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Abstract. We present an analysis of the gas-phase oxygen abundances of a sample of 28 galaxies in the local Universe (z < 0: 02) hosting Type Ia Supernovae (SNe Ia). The data were

obtained with the 4.2m William Herschel Telescope (WHT). We derive local oxygen abundances for the regions where the SNe Ia exploded by calculating oxygen radial gradients
through each galaxy (when possible) or assuming the oxygen abundance of the closest Hii region. The sample selection only considered galaxies for which distances not based on the
the SN Ia method are available. Then, we use a principal component analysis to study the dependence of the absolute magnitudes on the color of the SN Ia, the oxygen abundances of
the region where they exploded, and the stretch of the SN light curve. We demonstrate that a metallicity-dependence on the SN Ia luminosity for not-reddened and reddened SNe Ia
there exists (Moreno-Raya et al. 2016a,2016b ). These results reinforce the need of including a metallicity proxy, such as the oxygen abundance of the host galaxy, to minimize the
systematic effect induced by the metallicity-dependence of the SN Ia luminosity in future studies of SNe Ia at cosmological distances.

1. Introduction
!The supernova cosmology is based in the analysis of data on the well known Hubble diagram in which the distance of objects,
in this case supernova type Ia (SN Ia), is represented as a function of their redshift.
!The distance modulus µ=mB-MB is estimated by assuming that these objects are standard-calibrable candles and hence the
magnitude MB may be established.
!Hamuy (1996) and Phillips et al. (1999) found a correlation between the SNIa light curve properties and the magnitude in its

3. The dependence on metallicity of the Sne Ia luminosity

We have performed a principal components analysis (PCA), searching the dependences of the magnitude
three parameters, the two usual used, Color, C, and strech, s, and adding now the oxygen abundance,
OH=12+log(O/H)
−20

maximum MB. Therefore, it is possible to estimate the distance of these objects only studying the ligth curve (LC) of the SNIa.
!The distance modulus in SALT is calculated using the equation:
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of SNe Ia properties on global characteristics of their hosts, the metallicity being one of them (Wolf et al. 2016; Campbell et al.
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2016: and references there in).
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!The calibration light curve parameters-absolute magnitude may not be valid for high redshift objects and it is one of the
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the dependence of the SNIa luminosity on the metallicity of the binary system may have been neglected.
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techniques will impact on the cosmological parameter determination. Many recent studies have indeed analyzed the dependence
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C − (OHpure − 8.45)

Since the average properties of host galaxies evolve with redshift, any such dependence not included in the standardization
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Fig.4 SNe Ia absolute magnitudes, MB, as a
function of SNe Ia color C. Black circles are
"normal" SNe Ia, red squares are reddened
SNe Ia. The purple line represents a linear
fit to all SNe Ia.
Fig.5 Oxygen abundance as a function of
SNe Ia color. Symbols are the same than in
Fig. 4.
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!A plausible source of inhomogeneity is a dependence of the properties of the SNe Ia on the characteristics of its environment.

into account that elemental abundances may have changed with redshift, due to the metal enrichment along the time evolution,
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where , α, β and MB are obtained by minimizing the HD residuals. However, there still exists a certain inhomogeneity in SNe Ia
at the peak.

!The basic calibrations were based on local SNe Ia, located in galaxies with probable solar or almost solar abundances. Taking
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Fig.6 SNe Ia absolute magnitude MB without
the color effect (MB -β C) as a function of
oxygen abundance OH. Symbols are the
same as in Fig. 4. The blue and red
horizontal solid lines provide the averaged
value in the low- and high-metallicity
regimes, respectively, with their 1
uncertainty shown with the pale blue and
red areas.
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Fig.7 SNe Ia absolute magnitude, corrected
of the color and metallicity effects (MB -β C-γ
OH) as a function of LC stretch, as s.
Symbols are the same than in Fig. 4.
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possible sources of systematical errors. Since the number of SNe€ Ia will extraordinarily increase in the forthcoming surveys,
statistical errors will decrease, and therefore the systematical errors will begin to dominate and will limit the precision of SNe Ia
as extragalactic distance indicators.
!The luminosity L of the supernova depends basically on the 56Ni mass ejected from the explosion (Arnett, 1982):

!This implies that L depends on the metallicity Z of the progenitor system producing the SN-Ia (Timmes et al. 3)
! More recently, Bravo et al. (2010) found that there exists a dependence of the Sne-Ia luminosity on the metallicity of the
progenitor of this type:
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A shift of +0.17 mag is found between the low and the high metallicity bins, with a limiting value of OH=8.45,
shown as blue and red regions in Fig.4
This implies that the standard technique to obtain the distance module of SNe Ia produced a systematic error given
a wron luminosity, higher than the real one when the metallicity is high
We found that
, and with this expression the dispersion is reduced a 5% over the
one found whenMonly
color and strech are used
B =−18.41+2.38C−0.56(s−1)+0.95OH

!The final purpose of this project is to seek if a dependence between the SNe Ia maximum luminosity and the
metallicity of its host galaxy (provided by the gas-phase oxygen abundance) does exist.

2. Sample and observations
! For our objective, we perform a careful analysis of a sample of galaxies of the local Universe hosting SNe Ia taking from Neil et al. (2009) to estimate the oxygen abundances in the regions where those SNe Ia exploded.
! Our aim is to perform this analysis in a very basic way, just searching for a simple dependence of the magnitude MB of the SNe Ia in their LC maximum with the oxygen abundance without using any standardization technique.
! We build our sample considering local SNe Ia host galaxies that have distances well determined by methods which are different of the ones using the own SNe Ia techniques.
! We estimate the absolute peak magnitude for each SN Ia using the classic equation:

M B = mB +5−5log(D/ pc) thus eliminating possible problems coming from the use of cosmological techniques.

! We have observed 28 galaxies at the William Herschel Telescope with the ISIS spectrograph
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Figure 1. Spectra obtained for the ve Hii
regions analyzed in NGC3370, as
labelled in top panel of Figure 2. The
main emission lines are identified. Note
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Figure 3. Metallicity gradient for NGC4536. Filled points represent
metallicities derived. The blue solid line traces the metallicity gradient, while
the pink star represents the SN Ia location with its derived metallicity.

Region D
0

[OIII]

3800

H

4000

H

4200 4400 4600
wavelength [Å]

H

4800

[OIII]

5000

[NII] H

[NII]

[SII] [SII]

6550 6600 6650 6700 6750
wavelenght [Å]

!Since galaxies are nearby enough, gas-phase abundances may be estimated in several HII regions across the galaxies, and at different galactocentric distances (GCDs), thus allowing us to derive, in many cases, metallicity gradients. We
use the obtained oxygen abundance at the same GCD where the SN Ia exploded as a proxy of its metallicity
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