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ABSTRACT
• MEGARA is the optical integral field and multi-object fibre-based spectrograph for the 10.4m Gran 

Telescopio Canarias that offers medium-to-high spectral resolutions (FWHM) of R=6000, 12000, 
and 20000. 

• We have created MEGASTAR an instrument-oriented empirical stellar spectral library observed
with MEGARA-GTC at high-resolution R=20000 (HR-R and HR-I VPH-grating configurations). 

• To correctly interpret the observations of galaxies and stellar clusters obtained with this instrument, 
we aim to develop an evolutionary synthesis model to produce Spectral Energy Distributions for
Simple Stellar Populations of different ages and metallicities by using MEGASTAR stellar spectra. 

• To achieve this task we need the stellar parameters, namely effective temperature, surface
gravity and metallicity for the stars in the library. This will allow us to associate, the stellar spectrum
that better fit the theoretical parameters (Teff, and log g) of each point of the isochrone, selected
according the metallicity.

• This work describes how we have performed this task for stars cooler than B2. 
1. We present here the rectified spectra

2. We use a c2 technique: by comparing theoretical stellar models with the observed MEGASTAR spectra, we
obtain their stellar parameters from the best fits.

3. We show preliminary predictions obtained with the evolutionary synthesis MegaPopStar model, using spectra
from this MEGASTAR stellar library for ZO metallicity and t= 40 Myr without early-B, O and WR stars.



2022  May XIII Estallidos Workshop

To
be

 su
bm

itt
ed



2022  May XIII Estallidos Workshop

(a) (b) (c)

(d) (e) (f)

1º To rectify the spectra with
boundfit: finding the continuum to
obtain a flat spectrum (Cardiel 
2009)

2º To compare with theoretical
stellar spectra from Munari et al. 
(2005,MUN05), also rectified, to
estimate the radial velocity and 
thus to correct them

3º To do a fit with a c2 technique
and find the best MUN05 model
able to reproduce the observed
spectrum. The SNR gives the
uncertainty of the data

https://boundfit.readthedocs.io/en/latest/
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• Our sample: 351 stars from the DR1, spectral
types cooler than B2

• Our code of fitting uses the MUN05 models
with different temperaturas following the
spectral type of stars

• We have first applied the method to the same
MUN05 models, after to be added noise
according different SNR=50,100 and 200

SNR=50 SNR=100 SNR=200
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OUR FITS ALONG THE SEQUENCE OF SPECTRAL TYPES:
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• Good results for Teff except for the coolest stars that do not exist in MUN05 (Teff  < 3500)
• Worst estimates for log g and [M/H]
• In particular, we find lower metallicities for a set of stars with solar values in the literature
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• Good results for Teff except for the coolest stars that do not exist in MUN05 (Teff > 3500)
• Worst estimates for log g and [M/H]
• In particular, we find lower metallicities for a set of stars with solar values in the literature

1. The literature gives
[M/H]=+0.28 dex

2. We find [M/H]=-0.5 dex
3. Following the sequence

in metallicity, our results
are more probable
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SPECTRAL LINES 
AND STELLAR

INDICES

• We have measuredin
HR-I some classical
equivalent widths or
spectral indices as CaT, 
PaT or MgI

• HR also allows to us, to
measure the equivalent
widths of some other
lines in HR-R
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• Variations with
luminosity class

• Variations with
spectral type
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MEGAPOPSTAR: EVOLUTIONAY SYNTHESIS MODELS

1. The classical Padova isochrones
2. A stellar library:

• Theoretical
ü HR-pyPopStar (Millán-Irigoyen+ 2021) 

with Coelho+2014 plus Hainich+2016 
plus Rauch (2003)

ü HR-pyPopStar with Munari+ 2005 
(Millán-Irigoyen in preparation)

• Empirical
ü MILES group (Vazdekis +2016)
ü MEGASTAR
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EVOLUTIONARY SYNTHESIS MODELS WITH MUNARI+2005 
STELLAR SPECTRA

1. SED obtained with HR-pyPopStar and MUN05 
stellar models

2. SED rectified and normalized by bounfit to have
flat spectra in the same HR-R and HR-I as our
MEGASTAR ones

3. We substitute this theoretical library from MUN05 
with our MEGASTAR library

4. For Z=Z0 , only 134 stars from our 350
5. Only valid for t > 20 Myr
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MEGAPOPSTAR

• By using the HRpyPopStar code
• By taking the isochrones from Padova group
• By selecting the stars from MEGASTAR closer in Teff and logg
• Each spectra is weighthed taking into account the Lbol, the number of stars (IMF) in each

point of the isochrone and the luminosity in the spectral ranges of HR-R and HR-I setups
• Applied to an stellar population of metallicity Z=Z0 and  age t = 40 Myr

t= 40 Myr
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MEGAPOPSTAR

• By using the HRpyPopStar code
• By taking the isochrones from Padova group
• By selecting the stars from MEGASTAR closer in Teff and log g 
• Each spectrum is weighthed taking into account the Lbol, the number of stars (IMF) in each

point of the isochrone and the luminosity in the spectral ranges of HR-R and HR-I setups
• Applied to a stellar population of metallicity Z=Z0 and  age t = 40 Myr

t= 40 MyrThere are still differences due to the lack of certain stars:
• The variety of stellar parameters in the present subsample of stars compared

with the models is still small
• This produces an artificial spectra shift towards stellar populations with stars

more similar to the ones presented in MEGASTAR at this moment. 
• Thus, there are only 3 A-stars with solar metallicity included in this first version

of the model
• We need continue with the Project J
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SUMMARY

• We have presented our project in García-Vargas et al. (2021)
• We have presented our first Data Release in Carrasco et al. (2022) with 414 stars (828 spectra in
HR-R and HR-I setups), as E. Carrasco has presented before.

• We have analyzed spectra for 350 stars in the cool spectral range: from later tan B2 until S stars,
by determining their stellar parameters, Teff, log g and [M/H] from the comparison with Munari et
al. (2005) models.

• We have included these spectra as stellar library in the evolutionary synthesis model (HR-
pyPopStar, Millán-Irigoyen et al. 2021), showing the preliminary spectra models obtained with
MEGAPOPTAR for Z=ZO and t= 40Myr.

• This new code still needs more types of stars, with a higher variation in gravity and metallicity, so
we will continue our observations (if possible) next semesters in GTC-MEGARA

• We will present our DR2 soon (Carrasco et al. in preparation).
• We will do a similar analysis to this one for the hottest stars in MEGASTAR (S.R.Berlanas et al. in
preparation).This will allows to us to extend MEGAPOPSTAR to ages t < 20 Myr.

• It is our intention, to check the MEGAPOPSTAR model with observations of the galaxy NGC 628.
We have been already granted with 20 hrs, 4 pointings along the radius of this galaxy for these
same setups . This is a disk dynamically cold (s=14 km/s) where we expect to see the advantage of
the high spectral resolution.


