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Galaxy metallicity, as a result of the integrated star formation history and evo-
lution of the interstellar medium, is an important property describing galaxy
evolution. Its relation with galaxy stellar mass and star formation rate (SFR),
known as the fundamental metallicity relation (FMR), has been widely studied,
especially in the local Universe. However, when it comes to the evolution of the
FMR, most of the studies are based on very different samples, with different data
selections at different redshift ranges. We check how different selection biases
affect the FMR projections. This will allow us to separate the real physical evo-
lution from the false evolution introduced by these biases. We find significant
differences between FMR projections occurring when different ways of data se-
lection, simulating the selection of higher redshift samples, are applied to the
SDSS data at z ∼ 0. Then, we compare the results with the findings from the
VIPERS sample at z ∼ 0.7. We conclude that both FMR and its projections
at z ∼ 0.7 and z ∼ 0 are in good agreement. When the data selection effects
are carefully applied the differences between samples are reduced, especially at
high stellar mass, but these biases are not able to reproduce the flattening at low
stellar mass showed by the sample at z ∼ 0.7.

1 Introduction

Most chemical elements are formed inside stars during their evolution. The metal
content is a measure of the integrated star formation history (SFH) and it depends
both on inflow of metal-poor and outflow of metal-rich gas. Since different elements
are formed on different timescales by different star populations, their relative abun-
dances constrain the SFH. A galaxy is a system in communication with the gas in
the intergalactic medium (IGM). The metal-poor gas inflows into the galaxy where it
ignites the formation of new stars and it is processed by their evolution. The stellar
population enriches the interstellar medium (ISM) by, e.g., supernovae and stellar
winds. The metal-enriched gas can eventually leave the galaxy by galactic winds
(Maiolino & Mannucci, 2019). From this point of view, the main galaxy properties,
such as stellar mass (M∗), star formation rate (SFR), and gas-phase metallicity (Z),
are strongly connected.

The Fundamental Metallicity Relation (FMR) was first introduced based on the
data from the Sloan Digital Sky Survey (SDSS) at redshift z ∼ 0 and with very
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good statistics (∼ 150 000 star forming galaxies, Mannucci et al., 2010). The FMR
is a surface where each galaxy is placed in a 3D space described by stellar mass,
SFR, and metallicity. Adding the SFR dependence to the Mass Metallicity Relation
(MZR) reduced the dispersion of the relation. The stellar mass dependence is in
agreement with the downsizing model and models taking into account the outflow.
At the same time, the SFR dependence is also in agreement with models taking into
account the dilution by inflow. Mannucci et al. (2010) compared also the FMR for
different values of redshift and they do not find any evolution up to z ∼ 2.5.

The studies of evolution of these relations are mainly restricted to the MZR.
Savaglio et al. (2005) studied ∼ 60 galaxies from the Gemini Deep Deep Survey
(GDSS) and Canada-France Redshift Survey (CFRS) with redshifts 0.4 ≤ z ≤ 1.0.
They found a shift of the MZR with redshift. This observation is in agreement with
a closed-box galaxy model.

From the theoretical point of view, Lian et al. (2018a,b) described the MZR
evolution with models based on time-dependent outflow or the Initial Mass Function
(IMF). They found a two-phase evolution: the MZR evolves shifting parallel to itself
without changing slope up to z ∼ 1.5, and then, it starts to flatten until today.

2 Data

2.1 VIPERS sample

We use a sample from the VIMOS Public Extragalactic Redshift Survey (VIPERS,
Guzzo & VIPERS Team, 2013; Garilli et al., 2014; Scodeggio et al., 2018). This is
a spectroscopic sample of ∼ 90 000 galaxies with a magnitude limit iAB < 22.5 and
an observed sky area of 25.5 deg2. We cross-match this catalog with the one used
in Turner et al. (2021) where galaxy properties were estimated by spectral energy
distribution (SED) fitting with the Code Investigating GALaxy Emission (CIGALE,
Burgarella et al., 2005; Noll et al., 2009; Boquien et al., 2019). This catalog is built
from the photometric catalog prepared by Moutard et al. (2016a,b). It contains
physical properties of galaxies (stellar mass, SFR, and absolute magnitudes).

To guarantee high accuracy, we select galaxies with secure redshift (> 90% con-
fidence level; Scodeggio et al., 2018). We limit the redshift sample to zmax ∼ 0.9
to be sure to have measurements of all the emission lines we need to estimate the
metallicity. The fluxes are corrected for attenuation, for both host galaxy and Milky
Way extinctions, following Cardelli et al. (1989) assuming RV = 3.1. The extinc-
tion due to the host galaxy is estimated with the attenuation in the V-band (AV)
provided by the fit of the SED via the code Hyperz (Bolzonella et al., 2000, 2010).
The extinction due to the Milky Way is estimated with the color excess E (B−V)
derived from sky maps (Schlegel et al., 1998). In addition, the Hβ line is corrected
for stellar absorption via the Hopkins et al. (2003) formula:

S =
EW + EWC

EW
F , (1)

where S is the stellar absorption corrected line flux, EW is the equivalent width of
the line, EWC is the correction for stellar absorption, and F is the line flux already
corrected for attenuation via Cardelli et al. (1989). We adopted the commonly used

in the literature value of EWC = 2 Å (Miller & Owen, 2002; Goto et al., 2003).
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The redshift range and the wavelength coverage of VIPERS do not allow for
the detection of the [N ii]λ6584 and Hα lines. For this reason, to select only star-
forming galaxies and separate them from the Active Galactic Nuclei (AGNs) we used
the diagram proposed by Lamareille (2010) instead of the usual Baldwin, Phillips &
Terlevich diagrams (BPT, Baldwin et al., 1981). The total number of star-forming
galaxies selected in this way in VIPERS is 4772.

2.2 SDSS sample

As the low-z comparison sample we choose SDSS. This sample was already used in
many studies of MZR and FMR (e.g., Tremonti et al., 2004; Mannucci et al., 2010;
Salim et al., 2014; Curti et al., 2020). SDSS observed spectroscopically 9380 deg2

of the sky which makes it the most extended spectroscopic survey at low redshift.
This comparison sample is built by cross-matching two different samples.

Flux sample: the MPA/JHU catalogue1 based on the SDSS DR72 (Abazajian
et al., 2009) composed of 927 552 galaxies with spectroscopic redshift and line fluxes
(Kauffmann et al., 2003; Brinchmann et al., 2004; Tremonti et al., 2004);

Physical properties sample: the A2.1 version of the GALEX-SDSS-WISE Legacy
Catalog3 (GSWLC-2, Salim et al., 2016, 2018) with 640 659 galaxies, based on SDSS
DR10 (Ahn et al., 2014) with GALEX and WISE at z < 0.3. This catalog contains
physical properties (stellar mass, SFR, and magnitudes) obtained through SED fit-
ting with CIGALE.

In the end, this cross-matched sample is composed of 601 082 galaxies. For this
sample, we followed the data selection described by Curti et al. (2020): we select
galaxies with a signal to noise ratio (S/N) equal to at least 15 for Hα, and equal
to at least 3 for Hβ. Then, we corrected all emission lines for attenuation from the
measured Balmer decrement, assuming the case of B recombination (Hα/Hβ = 2.87)
and adopting the Cardelli et al. (1989) law assuming RV = 3.1. Finally, we removed
all galaxies with high extinction, i.e. with values of E (B−V) higher than 0.8. Star-
forming galaxies are selected in the same way as in the VIPERS sample. The final
sample contains 156 018 galaxies.

3 Possible biases

Since the FMR depends on three galactic properties, we need to compare different
samples with the most consistent measurements. The stellar mass is estimated via
SED fitting using CIGALE for both samples. The SFR are estimated from the [O ii]
luminosity (L[O ii], Kennicutt, 1998). The metallicity is estimated via the ratio

R23 =
[O ii]λ3727 + [O iii]λλ4959, 5007

Hβ
, (2)

using the calibration described by Tremonti et al. (2004).
Then we checked if data selection (signal-to-noise ratio, S/N, and quality of the

spectra) or physical selection (range in B − B∗ and fraction of blue galaxies) affect

1https://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/
2http://classic.sdss.org/dr7/
3https://salims.pages.iu.edu/gswlc/
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the FMR and its projections and if these selections can possibly mimic an evolution.
The main results can be summarized as follows.

S/N : we cut the SDSS sample on S/N equal to that of the VIPERS sample and
with different best-percentages. This selection has the effect to remove metal-rich
galaxies at high stellar mass and low SFR.

Spectrum quality : this selection is based on the condition of S/N on flux and
equivalent width of the emission lines — i.e., it is more sophisticated than the simple
S/N selection. We also analyzed the effects for each emission line. The overall effects
are similar to the simple S/N selection but the strongest bias is introduced by the
requirement of high S/N of [O iii]λ4959.

Range in B− B∗: selection on the absolute blue magnitude of the galaxies nor-
malized with respect to B∗, which is the characteristic Schechter magnitude at which
the luminosity function changes behavior at a given redshift. In this way we study
galaxies of comparable luminosities with respect to the luminosity function evolu-
tion. This selection has the only effect to remove metal-rich galaxies at high SFR
and to shift a little the main sequence towards lower stellar mass and SFR.

Fraction of blue galaxies: this selection accounts for two effects. I) blue galaxies
are more difficult to observe at high redshift due to their lower mass and are not
observed because of the limited magnitude of the survey; II) this type of galaxies
can be over-selected at high redshift because strong emission lines make them easier
to identify — in particular, the VIPERS i-band selection translates to a B-band
selection at z ∼ 0.7 and for galaxies with bright emission lines it is easier to estimate
their metallicity. In our case, the only affected projection is the main sequence with
a stronger shift as compared to the selection on luminosity.

4 Evolution of the fundamental metallicity relation?

We then proceeded to apply simultaneously all biases to the SDSS sample and com-
pare it with the VIPERS sample. Figure 1 shows the effects on different FMR
projections. Taking into account the considered biases does not have significant
effects to change the FMR projections. The biases considered are not able to repro-
duce the characteristics of the VIPERS sample such as the flattening at low stellar
mass in the MZR.

Figure 2 shows the metallicity difference ∆ log (O/H) in each stellar mass-SFR
bin for both cases with and without biases considered. The smallest difference
is towards the top-left corner of the main sequence where VIPERS sample shows
a flattening. Taking into account the biases reduces the average difference from
∼ 0.5 〈sVIPERS〉 = 0.08 dex to ∼ 0.4 〈sVIPERS〉 = 0.06 dex, mainly at large stellar
mass.

5 Conclusions

The VIPERS sample is in a good agreement with the local sample with standard
data selection, ∼ 0.5 〈sVIPERS〉 in the FMR. The biases taken into account are able
to reduce the metallicity difference between these samples to ∼ 0.4 〈sVIPERS〉, but
they are not able to reproduce the characteristics of the VIPERS sample such as the
flattening at low stellar mass in the MZR.

Data selection such as S/N cutoffs and flag quality of the spectra affects the
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Fig. 1: Three projections of the FMR: MZR (left), metallicity vs SFR (mid right), metal-
licity vs sSFR (right) for VIPERS (red), SDSS (blue), and SDSS equivalent to VIPERS
(green) samples.
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Fig. 2: Difference between FMRs of SDSS without (left) and with (right) biases accounted
for and VIPERS projected on the main sequence of VIPERS sample (KDE contour plot).

MZR and the plane metallicity vs SFR leading to nonphysical relations, e.g., hiding
the anti-correlation between the galactic properties in the plane metallicity vs SFR
and fall-off of the MZR at large stellar mass, which can be mistaken as evidence of
evolution. These kinds of selections can introduce biases if applied to the oxygen
lines, especially if applied to [O iii]λ4959. More details can be found in Pistis et al.
(2022).

Among all the FMR projections, the metallicity vs sSFR (specific SFR defined
as the ration between SFR and M∗) is the least sensitive to biases. For this reason
a non-parametric framework (Salim et al., 2014, 2015) can be a better way than the
study of the FMR projections, since an evolution of the projections is not reflected
into the FMR itself. This approach will be further explored in Pistis et al. (in prep.).
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community-developed core Python package for Astronomy (Astropy Collaboration et al.,

2013, 2018).
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