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ABSTRACT
The widely known relation between stellar mass and gas metallicity (mass-metallicity relation, MZR) in galaxies is often ascribed
to the higher capability of more massive systems to retain metals against the action of galactic outflows. In this scenario the
stellar mass would simply be an indirect proxy of the dynamical mass or of the gravitational potential. We test this scenario by
using a sample of more than one thousand star-forming galaxies from the MaNGA survey for which dynamical masses have been
accurately determined. By using three different methods (average dispersion, Partial Correlation Coefficients, Random Forest)
we unambiguously find that the gas metallicity depends primarily and fundamentally on the stellar mass. Once the dependence
on stellar mass is taken into account, there is little or no dependence on either dynamical mass or gravitational potential (and,
if anything, the metallicity dependence on the latter quantities is inverted). Our result indicates that the MZR is not caused by
the retention of metals in more massive galaxies. The direct, fundamental dependence of metallicity on stellar mass suggests the
much simpler scenario in which the MZR is just a consequence of the stellar mass being proportional to the integral of metals
production in the galaxy.
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1 INTRODUCTION

The mass-metallicity relation (MZR, Tremonti et al. 2004; Maiolino
& Mannucci 2019, e.g. ) describes how the metallicity of galaxies is
linked to their stellar mass. The greater the stellar mass of a galaxy,
the higher its metallicity, although the metallicity plateaus at high
stellar masses (log(M∗/M�) > 10.5 - 11.0, Tremonti et al. 2004).
The MZR applies for both the gas-phase and stellar metallicities
(Trager et al. 2000; Zahid et al. 2017), but here we focus on the
gas-phase metallicities only, and for star-forming galaxies.
The mass-metallicity relation has also been found to hold on re-

solved (∼kpc) scales (Rosales-Ortega et al. 2012) in what is known
as the resolved mass metallicity relation (rMZR, Barrera-Ballesteros
et al. 2016; Sánchez Almeida & Sánchez-Menguiano 2019; Baker
et al. 2023b).
The origin of the MZR has been highly debated (see Maiolino &

Mannucci 2019, for a review).
A common interpretation is that the deeper gravitational poten-

tial in massive galaxies is capable of better retaining metals against
outflows (Tremonti et al. 2004; Tumlinson et al. 2011; Chisholm
et al. 2018). This scenario requires galactic outflows with a mass-
dependent loading factor (i.e. decreasing at high masses). It also
requires that outflows are more metal loaded than the interstellar
medium (ISM). Otherwise a generic outflow of material with a metal
enrichment equal to the ISM could not decrease the metallicity of
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the ISM. Outflows with a greater metallicity than the parent galaxy’s
ISM have indeed been observed (Chisholm et al. 2018; Konami et al.
2011; Origlia et al. 2004).
If this is the explanation for the MZR, then the correlation of

metallicity with stellar mass is because M∗ is simply a proxy of the
dynamical mass (Mdyn) and of the gravitational potential (𝜙). So
if we could directly measure Mdyn or 𝜙, a tighter correction with
metallicity would be expected.
Within this context, recent work has also highlighted the impor-

tance of Φ∗ = 𝑀∗/𝑅𝑒 as a proxy of the gravitational potential
(D’Eugenio et al. 2018; Cappellari 2022). D’Eugenio et al. (2018)
found that gas-phase metallicity correlates more tightly withΦ∗ than
M∗, which they attribute to the explanation of the gravitational poten-
tial being better able to retain metals. This was also found for stellar
metallicities (Barone et al. 2020; Cappellari 2022; Vaughan et al.
2022). In addition to the previously mentioned quantities the veloc-
ity dispersion (𝜎) has also been suggested as an important parameter
driving the metallicity (Li et al. 2018; Cappellari 2022).
The mass-metallicity relation is also observed to evolve with red-

shift (Maiolino et al. 2008; Troncoso et al. 2014; Sanders et al. 2021;
Curti et al. 2022), where this observed evolution can be understood to
arise due to the MZR tracing the evolution of the star formation rate
(SFR) with redshift as part of the Fundamental Metallicity Relation
(FMR, Ellison et al. 2008; Mannucci et al. 2010; Curti et al. 2020;
Baker et al. 2023b).
However, directly testing the correlation of metallicity with Mdyn

and 𝜙 is feasible now thanks to theMaNGA (Mapping Nearby Galax-
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ies at Apache Point Observatory Bundy et al. 2015) survey, which
provides integral field spectroscopy (hence 2D kinematic informa-
tion) for thousands of galaxies.
In this paper we use local star-forming galaxies from MaNGA

to explore the relative importances of stellar mass, dynamical mass
and 𝜙 in driving the gas-phase metallicity using partial correlation
coefficients and random forest regression. This enables us to directly
test whether the aforementioned explanation of theMZR is plausible.
In Section 2 we introduce the MaNGA survey. In Section 3 we

introduce the derivation of the physical quantities and in Section 4
we introduce our analysis techniques. In Section 5 we explore the
results of this analysis and in Section 6 we discuss their significance.
Section 7 provides a short summary of the key results.
In this paper we assume that H0 = 70km s−1 Mpc−1, Ω𝑚 = 0.3

and ΩΛ = 0.7.

2 DATA

We use publicly available integral field spectroscopic (IFS) data from
theMaNGA (MappingNearbyGalaxies at Apache PointObservatory
Bundy et al. 2015) survey, conducted during the fourth generation
of the Sloan Digital Sky Survey (SDSS Blanton et al. 2017). The
MaNGA survey observed approximately 10,000 local galaxies, with
data sampling out to out to 1.5𝑅𝑒 (effective radii) in 2/3 of the sample
and 2.5𝑅𝑒 in the other third. For further details about the MaNGA
survey seeWake et al. (2017); Law et al. (2016); Yan et al. (2016a,b).
Out of the whole sample we use accurate dynamical masses pro-

vided by Li et al. (2018) which were obtained via detailed Jeans
Anisotropic modelling (Cappellari 2008) for 1158 spiral galaxies in
MaNGA. We also use the provided circularized effective radius, 𝑅𝑒
which was obtained via fitting the SDSS r-band image, and the ve-
locity dispersion, 𝜎𝑒, obtained within an elliptical aperture of area
𝐴 = 𝜋𝑅2𝑒.

3 DERIVATION OF PHYSICAL QUANTITIES

We use metallicities, stellar masses and star formation rates obtained
following a similar method to Baker et al. (2023b). A brief summary
is as follows. The stellar mass surface densities are obtained from
PIPE3D (Sánchez et al. 2016). To obtain the total stellar mass we
integrate the stellar mass surface densities of all spaxels within the
effective radius. The emission line flux maps are obtained from the
Data Analysis Pipeline (DAP, Belfiore et al. 2019; Westfall et al.
2019). A S/N cut of 3 is applied to all emission lines (H𝛼, H𝛽,
[OII]𝜆3727,29, [OIII]𝜆5007, [NII]𝜆6584, and [SII]𝜆6718,32) and
an equivalent width cut of 6Å is applied to H𝛼 to minimise con-
tamination from diffuse ionised gas (which would affect the validity
of the metallicity calibrations). The emission lines are extinction
corrected using the H𝛼/H𝛽 Balmer decrement (assuming an intinsic
value of 2.86) with a Calzetti et al. (2000) attenuation curve. As the
metallicity diagnostics are only calibrated for star-forming regions
selected as such in the [NII]-BPT diagram, we select them via the
[NII]-BPT (Baldwin et al. 1981) diagram with the Kauffmann et al.
(2003) diagnostic curve. The gas-phase metallicities are obtained for
the resulting star-forming regions using a combination of nine metal-
licity diagnostics with the calibrations detailed in Curti et al. (2017,
2020). In order to obtain a single metallicity for each galaxy, we take
the averagemetallicity of the star forming regions within the effective
radius of each galaxy.We will also investigate the dependence on star
formation rate (SFR). The SFR surface density for each SF spaxel is

obtained from theH𝛼 emission line following the conversion detailed
in Kennicutt & Evans (2012). The total star formation rate is then
calculated by integrating the individual star formation rate surface
densities of all star-forming spaxels within the effective radius of the
galaxy, i.e. the same region within which we calculate the metallic-
ity. In the exploration of some relations we remove galaxies that are
outliers by sigma-clipping from the median of the specific relation,
with the cutoff being 5𝜎.
As mentioned in Section 2, we also use dynamical masses, circu-

larized effective radii and velocity dispersions from Li et al. (2018).
These were obtained via Jeans Anisotropic Modelling (JAMCappel-
lari 2008). In particular, the dynamical mass was defined from the
best-fitting JAMmodels as the total mass enclosed within a spherical
half-light radius. Essentially, this means that the dynamical masses
of the galaxies are primarily constrained by Keplerian rotation, as
they are all regular star-forming disc galaxies.
After matching the catalogs and applying our cuts, we retain 1015

star-forming galaxies in our sample.

4 METHODS TO DETERMINE THE PRIMARY
METALLICITY DRIVERS

Amajor issue when trying to determine dependencies between inter-
correlated quantities is whether an observed correlation is in fact
intrinsic or it is instead an indirect by-product of other more intrinsic
correlations. This is a particularly serious problem when exploring
scaling relations between galaxy properties. Indeed, most galactic
properties show prominent scaling relations, but many of these are
not “causal”, they are often indirect correlations resulting from more
fundamental (causal) relations. We use multiple techniques to disen-
tangle direct, fundamental inter-dependencies, from other relations
that are instead simple by-products of indirect dependences.

4.1 Dispersion

Our initial approach is to plot the two quantities of interest and to
analyse the dispersion of one quantity in intervals of another quantity.
Specifically, if the dependence of metallicity on stellar mass is simply
a consequence of the correlation between stellar mass and dynamical
mass (or 𝜙) then we would expect the dispersion in the metallicity-
dynamical mass (or metallicity-𝜙) plane to be reduced compared to
the metallicity-stellar mass plane.

4.2 Partial Correlation Coefficients

Another key technique is the use of partial correlation coefficients
(PCCs, Bait et al. 2017; Bluck et al. 2020b; Baker et al. 2022).
These allow us to take the correlation between two quantities whilst
controlling for further quantities. This gives us the ’true’, intrinsic
correlation between two quantitieswhile accounting for other indirect
correlations with additional quantities.
On a 2D colour plot, i.e. quantity “y” versus quantity “x” with the

points or bins colour-coded by a further quantity “z” (as in Bluck
et al. 2020a; Piotrowska et al. 2020; Baker et al. 2022, 2023b,a), the
ratios of partial correlation coefficients can be used to define an arrow
which points in the direction of the greatest increasing gradient in
the color-coded (z) quantity. The angle of this arrow is then given by
(Bluck et al. 2020b)

tan(𝜃) =
𝜌𝑦𝑧 |𝑥
𝜌𝑥𝑧 |𝑦

(1)
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Figure 1. Gas-phase metallicity versus, stellar mass (left), dynamical mass (middle), and the gravitational potential 𝜙=Mdyn/Re (right). The black squares are
calculated in bins of stellar mass (left), dynamical mass (middle) and 𝜙 (right), where the values correspond to the bin median and the errorbars to the 16th
and 84th percentiles. The density contours show the distribution of the galaxies, with the outer contour enclosing 95% of the galaxy population. The points and
contours in the figure show how the the mass-metallicity relation (MZR) in the left panel appears to be significantly less dispersed than either the dynamical
mass-metallicity relation (DMZR), in the middle panel, or the 𝜙-metallicity relation (𝜙-ZR), in the right panel. The panels also show much stronger and tighter
correlation of metallicity with M∗ than with Mdyn or 𝜙. In the bottom-right corner of each panel we also report the average dispersion around each relation (𝜎)
and the average dispersion weighted by the number of galaxies in each bin (𝜎𝑊 ), which both quantitatively indicate that the DMZR and the 𝜙-ZR are more
scattered than the MZR. This indicates that the MZR is not simply tracing a more fundamental dependence on dynamical mass or 𝜙.

where 𝜃 is the arrow angle measured anticlockwise from the hori-
zontal, while 𝜌𝑦𝑧 |𝑥

𝜌𝑥𝑧 |𝑦
is the ratio of the partial correlation coefficients

between the y axis quantity and the colour-coded (z axis) quantity, to
the x axis quantity and the colour-coded (z axis) quantity. The arrow
enables the relative dependence of the colour-coded (z axis) quantity
on the x and y axis quantities to be identified visually, whilst the
arrow angle enables the relative strengths of the correlations to be
determined quantitatively.
The additional benefit of partial correlation coefficients is that we

can also use them to identify whether a dependence between two
quantities is positive or negative. Yet, one limitation of partial corre-
lation coefficients is that they can only properly uncover monotonic
relationships.

4.3 Random Forest Regression

In addition to dispersions and partial correlation coefficients we use
random forest (RF) regression.
At its most simple, a random forest is an assortment of decision

trees, each of which attempts to reduce Gini Impurity (which gives
a measure of the quality of a split) in order to determine the relative
importance of a set of parameters in contributing to a given variable.
The sample is split into a training and test sample with an 80-20 split.
The random forest is then trained on the training sample in order to
build a model. This model is then checked by being applied to the
(unseen) test sample. The test and train mean squared errors are then
compared to check that the model is not overfitting. For more details
on random forests see Bluck et al. (2022).
Themain advantage of random forest regression is that it can probe

several inter-correlated parameters simultaneously, and can even find
non-monotonic relationships. This enables it to explore relationships
that cannot be uncovered by the partial correlation coefficients. As
was found in Bluck et al. (2022), random forests are able to find
intrinsic dependence (i.e. causality) among many inter-correlated
variables. We use random forest regression to obtain relative impor-
tances for all parameters of interest in driving the metallicity.

5 RESULTS

We start by investigating the shape of the stellar mass-metallicity
relation (which we will conventionally call “MZR” in the following)
and by exploring whether we see a similar relation for the dynamical
mass or the gravitational potential, i.e. a dynamical mass metallicity
relation (DMZR) or a gravitational potential-metallicity relation (𝜙−
𝑍𝑅). We then determine which of the parameters is more important
in driving the metallicity by utilising partial correlation coefficients
and random forest regression.

5.1 Dispersion

First we check we obtain the expected MZR in our sample of
MaNGA galaxies. We then compare it against the equivalent dy-
namicalmass-metallicity relation (DMZR) and 𝜙-metallicity relation
(𝜙-ZR), where 𝜙 = Mdyn/Re and is a proxy of the gravitational po-
tential. This enables us to explore the plausibility of the gravitational
well hypothesis for the existence of the MZR.
Figure 1 shows metallicity versus stellar mass (left), dynami-

cal mass (middle), and gravitational potential 𝜙 (right). The black
squares correspond to the median values of the metallicity in bins of
the x-axis quantity, and the errorbars correspond to the 16th and 84th
percentiles. The bins are centred on the median value of the quan-
tity in the bin, and the bin widths are 0.39dex, 0.4dex and 0.32dex
in the left, middle and right plot respectively. The density contours
show the distribution of galaxies, with the outer contour enclosing
95% of the population. The left panel shows the standard MZR, with
metallicity increasing with stellar mass until it starts to plateau at
log (M∗/M�) > 10.5. On the contrary, in the middle panel and the
right panel, the metallicity show only weak signs of a correlation
with dynamical mass and 𝜙, significantly less pronounced than that
of theMZR.Most importantly, the density contours and scatter of the
points show amuch greater dispersion of galaxies in both the dynam-
ical mass-metallicity plane and the 𝜙-metallicity plane, compared to
the stellar mass-metallicity plane.
We quantify the different scatter of the three relations bymeasuring
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the average metallicity dispersion around each of the three scaling
relation (this is obtained by taking the average of the dispersions
measured in bins of the x-axis quantity in each of the three panels of
Figure 1). For the MZR we obtain 〈𝜎〉 = 0.046, while for the DMZR
and the 𝜙ZRwe obtain larger average dispersions of 〈𝜎〉 = 0.055 and
〈𝜎〉 = 0.053, respectively. We also calculate a weighted dispersion,
given by 〈𝜎𝑊 〉, where average dispersion is weighted by the number
of galaxies in the bin, this ensures that we are not giving undue
prominence to smaller bins. We find this is also consistent with the
non-weighted average dispersion. This result quantitatively confirms
the visual assessment that the DMZR and 𝜙ZR relations are more
scattered than the MZR.
The results in this section provide an initial indication that in the

MZR the stellar mass is not simply behaving as a secondary indirect
proxy for either the dynamical mass or 𝜙. If this was the case we
would expect to see lower dispersion, and a stronger and tighter
DMZR and 𝜙ZR than the MZR. Instead, the opposite is found.

5.2 Partial Correlation Coefficients analysis

We now explore the primary driver of the metallicity by applying
partial correlation coefficients to the galaxies within our sample.
Figure 2 shows the 2D histograms of dynamical mass (left), and

𝜙 = Mdyn/Re, the gravitational potential (right), versus stellar mass,
colour-coded by the median metallicity in each bin. The density
contours show the distribution of galaxies, where the outer density
contour encloses 90% of the galaxies within the sample. The con-
tours of the plot show a tight relationship between the stellar mass
of the galaxies and their dynamical mass and gravitational potential
respectively. Within such correlation, the PCC arrow points in the
direction of the greatest increasing gradient in the metallicity. The
arrow shows that, in both the left and right panels, stellar mass is
significantly more important than either the dynamical mass or the
gravitational potential (the arrow is almost horizontal). The arrow
angle does appear to show a slight dependence on dynamical mass
although we caution that in this type of diagram we are only control-
ling for stellar mass when taking the partial correlation coefficients,
so there are potentially other quantities dependencies that could be
tied up in a small correlation with dynamical mass. The random for-
est regression will enable us to disentangle these. In addition, the
small correlation we see here is actually negative suggesting that,
even if there is a small intrinsic dependence upon dynamical mass,
it anticorrelates with metallicty, i.e. the greater the dynamical mass
(at fixed M∗), the lower the metallicity. This is the complete opposite
to that expected by the gravitational retention of metals scenario.
In the scenario where gravitational gas retention is responsible

for the MZR one would expect the stronger correlation with the
gravitational potential 𝜙. However, Figure 2, and in particular the
PCC arrow, shows that, at a fixed stellar mass, the metallicity is
nearly independent of 𝜙 and, if anything, anti-correlates with 𝜙 (at
fixed M∗).

5.3 Random Forest analysis

The next stage is to analyse all these parameters simultaneously by
employing a random forest analysis. This enables us to probe non-
monotonic trends in addition to being able to uncover the intrinsic
dependencies. In addition to the aforementioned parameters, we also
explore the effect of including, the velocity dispersion (𝜎𝑒), and
the effective radius (𝑟𝑒) into our analysis. Following the findings
of D’Eugenio et al. (2018), Vaughan et al. (2022), Barone et al.

(2020) and Cappellari (2022) we also include in our analysis Φ∗
where Φ∗ = M∗/Re. We note that it was not possible to test this
version of Φ in the previous partial correlation coefficient analysis
as, by definition, Φ∗ contains 𝑀∗ and so cannot be compared to 𝑀∗
with PCCs. Finally, we also include the star formation rate (SFR),
as the metallicity is expected to have a secondary dependence on
SFR following the so-called FundamentalMetallicity Relation (FMR
Mannucci et al. 2010).
Figure 3 is a bar-chart showing the importance of all the galactic

parameters discussed above in determining the metallicity. We also
include a random uniform variable as a control that it provides ap-
proximately zero importance. The errorbars are obtained by bootstrap
random sampling 100 times. The bar-chart shows that the metallicity
is almost entirely determined by the stellar mass with little to no
contribution from the remaining parameters.
The Random Forest rules out dynamical mass, gravitational po-

tential or velocity dispersion as being the main drivers of the MZR.
This clearly indicates that the scenario of metals retention by the
gravitational potential is not a viable explanation for the origin of
the MZR. The strong metallicity dependence on M∗ is not because
M∗ is a proxy of Mdyn or of the gravitational potential; instead, there
is a direct, fundamental relationship between metallicity and stellar
mass.
We also note that there is some slight, secondary dependence on

the SFR, which is expected from the FMR, however the importance
(<10%) is much lower than predicted by the original work of Man-
nucci et al. (2010), which indicates a contribution of the SFR of
about 30% in determining the metallicity. Within this context, it is
interesting that the RF also finds a slight dependence on Φ∗, with
about the same importance as the SFR; therefore, we find that a
residual correlation between stellar mass, metallicity and Φ∗ (a M-
Z-Φ∗ relationship) could exist at a similar significance level to the
FMR. A dependence of the metallicity on Φ∗, was already found
by D’Eugenio et al. (2018) and Cappellari (2022). They ascribed
it to Φ∗ tracing the gravitational potential of the galaxy, hence the
metals retention effect; however, we have verified that this is not the
case, as when we actually determine more accurately the gravita-
tional potential as Φ = Mdyn/Re, this does not appear to play any
role in determining the metallicity (Figure 3); therefore, the role of
Φ∗ in determining the metallicity must be associated with some other
physical process. However, we also caution that, as Φ∗ is composed
of the most important parameter in the RF (M∗), and with our mod-
est sample size, we cannot draw solid conclusions on the role of
Φ∗ in determining the metallicity (aside from the obvious that Φ∗ is
nowhere near as important as stellar mass in being the primary driver
of the metallicity).

6 DISCUSSION

6.1 The role of uncertainties

One may wonder whether the results might be affected by the un-
certainties in the dynamical mass estimates being larger than for
the stellar masses. Actually it is the other way around. In this sam-
ple of well resolved star-forming galaxies the dynamical masses are
very well constrained as they are all simple, regular (dynamically)
cold rotators, with neat rotation curves. Essentially their dynamical
masses are pinned down down primarily by the Keplerian rotation,
i.e. by one of the oldest laws in physics. Indeed Li et al. (2018) quote
only a 10% error on the Mdyn (see also Cappellari et al. 2013). On
the contrary, stellar masses are much more uncertain, as they rely
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Figure 2. 2D histogram of dynamical mass (left), and gravitational potential (right), versus stellar mass, where the colour-coding corresponds to the median
metallicity in each bin. The density contours show the distribution of galaxies in the two panels, with the outer contour enclosing 90% of the galaxy population.
The partial correlation coefficient arrow points in the direction of the greatest increasing gradient in metallicity. The arrow shows that the metallicity is primarily
driven by the stellar mass in both instances. This means that the stellar mass (i.e. MZR) is significantly more important in driving the metallicity than either the
dynamical mass or the gravitational potential. Interestingly, at a fixed stellar mass, the metallicity dependence on either Mdyn or 𝜙 is inverted, i.e. in the opposite
direction of what the metal retention scenario by gravity would predict.

on stellar population models and initial mass function assumptions.
The stellar masses are particularly uncertain when near-IR data is
not available, as it is in this case. The uncertainties quoted for stellar
masses are typically ∼ 0.5dex. Therefore, the tighter correlation of
metallicity with M∗ than with Mdyn cannot be explained in terms of
lower putative uncertainties on M∗.

6.2 Possible scenarios

These results present a clear challenge to the idea that it is the under-
lying gravitational potential being able to retain metals that explains
theMZR.Were this to be the case wewould expect the dependence of
metallicity on stellar mass to be replaced by that of either dynamical
mass or the gravitational potential. This is not found.
Instead we propose a different, much simpler explanation for the

mass-metallicity relation, which is consistent with our findings. Stel-
lar mass is, by definition, simply the integral of star formation rate
(SFR) over time. Star formation rate itself is proportional to the
number of supernovae (SNe) explosions. Metallicity increases with
increasing number of SNe explosions. Hence, stellar mass is pro-
portional to the integrated SNe rate which is itself proportional to
the integrated metallicity production. This means as stellar mass in-
creases the metallicity also increases, resulting in a mass-metallicity
relation. Mathematically, this is described in the following equation

M∗ =
∫
SFR dt ∝

∫
SNRdt ∝

∫
dZ
dt
dt ∝ Z (2)

where SNR is the rate of supernovae and Z is the metallicity. This
does not require any gravitational potential effects. In summary, the
MZR is simply tracing the fact that M∗ is proportional to the integral
of metals production. Outflows can obviously be present, remove
metals and their effect embedded in the proportionality constants
in Eq. 2. However, in this scenario the outflow loading factor can
be independent of mass and outflows do not necessarily need to be
heavily metal-loaded. This approach can also reproduce the MZR
well when combined with a gas-regulator model (Lilly et al. 2013;
Peng & Maiolino 2014). However, we note that this model, whilst

accounting for the low to intermediate mass-metallicity regime well,
must be a simplification, as it would not be able to reproduce the
MZR plateau observed at high stellar masses.
An interesting avenue of further research would be whether the

gravitational potential has an effect on the local resolved metallic-
ity of a galaxy. It could contribute more due to internal mixing of
enriched and metal poor gas within the galaxy (rather than being de-
pendent on galaxy wide inflows/outflows). Baker et al. (2023b) found
that the resolved metallicity appears to have an intrinsic dependence
upon both local and global galactic quantities and that a dependence
upon galactocentric radius remains even once other parameters are
accounted for. This could be linked to variations in the gravitational
potential influencing the ability of both local galaxy scale winds,
together with other factors, such as mixing of metals via fountains or
radial gas flows.

7 CONCLUSIONS

We have investigated the origin of the mass-metallicity relation, i.e.
the relation between stellar mass and gas metallicity, by using spa-
tially resolved spectroscopy of more than 1,000 star forming galaxies
from theMaNGA survey to obtain information also on the dynamical
mass and gravitational potential.
We explore and disentangle the dependence of the gas metallicity

on different galaxy parameters (which are inter-correlated) by using
different statistical methods. Specifically, we use the average disper-
sion, Partial Correlation Coefficients and Random Forest regression
analysis.
We obtain the following results:

• All methods indicate that the stellar mass is the parameter that
primarily and most fundamentally drives the gas metallicity in galax-
ies.

• Once the primary dependence on stellar mass is taken into ac-
count, we find that the gas metallicity does not show any significant
dependence on dynamical mass, gravitational potential or velocity

MNRAS 000, 1–7 (2021)
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Figure 3. Bar-chart showing the random forest regression parameter impor-
tances for determining the metallicty. The parameters evaluated are stellar
mass (𝑀∗), effective radius (𝑟𝑒), dynamical mass (Mdyn), star formation rate
(SFR), gravitational potential (𝜙 = Mdyn/Re),Φ∗ = M∗/Re, the velocity dis-
persion (𝜎𝑒) and a control uniform random variable. The errors are obtained
by bootstrap random sampling 100 times. The figure shows that themetallicity
is driven almost entirely by the stellar mass with little to no contribution from
the remaining parameters (although there is a slight contribution from SFR
andΦ∗). This means that it is the stellar mass responsible for determining the
metallicity, not the dynamical mass or gravitational potential.

dispersion. If anything, we find that, at fixed stellar mass, the gas
metallicity slightly anti-correlates with dynamical mass and gravita-
tional potential.

• Our results imply that in the MZR the stellar mass is not an
indirect proxy of the dynamical mass or of the gravitational potential
of the galaxy.

• Wefind a secondary dependence of the gasmetallicity on the star
formation rate, although less important than what found by previous
studies.

• We also find a secondary dependence onΦ∗ = M∗/Re, at a level
of importance similar to that of the SFR.

Based on these finding we infer that:

• Our results do not support the scenario in which the MZR is
a consequence of the metals being more effectively retained by the
deeper gravitational potential of more massive galaxies.

• A much simpler explanation of the MZR is that the stellar mass
directly (and fundamentally) correlates with metallicity as it is pro-
portional to the integral of metals production.

• We suggest that part of the correlation between SFR and metal-
licity found in previous studies is resulting from the metallicity cor-
relation between Φ∗ and metallicity. The latter parameter has an
importance similar to SFR in driving the gas metallicity, although
the physical origin of such correlation remains to be explored.
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