small scale
variations in the profile.

The study of triaxial mass models with fourth order spherical harmonics are in progress.
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