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MEGASTAR
An empirical library 

For the correct interpretation of the stellar content of more complex systems 
(e.g.  galaxies  and star clusters) observed with  MEGARA 

Spectra  à to  stellar populations synthesis  models   HR-py-PopStar  Mollá, García-Vargas, 
High Resolution-Python -PopStar & Bressan 2009 

Martín-Manjón et al.  2010 
García-Vargas et al. 2013,
Millán-Irigoyen  et al. 2020
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MEGARA efficiency  &  GTC collecting area 
MEGARA deserves its own library

MUSE-VLT (Ivanov et al. 2019), with 35 spectra for XSL stars
X-shooter/VLT, XSL (Chen et al. 2014, DR1 with 237 stars, Gonneau et al. 2020, DR2,  666 stars)
IRCS in Subaru (Nhuyen Le et al. 2011)
GNIRS and NIFS in Gemini (Winge, Riffe and Storchi-Bergmann 2009)

MEGASTAR



MEGARA

Bidimensional  spectroscopy    and multiobject spectroscopy  (MOS) @ GTC
Integral field unit  (IFU)                          92 robotic positioners  (1.6 arcsec /minibundle) 

mini -ifu of 7 fibers 

0.62 arcsec/spaxel

MOS 
IFU

8 sky bundes (mini-ifus)  
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MEGARA

Bidimensional  spectroscopy    and multiobject spectroscopy  (MOS) @ GTC
Integral field unit  (IFU)                          92 robotic positioners  (1.6 arcsec/mini bundle)

mini-ifus of 7 fibers
0.62 arcsec/spaxel

MOS 
IFU

LR:     R ~ 6,000      3650  - 9750 Å
MR:   R ~ 12,000      3650  - 9750 Å

HR:   R ~ 20,000      6420 – 6790 Å,  Halpha (HR-R)
&  8370 – 8885 Å,  CaII (HR-I)

8 sky bundes (mini-ifus)  
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MEGARA

Bidimensional  spectroscopy    and multiobject spectroscopy  (MOS) @ GTC
Integral field unit  (IFU)                          92 robotic positioners  (1.6 arcsec/mini bundle)

mini-ifus of 7 fibers
0.62 arcsec/spaxel

Commissed in  2017   & offered to the community 

in  2018B  

MOS 
IFU

LR:     R ~ 6,000      3650  - 9750 Å
MR:   R ~ 12,000      3650  - 9750 Å

HR:   R ~ 20,000      6420 – 6790 Å,  Halpha (HR-R)
&  8370 – 8885 Å,  CaII (HR-I)

8 sky bundes (mini-ifus)  
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MEGASTAR

A library oriented to  MEGARA

MEGARA integral field spectroscopy  mode

HR:   R ~ 20,000      6420 – 6790 Å,  Halpha (HR-R) &  8370 – 8885 Å,  CaII (HR-I)

There is not an empirical library  with high resolution in these spectral ranges
&
R ~ 20,000  is not offered in any other integral field spectrograph   

MOS 
IFU
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MEGASTAR

The main advantage 

Spectra are obtained with an integral field unit

à homogeneous  spectral resolution    

The resolution is independent of  

- alignment errors between  the object and the  spectrograph  entrance  slit 

- seeing conditions 

MEGARA IFU

8  sky bundles (mini-ifus
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MEGASTAR 

R  ⍺ 1/slit width 

Reconstructed imaged 
of BD +083095
@ HR-I

Spaxel 
0.62 arcsec

The spectrograph entrance stop is the fibre 

The spectral resolution is fixed as the slit width remains constant
spaxel: fiber projected on the CCD
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MEGASTAR 
7 spaxels 

2 arcsec 

Reconstructed imaged 
of of BD +083095
@  HR-I
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MEGASTAR 
19 spaxels

3 arcsec 

Reconstructed imaged 
of of BD +083095
@  HR-I
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MEGASTAR 
37 spaxels 

5  arcsec 

- The resolving power on the detector does not change with seeing 

- The flux is recovered 

Reconstructed imaged 
of of BD +083095
@  HR-I
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MEGASTAR status 

Concluded  observing semester: 7 (2018B to 2021B in filler mode i.e. under-
optimum conditions)                                                         

GTC open time requested (h):  550 MEGASTAR is ideal for filler  mode

Open time  awarded (h):  400

Open time observed (h): 239

Percentage:  60

Number of stars observed:  680    

60% is  good given the large  number of simultaneous  instruments and the nature of MEGASTAR
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Introduction to the library
Rationale behind the building of the catalogue

Pilot program during commissioning @ feasibility
HR-I spectra of 77 stars:

21 individual stars

56 of the globular cluster M15 obtained in the MOS mode
+

20 individual stars with HR-R & HR-I open time observations

97 stars

Calculate Teff, log g & [Fe/H] for the 97 stars

Identification of some absorption lines

2020, MNRAS, 493, 871 
MEGASTAR: paper I
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MEGASTAR catalogue   

Existing stellar libraries used for MEGARA catalogue: 2988 stars      

HR:   R ~ 20,000   en 6420 – 6790 Å (HR-R) Halfa &  8370 – 8885 Å (HR-I) CaII

No  Integral Field Spectrograph   with  R ~ 20,000 combining efficiency   &  telescope collecting area 



MEGASTAR catalogue   

All coordinates and star data have been checked by parsing the catalogue against the SIMBAD4 release 1.7 database

M.Sc. thesis of  Sara Rodríguez  Berlanas, 2014
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MEGASTAR catalogue   

All coordinates and star data have been checked by parsing the catalogue against the SIMBAD4 release 1.7 database

M.Sc. thesis  of Sara Rodríguez  Berlanas, 2014

Stellar parameters measured
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MEGASTAR catalogue   

All coordinates and star data have been checked by parsing the catalogue against the SIMBAD4 release 1.7 database

M.Sc. thesis of  Sara Rodríguez  Berlanas, 2014

Stellar parameters measured
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Observations: queue mode

Same Observing Block for HR-R and HR-I
Bias
Halogen lamp @ daytime

Arc (HeNe) lamp @ daytime

Standard Star
Star

MEGASTAR:  paper I 

Data Reduction Pipeline
Python based  tool

Bias à MegaraBiasImage 
Halogen  à MegaraTraceMap à MegaraModelMap
Arc  à MegaraArcCalibration 
Standard Star à MegaraStandarStar 
Star à MegaraReduceLCB 

https://github.com/guaix-ucm/megaradrp

Integration times  (5 – 900 s) à MEGARA  Exposure Time Calculator (ETC)  @ Signal to noise ratio (SNR) 20 – 300

GTC Phase II is updated each semester 

Cardiel & Pascual 2018,
Pascual  et. al. 2018, 2019 
Castillo-Morales, Pascual, Gil
de Paz,  2018

19



Sky subtracted & flux  calibrated spectrum (final_rss.fits)  

à Quick Look Analysis Tool (QLA)

Gómez-Álvarez et al. 2018
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HD048682
Spectral type G0V

37 spaxels 

Seeing = 2.5 arcsec

To recover the flux 
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21  HR-I  spectra for (a) the hottest and (b) the  coldest stars of the  Commissioning sample
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MEGASTAR:  paper 1 

Teff, log g and  [Fe/H]

Applying the χ2   minimization  technique      (Koleva et al. 2009, Jofrey et al. 2010,  Boeche & Grebel 2016)

to the best-fit of the Munari theoretical atmosphere models to each MEGARA spectrum (Munari et al. 2005) 

Goal 

à To develop a method to determine Teff, log g and  [Fe/H]  for  all the  star  of the library 
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Fitting HR-R and  HR-I combined  
Red: observations 
Green: the best model obtained using the  χ2 technique 

HR-R                      HR-I 

CaIIHalpha
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Fitting HR-R and  HR-I combined  
Red: observations 
Green: the best model obtained using the  χ2 technique 

HR-R                      HR-I 

CaIIHalpha
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@ literature

@ model



Giant K1 III star:  HD025975
Teff: 4750 K ; log g: 3.0; [M/H]: -0.5 

B2 III D star:  BD+404032
Teff: 28,000 K; log g: 3; [M/H]:0.0

Fitting examples @ HR-I  
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6420 – 6790 Å (HR-R)

8370 – 8885 Å (HR-I) 

B0 III
K0 III

O7PD K1 III

Lines identified 
Hot  stars Cold  stars
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Data Release 1.0 (DR1)
838 spectra of 414 ✶s in HR-R & HR-I

Result of three observing semesters
2018B, 2019A, 2019B

152.24 h observed
Out of 250 h granted

Database description

Gaia DR2 data for a subset✶s of MEGASTAR
DR1

MEGASTAR: paper II 
2021, MNRAS, 501, 3568 
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SNR ~ 261 SNR ~ 260

MEGASTAR: paper II – Data release 1 

Seeing histogram 

1st quartile:  1.4 arcsec
median:         1.8
3rd  quartile:  2.0 

Adding 37 spaxels around the star center
(~ 2.5 arcsec)

Continuum  SNR (Stoehr, 2008) 

2021, MNRAS, 501, 3568 

HR-R HR-I

Filler mode observing conditions 
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MEGASTAR: paper II – Data release 1 

382 373 355

log glog Teff [Fe/H]

N* N*N*

Not all the MEGASTAR ✶s have log Teff,  log g  & [Fe/H]   from previous works
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MEGASTAR: paper II – Data release 1 
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For each star …  
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MEGASTAR: paper II
Database 

Search
Visualization &
Download
Sources and 
products

MEGASTAR webApp technologies:

Web Servers: Apache and Tomcat

Database: MySQL

Languages: Java, Java Servlets

HTML and JavaScript

Libraries: JFreeChart, Plotly and nom.tam FITS
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MEGASTAR: paper II
Database 

Search
Visualization &
Download
Sources and 
products

User manual
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MEGASTAR: paper II
Database 

Search
Visualization &
Download
Sources and 
products
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MEGASTAR: paper II
Database 

Search
Visualization &
Download
Sources and 
products
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MEGASTAR: paper II
Database 

Search  &
visualization
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MEGASTAR: paper II
Database 

Search  &           
visualization

Observed HR-R
Observed HR-I
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MEGASTAR: paper II
Database 

Search  &
visualization

Observed HR-R
Observed HR-I
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MEGASTAR: paper II
Database 

Search  & 
visualization
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MEGASTAR: paper II
Database 

Search  &
visualization

GTC22-18B_0154
20190222
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MEGASTAR: paper II
Database 

Search  & visualization

Download
.jpeg / .ascii
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Java app  to manipulate the 
spectrum @ basic analysis 

Name Sp Type Teff, log g, [Fe/H]



MEGASTAR: paper II
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Appendix A: atlas (pdf) of 838 spectra of 414✶s

Appendix B: table (txt, excel) all DR1 information

Appendix C: table (txt, excel) with Gaia DR2 data

MEGASTAR: paper II 
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Appendix A

HR-R  and HR-I spectra for each star of the Data Release 

Stellar parameters from the literature 
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Name Sp Type 



WR purple;
O: blue; 
B cyan; 
A green; 
F orange; 
G red; 
K magenta; 
M maroon;
S grey  
Flat black
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WR purple;
O: blue; 
B cyan; 
A green; 
F orange; 
G red; 
K magenta; 
M maroon;
S grey;  
Flat black
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Appendix  B

419 columns
414  stars  + 5 observed twice 

MEGASTAR DR1 information

Database Observation form

Database Source form 
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Appendix  C

Gaia DR2 data for 388  stars out of  DR1 414 

388 columns  

Gaia DR2

MEGASTAR DR1
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Data available

https://www.fractal-es.com/megaragtc-stellarlibrary

Username:      public 
Password:       Q50ybAZm
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MEGASTAR: paper III 

Mollá et al. 2022,  to be submitted 

Teff, log g and  [Fe/H] determination
for the cool stars of DR1 

Use of DR1 spectra @ PopStar models

NEXT TALK 
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MEGASTAR: paper IV 

Berlanas  et al. 2022 in prep.

Derive  Teff, log g & [Fe/H]  for B and hotter stars  of DR1

The determination of the stellar parameters is very  different for hot stars 
FASTWIND models extended to the HR-I wavelength  
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MEGASTAR: paper V   

Second  Release  DR2 with  ~700  stars  in 2022 
414 estrellas de  DR1 + 263 (2020A, 2020B, 2021A, 2021B) 

Continuum fitting and normalized spectra       
(Cardiel MNRAS 396, 2009)

Radial velocity corrected spectra 

Physical parameters  Teff, log g, [Fe/H]  for  all  the  stars determined with  the same method    
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A project in progress 

Pilot program:  MEGARA commissioning (2017)

Open time requested:  7 semesters (+ 2022A, 174 stars) 

in  filler mode  

Reduced spectra : + 1200 

Database:  public 

Data Release 1.0:  MEGASTAR DR1 

Published papers: 2   +  3  in progress 

MEGASTAR
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MEGASTAR ideal 



MEGASTAR 

Is  a  precious  tool to generate composite populations  for the interpretation of MEGARA data

Attractive resource for stellar astrononomers interested in  the study of individual stars at
high resolution

Resolution  HR:   R ~ 20,000      6420 – 6790 Å,  Halfa (HR-R) &  8370 – 8885 Å,  CaII (HR-I)

SUMMARY
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MEGASTAR

Is a legacy project for the community

Its data and products are available  through a public webpage

Resolution  HR:   R ~ 20,000      6420 – 6790 Å,  Halfa (HR-R) &  8370 – 8885 Å,  CaII (HR-I)

SUMMARY
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Thank you 
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