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A B S T R A C T 

We calculate the α-enhancement ratio [ α/Fe] for the Mapping Nearby Galaxies at APO (MaNGA) Stellar Library (MaStar) 
while also fitting for the fundamental atmospheric parameters ef fecti ve temperature, surface gravity, and metallicity – T eff , log 

g , [Fe/H]. This approach builds upon a previous catalogue of stellar parameters, whereby only the fundamental atmospheric 
parameters are fit with solar-scaled models. Here, we use the same Markov Chain Monte Carlo method with the additional free 
parameter [ α/Fe]. Using the full spectral fitting code pPXF, we are able to fit multiple lines sensitive to [ α/Fe] for a more robust 
measurement. Quality flags based on the convergence of the sampler, errors in [ α/Fe] and a cut in the χ2 of the model fit are 
used to clean the final catalogue, returning 17 214 spectra and values in the range of −0.25 < [ α/Fe] < 0.48. Comparing our 
calculated [ α/Fe] with literature v alues re veals a degeneracy in cool stars with log g ≥ ∼4; this comparison is then used to create 
an alternative and calibrated parameter set. We also plot the final catalogue in an [Fe/H] versus [ α/Fe] diagram and reco v er the 
expected result of increasing [ α/Fe] with decreasing [Fe/H] for Milky Way disc-halo stars. We apply our method to a subsample 
of spectra of uniform resolution and higher signal to noise that finds that our results are independent of this higher signal to 

noise. In the context of stellar population models, we are able to co v er a parameter space for the creation of intermediate to old 

age models at solar-scaled [ α/Fe], high [Fe/H] and enhanced [ α/Fe], low [Fe/H]. 

Key words: techniques: spectroscopic – stars: abundances – stars: atmospheres – stars: evolution – stars: fundamental parame- 
ters – galaxies: stellar content. 
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 I N T RO D U C T I O N  

lement abundance ratios such as the enhancement of α-type 
lements (O, Mg, Si, Ca, and Ti) compared to Fe peak elements
V, Cr, Fe, Co) can be used to measure the chemical enrichment,
tar formation history, and initial mass function (IMF) of stellar 
opulations. Aller & Greenstein ( 1960 ) and Wallerstein ( 1962 ) were
he first to recognize an o v er o v erabundance of α type elements in G-
ype dwarfs. This was later discussed by Tinsley ( 1979 , 1980 ), who
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uggested that α-type elements enrich the ISM from the collapse of
assive stars (typically M � 8 M �) as a result of Type II supernova

SNII) events occurring on short time-scales. Whereas, Fe peak 
lements, as well as α type, are mainly ejected from Type Ia
upernova (SNIa) that occur at later times (Greggio & Renzini 1983 ;
omoto, Thielemann & Yokoi 1984 ). This onset of SNIa is most

learly imprinted on the [Fe/H] versus [ α/Fe] distribution of Milky
ay (MW) stars. The [ α/Fe] abundance ratio and the relative position

f the ‘knee’ in the [Fe/H] versus [ α/Fe] diagram can be used to infer
tar formation history and to probe the IMF as more massive stars
ill lead to ele v ated le vels of α-type elements, leading to a higher
lateau at low metal enrichment before the onset of SN1a (Matteucci
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994 ; Thomas, Greggio & Bender 1999 ; Thomas et al. 2005 ). When
onsidering the different stellar populations of the bulge, thin/thick
isc or halo of the MW, the α enhancement has been shown to vary
ue to the different formation time-scales and can shed light on how
hese components have formed (Gonzalez et al. 2011 ; Navarro et al.
011 ; Hayden et al. 2015 ; Ness & Freeman 2016 ; Duong et al. 2019 ;
issen et al. 2020 ). 
When developing stellar population models for the purpose of

tudying the properties of stellar systems, in particular those with
ubsolar metallicities, it is imperative to consider the [ α/Fe] of the
nput stellar spectra and the stellar evolutionary tracks. The stellar
volutionary tracks are used in evolutionary population synthesis
o describe the energetics of main-sequence stars and link the
arameters of observed spectra to the theoretical parameters expected
or different stellar evolutionary phases (Maraston 1998 , 2005 ).
t has been shown that [ α/Fe] enhancement directly affects the
tellar tracks by making them hotter at a given luminosity, with
he difference increasing with metallicity (Salasnich et al. 2000 ;
andenBerg et al. 2000 ; Pietrinferni et al. 2006 ; Fu et al. 2018 ).
his is a result of higher mean opacities in the solar-scaled stars
ausing steeper radiative temperature gradients and a lower T eff .
urthermore, Gustafsson et al. ( 2008 ) show that an α enhancement
an significantly affect the temperature-pressure structures for cool
iants and dwarfs at T eff < 4500 K. Due to surface heating from
he increased Ti abundance and back warming effects from TiO
bsorption, T eff can be increased by as much as ∼10 per cent in
warfs and by ∼5 per cent in giants, compared to the solar-scaled
qui v alent model atmosphere. Therefore, by only using solar-scaled
odels, one is biased to older ages when analysing stellar systems

f sub-solar metallicity. 
In fig. 6 of Maraston et al. ( 2003 ), the effect of using [ α/Fe]

nhanced stellar tracks at a fixed metallicity in simple stellar
opulation (SSP) models is e xplored. The y show that for an SSP
f 10 Gyr, the metallic indices Mgb, Mg 2 , and < Fe > are in fact
eaker than their solar-scaled counterparts. It is also shown that

he H β indices are stronger in the [ α/Fe] enhanced SSP, a result
f the hotter temperatures of the input stellar tracks. Nevertheless,
he effect of [ α/Fe] enhancement on stellar evolutionary tracks is
egligible compared to the effect on the stellar atmosphere. 
To create SSP models with varying alpha ratios, the [ α/Fe]

bundance as well as the fundamental stellar parameters (FSPs),
 eff , log g , [Fe/H], must first be estimated from the observed
tellar spectra. The deri v ation of FSPs is a complex process that
equires self-consistency, and using FSPs from various compilations
mploying different techniques can introduce systematic errors and
rovide inconsistent results. Few FSPs have been reported in the
iterature for the MaStar spectral library stars prior to our own
omprehensi ve deri v ations (Chen et al. in preparation; Lazarz et al.
n preparation; Chen et al. 2020 ; Imig et al. 2022 ). Furthermore, we
resent the FSPs using solar-scaled [ α/Fe] models in Hill et al. ( 2022 ,
ereafter H22 ). 
The task of estimating [ α/Fe] for large catalogues of individual

tellar spectra has been approached in several ways within the
iterature. The SEGUE Stellar Parameter Pipeline (SSPP) employ
 χ2 minimization approach using a grid of synthetic spectra and
ocus on a narrow wavelength range (4500–5500 Å) that is sensitive
o [ α/Fe] (Yanny et al. 2009 ; Lee et al. 2011 ). The spectral fitting is
erformed at the BOSS instrumental of R ∼ 2000, similar to that of
he MaNGA instrument employed in MaStar. SSPP apply weights
o each α sensitive line within the wavelength window and calculate
he averaged ratio. This approach is different to what is described for
he FSPs in SEGUE (Lee et al. 2008a , b ), where they use an array
NRAS 517, 4275–4290 (2022) 
f techniques in different wavelength regions to obtain an average
stimate of T eff , log g, and [Fe/H]. 

The APOGEE Stellar Parameter and Chemical Abundance
ipeline (ASPCAP; Garc ́ıa P ́erez et al. 2016 ) also uses χ2 min-

mization and synthetic stellar spectra to estimate [ α/Fe], but at
 much higher spectral resolution ( R = 22 500) and a limited
avelength range (1.51–1.70 μm) compared to MaStar. Initially,

ll stellar parameters including some abundances such as [ α/Fe],
s well as microturbulence and rotational velocity, are fit with their
ptimization code FERRE . After this initial fit, the analysis is repeated
or individual abundances in wavelength ranges that are sensitive to
he abundance being measured (J ̈onsson et al. 2020 ). 

There are also more data-driven techniques to estimate [ α/Fe]. For
xample, in Imig et al. ( 2022 ), the authors estimate the FSPs as well as
 α/Fe] and microturbulent velocity using a neural network approach.
hey train their model on MaStar spectra that have corresponding
SPCAP values and supplement this with hot theoretical spectra

rom Allende Prieto et al. ( 2018 ). The generative model created
y the neural network is then used to fit MaStar spectra using χ2 

inimization. 
In this paper, we present an independent measurement of [ α/Fe]

or MaStar, using two catalogues of synthetic stellar spectra and
he Markov Chain Monte Carlo (MCMC) algorithm to estimate
tmospheric parameters. In section 2 , we outline the stellar spectral
ata and the synthetic model atmospheres used to derive atmospheric
arameters. Section 3 describes the pre-processing required before
nalysis and briefly outlines the method used to estimate T eff , log
 , [Fe/H], and [ α/Fe]. As this is fully described in H22 , we only
ighlight here the key points. Section 4 describes the results and
oncluding statements are made in Section 5 . 

 DATA  

.1 Obser v ations 

bservations for the MaNGA Stellar Library (MaStar) were carried
ut using the 2.5 m Sloan Foundation Telescope (Gunn et al.
006 ) at the Apache Point Observatory. The surv e y was designed
o collect empirical stellar spectra that can be used to model galaxy
bservations from the Mapping Nearby Galaxies at Apache Point
bservatory (MaNGA) surv e y (Bundy et al. 2015 ; Drory et al. 2015 ;
aw et al. 2015 , 2016 ; Yan et al. 2016a , b ; Blanton et al. 2017 ). With

his in mind, the MaStar observations were taken with MaNGA fibre
undles and BOSS spectrographs. The benefit of this is that MaStar
pectra have the same wavelength coverage as MaNGA IFU data
3620–10350 Å) with a wavelength-dependent spectral resolution of
 ∼ 1800. Furthermore, accurate flux calibration and high signal to
oise (S/N) per object (median = 96 per spectral pixel) was achieved
y using the fibre bundles. As a result of this, the MaStar spectra
ave been used for emission-line measurements in the MaNGA data
nalysis pipeline (Abdurro’uf et al. 2022 ). 

In order to create robust stellar population models, MaStar has
bserved stars spanning the stellar parameter space of T eff , log g ,
Fe/H], and [ α/Fe]. As a result, population models using MaStar
pectra are ideal for modelling the SED of MaNGA galaxies
Neumann et al. 2022 ), globular clusters (Maraston et al. 2020 ),
nd simulated galaxy spectra (Nanni et al. 2022 ) for the purpose
f evolutionary population synthesis. Further details regarding the
bserving strategy, instrumental set-up and resolution of MaStar can
e found in Yan et al. ( 2019 ) and Law et al. ( 2021 ). 
As in H22 , we analyse all 59 266 high-quality spectra for

4 290 stars in MaStar (Yan et al. 2019 ), which uses the mastar-
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oodspec file. All MaStar data are now publicly available and 
escribed in Abdurro’uf et al. ( 2022 ). Along with the release of
aStar spectra is the value added catalogue of stellar parameters 

rom the studies that have estimated parameters in parallel (Chen 
t al. in preparation; Lazarz et al. in preparation; Hill et al. 2022 ;
mig et al. 2022 ) and a median calibrated catalogue which combines
he parameters from the individual catalogues, including the param- 
ters presented here. A comprehensive comparison between these 
atalogues of stellar parameters will be made in a future publication 
Yan et al. in preparation). The parameters described in this paper 
re an update from those presented in the value-added catalogue and 
ill be different due to the inclusion of [ α/Fe] and minor updates to
ur parameter pipeline. 1 

In addition to the individual observations, we also analyse the 
niform resolution, stacked spectra. As the resolution varies between 
ach observation, spectra have been unified in terms of their resolu-
ion curves and split into four percentiles that allows one to select
he spectra with the highest resolution at each wavelength. With 
nified resolution, multiple visits of the same star can be combined 
o produce a single spectrum of higher S/N. In this work, we also
nalyse the 60th percentile resolution curve for stacked visit spectra, 
hich contains 5106 spectra and has a median S/N of 119. Further
etails of the uniform-resolution spectra can be found in Abdurro’uf 
t al. ( 2022 ) and in the SDSS DR17 online documentation. 2 

.2 Models 

e perform the full spectral fit using the synthetic spectra from
odel atmospheres of MARCS (Gustafsson et al. 2008 ) and BOSZ-
TLAS9 (M ́esz ́aros et al. 2012 ; Bohlin et al. 2017 ). Synthetic
odel atmospheres are opted for again due to the wide co v erage

n parameter space and high resolution that can be matched to 
bservations. We match the resolution of the model spectra to the 
avelength dependent resolution of MaStar using a Gaussian kernel. 
he spectra are then resampled to the velocity sampling of SDSS 

pectrographs (69 km s −1 pixel −1 ). 
The model grid co v erage for T eff , log g , [Fe/H] is shown in

g. 3 of H22 , which remains unchanged for BOSZ-ATLAS9 and 
aries depending on [ α/Fe] for MARCS. The BOSZ-ATLAS9 
odels provide spectra at [ α/Fe] = −0.25, 0, 0.25, and 0.50 for

ll combinations of T eff , log g , and [Fe/H]. The MARCS models
rovide spectra at [ α/Fe] = −0.40, 0, and 0.40; ho we ver, these are
ot available for all parameter combinations. For −2 < [Fe/H] < 

, all [ α/Fe] combinations are available. For −2.5 < [Fe/H] < −2,
nly the solar scaled and enhanced models are available ([ α/Fe]
 0, 0.4). Furthermore, we fix the microturbulence parameter to 2 

m s −1 and do not account for rotational velocity ( vsin i ). In H22 , we
how that at the resolution of MaStar, the effect of line broadening
rom vsin i is negligible up to 200 km s −1 . Ho we ver, we cannot rule
ut that MaStar does not contain stars with vsin i > 200 km s −1 

nd therefore suggest that the parameters of the very hottest stars,
here fast rotators are more likely to exist, are used with care. The
etermination of vsin i for MaStar spectra is the subject of future
ork. Using LAMOST spectra of hot stars at a similar resolution 

o MaStar, Xiang et al. ( 2022 ) demonstrate that the determination
 Stellar parameters from all studies can be found at https:// data.sdss.org/ sa 
/ dr17/manga/spectro/mastar/ v3 1 1/v1 7 7/vac/parameters/ v2/ . The solar- 
caled [ α/Fe] parameters presented in H22 and the parameters presented 
ere can also be found at ht tps://www.icg.port .ac.uk/mastar/. 
 https:// www.sdss.org/dr17/ mastar /mastar-spectr a/

t  

2  

s
t  

o
fl  

o

f vsin i for spectra with S/N ∼100 can be theoretically determined
ith a precision of 10 km s −1 . 
To see how the synthetic spectra of MARCS and BOSZ-ATLAS9 

eact to changes in [ α/Fe], we fix T eff , log g and [Fe/H] while varying
 α/Fe] and focus on a few sensitive absorption lines. In Fig. 1 , we
how synthetic model spectra for MARCS (top row) and BOSZ- 
TLAS9 (bottom row), fixing T eff = 5000 K, log g = 4, and [Fe/H] =
, while varying [ α/Fe] = −0.25, 0.0, 0.4. The spectra have been
nterpolated where necessary in order to make a fair comparison. 
urthermore, each spectrum is normalized by dividing by the median 
ux; therefore, differences in the continuum between MARCS and 
OSZ-ATLAS9 will mean that their relative position on the y -axis
ay differ. 
The most prominent features shown in the left-hand panels are the

ines of Mg b in the range of 5160–5190 Å; as [ α/Fe] is increased,
e see deeper absorption features as expected. In the centre panels,
e show the lines of Co I at 5647 and Fe I at 5661–5662 Å. The

ight-hand panels show the same spectra but focuses on the first two
ines of the Ca II triplet at 8498 and 8542 Å. The comparison here
etween the two models show similar spectral features between the 
wo model libraries that behave in a similar way as [ α/Fe] is adjusted.

 M E T H O D  

he full spectral fitting routine described in H22 is used again for
his analysis for completeness we briefly describe the key features 
ith the addition of [ α/Fe] as a fourth free parameter. 
Before analysis MaStar spectra are corrected for galactic extinc- 

ion with E ( B − V ) values from the 3D dust map of Green et al.
 2019 ). Since H22 , we have cross-matched MaStar observations with
aia EDR3 (Gaia Collaboration 2021 ) that returns valid parallax 

nd photometry estimates for 99 per cent of the 24 290 stars in the
aStar goodspec file. As the dust map values are based on Gaia
R2 distances, the updated distances from Bailer-Jones et al. ( 2021 ),
hich use Gaia EDR3 parallax values, were used to sample more

ccurate extinction values. Further details of this procedure will be 
escribed in Yan et al. (in preparation). 
Using photometry from the Gaia EDR3 cross-match, we create 

 CMD of MaStar observations and o v erplot the PARSEC the-
retical isochrone tracks from Bressan et al. ( 2012 ) for ages 2
yr to 10 Gyr. Around each observation a box is created in Gaia

olours of size � ( G BP − G RP ) = 0 . 8 and magnitude � ( M G 

) = 2,
he minimum and maximum values for T eff and log g for the
sochrones passing through each box are recorded and used for the
at priors in the MCMC routine. No priors are used for [Fe/H] and
 α/Fe]. 

We use an MCMC approach to map the parameter space of
he four atmospheric parameters: T eff , log g , [Fe/H], and [ α/Fe].
he starting values of the MCMC w alk ers are randomly sampled

rom a uniform distribution within the limits of the priors. In the
ase of [Fe/H] and [ α/Fe], starting values are sampled within the
rid limits. As each combination of parameters are proposed by 
he MCMC chains, they are used to create a linearly interpolated
odel spectrum which is convolved with the observed spectrum 

efore being used in the likelihood function. The convolution uses 
he penalized pixel fitting routine ( PPXF ; Cappellari & Emsellem
004 ; Cappellari 2017 ) and involves fitting the spectrum with
ixth-de gree multiplicativ e polynomials. This convolution is done 
o fit the spectral continuum and can account for small velocity
ffsets in the observations. By doing the convolution ‘on-the- 
y’, we a v oid ha ving to create conv olved model spectra for each
bservation. 
MNRAS 517, 4275–4290 (2022) 

https://data.sdss.org/sas/dr17/manga/spectro/mastar/v3_1_1/v1_7_7/vac/parameters/v2/
https://www.icg.port.ac.uk/mastar/
https://www.sdss.org/dr17/mastar/mastar-spectra/


4278 L. Hill et al. 

M

Figure 1. Top row : [ α/Fe] sensitive features for MARCS synthetic spectra with T eff = 5000 K, log g = 4 and [Fe/H] = 0. We vary [ α/Fe] between −0.25 and 
0.4 as to co v er the intersecting range between both model libraries. Left : Absorption lines of Mg b in the range of 5160–5190 Å. Centre : Co I at 5647 Å and Fe I 
at 5661–5662 Å. Right : Ca II at 8498 and 8542 Å. Bottom row : Same as abo v e but for BOSZ-ATLAS9 models. 
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The log-likelihood function is used to map the posterior distri-
ution for each of the four parameters. The parameters T eff and log
 are estimated using the median value of the posterior as these
ncorporate the priors and will reflect the prior estimate if no strong
olution is found. For [Fe/H] and [ α/Fe], each parameter is estimated
sing the maximum of the posterior distribution (i.e. the maximum a
osteriori). With the estimated parameters, a new interpolated model
s generated and the χ2 statistic calculated for the purpose of cleaning
he final catalogue. The analysis is done for BOSZ-ATLAS9 and

ARCS models independently 3 and the parameters selected are
ased on the lowest χ2 values. 

.1 Conv er gence and quality assessment cuts 

n H22 , we estimate the atmospheric parameters using an imple-
entation of the affine invariant ensemble sampler (Goodman &
eare 2010 ) provided in the Python package EMCEE (Foreman-
ackey et al. 2013 ). The posterior distribution was previously

enerated using 40 w alk ers and 2000 iterations, 200 of which are
iscarded as a burn-in phase. For the estimation of the parameters
resented in H22 , such a set-up was adequate and any bad fits or
on-physical parameter combinations were remo v ed through our
uality cuts using the χ2 statistic measured from the observation
nd polynomial corrected model with the estimated parameters from
he spectral fitting procedure. Ho we ver, the determination of [ α/Fe]
s more delicate due to subtle variations in only a few lines within our
avelength range driving the mo v ement of w alk ers to a solution. We
ow impose an additional quality check by calculating the integrated
utocorrelation time (IAT) every 50 steps after the burn-in period,
hich is still set at 200 iterations. The IAT is a diagnostic used

o measure the ef fecti ve number of independent samples and can
ndicate if chains have converged. In Foreman-Mackey et al. ( 2013 ),
NRAS 517, 4275–4290 (2022) 

 MARCS models are only used when the prior on T eff is below 5000K as the 
OSZ-ATLAS9 models provide better fits at higher temperatures. 

l  

a  

o  
hey suggest running the sampler for 10 times the IAT, at which point
he w alk ers should be sufficiently independent. To ensure a robust
stimation of parameters, we consider the sampler converged when
he number of iterations exceeds 15 times the IAT for each parameter
nd if the parameters have changed by less than 1 per cent from the
ast 50 iterations. 

To see the relation of the IAT with S/N and to gauge how many
terations we may expect for convergence, we performed a test
hereby all spectra were run for 1800 iterations with 40 w alk ers.
fter calculating the chains, the IAT was calculated for each spectrum

nd for each parameter, then plotted as a function of S/N (see Fig. 2 ).
ll panels show the IAT for [ α/Fe], the left shows this relation

oloured by the estimated T eff and the middle panel by log g . The
ight panel shows where the highest density of points reside in this
istribution. For the majority of spectra, as the S/N increases, the IAT
ecreases which indicates faster convergence of the MCMC chains.
onversely, for spectra of giant stars, the S/N has no constraint on the
onvergence of the chains. We expect this is due to the deep molecular
ands in these spectra which are not trivial to match with synthetic
tmospheres. We also see that the highest IATs are approximately
00 and that this is similar across all parameters. Given that in our
nalysis we impose a limit of 15 times the IAT, then we require at
east 3000 iterations to ensure sufficient time for all chains to be
ndependent and converged. This number of iterations was arrived at
y multiplying the maximum IAT of ∼200 from the test by 15, the
imit of IATs we define. 

Due to the additional step of calculating a polynomial corrected
odel using pPXF in our log probability function, the analysis of

ach spectrum is already relatively slow and requires a maximum
imit of iterations, regardless of whether it has reached the IAT
riteria. We set the maximum iterations to 5000 and find that
nly 1 . 5 per cent of spectra were unable to converge within this
imit. The parameters for such instances are flagged as invalid
nd are not included in the final catalogue. The median number
f iterations required for the IAT criteria and for the parame-
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Figure 2. The integrated autocorrelation time calculated after 1800 iterations for [ α/Fe], as a function of the S/N for each spectrum. From left to right, plots are 
coloured by T eff , log g , and the density of points, where red represents the highest density. 

Figure 3. Distribution of the averaged upper and lower bound errors for 
spectra with valid FSPs. 
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ers to change less than 1 per cent within 50 consecutive itera-
ions is 700 and 950 for MARCS and BOSZ-ATLAS9 models, 
espectively. 

In addition to the convergence criteria, we also flag spectra as
nvalid based on the error of [ α/Fe] once the sampler has converged.
n Fig. 3 , we show the distribution of the average of the error interval
upper bound and lower bound on the error) for [ α/Fe]. As shown,
here is a significant increase in the number of spectra with an error
reater than 0.22 dex, which are mainly attributed to metal poor main
equence stars for which it is not trivial to determine their [ α/Fe].
onsequently, we include only parameters that have an average error 

ess than 0.22 dex in our quality measure. We apply this as a separate
ag for the [ α/Fe] values only. 
The conditions for valid parameters described in H22 are also 

sed in combination with the aforementioned criteria. Namely, we 
ag spectra based on the χ2 fit between the model with the selected
arameters and observation. Spectra with χ2 > 30 are flagged as 
nvalid, except when T eff < 4000 K. We allow for poor fits at low
emperatures to allow for the complex features, such as TiO bands 
nd stellar flares, found at such temperatures and the shortcomings 
f theoretical atmospheres in this domain. 

 RESULTS  

e firstly present the spectroscopic Hertzsprung–Russel diagram 

HRD) to see how including [ α/Fe] affects the FSPs and then make
 comparison with literature values of [ α/Fe]. The sky distribution
f [ α/Fe] is then shown and the relationship between [Fe/H] and
 α/Fe] is plotted. We also test how robust our measurement of
 α/Fe] is to changes in S/N. Finally, we explore how our results
re restricted by the chemical evolution of the MW and probe how
hese measurements may be used to create SSP models of varying
 α/Fe]. 

.1 The fundamental stellar parameters 

n Fig. 4 , we show the spectroscopic HRD for our latest FSPs that
av e been deriv ed in parallel with [ α/Fe]. Since our constraint on
 alid v alues of [ α/Fe] remo v es most spectra with T eff > 10 000 K,
e show the valid parameters that may be used for T eff , log g , and

Fe/H] only. In Table 1 , we show the errors for the subset of spectra
epresented in the HRD, which are separated by their temperature: 
 eff < 5000, 5000 ≤ T eff < 15 000, and T eff ≥ 15 000 K. For each
 eff interv al sho wn in the table, the errors are calculated based on the
edian value from the posterior distribution function (PDF) of each 

pectrum and from the median of the repeat observations of the same
tar (repeat observations). The repeat observation errors are based on 
5 345 stars, represented by 50 321 spectra, as 8945 stars only have
ne observation. The results show that for all parameters, except for
og g , the median error generally increases with T eff . Unlike the cut
e impose on the error of [ α/Fe] to remo v e unreliable parameters,
e have decided not to apply this to [Fe/H] as its estimation is
ependent on more lines than [ α/Fe], especially as T eff increases.
evertheless, the estimation of [Fe/H] for hot stars is difficult as

bsorption lines become sparse. In the table, we also show the
rrors for [ α/Fe]; ho we ver, these are based on the smaller subset of
pectra using the additional cleaning criteria for [ α/Fe] described in
ection 3.1 . 
We compare these values to the case with solar-scaled [ α/Fe]

n order to see what effect including [ α/Fe] has on the o v erall
arameter distribution. A summary of the statistics is shown in 
able 2 and a direct comparison shown in Fig. 5 . For T eff there

s a negligible difference at low and intermediate temperatures, 
ith a preference towards hotter temperatures abo v e ∼22 000 K
hen using solar-scaled models. No systematic offset is found 

or log g at any temperature. There is a general offset towards
igher [Fe/H] when using solar scaled models, ranging from 0.14 
ex for T eff < 5000 K to 0.06 dex for T eff ≥ 15 000 K. In terms
f the standard deviation ( σ ), the scatter at low and intermediate
emperatures is small, increasing to 869 K in the hottest bin. There is
MNRAS 517, 4275–4290 (2022) 

art/stac2992_f2.eps
art/stac2992_f3.eps


4280 L. Hill et al. 

M

Figure 4. Spectroscopic HR diagram showing the distribution of parameters after the χ2 quality cut, coloured by the metallicity. 

Table 1. Median errors for each atmospheric parameter. Errors are split into 
low, medium, and high temperature bins and are estimated tw o w ays. Error 
source ‘PDF’ represents the errors calculated from the posterior generated 
by the w alk ers of the MCMC and ‘Repeat observation’ are calculated by 
taking the standard error of repeat observations. 

FSP Error T eff < 5000 ≤ T eff T eff ≥
source 5000 < 15 000 15 000 

T eff PDF 181 408 2614 
Repeat 

observations 
17 33 273 

log g PDF 0.41 0.37 0.38 
Repeat 

observations 
0.03 0.03 0.04 

[Fe / H] PDF 0.38 0.56 0.89 
Repeat 

observations 
0.06 0.10 0.42 

[ α/ Fe] PDF 0.13 0.18 0.21 
Repeat 

observations 
0.03 0.03 –

Table 2. Median differences and standard deviation ( σ ) between FSPs when 
using solar-scaled model atmosphere and when allowing for a variable 
[ α/Fe]. The comparison is made in three temperature bins, as shown. 
Temperatures are shown in units of Kelvin. 

FSP T eff < 5000 5000 ≤ T eff T eff ≥ 15 000 
< 15 000 

Median σ Median σ Median σ

difference difference difference 

T eff 5 48 5 72 88 869 
log g 0.00 0.09 0.00 0.05 0.01 0.06 
[Fe / H] 0.14 0.24 0.08 0.29 0.06 0.86 
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 small scatter for log g with little dependence on T eff . The standard
eviation for [Fe/H] increases with T eff and as shown in Fig. 5 ,
ith decreasing [Fe/H]. This is unsurprising since hot stars have less

ines to constrain [Fe/H] and these become weaker with decreasing
Fe/H]. 
NRAS 517, 4275–4290 (2022) 
.2 [ α/Fe] 

.2.1 Literature comparison 

n order to assess the accuracy of our estimated [ α/Fe] it is useful
o compare to other parameter catalogues. Doing so, we are able
o identify degeneracies in our parameter estimation which we can
alibrate for if necessary. First, we compare to the output of ASPCAP,
he parameter pipeline for the APOGEE surv e y. The cross-match with
ur spectra, applying the strict [ α/Fe] flag, returns 3148 spectra for
420 stars. As ASPCAP analyses spectra at a resolution almost ten
imes greater than MaStar we would expect their values of elemental
bundances to be more accurate. 

In the top panel of Fig. 6 , we show the comparison of [ α/Fe] with
SPCAP. The y -axis shows our value of [ α/Fe] minus ASPCAP’s

nd the colour shows log g as estimated by ASPCAP. At the hottest
emperature, which are populated by dwarfs and subgiants, there
s good agreement with no systematic difference. The difference in
 α/Fe], � [ α/Fe], of the coolest dwarf stars at T eff 3300–3500 K is
lso in agreement. There is a clear trend in � [ α/Fe] for warmer
warf stars (log g > 4), where the discrepancy peaks at ∼4000 K and
educes for increasing T eff ; this is further investigated in Appendix A .
verall, we find a standard deviation of 0.14 dex with a median offset
f 0.01 dex. Although the median difference is negligible, it is clear
hat there are noticeable discrepancies for certain stellar types and
hat these offsets cancel out when considering the o v erall distribution.

We also compare our [ α/Fe] values with those of Imig et al. ( 2022 ).
nce applying the quality cuts to our parameters and those from

mig we find a cross-match of 16 726 spectra for 9008 stars. The
omparison is shown in the middle panel of Fig. 6 with the same
ormat as with ASPCAP. From this, we see significant scatter that
s dependent on T eff and log g . The difference is centred about zero
or intermediate temperatures (5000–5500 K), but increases with T eff 

here we estimate higher [ α/Fe] than Imig et al. ( 2022 ). At lower
emperatures there is no clear trend except for that we generally
stimate a higher value of [ α/Fe]. In summary, the median offset
etween our results and that of Imig et al. ( 2022 ) is 0.08 dex with a
tandard deviation of 0.16 dex. 

Finally, we compare our [ α/Fe] values to those reported by Gaia
R3 (Creev e y et al. 2022 ; F ouesneau et al. 2022 ), which were
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Figure 5. Comparison between T eff , log g , [Fe/H] when using solar-scaled [ α/Fe] model atmospheres and allowing for a variable [ α/Fe]. The dark colour 
hexagons represent denser regions, black data points are individual spectra and the red diagonal line represents the one-to-one relationship. 

Figure 6. Top : The difference between our [ α/Fe] minus ASPCAP’s as a 
function of ASPCAP T eff , also coloured by their log g . Errors from both 
catalogues have been combined in quadrature and are shown by the black 
error bars. Middle : The same as abo v e, but comparing to the [ α/Fe] values 
of Imig et al. ( 2022 ) (our value minus theirs). Note that the x -axis scale is 
different to the abo v e. Bottom : The comparison of [ α/Fe] using values from 

Gaia GSP-Spec (Creev e y et al. 2022 ; F ouesneau et al. 2022 ), in the same 
format as abo v e. 
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alculated using the General Stellar Parametrizer from spectroscopy 
GSP-Spec) algorithm. Specifically, we compare to the Matisse- 
auguin output of GSP-Spec, as this provides the largest crossmatch 
f spectra once quality flags are accounted for, resulting in 2892 
atches. This offers another unique comparison as these stellar 
arameters have been calculated at R ∼ 11 500 in the wavelength 
ange 8450–8720 Å. 

The lower panel of Fig. 6 shows the difference in [ α/Fe] (our value
inus Gaia ) as a function of their T eff and coloured by their estimated

og g . Some errors for the Gaia [ α/Fe] are significant, causing error
ars to go beyond the y -axis scale. We see that our values are fairly
onsistent for low and intermediate values of log g . The dispersion
f points appears to increase at log g � 4 and for T eff � 5000 K.
nfortunately, there are not enough data points to conclude whether 

he trends seen for cool dwarfs in the abo v e panels is consistent
ere. Overall we find a median offset of −0.07 dex and a standard
eviation of 0.15 dex. 

.2.2 [ α/Fe] for galaxy evolution 

he relationship between [Fe/H] and [ α/Fe], also known as the
insley–Wallerstein diagram, is shown in Fig. 7 . Darker hexagons 
epresent denser regions and single black points are outside of our
inimum criterion to form a hexagon (2 data points). We apply

he more conserv ati v e quality cut here, remo ving spectra with an
verage [ α/Fe] error greater than 0.22 dex. We observe a well-defined
e gativ e correlation between [Fe/H] and [ α/Fe] in agreement with
ur understanding of the chemical evolution of the MW. Additionally, 
here is a plateau at [Fe/H] < −1.0 dex formed from a combination
f the model grid and by the enrichment of α peak elements caused
y halo stars. We find a median value of 0.1 dex for [ α/Fe] and
0.40 dex for [Fe/H]. When comparing the same stars with the

esults from ASPCAP, we find that their median metallicity is also
elow solar at −0.34 dex. This implies that we are either sampling
 relatively metal-poor distribution of stars, or, as has been alluded
o in the literature, the Sun formed in a different population of stars
nd has migrated to its current position from the inner disc. Further
nvestigation of this is beyond the scope of this paper. 

In Fig. 8 , we show a sample of MaStar stars in galactic coordinates.
he distances were calculated using parallax values from the Gaia 
rossmatch and used with the Gaia RA and Dec. for the sky position.
ata points are coloured by our estimated value of [ α/Fe], using the

ame quality cut to select spectra with reliable parameters – i.e. we
re not showing the full sample of MaStar stars. Furthermore, as
ur estimate of [ α/Fe] will vary from multiple observations due to
andom error, we present the average of these values. The left panel
hows an edge-on view of the MW and a general shift in [ α/Fe],
oving from sub-solar to solar values in the disc and then becoming

enerally more enhanced towards the halo. This is in line with our
MNRAS 517, 4275–4290 (2022) 
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Figure 7. [Fe/H] versus [ α/Fe] for the good visits spectra once the χ2 , IAT criteria and average [ α/Fe] error cuts are applied, coloured by density. 

Figure 8. Left : An edge-on view of the MW shown in grey, with the sky distribution of a sample of MaStar stars in galactic coordinates. The distance to 
each star is shown in kiloparsecs (kpc) and each coloured by our estimated [ α/Fe]. The stars shown are represented by those with a reliable estimate of 
[ α/Fe], as described by our quality flags, and their average value of [ α/Fe] is used where there are repeat observations. The position of the Sun is represented 
by the black cross in the centre of the panel. Right : The same as the left panel, but showing a face-on view of the MW. Background images of the MW 

were provided by NASA/JPL-Caltech/R. Hurt (SSC/Caltech) and ESA Gaia EDR3, respectively. The plots were created using the mw-plot PYTHON package: 
https:// github.com/henrysky/ milkyway plot/ . 
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nderstanding of the chemical abundance pattern of MW stars (e.g.
enn et al. 2004 ). Furthermore, in the right panel we show a face-on
iew of the MW with the same stars and their average [ α/Fe] values.
his provides an alternative view of their distribution in the MW. 

.3 Stacked and LSF homogenized spectra 

o see how our parameter estimation changes when using the highest
/N spectra in MaStar we analyse the stacked, uniform resolution
atalogue. As previously described, for each observation the spectra
ave been unified in terms of their resolution and split into four
ercentiles. Doing so allows one to stack the spectra, increasing their
/N. For this analysis we use the 60th percentile curve, representing
NRAS 517, 4275–4290 (2022) 
he highest resolution at each wavelength. These are also useful for
SP models based on a homogeneous set of spectra leading to a
etter spectral resolution. The same MCMC routine was applied to
he 5106 stacked spectra and the α cut applied, reco v ering 1678 valid
pectra parameters. 

In Fig. 9 , we show comparison model fits for an example main
equence star, the estimated parameters of which are stated in the
aption. Single observations and their respective model fits are shown
n the top panel, with the stacked spectrum and model fit shown in
he bottom panel. The average S/N for the single observation spectra
s 62 and the S/N for the stacked spectrum is 104. This enhancement
n signal is evident at all wa velengths, b ut particularly noticeable at
ither end of the spectrum. A similar comparison is made for a cooler
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Figure 9. Top panel : Single visit spectra (black) for MaNGA ID 3-1570928314 and their selected model spectra (red). Bottom panel : The equi v alent stacked 
spectrum (black) for the same star, with the selected model spectrum (blue). All model spectra are from BOSZ-ATLAS9 synthetics model atmospheres. The 
atmospheric parameters using the stacked spectrum are: T eff = 5173 K, log g = 3.1, [Fe/H] = −1.0 and [ α/Fe] = 0.2. From top to bottom, single visit spectra 
represent a S/N of 40, 76, 57, and 76. The combined spectrum in the lower panel has a S/N of 104. 
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tar with lower gravity in Fig. 10 . Here, we see greater variance in the
lue portion of the individual visit spectra and the spectral features 
ecome better defined once combining observations. The average 
/N of the individual spectra is 81, using the stacked spectrum this

mpro v es significantly to 207. Furthermore, with better signal, we 
hould be able to constrain the atmospheric parameters with greater 
ccuracy. To test this, we take the average error for each parameter
average of the upper and lower error bounds), for each goodvisit 
pectrum, and calculate the median value for each set of errors. The
edian of the errors is then compared to the corresponding errors

or the stacked visit stars. Doing so, we find a modest increase in
ccuracy for all parameters: T eff improves by 81 K, log g by 0.02
e x, [Fe/H] by 0.11 de x and [ α/Fe] by 0.01 dex. Consequently, there
re clear advantages of using such enhanced signal spectra when 
eveloping simple stellar population models. 
Fig. 11 shows a one-to-one comparison for T eff , log g , [Fe/H],

nd [ α/Fe] using the goodvisits individual and stacked spectra, 
oloured by parameters from the stacked visit results. Stacked spectra 
esults are repeated since there are multiple goodvisits spectra for 
very stacked one. Within each subplot is a histogram showing the 
oodvisits minus the combined spectra values. T eff and log g show
ittle to no scatter, with standard deviations of 42 K and 0.12 dex,
espectively. The best agreement for log g is seen at intermediate
alues. For [Fe/H], a standard deviation of 0.12 dex is measured
 v erall. F or [ α/Fe], most scatter is found in the range 0.2 − 0.4 dex
hich is populated by the cool stars with log g > 4.0 discussed
reviously. The o v erall standard deviation is 0.07 dex, but increases
p to 0.09 dex for [ α/Fe] > 0.2. Comparing these standard deviation
alues to the median errors measured for individual spectra in Table 1
ives a sense of the accuracy of our error estimates – noting that the
pectra in the combined visit comparison are in the approximate 
ange of 3000 < T eff < 10 000 K. For T eff , log g , [Fe/H], the error
stimate from comparing goodvisits and combined spectra estimates 
eturns errors lower than those estimated from the posterior and 
lightly larger than from repeat observations. A similar trend is seen
or [ α/Fe]; ho we ver, the error from the repeat observations is in the
ange 5000 ≤ T eff < 15 000 K is consistent with the error measured
rom the combined visit comparison. 

To further check whether our estimation of [ α/Fe] is robust against
hanges in S/N, we make the same comparison with ASPCAP as was
MNRAS 517, 4275–4290 (2022) 
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Figure 10. Same as Fig. 9 for MaNGA ID 3-125307389. The atmospheric parameters using the stacked spectrum are T eff = 4052 K, log g = 1.3, [Fe/H] = 

−0.6, and [ α/Fe] = 0.3. From top to bottom, single visit spectra represent an S/N of 65, 112, 45, and 124. The combined spectrum in the lower panel has an 
S/N of 207. 
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one in the previous section. The comparison with the stacked spectra
s shown in Fig. 12 for 186 stars. Similar offsets that were seen with
he single goodvisit spectra are also seen here. In particular, the trend
n � [ α/Fe] for log g > 4.0 is repeated. From this, we conclude that
he robustness of our [ α/Fe] measurement does not correlate with
/N, at least for S/N < 119. 

.4 The bias of the MW 

y developing stellar population models from empirical stellar
pectra only, compared to using synthetic stellar spectra, one is
estricted by the chemical enrichment history of the MW. As we
ave seen from Fig. 7 , sub-solar [Fe/H] SSP models can only be
onstructed at super-solar values of [ α/Fe]. This α bias of the
W is what led Thomas, Maraston & Bender ( 2003 ) to adopt a

emi-empirical approach for their model atmosphere calculations,
enerating super-solar [ α/Fe] models differentially. 
In Fig. 13 , we plot HRDs showing the distribution of [ α/Fe]

or five intervals of [Fe/H]. The intervals are shown in the title of
ach panel and are based on those used to create stellar population
odels in Maraston et al. ( 2020 ). This shows that most stellar
NRAS 517, 4275–4290 (2022) 
hases are co v ered in the range of −1.5 < [Fe/H] ≤ 0.2. We
ote that there is a paucity of points at T eff ∼ 4000 K, log g ∼
.5, which is most evident in the −0.2 < [Fe/H] ≤0.2 bin. We
ave thoroughly investigated this feature and suspect that it is a
ombination of factors. Firstly, we rule out the possibility that it is
 problem with our parameter pipeline by fitting solar [Fe/H] model
pectra for both MARCS and BOSZ-ATLAS9 in this T eff and log
 range; the input parameters are well reco v ered in this test. We
hen inspected the parameters of Chen et al. (in preparation) in this
ange, as they also use MARCS and BOSZ-ATLAS9 models, and
nd similar features. Below 4500 K, the majority of these spectra
re fit with MARCS, rather than BOSZ-ATLAS9, which is based
n the lower χ2 of the model fit. In fact, when we take the BOSZ-
TLAS9 solution, the underdensity is reduced. We note that for T eff 

 4000 K, line blanketing effects increase due to the synthesis of TiO
nd H 2 O entering the stellar atmosphere models (Gustafsson et al.
008 ). It is possible that these heavy molecules exist in our observed
pectra at temperatures abo v e this and we are seeing complications
n modelling [Fe/H] when trying to fit spectra with models that do
ot account for enhanced blanketing effects abo v e 4000 K. Lastly,
e have used our crossmatch with Gaia photometry to see where
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Figure 11. Comparison of T eff (top left), log g (top right), [Fe/H] (lower left), and [ α/Fe] (lower right) retrieved from fitting individual spectra from the goodvisits 
catalogue versus fitting the stacked spectra with increased S/N. Data points are coloured by parameters reco v ered from the stacked spectra. The dashed black 
line shows the one-to-one relation. Each subplot is inset with the histogram showing the difference of goodvisits values minus the combined spectra values. 

Figure 12. The difference in [ α/Fe] when comparing the results of the 
stacked spectra with those from ASPCAP (our values minus ASPCAP). 
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he spectra that have 4000 < T eff < 5000 K and 4 < log g < 5
re located in the CMD. Doing so suggests that this parameter 
ombination is slightly undersampled in the MaStar surv e y. Fitting 
heoretical isochrones Bressan et al. ( 2012 ) to the CMD, as is done
or our prior determination, and selecting the isochrone position 
losest to each data point, suggests that solar and super-solar stars
re undersampled in this region. Once we remove spectra based on 
he quality flags described herein, the low density of points is further
xaggerated. In summary, we suspect that the presence of heavy 
olecules in observed spectra and the undersampling of spectra in 

his parameter range are responsible for the lack of data points in this
egion. 
Since the intention is to use these parameters to create SSP models,
e want to know how well the theoretical stellar tracks are co v ered
ith different α enhancements. In Fig. 14 we show the HRD of

eco v ered parameters binned by [ α/Fe]. Overplotted are the theo-
etical isochrones from the Dartmouth Stellar Evolution Database 
Dotter et al. 2008 ) for ages 1, 6, and 12 Gyr and approximately
olar metallicity ([Fe/H] = 0.07). 4 From left to right, we vary the
-enhancement of the isochrones, such that: [ α/Fe] = −0.2, 0 and
.2 are used. This shows that we are able to produce SSP models for
olar and super-solar [ α/Fe], even though it is challenging to co v er
ll of the parameter space in the latter. For the sub-solar [ α/Fe] case
t is not feasible, as expected. The solar scaled [ α/Fe] models at high
Fe/H] and enhanced [ α/Fe] models at low [Fe/H] for intermediate
o old ages will be presented in a forthcoming paper (Maraston et al.
n preparation). 

 C O N C L U S I O N S  

n this paper, we build upon our previous efforts in Hill et al. ( 2022 )
o estimate stellar parameters for the final data release of the MaNGA
tellar Library (MaStar). As before, we derive fundamental stellar 
arameters from the MaStar observed spectra by comparing them to 
he theoretical stellar atmospheres from MARCS (Gustafsson et al. 
008 ) and BOSZ-ATLAS9 (M ́esz ́aros et al. 2012 ; Bohlin et al. 2017 ).
MNRAS 517, 4275–4290 (2022) 
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M

Figure 13. HR diagrams showing T eff versus log g for the MaStar FSPs derived herein displaying five metallicity bins representing the progressive evolutionary 
history within the MW. The data points are coloured by our estimated [ α/Fe] and the number of spectra within each bin is shown in the top left. 

Figure 14. HR diagrams showing T eff versus log g for the MaStar FSPs derived herein displaying three bins in [ α/Fe]. The data points are coloured by our 
estimated [Fe/H] and the number of spectra within each bin is shown within each plot. Also plotted are the Dartmouth isochrones for 1, 6, and 12 Gyr. All 
isochrones have approximately solar metallicity, [Fe/H] = 0.07, and an increasing [ α/Fe], from left to right: [ α/Fe] = −0.2, 0, 0.2. 
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hrough our full spectral fitting routine, using PPXF for continuum
ormalization and MCMC to map the parameter space, we can now
stimate T eff , log g , [Fe/H], and [ α/Fe] in parallel. For T eff and log
 , flat priors are used based on Gaia photometry and theoretical
sochrones from Bressan et al. ( 2012 ), whereas [Fe/H] and [ α/Fe]
re prior free. 

In addition to the quality cut based on the χ2 measured from the
est fit model and observed spectra, as used in H22 , we implement
dditional quality measures for the use of [ α/Fe]. Specifically, we
ow measure the integrated autocorrelation time of the MCMC
hains every 50 iterations and only consider the chains converged
hen each parameter has reached 15 autocorrelation times and the
arameter has changed by less than 1 per cent from the previous
0 iterations. Furthermore, spectra for which the average error of
 α/Fe] is ≥0.22 are also flagged as invalid. These quality measures
eave a total of 17 214 spectra with good quality fits in the range

0.25 < [ α/Fe] < 0.48. Applying quality cuts based on the MCMC
onvergence and the χ2 fit only, we obtain the fundamental stellar
NRAS 517, 4275–4290 (2022) 
arameters in the following ranges: 2913 ≤ T eff ≤ 26, 096 K, −0.5
log g ≤ 5.4, −2.5 ≤ [Fe/H] ≤ 0.7. This parameter distribution is

resented in Fig. 4 . 
With the strict quality cut for [ α/Fe], we compare our results to

hose obtained with the ASPCAP (Garc ́ıa P ́erez et al. 2016 ; J ̈onsson
t al. 2020 ), with Imig et al. ( 2022 ) and with the results obtained
y the GSP-Spec algorithm for Gaia observations (Creev e y et al.
022 ; Fouesneau et al. 2022 ). The comparison with ASPCAP and
mig et al. ( 2022 ) was very informative as it revealed a degeneracy
n our estimation of [ α/Fe] that was strongest for log g > 4.0 and
orrelated with temperature, particularly in the range 3500 ≤ T eff 

4500 K (Fig. A1 ). We tested whether running the MCMC chains
or longer and with more w alk ers w ould resolv e this de generac y,
o we ver it was mainly unsuccessful (Fig. A2 ). In Section A2 (see
he Appendix), we then derive an alternative set of [ α/Fe] values
alibrated with the ASPCAP results. 

Plotting the relationship between our estimated [Fe/H] and [ α/Fe]
n Fig. 7 shows a clear ne gativ e correlation; this is in agreement with

art/stac2992_f13.eps
art/stac2992_f14.eps


MaStar [ α/Fe] 4287 

o
d  

t
 

s
c  

a
H  

e  

S
 

H  

p  

w  

≤
W  

α

t
c
e

A

L
C
S
t
P
N
t
s

S
a
A

p
o
S
H
w

t
i
f
H
P
H
o  

t
I
t
(
(
S  

O
v
K
M
U
U  

W

D

T  

S

R

A
A  

A
B  

B
B  

B  

B
C
C
C
C
D  

D
D  

F  

F
F  

G
G
G
G
G  

G
G
G  

H
H
I
J
L
L
L
L
L
L
M
M
M  

M
M
M
N
N  

N
N
N  

N

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/517/3/4275/6764737 by C
airns Library, U

niversity of O
xford user on 18 N

ovem
ber 2022
ur understanding of the MW’s chemical abundance pattern. The sky 
istribution of [ α/Fe] is then shown in Fig. 8 , showing a preference
owards α enhancement in the halo. 

To see whether [ α/Fe] impro v es with higher S/N, we analyse the
tacked and LSF homogenized spectra. An increased S/N produces 
leaner spectra for the use in SSP models and allows for a more
ccurate parameter estimation, particularly for T eff and [Fe/H]. 
o we ver, the results sho wn by Figs 11 and 12 reveal that our

stimation of [ α/Fe] does not impro v e with S/N, at least to a median
/N of 119. 
Finally, in Fig. 13 we have shown the distribution of [ α/Fe] in

RDs of varying [Fe/H], based on the bins used for creating stellar
opulations models in Maraston et al. ( 2020 ). This demonstrates that
e are able to co v er most stellar types in the range of −1.5 < [Fe/H]
0.2, with some inconsistencies at solar [Fe/H], T eff ∼ 4000 K. 

e then plot the HRDs again, but in bins of [ α/Fe] representing
-poor, solar-scaled, and α-enhanced populations. By o v erplotting 

heoretical isochrones, we are able to appreciate how these spectra 
an be used for the development of SSP models with a variable α
nhancement. 
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Figure A2. Histogram showing the difference in [ α/Fe] when using the 
automatic convergence method and running the MCMC for 5000 iterations 
with 200 w alk ers (automatic method minus 5000 iteration test), for a subset of 
spectra that have a higher estimated [ α/Fe] than ASPCAP by at least 0.25 dex. 
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PPENDIX :  ASP CAP  D I S C R E PA N C Y  

1 Investigation 

o understand the source of the discrepancy for log g > 4.0, we
xamine the chains using corner plots which reveal the marginalized
osterior density for each parameter and the covariance between
arameters. The left-hand panel of Fig. A1 shows an example corner
lot for one observation where a de generac y in [ α/Fe] is present and
he lower, more physical value of [ α/Fe], given the chosen [Fe/H],
s adopted. In the right-hand panel, a star with similar parameters is
hown, but the larger value of [ α/Fe] is adopted. The determination
f [ α/Fe] is not well constrained for this combination of FSPs and
 de generac y is present, despite being considered as converged by
ur quality checks. Taking the first peak at [ α/Fe] ∼0.16 would
ignificantly reduce the difference with ASPCAP, who reco v er [ α/Fe]
 −0.04 for this star. Such behaviour is commonly found for this
NRAS 517, 4275–4290 (2022) 

igure A1. Left : Corner plot for MaNGA ID 60-3314329097279891584 showing
 α/Fe] shows a de generac y that is commonly found in our parameter estimation for 
ense, given [Fe/H]. Right : Corner plot for MaNGA ID 3-146794027. This shows a 
alue for this star is [ α/Fe] = −0.04. 
ombination of FSPs in our catalogue and could be explained by the
 alk ers getting stuck in a local minimum. We have confidence in the
arameter estimation of ASPCAP in this domain since the average
alue for [ α/Fe] we find at [Fe/H] ∼−0.4 is too high for typical MW
tars at this metallicity. 

To try and impro v e our estimation of [ α/Fe] for these spectra we
un our MCMC analysis for 5000 iterations and increase the number
f w alk ers to 200 in order to allow w alk ers to mo v e out of local
inima. We select 108 spectra for 62 stars where the difference

n [ α/Fe] with ASPCAP is greater than 0.25 de x. F or the original
nalysis of these selected spectra it took, on average, 811 iterations
or all four parameters to be considered as converged. In Fig. A2 ,
e show a histogram of the differences between the original MCMC

esult for [ α/Fe] minus the results from this test with 5000 iterations
 the posterior distribution for each atmospheric parameter. The posterior for 
sub-solar, cool dwarfs. This is an example where the estimated [ α/Fe] makes 
similar star to the left-hand panel, but an o v erestimated [ α/Fe]. The ASPCAP 
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Figure A3. Comparison of the [ α/Fe] values presented in this work and 
those from ASPCAP. In each panel, we show the difference (this work minus 
ASPCAP) in [ α/Fe] as a function of T eff from ASPCAP, split into three bins 
based on log g : log g > 4, 2 < log g ≤ 4, log g ≤ 2. 
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Figure A4. Comparison of the [ α/Fe] values presented here minus those from 

ASPCAP as a function of our T eff , points are coloured by our [Fe/H] minus 
ASPCAP’s. Each panel shows different bins in [Fe/H] from our analysis, 
where we estimate log g > 4.0. The solid black line in each plot shows the 
polynomial fit to the differences with the polynomial order (N) shown in the 
legend. 
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nd 200 w alk ers. There is a preference to lower values of [ α/Fe] with
he extended iterations. Ho we ver, 35 per cent of the results moved 
urther away from the ASPCAP value. We conclude that in this
arameter range, the MaStar resolution and wavelength window may 
e limiting factors when comparing to theoretical models. 

2 Calibration 

ince we cannot resolve the de generac y, we pro vide an al-
ernative parameter set for [ α/Fe] which is calibrated using 
SPCAP’s parameters. We place trust in the ASPCAP value 
f [ α/Fe] since they work at a much higher resolution than
aStar. 
To see how [ α/Fe] compares for different spectral types, the 

omparison with ASPCAP is performed for three log g bins, as
hown in Fig. A3 . The x -axis shows T eff as derived by ASPCAP and
he y -axis is the [ α/Fe] presented in this work minus ASPCAP’s.
n the high log g bin (log g > 4.0), the discrepancy in [ α/Fe]
s clearly correlated with T eff , peaking at approximately 3900 K. 
 smaller offset is observed in the intermediate log g bin (2.0 <

og g ≤ 4.0) at 4300 < T eff < 4700 K. In the lowest log g bin
log g ≤ 2.0), the differences are centred around zero with no 
orrelation. 
To mitigate this o v erestimation in [ α/Fe] for cool dwarfs stars
e calibrate our result with ASPCAP (see Fig. A4 ). Since [ α/Fe]

nd [Fe/H] are inherently related, we further split our comparison 
ith ASPCAP for the log g > 4.0 bin into four bins based on

Fe/H]: [Fe/H] > 0.0, −0.5 < [Fe/H] ≤ 0.0, −1.0 < [Fe/H] ≤
0.5, −1.5 < [Fe/H] ≤ −1.0. The comparison is now presented in

erms of the FSPs presented in this paper, rather than ASPCAP’s,
ince our FSPs are not equal which would lead to an incorrect
alibration. We colour each data point by our estimated [Fe/H] minus
SPCAP’s, since we want to a v oid calibrating [ α/Fe] where � [Fe/H]

s significant. This plot gives similar trends to the top panel of A3 ,
ith the largest discrepancy now at lower T eff . This is not surprising
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ince we tend to slightly underestimate T eff compared to ASPCAP,
s shown in figure 15 of H22 . Furthermore, in the lower [Fe/H]
ins, the difference between our value of [Fe/H] and ASPCAP’s
ncreases, as we generally estimate a lower [Fe/H] for this log g at
ow T eff . 

In order to calibrate values, we use a least squares polynomial fit
o model the differences in each [Fe/H] bin and use each to correct
pectra in our catalogue that have log g > 4 and fall within each
in. Furthermore, to ensure that we calibrate only where our [Fe/H]
alues are similar with ASPCAP, we also impose that | � [Fe/H] | <
.5. The order of the polynomial is shown in each subplot and was
hosen to reduce o v erfitting but also to capture the o v erall trend of
he offset within each bin. To a v oid issues from extrapolating to
NRAS 517, 4275–4290 (2022) 
ower temperatures, we only calibrate the parameters where T eff is
ithin the range that the polynomial is modelled. This mainly affects

he most metal-poor population of stars; ho we ver, our catalogue of
arameters does not contain such cool, metal-poor e xamples. F or the
igh temperature spectra, we are less concerned since our estimation
f [ α/Fe] is consistent with ASPCAP here. Applying this calibration
lters the [ α/Fe] value for 41 per cent of the spectra once applying
he strict flag conditions. 

These calibrated parameters can be downloaded from https://ww
.icg.port.ac.uk/mastar/. 
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