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Abstract
We calculate the mass-to-light versus color relations (MLCRs) derived from the spatiallyresolved star formation history (SFH) of a sample of galaxies from the integral field spectroscopy CALIFA survey. Using full spectral fitting methods we derive the stellar mass
(M? ) and combine these results with observed and synthetic colors in optical broad bands.
We obtain the radial structure of the mass-to-light ratio (M/L) at several bands and study
the MLCRs. Our sample covers a wide range of Hubble types, with stellar masses ranging
from M? ∼ 108.4 to 1012 M .

1

Introduction

Large surveys have shown that stellar mass (M? ) is a useful parameter to classify galaxies [22,
9], which in turn is correlated with other global galaxy properties like the stellar mass surface
density (Σ? ) [15]. Spatially resolved data has shown that Σ? is a fundamental parameter
that drives the star formation history (SFH) of galaxies [2], while integral field spectroscopic
surveys have found local relations between Σ? and other local parameters such as gas and
stellar metallicity, age or star formation rate [20, 12, 13].
M? and Σ? are key properties of galaxies that cannot be measured directly. Deriving
these quantities from observed data involves stellar populations synthesis (SPS) models. The
most common methods to obtain the relation between light and mass involve: a) modeling
the galaxy spectrum via full spectral fitting [17, 11] or using spectral indices with a library
of parametric star formation histories [16], b) model the spectral energy distribution from
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optical-NIR broadband photometry [23], or c) obtaining the relation between colors and the
mass-to-light ratio at some wavelength:

log M/Lλi = aλi + bλi × (mλj − mλk ),

(1)

where the bands λi , λj , and λk may be independent, or λi = λj or λi = λk .
Certainly, the M/Lλ -color relation (MLCR) is the simplest method to derive M? , as it
relies on photometry in only two bands.
Most previous works obtain MLCRs based on the integrated M/Lλ [3, 10, 14, 18].
However, galaxies have M/Lλ and color gradients, and the MLCRs can be affected by the
spatial variations. In this work, we use the full spectral synthesis technique, fitting the
spatially resolved optical spectroscopy provided by the CALIFA survey, to obtain the spatially
resolved M/L. Optical colors are measured on observed and on synthetic spectra to explore
the effect from the emission lines on the colors in the MLCR. Because the CALIFA sample
covers all Hubble types, we are able to explore the radial profiles of M/Lλ and their gradient
with galaxy morphology, and their effect on the MLCR.
The sample is selected from the final CALIFA data release [21], with a total of 446
galaxies with the COMB setup, the one used in this work. We group the galaxies into seven
morphology bins: E (65 galaxies), S0 (54, including S0 and S0a), Sa (70, including Sa and
Sab), Sb (75), Sbc (76), Sc (77, including Sc and Scd), and Sd (35, including Sd, Sm, and
Irr).

2

Methodology

We obtain the spatially-resolved SFH of each galaxy to derive the stellar mass surface density
(Σ? ) and M? . We follow the same methodology as in previous works (e.g. [12, 13, 11]). In
short, we use starlight [7] to fit the spectrum of each individual spaxel (pixelwise) within
the isophote level where the average signal-to-noise ratio (S/N) ≥ 3, decomposing the spectra
in terms of stellar populations with different ages and metallicities.
We used base CBe, a set of 246 SSPs from [4] models (Charlot & Bruzual 2007; private
communication). The metallicity log Z? /Z covers from −2.3 to +0.4, while ages run from
1 Myr to 14 Gyr. The IMF is that of [6]. Dust effects are modeled as a foreground screen
with a [5] reddening law with RV = 3.1. The results are then processed through pycasso
(the Python CALIFA starlight Synthesis Organizer; [8, 1]) to produce a multi-dimensional
dataset of spatially resolved stellar population properties. From them, 2D maps of M? , stellar
extinction (AV ), and luminosity, are obtained to derive 2D maps and radial profiles of M/L.
Colors are computed in two alternative ways: a) convolving the CALIFA data cubes
with the SDSS g and r and the Johnson B and V filter responses, and b) convolving the
synthetic data cubes obtained from the (pixelwise) full spectral fitting with filters SDSS
u, g, r, i, z bands and the B, V , R Johnson bands (Syn label).

130

Spatially-resolved MLCRs in the CALIFA survey

0.8

log(M / Lg)

log(M / LSyn
g )

log(M / Lr)

log(M / LSyn
r )

0.6
0.4
0.2
0.0
0.2
0.4
0.6
0.8
0.6
0.4
0.2
0.0
0.2
0.4

Not Deredden
Deredden

0.6
0.0

0.5

E
S0

1.0

1.5

radial distance [HLR]

2.0

2.5 0.0

Sa
Sb

0.5

Sbc
Sc

1.0

Sd

1.5

radial distance [HLR]

2.0

2.5

Figure 1: Radial profile of M/L for g band (upper panels) and r band (lower panels) stacked
by Hubble type for the observed (left panels) and synthetic restframe spectra (right panels),
with intrinsic (continuous lines) and dereddened luminosities (dashed lines).

3

M/L radial profiles

For each galaxy the radial variation of M/Lλ is obtained by compressing each individual 2D
map in azimuthally averaged radial profiles. The radial distance is expressed in units of the
galaxy’s half-light-radius, a convenient metric.
Figure 1 displays azimuthally averaged radial profiles of M/Lg and M/Lr . They have
been stacked by Hubble type in seven morphological classes. On the left panels, the profiles are obtained from the observed spectrum, both not dereddened (continuous lines) and
dereddened (dashed lines). On the right panels we use the M/L images obtained from the
synthetic spectra.
All profiles decrease outwards, with inner regions having larger M/L. The profiles scale
with the Hubble type. At any given distance, M/L is larger for early type galaxies than for
late type spirals. The effect of the extinction is more significant in the central regions of
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Figure 2: Comparison of the relation between restframe color and M/L for different bands for
all galaxies to relations from the literature. The contours represent the density distribution
encompassing 90% and 20% of the points.
intermediate type spirals, in particular in Sb/Sbc.
The effect of emission lines is very small, as can be seen from the comparison between
observed (left) and synthetic profiles (right). For M/Lg (M/Lr ) the maximum difference is
around 0.01 dex (0.02 dex) for late type spirals.

4

Spatially-resolved MLCRs

Figure 2 compares a few examples of our empirically calibrated color-log(M/L) relation for
different representative bands to other works found in the literature. The (black) contours
represent the density distribution of the whole sample encompassing the 90% and 20% of the
points. Our spatially resolved MLCRs fits are plotted in solid black lines. All relations have
been scaled to our Chabrier IMF.
One of the first linear color-log(M/L) methods was developed by [3], based on on [4]
SPS models using dust-free single exponential SFH libraries. As already noticed by later
works, the [3] relations present large discrepancies. They strongly deviate towards lower
values of M/L, with differences of a few dex in some filters (e.g. g − i).
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Later works have compiled new MLCRs using different ingredients and methods. For
example, [14] disc galaxy models runs very close to ours, except for g − i, which overestimates
M/L by ∼ 0.15 dex as compared to our results.
Relations by [18] and [24] also run close to our values, although the later has some
discrepancies in the M/Li − (g − i), particularly in the M/Li − (g − i) combination for low
M/L ratios.
Finally, the [23] relation, calibrated using SDSS ugriz multi-band photometry of a large
sample of galaxies, diverges from our relation in the M/Li − (g − i) plane for medium to large
M/L values, i.e. intermediate and early type galaxies.

5

Conclusions

Our results are in agreement with previous results based on integrated M/L and colors of
galaxies, with M/Lg and M/Lr being remarkably similar to the results from [24], [14], and
[18]. In the plane M/Li − (g − i) there is more dispersion, but our results are similar to [18]
and they are in between [24] and [14] for (g-i) < 1, and [23] and [14] for redder colors. In
the plane M/Lr − (u − i) our relation is in between [3] and [24]. In the M/LV − (B − V )
plane, our results are in perfect agreement with [18], and very close to [24]. The relation
M/LB − (B − V ) is very tight and all the results, ours included, agree very well, with the
exception of [3].
The values of the slope and intercept of the MLCRs for all bands, for the whole sample
and with different morphological bins, can be found in our webpage http://pycasso.iaa.
es/ML.
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[14] Into, T., & Portinari, L. 2013, MNRAS, 430, 2715
[15] Kauffmann, G., Heckman, T. M., White, S. D. M., et al. 2003, MNRAS, 341, 54
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