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Abstract 

Galaxies’ spectral energy distribution (SED) has been explored through the use of spectral 

synthesis codes. Most of the codes so far are solely stellar and assume a negligible nebular 

contribution. Fitting Analysis using Differential Evolution Optimisation (FADO) is the first 

spectral synthesis tool to consider the nebular contribution. The study examines how the primary 

stellar attributes are affected when FADO is applied to the Max Planck Institute for Astrophysics 

and Johns Hopkins University (MPA-JHU) data, namely the star-formation rate, metallicity, and 

stellar mass. The findings show that nebular emission results in the change of the slope of the 

equation of "the main sequence by 0.04 dex ", and " the vertical intercept by 0.3 dex ", and 

underestimates gas-phase metallicity of star-forming galaxies by 0.013. 
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Introduction 

      Fitting Analysis using Differential 

Evolution Optimization (FADO) is a 

Population spectral synthesis (PSS) approach 

that stands out for its ability to simultaneously 

identify the stellar as well as nebular 

components in a galaxy's spectrum in 

comparison to the solely stellar PSS tools 

(Cardoso et al. 2019). This particular, self-

consistent code offers a novel method for 

analyzing the history of galaxies' assembly by 

minimizing the degeneracy typically present 

in conventional spectral synthesis techniques. 

It should be kept in mind that galaxies release 

electromagnetic radiation across the entire 

spectrum (Cardoso et al. 2022). Through 

analyzing this radiation, we can learn about its 

composition and physical characteristics. 

Spectral modeling is the study of a galaxy’s 

spectrum across different wavelengths. 

Spectral modeling is a common technique 

used to determine the galaxies' physical 

characteristics. By examining a galaxy's 

spectrum synthesis techniques for 

panchromatic spectral energy distribution 

(SED), researchers can retrieve and interpret 

its physical properties. These methods have 

been instrumental in the finding of essential 

elements of current theories of galaxy 

evolution (Bamford et al. 2009, Conroy 2013, 

Kauffmann et al. 2003, Walcher et al. 2011). 

The different spectra of billions of stars and 

the nebular emissions brought on by their 

radiation make up the nuclear spectrum of a 

galaxy. Additionally, it contains thermal and 

non-thermal emissions coming from active 

galaxies, hot dust, and massive shocks in the 

multi-phase interstellar medium, among other 

things. These components combine to provide 

a thorough SED that illustrates the 
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mechanisms and development of a galaxy's 

energy generation and assembly across time 

(Kauffmann et al. 2004, Conroy 2013, 

Walcher et al. 2011).  

      PSS is a crucial instrument in extragalactic 

astronomy and aims to determine the 

fundamental morphological and evolutionary 

characteristics of galaxies over cosmic time 

(Panter et al. 2008). The objective of PSS is to 

use the galaxy's spectral energy distribution to 

determine its chemical enrichment history 

(CEH) and star formation history (SFH). The 

PSS technique is used to infer the mass, age, 

and metallicity of a galaxy's stellar 

populations from its spectrum. It is also known 

as the inverse, semi-empirical evolutionary, or 

fossil record technique. This approach works 

alongside evolutionary synthesis and has been 

effectively applied to vast spectroscopic 

datasets, notably the Sloan Digital Sky Survey 

(SDSS), resulting in valuable knowledge 

about the past and formation of galaxies 

(Panter et al. 2008). The galaxies' physical 

properties related to galaxies' formation and 

evolution are extracted from the spectra, such 

as star formation rates (SFRs), stellar masses, 

and gas phase metallicity (Brinchmann et al. 

2004, Kauffmann et al. 2004). The primary 

limitation of current PSS techniques (for 

example STARLIGHT) is that they do not 

account for nebular emission (ne), leading to a 

lack of physical interpretation of the observed 

emission line (Gomes and Papaderos 2017). 

The deduced physical characteristics of a 

galaxy may therefore be biassed (Gomes and 

Papaderos 2017, Juneau et al. 2014). 

Furthermore, the method failed to distinguish 

between Pop III and Pop II star formation 

sites, in deed the biases present in codes that 

solely consider the stellar component (PS 

codes) can have significant astrophysical 

consequences. These include an amplified 

dispersion or alteration in the slope of the star 

formation main sequence (SFMS) and other 

scaling relationships, such as the relationship 

between stellar mass and metallicity.  

     The study conducted by Cardoso et al. 

(2022), compares the performance of FADO 

and STARLIGHT in estimating the galaxies' 

physical characteristics based on their spectral 

energy distributions. The authors compared 

the outcomes of the two techniques and the 

physical properties that were compared 

included stellar mass, and estimates of 

metallicity the results of the comparison 

showed that for galaxies where the nebular 

contribution is large, STARLIGHT tended to 

underestimate the stellar mass (M⋆) by 2 dex 

and mass-weighted mean stellar age by 4 dex. 

Furthermore, STARLIGHT tended to 

overestimate by up to 0.6 dex both the mean 

metallicity and light-weighted mean stellar 

age. On the other hand, FADO was found to 

provide significantly better estimates, even at 

stages of evolution where the nebular 

contribution was very significant, with a 

precision of 0.2 dex while the accuracy for 

STARLIGHT was only 0.1 dex on average. 

Overall, the research indicates that FADO is a 

more reliable method than STARLIGHT for 

determining the physical characteristics of 

galaxies from their spectra, especially when 

there are large nebular contributions. 

     Cardoso et al. (2022) used the Hα and Hβ 

flux measurements from the SDSS spectral 

database to estimate the nebular extinction and 

calculate the Hα luminosity, which was then 

used to estimate the SFR for a collection of 

low redshift star-forming galaxies. A 

comparison of data from the MPA-JHU 

catalog and FADO was created by using the 

estimated stellar mass and SFR from both 

techniques to obtain the SFMS for these 

galaxies. The stellar mass and SFR estimates 

from FADO and MPA-JHU were then 

combined to produce the SFMS. The study 

discovered that the deduced physical 

characteristics of star-forming galaxies in the 

local universe were not considerably impacted 

by the inclusion of the nebular continuum in 

FADO. Using Hα flux flow as a tracer, the 

SFR estimations from the MPA-JHU catalog 

and FADO were in good agreement. The 

differences obtained for stellar mass were 

negligible when considering the uncertainties. 

These results were attributed to the low 

nebular contribution in the majority of normal 

star-forming galaxies in the SDSS. However, 

the study notes that at higher redshifts, the 

expected increased nebular contribution might 

lead to different physical properties for 
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galaxies when using FADO (Miranda et al. 

2023).  

     The primary goal of this work is to 

investigate how the major galactic 

characteristics of nearby galaxies evaluated in 

SDSS data release 8 are impacted by 

considering the nebular in the analysis.  The 

structure of this paper is as follows: Material 

and Methods describes the survey used to 

collect the data, specifically the MPA-JHU, as 

well as the FADO analysis. Results present the 

findings of the study. The discussion shows 

the implications of the findings. Finally, the 

Conclusion shows a summary of the study. 

 

Material and Methods 

In this study, the galaxies under investigation 

were obtained from the sample of the SDSS, 

which is a wide-field optical survey that uses 

a 2.5 m f/5 modified Ritchey-Chretien 

telescope for conducting multi-spectral 

imaging and spectroscopic redshift 

measurements (York et al. 2000). The 

telescope is located at Apache Point 

Observatory in southeast New Mexico and sits 

at an altitude of 2,788 m. The SDSS collected 

data on objects that cover more than 

14500 deg2 and extend to galaxies with a 

maximum magnitude of 23 in the g-band. This 

data release contains 1472581 objects with 

wavelength ranges 3800 − 9200Å at a 

resolution of R ~ 1800 − 2200 (Cardoso et al. 

2017). 

     Stars, galaxies, or quasars are identified by 

their spectra in the SDSS. Redshifts are 

calculated automatically using two separate 

pipelines, the first is spectro1d, which uses 

cross-correlation with a family of templates 

and emission-line fits, and the second is the 

idlspec2d or specBS, which performs direct χ2 

fitting of templates to the spectra (Aihara et al. 

2011). Spectra are used to calculate emission 

line fluxes for galaxies. It is crucial to 

correctly consider the galaxy continuum, 

which is full of star absorption features while 

measuring the nebular emission lines of 

galaxies. 

MPA-JHU 

The MPA-JHU measurements provide various 

physical properties of galaxies, including star 

formation rates, stellar masses, and 

metallicities, derived from fitting the SDSS 

spectra with stellar population synthesis 

models (Brinchmann et al. 2004, Kauffmann 

et al. 2003). These measurements have been 

widely used in various studies of galaxy 

evolution, and the data set is considered 

reliable due to its photometric completeness, 

uniform spectral calibration, and wide redshift 

coverage (Aihara et al. 2011). To calculate star 

formation rates, Brinchmann et al. (2004) used 

the Hα emission line, which is a tracer of 

recent star formation activity. The SFR output 

corresponds to the probability distribution 

functions at the median, 2.5%, 16%, 84%, and 

97.5% values. It is crucial to keep in mind that 

the star formation rates (SFRs) determined in 

this manner only reflect the star formation 

activity found inside the SDSS spectroscopic 

fibre aperture, which is a very limited area in 

comparison to the entire galaxy. Salim et al. 

(2015) use galaxy photometry SFRs outside of 

the fibre, and for AGN and galaxies with weak 

emission lines, SFRs are estimated from the 

SED. The report provides both the fibre SFR 

and the total SFR at different percentile levels 

of the distribution function. To estimate the 

nebular oxygen abundances, the authors use 

the Bayesian approach described in Tremonti 

et al. (2004) on the strong optical emission 

lines, including [OII]λ3727, Hα, Hβ, 

[OIII]λ5007, [NII]λ6548, 6584, and 

[SII]λ6717,6731. Only objects identified as 

star-forming are used to determine oxygen 

abundance. At the median and various 

percentile levels of the probability distribution 

function, the output value of 12+log(O/H) is 

provided.  In summary, the paper presents an 

estimate of SFRs and nebular oxygen 

abundances for different types of galaxies 

using photometry and spectral information. 

The results are reported at different percentile 

levels of the probability distribution function, 

allowing for a better understanding of the 

uncertainties associated with the estimates. 

FADO 

     FADO is a PSS tool capable of fitting the 

optical spectral energy distribution while 

considering the self-consistent contributions 

of both the stellar and nebular components. 

This innovative method of SED fitting is 

expected to have a significant effect on our 
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understanding of how the presence of nebular 

emission affects our interpretation of 

spectroscopic data and our understanding of 

the physical processes occurring within 

galaxies (Miranda et al. 2023; Pappalardo et 

al. 2021).  To assess the capabilities of FADO, 

a series of benchmark publications have been 

carried out, including Cardoso et al. (2019), 

Pappalardo et al. (2021), and Miranda et al. 

(2022). These studies demonstrate the 

accuracy and reliability of FADO in 

reproducing observed SEDs and in recovering 

key physical properties of galaxies. 

  Overall, FADO represents a considerable 

advancement in population spectral synthesis 

and is well-positioned to significantly advance 

our knowledge of the intricate interactions 

between stars and gas in galaxies. The 

population synthesis codes were applied to the 

SDSS DR8. According to Gomes and 

Papaderos (2017), the population synthesis 

algorithm FADO's primary function is to 

linearly combine spectral components that are 

typical of individual star spectral (SSPs) to 

reproduce the observed SED as expressed by 

Equation 1. 

 

Fλ = ∑ Mi,λ0

N⋆
i=1 × Li,λ × 10−0.4×Av×qλ⨂S(ν⋆, σ⋆) +  Γλ(ne, Te) ×

10−0.4×Av
neb×qλ⨂N(νη, ση)……………1 

 

where: Fλ is the flux observed from the 

spectrum; N⋆ is the number of distinct spectral 

components in the adopted base library; 

Mi,λ0
is the stellar mass of the spectral 

component i at the normalization wavelength, 

Li,λ is the luminosity contribution of the 

ithspectral component; Av is the V-band 

extinction; qλ is the ratio of Aλ over 

Aν; S(ν⋆,  σ⋆) denotes a Gaussian kernel 

simulating the effect of stellar kinematics on 

the spectrum, with  ν⋆  and ν⋆ σ⋆ representing 

the stellar shift and dispersion velocities, 

respectively; Γλ(ne, Te) is the nebular 

continuum computed assuming that all stellar 

photons with λ ≤ 911.76Å are absorbed and 

reprocessed into nebular emission, under the 

assumption of case B recombination, this 

arises when the ionizing photons are of lower 

energy (E ≤ 13.6 eV). Case A recombination 

is when the ionizing photon has higher energy 

(E ≥ 13.6 eV).  Av
neb is the nebular V-band 

extinction, and N(νη, ση) denotes the nebular 

kinematics kernel, with νη and ση representing 

the nebular shift dispersion, respectively. It is 

important to note that before the creation of 

FADO, population synthesis codes that were 

made available to the general public were 

created using only the first term of Equation 1. 

This indicates that the whole observable 

spectral energy distribution (SED) of galaxies 

was created using only a purely stellar 

approach (Cardoso et al. 2022). 

     FADO’s inclusion of the second term in 

Equation 1, which accounts for the 

contribution of the nebular continuum 

component, is a unique and important feature 

that sets it apart from previous population 

synthesis codes. This feature enables FADO to 

more accurately model the observed SEDs of 

the galaxies and to better constrain their 

physical properties.  

     For example, the presence of nebular 

emission can lead to an overestimation of the  

M⋆ and an underestimate of the SFR if not 

properly accounted for.  FADO’s ability to 

self-consistently model both components is, 

therefore, an important advance in the field of 

population synthesis, and has the potential to 

increase our knowledge of the physical 

mechanisms governing galaxy evolution. 

Selection criteria 

     The signal-to-noise ratio (S/N) is 

commonly used in spectroscopic studies to 

ensure the quality of the data and to minimize 

the effects of random errors. This ensures that 

the measured line fluxes are reliable and that 

the emission lines are not dominated by noise. 

In this study, the S/N cut 3 for NII, SII, OI, Hβ, 

and Hα was applied to be consistent with other 

studies for easy comparison of the results 

(Kewley et al. 2006, Veilleux and Osterbrock 

1987).  

      The theoretical value flux ratios F (
Hα

Hβ
) are 

derived from the physics of the hydrogen atom 

and the Balmer series of spectral lines. In the 
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case of optically thick nebulae, where the 

photons emitted after recombination are 

absorbed locally, the ratio of the hydrogen 

Balmer lines Hα and Hβ can be used to 

determine the extinction due to dust in the 

nebula.  Assuming that the electron 

temperature is  T = 104 K and the electron 

density,  ne~102 − 104 cm−3 , the theoretical 

value flux ratios F (
Hα

Hβ
) are 2.86 and 3.1 for 

star-forming and AGNs, respectively (Kewley 

et al. 2001, 2013). These values serve as a 

reference to compare with the observed 

Balmer decrement, which is the ratio of the 

observed Hα and Hβ fluxes and can be used to 

estimate the amount of dust extinction in the 

nebula. It is common practice to remove 

objects with Balmer decrements that are lower 

than the theoretical values for their respective 

classifications. This is done to avoid 

misclassifying objects as AGNs when they are 

star-forming galaxies with a low Balmer 

decrement due to factors such as low 

reddening, inaccuracies in the stellar 

absorption correction, or errors in the 

measurement of line flux. In this study, objects 

with F (
Hα

Hβ
) < 2.86 for star-forming galaxies 

and with F (
Hα

Hβ
) < 3.1 for AGNs were 

removed from the sample to ensure accurate 

classification. The median redshift of the 

objects used in this study is at z ∼ 0.1. 
 

Results 

The galaxies classification 

     The galaxies were classified based on the 

methods of Kewley et al. (2006) as shown in 

Table 1. The total sample of star-forming, 

composite, Seyfert, and LINER galaxies by 

cross-correlation. Star-forming galaxy 

numbers were obtained by cross-matching 

star-forming galaxies for NII BPT and star-

forming + composite galaxies for both SII and 

OI diagrams as shown in Figure 1 and Table 2. 

Cross-matching the number of SF for both 

MPA-JHU and FADO the total number of 

127283 Star-forming galaxies was obtained. 

Composite galaxy numbers were obtained by 

cross-matching Composite galaxies for NII-

BPT, with Star-forming and Composite for 

both SII and OI classification diagrams as 

shown in Figure 2 and Table 3. Cross-

matching the number of Composite galaxies 

for both MPA-JHU and FADO the total 

number of 13337 Composite galaxies was 

obtained. Seyfert 2 galaxy numbers were 

obtained by cross-matching Seyfert 2 galaxies 

for NII BPT, SII, and OI classification 

diagrams as shown in Table 4. Cross Matching 

the number of Seyfert2 galaxies for both 

MPA-JHU and FADO the total number of 

8391 Seyfert2 galaxies were obtained. LINER 

galaxies were obtained by cross-matching 

Liner galaxies for NII BPT, SII, and OI 

classification diagrams as shown in Table 5. 

Cross-matching the number of LINER 

galaxies for both MPA-JHU and FADO the 

total number of 3447 LINER galaxies was 

obtained. 

Properties of emission lines 

     Since the SFR was derived from Hα flux 

and the ratio of the hydrogen Balmer lines Hα 

and Hβ was used to determine the extinction 

due to dust in the nebula. The features of the 

emission lines that MPA-JHU and FADO have 

retrieved must be described. It is important to 

understand the connection between the 

observed flux of an emission line that is 

typical for FADO and MPA-JHU as will be 

used to trace the SFR hence the stellar mass 

against SFR relation.  

 

Table 1: The Total number of galaxies for the diagnostic diagrams 

Galaxies Cross matched MPA-JHU & FADO 

 Star Forming Composite Seyfert LNERs 

NII vs SII 220919 49153 11391 7311 

NII vs OI 129389 13503 9388 3986 

SII vs OI 145762 145762 9430 6286 

(NII vs SII) vs (SII vs OI) 127283 13337 8391 3447 

The sample of 127283 Star-forming,13337 composite, 8391 Seyfert, and 3447 LINERs galaxies 

are used in the next sections unless otherwise stated. 
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Figure 1: Comparisons of Hα flux between MPA and FADO 

 

Table 2: The median differences for the Hα flux between FADO and MPA-JHU. 

Median 𝐇𝛂 Flux (𝐞𝐫𝐠/𝐬/𝐜𝐦𝟐) 

Galaxy type MPA-JHU FADO FADO−MPA-JHU 

Star-forming 6.048 6.050 0.002 

Composite 6.084 6.088 0.004 

Seyfert 5.690 5.72 0.030 

LINERs 4.849 4.884 0.035 

 

 
Figure 2: Comparisons of Hβ flux between FADO and MPA-JHU 

 

Table 3: The median difference for Hβ Flux between FADO and MPA-JHU 

Median 𝐇𝛃 Flux (𝐞𝐫𝐠/𝐬/𝐜𝐦𝟐) 

Galaxy type MPA-JHU FADO FADO−MPA-JHU 

Star-forming 4.638 4.642 0.004 

Composite 4.480 4.500 0.020 

Seyfert 4.209 4.210 0.001 

LINERs 3.400 3.420 0.020 
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Star formation rate 

     The flux was used as the tracer for the Star formation rate using Equation 2 and the 

Luminosity using Equation 3. 

SFRf =
L(Hα ) 

η(Hα )
… … … … … … … … … … … . .2 

where, L(Hα) is the Hα luminosity and η(Hα) 

is a conversion factor. The conversion factor η 

(Hα) depends on the initial mass function 

(IMF), which explains how the star masses are 

distributed in a specific population.  

       Remembering that different IMFs can 

result in different η (Hα) values, due to the 

factor that the number of ionizing photons 

produced by stars of different masses varies 

thus the choice of IMF can affect the estimated 

SFR by a factor of a few. The commonly used 

IMFs include the Salpeter IMF and the 

Chabrier IMF at which the Salpeter IMF 

generally results in higher SFR estimates than 

the Chabrier IMF.  

Other factors that can affect the estimation 

of SFRs include the presence of dust, which 

can absorb and re-emit ionizing radiation, 

furthermore the calibration of the η(Hα) factor 

itself also may affect the SFRs estimation, 

which varies depending on assumptions made 

about the stellar population.  

In this study, we used the Kennicutt . 

(1998) conversion factor as the best estimator 

given by:η(Hα) = 1041.28ergs−1M⨀
−1yr 

(Kauffmann et al. 2004).  

 L(Hα) = F(Hα) · 4πd2. . . . . . . … … … … . . . .3 

where, F(Hα) is the Hα flux and (d) is the 

luminosity distance. 

 

 

 
 

Figure 3: Comparison of Total SFR for MPA-JHU and FADO. 

 

     From Figure 3 it is shown that both FADO and MPA- JHU have similar distribution for total 

SFR indicating that the interior physical properties underlying the star formation activities are 

similar.  

 

Table 4: The difference between the median values of FADO distribution to MPA-JHU for 

Total SFR 

Median Total SFR (𝐌⊙/yr) 

Galaxy type MPA-JHU FADO FADO-MPA-JHU 

Star-forming -1.521 -1.520 0.001 

Composite -1.019 -1.018 0.001 

Seyfert -3.200 -3.170 0.030 
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LINERs -0.110 -0.160 0.050 

     From Table 4 it is observed that FADO 

overestimates the SFR over MPA-JHU for all 

classes of galaxies. The account for this is the 

method used for obtaining fluxes that is for 

FADO to consider, the nebular continuum as 

shown by Equation 1 above whereas MPA-

JHU does not that is consider only the first part 

of Equation 1. This fact has a slightly 

significant impact on the measured flux of 

emission lines, such as Hα, hence on the 

estimation of SFR since the nebular 

continuum assumed by FADO is the main 

foundation of galaxy formation and evolution, 

considering this important part results to the 

rise of SFR the results obtained by FADO are 

more reliable. 

The Stellar Mass 

     The star masses found in the MPA-JHU 

library adhere to a similar mindset to that of 

Kauffmann et al. (2003). In Kauffmann et al. 

(2003), the SED was fitted using several 

models from Charlot and Fall (2000), and 

spectroscopic features were considered using 

five observation windows used by SDSS 

surveys are the u, g, r, i, and z photometry. The 

stellar mass is calculated from these fits by 

estimating the stellar mass-to-light ratio but 

for the case of FADO, the stellar mass was 

obtained by fitting the SED. 

 
Figure 4: The total stellar mass Histogram plots for MPA-JHU and FADO. 

 

Table 5: The median Total Stellar Mass between FADO and MPA-JHU 

Median Total Stellar Masses (𝐌⊙) 

Galaxy type MPA-JHU FADO FADO-MPA-JHU 

Star-forming 10.01 9.67 -0.34 

Composite 10.64 10.18 -0.45 

Seyfert 10.76 10.31 -0.45 

LINERs 10.54 10.46 -0.48 

 

 

From Figure 4 it is shown that FADO 

underestimates the Stellar mass over MPA-

JHU and Table 5 it is shown that FADO 

underestimates the Stellar mass over MPA-

JHU on average by 0.43 dex. This is due to 

FADO considering the nebular continuum, 

variations in results for star mass between 

FADO and MPA-JHU data were achieved. 

Using the stellar continuum, the stellar mass is 

approximated. The observed continuum is 

thought to be entirely the result of star 

emission when using pure stellar coding, as is 

the case for the MPA-JHU catalog data. 

FADO, on the other hand, detects a continuum 

with both stellar and nebular components. In 

comparison to the stellar continuum used to 

estimate the MPA-JHU catalog data, this has 

the effect of decreasing the stellar continuum 
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for FADO. Because of this, FADO obtains 

lower stellar masses than those from MPA-

JHU when the stellar continuum is used to 

estimate stellar mass. This is different from the 

case obtained in Table 4 where the SFR is 

approximated by both stellar continuum and 

nebular continuum making the SFR for FADO 

to be higher than MPA-JHU Both the results 

support the observations from galaxies models 

predicting the increase of SFR and decrease of 

stellar mass when the nebular continuum is 

considered. 

Metallicity 

     The methods discussed in the Methodology 

section were used as the gas phase metallicity 

estimator. For Figure 5, Left panel: Histogram 

for FADO (blue) and MPA-JHU (magenta). 

Middle and right panel: 1-1 scatter and contour 

plot, respectively. The median for the MPA- 

JHU metallicity was found to be 8.947 and 

8.934 for FADO. The median difference in 

metallicity between MPA-JHU and FADO is 

0.013 dex (3%). 

 

 
Figure 5: Gas phase metallicity histogram plots for MPA-JHU and FADO. 

 

 

  The Main Sequence 

     In this subsection, the Star-formation rate 

Versus Stellar mass relation of the Star-

forming, Composite, Seyfert, and LINER 

galaxies classified sample for both MPA-JHU 

and FADO was discussed. We generate the 

equation of the main sequence and show the 

position of the galaxies. Upper panels: Scatter 

plot, Bottom panel: Contour plot showing the 

distribution of sources in the diagram. The 

contour plots show the sample’s 20%, 40%, 

60%, 80% and 100%. It was obtained that 

FADO overestimated the SFR and 

underestimated the Stellar mass relative to 

MPA-JHU. This subsection aims to study the 

main sequence by combining these galactic 

properties (the SFR and Stellar mass). The 

general equation of the best-fit line was 

adopted from Leslie et al. (2015), for our data 

is given by Equation 4 for MPA-JHU and 

Equation 5 for FADO. 

log(SFR) = 0.77log (M ⋆) − 7.5. . … . … . . .4 

log(SFR) = 0.73log(M ⋆) − 7.2 … … . … . .5 

For the width of the main sequence ±(0.3) 

dex (dashed lines) was used (Elbaz et al., 

2007; Whitaker et al., 2012; Shimizu et al., 

2015) The location of every galaxy in our 

sample for the main sequence is shown in 

Table 6 and the star formation rate versus 

stellar mass diagram is shown in Figure 6. 

From Figure 6, the application of FADO 

causes the y-intercept and slope of the main 

sequence equation to alter by 0.3 and 0.04 dex, 

respectively. 
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Figure 6: Position of galaxies concerning the Main sequence for MPA (left panels) and FADO 

(right panels) 

Table 6: The number of galaxies above, below, and within the main sequence 

 

 

  Position 

Number of Galaxies 

Star-forming Composite Seyfert LINERs 

MPA FADO MPA FADO MPA FADO MPA FADO 

Above MS 
24265 

(19%) 

20923 

(16%) 

393 

(3%) 

574 

(4%) 
86 (1%) 

154 

(2%) 
5 (0%) 8 (0%) 

Below MS 
18726 

(15%) 

27496 

(22%) 

7779 

(58%) 

6874 

(52%) 

6755 

(81%) 

6425 

(77%) 

3375 

(98%) 

3346 

(97%) 

Within MS 
84292 

(66%) 

78708 

(62%) 

5165 

(39%) 

5875 

(44%) 

1550 

(18%) 

1775 

(21%) 

67 

(2%) 
90 (3%) 
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     From Table 6 it was observed that for Star-

forming galaxies a greater number of galaxies 

(4%) are within the main sequence for pure 

stellar codes (MPA) when compared to non-

pure stellar code (FADO). For composite 

galaxies, a smaller number of galaxies (5%) 

are within the main sequence for MPA when 

compared to FADO. For Seyfert galaxies, a 

smaller number of galaxies (3%) are within the 

main sequence MPA when compared to 

FADO. For composite galaxies, a smaller 

number of galaxies (1%) are within the main 

sequence for MPA when compared to FADO. 

This implies that the inclusion of nebular alters 

the star formation's main sequence. 

Mass-Metallicity Relation 

     From Figure 4 and Table 5, it was obtained 

that FADO overestimated the Stellar mass and 

from Figure 5, FADO underestimated the gas 

phase metallicity relative to MPA-JHU. The 

gas phase metallicity Versus Stellar mass 

relation of the Star-forming galaxies classified 

sample was discussed, for both MPA-JHU and 

FADO as shown in Figure 7, the line of best fit 

(red and blue dashed lines, respectively) 

(adopted from Tremonti et al. (2004)) given by 

Equation 6 for MPA-JHU and Equation 7 for 

FADO. Top panel: Scatter plot. Bottom panel: 

The contour plots show the sample’s 20%, 

40%, 60%, 80% and 100%. From Figure 7, the 

distribution of gas phase metallicity is similar 

for both MPA-JHU and FADO although there 

is a shift in the equation of the best fit. 

 

Discussion 

      Over earlier spectral synthesis techniques, 

FADO has a major astrophysical advantage in 

estimating physical parameters in the MPA-

JHU catalog. The spectral energy distribution 

fitting procedure used by FADO incorporates 

the nebular component, resulting in an overall 

continuum that combines the stellar and 

nebular continuums. In contrast, earlier 

techniques assumed that the stellar 

contribution to the continuum as a whole was 

purely stellar and only took it into account. 

    The primary innovation of FADO from an 

astrophysical standpoint, as studied by 

Cardoso et al. (2022) and Miranda et al. 

(2022), is the addition of the nebular 

component in the SED fitting procedure. The 

purpose of the study was to compare the 

physical parameters obtained from fitting the 

SED with FADO versus utilizing conventional 

stellar models.  The findings demonstrated that 

the nebular component's inclusion enhanced 

the measured spectra's fit and produced more 

precise calculations of the physical 

characteristics, including metallicity and star 

formation rate. It is useful to contrast and 

evaluate our results in light of past studies' 

conclusions because they have looked into 

themes that are connected to the one we are 

studying. 

    Cardoso et al. (2022) explored how the 

incorporation of the nebular input in the fitting 

process of the SED affects the evolutionary 

trend of light- and mass-weighted parameters 

linked to the star age, metallicity, and mass of 

SF galaxies. They examined various subsets of 

galaxies based on their star production level, 

which was measured by the equivalent width 

of their emission lines, and contrasted this 

method to earlier ones, including the one used 

in MPA-JHU. They also examined several 

subsamples based on the Equivalent width as 

a measure of the star formation level. The goal 

was to understand how the nebular continuum 

contribution changed the star properties of the 

galaxies in the different subsamples. One of 

the main findings of this study was that, even 

though FADO yielded stellar masses that were 

higher than those of STARLIGHT, the 

estimated stellar mass changes when the 

nebular continuum is considered. 

     Miranda et al. (2022), found that for normal 

star-forming galaxies in SDSS, including the 

nebular contribution in the modeling process 

does not significantly impact the retrieved Hα 

fluxes and therefore does not affect the 

resulting SFR estimations based on the 

extinction corrected Hα luminosity. 

Additionally, they discovered that the stellar 

mass estimations between MPA-JHU catalog 

data and FADO are comparable, 

demonstrating that the inclusion of the nebular 

component has no impact on the stellar mass 

estimates in both galaxies. 

   However, the agreement between the two 

methods may not hold for higher redshift 

galaxies, as the expected increased nebular 



Tanz. J. Sci. Vol. 50(4) 2024 

909 

contribution could lead to different physical 

properties. Using FADO we managed to prove 

the importance of nebular continuum to the 

derived properties of the galaxies for star-

forming, Composite, Seyfert, and LINERs and 

trace the impact of nebular continuum on 

stellar mass and SFR relations.  

 

Conclusion 

The unique spectral synthesis code, FADO, 

was studied in this work. By applying FADO 

to the Sloan Digital Sky Survey and analyzing 

the major characteristics of the galaxies such 

as stellar mass, SFR, and gas phase metallicity. 

The peculiarity of FADO, which considers 

both stellar and nebular components when 

fitting a galaxy’s spectrum, was investigated. 

The typical galaxies between the MPA-JHU 

and FADO were found by cross-correlation 

using the S/N>3 condition. 

    

 

 
Figure 7: The Stellar mass against gas phase metallicity relation for MPA -JHU and FADO 

 

12 + (
O

H
) = −1.492 + 1.847log(M ⋆) − 0.08026log(M ⋆)2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6 

12 + (
O

H
) = −1.563 + 1.848log(M ⋆) − 0.08006log(M ⋆)2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7 

     The galaxies were classified into Star-

forming, Composite, Seyfert, and LINER 

using the appropriate conditions (Kewley et al. 

2001, Tremonti et al. 2004). The Balmer 

decrement conditions were applied to the 

classified samples for both MPA- JHU and 

FADO. The galaxies properties (Star 

formation, stellar mass, and gas phase 

metallicity) of the total number of galaxies 
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under each classification were discussed, and 

the important findings of this study are: 

● Taking the nebular continuum into account 

improves the fluxes of star-forming, 

Composite, Seyfert, and LINER galaxies. 

● FADO overestimates the star formation 

rate and underestimates the stellar mass of 

star-forming, Composite, Seyfert, and 

LINER galaxies. 

● FADO underestimates gas-phase 

metallicity of star-forming galaxies over 

MPA-JHU by 0.013 dex (3%). 

● Applying FADO to the MPA-JHU results 

in the change of the slope of the equation 

of the main sequence by 0.04 dex and the 

vertical intercept by 0.3 dex. 

● FADO results in the modification of the 

best fit equation, in the stellar mass 

metallicity relation. 
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