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INTRODUCTION 

• THE STUDY OF TYPE IA SUPERNOVAE ALONG A RANGE OF REDSHIFT WAS THE KEY TO DISCOVER THE 
ACCELERATED EXPANSION OF THE UNIVERSE

• THIS KIND OF SUPERNOVA ARE VERY USEFUL BECAUSE THEY ARE STANDARIZABLE USING A RELATIONSHIP 
BETWEEN THE PEAK BRIGHTNESS, THE WIDTH OF THEIR LIGHT CURVE AND THEIR COLOR  

• HOWEVER, THIS STANDARDIZATION TECHNIQUE HAS BEEN TRAINED IN THE LOCAL UNIVERSE THAT HAS 
SOLAR METALLICITIES AND AGES 

• WE WANT TO STUDY THE EFFECT OF THE STELLAR METALLICITY OF THE GALAXIES THAT HOST TYPE IA 
SUPERNOVAE IN THE MODULUS DISTANCE OF THE SUPERNOVA

• THIS WORK IS A CONTINUATION OF OUR PROJECT TO STUDY THE METALLICITIES OF GALAXIES THAT HOST A 
TYPE IA SUPERNOVAE (MORENO-RAYA 2016A,B AND MORENO-RAYA 2018)
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OBSERVATIONS
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OBSERVATIONS 

OUR SAMPLE CONSISTS OF GALAXIES THAT CONTAIN A TYPE IA SN.

• 6 GALAXIES OBSERVED WITH OSIRIS, 

• 654 GALAXIES OF THE SURVEY SDSS AND 

• 19 GALAXIES OBSERVED IN THE COSMOS SURVEY
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OSIRIS SPECTRA 
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We have observed 6 galaxies of 
GTC in the redshift range of 
0.4<z<0.5

We have observed 6 galaxies in the redshift range 
of 0.4 < z < 0.5 using the instrument OSIRIS in the 
R1000R grating



OSIRIS SPECTRA 
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We have reduced the obtained spectra using 
IRAF standard packages available for the bias 
subtraction, flat field correction, cosmic ray 
rejection and wavelength and flux calibration



COSMOS SURVEY
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We have added 19 galaxies from COSMOS survey in the redshift range of 0.5<z<1.0 (Lilly et al. 2007 and 
Trump et al. 2009)



SDSS 

• TO COMPLETE OUR SAMPLE WE HAVE ADDED 
654 GALAXIES OF SDSS OF LOW REDSHIFT 
0.0<Z<0.4 (AHUMADA ET AL. 2020) 
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SN DATA 
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●  The data from the supernovae (stretch, color, magnitude) has been obtained from Sako et al. (2018), 
Suzuki et al. (2012) and Guy et al. (2007)

● In order to obtain the distance modulus to the supernovae we have used the characterization of Sako et al. 
(2018)



ANALYSIS
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ANALYSIS OF THE SPECTRA
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Log(age) 5.0-10.18

[M/H] -2.0 – 0.0

                             Δλ 0.1 

Wavelength coverage 3000- 10000 Å

●  To obtain the star formation histories and the properties of the stellar populations we 
have used HR-pyPopStar Millan-Irigoyen et al. (2021) new high resolutions SSPs as 
templates to analyse the observed spectra using FADO Gomes & Papaderos (2017)

● We have made a special set of HR-pyPopStar SSPs that have a wider range of 
metallicities

● These SSPs use the stellar library of Munari et al. (2005) instead of Coelho (2014)



RESULTS
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STAR FORMATION HISTORIES
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● We have obtained the Star Formation 
Histories (SFH) of the 6 galaxies 
observed with OSIRIS



STAR FORMATION HISTORIES

• WE HAVE ALSO OBTAINED THE STAR FORMATION 
HISTORIES  FOR THE COMPLETE SET OF GALAXIES 

• WE HAVE MADE BINS OF REDSHIFT IN STEPS OF 0.05 
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GALAXY PARAMETER CORRELATIONS

• CORRELATIONS BETWEEN THE GALAXY PARAMETERS OUR GALAXIES HAVE YOUNGER STELLAR POPULATIONS THAN GALLAZZI ET 
AL. (2005)

• THE DIFFERENCES MAY BE CAUSED BY THE USE OF DIFFERENT SSPS USED AS TEMPLATES, GALLAZZI ET AL. (2005) USED 
BRUZUAL & CHARLOT (2003)

• WE HAVE ALSO COMPARED WITH THE MASS-METALLICITY RELATION OBTAINED BY GONZALEZ-DELGADO ET AL. (2014)
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HUBBLE DIAGRAM

● WE HAVE COMPUTED THE HUBBLE DIAGRAM 
USING A FLAT Λ-CDM COSMOLOGICAL MODEL WITH 
ΩM = 0.315 AND H0=70 KM/S/MPC TO OBTAIN 
THE DISTANCE MODULUS OF EACH GALAXY, AND 
THEN TO COMPUTE THE HUBBLE RESIDUAL OF EACH 
GALAXY 
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HUBBLE RESIDUAL CORRELATIONS
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• IN ORDER TO SEE IF THERE IS A DIFFERENT TREND IN 
GALAXIES OF LOW MASS AND HIGH MASS WE HAVE 
DIVIDED THE GALAXIES IN TWO 



HUBBLE RESIDUAL CORRELATIONS
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• WE HAVE DONE A LINEAR REGRESSION TO OBTAIN 
THE CORRELATION BETWEEN THE HUBBLE 
RESIDUALS AND THE STELLAR METALLICITY OF THE 
WHOLE SAMPLE, LOW MASS GALAXIES AND HIGH 
MASS GALAXIES 



COMPARISON WITH OTHER AUTHORS
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• WE HAVE COMPARED WITH OTHER AUTHORS OF THE LITERATURE THAT HAVE MEASURED GAS PHASE ABUNDANCE AND/OR STELLAR 
METALLICITY

• WE OBTAIN A SIMILAR VALUE TO CHILDRESS ET AL. (2013) WHEN WE COMPARE WITH SLOPES OBTAINED USING GAS PHASE 
ABUNDANCE AND SIMILAR TO PAN ET AL. (2014) WHEN WE COMPARE WITH ANALYSIS DONE USING STELLAR METALLICITY 



CONCLUSIONS

• WE HAVE USED 6 GALAXIES OBSERVED WITH OSIRIS WITH 19 GALAXIES OF COSMOS SURVEY AND 654 GALAXIES OF SDSS THAT 
CONTAIN A SUPERNOVAE 

• WE FIND THAT OUR GALAXIES HAVE YOUNGER POPULATIONS THAN GALLAZZI ET AL. 2005 THAT CAN BE ATTRIBUTED TO THE SSP 
USED AS TEMPLATES

• WE HAVE FOUND A CORRELATION BETWEEN THE HUBBLE RESIDUAL AND THE MEAN STELLAR METALLICITY IN ACCORDANCE TO 
OTHER STUDIES DONE IN A SMALLER REDSHIFT RANGE
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HUBBLE RESIDUAL CORRELATIONS
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DISTANCE MODULUS CALCULUS
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