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Abstract. The velocity fields of ionized gas disks in four el-

liptical galaxies have been exploited to derive the mass-to-light

ratios as function of radial distance. For each galaxy, namely

NGC 1453, NGC 2974, NGC 5077 and NGC 7097, we derive

a set of intrinsic shapes of the stellar component and viewing

angles that are consistent with the observed ellipticities and ori-

entation of the isophotes. A least-squares fit to the observed

velocity field gives the set of parameters defining the poten-

tial that best reproduces the kinematics of the ionized gas disk

as well as the mass density and light density radial profiles.

For three galaxies a satisfactory model is found. The M/L ratio

does change within individual galaxies, though not showing any

systematic increase with radius and has a mean value of about

5M�/LB� out to ∼ 1Re.

Key words: galaxies: elliptical and lenticular, cD – galaxies:

ISM – galaxies: structure – galaxies: kinematics and dynamics

1. Introduction

This is the third in a series of papers on the properties of ellipti-

cal galaxies with ionized gas disks that have been produced by

the ESO Key Programme ”A search for dark matter in elliptical

galaxies” (Bertin et al. 1989). In Paper I (Buson et al. 1993)

Send offprint requests to: Alessandro Pizzella, Dipartimento di

Astronomia, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy

(pizzella@astrpd.pd.astro.it)
? Based on observations collected at the European Southern Obser-

vatory, La Silla (Chile).

the Hα imaging for 15 galaxies known to have emission lines

was presented and discussed. Follow up spectroscopic obser-

vations, which map the velocity field of the ionized gas, were

made for six objects with regular gas morphology, and were

presented in Paper II (Zeilinger et al. 1996). In this third paper

we compare these datasets, three velocity fields from Paper II

and one, NGC 5077, from Bertola et al. (1991, hereafter B91),

with models for the non–circular velocity fields of cold gas in

triaxial potentials. The models allow us to correlate the parame-

ters related to the intrinsic shape of the galaxy with the observed

ellipticity values and the position angle of the stellar major axis.

The fits to the velocity field and to the luminosity profile give

the mass and light density profiles respectively and hence the

radial mass-to-light profile. The method is similar to that devel-

oped by de Zeeuw and Franx (1989, hereafter ZF) and applied

by B91 to NGC 5077. Here we consider models with cusped

central density profiles. The extension of the ionized gas disks

is typically of the order of one effective radius, Re, or less. Our

study is therefore limited to the inner regions of the galaxies.

2. Mass models

B91 used the family of separable triaxial models with constant

density cores described by ZF to reproduce the ionized gas ve-

locity field of NGC 5077 with a constant M/L model. Hubble

Space Telescope observations indicate that elliptical galaxies

generally have cusped central surface brightness profiles (Crane

et al. 1993; Jaffe et al. 1994). Accordingly, we adopt the same

approach as in B91, but we use a family of non-rotating triax-

ial mass models with a central density cusp. They are triaxial

generalization of the so-called γ-models (e.g., Carollo 1993;
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Dehnen 1993; Tremaine et al.1994) introduced and described

in detail by de Zeeuw & Carollo (1996, hereafter ZC). These

models allow for variations of ellipticity and position angle of

the major axis of the isophotes with radius.

The mass models introduced by ZC are based on the spher-

ical γ-models with density profile:

ρ(r) =
(3−γ)MT r0

4π

1

r−γ(r + r0)4−γ
. (1)

This spherical density, and its associated gravitational potential,

are functions of three parameters: γ,MT , r0. The first of these,

γ (0 ≤ γ < 2), measures the “cuspiness” of the central density

profile which diverges as 1/rγ . For high values of γ we have

a steep central profile while the case γ = 0 corresponds to the

model with finite central density and a central density gradient

intermediate between the King and Hubble profiles, similar to

the separable models described by ZF, and applied by B91.

MT is the total model-mass of the galaxy, and r0 is a scale-

length, which is related to Re (Dehnen 1993).

The models are made triaxial by adding two low order spher-

ical harmonics terms to the potential of the spherical γ models,

with appropriately chosen radial functions, given in Eq. (2.5) of

ZC. This introduces four free parameters in addition to γ, MT

and r0, which can be chosen as the intrinsic axis ratios p0, q0,

p∞, q∞ of the triaxial surfaces of constant density at small and

large radii, respectively.

A stable configuration of cold gas in a nonrotating triaxial

galaxy can only be a ring or a disk in one of two principal planes,

either perpendicular to the long axis of the figure or perpendic-

ular to the short axis (Tohline, Simonson & Caldwell, 1982;

Merritt & de Zeeuw, 1983). We use the convention that the Z
axis is always perpendicular to the gaseous disk, and that the X
axis is longer than the Y axis. From these definitions it follows

that we have two distinct cases: when 1 ≥ p ≥ q ≥ 0 the gas

is perpendicular to the short axis, and when q ≥ 1 ≥ p ≥ 0

the gas is perpendicular to the long axis. The seven parame-

ters γ,MT , r0, po, qo, p∞, q∞ allow us to determine the 3-

dimensional density distribution and the orbital velocities on

either of the two relevant principal planes. We use the proper-

ties of the velocity field as derived by ZC by means of the first

order epicyclic approximation. The projected surface density

and projected velocity field, which are the observable quanti-

ties, are derived once we know the three viewing angles θ and

φ, defined as the standard spherical coordinates of the line–of–

sight in the galaxy coordinate system, and χ, the position angle

of the projected Z axis, measured eastwards of North. The gas

moves on closed orbits whose properties are fully determined by

the model. The orbits become circular at large radii (r >> r0)

whereas the ellipticity εR reaches a maximum value for small

radii (r << r0) which is the smaller the steeper the central den-

sity gradient (higher γ). For fixed central flattening (p0, q0) εR is

a function of the intrinsic axis ratio. εR = 0.4 is the upper limit

beyond which the epicyclic approximation is no longer valid

and the description of the gas on closed orbits breaks down (see

Fig. 1 of ZC).

Fig. 1. Observed (open dots) and model (full line) radial velocities

curves for NGC 1453.

3. The modelling

3.1. Mass density profile

The method used by B91 to obtain a local M/LB profile for

NGC 5077 consisted of two distinct steps: the determination

of viewing angles and intrinsic axial ratios from the observed

mean values for the ellipticity and position angle of the stellar

component and the observed range for the inclination angle θ
allowed by the apparent axis ratio of the gas component. For

each of the two possible configurations (gas disk perpendicular

to the short axis or perpendicular to the long axis), B91 fit the

gas velocity field and obtained a set of parameters related to the

total mass, to the core radius and to the asymptotic behaviour of

the velocity curves respectively. The derived values then fix the

intrinsic density profile. In this paper our aim is essentially the

same, determining the intrinsic shape of the ellipsoid and then

fitting the observed velocity field.

To model the observed velocity field it is necessary to know

the intrinsic axial ratios of the density distribution and the view-

ing angles. There is not a unique way to deproject the image of

a triaxial galaxy projected on the sky since there are more un-

known quantities than observables. The γ-models allow us to

correlate p0,q0,p∞,q∞,θ,φ,χ and γ to the observed ellipticity

and position angles of the stellar major axis at small and large

radii (ε0,ε∞,Ψ∗,0,Ψ∗,∞). Hence four quantities out of eight are

free to cover the entire range of values in which they are defined.

We will determine the value of these four parameters from the

velocity field fit. We now discuss the procedure step by step.

The first step consists of finding the proper center and sys-

temic velocity for all the velocity curves. This is done by fit-
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ting a simple (circular) velocity field to the data. The next

step is to find all the possible combinations of the parameters,

p0, q0, p∞, q∞, θ, φ, χ and γ that reproduce the observed shape

of the galaxy.

We thus calculate p0, q0, p∞, q∞ on a 4-dimensional grid

obtained varying the three viewing angles and γ with 0◦ <
θ ≤ 90◦, −90◦ ≤ φ ≤ 90◦, 0 < γ < 2. χ is chosen to be

within a reasonably range around the apparent minor axis of the

gaseous disk. Among all the possible combinations of the above

parameters, some lead to non–physical models because εR, the

orbital ellipticity in the center, becomes greater than 0.4 and/or

the mass density along the short axis becomes negative for some

values of the radius r. We then selected the sets of parameters

that matches the two above criteria. At this point, for each set

of the parameters so far obtained, the best fit model has been

derived by means of a least squares fit to the observed velocity

field. That is, for each set of parameters (p0, q0, p∞, q∞, θ, φ,

χ, γ) that reproduce the observed (ε0, ε∞,Ψ∗,0,Ψ∗,∞) and that

are physically allowable we found the value for r0 and MT

that best reproduced the observed velocity field minimizing the

root–mean–square. The set of parameters that, among all, give

the minimum r.m.s. represents the best fit of the velocity field.

Because the selected sets of parameters are usually very

large, this procedure is iterated using smaller and smaller steps

for θ, φ, χ and γ around the best fitting parameter-set, as men-

tioned above. The model velocities are convolved for the seeing

before the comparison with the observed values. A gaussian

PSF has been used.

An extra constraint on θ can by found from the morphology

of the ionized gas. Since the gas orbits become nearly circular

at large radii, the apparent axis ratio of the gas disk is directly

related to the inclination angle θ. Assuming the disk intrinsically

circular, the observed axis ratio is equal to cos θ. We do not use

this constraint because we don’t know how the emissivity of the

gas varies with position and we do not know whether the disk is

flat and circular or thick, warped and elliptical. We thus consider

this value of θ as only a rough check for our determination.

3.2. Light density profile

To derive the luminosity density of a galaxy we have to fit the

surface brightness profile µB taking into account the triaxial

shape of the galaxy. Using the value of the three viewing angles

previously determined by means of the kinematical fit, we fit

the surface brightness profile using the constraints imposed by

the twisting of the isophotes and the variation in the ellipticity

profile of the stellar component as we did in the previous section.

The γ model gives an explicit analytical form for the projected

surface density:

Σ(R,Ψ) = Σ0(R) + Σ2(R) cos 2(Ψ − Ψ∗) (2)

where Ψ∗ is the position angle of the stellar major axis, (R,Ψ)

is again the generic point of the galaxy projected on the plane

of the sky and Σ0 is the azimuthally averaged surface den-

sity profile. Expression can be found in ZC. The fit to the ob-

served surface brightness profile involves, as usual, ten parame-

Table 1. The objects. Columns 2-5 are taken from RC3.

Object Type B0
T Re Dist. LTB scale

” Mpc 1010LB� pc/”

NGC 1453 E2 12.2 24.9 77 12.7 374

NGC 2974 E4 11.8 24.3 39 4.3 188

NGC 5077 E3 12.2 22.7 56 6.4 271

NGC 7097 E5 12.6 18.1 45 3.8 220

ters, p0, q0, p∞, q∞, θ, φ, χ, γ, r0 and LT . The three viewing

angles θ, φ and χ are now fixed to the values given by the

mass density model. Because p0, q0, p∞, q∞ depend not only

on ε0, ε∞,Ψ∗,0,Ψ∗,∞ but also on γ, it is possible for their val-

ues to be different from the values found in the kinematical fit.

This fitting procedure allows one to fit the surface brightness

profile and at the same time to roughly reproduce the observed

ellipticity and position angle radial profile.

3.3. Statistical errors in the velocity field modeling

We have not derived in a rigorous way the statistical uncertain-

ties of the parameters obtained for the dynamical model. To this

aim we would need the standard deviation of each velocity mea-

surement while only an estimate of it is available. (Paper II). For

this reason we cannot obtain the χ2 of our models. Nevertheless

it is important to have an estimate of how much each parameter

is constrained by the fit. Using the value σvel = 15 km/s as the

standard deviation of all the velocity measurements, for each

best fitting set of parameters (γ, r0, MT , θ, φ, χ) we com-

puted the 68% confidence region. We did not include the axial

ratios p0, q0, p∞, q∞ in the above parameter list because the

error on this four quantities depends mostly on the error in the

measured ε0, ε∞. The error estimate of the model parameters is

given only in the cases of NGC 1453 and NGC 2974.

4. The objects

Out of the six galaxies observed in Paper II, only 3 are suit-

able for a detailed model study of the velocity field, namely

NGC 1453, NGC 2974, NGC 7097. In the other 3 galaxies the

presence of more than one kinematical component (NGC 3962,

NGC 6868) or the non regularity of the gas velocity field

(NGC 4636) invalidate the analysis that we are considering in

the present paper. We apply the triaxial model also to NGC 5077

previously studied by B91. For the first three galaxies we

adopted the same distances as Paper I while for NGC 5077

we considered the same distance adopted by B91. We assumed

H0 = 50 km/s/Mpc throughout this paper. The sample objects

are listed in Table 1.

4.1. NGC 1453

NGC 1453 is an E2 galaxy withB0
T = 12.21,Re = 24.9′′ (RC3)

and a distance of 77 Mpc . The Hα image (Paper I) reveals the

presence of an ionized gas disk misaligned with respect to the

stellar isophotes by ∼ 56◦. This misalignment together with the
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Fig. 2. Modeling the surface brightness profile of the four galaxies

studied. In the upper panels the observed (open dots) and model surface

brightness profile along the major axis of the objects are plotted. The

dashed and dotted lines represents the model profile before and after

the seeing convolution respectively. In the lower panels the full line

represents the residuals ∆µ = (µobserved − µconvolvedmodel).

10◦ twisting of the isophotes suggests that the intrinsic shape

of NGC 1453 is triaxial. We have considered the geometrical

constraints deduced in paper I ε0 = 0.14, ε∞ = 0.18,Ψ0 =

27◦,Ψ∞ = 37◦. Using this set of values we determined all the

possible intrinsic shapes varying γ, θ,φ andχ, and then we fitted

the velocity field as described in Sect. 3. The best fit model is

listed in Table 2. In Fig. 1 we plot the observed and the best fit

velocity field. The mass, luminosity and M/L profiles of the

models are shown in Fig. 3. For the modeling of the surface

brightness we used the blue profile of Sparks et al. (1991) with

a FWHM of the seeing of 2.2′′. The result of the photometric

fit is plotted in Fig. 2, is listed in Table 2 and the corresponding

density profile is plotted in Fig. 3.

The model is able to reproduce the observed velocity field in

a satisfactory way. Even along the minor axis (PA 45◦), where

a spherical model will give zero velocity, the triaxial model

shows good agreement with the observational data. The result

of our analysis is the following: the gaseous disk is ⊥ the major

axis; the galaxy is oriented with viewing angles θ = 46◦ ± 7◦,

φ = 54◦ ± 8◦ and χ = 45◦ ± 1◦; the intrinsic axial ratios are

I/L|0 = 0.86, m/L|0 = 0.75, I/L|∞ = 0.78, m/L|∞ = 0.69.

The mass-to-light ratio radial profile slightly decreases from the

value of ∼ 8M�/LB� at the innermost point to ∼ 6M�/LB�

at the outermost point.

Fig. 3. NGC 1453. Lower panel: mass and light (long dashed line)

density profiles for the triaxial model listed in Table 2; the different

lines represents the best fit kinematical model (full line) and the two

models with the highest and lowest M/L values at large r at the edge

of the 68% confidence region (dotted and dashed lines). The radial

distance is measured along the intermediate axis. Upper panel: local

M/LB ratio given by the ratio of the profiles of the lower panel. The

vertical lines in both the lower and upper panels define the spatial

region within which the M/L profile is valid. The inner limit is due to

the seeing while the outer limit represents the outermost last available

kinematical measurement.

4.2. NGC 2974

NGC 2974 is an E4 of B0
T = 11.8 and Re = 24.3′′ (RC3) and

38.8 Mpc distant. The Hα image (Paper I) shows the presence

of an ionized gas disk misaligned with respect to the stellar

isophotes by about 20◦. The velocity field of the gas has been

observed with 10 spectra taken at 8 different position angles.

Three of these spectra have low spatial and wavelength resolu-

tion with respect to the others. For this reason we only consid-

ered, for our kinematical modeling, the spectra at PA 45◦ which

add a new position angle to the 7 observed with higher resolu-

tion. NGC 2974 also possesses an HI disk which extends out to

3.3Re (Kim et al. 1988). The HI disk has the same rotation axis

and velocity as the inner ionized one. It is likely that the two

disks are actually the same structure.

In the application of the triaxial model we assumed the fol-

lowing geometrical constraints: ε0 = ε∞ = 0.34, Ψ0 = Ψ∞ =

40◦ taking into account that a faint stellar disk is present in

this galaxy (Cinzano & van der Marel 1994). The results of our

kinematical fit are listed in Table 2 and plotted in Fig. 4. For the



A. Pizzella et al.: Triaxial modeling of the ionized gas velocity field in early-type galaxies. III 353

Table 2. Triaxial models: best fit parameters. Parameter sets for different fits of the velocity field and of the surface brightness profile. (1) object;

(2) FWHM (arcsec) of the seeing; (3) γ; (4) scale length r0 (arcsec); (5) total mass MT (in units of 1011M� for the velocity field fit) or total

blue luminosity LT (in units of 1010L� for the surface brightness fit); (6) (7) viewing angles θ,φ and χ (degrees); (8)-(11) axial ratios; (12)

r.m.s of the fit in units of km/s and µ/′′2 for the velocity field and surface brightness fits respectively. For NGC 1453 and NGC 2974 also the

68% confidence region is reported.

object seeing γ r0 MT -LT θ,φ χ p0 q0 p∞ q∞ r.m.s.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Velocity field fit

NGC 1453 2.3 0.62+0.21
−0.05 7.0+1.8

−0.6 5.06+0.73
−0.20 46+6

−8,54+4
−12 45±1 0.86 1.26 0.84 1.33 32.06+0.14

NGC 2974 2.3 1.14+0.29
−0.03 11.7+6.8

−0.6 1.77+0.37
−0.06 57±2,-67±2 139±1 0.76 0.62 0.79 0.53 26.60+0.08

NGC 5077 2.3 1.12 18.7 4.32 43,-43 -3 0.77 1.74 0.75 1.29 33.9

NGC 7097 1.5 1.82 433 146 60,29 67 0.61 0.56 0.51 0.49 30.6

Surface brightness fit

NGC 1453 2.2 1.95 40.2 10.6 46,54 45 0.84 1.22 0.85 1.33 6.9 10−2

NGC 2974 2.2 1.63 29.6 6.13 53,-69 138 0.80 0.58 0.83 0.30 9.8 10−2

NGC 5077 1.5 1.42 17.9 5.60 43,-43 -3 0.75 1.68 0.75 1.29 6.4 10−2

NGC 7097 2.2 1.33 13.8 3.79 60,29 67 0.60 0.55 0.39 0.39 1.1 10−1

Fig. 4. Observed (open dots) and model (full line) radial velocities

curves for NGC 2974.

luminous density model we used the surface brightness profile

by Djorgovski (1985) assuming a FWHM of the seeing of 2.2′′.

Since this profile is in the R band we transformed it to the B

band by adding the B − R color of the galaxy, which equals

1.66 (Poulain & Nieto 1994). The result of the luminosity fit is

plotted in Fig. 2 and listed in Table 2.

The corresponding mass, luminosity and M/L profiles are

plotted in Fig. 5. The value of the inclination angle θ is well

constrained by the model to be θ = 57◦±2◦ while φ = 67◦±2◦

and χ = 139◦ ± 1◦. The intrinsic shape of the galaxy is triaxial

with axial ratios I/L|0 = 0.76, m/L|0 = 0.62, I/L|∞ = 0.79,

m/L|∞ = 0.52 with the gas moving on the principal plane

⊥ the short axis. The M/L radial profile decreases from

∼ 4M�/LB� at the innermost point to ∼ 2.5 at the outer-

most point. This value is smaller than the value of 5M�/LB�

obtained by Cinzano & van der Marel (1994) studying the stellar

dynamics.

4.3. NGC 5077

NGC 5077, an E3 galaxy with a prominent minor axis dust lane,

has been the subject of a detailed study by B91 who modelled its

ionized gas velocity field by means of a triaxial potential without

a cusp. We assumed ε0 = 0.28, ε∞ = 0.20,Ψ∗,0 = 8◦,Ψ∗,∞ =

10◦ (from B91) finding that the gaseous disk lies in the plane ⊥
to the long axis. This is as expected, because the ionized gas lies

almost perpendicular to the apparent major axis. No solutions

are found for a gaseous disk laying in the plane ⊥ to the short

axis.

The best fitting values for NGC 5077 are shown in Table 2

and the model velocity curves are plotted in Fig. 6. The angle

χ is well determined by the fit and lies close to PA= −3◦,

The viewing angle θ is poorly determined by the fit and, as a

consequence, it gives an uncertainty in the determination of the

total mass of the galaxy but it does not influence the trend of the

density profile. The value of θ = 43◦ found in this paper is close

to the lower limit stated by B91. The result of the luminosity fit is

plotted in Fig. 2 and listed in Table 2. The light and mass density

profiles as well as the local M/LB ratio profile are plotted in

Fig. 7.

The results obtained in the present work are in reasonable

agreement with B91. Due to the more restrictive geometrical

constraints here considered, i.e., not only the twisting between

the stellar body and the gaseous disk but also the twisting be-

tween the inner and outer stellar isophotes, we do not find solu-

tions for the gas occupying the plane perpendicular to the short
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Fig. 5. As Fig. 3 for NGC 2974. The 68% confidence region is bounded

by the highest M/L model (dotted line) and by the best model (full

line) that, in this case, represents also the lowest M/L model.

axis. The viewing angles that we find (θ = 43◦, φ = −43◦) fall

in the range indicated by B91. The axial ratios (I/L|0 = 0.59,

m/L|0 = 0.45, I/L|∞ = 0.77, m/L|∞ = 0.58 also are in

the region indicated by B91. The M/L profile increases slowly

from the value of 4M�/LB� in the center to 8M�/LB� at the

last measured point. This result is also consistent with B91, the

higher value of M/L being due to the lower value of θ here

considered.

4.4. NGC 7097

NGC 7097 is an E5 of B0
T = 12.6, Re = 18.1′′ (RC3) at a dis-

tance of 45 Mpc. The stellar kinematics reveal a counterrotating

core (Caldwell et al. 1986, Pizzella et al. 1996). The ionized gas

velocity field of NGC 7097 has been studied by Caldwell et al.

(1986). They considered a gaseous disk inclined at θ = 60◦ with

respect to the line of sight finding an M/L ratio varying from

less than 1′′ in the center to 3.5M�/LB� at the last measured

point, at 12′′.

For this galaxy we have 5 spectra at different position angles.

The Hα image (Paper I) shows the presence of an ionized gas

disk misaligned by about 30◦ with respect to the stellar isophotes

and with an inclination of 57◦. The geometrical constraints con-

sidered are ε0 = 0.2, ε∞ = 0.26,Ψ0 = 15◦,Ψ∞ = 20◦ as indi-

cated by the ε and PA profiles in Paper I. When we apply the

triaxial modeling we find a low value of the inclination, less

than 10◦. This result is in contradiction with the indication of

Fig. 6. Observed (open dots) and model (full line) radial velocities

curves for NGC 5077.

theHα image. Moreover the projected rotation velocity is about

200 km/s (Fig. 8) and a face-on disk will produce huge and un-

usual deprojected rotation velocities. The problem is mainly due

to the rotation curve of PA 90◦ as is clearly visible in Fig. 8 which

represents the best fit kinematical model. The poor fitting of this

curve is not an artifact of the triaxial modeling. Neither an error

of the position angle of the slit during the exposure can justify

the discrepancy between the observation and the model velocity

curves. After these considerations, we decided to use the value

of θ indicated by the Hα image (θ = 60◦) and proceeded with

the modeling. For the luminous density model we used the sur-

face brightness profile by Sparks et al. (1991) plotted in Fig. 2

together with the best fit luminous model. In Table 2 we report

the results of the kinematical and luminosity models while in

Fig. 9 we show the mass and luminous density profile with the

M/L profile. The geometrical constraints indicate that the gas

is moving in the plane perpendicular to the short axis. M/L is

constant with radius and is 8M�/LB�.

5. Discussion and conclusion

We have modelled the gravitational potential of 4 elliptical

galaxies using a triaxial mass distribution. The models are able

to reproduce the observed velocity fields in a satisfactory way.

In particular, in the case of NGC 1453 the model reproduces

the non-circular motion along the minor axis of the gaseous

disk (PA 45◦) at least in a qualitative way. Also in the case of

NGC 2974 there is evidence of non zero velocities along the

minor axis (PA 135◦) but in this case our model is not able to

reproduce this effect.
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Fig. 7. As Fig. 3 for NGC 5077. Only the best fit model is plotted.

For NGC 5077 we find good agreement between the model

and the observations. NGC 7097 is the only galaxy for which

the model was not been able to reproduce the observed gas

kinematics. The discrepancy occurs mostly at a single position

angle. We remark that the improvement given by the triaxial

modeling is not only in reproducing the velocity field, but also

the two dimensional shape and the viewing angles of the galaxy.

The present method gives also a result that is not strongly model

dependent. The only important assumption is that the gas has

settled in the principal plane and that it is moving in ordered

orbits.

In 2 out of 4 objects (NGC 2974 and NGC 7097), the gas

is moving in the plane ⊥ to the short axis while in the other

two cases (NGC 1453 and NGC 5077) the gas is on a plane ⊥
to the major axis as expected if the gas has an external origin.

The resulting M/L profiles are nearly constant with radius. It

has to be noted that, even if the model has been convolved for

the seeing, both the mass and the light density distribution (and

M/L profile) are not reliable in the inner arcsecs. From simple

numerical simulation we estimate the limit of r ∼ 4′′ to be the

limit inside which the derived M/L profile can be disturbed

by the seeing. Moreover the ionized gas velocity fields of the

sample galaxies have a central peak in the velocity dispersion. In

the inner 4′′ the velocity dispersion that for NGC 2974 reaches

the value of 250 km/s. This high value can be attributed only

partially to an effect induced by the seeing. Indeed, when the

central velocity gradient is high, the seeing blurs the spectra

lowering the central velocity gradient and increasing the value

of the velocity dispersion. By means of numerical simulations

Fig. 8. Observed (open dots) and model (full line) radial velocities

curves for NGC 7097.

we found that, for NGC 2974, the seeing could produce a value

of the velocity dispersion not higher than 150 km/s and hence

cannot account for the observed value of 250 km/s. It is possible

that in this central region the ionized gas can be supported by

pressure (Bertola et al. 1995, van der Bosch & van der Marel

1995).

The largest radial variation of our derived M/L profiles

is an increase by a factor of 2 from the center to the outer

regions of NGC 5077. For the other 3 galaxies we observe a

constant value (in NGC 7097) and a decrease by a factor of

1.6 and 1.3 (in NGC 2974 and NGC 1453 respectively). The

fact that when all galaxies are averaged we do not observe an

overall trend (i.e. a systematic increase of M/L as we expect

if dark matter is present) indicates that luminous matter domi-

nates the mass distribution inside 1Re. M/L seems to be higher

for objects of higher luminosity and the mean value of M/L is

about 5M�/LB�. This value matches well the mean value of

M/L ∼ 5 found by van der Marel (1991) for galaxies of the

same mean luminosity. Previous dynamical studies of the ESO

Key Programme (Saglia et al. 1993; Bertin et al. 1994) also

are consistent with the present indication that M/L is approx-

imatively constant out to 1Re at a value of about 5M�/LB�.

We found the presence of dark matter in 3 out of the 9 objects

of the sample whose kinematics was measured typically out to

1-2Re. We can consider this as an indication that the central

regions of elliptical galaxies are dominated by the luminous

matter while dark matter begins to be dynamically important at

2-3Re. Only beyond this limit the presence of dark matter is

compelling (Bertola et al. 1993; Carollo et al. 1995).

The use of ionized gas kinematics described in the present

work provides a good determination of the mass-to-light ratio

in the inner regions of elliptical galaxies (inside 1Re), where it

turns out to show only little variations. It is encouraging to note

that our analysis, based on a method which is completely inde-
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Fig. 9. As Fig. 3 for NGC 7097. Only the best fit model is plotted.

pendent from the use of the stellar kinematics, leads to results

that are in good agreement with those obtained with the most

recent stellar dynamical models.

To detect the presence of dark matter it is therefore necessary

to determineM/L at distances well beyond 1Re from the center.

In the framework of the present Key Programme this means to

use more extended gaseous disks, such as the HI disks which

sometimes are observed in elliptical galaxies. As far as the use

of the stellar dynamics is concerned, an improvement can be

obtained by observing the line profiles at the farthest distances

allowed by the state of the art detectors. The determination of the

velocity dispersion together with that of the shape of the lines

allows one to obtain results which are not model dependent.

These results could be compared with those, which are now in

a way of rapid accumulation, based on the X-ray halo emission

and on the dynamics of planetary nebula.
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