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Resumen / El advenimiento de la espectroscoṕıa de campo integral ha permitido la caracterización de los
perfiles radiales de metalicidad (RMP, por sus siglas en inglés) de miles de galaxias locales y de varias docenas
a alto corrimiento al rojo. Esto ha ayudado a encontrar que los gradientes radiales cambian como función de
la masa estelar y la tasa de formación estelar y, sorprendentemente, se aplanan en las regiones externas de
las galaxias. Estudiamos las causas f́ısicas de estas tendencias usando la simulación cosmológica EAGLE y nos
enfocamos especialmente en galaxias centrales de M? ≥ 1010 M�. Encontramos una clara correlación entre la tasa
de gas acretado (Ṁaccr) y el gradiente interno (dentro de un radio efectivo) del RMP, de manera que galaxias

con mayor Ṁaccr están asociadas a gradientes más grandes. Se encuentra que el gradiente de los RMPs presenta
una dependencia más fuerte con Ṁaccr que con la masa estelar o la tasa de formación estelar, sugiriendo que el
gas acretado es un trazador más fundamental de los RMPs de galaxias. Estas tendencias están presentes en la
simulación para todo el rango de corrimiento al rojo estudiado aqúı (z ≤ 1).

Abstract / The advent of integral field spectroscopy has allowed the characterization of radial gas metallicity
profiles (RMPs) in many thousands of local galaxies and several dozens at high redshift. This has helped in finding
that radial gradients change as a function of stellar mass and star formation rate and, more surprisingly, that
they flatten in the outskirts of galaxies. We study the physical causes of these trends using the state-of-the-art
hydrodynamic simulation EAGLE and focusing specifically on central galaxies of M? ≥ 1010 M�. We find clear
correlations between the gas accretion rate (Ṁaccr) and the internal (within an effective radius) gradient of the

RMP, in a way that higher Ṁaccr are associated to larger gradients. The gradient of the RMPs is found to depend
more strongly on Ṁaccr than on stellar mass or star formation rate, suggesting the gas accretion to be a more
fundamental driver of the RMP of galaxies. These trends are present in the simulation for the full range of redshift
studied here (z ≤ 1).
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1. Introduction

Integral field spectroscopy (e.g. Sánchez et al., 2012;
Carton et al., 2018) provides spatially resolved infor-
mation that greatly contributed to advance our under-
standig of galaxy formation and evolution. In particu-
lar, the analysis of radial metallicity profiles (RMPs) is
essential to understand how the galaxy chemical enrich-
ment evolves, since it correlates the metal abundance of
the gas-phase of a galaxy as a function of the distance
to its centre.

There is still an open debate on the shape of the
RMPs (in particular concerning their behaviour with
radius) and what properties are involved in its shaping,
encompassing both observational and theoretical argu-
ments (see Collacchioni et al. 2019 for a brief summary).
In this sense, gas accretion plays an important role, since
it can dilute the metals present in the galaxy’s gas, and
it can also trigger star formation, which will then po-

lute the interstellar medium with the material formed
through nucleosinthesis (Perez et al., 2011; Finlator,
2017). However, due to the observational limitations
to measure this gas accretion, we use a cosmological hy-
drodynamic simulation with the aim to understand the
effect of gas accretion onto the RMPs and to determine
the traces it leaves.

2. Methodology

We use a hydrodynamical simulation from the Evolu-
tion and Assembly of GaLaxies and their Environments
(EAGLE) project?. EAGLE follows the evolution of
dark matter and baryons, consistent with a flat ΛCDM
cosmology characterised by the Planck Collaboration
et al. (2014) parameters. The subgrid physical mod-
els are detailed in Schaye et al. (2015) and Crain et al.

?http://icc.dur.ac.uk/Eagle/
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http://icc.dur.ac.uk/Eagle/
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log(Ṁaccr [M�Gyr−1])

PCC ≈−0.242

−0.5 0.0 0.5 1.0 1.5
log(SFR [M�yr−1])

−0.45

−0.30

−0.15

0.00

0.15

α
[d

ex
/

r 5
0]

PCC ≈−0.177

0.00 0.15 0.30 0.45 0.60
fgas = (MHI + MH2)/(MHI + MH2 + M?)

PCC ≈−0.072

z =0.0
z =0.5
z =1.0

Figure 1: Gradient of the RMP, α, as a function of stellar mass (top left panel), Ṁaccr (top right panel), SFR (bottom
left panel), and fgas (bottom right panel). Galaxy gradients are calculated for radius of r ≤ r50, where r50 is the effective
radius. Solid lines depict median values of the relations, and shadows show the 1σ dispersion. Redshifts z = 0.0, z = 0.5
and z = 1.0 are represented by colours green, orange and violet, respectively. The mean temporal value of the Pearson
Correlation Coefficient is shown for each relation. Statistically, α is more correlated with Ṁaccr.

(2015), and the reader can refer to The EAGLE team
(2017) for the description of the public release of particle
data. The simulation we used implements the so-called
reference model (1003 cMpc3 volume).

We use a particle tracking methodogy (Neistein
et al., 2012) to calculate the gas accretion rate, Ṁaccr.
The gas particles that compose the accreting gas mass of
a given subhalo are those that fulfil the conditions of: i)
being classified as star-forming (SF) at a given snapshot;
ii) being bound to the main progenitor at the previous
snapshot; and iii) being a not star-forming (NSF) parti-
cle at the previous snapshot. In this sense, we study the
gas that changes its state from NSF to SF in the same
subhalo (i.e., an smooth accretion that triggers star for-
mation). Dividing the accretion gas mass by the time
interval between snapshots we obtain the Ṁaccr.

We estimate the metallicity whithin spherical shells
centred at the potencial centre of each galaxy as

Z =
Mmetals

MH +MHe +Mmetals
, (1)

whereMH, MHe andMmetals are the masses of hydrogen,
helium and metals of the SF gas particles, respectively
(see Collacchioni et al. 2019 for more detail). Our sam-
ple selection includes central, star-forming galaxies with
M? ≥ 1010 M� (cut due to the simulation resolution).

3. Results

Fig. 1 shows the gradient of the RMP, α, as a func-
tion of M? (top left panel), Ṁaccr (top right panel), star
formation rate (SFR, bottom left panel) and gas frac-
tion (fgas, bottom right panel)??. There is a common
trend for all these properties (except maybe fgas) that
α decreases when the value of the properties increases.
This is also seen at all redshifts considered (z ≤ 1). We
calculate the Pearson Correlation Coefficient (PCC) to
measure which of these four properties is more statisti-
cally fundamental in the change of α, as it is shown in
each panel. We find that the Ṁaccr is more fundamental
in changing the gradient than the other properties.

Since M? shows an anti-correlation with α and it
is also correlated with the other three properties, we
eliminate its dependence by obtaining the residuals as

∆X = X − X̄, (2)

where X can be log(Ṁaccr), log(SFR), or fgas, and X̄ is
the median value of X in the relation log(M?)-X. Fig. 2
shows the relations of ∆α as a funtion of ∆ [log(Ṁaccr)]
(left panel), of ∆ [log(SFR)] (middle panel), and of
∆fgas (right panel). For these relations we calculate
the PCC and find that, even when eliminating the de-
pendence on M?, the rate Ṁaccr still shows an anti-
correlation with α and, being the property that exhibits

??All properties are calculated using star-forming particles.
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Figure 2: Residuals of the gradient of the RMP, ∆α, as a function of the residuals of the gas accretion rate (∆ [log(Ṁaccr)],
left panel), of SFR (∆ [log(SFR)], middle panel), and of the gas fraction (∆ fgas, right panel). As in Fig. 1, galaxy gradients
are calculated for radius of r ≤ r50. Solid lines depict median values of the relations, and shadows show the 1σ dispersion.
Redshifts z = 0.0, z = 0.5 and z = 1.0 are represented by colours green, orange and violet, respectively. The mean temporal
value of the PCC is shown for each relation. Statistically, ∆α is more correlated with ∆ [log(Ṁaccr)].
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Ṁaccr

0−25%
40−60%
75−100%

Figure 3: Median radial metallicity profiles for different val-
ues of Ṁaccr for galaxies with 1010 M� ≤M? ≤ 1010.4 M� at
z = 0.0. Lines depict median values, while shadows repre-
sent the 1σ dispersion. Galaxies with the 25% lowest val-
ues of Ṁaccr are shown in red, intermediate values of Ṁaccr

(between 40% and 60%) are shown in yellow, and with the

higher values of Ṁaccr (≥ 75%) are shown in blue. This
panel is an example of all the cuts made in stellar mass and
redshift. Same results are obtained for all other cuts.

the strongest correlation with α.

Fig. 3 shows how the RMP changes when consider-
ing different values of Ṁaccr. This is an example for a
range of stellar mass (1010 M� ≤M? ≤ 1010.4 M�) and
redshift (z = 0.0), but we find similar results for other
cuts. When considering galaxies with higher values of
Ṁaccr (blue line), the inner profile (r . r50, where r50 is
the radius in which the galaxy reaches 50% of its stellar
mass) is the steepest one. On the other hand, when con-
sidering galaxies with lower values of Ṁaccr (red line),
the profile becomes flatter.

4. Conclusions

We use the EAGLE reference cosmological simulation
to study how gas accretion shapes and intervenes on the
radial metallicity profile of galaxies. We investigate how
the gradient of the RMP, α, changes with M?, Ṁaccr,
SFR and fgas, finding that Ṁaccr is the more funda-
mental driver of the RMPs. We check our results using
the Pearson Correlation Coefficient. We conclude that
galaxies with higher values of Ṁaccr present more nega-
tive gradients, while galaxies with lower values of Ṁaccr

present flatter profiles.
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