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A B S T R A C T 

We present the Mapping Nearby Galaxies at Apache Point Observatory surv e y (MaNGA ) FIREFLY Value Added Cata- 

logue (VAC) – a catalogue of ∼3.7 million spatially resolved stellar population properties across 10 010 nearby galaxies from 

the final data release of the MaNGA surv e y. The full spectral fitting code FIREFLY is employed to derive parameters such as stellar 
ages, metallicities, stellar and remnant masses, star formation histories, star formation rates, and dust attenuation. In addition to 

Voronoi-binned measurements, our VAC also provides global properties, such as central values and radial gradients. Two variants 
of the VAC are available: presenting the results from fits using the M11-MILES and the no v el MaStar stellar population models. 
MaStar allows to constrain the fit o v er the whole MaNGA wavelength range, extends the age-metallicity parameter space, and 

uses empirical spectra from the same instrument as MaNGA. The fits employing MaStar models find, on average, slightly 

younger ages, higher mass-weighted metallicities, and smaller colour excesses. These differences are reduced when matching 

the wavelength range and converging template grids. We further report that FIREFLY stellar masses are systematically lower by 

∼0.3 dex than masses from the MaNGA PCA and Pipe3D VACs, but match masses from the NSA best with only ∼0.1-dex 

dif ference. Finally, we sho w that FIREFLY stellar ages correlate with spectral index age indicators H δA and D n (4000), though 

with a clear additional metallicity dependence. 

Key words: catalogues – galaxies: abundances – galaxies: evolution – galaxies: formation – galaxies: statistics – galaxies: stellar 
content. 
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 I N T RO D U C T I O N  

tellar populations are one of the most important fossil records of
alaxy evolution. They provide information about mass assembly
 E-mail: jusneuma.astro@gmail.com 
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nd chemical enrichment histories including not only the integrated
tar formation and internal recycling processes but also pristine
as inflows, metal-loss in outflows, or mass and metal accretion
hrough minor mergers. Observations and detailed studies of stellar
opulations are indispensable to constrain evolutionary processes
ncluded in models and cosmological simulations. 
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1 https://www.sdss.org/dr17 . 
2 The goal is to have a continuum S/N of 33 per pixel in the r -band stacked 
between 1 R e and 1.5 R e . 
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Single stars in galaxies outside the Local Group cannot (yet) be 
esolved and, thus, analyses depend on observations of integrated 
ight. It has become a common approach to approximate the sum of all
tellar light in one resolution element by a combination of single-age, 
ingle-metallicity stellar populations. Models of these single stellar 
opulations (SSPs) are synthesized from stellar libraries together 
ith stellar evolution theory in the form of an initial mass function

IMF), stellar tracks and/or isochrones (Bruzual & Charlot 1993 ; 
orthey 1994 ; Vazdekis et al. 1996 ; Fioc & Rocca-Volmerange 

997 ; Maraston 1998 ; Leitherer et al. 1999 ; Bruzual & Charlot
003 ; Maraston 2005 ; Conroy, Gunn & White 2009 ; Maraston &
tr ̈omb ̈ack 2011 ; Maraston et al. 2020 ). The adopted library can be
ither fully theoretical (Maraston 1998 ), fully empirical (Vazdekis 
t al. 2010 , 2016 ; Maraston et al. 2020 ), or a combination of
oth (Leitherer et al. 1999 ; Maraston 2005 ; Walcher et al. 2009 ;
araston & Str ̈omb ̈ack 2011 ; Conroy et al. 2018 ). Complex stellar

opulations are then obtained by combining SSPs with arbitrary star 
ormation histories. 

In order to derive stellar population properties of data, stellar 
opulation models need to be matched to observed spectra. Over the 
ast decades a variety of codes have been developed to perform 

ull spectral fitting of observed spectra with varying focus on 
mission lines, stellar kinematics, stellar population, or all-in-one 
pproaches: e.g. PPXF (Cappellari & Emsellem 2004 ; Cappellari 
017 ), STARLIGHT (Cid Fernandes et al. 2005 ), STECKMAP (Ocvirk 
t al. 2006a , b ), GANDALF (Falc ́on-Barroso et al. 2006 ; Sarzi et al.
006 ), VESPA (Tojeiro et al. 2007 ), ULYSS (Kole v a et al. 2009 )
YPARADISE (Walcher et al. 2015 ; Husemann et al. 2016 ), BEAGLE

Che v allard & Charlot 2016 ), FADO (Gomes & Papaderos 2017 ),
IREFLY (Wilkinson et al. 2017 ), BAGPIPES (Carnall et al. 2018 ), and
ROSPOECTOR (Johnson et al. 2021 ). 

With the advent of large-scale integral field unit (IFU) surv e ys,
uch as SAURON (de Zeeuw et al. 2002 , 48 galaxies), ATLAS 

3D 

Cappellari et al. 2011 , 260 galaxies), CALIFA (S ́anchez et al.
012 , 667 galaxies), SAMI (Croom et al. 2012 ; Bryant et al. 2015 ,
068 galaxies), KMOS 

3D (Wisnioski et al. 2015 , 739 galaxies), and 
aNGA (Bundy et al. 2015 , 10 010 galaxies), a massive amount

f data has been produced for hundreds to thousands of galaxies 
ach including thousands of spectra. Consequently, spectral fitting 
ipelines have been created to automatize and facilitate the process of
reating 2D maps of physical galaxy parameters from observations in 
orm of 3D datacubes (e.g. PIPE3D , S ́anchez et al. 2016b ; PYPIPE3D ,
acerda et al. 2022 ; LZIFU , Ho et al. 2016 ; GIST , Bittner et al. 2019 ;

he MaNGA data analysis pipeline, DAP , Westfall et al. 2019 ). 
The Mapping Nearby Galaxies at Apache Point Observatory 

urv e y (MaNGA; Bundy et al. 2015 ), a Sloan Digital Sky Survey-
V project (SDSS-IV; Blanton et al. 2017 ), is the largest IFU
alaxy surv e y to date. The final MaNGA data release (SDSS-DR17;
bdurro’uf et al. 2021 ) contains observations of 10 010 galaxies. 
aNGA data are a massive resource for studies of galaxy evolution 

n the nearby universe. 
In this paper, we present the MaNGA FIREFLY Value Added 
atalogue (VAC): a catalogue of spatially resolved stellar popu- 

ation parameters for all MaNGA galaxies. The pipeline to create the 
AC is built upon the DAP and uses its output for further processing.
he data products contained in the VAC are complementary to the 
igh-level output of the DAP , which includes stellar kinematics, 
bsorption-line indices, and emission-line measurements, detailed in 
ection 2.3 . Earlier version of the MaNGA FIREFLY VAC have been
escribed and used in Goddard et al. ( 2017 ) and Parikh et al. ( 2018 ).
ere, we present the first dedicated VAC paper based on the final
aNGA data release and providing a full description and detailed 
nalysis of its content. This version of the VAC has already been
sed for scientific analysis in Neumann et al. ( 2021 ) to investigate
he drivers of stellar metallicity in galaxies, showing the scientific 
otential of this large stellar population data base. 
We describe the input and the pre-processing of MaNGA data in

ection 2 , the workflow to produce the VAC and details about the
IREFLY routine are presented in Section 3 . Data products are shown,
ested, discussed in Section 4 , and compared to other catalogues in
 . We conclude in Section 7 . 
Throughout the paper we adopt a flat � CDM cosmology with

 Hubble constant of H 0 = 67 . 8 km s −1 Mpc −1 and �m 

= 0.308
Planck Collaboration XIII 2016 ). 

The MaNGA FIREFLY VAC can be downloaded as FITS file from
he SDSS website https:// www.sdss.org/dr17/ manga/ manga-data/m 

nga- firefly - value- added- catalog or from the ICG Portsmouth’s
ebsite ht tp://www.icg.port .ac.uk/manga- FIREFLY - vac . It is also

vailable as CAS table on the SDSS sk yserv er http://skyserv er.sd
s.org/dr17 and integrated in MARVIN https://dr 17.sdss.or g/marvin 
Cherinka et al. 2019 ). Examples of 2D maps of fitted stellar
opulation parameter available in the VAC are presented in Fig. 1 . 

 I NPUT  

he MaNGA FIREFLY VAC is a catalogue of spatially resolved stellar 
opulation parameters for MaNGA galaxies and, as such, is based 
ntirely on observation of the MaNGA galaxy surv e y. We employ
he full spectral fitting code FIREFLY (Wilkinson et al. 2017 ) to fit
inear combinations of stellar population models to the observed, 
educed, and pre-analysed MaNGA spectra. Hence, the two sources 
f input for the MaNGA FIREFLY VAC are the MaNGA data, on the
ne hand, and the stellar population model libraries, on the other
and. 

.1 MaNGA data 

he sample of galaxies for this catalogue is drawn from the 17th and
nal data release 1 (DR17; Abdurro’uf et al. 2021 ) of the Mapping
earby Galaxies at Apache Point Observatory surv e y (MaNGA; 
undy et al. 2015 ), a Sloan Digital Sky Survey-IV project (SDSS-

V Blanton et al. 2017 ). MaNGA uses IFUs that consist of 17 fibre
undles of hexagonal shape ranging from 19 to 127 fibres per bundle
n order to ensure a uniform spatial co v erage per galaxy (Drory et al.
015 ). The IFU fibre bundles are plugged on to observation plates
nd feed into the BOSS Spectrographs (Smee et al. 2013 ) mounted
t the Sloan Foundation 2.5-m Telescope (Gunn et al. 2006 ). 

Each MaNGA plate is observed following a three-point dithering 
attern to fill the inter-fibre regions and obtain uniform spatial 
o v erage. The observations are repeated for a total observation
ime of ∼2–3 h until the S/N per pixel goal 2 is reached (Yan et al.
016b ). Each of the two spectrographs has a red and blue camera
ith o v erlapping wav elength range and a total co v erage of 3622 –
0 354 Å at a median spectral resolution of σ = 72 km s −1 . The
edian spatial resolution is 2.54-arcsec full width at half-maximum 

FWHM), which corresponds to 1 . 8 kpc at the median redshift of z 
0.037 (Law et al. 2016 ). 
The main MaNGA sample consists of a Primary sample ( ∼

0 per cent ), a Colour-Enhanced supplement ( ∼ 17 per cent ), and 
MNRAS 513, 5988–6012 (2022) 
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M

Figure 1. Example 2D maps from the FF-Mi variant of the MaNGA FIREFLY VAC sho wing dif ferent stellar population parameters, dust attenuation, and 
signal-to-noise ratios (S/N). 
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 higher redshift Secondary sample ( ∼ 33 per cent ). The main
election criteria is a flat stellar mass distribution M � > 10 9 M � in
ogarithmic space with a uniform spatial co v erage out to 1 . 5 R e for the
rimary sample and 2 . 5 R e for the Secondary sample, where R e is the
f fecti ve radius of a given galaxy. The Colour-Enhanced supplement
lls poorly sampled regions in the colour–magnitude diagram (Law
t al. 2015 ; Wake et al. 2017 ) and it co v ers out to 1 . 5 R e . In addition to
he main sample, the full catalogue also includes observations from
ncillary programmes, 3 which make about ∼ 5 per cent of the total
ample and are processed by FIREFLY , as well. These include single
alaxy observations as well as mosaicing of larger regions from a
ariety of science programmes. 

Observations have been concluded in 2020 August and the final
ample has been released in Abdurro’uf et al. ( 2021 ). The total
umber of datacubes is 11 273 including 10 145 galaxy observations
f high quality corresponding to 10010 unique galaxies. The MaNGA
IREFLY VAC provides the stellar populations for 10 735 of these
atacubes. 4 

All raw data are processed by two survey pipelines: the MaNGA
ata reduction pipeline ( DRP; Law et al. 2016 ) and the MaNGA
ata analysis pipeline ( DAP; Westfall et al. 2019 ) to provide high-
evel science-ready data products, which are essential inputs for the
IREFLY VAC project. 

.2 Data reduction pipeline 

he main task of the DRP is to read the raw data from MaNGA
bservations and extract, calibrate and combine them into FITS files
hat are ready for scientific analysis. This is a sophisticated multistep
rocess that is described in full detail in Law et al. ( 2016 ) and updates
o DR15 in Aguado et al. ( 2019 ) and to DR17 in Abdurro’uf et al.
 2021 ). In addition, the detailed modelling of the line-spread function
NRAS 513, 5988–6012 (2022) 

 https://www.sdss.org/dr17/mang a/mang a-target-selection/ancillary- 
argets/ . 
 The MaNGA FIREFLY VAC processes all datacubes that successfully run 
hrough the DAP . From the total number of 11 273 datacubes, 538 failed 
uring the DAP run due to various reasons. 

e  

5

a
c
6

LSF) is described in Law et al. ( 2021 ). Here, we provide only a very
hort summary. 

First, the flux of each fibre is extracted, flatfielded, and wavelength
alibrated using specific calibration frames. The background sky is
hen determined from a combination of eight dedicated sky fibres and
ubtracted from each of the science fibre spectra. Afterwards, each
pectrum is flux calibrated employing standard star observations from
2 small seven-fibre bundles with the same fibre size and fill-factor
s the science fibre bundles (Yan et al. 2016a ). The two spectra from
he blue and red camera are then combined into a single spectrum and
esampled on to a common wavelength array. The output of the first
tage is a FITS file containing row-stacked spectra (RSS) of one fully
educed spectrum per fibre. During the second stage, the astrometry
f each exposure is registered and the series of 2D RSS are combined
nd resampled into a 3D datacube with a grid of 0.5 arcsec per pixel.
he DRP produces one datacube for each ‘PLATEIFU’ 5 designation.

.3 Data analysis pipeline 

very datacube that has been produced by the DRP and that has an
nitial redshift estimate is fed into the DAP for the analysis of higher
evel data products. In addition to the DRP datacubes as input, the
AP uses photometric measurements of the ellipticity and position
ngle of the target from the parent catalogue (Wake et al. 2017 ); the
nhanced NASA Sloan Atlas. 6 For each datacube, the DAP produces
patially resolved stellar kinematics, emission-line properties, and
pectral indices. In the following, we provide a short outline of the
AP workflow, full details can be found in Westfall et al. ( 2019 ) and

or the emission-line fitting in Belfiore et al. ( 2019 ). 
The pipeline is e x ecuted in a series of six main modules that are

asked for: DRP output assessment, spatial binning, stellar kinematics
tting, emission-line moments fitting, Gaussian emission-line mod-
lling, and stellar index measurement. The assessment stage secures
 Each MaNGA target is identified by its own ‘MaNGA-ID’, but some targets 
re observed multiple times. ‘PLATEIFU’ is a string with a unique plate-IFU 

ombination for a given observation. 
 M. Blanton; www.nsatlas.org . 

art/stac1260_f1.eps
https://www.sdss.org/dr17/manga/manga-target-selection/ancillary-targets/
file:www.nsatlas.org
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Figure 2. Age-metallicity grid of the two stellar population libraries used in 
the VAC. 
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hat a spectrum is only analysed if 80 per cent of the data points
re valid and, in addition, it computes the g -band weighted S/N per
pectrum. This is followed by spatial Voronoi binning (Cappellari & 

opin 2003 ) of the spectra to a minimum target S/N ∼ 10 per bin.
fterwards, all fitting modules are e x ecuted multiple times using
ifferent combinations of binned and unbinned data, the name of each 
pproach is saved in the k eyw ord ‘DAPTYPE’. For DR17, the DAP
rovides output products for analysis of single spaxels (‘SPX’), of 
oronoi-binned spectra (‘VOR10’), and of a hybrid binning scheme, 
here the stellar continuum is fitted on the binned spectra while 

he emission lines are measured per spaxel (‘HYB10’). Similar to 
he fitting of stellar kinematics, stellar population analysis usually 
equires higher S/N in the continuum than emission-line analysis 
ue to the much stronger signal in the emission lines. The MaNGA
IREFLY VAC therefore uses e xclusiv ely the ‘VOR10’ DAP output. 

The stellar kinematics are fitted employing the penalized pixel- 
tting method ( pPXF ; Cappellari & Emsellem 2004 ; Cappellari 
017 ) with a hierarchically clustered selection of stellar templates 
rom the MILES library (S ́anchez-Bl ́azquez et al. 2006 ), providing
 higher spectral resolution. For the stellar continuum modelling in 
he emission-line module, the DAP uses a different library: With the 
dvantage of full wavelength coverage, in DR17, a subset of the 
aStar SSP library (Maraston et al. 2020 ) is used. The last stage is

he measurement of stellar indices on the emission-line subtracted 
pectra. These include absorption line indices and bandhead indices. 

The two main output products are a ‘MAPS’ file, which con- 
ains 2D maps of high-level data products, and a ‘LOGCUBE’ 
le, which contains the original and best-fitting model spectra as 
ell as emission-line spectra for each DRP datacube (observa- 

ion/‘PLATEIFU’). In addition, there is a single summary ‘DAPall’ 
atalogue that provides global galaxy properties. 

The main source of input to the MaNGA FIREFLY VAC are the
AP data products. In particular, the MaNGA FIREFLY VAC uses for
ach datacube per Voronoi bin: coordinates, g -band S/N, velocity, 
elocity dispersion (from MAPS file), observed spectrum, emission- 
ine spectrum, bitmask, inverse variance, line spread function (from 

OGCUBE file), and redshift (from DAPall file). 

.4 Stellar population model libraries 

he current version of the MaNGA FIREFLY VAC released together 
ith SDSS DR17 is offered in two structurally identical variants 
ith the only difference being the stellar population model library 

mployed to fit the observed spectra. Both models are based on the
ame stellar evolution (as in Maraston 2005 ) and IMF assumption 
nd the difference between them is the adopted stellar spectral library. 

The first variant uses the M11-MILES model templates from 

araston & Str ̈omb ̈ack ( 2011 ) as in the previous versions of the
AC. These single-burst stellar population models are based on the 
ILES stellar library (S ́anchez-Bl ́azquez et al. 2006 ) and inherit

ts nativ e wav elength co v erage, from 3500 to 7430 Å , and spectral
esolution of 2 . 54 Å FWHM (Beifiori et al. 2011 ; Falc ́on-Barroso
t al. 2011 ). The population synthesis code adopts isochrones and 
tellar tracks by Cassisi, Castellani & Castellani ( 1997 ) for ages
lder than 30 Myr and by Schaller et al. ( 1992 ) for younger ages.
ere, we use the models that are based on a Kroupa ( 2001 ) IMF.
he parameter grid of the M11-MILES models ranges between 50 
ges from 6 . 5 Myr to 15 Gyr and 10 metallicities [Z/H] from −2.25
o 0.35. At [Z/H] = −1.3 and −2.3, the age co v erage is limited to
 2 and > 5 Gyr , respectively (due to the stellar age distribution of

he input library). The exact grid coverage is shown in Fig. 2 . 
The second variant uses an updated version of the MaStar
SP models described in Maraston et al. ( 2020 ), which are based
n the MaStar stellar library (Yan et al. 2019 ). One of the main
dvantages to use the MaStar SSPs for fitting MaNGA data is
hat the empirical spectra are taken with the exact same instrument,
ence, they match the galaxy observations in wavelength coverage 
3600 – 10 300 Å) and resolution ( R = 1400–2200). The models are
ased on the same population synthesis code and input physics as
11-MILES (Maraston & Str ̈omb ̈ack 2011 ), described in detail in
araston ( 2005 ). For the DR17 version of the MaNGA FIREFLY
AC we employ version 1.1 of the models – dubbed ‘gold’ – which
re based on the nineth MaStar Product Launch (MPL-9) of the
aStar stellar library. 7 These models use a combination of the stellar

arameters derived by Hill et al. ( 2022 ), Chen et al. ( 2020 ), and
azarz et al. (in preparation). The ‘gold’ version used here represents

he best-performing ones among them, according to the calibration 
riteria described in Maraston et al. ( 2020 ). The gold MPL-9 model
ibrary includes templates down to 3 Myr . The full grid co v ers ages
rom 3 Myr to 15 Gyr and metallicities [Z/H] from −2.25 to 0.35.

e note that the current MaStar version does not include yet the
hermally pulsating asymptotic giant branch (TP-AGB) contribution 
o the stellar evolution. The MaStar population models using MPL- 
1 and the further set of parameters by Imig et al. ( 2022 ) will be
ublished in Maraston et al. (in preparation). In addition to age and
etallicity, a third parameter of the MaStar template grid allows 

or a flexible low-mass IMF slope from s = 0.3 to 3.8. We adopt here
 Kroupa ( 2001 ) IMF with slope s = 1.3 for consistency with the
ther model variant and previous studies, and leave the IMF analysis
o future papers. As can be seen in Fig. 2 , the parameter co v erage
f MaStar is much impro v ed as compared to M11-MILES , thanks
o the significantly larger sample size of the MaStar stellar library,
hich extends to hotter temperatures leading to a larger parameter 

ange in models. To summarize, the full wavelength range, the same
nstrument, and the excellent parameter coverage make the MaStar 
SPs a very suitable library to fit MaNGA observations. 

 WO R K FLOW  

he main task to construct the MaNGA FIREFLY VAC is full spectral
tting of Voronoi-binned MaNGA data. This is the first out of two
teps and it is e x ecuted employing the FIREFLY code for each binned
MNRAS 513, 5988–6012 (2022) 
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Figure 3. Workflow. Details are described in Section 3 . 
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Table 1. FIREFLY configuration for the DR17 VAC. 

FF-Mi FF-Ma 

Models m11-MILES MaStar-gold 
IMF Kroupa Kroupa 
Age limits < ‘AoU’ ( z ) < ‘AoU’ ( z ) 
Z limits None None 
Dust law Calzetti + 2000 Calzetti + 2000 
Em-line masking Off Off 

Notes. FF-Mi and FF-Ma refer to the two variants of the DR17 MaNGA 
FIREFLY VAC employing the m11-MILES and the MaStar-gold model 
libraries, respectively (see Section 2.4 ). ‘AoU’( z ) means the age of the 
universe at the respective redshift. Calzetti + 2000 refers to the dust law 

presented in Calzetti et al. ( 2000 ). 
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pectrum in each datacubes separately, in other words, ∼3.7 million
imes in total. The second step is performed by a single PYTHON

cript that collects all output, calculates global galaxy parameters,
nd produces the final VAC file. 

In the following, we first give a short general summary of FIREFLY ,
hen, we present the specific setup and the run used for this catalogue,
nd, lastly, we describe the final construction of the VAC. The
orkflow is summarized in Fig. 3 . 

.1 FIREFLY : code 

IREFLY 

8 (Wilkinson et al. 2017 ) is a full spectral fitting code
ritten in PYTHON designed to obtain properties of stellar populations

rom spectral integrated light observations. It compares arbitrarily
eighted linear combinations of single-burst models to the observed

pectrum and aims at iteratively minimizing χ2 controlled by the
ayesian information criterion. All solutions within a statistical cut
re retained, which allows to obtain uncertainty intervals based on
he likelihood distribution of fitting solutions. 

The code was written with low S/N surv e ys, such as BOSS
Eisenstein et al. 2011 ; Dawson et al. 2013 ) and MaNGA (Bundy
t al. 2015 ), in mind and was shown to perform well down to S/N ∼5
NRAS 513, 5988–6012 (2022) 

 ht tps://www.icg.port .ac.uk/FIREFLY /. 

v  

9

figs 8–16 in Wilkinson et al. 2017 ). One of the main concepts is
o allow for a large fitting freedom and sufficient exploration of
he parameter space. As such, neither additive nor multiplicative
olynomials are employed and star formation histories are not
e gularized. A no v el method is used to account for dust attenuation,
n which a high-pass filter (HPF) is applied to the spectrum to
solate small-scale features, such as absorption lines, from large-
cale variations, such as dust attenuation but also inaccurate flux
alibration. For more detail about the code as well as e xtensiv e
erformance tests, we refer to Wilkinson et al. ( 2017 ). Further
pplications and testing of performance are presented in Goddard
t al. ( 2017 ) and Comparat et al. ( 2017 ). 

.1.1 Updates of FIREFLY v1.0.1 

 new version of FIREFLY has been released together with the
aNGA FIREFLY VAC : version 1.0.1. The update includes: (a) a
ajor revision of the interface, (b) user -level changes/b ug fixes, and

c) fixes and changes to the DR17-specific MaNGA setup. A more
etailed list can be found on the GITHUB webpage, 9 here we would
ike to point out a few essentials: A cap on the maximum number of
t objects to be created per iteration is remo v ed, as in some cases it
enerated a bias in templates files used. MaStar and M11-MILES-
G SSPs are added. The MaNGA datacube-specific LSF (Law et al.
021 ) is used instead of a generic averaged MaNGA resolution.
unctionality of emission-line masking and masking of individual
ixels is improved. 

.2 FIREFLY : configuration/setup 

he FIREFLY configuration file contains a small number of important
ser-level parameters such as the stellar population library to be
sed, the IMF, limits on age and metallicity to constrain the library,
hether or not to mask emission lines and which lines to mask, as
ell as which dust law to use to calculate the colour excess E ( B −
 ). In addition, it includes some further technical parameters. The
onfiguration of the DR17 VAC is presented in Table 1 . 

The setup procedure prepares the input data (from MAPS,
OGCUBE and DAPall) before the main FIREFLY run can be
 x ecuted. This is done for each spectrum separately and, thus, it is part
f the loop o v er all Voronoi-binned spectra from all DAP datacubes.
irst, the observed spectrum and the emission-line spectrum is read
nd the latter subtracted from the former. The bitmask and inverse
ariance arrays are passed on to FIREFLY . Secondly, redshift and
 https:// github.com/ Firefly Spectra/ firefly release. 

art/stac1260_f3.eps
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https://www.icg.port.ac.uk/firefly/
https://www.icg.port.ac.uk/firefly/
https://github.com/FireflySpectra/firefly_release
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elativ e stellar v elocity are used to shift the emission-line-subtracted 
pectrum to rest-frame wavelengths. Thirdly, all model templates are 
owngraded by matching the intrinsic model resolution to the LSF 

nd stellar velocity dispersion. Furthermore, all models are reddened 
Fitzpatrick 1999 ) to match the line-of-sight Milky Way reddening 
f the observations using the coordinates of the source and the maps
f Schlegel, Finkbeiner & Davis ( 1998 ). 

.3 FIREFLY : run 

he main steps of the FIREFLY fitting procedure are outlined in Fig. 3 ;
 slightly more detailed version of this part of the workflow is shown
n Wilkinson et al. ( 2017 , fig. 3). 

(1) The observed spectrum and all model templates are normalized 
o the total integrated flux. The normalization factors are saved and 
ill be used later to convert light-weights to mass-weights. (2) An 
PF is applied to both data and models to remo v e long wavelength
odes. (3) A weighted linear combination of the filtered model 

emplates are fitted to the filtered data. (4a) The attenuation curve is
etermined as 

 Atte ( λ) = 

F data ( λ) 

F bestfit ( λ) 
− HPF ( F data ( λ)) 

HPF ( F bestfit ( λ)) 
. (1) 

In the first term of that equation, F data ( λ) is the unfiltered data
pectrum and F bestfit ( λ) is the reconstructed full best-fitting model 
ombination. The ratio between both is the sum of the large-scale 
ariations (i.e. the attenuation curve) and the residuals of the fit. The
atter must therefore be subtracted to obtain F Atte ( λ). Subsequently, 
he attenuation curve is smoothed. (4b) In a parallel step, the 
ttenuation curve is fitted with the Calzetti et al. ( 2000 ) law to obtain
he colour excess E B − V (shown on the right-hand side of Fig. 3 ). (5)
he smooth attenuation curve (not the Calzetti-fitted curve) is applied 

o all unfiltered model templates. (6) The unfiltered data are fitted 
n a second fitting cycle with a weighted linear combination of the
eddened unfiltered model templates. All solutions within a statistical 
ut are retained to construct the likelihood distribution. The best fit
s the peak of the distribution and the confidence intervals for each
tellar population parameter are obtained within the corresponding 
ikelihood intervals (see fig. 7 in Wilkinson et al. 2017 ). 

The output of the FIREFLY run consists of the observed input 
pectrum, the associated error spectrum, the best-fitting model 
pectrum, and a series of stellar population parameters: the full SFH 

ith light-weights and mass-weights of the individual SSPs, light- 
nd mass-weighted average age and metallicity defined as 

 P 〉 LW 

= 

n ∑ 

i= 1 

w 

L 
i P i , 〈 P 〉 MW 

= 

n ∑ 

i= 1 

w 

M 

i P i , (2) 

here P is either age or Z , w 

L 
i is the light-weight, and w 

M 

i the
ass-weight of the i th SSP. Note that these parameters are linearly

veraged. Further outputs are the colour excess E(B − V ), the total
tellar mass and its partition into masses of living stars, white dwarfs,
eutron stars, black holes, and stellar ejecta. The division of mass
s obtained by applying mass-loss factors on the mass of each SSP
ontribution that depend on age, metallicity, and IMF. The adopted 
nitial mass-final mass theoretical relations are described in Maraston 
 1998 , 2005 ) and are based on Renzini & Ciotti ( 1993 ). Two examples
f a fit with FIREFLY to the emission-line-subtracted stellar continuum 

f the central spaxel are shown in Figs 4 and 5 , for a relatively
oung population with strong emission lines and for a quiescent 
ld population, respectively. The figure also exemplifies the slightly 
ifferent results obtained according to the choice of the model library. 
.4 VAC construction 

fter fitting all individual spectra of all datacubes with FIREFLY ,
he VAC construction PYTHON script is e x ecuted. The main
urpose of this script is to (1) collect all output from FIREFLY , (2)
erive global stellar population properties (see next subsections), and 
3) write everything in a single FITS file. The only spatially resolved
roperty, in addition to the FIREFLY output, that is computed as part
f this script is the stellar surface mass density, which is derived as 

 �,i = M �,i /A i , (3) 

here M � , i is the stellar mass and A i is the projected 10 surface area
f the i th Voronoi bin in any given galaxy. 

.4.1 Central values and values at 1 R e 

n addition to spatially resolved stellar population measurements, as 
art of the MaNGA FIREFLY VAC , we also provide global galaxy
roperties, specifically, characteristic values such as the average age 
nd metallicity in the galaxy centre, at 1 R e , and gradients within
 . 5 R e . 
We measure the central average stellar population properties 

ithin a fixed circular aperture of 3-arcsec diameter. The moti v ation
f this choice is to provide a direct comparison from the IFU
bservations of MaNGA galaxies to large SDSS catalogues from 

ingle 3-arcsec-fibre spectroscopy. The ob vious cav eat is that these
easurements are not sensitive to inclination and distance effects. 

n case the user of this VAC is interested in central values that are
v eraged o v er a more similar ph ysical space in each g alaxy, we
dvise to derive those from the spatially resolved measurements in 
n elliptical aperture of flexible size. 

In contrast to the central values, we employ elliptical apertures 
or the deri v ation of the characteristic values at the effective radius.
n particular, the value at the effective radius is averaged within two
oncentric ellipses at 0 . 9 R e and 1 . 1 R e , while having the angle of the
emi-major axis aligned with the position angle of the galaxy. 

It is important to point out that we do not rebin and reanalyse
he spectra but, in fact, we average the results from the Voronoi-
inned FIREFLY analysis. In detail, the average of the light-weighted 
mass-weighted) parameters is calculated as the mean of all Voronoi 
ins within the aperture weighted by their relative flux (mass) 
ontribution: 

 P 〉 LW 

= 

∑ n 

i= 1 P LW ,i f i a i ∑ n 

i= 1 f i a i 
, 〈 P 〉 MW 

= 

∑ n 

i= 1 P MW ,i m i a i ∑ n 

i= 1 m i a i 
, 

here n is the total number of Voronoi bins within the aperture. For
he i th Voronoi bin, P i is the measured parameter, f i is the g -band-
eighted mean flux, m i is the stellar mass as returned by FIREFLY , and
 i is the fraction of the bin area that is inside the aperture. These values
re al w ays computed as long as the number of included Voronoi bins
s non-zero. Errors are calculated from the weighted average upper 
nd lower error boundaries of the P i . Light- and mass-weighted age
nd metallicity within the central 3 arcsec and at 1 R e are provided in
he FITS extension HDU2 . 

.4.2 Gradients within 1.5 R e 

imilar to the average value at the ef fecti ve radius, we also derive the
adial gradients of each galaxy in elliptical coordinates (i.e. taking 
MNRAS 513, 5988–6012 (2022) 
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Figure 4. Example spectrum and modelling from the central spaxel of PLATEIFU = 8335-6101 ( z = 0.018). Top panel: observed spectrum and emission-line 
spectrum as derived by the DAP . Middle panel: emission-line subtracted spectrum and stellar continuum fit by FIREFLY using the MaStar SSPs. Residuals 
of the fit are shown below the spectrum. The grey shaded area shows the uncertainty on the observation. Inset plot shows the star formation history, i.e. the 
age-metallicity grid of SSPs used to fit the spectrum. The size of the dots corresponds to the mass fraction contributed to the total population. Mean age and 
metallicities are shown as star symbols and are annotated in the bottom right-hand panel. Bottom panel: same as the middle panel but employing the M11-MILES 
SSPs. 

Figure 5. Same as Fig. 4 but for a spectrum from the central spaxel of PLATEIFU = 8257-12704 ( z = 0.025) showing no emission lines and an old stellar 
population. Grey-shaded wavelength regions are masked during fitting. 
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nto account the inclination), but within a larger aperture of 1 . 5 R e .
e impose a minimum number of 10 bins within the aperture as a

equirement to compute the gradient. 
The gradient is calculated by first running a median along 10

qually sized radial bins and subsequently fit a linear regression to
NRAS 513, 5988–6012 (2022) 
he binned median values. We estimate the statistical uncertainty of
ach gradient by performing 100 bootstrap realizations of the linear
t using randomly resampled bins. The light- and mass-weighted age
nd metallicity gradients as well as the corresponding zero-points are
iven in the FITS extension HDU3 . 
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.4.3 Changes compared to DR15 VAC 

he major change in the MaNGA FIREFLY VAC is the addition of
tellar population properties calculated with the new SDSS-IV-based 
aStar set of stellar population models, co v ering the full wavelength

ange of the data. In addition, we decided to drop absorption line
trength indices in DR17, which were included in SDSS DR15 and 
arlier versions of the VAC (cf. Goddard et al. 2017 ), as these are
ow provided by the DAP . 
Further small changes to the DR15 version include that the radius

n HDU4 is now given in elliptical coordinates and the azimuth is
dded. Masses in HDU11 and HDU12 are given per spaxel and as
otal mass per Voronoi cell. 

.4.4 Star formation rates 

he latest addition to the MaNGA FIREFLY VAC is the deri v ation of
patially resolved and global star formation rates (SFRs). This has 
een performed after the SDSS VAC release and is, therefore, not 
art of the DR17 version of the VAC. We will make the full table
f SFRs publicly available as separate files and as part of upcoming
ersions of the VAC. 

SFRs are calculated directly from the derived stellar masses and 
ges by integrating mass fractions over a given age range. The range
o be considered is somewhat arbitrary and depends on the definition 
f current SFR. For example, the last 10 Myr trace the time interval
f photoionization from young, massive stars probed by the H α

ecombination line, while 100 Myr is often used to calibrate star
ormation tracers from the far-infrared (e.g. Kennicutt 1998 ). We 
rovide both measurements and define the SFR of the i th Voronoi
in as 

FR i = 

t n ∑ 

SSP t= 0 

M SSP ,i 

/ 

�t , (4) 

here M is the total mass of a certain SSP template (not corrected
or mass-loss) and the sum goes o v er all SSP templates of age t = 0
o t n = 10 or 100 Myr . The total SFR per galaxy is then derived as
um o v er all local SFRs across the galaxy F oV. 

 DATA  P ROD U CTS  

.1 Ov er view 

he complete VAC is provided in a single FITS file per model
ariant manga- FIREFLY -v3 1 1-miles.fits and manga- 
IREFLY -v3 1 1-mastar.fits of ∼ 6 . 1 - GB size and include 
ll 16 Header-Data Units ( HDU s) as detailed below. Addition- 
lly, there is a light-weight version of only global parame- 
ers manga- FIREFLY -globalprop-v3 1 1-miles.fits and 
anga- FIREFLY -globalprop-v3 1 1-mastar.fits of ∼
 . 8 - MB size containing HDU0 –HDU3 . All four files can be accessed
rom the SDSS webpage. 11 

(i) HDU0 : empty; 
(ii) HDU1 : general galaxy information, pipeline versions; 
(iii) HDU2 –HDU3 : global galaxy stellar population properties; 
(iv) HDU4 –HDU15 : spatially resolved parameters. 
1 https:// data.sdss.org/ sas/ dr17/manga/spectro/ firefly /v3 1 1 . 

1

/
1

A detailed description of the FITS file content is given in Ta-
le A1 and in the official datamodel. 12 In addition, we provide
patially resolved and global SFRs, as well as the results from
tting-performance analyses in separate files on the ICG institute’s 
ebsite. 13 

.2 FF-Mi versus FF-Ma 

.2.1 Individual fits 

n this section, we show the distributions of the derived parameters
nd at the same time compare both variants of the catalogue. In
igs 4 and 5 , we illustrate how the use of different model libraries
an lead to different best-fitting linear combinations of SSPs and, 
hus, different average quantities. In Fig. 6 , we compare the spatially
esolv ed av erage stellar population parameters for all fits with S/N
 5 in the VAC ( ∼3.7 million) between the FF-Mi and the FF-Ma

ariants. 
The best agreement is found for stellar masses, here represented as

urface mass density; not surprisingly, as this is known to be typically
he most robust parameter. Note, ho we ver, that dif ferent choices of
MFs, isochrones and spectral fitting codes lead to systematic offsets 
hat we discuss in Section 6.1 . 

Looking at light-weighted metallicity and age, we find that 
etallicity agrees reasonably well with an average difference 

f �μ[Z / H] , LW 

≡ [Z / H] LW , Ma − [Z / H] LW , Mi = −0 . 03 ± 0 . 09 dex . A 

arger systematic difference is seen between the ages with 
μAge, LW 

= −0.11 ± 0.18. MILES -derived mean ages are on 
verage older than MaStar -derived ages at all age bins. In particular,
F-Mi does not go younger than 1 Gyr. Maraston & Str ̈omb ̈ack
 2011 ) already noted that MILES -based population models led
o older ages with respect to to e.g. population models based
n STELIB . Part of the reason might be intrinsic in the stellar
arameters associated to the MILES library. Part of the effect, 
o we ver, simply comes from the parameter coverage in that the
11-MILES library lacks lo w-metallicity, lo w-age templates. When 
uch stellar populations occur, these absent templates are likely to 
e replaced by the next possible older ones leading to older ages
n av erage. F ollowing this scenario, we are also able to explain the
igher dust attenuation derived in FF-Mi . In the first fitting loop,
IREFLY determines the best-fitting template combination based only 
n the small-scale variations in the spectrum. An older best-fitting 
SP combination will lead to smaller fluxes when the full spectrum

s compared to the data. This will subsequently be compensated for
y the attenuation curve (known as age-dust degeneracy), leading to 
igher attenuation values in FF-Mi as compared to FF-Ma . 
Light-weighted averages are dominated by the young stellar 

opulations and it is, thus, on the one hand, not surprising that mass-
eighted ages are significantly shifted towards older average ages in 
oth variants of the VAC. The density plot draws the attention to a
ail of some populations that appear old in FF-Mi but quite young
or mass-weighted ages in FF-Ma . Ho we ver, this is a very small
raction of the data and the majority of data points are confined to old
verage ages on both axes with a mean difference that remains, in fact, 
lmost unchanged as compared to the light-weighted counterparts. 
he distributions of ages are in line with our current understanding

hat more than half of the stellar mass of galaxies has already been in
MNRAS 513, 5988–6012 (2022) 

2 https:// data.sdss.org/ datamodel/ files/MANGA FIREFL Y/FIREFL Y VER 

manga firefly .html . 
3 ht tp://www.icg.port .ac.uk/manga- firefly - vac/. 

https://data.sdss.org/sas/dr17/manga/spectro/firefly/v3_1_1
https://data.sdss.org/sas/dr17/manga/spectro/firefly/v3_1_1
https://data.sdss.org/sas/dr17/manga/spectro/firefly/v3_1_1
https://data.sdss.org/datamodel/files/MANGA_FIREFLY/FIREFLY_VER/manga_firefly.html
https://data.sdss.org/datamodel/files/MANGA_FIREFLY/FIREFLY_VER/manga_firefly.html
https://data.sdss.org/datamodel/files/MANGA_FIREFLY/FIREFLY_VER/manga_firefly.html
http://www.icg.port.ac.uk/manga-firefly-vac/
http://www.icg.port.ac.uk/manga-firefly-vac/
http://www.icg.port.ac.uk/manga-firefly-vac/
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Figure 6. Comparison of the stellar population properties of MaNGA galaxies between both VAC variants FF-Mi and FF-Ma . Density plots visualize the 2D 

distribution while histograms on top and to the right of each panel show the 1D distribution of each property. Colours and histograms are in linear scales where 
darker colours correspond to higher densities. Cyan contours enclose 1, 10, and 68 per cent of the distribution. In the top left corner, we annotate the Spearman’s 
rank correlation coefficient ρ, the median difference �μ between the parameters y and x, and the median absolute deviation σ . 

p  

b  

n  

o  

T  

t  

d  

r  

h  

h  

t  

M  

n  

l  

m
 

w  

d  

e  

i  

p  

o  

s  

I  

s  

m
 

m  

Figure 7. Comparison between light- and mass-weighted average metallicity 
for both VAC variants. The errorbar shows the median individual uncertainty 
of each measurement. A linear regression is shown as blue dashed line. The 
parameters ρ, μ, and σ have the same meaning as in Fig. 6 . 
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lace 10 Gyr ago Madau & Dickinson ( 2014 ). Explaining differences
etween light- and mass-weighted metallicites, on the other hand, is
ot straight forward. The mass-weighted metallicities in FF-Ma are
n average �μ[Z / H] , MW 

= 0 . 07 ± 0 . 15 dex higher than in FF-Mi .
his is possibly caused by the age-metallicity de generac y in that

he older SSPs are compensated by more metal-poor SSPs. The
ifference is not seen in light-weighted averages and is even slightly
eversed. The aforementioned compensation of young templates can
appen dominantly in the old component and is even more likely to
appen in the old component given the lack of young, metal-poor
emplates. This explains why the metallicity difference between FF-
i and FF-Ma is only seen in the mass-weighted plot. In fact, the
ear-infrared extension of MaStar is able to capture more metal
ines that are more rele v ant in the older populations and, therefore,

etallicity should be better constrained in FF-Ma . 
To shed further light on differences between light- and mass-

eighted metallicity averages, it is informative to compare them
irectly. From a close-box chemical evolution scenario, one would
xpect younger stellar populations to be more chemically mature or
n other words more metal-rich. Hence, the light-weighted average
opulation would have a higher metallicity than the mass-weighted
ne. Yet, at a given age, the lower the metallicity the brighter the
pectrum; a circumstance acting contrary to the effect of the age.
n addition to both of that, chemical evolution of galaxies is not as
imple as a closed-box scenario and inflo ws, outflo ws, feedback and
ergers make these simplistic views more complex. 
In Fig. 7 , we directly compare mass-weighted to light-weighted
etallicity for both VAC variants. Both parameters are strongly
NRAS 513, 5988–6012 (2022) 

v  
inearly correlated. Yet, the slope of the correlation is larger than
ne yielding a crossing of the one-to-one line such that at low metal-
icities, mass-weighted values are lower while at high metallicities,
ight-weighted values are lower. In FF-Mi , lower mass-weighted
alues dominate most of the distribution, while in FF-Ma , mass-
eighted values are more often higher. The differences between both
ariants probably arise from the co v ered wav elength range. In FF-
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Figure 8. Comparison of linear radial age and metallicity gradients derived 
within 1.5 R e between both VAC variants. Colour scale, contours, and 
statistical parameters have the same meaning as in Fig. 6 . 
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i , bluer wavelengths are covered, the flux of which is dominated
y younger populations yielding higher light-weighted metallicities. 
ith FF-Ma fitting redder wavelengths, this effect becomes less 

ominant and even slightly reversed at high metallicities. 

.2.2 Gradients 

adial gradients of gas-phase abundances or stellar populations in 
alaxies have been extensively studied in the literature (e.g. S ́anchez- 
l ́azquez et al. 2014 ; Gonz ́alez Delgado et al. 2015 ; Belfiore et al.
017 ; Goddard et al. 2017 ; Lian et al. 2018 ; Poetrodjojo et al. 2018 ;
yarz ́un et al. 2019 ; Lacerna et al. 2020 ; Neumann et al. 2020 , 2021 ).
he MaNGA FIREFLY VAC calculates gradients on an individual 
 alaxy-by-g alaxy basis as described in Section 3.4.2 . It is instructive
o study how the individual differences between FF-Mi and FF-Ma 
ts affect global galaxy properties such as gradients. In Fig. 8 , we
resent and compare the distribution of light- and mass-weighted age 
nd metallicity gradients for both VAC variants. 

Light-weighted gradients are well correlated with an excellent 
greement between the metallicity gradients. Age gradients are 
ystematically more ne gativ e in FF-Ma . This indicates that the age
if ference for indi vidual fits as seen in Fig. 6 is larger at larger
adii, which are often dominated by young star-forming regions. 

ass-weighted gradients are very flat in both variants. Age and 
etallicity peak close to zero in both distributions. Age gradients 

re again slightly smaller in FF-Ma . The scatter in the metallicity
radient distribution is of the order of the measurement error (see 
.g. Fig. 7 ) and likely reflects the uncertainty in determining mass-
eighted gradients. 

.3 Differential effects of input parameters 

o further aid our understanding of the differences between both 
ariants of the VAC and to test the robustness of the results, in
his subsection, we explore the effect of the choice of the IMF, the
tted wavelength range, the model parameter grid and emission-line 
asking on the derived stellar population parameters. 
For these tests, we semi-randomly selected a subsample of 300 
alaxies from the main MaNGA sample while monitoring that 
he distribution in stellar mass, colour, age, and metallicity are 
epresentative of the overall sample. In addition to both VAC variants
F-Mi and FF-Ma , we created another five mini-VACs of these 300
alaxies with varying FIREFLY configurations. The setup is shown in 
able 2 . Each mini-VAC contains ∼100 000 sets of spatially resolved
arameters. Detailed figures comparing the fitted parameters can be 
ound in Appendix B . Here, we discuss the main results. 

.3.1 Initial mass function 

oth main variants of the VAC use stellar population models that
mploy the Kroupa ( 2001 ) IMF. While it is known that the choice
f the IMF only affects the computed stellar mass (e.g. Pforr,
araston & Tonini 2012 ), it is instructive to inspect all stellar

opulation parameters and, at the same time to quantify the change
n stellar mass. For this comparison, we use the exact same FIREFLY

onfiguration with the MaStar model grid based on a low-mass IMF
lope of 1.3 for a Kroupa IMF ( FF-Ma ) and a slope of 2.35 for a
alpeter ( 1955 ) IMF ( config4 ). 
Age, metallicity and dust attenuation show no systematic differ- 

nces ( �μ ≤ 0 . 01 dex ) with a scatter comparable to the average
ncertainty of the measurements ( �σ ≤ 0 . 1 dex ). Surface mass den-
ity shows a clear systematic offset with small scatter towards higher
asses when employing a Salpeter IMF. The median difference is 
μ = 0 . 170 ± 0 . 075 dex , in other words, models with a Salpeter

MF produce masses by a factor of 1.48 higher than models based
n a Kroupa IMF in very good agreement with the theoretical factor
f 1.5 reported in Maraston ( 2005 ), and slightly lower than the offset
f 0.209 dex found in Pace et al. ( 2019a ). From fitting broad-band
hotometry of mock galaxies o v er a wide wavelength range with a
ide range of templates, Pforr et al. ( 2012 , tables 3 and 4) report
ffsets of 0.28 for star-forming and 0.08 for quiescent galaxies at a
edshift of z = 0.5, on average in good agreement with our result.
ee also Dom ́ınguez S ́anchez et al. ( 2019 ), where they show that

he mass-to-light ratio of MaNGA early-type galaxies is ∼1.5 times 
igher for the Salpeter IMF than for the Kroupa (right-hand panel of
heir fig. 17). 

.3.2 M11-MILES: squared grid models 

ne of the major differences between the MaStar SSPs and 
11-MILES that we used to explain discrepancies between the 
AC variants is the grid co v erage, in particular the lack of low-
etallicity, low-age MILES templates. We try to test the effect 

y employing a special ‘squared-grid’ version of the M11-MILES 
odels, henceforth called M11-MILES-SG . These models use 

omplementary high-resolution theoretical stellar population model 
pectra from Maraston et al. ( 2009 ) based on the Rodr ́ıguez-Merino
t al. ( 2005 ) model atmospheres, then smoothed to the MILES
esolution. The extended M11-MILES-SG models have been used 
n Trussler et al. ( 2020 ) for the analysis of DR17 SDSS integrated
alaxy spectra. 

When comparing the results using M11-MILES-SG ( config3 ) 
ith FF-Ma , we find that the addition of young model templates does
roduce more similar light-weighted ages among both catalogues, 
specially in the lower age range. That also leads to a slight im-
ro v ement for the mass-weighted metallicities. Yet, a disagreement 
learly remains at older average ages. We conclude that template grid
o v erage is an important factor when comparing stellar population
MNRAS 513, 5988–6012 (2022) 
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Table 2. FIREFLY setup for the configuration tests. 

FF-Mi FF-Ma config1 config2 config3 config4 config5 

Models M11-MILES MaStar-gold MaStar-gold M11-MILES M11-MILES-SG MaStar-gold MaStar-gold 
IMF Kroupa Kroupa Kroupa Kroupa Kroupa Salpeter Kroupa 
Wavelength range Short Full Full Short Short Full Short 
Em-line masking Off Off On On Off Off Off 
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Figure 9. Average fractional contribution of stellar remnants to the total 
stellar mass per spatial bin as a function of radius. Due to the large parameter 
range, we show fractions in log units. Based on the 300 galaxy subsample 
introduced in Section 4.3 . 
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arameters, but it is not sufficient to explain the differences. On the
ther hand, it is also important to note that while M11-MILES-SG
as an impro v ed squared co v erage, the sampling of the grid between
he libraries remains non-identical. 

.3.3 Wavelength range 

nother difference between MILES and MaStar is the wavelength
o v erage. We e xplore the importance of co v ering the full wavelength
ange in MaStar (i.e. 3600 –10 300 Å) by producing another mini-
AC using the exact same MaStar configuration except for the
avelength range that we limit to the range of the MILES library

 config5 ). 
The fits with the short wavelength range (i.e. 3600–7430 Å) pro-

uce indeed on average slightly older ( �μAge , LW 

= 0 . 04 ± 0 . 17 dex )
nd more metal-poor ( �μ[Z / H] , LW 

= −0 . 05 ± 0 . 09 dex ) results, an
ndication that the long MaStar/MaNGA wavelength range helps to
reak the age-metallicity de generac y (e.g. Maraston 2005 ). Compar-
ng the short wavelength range MaStar results with MILES, we find
hat the average differences are reduced but remain present. 

We further look at the combined effect of wavelength range
nd grid co v erage by comparing the fits using the short MaStar
odels ( config5 ) with those using the squared grid MILES models

 config3 ). As expected, light- ( �μAge , LW 

= −0 . 03 ± 0 . 17 dex )
nd mass-weighted age ( �μAge , MW 

= −0 . 06 ± 0 . 17 dex ) and metal-
icity ( �μ[Z / H] , MW 

= 0 . 01 ± 0 . 15 dex ) differences are reduced even
urther, yet remaining to a lower degree. We conclude that the dif-
erences between both main variants of our MaNGA FIREFLY VAC
an be explained to a large extent by the combined effect of model
emplate grid co v erage and fitted wav elength range. The remaining
iscrepancies most likely lie in the assumed stellar parameters, which
ssign an empirical spectrum to a temperature–gravity—metallicity
ocation of stellar evolution, investigated in detail in Maraston et al.
 2020 ). 

.3.4 Emission-line masking 

inally, we compare fits with subtracted emission lines with fits
ith masked emission lines for both M11-MILES ( config2 ) and
aStar models ( config1 ). With both model libraries, we obtain

n average slightly older and slightly more metal-rich parameters
hen emission lines are masked. Ho we ver, dif ferences are small

 �μ < 0 . 02 dex ). Since a lot of care has been taken to accurately
odel the emission lines in the DAP (Belfiore et al. 2019 ), we chose

o use the emission-line subtracted spectra without masking for both
ariants of the MaNGA FIREFLY VAC. 

.4 Stellar remnants 

n addition to stellar ages, metallicities, masses, dust attenuation, and
tar formation histories, the MaNGA FIREFLY VAC also contains
patially resolved information of stellar remnants. These include
lack holes, neutron stars and white dwarfs. The masses of the
NRAS 513, 5988–6012 (2022) 
emnants are derived by applying mass-loss factors to the SSPs
Maraston 2005 ), as described in Section 3.3 . An example showing
D maps of the total mass of stellar remnants is shown in Fig. 1 . 
Another instructive way to look at these quantities is shown in

ig. 9 . This plot shows the fraction of stellar remnants to the total
tellar mass as a function of radius. All fractions are calculated as
he average of all spatial bins of the 300 galaxy test sample from the
revious subsection. Interestingly, the fractional mass of all remnants
s slightly radially decreasing between the centre and R = 0 . 7 R e ,

ost prominently seen for white dwarfs. The reason for that might
e related to radially decreasing age, as younger populations contain
ore living stars. To test this hypothesis, we bin the galaxies in four

roups of different radial light-weighted stellar age gradient intervals
nd show the same plot for each group of galaxies in Fig. 10 . Indeed,
alaxies with the steepest age gradient, have also the strongest radial
ecrease of remnants. Figs 9 and 10 e x emplify the potential of the
ata contained in the VAC. Detailed maps of stellar remnants will be
resented and discussed in a forthcoming paper. 

 P E R F O R M A N C E  

he MaNGA FIREFLY VAC does not e xplicitly pro vide an y quality
ags of the data products. On the one hand, the input data have
lready been subject to quality control in the processing of the DRP

nd DAP . Only successful DAP output was considered for further
IREFL Y fitting. W e strongly recommend to use the data products in
ombination with quality control flags as provided by the DRP and
AP . On the other hand, all output parameters in the VAC are paired
ith an error estimation as detailed in Section 3 . In addition, in this

ection, we study the general quality of the fits by considering the
ndividual spectral residuals between observations and best-fitting

odels. These measurements are not part of the official VAC release
ut will be made publicly available alongside the VAC at http://ww
.icg.port.ac.uk/manga- firefly - vac . 
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Figure 10. Same as Fig. 9 but for galaxies divided into four different bins of 
radial stellar age gradient. Shown are only the inner 0 . 7 R e . 
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The procedure to characterize the goodness of the spectral fits in 
he MaNGA FIREFLY VAC is for the most part adapted from Westfall
t al. ( 2019 ). We calculate for each fit the fractional residual per
avelength channel � f , i = | f obs, i − f model, i | / f model, i and the error-
ormalized residual � E,i = | f obs ,i − f model ,i | / E i . Here, f i is the flux
f the observed or best-fitting model spectrum at wavelength channel 
 , and E i is the corresponding error of the observed flux. We define
hen the fractional root mean square f RMS and the reduced χ2 

ν as 

 RMS = 

√ 

1 
N 

∑ N 

i= 1 � 

2 
f ,i , (5) 
igure 11. Goodness of FIREFLY fits to MaNGA data. Shown are the reduced χ2 
ν

f g -band S/N. The complete sample of spectral fits is included. 2D densities and
ensities. Contours enclose 1 σ , 2 σ , and 3 σ of the distribution. 
2 
ν = 

∑ N 

i= 1 � 

2 
E,i 

/ 

( N − ν) , (6) 

here N is the total number of fitted wavelength channels and ν is
he number of model templates with non-zero weight. In Fig. 11 ,
e plot f RMS and χ2 

ν against the g -band S/N per fit, in other
ords, per Voronoi bin. For a theoretically perfect fit, we expect

n anticorrelation between f RMS and S/N and a constant, close-to-
ne χ2 

ν . 
The observed trends in Fig. 11 are very similar to the ones seen

or the stellar continuum fits by the DAP and are discussed in detail
n Westfall et al. ( 2019 , their fig. 27 and section 11.2.1). The f RMS
ollow a clear log-log anticorrelation with S/N. We observe a slight
attening in the relation at high S/N, which is paralleled by an up-
ending of χ2 

ν . At these S/N, systematic errors in the modelling
tart to dominate random errors. Overall, the distribution of χ2 

ν is 
ostly flat with a median value of 〈 χ2 

ν 〉 = 0 . 87 ± 0 . 05 for FF-Mi
nd 〈 χ2 

ν 〉 = 0 . 90 ± 0 . 07 for FF-Ma . The fact that χ2 
ν is on average

maller than 1 could be a sign of o v erfitting, but is rather likely due
o an o v erestimation of the flux error (cf. Westfall et al. 2019 ). There
s no significant difference in the performance of the fits between
F-Mi and FF-Ma . The median χ2 

ν value of FF-Ma is higher by
.03, which is probably caused by the noisier part of the spectra at
arge wavelength covered by the MaStar models. In fact, when the

aStar fits are limited to the MILES wavelength range ( config5 ),
he median χ2 

ν drops to 0.85 ± 0.05. 
MNRAS 513, 5988–6012 (2022) 

as well as the root mean square of the fractional residuals f RMS as a function 
 marginals are in linear scales with darker regions corresponding to higher 

/513/4/5988/6581586 by D
eutsches Elektronen Synchrotron user on 28 July 2022
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Figure 12. Total stellar masses of DR17 MaNGA galaxies as listed in different catalogues. All masses are converted into a cosmology with H 0 = 

67 . 8 km s −1 Mpc −1 , Kroupa IMF, and are aperture corrected. 
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 C O M PA R I S O N  WITH  OTH ER  M A N G A  

ATA L O G U E S  

 total number of 63 VACs have been released in SDSS as of
R17, of which 25 are updated or new in DR17 (Abdurro’uf et al.
021 ). This includes three stellar population modelling VACs of
aNGA data: the Principle Component Analysis VAC ( PCA ; Pace

t al. 2019a , b ), the Pipe3D VAC (S ́anchez et al., in preparation, see
 ́anchez et al. 2018 for earlier versions) based on the new pipeline
ersion pyPipe3D (Lacerda et al. 2022 ) originally described in
 ́anchez et al. ( 2016a ), and the MaNGA FIREFLY VAC . In this
ection, we compare some of our results with the DR17 version
f these VACs and output from the DAP . 

.1 Total galaxy masses 

he mass is a fundamental parameter in the characterization of a
alaxy and is one of the main drivers of physical processes as part
f both the dynamical and chemical e volution (e.g. Kauf fmann et al.
003 ; Peng et al. 2010 ; Thomas et al. 2010 ). The determination of
he stellar mass through full spectral fitting with stellar population

odels is usually more robust to the exact combination of SSP
emplates than other parameters such as age or metallicity because
f de generac y effects. While there is indeed little scatter in mass
etween the configuration tests performed in the previous section, the
bsolute calibration of stellar masses depend on several assumptions,
.g. the cosmological parameters, the IMF and the input physics used
n the population synthesis code. 
NRAS 513, 5988–6012 (2022) 
Spatially resolved stellar masses in the MaNGA sample are
vailable in the MaNGA FIREFLY VAC variants (1) FF-Mi and
2) FF-Ma , (3) in the PCA VAC, (4) in the Pipe3D VAC, and
5) total galaxy masses in the NASA SLoan Atlas (NSA; Blanton
t al. 2011 ; Wake et al. 2017 ). For future reference when comparing
aNGA works based on stellar mass measurements from different

ources, we show in Fig. 12 a cross-comparison between each of the
atalogues. 

A number of notes have to be made. The MaNGA VACs (1)–
4) are based on resolved IFU data, but use mutually different
inning schemes. Therefore, we decided to only compare total galaxy
asses that are additionally also comparable to the photometry-based
easurement from the NSA catalogue. The total mass in (1)–(4) is

imply the sum across the MaNGA field of view. All masses are
onverted to the cosmology used in the FIREFLY VAC, i.e. Planck
ollaboration XIII ( 2016 ). Furthermore we shift all Pipe3D masses,
hich assume a Salpeter IMF, by 0.17 dex using the offset found

n Section 4.3.1 so that all catalogues use Kroupa IMF equi v alent
asses. The sample in (1), (2), (4), and (5) is the DR17 sample.
he comparison to (3) is based on the common DR15 subsample,
ince the DR17 version of the PCA VAC was not yet available at
he writing of this paper. Finally, we apply an aperture correction to
ll IFU-based measurements, i.e. VACs (1)–(4), using the correction
actors based on the CMLR method from Pace et al. ( 2019b ). In this
ethod the mass of each galaxy outside the IFU is calculated from

he missing flux using colour–mass-to-light relations (Pace et al.
019a ). 
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Figure 13. Comparison of light-weighted stellar ages and metallicities 
averaged within a ring at 1 R e between Pipe3D and FIREFLY ( FF-Ma ). 
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14 The results of both stellar population VACs are not expected to fully agree, 
given the different approaches in the astrophysical modelling involved in 
the procedure. None the less, it is essential to explore discrepancies and 
congruencies. 
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The scatter between any pair of catalogues in Fig. 12 is of the order
f 0.2 dex with the exception of the two FIREFLY VACs with σ =
.09 dex. There are clear systematic offsets between all catalogues: 
s compared to FF-Ma with the lowest masses, the offsets in dex are
.05 for FF-Mi , 0.14 for NSA , 0.28 for Pipe3D, and 0.32 for PCA ,
hich reports the highest masses. The stellar masses published in the 
ipe3D VAC are masses of living stars only. The offset reported 
ere is therefore likely to increase by ∼0.1 dex (cf. Fig. 9 ) if remnants
re included. 

Differences between these catalogues are likely due to different 
nput libraries, stellar tracks and mass-loss prescriptions. The PCA 
AC uses an unpublished theoretical stellar library and P ado va 2008

Marigo et al. 2008 ) isochrones to synthesize the models used in the
AC. The DR17 version of the Pipe3D VAC uses an unpublished 
odel library based on the MaStar stellar library using a code from
ruzual & Charlot (BC19, pri v ate communication). Hence, at this
oint, it is difficult to pin-point the exact sources leading to the
iscrepancies, but the different inputs in the model libraries are the 
ost likely reason. 

.2 Stellar ages and metallicities from Pipe3D 

he Pipe3D VAC comprises an e xtensiv e catalogue of stellar
opulations and emission-line properties of MaNGA galaxies that 
re derived independently and in parallel to the properties of the DAP

nd the FIREFLY VAC. An in-depth comparison between both VACs is
ery desirable and necessary. Nevertheless, there are a few complica- 
ions to o v ercome. Firstly, both VACs use different Voronoi binning
chemes. Therefore, fitting is performed on non-identical spectra and 
 direct one-to-one comparison of the stellar population properties 
s not possible. Instead, we will focus on averaged ‘global’ galaxy
roperties. Secondly, the comparison of star formation histories is 
 complex multidimensional problem and, therefore, comparisons 
ust rely on averaged stellar populations. Pipe3D uses geometric 
eans while the FIREFLY VAC uses arithmetic means. The geometric 
ean is al w ays lower than the arithmetic mean by an amount that

orrelates with the variance in the data. It is beyond the scope of
his paper to recalculate the means from the star formation histories.
one the less, it is still instructive to look for correlation between
oth VACs in a qualitative way. 
In Fig. 13 , we compare the mean light-weighted age and metallicity 

t the ef fecti ve radius for the complete sample of ∼10 000 galaxies
etween FF-Ma and Pipe3D , of which both VACs are based on the
aStar stellar library. The Pipe3D parameter is averaged between 

wo concentric ellipses at 0.75 and 1 . 25 R e , while in the MaNGA
IREFLY VAC , we average between 0.9 and 1 . 1 R e . As expected,
ipe3D -derived mean ages and metallicities are systematically 

ower, most probably because of the usage of geometric means. 
o we ver, we reiterate and note that both VACs adopt different stellar
opulation models. The systematic difference in Fig. 13 is larger 
t lo wer v alues, which is likely caused by a larger spread in the
tar formation histories. While a comparison of the total values 
s therefore impeded, we find a strong monotonic correlation as 
ttested by the Spearman’s rank correlation coefficients of ρ = 0.83 
nd 0.79. We acknowledge this as encouraging indication of a good
greement. 14 Further and more detailed studies are needed to fully 
xplore both VACs in comparison. 

.3 SFRs from Pipe3D 

ocal and global star formation activity is one of the main parameters
sed to characterize galaxies on large scales and to learn about
tar formation processes on sub-kpc scales. MaNGA provides the 
pportunity to measure both spatially resolved and global star 
ormation of 10 010 galaxies. A variety of star formation tracers
cross the electromagnetic spectrum are frequently been used, most 
otably H α as the strongest recombination line tracing the ionization 
f young, massive stars. 
A full stellar population analysis as performed in this VAC offers

robably the most direct probe of recent star formation by delivering
 full decomposition of stellar ages. The SFR in the MaNGA FIREFLY
AC is calculated as sum o v er all mass of stellar populations younger

han 10 and 100 Myr divided by the corresponding time interval
see Section 3.4.4 ). Similarly, Pipe3D provides SFR measurements 
v eraged o v er 10, 32. and 100 Myr. In addition, Pipe3D also
rovides the SFR based on dust-corrected H α flux measurements. 
s we did for the stellar age and metallicity comparison, we compare
ur SFRs to the Pipe3D H α-based SFRs on a global, per-galaxy
asis, since individual binning schemes differ between both VACs. 
For this comparison, we only select star-forming galaxies with 

lear H α detection, characterized by | EW(H α) | > 3 Å at 1 R e ,
ollowing S ́anchez et al. (in preparation). Fig. 14 shows that our
SP-based SFRs generally correlate well with H α-based SFRs from 

ipe3D . The best correlation with the lowest scatter is found for
FR SSP , 100 Myr in FF-Ma with an offset of � log 10 SFR SSP − H α = 
MNRAS 513, 5988–6012 (2022) 
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M

Figure 14. Left-hand and middle column: comparison of SFRs between the SSP-based approach in the MaNGA FIREFLY VAC and the H α-based SFRs from 

Pipe3D . Shown are SFRs considering a 10- and 100-Myr time interval. Colours, contours, histograms, and statistical parameters are as in Fig. 6 . Right-hand 
column: SFR–M � plot. Colours show the density distribution of our SSP-based measurements, while grey contours indicate the distribution of SDSS galaxies 
(Brinchmann et al. 2004 ). The black solid line marks the star formation main sequence as determined in Renzini & Peng ( 2015 ). Our sample is limited to 
galaxies with | EW(H α) | > 3 Å at 1 R e . 

Figure 15. Comparison between FIREFLY -derived stellar ages and metallicities with spectral indices from the DAP . Leftmost two panels: Stellar ages versus 
EW(H δ) and D n (4000). Values from FF-Ma are shown in blue, FF-Mi is shown in green. Solid lines are light-weighted, dashed lines are mass-weighted median 
ages. Regions between the 16th and 84th percentile of light-weighted values are shown as shades. Errorbars show the median error of individual measurements. 
Right two panels: same as the left-hand panels, but only showing light-weighted ages separated in bins of stellar metallicity. This figure shows the results from 

the subsample of 300 galaxies introduced in Section 4.3 . 
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.232 ± 0.176. FF-Mi likely underestimates SFRs due to the lack of

oung SSP templates. The effect is larger for the younger (shorter)
0-Myr range. Despite the offset of FF-Ma SFRs, we find that their
istribution agrees exceptionally well with the main sequence of
tar formation as shown in the right-hand panels, where we o v erplot
ur star-forming sample with the contours from the distribution of
R7 SDSS galaxies based on Brinchmann et al. ( 2004 ). The median
ifference to the main sequence as parametrized in Renzini & Peng
 2015 ) is � RP15 = −0.04 ± 0.26. 
NRAS 513, 5988–6012 (2022) 
.4 Spectral indices and dust attenuation from the DAP 

he MaNGA FIREFLY VAC is built upon the DAP . One of the
dvantages of that is that both provide data products for identical
pectra from identical spatial bins. For that reason, spatially resolved
arameters can be directly compared to each other. 
The following figures can be understood as kind of sanity checks

nd as explorations of the general distributions of parameters in
he catalogues rather than deep scientific analyses, which would
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Figure 16. Comparison of colour excess measured from stellar population 
fitting ( FIREFLY ) and emission-line analysis ( DAP ). The black line shows the 
one-to-one relation. 
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equire more careful sample selections, adjustments and appropriate 
n-depths discussions. 

In the first two columns of Fig. 15 , we plot FIREFLY derived
tellar ages against two commonly used age indicators (Poggianti & 

arbaro 1997 ; Worthey & Ottaviani 1997 ; Bruzual & Charlot 2003 ;
auffmann et al. 2003 ) as measured by the DAP : the equivalent
idth of the Balmer absorption line H δ and the 4000 - Å break index
 n (4000) (Balogh et al. 1999 ). This analysis is again based on single

patial bins of the 300 galaxy subsample described previously. We 
ee that age anticorrelates with H δ and correlates with D n (4000). 
he correlation with light-weighted ages is steeper and stronger than 
ith mass-weighted ages (Spearman’s rank ρ = 0.70 and 0.55 for 
 δ; ρ = 0.68 and 0.53 for D n (4000)). This confirms expectations,
ecause both indices are most sensible to stellar ages below 2 Gyr
e.g. Bruzual & Charlot 2003 ) and changes in the young stellar
opulations dominate light-weighted ages more strongly. Maraston 
 2005 ) pointed out that D n (4000) is not a pure age indicator but
lso sensible to changes in metallicity. To test this, we plot the same
elation between age and both indices binned in four metallicity 
anges. In agreement with Maraston ( 2005 ), at a gi ven age, dif ferent
 δ and D n (4000) are found for varying metallicity. The most metal-
oor populations correspond to the lowest values of H δ and the 
ighest values of D n (4000). Care should be taken when using them
s pure age indicator. 

Fig. 16 presents a comparison between the colour excess E ( B
V ), on the one hand, derived as part of the full spectral stellar

opulation fitting process by FIREFLY and, on the other hand, derived 
rom the emission-line measurements in the DAP using the reddening 
f the Balmer decrement and assuming a Case B recombination 
( B − V ) = 1 . 97 log 10 [( H α/ H β) / 2 . 86] (Baker & Menzel 1938 ;
sterbrock 1989 ). Despite the fact that both colour excesses are 
easured in two completely different and independent ways, we 
nd a clear positive correlation, yet with a large amount of scatter.
urthermore, the FIREFLY values are clearly below the one-to-one 
orrelation for both variants of the VAC. The reddening from the 
almer decrement is expected to be higher because it captures the 
lose, dusty environment of young stellar populations. 

 SU M M A RY  

e have presented the DR17 MaNGA FIREFLY VAC in its two 
ariants FF-Mi and FF-Ma ; a catalogue of spatially resolved 
tellar population properties of 10 010 nearby galaxies from the 
aNGA surv e y, obtained through state-of-the-art full spectral fitting 
f data with stellar population models. Both variants are structurally 
dentical catalogues of the same sample, once fitted with M11- 
ILES and once with the MaStar stellar population models, 

espectiv ely. P arameters pro vided in the VAC include stellar ages,
etallicities, stellar and remnant masses, star formation histories, and 

ust attenuation; a full list of the content can be found in Table A1 .
he VAC is a major update to earlier data release versions (Goddard
t al. 2017 ) and this paper is the first complete description of the
AC . It contains updates to the FIREFLY (Wilkinson et al. 2017 ) code

tself as well as further elements of the parameter estimation and
AC construction. 
A schematic illustration of the workflow can be found in Fig. 3 ,

xample fits in Figs 4 and 5 and a comparison of the distribution of
tellar population properties in Fig. 6 . 

The major new additions of this VAC is the inclusion of the FF-
a variant employing the no v el MaStar models (Maraston et al.
020 , Maraston et al., in preparation) based on the MaStar stellar
ibrary (Yan et al. 2019 ) observed with the same instrument over
he same wavelength range as the MaNGA data. The same MaStar

odels are also used as input for the data analysis pipleline (Westfall
t al. 2019 ). Owing to the large sample size in MaStar the parameter
pace is much better sampled allowing for an extended model grid
ncluding low-age, low-metallicity templates. 

We perform a variety of fitting tests and comparisons with 
ifferent configurations in order to aid understanding the fitted stellar 
opulation parameters included in this VAC . FF-Ma provides on 
verage slightly younger ages, higher mass-weighted metallicities 
nd smaller colour excesses than FF-Mi . These differences are 
educed when matching the wavelengths range and model parameter 
rid. We further provide a comparison between the FIREFLY VAC 
nd other MaNGA stellar population catalogues. The masses in the 
aNGA FIREFLY VAC are systematically lower by ∼ 0 . 3 dex , but
atch the photometrically derived masses in the NSA catalogue best. 
This version of the VAC has been published as an official VAC

ogether with DR17 of SDSS. Performance tests (Section 5 ) and the
alculation of SFRs (Section 3.4.4 and 6.3 ) have been performed
fter the official release. Furthermore, we foresee to update the 
atalogue with ne w v ariants employing later versions of the MaStar
odel library and we are also looking into using variable IMFs as a

ree parameter in the fitting procedure in future versions. SFRs and
pdates to the DR17 VAC will be published on the ICG Portsmouth
nstitute’s website: ht tp://www.icg.port .ac.uk/manga- firefly - vac . 
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upport and resources from the Center for High-Performance Com-
uting at the University of Utah. The SDSS website is www.sdss.org .
SDSS is managed by the Astrophysical Research Consortium for

he Participating Institutions of the SDSS Collaboration including the
razilian Participation Group, the Carnegie Institution for Science,
arne gie Mellon Univ ersity, the Chilean P articipation Group, the
rench Participation Group, Harvard-Smithsonian Centre for Astro-
hysics, Instituto de Astrof ́ısica de Canarias, The Johns Hopkins
niversity, Kavli Institute for the Physics and Mathematics of the
ni verse (IPMU)/Uni versity of Tokyo, the Korean Participation
roup, La wrence Berkele y National Laboratory, Leibniz Institut f ̈ur
strophysik Potsdam (AIP), Max-Planck-Institut f ̈ur Astronomie

MPIA Heidelberg), Max-Planck-Institut f ̈ur Astrophysik (MPA
arching), Max-Planck-Institut f ̈ur Extraterrestrische Physik (MPE),
ational Astronomical Observatories of China, New Mexico State
ni versity, Ne w York Uni versity, Uni versity of Notre Dame, Ob-

ervat ́orio Nacional/MCTI, The Ohio State Uni versity, Pennsylv a-
ia State University, Shanghai Astronomical Observatory, United
ingdom Participation Group, Universidad Nacional Aut ́onoma de
 ́exico, University of Arizona, University of Colorado Boulder,
niversity of Oxford, University of Portsmouth, University of Utah,
ni versity of Virginia, Uni versity of Washington, Uni versity of
isconsin, Vanderbilt University, and Yale University. 

ATA  AVA ILA BILITY  

he MaNGA FIREFLY VAC described in this paper can be down-
oaded from the SDSS website https:// www.sdss.org/dr17/ manga/

anga- data/manga- firefly - value- added- catalog or from the ICG
ortsmouth’s website ht tp://www.icg.port .ac.uk/manga- firefly - vac .
t is also available as CAS table on the SDSS sk yserv er (http:
/skyserver.sdss.org/dr17 ) and integrated in MARVIN ( https://dr17.s
ss.org/marvin ). The FIREFLY code is publicly available at https:
/ github.com/ Firefly Spectra/ firefly release and is described at https:
/ www.icg.port.ac.uk/ firefly and https:// www.sdss.org/dr17/ spectro/
alaxy firefly . The stellar population models used in this paper are
vailable at https:// svn.sdss.org/public/ data/sdss/ stellarpopmodels/t
gs/v1 0 2/ and ht tp://www.icg.port .ac.uk/mastar and also integrated
n the FIREFLY GITHUB package. 
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PPENDIX  B:  DETA ILS  F RO M  FIREFLY 

O N F I G U R AT I O N  TESTS  

e provide detailed plots from the configurations tests described in
ection 4.3 in Figs B1 –B7 . 
NRAS 513, 5988–6012 (2022) 

Figure B1. Same as Fig. 6 but comparing fits using M
aStar SSPs with a Kroupa versus Salpeter IMF. 
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Figure B2. Same as Fig. 6 but comparing fits using Mastar with a full wavelength range versus MaStar with a short wavelength range. 

Figure B3. Same as Fig. 6 but comparing fits using M11-MILES and MaStar with the same short wavelength range. 
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Figure B4. Same as Fig. 6 but comparing fits using M11-MILES squared grid models versus MaStar models. 

Figure B5. Same as Fig. 6 but comparing fits using M11-MILES squared grid models versus MaStar models with a short wavelength range. 
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Figure B6. Same as Fig. 6 but comparing fits using M11-MILES models with emission-line-subtracted versus emission lines masked. 
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Figure B7. Same as Fig. 6 but comparing fits using Mastar models with emission-lines subtracted versus emission lines masked. 
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