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Abstract. The exact contribution of the stellar disk to the overall kinematics of a galaxy remains
in most studies a free parameter of the mass models. With the help of chemospectrophotomet-
ric evolution models, it is now possible to have a coherent picture of the stellar population of
a galaxy including its mass-to-luminosity ratio at every radius spanning a wide range of ob-
servable wavelengths. We will focus on discussing the consistency of the mass thus inferred in
photometric bands ranging from the FUV to the NIR for individual galaxies and compare this
to the maximum-disc hypothesis.
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1. Introduction
The number of free-parameters in kinematical analyses of galaxies prevents the un-

ambiguous determination of the dark matter halo parameters and stellar disc mass-to-
luminosity ratio. Degenerate solutions can make the latter (Υ�) vary by up to an order of
magnitude and change radically the profile of the halo in the innermost regions, depend-
ing heavily on observational as well as conceptual assumptions (Bershady et al. 2010).

Some authors have focussed on the question of the mass of the stellar disk in spiral
galaxies, using the baryonic Tully-Fisher relation (Stark, McGaugh & Swaters, 2009) or
chemical evolution along with stellar population synthesis tools to derive color-dependent
stellar mass-to-light ratios, (Bell & de Jong, 2001). Boissier & Prantzos (1999, 2000) have
shown that their multizone chemical evolution models are successful in reproducing the
properties of both the local environment of the Galaxy and of nearby galaxies. Since
those chemospectrophotometric evolution models supply the photometry in all bands
as well as the stellar surface density, the calculation of the Υ� at all radius follows
easily.

2. Methodology
The method presented by Boissier & Prantzos (1999) is a multizone chemical evolution

model relying on independently evolving annuli of a galaxy and assuming an inside-out
formation. This method calculates the star formation rate as a Schmidt-Kennicutt law
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Table 1. Subsample of SINGS used in this paper. Morphological types are from the NED
database and distances are those adopted for the SINGS sample as in the works by Kennicutt
et al. (2003) and Gil de Paz et al. (2007)

Name Distance Type Name Distance Type
NGC 0925 9.3 Sbc NGC 4321 18 SAB(s)bc
NGC 2403 3.2 SAB(s)cd NGC 4569 17 SA(rs)ab
NGC 3198 16.7 SB(rs)c NGC 5055 8.2 SA(rs)bc
NGC 3621 8.3 SA(s)d NGC 7793 3.9 SA(s)d
NGC 4254 17 SA(s)c

depending both on the surface density of the gas and the circular velocity at a given
radius. As for the surface density of the gas, a classic exponential disc is assumed as
well as a continuous infall of pristine gas varying over time and radius of the galaxy.
The resulting photometry profiles in all bands are computed using a KTG93 IMF and
the Geneva group spectra. The model was first calibrated on the Milky Way in order to
reproduce some quantities observed in the local universe and then a grid of models was
created by scaling the original by haloes with different parameters λ and Vc as prescribed
by the ΛCDM paradigm (Mo, Mao & White, 1998) but using pseudo-isothermal haloes.
The reader is referred to Boissier & Prantzos (1999) and Boissier & Prantzos (2000) for
further details and to Muñoz-Matteos et al. (2011) where the results for two different
IMFs are presented and compared to the properties of SINGS sample.

From the modeled photometry profiles and stellar surface density it is possible to
calculate a modeled Υ� ratio by using the simple formula:

Υ�(r) =
Σ� m o d e l (r)

Σ� p h o t o m o d e l (r)
(2.1)

It is then straightforward to find the mass of the stellar disk by weighting the mass
derived from observed photometry by the Υ� in the according band :

Σ� = Υ�Σ� p h o t o (2.2)

The Σ� p h o t o and Σ� p h o t o m o d e l are calculated using the usual photometry → surface density
conversion:

Σ� p h o t o m o d e l = 10−0.4(µm o d e l−21.56−µ�) (2.3)
Σ� p h o t o = 10−0.4(µo b s e r v e d −2.5 log b/a−21.56−µ�) (2.4)

where µm o d e l and µo b s e r v e d are the modeled and observed surface photometry respectively,
and µ� is the solar magnitude in the band. The rotmod task of the Gipsy package was
used for the conversion from surface density to effective circular velocity. A best-fit of
the modeled vs measured photometry profiles was performed by Muñoz-Matteos et al.
(2011) to find the most representative model for each galaxy of the SINGS survey. A
smaller subsample of those galaxies was selected for which high quality kinematics data
was available (table 1), both in Hα and in HI (SINGS and THINGS surveys: Dicaire
et al. 2008, Daigle et al. 2006 and Walter et al. 2008).

3. Results for individual galaxies
An example of Υ�(R) found by this method is shown for the widely studied galaxy NGC

3198 in figure 1. Both IMFs are represented here and one can see that the K01 IMF rises
steeper and higher in the internal regions. The Υ�(r) decrease is most pronounced with
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Figure 1. Comparison of the Υ� in all bands from two different IMFs for the galaxy NGC3198.

radius in the shortest wavelengths whereas it is almost constant in longer wavelengths.
We observed the same trend for all galaxies of the sample. This indicates a predominance
of evolved stars in the central parts of the galaxy. Figure 2 illustrates that the weighting
operation results in a coherent mass of the disc in all bands. Both IMFs perform well
but for a slight advantage of K01 particularly in the visible and NIR bands. Therefore
we continue our analysis below with only this IMF. Note that the leftmost panel does
not show all of the data for the unweighted bands, the UV bands being over three
orders of magnitude higher than their visible and IR counterparts. After the correction
by Υ� is applied the UV-bands give results close to the median value. It is, however,
the most difficult band to model and the one for which it is less successful: even in the
best-fits found by Muñoz-Matteos et al. (2011), models fail to reproduce the UV-bands
photometry in several galaxies of their sample, overestimating them systematically in
early-types.

From this set of discs, we calculated a median to use it in mass modeling. The highest
and lowest velocity considering all bands at each radius were used as an error estimate
and represented as a shaded area in the subsequent figures. As figure 3 shows, the level
of the contribution of the disc is still far below the rotation curve in the exterior regions
of the galaxy. Using this method on the other galaxies of the sample, we find this is also
the case with all other galaxies. There is a discrepancy between the effective velocity
caused by the stellar disc and the velocity of the interior regions of the actually observed
rotation curve for some galaxies of our sample. This problem arises in two different
situations: when the galaxy is barred and when a bulge is present. The first case is due
to the non-circular motions along the bar, thus lowering or raising the observed rotation
curve depending on the strength and orientation of the bar with respect to the major
axis of the galaxy (Hernandez et al. (2005)). The second case is obviously caused by an
increase of the surface luminosity in the innermost regions where two factors contribute
to an increase of the velocities: the Υ� is at its highest in these particular regions and
the effect of flattening the matter distribution in the center causes a rise in the effective
velocities compared to a spherical distribution.

From the remaining cases where neither bars nor bulge represent a problem, the effec-
tive velocities of the stellar discs are very close to the maximum disc hypothesis. This
effect is mainly due to the higher Υ� found in all bands at small radii for our models.
The seeming accordance of our analyses with the maximum-disc hypothesis (see figure 3)
also has another effect on the mass modeling: by increasing the contribution of the stel-
lar component in the innermost regions of the rotation curve, the method favours a less
concentrated dark halo.

https://doi.org/10.1017/S1743921311022745 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921311022745


M/L Ratio in Individual Galaxies 189

0 10 20 30 40
0

50

100

150

200

ϒ *

Radius (kpc)
10 20 30 40

Radius (kpc)

IMF : KTG93

10 20 30 40
Radius (kpc)

IMF : K01
FUV
NUV
u
g
r
i
z
J
H
K
IRAC1
IRAC2

Figure 2. Effective fraction of the rotational velocity caused by the stellar discs as inferred
by the photometry in each band. Left: Converted directly from the photometry Middle and
right: Converted from photometry and corrected by Υ�
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Figure 3. Left: Mass model of NGC3198. The shaded area around the disc’s effective velocity
represents the error. Right: Accordance of the sample with the maximum-disc hypothesis.

4. Conclusion
The method presented here tackles the problem of degeneracy of parameters in mass

modeling by applying at all radii a correction based on chemospectrophotometric evo-
lution models to the stellar disc mass inferred by photometry. The discs’ masses found
by this method are coherent with one another in all bands and they seem to favour the
maximum-disc hypothesis and therefore less centrally concentrated haloes.

Even though it gives encouraging first results, this method can still be improved by fine
tuning the model on which it is based in order to, among others, reproduce successfully
the UV photometry of galaxies.

Future work on this topic will include the results of the mass modeling for all the
subsample of SINGS galaxies presented here, as well as assessment of the effects of a
bulge and/or a bar if present.
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