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Abstract The stellar mass-to-light ratio (M∗/L) of galaxies in a given wave band shows tight correlations

with optical colors, which have been widely applied as cheap estimators of galaxy stellar masses. These es-

timators are usually calibrated using either broadband spectral energy distributions (SEDs) or spectroscopy

at galactic centers. However, it is unclear whether the same estimators provide unbiased M∗/L for differ-

ent regions within a galaxy. In this work we employ integral field spectroscopy from the Mapping Nearby

Galaxies at Apache Point Observatory (MaNGA) survey. We also examine the correlations of spatially re-

solved M∗/L obtained from full spectral fitting, with different color indices, as well as galaxy morphology

types, distances to the galactic center, and stellar population parameters such as stellar age and metallicity.

We find that the (g − r) color is better than any other color indices, and it provides almost unbiased M∗/L

for all the SDSS five bands and for all types of galaxies or regions, with only slight biases depending on

stellar age and metallicity. Our analysis indicates that combining multiple colors and/or including other

properties to reduce the systematics and scatters of the estimator does not work better than a single color

index defined by two bands. Therefore, we have obtained a best estimator with the (g− r) color and applied

it to the MaNGA galaxies. Both the two-dimensional map and radial profile of M∗/L are reproduced well in

most cases. Our estimator may be applied to obtain surface mass density maps for large samples of galaxies

from imaging surveys at both low and high redshifts.
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1 INTRODUCTION

Stellar mass (M∗) and stellar luminosity (L), which are

the total mass and luminosity of stars in a galaxy respec-

tively, are among the most fundamental properties for un-

derstanding galaxies. However, unlike stellar luminosity,

stellar mass cannot be obtained directly from observations.

Analyses of stellar populations from photometric and spec-

troscopic observations may infer the star formation history

(SFH) and physical properties of galaxies, as well as their

M∗.

In the literature, there are various prescriptions for

estimating stellar mass from observed colors or spectral

energy distributions (SEDs) (Bell et al. 2003; Blanton &

Roweis 2007; Kauffmann et al. 2003). There are three

basic techniques for estimating the stellar mass-to-light

ratio (M∗/L) of a galaxy (Conroy 2013). The first is

simply to calculate color-based M∗/L ratios (Bell et al.

2003; Zibetti et al. 2009; Gallazzi & Bell 2009; Taylor

et al. 2011; Into & Portinari 2013; McGaugh & Schombert

2014; Garcı́a-Benito et al. 2019), using tabulated relations

between colors and M∗/L. This method is easy to ap-

ply as it requires photometry in only two bands with no

need to perform explicit modeling. Bell et al. (2003) de-

rived the best-fit M∗/L values from SED fitting and cre-

ated observationally-constrained color-M∗/L relations by

analyzing the optical-near infrared (NIR) SEDs of∼12 000

galaxies with Sloan Digital Sky Survey (SDSS) and Two

Micron All-Sky Survey (2MASS) photometry. The M∗/L

can also be estimated from fitting broadband SEDs (Taylor

et al. 2011; Walcher et al. 2011) or moderate-resolution

spectra, both of which require construction of a library of

stellar models and an algorithm to efficiently fit the data

with these models (Kauffmann et al. 2003; Gallazzi & Bell

2009).

Most previous works have obtained relations between

M∗/L and colors based on integrated information (Bell

et al. 2003; Zibetti et al. 2009; Gallazzi & Bell 2009;
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Taylor et al. 2011; Into & Portinari 2013; McGaugh &

Schombert 2014). However, galaxies exhibit gradients in

both M∗/L and colors. Liu et al. (2009) investigated the

radial color gradients of galactic disks, finding almost all

of their galaxies manifest negative color gradients in disks

and positive gradients in bulges. It has recently been also

argued that the color-M∗/L relations such as those from

Bell et al. (2003) display radial dependence in elliptical

galaxies, using spatially resolved spectroscopy (Junqiang

Ge in prep). In addition, the color-M∗/L relations are

predicted to depend on SFH, stellar age and metallicity

(Gallazzi & Bell 2009). Recently, the scatter in color-

M∗/L relations was studied as a function of morphol-

ogy, stellar extinction and contribution of emission line

to the colors. The effects of initial mass function (IMF)

and stellar population models in the relations were also

explored with a sample of 452 galaxies observed with in-

tegral field spectroscopy in the CALIFA survey (Garcı́a-

Benito et al. 2019). The authors obtained spatially resolved

color-M∗/L relations with a single color and concluded

that the resolved color-M∗/L relations are in agreement

with previous studies, with the smallest dispersion found

for the combination of i-band luminosity and (g− r) color,

or the combination of R-band luminosity and (B − R)

color.

In this work, we employ Mapping Nearby Galaxies

at Apache Point Observatory (MaNGA) data released in

SDSS/Data Release 14 (DR14) and investigate the correla-

tions of spatially resolved M∗/L obtained from full spec-

tral fitting with different color indices, as well as galaxy

morphology types, distances to the galactic center, and

stellar population parameters such as stellar age and metal-

licity. The purpose of this work is two-fold. First, we will

examine the color-M∗/L relation in different locations

within galaxies, and see whether the M∗/L estimators pre-

viously obtained from either central spectroscopy or global

SEDs are still applicable locally. Second, we will attempt

to improve the M∗/L estimators which are currently based

on single color indices, by combining multiple parameters.

This paper is organized as follows. Section 2 describes

the observations and properties of the galaxies analyzed

here, as well as our method of estimating the spatially

resolved stellar mass. Section 3 features our results, and

Section 4 summarizes our work.

2 DATA ANALYSIS

2.1 MaNGA Galaxy Sample

In this work, we make use of the MaNGA sample released

with the fourteenth data release of SDSS (DR14; Abolfathi

et al. 2018), which provides integral field unit (IFU) dat-

acubes for 2778 galaxies observed prior to July 2016. The

SDSS/DR14 was publicly available when this work was

initiated.

As one of the three core programs in the fourth-

generation SDSS (SDSS-IV; Blanton et al. 2017), MaNGA

is an integral-field spectroscopy survey obtaining the inter-

nal kinematic structure and composition of gas and stars

in an unprecedented sample of about 10 000 nearby galax-

ies (Bundy et al. 2015). The targets are selected from the

NASA Sloan Atlas catalog (NSA; Blanton et al. 2005) to

cover the stellar mass range 5×108 M⊙ h−2 < M∗ < 3×

1011 M⊙ h−2, with redshift in the range 0.01 < z < 0.15.

Each galaxy is covered by one of the IFUs, out to either

1.5 Re or 2.5 Re (the effective radius of a galaxy). Sample

selection of MaNGA is detailed in Wake et al. (2017).

The MaNGA instrument utilizes the two dual-channel

BOSS spectrographs at the 2.5m Sloan Telescope (Gunn

et al. 2006), simultaneously covering wavelengths over

3600–10300Å at a spectral resolution of R∼2000. Details

on the MaNGA instrument design, tests and assembly can

be found in Drory et al. (2015). The raw data are reduced

for each galaxy in the form of a datacube with a pixel size

of 0.5′′ (Law et al. 2015, 2016). The typical effective spa-

tial resolution of the reconstructed datacubes can be de-

scribed by a Gaussian with an FWHM∼2.5′′. Flux calibra-

tion, survey strategy and data quality tests are described in

detail in Yan et al. (2016b,a). Several value-added catalogs

(VACs) based on MaNGA data are released together with

the SDSS/DR14, which contain spatially resolved and in-

tegrated stellar population properties derived by perform-

ing full spectral fitting of the MaNGA datacubes (Sánchez

et al. 2016; Goddard et al. 2017).

2.2 Spectral Fitting and Stellar Mass Estimation

For each galaxy in our sample, we perform full spectral

fitting to each pixel in the MaNGA DR14 datacube, us-

ing the publicly available Penalized Pixel-Fitting code2

(pPXF) (Cappellari & Emsellem 2004; Cappellari 2017).

The Bruzual & Charlot (2003) simple stellar populations

(SSPs) and the Calzetti et al. (2000) reddening curve were

applied during the fitting. The result of the full spectral fit-

ting is a best-fit model spectrum representing the stellar

component of the pixel (continuum plus absorption lines)

which is a linear combination of SSPs, and a color excess

E(B−V ) quantifying the overall dust extinction. Both the

observed spectrum and the model spectrum are corrected

for dust extinction according to this E(B − V ). Then,

two-dimensional (2D) maps of the stellar mass distribution

are produced from the combination of SSPs. In addition,

we obtain the luminosity-weighted age and luminosity-

weighted metallicity of each pixel based on the luminos-

ity and coefficient of the SSPs that form the best-fit model
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Table 1: Linear Regression at 0 ≤ Re ≤ 1.5 to log(M∗/L) = aλ + (bλ × color) with Chabrier IMF

Color ag bg σg ar br σr ai bi σi az bz σz

g − r –0.77 1.57 0.11 –0.61 1.19 0.11 –0.58 1.05 0.11 –0.64 0.93 0.11
r − i –0.96 4.00 0.18 –0.75 3.02 0.14 –0.70 2.68 0.13 –0.74 2.37 0.12
i − z –0.69 3.99 0.23 –0.54 3.01 0.19 –0.52 2.66 0.16 –0.57 2.33 0.16

The monochromatic stellar mass-to-light ratios (M∗/Lλ) are in solar units. The SDSS griz filters are in the
AB magnitude system. σλ is the scatter of the residuals for the relation log(M∗/Lλ)-color.

spectrum. Finally, a resolved M∗/L is obtained by dividing

the 2D map of stellar mass by the map of luminosity in one

of the SDSS griz bands. The latter is derived by convolv-

ing the MaNGA spectrum without being dust-corrected at

a given pixel by the SDSS photometric filters (Doi et al.

2010). This ensures that the stellar mass and luminosity

are estimated at the same spatial resolution. People have

found that the dust-reddening vector was approximately

parallel to the inferred color-M∗/L relation, implying that

dust should have only a second-order effect on derived stel-

lar masses (Bell & de Jong 2001). So in this work, the dust

extinction has not been taken into consideration, and the

luminosity and colors are given uncorrected for reddening.

3 RESULTS

This section is divided into three subsections. In the first

subsection, we examine the correlations of M∗/L with sin-

gle color indices. The dependence of the relation on mor-

phology, radius and stellar population parameters is dis-

cussed. Next, we examine the correlations of M∗/L with

multiple colors and stellar population parameters. Finally,

we present examples of applying our best estimator to the

MaNGA data.

3.1 Correlations of M∗/L with Single Color Indices

3.1.1 Linear fitting

We first assume the relations between M∗/L and single

color could remain stable for different regions of galax-

ies, so all of the pixels in the galaxies should be taken into

consideration. Then, considering reliability, pixels are sep-

arated into 10 radial bins in each galaxy within 1.5 Re on

average. The distance to the galaxy center is expressed in

elliptical polar coordinates and normalized by Re (Westfall

et al. 2019). Then we can calculate the average values of all

the parameters, such as M∗/L, color, age and metallicity

in each bin. After that, all the galaxies with 10 data points

are included in the linear regression. The linear regres-

sion is performed by using the IDL procedure ‘ROBUST

LINEFIT’, which is an outlier-resistant two-variable linear

regression.

Table 1 shows the linear regression results at 0 ≤

Re ≤ 1.5 to optical log(M∗/L)-color with Chabrier

IMF. σλ is the scatter of the residuals for the relation

log(M∗/Lλ)-color. The monochromatic stellar mass-to-

light ratios M∗/L are in solar units. The SDSS griz filters

are in the AB magnitude system. This indicates that there

is no obvious variance with M∗/Lλ in different luminos-

ity bands as each color has similar σλ in different bands,

but color (g − r) has the smallest standard deviation in the

comparison of each color.

Figure 1 plots the relations and residuals for the full

sample with single color estimator of M∗/L. The left panel

displays the relation of each single color and monochro-

matic stellar mass-to-light ratios (M∗/L). The black points

are the fitting data, and the green solid lines represent

the linear regression results. There is no significant differ-

ence between the four rows, so the relation has no obvious

change between monochromatic stellar mass-to-light ra-

tios (M∗/L). However, the scatter of the relation becomes

larger from the first column which stands for color estima-

tor of M∗/L with color (g − r) to the third column which

expresses color (i−z). The right panel depicts the residual

distribution for each relation. Similar to the left panel, rows

signify M∗/L and columns correspond to different colors.

As represented in the left panel, points in estimator with

color (g − r) are tighter and more uniformly distributed

than the other two colors.

The data points used for calibrating the new spatially

resolved relations are from all the galaxies in the sample.

Although there are some scatters, the linear relationship

between optical colors and stellar mass-to-light ratio is still

relatively clear, when spatially resolved data are taken into

account. Therefore, the new estimation formula is applica-

ble to all galaxies and different regions within the galaxy

within a certain error.

However, some tests need to be done to see whether

this relationship can be applied consistently in all situa-

tions without significant bias. Our test method is to apply

the estimated relationship based on all data points to the

sub-samples obtained by different classification methods.

By comparing the distribution of residuals with each sub-

sample, the dependence of this estimation method on dif-

ferent parameters might be ascertained.

Next, we first consider the dependence on the galaxy

properties, which is relatively easy to distinguish or calcu-

late, and must be considered in applications. Galaxy prop-

erties include the morphology type such as early-type or
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late-type, galaxy components like bulge and disk, and dis-

tance to the galaxy center. Subsequently, the effects of stel-

lar population parameters such as stellar age and metallic-

ity are also studied.

3.1.2 Dependence on morphology

Based on the morphology, we can divide the total sample

into several sub-samples and apply the new estimation for-

mula to these sub-samples. By comparing the difference

between the estimated stellar mass-to-light ratio and the

real one, we can test whether the estimators are applica-

ble to different galaxy types or different regions within the

galaxy.

We separate the sample galaxies into 1129 early-type

galaxies which have a positive T-Type (Nair & Abraham

2010) value and 1646 late-type galaxies with T-Type ≤ 0,

based on the MaNGA Morphology Deep Learning catalog

(Fischer et al. 2019).

Figure 2 shows the residuals for the full sample, and

the subsets of early-type galaxies and late-type galaxies.

Each of the two columns displays the residual histogram

and cumulative distribution for the estimator of M∗/L with

each color. Each row expresses M∗/L in a different lumi-

nosity band. The color (g − r) estimator of M∗/L exhibi-

its no difference between early-type galaxies and late-type

galaxies. However, for both color (r − i) and color (i − z)

estimator of M∗/L, residuals of early-type galaxies have

systematic bias for every luminosity band. Although resid-

uals of late-type galaxies have larger scatter with those two

colors, the distributions are still uniform. The reason might

be the stellar populations of early-type galaxies are older

than those in late-type galaxies, and the M∗/L and color

relation would flatten when the formation time is larger

than 10 Gyr (Gallazzi & Bell 2009).

Late-type galaxies always contain two major parts, the

bulge and disk. The bulge has a similar structure as that in

early-type galaxies and contains the older stellar popula-

tion. So, we consider that the bulge the late-type galaxies

might manifest similar systematic biases to a sub-sample

of early-type galaxies.

For those late-type galaxies, we obtain bulge-to-disk

decomposition according to the MaNGA PyMorph photo-

metric catalog (Fischer et al. 2019), which provides photo-

metric parameters obtained from Sérsic plus Exponential

fits to the 2D surface brightness profiles of the MaNGA

galaxy samples using the PyMorph algorithm (Meert et al.

2013; Fischer et al. 2017). Based on the bulge-to-disk de-

composition, data points from late-type galaxies could be

separated into bulge region and disk region by comparing

the elliptical polar coordinates from the galaxy center with

the bulge effective radii. In Figure 3, we present the resid-

uals for the subsets of bulge part and disk part of late-type

galaxies. As in Figure 2, the columns present colors and

rows depict different SDSS optical bands. For each indi-

vidual galaxy, the stellar age gap is not that large, which

means that there is no significant difference between the

bulge and disk parts. The color (i − z) estimator always

shows larger scatter than that of color (g − r).

3.1.3 Radial dependence

We have binned the pixels in each galaxy into 10 differ-

ent radial parts according to their distance to the galaxy

center, so that the total samples are divided into 10 sub-

samples from the galaxy center to the edge within 0.15 Re.

Therefore, we can compare the residual distributions of

samples with different radii. We can then explore whether a

single color index could reproduce the stellar mass-to-light

ratio consistently at different regions of galaxies.

Figure 4 depicts the residual distribution of each radius

bin. Various colors stand for radii from center to outside.

We found that the closer the bin is to the galaxy center, the

larger symmetric bias it has for every color estimator. The

most significant ones appear in the color (i − z) estimator.

This indicates that a single color estimator with color (g −

r) could stay stable between different galaxy types, both

bulge and disk of galaxies, and each radius bin. We should

be careful when using the other two colors in early-type

galaxies or central region of galaxies because there could

be significant symmetric bias and larger scatters.

These three comparisons indicate that the influence of

galaxy structure on the relation between individual color

and stellar mass-to-light ratios mainly has two aspects.

First, the estimator with colors (r − i) and (i − z) is

systematically biased when applied in early-type galaxies.

Second, when utilized in a small range of galaxy centers,

the estimator with color (i − z) will have a significant de-

viation, which is inversely related to the distance between

the pixels and the galaxy center. At the same time, except

for the color (g − r), the other color indices have large

uncertainty when applied to each sub-sample, and thus a

relatively large error will be introduced.

3.1.4 Dependence on stellar population parameters

Colors in both optical and NIR band will be affected by the

SFH and metallicity when calculating stellar mass-to-light

ratios. Therefore, by applying our new estimation formula

to different sub-samples of stellar age or metallicity and

then comparing their results, we can directly investigate

the dependence of spatially resolving color estimators on

the stellar population parameters.

Considering that the observed galaxies are extremely

young or old, or the regions with very high or low metal-
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Fig. 1: Relations and residuals for the full sample with single color estimator of M∗/L. The left panel shows the relation of each single

color and monochromatic stellar mass-to-light ratios (M∗/L). The black points are the fitting data, the green solid lines stand for the

linear regression results and the blue dashed lines represent the 1σ lines to the best-fitting lines. The right panel displays the residual

distribution for each relation. Similar to the left panel, the rows stand for M∗/L and columns are different colors.

Fig. 2: Residuals for the full sample (black), and the subsets of early-type galaxies (red) and late-type galaxies (blue). Every two

columns depict the residual histogram and cumulative distribution of the estimator of M∗/L with each color. Each row stands for a

different band M∗/L.

licity are relatively few, we do not divide the whole sam-

ples equally when selecting sub-samples. We need to make

sure that we have enough data points in each sub-sample.

Specifically, the stellar age is divided into six sub-samples,

with intervals of 8.5, 8.8, 9.1, 9.4 and 9.8 in logarithm,

ranging from 106.5 to 1010.5 yr. Similarly, the metallicity

was divided into six sub-samples with intervals of 0.5, 0.8,
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Fig. 3: Residuals for the subsets of bulge (red) and disk (blue) for late-type galaxies. Every two columns show the residual histogram

and cumulative distribution of each color. Different rows stand for M∗/L in different luminosity bands.

Fig. 4: Residuals for different stellar radius bins of each color estimator. The pink, magenta, red, coral, orange, yellow, green, cyan,

blue and purple lines stand for the elliptical polar coordinates from the galaxy center of each bin within 0.15 Re from the galaxy center

to the outside part respectively.

1.1, 1.4 and 1.7 between 0 and 2.5, where the metallicity is

in solar metallicity.

Similar to the comparison of different galaxy proper-

ties, Figures 5 and 6 display the residuals for age bins and

metallicity bins. In both figures, the variation of each bin

becomes larger than all the previous tests. Even for color

(g − r), in which the estimator works well in different

galaxy types, components and radii, the residuals manifest

significant variation not only from young stellar popula-

tions to old ones, but also from metal poor to metal rich
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Fig. 5: Residuals for different stellar age bins. The red, orange, yellow, green, blue and purple lines stand for each age bin in the gap of

6.5, 8.5, 8.8, 9.1, 9.4, 9.8 and 10.5 log Age(yr) from young to old population respectively.

Fig. 6: Residuals for different stellar metallicity bins of each color estimator. The red, orange, yellow, green, blue and purple lines

stand for each metallicity bin in the gap of 0, 0.5, 0.8, 1.1, 1.4, 1.7 and 2.5 solar metallicity from metal poor to metal rich population

respectively.

stellar populations. This indicates that the dependency still

exists when applying color (g−r) in analyzing the age and

metallicity of the galaxy.

We have new spatially resolved relations for colors and

stellar mass-to-light ratios based on stellar mass calculated

from full spectral fitting. Our analysis indicates that the

(g − r) color is better than any other color indices, and

it provides almost unbiased M∗/L for all the SDSS five

bands and for all types of galaxies or regions, with only

slight biases depending on stellar age and metallicity.
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(a) Comparison in age bins (b) Comparison in metallicity bins

Fig. 7: Comparison between the residuals for single color (g − r), double color (g − r, i − z) and triple color estimator. Every column

displays the histogram and cumulative curve of each estimator. Panel (a) and panel (b) sub-figures depict age bins and metallicity bins

respectively. Colors of lines are same as those in Fig. 4, Fig. 5 and Fig. 6.

Fig. 8: Comparison between the residuals for single color (g − r) (green), double color (g − r, i − z) (blue) and triple color estimator

(red) for different stellar age bins.

Fig. 9: Comparison between the residuals for single color (g − r) (green), double color (g − r, i − z) (blue) and triple color estimator

(red) for different stellar metallicity bins.

3.2 Correlations of M∗/L with Multiple Parameters

To reduce the age and metallicity dependencies and find

a better estimation formula for stellar mass-to-light ratios,

which would not be affected by the stellar age and metallic-

ity, we consider combining multiple colors and including

other properties to reduce the systematics and scatters of

the estimator.

3.2.1 M∗/L with multiple colors

First, we consider that a single color can only reflect a

small part of the SED, but the SED fitting is believed to

be able to estimate the stellar mass more accurately. So,

the simplest way is to examine the multivariate linear re-

lationship between two or even more colors and the stellar
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(a) Comparison in age bins (b) Comparison in metallicity bins

Fig. 10: Comparison between the residuals for single color (g − r), color with central stellar metallicity and color with both central

stellar age and metallicity estimator. Every column shows the histogram and cumulative curve of each estimator. Panel (a) and panel (b)

sub-figures depict age bins and metallicity bins. Colors of lines are the same as those in Fig. 5 and Fig. 6.

Fig. 11: Comparison between the residuals for single color (g − r) (green), color plus central metallicity (blue) and color plus both

central age and metallicity estimator (red) for different stellar age bins.

Fig. 12: Comparison between the residuals for single color (g − r) (green), color plus central metallicity (blue) and color plus both

central age and metallicity estimator (red) for different metallicity bins.

mass-to-light ratios. The formula can be expressed as
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=aλi

+ bλi
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+ cλi
× (m

r
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× (m
g
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r
)

+ cλi
× (m

r
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i
)

+ dλi
× (m

i
− m

z
) ,

(2)

where the band λi represents one of the SDSS griz bands.

Similar to Section 3.1.1, we use all of the data points

to fit the relation between color and M∗/L in Equations (1)

and (2) with a multiple linear regression. Figure 7 features

two sub-figures, which represent a comparison of residu-

als from different estimators in age and metallicity bins. In

each sub-figure, there are three comparisons, which are for

the residual of single color (g − r), double color (g − r,
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(a) 7495-3702

(b) 7495-3703

Fig. 13: Example galaxies. For each example galaxy, the SDSS optical image and stellar mass map extracted from spectral fitting are

displayed on the left. The middle plot shows the 2D stellar mass map extracted from colors (g − r), (r − i) and (i− z) and the residual

maps. The radial profile of stellar mass surface density is featured on the right.

i−z) and triple color estimator. Similar to single color, the

stellar mass-to-light ratios of different bands show an un-

biased relation with colors. Therefore, only the results of

g-band stellar mass-to-light ratio will be listed here.

Figures 8 and 9 depict the comparison between the

residuals for the three estimators for different stellar age

and metallicity bins in another way. We find that the de-

pendency on age and metallicity has not been alleviated,

which indicates that it does not work with the method of

adding optical colors to color (g − r) to alleviate these de-

pendencies.

3.2.2 M∗/L with color and stellar population parameters

Furthermore, age and metallicity were taken into account.

Here we aim to reduce the dependence on stellar popula-

tion parameters and find a ‘cheap’ estimator of galaxy stel-

lar mass. If we include the local age and metallicity into

the formula, then the estimator might be difficult to use

because people should do spectral or SED fitting first to

get the stellar population parameters. Given that the age or

metallicity gradient for each galaxy is small, and the SDSS

survey has already provided the central value of age and

metallicity for each galaxy, we added the age or metallicity

value for the center of each galaxy instead of the local one

to make our estimator easier to acquire. The single color

estimator with color (g − r) already works well in most

situations, so we only add age and metallicity on the color

(g − r) estimator. The formula can be written

log M/Lλi
= aλi

+bλi
×(m

g
−m

r
)+cλi

×Zcenter, (3)

or

log M/Lλi
=aλi

+ bλi
× (mg − mr) + cλi

× Zcenter

+ dλi
× log Age

center
,

(4)

where the band λi is one of the SDSS griz bands. Actually,

we just take band λi as the SDSS g band in the following

test. Age is in year and metallicity is in solar unit.

For the second method, to fit the relation with

Equation (3) and Equation (4), we first replace the local

age and metallicity with the central age and metallicity

of each galaxy, and then perform a multiple linear regres-

sion with all of the data points. In Figure 10, there are two

sub-figures, which represent comparison of the residuals

of different estimator in age bins and metallicity bins. In

each sub-figure, there are three comparisons, which are for

the residual of single color (g − r) estimator, residual of

color with central stellar metallicity estimator and that of

color with both central stellar age and metallicity estima-

tor. Figures 11 and 12 show another comparison between

the residuals for the three estimators for different stellar

age and metallicity bins.
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We find that though adding information on central age

could not improve the performance of the estimator, the

dependency could be slightly alleviated by taking the cen-

tral metallicity into consideration. This means that color

(g − r) estimator for M/L might be good enough in re-

solved M⊙/Lλ and color relation in the situation for al-

lowing the dependence with stellar population parameters.

3.3 Application Examples

The extensive tests presented above have demonstrated

that the correlation of color (g − r) with M∗/L can pro-

vide an unbiased estimation for spatially resolved stellar

mass, with no significant dependence on galaxy morphol-

ogy. This means that we can use the (g − r) color to re-

produce the 2D distribution of galaxy stellar mass, which

is one of the main purposes of this work. Since the stel-

lar mass-to-light ratio in different bands has no influence

on the estimation of stellar mass, we only consider the lin-

ear relation between the g-band stellar mass-to-light ratio

and each color index, from which we estimate the distribu-

tion of stellar mass in the galaxy. We then compare them

with the distribution of stellar mass obtained directly by

full spectral fitting.

We need the luminosity distribution of each band

of a single galaxy to calculate its 2D color distribution.

Subsequently, Equations (5), (6) and (7) are applied to each

pixel of the galaxy. Then the corresponding distribution of

stellar mass-to-light ratio is estimated by colors (g − r),

(r− i) and (i−z), respectively. In combination with the lu-

minosity distribution of g-band, the 2D distribution of stel-

lar mass estimated by different colors is finally obtained.

By comparing the stellar mass distribution obtained

based on colors with that obtained by spectral fitting, we

can clearly compare the three colors’ estimation of the stel-

lar mass distribution through the residual image. We can

also verify the conclusion that the color (g − r) works bet-

ter than the others.

log M∗/Lg = −0.88 + 1.58 × (m
g
− m

r
), (5)

log M∗/Lg = −0.96 + 4.00 × (m
r
− m

i
), (6)

log M∗/Lg = −0.70 + 4.02 × (m
i
− m

z
). (7)

The two example galaxies are shown in Figure 13. For

each galaxy, the SDSS optical image and stellar mass map

extracted from spectral fitting are displayed on the left. The

middle of the plot features the 2D stellar mass map ex-

tracted from colors (g−r), (r− i) and (i−z) and the resid-

ual maps. The radial profile of stellar mass surface density

is depicted on the right. This demonstrates the residual map

of color (g − r) has the best performance since values in

this map are closer to zero compared to those of the other

two maps. From the residual maps of color (r−i) and color

(i − z), the red regions mean that there are some overes-

timations of mass in the corresponding regions. For both

galaxies, estimator of color (g − r) works well, while the

one with color (i − z) overestimates most regions in the

outer part of the galaxies.

4 SUMMARY

In this work, we examine the single color-based estimator

of M∗/L using spatially resolved spectroscopy of galax-

ies from the ongoing MaNGA survey, as released with the

SDSS/DR14. We have obtained 2D stellar mass-to-light

maps in the SDSS optical bands by performing full spec-

tral fitting to the MaNGA datacubes. We then examine the

correlations of M∗/L in a given band with different color

indices, as well as galaxy morphologies, radial locations

within the galaxies and stellar parameters such as stellar

age and metallicity. We also attempt to improve the M∗/L

estimators by combining multiple color indices or stellar

parameters.

Our conclusions can be summarized as follows:

– We find that the (g − r) color is better than any other

color indices. This provides almost unbiased (M∗/L)

for all the SDSS five bands and for all types of galaxies

or regions, with only slight biases depending on stellar

age and metallicity;

– Our analysis shows that combining multiple colors or

including stellar population parameters does not work

better than a single color index defined by two bands;

– We have obtained the best estimator with the (g − r)

color and applied it to the MaNGA galaxies. Both the

2D map and radial profile of M∗/L are reproduced

well in most cases;

– Our estimator may be easily applied to obtain surface

mass density maps for large samples of galaxies from

imaging surveys at both low and high redshifts.
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