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Abstract

We present results of an ongoing project dedicated to reassess the shape of the radial
abundance gradient of O in the Milky Way based on deep spectroscopy of H ii regions.
Most of he data have been obtained with spectrographs attached to 8-10 m telescopes. The
actual sample comprises 35 objects located at Galactocentric distances, RG, from 5.1 to 17
kpc, covering a substantial fraction of the Galactic disc. We determine Te from the direct
method for all of the objects, implying that the abundance determinations are very reliable.
We confirm the absence of flattening of the O gradient in the outer Milky Way beyond
R25, at least up to RG ∼ 17 kpc. We report the presence of a flattening or drop of the O
abundance in the inner part of the Galactic disc, at RG < 7-8 kpc. Finally, we find that
the scatter of the O abundances of H ii regions with respect to the gradient fitting is not
substantially larger than the observational uncertainties, indicating that O is well mixed in
the interstellar gas along the observed section of the Galactic disc.

1 Introduction

The determination of radial gradients of chemical abundances in galactic discs is a powerful
observational constraint for chemical evolution models. These gradients reflect the distribu-
tion of star formation history and the effects of gas flows and other processes over the chemical
composition of the galaxies. H ii regions trace the present-day composition of the interstellar
medium and are used to determine the abundance of several elements, especially of O, the
proxy of metallicity in the analysis of ionised nebula. In these objects, the O abundance
can be derived adding the ionic abundances of O+ and O2+, that can be obtained from the
intensity of bright optical collisionally excited lines (hereafter CELs).

Oxygen is produced mostly by massive, short-lived stars. There are numerous deter-
minations of the radial abundance gradient of O of the Milky Way based on H ii regions
observations (e.g. [25], [5], [23] or [2], among others). Although the recent determinations
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agree on that the gradient slope is between −0.040 and −0.060 dex kpc−1, its exact shape
has been debated. Based on H ii regions and planetary nebulae data, some authors have
claimed that the gradients flatten out at the outer parts of the Galactic disc (e. g. [10], [26],
[17]), while others do not find evidences of such flattening (e.g. [4], [14]). On the other hand,
certain works on metallicity gradients based on Cepheids and red giants observations find
indications of a flattening of the gradients in the inner Galactic disc, at RG < 5-6 kpc ([12],
[18], [1]). However, no evidences of a inner flatter slope has been reported from observations
of ionized nebulae.

The paucity of accurate abundance determinations for H ii regions in both extremes
of the Galactic disc – central zones and anticentre – has been an enduring problem in the
exploration of the shape of the Galactic O gradient. Those distant nebulae are usually faint,
heavily reddened and the number of them with direct determinations of Te – essential for
determining reliable abundances – is rather limited (e.g. [19], [9]). Several of the most cited
papers on the Galactic O abundance gradient (e.g. [25] or [5]) use optical spectra of H ii
regions and Te determinations from radio observations. Optical and radio measurements are
not cospatial and the aperture sizes of both kinds of data are very different. In addition, radial
abundance gradient studies based on FIR observations (e.g. [23]) combine measurements
of CELs from FIR spectra and Te determined from radio observations with also different
apertures.

We are carrying out a project to obtain very deep spectroscopy of a selected sample of
H ii regions covering the largest possible fraction of the Galactic disc. By now, the observed
sample covers 35 objects located at Galactocentric distances, RG, between 5.1 and 17.0 kpc.
The main preliminary results concerning the O and N gradients have been published in [7] and
[8]. Thirteen objects of the sample are located beyond the isophotal radius of the Milky Way,
R25 = 11.5 kpc [6] and have been selected to investigate the behavior of the radial abundance
gradients at the Galactic anticentre. Almost all the spectra have been taken with high or
intermediate-resolution spectrographs attached to 8 - 10 m telescopes. In all the H ii regions
the Te-sensitive auroral [O iii] 4363 Å and/or [N ii] 5755 Å lines have been measured, assuring
a direct and precise determination of the ionic abundances and avoiding uncertainties due to
the combination of non-coespatial data used in previous abundance determinations.

We have taken special care in selecting appropriate values of RG for the sample objects.
For each one, we have assumed the mean values of the kinematic and stellar distances given in
different published references (see [7] and [8] for details). We have associated an uncertainty
for each distance, which corresponds to the standard deviation of the values considered for
calculating the mean. In contrast to what is customary in many previous works, we include
the errors in RG when calculating the linear fits of the gradients. We have assumed the Sun
located at RG = 8.0 kpc [21].

We have derived ne and Te using the density and temperature-sensitive emission line
ratios of the CELs observed in each spectrum. Using the line intensities of available CELs,
we have derived ionic and total abundances of several elements as N, O, S, Cl, Ne, Ar and
Fe. We have used the same methodology and atomic dataset for the calculation of physical
conditions and abundances in all the objects. In the case of O, we do not need to assume
an ionising correction factor, so the total O abundance is simply the sum of the O+/H+ and
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O2+/H+ ratios determined from the observed line ratios and physical conditions. Several of
the objects included in [8] are of very low ionisation degree, for which the [O iii] lines at 4959
and 5007 Å are not detected. In these cases, we applied the assumption O/H ≈ O+/H+.

2 The shape of the Galactic abundance gradient of oxygen

The spatial distribution of the O abundances for the H ii regions of our sample is shown in
Fig. 1. The data represented in this figure were firstly published in [8]. The least-squares
linear fit to the RG and the O/H ratios, gives the following radial O abundance gradient
(continuous line in Fig. 1):

12 + log(O/H) = 8.80(±0.09) − 0.041(±0.006)RG; (1)

valid for RG from 5.1 to 17.0 kpc. As it is evident in Fig. 1 and was reported by [7], the slope
of the radial abundance gradient of O does not change for objects located beyond or inside
R25 whereas RG > 8 kpc. This fact demonstrate the absence of flattening of the O gradient
in the outer Milky Way, at least up to RG ∼ 17 kpc.

Fig. 1 also shows that the O/H ratio of H ii regions located at RG < 8 kpc seem to
break the general distribution of the rest of the objects. In fact, this zone shows an inner
drop or flattening of the O gradient. As a simple exercise, we have made a double linear fit
of the spatial distribution of the O abundances. Firstly, we made a least-squares linear fit to
the RG and the O/H ratios but only including objects with RG > 8 kpc. In this case, the
resulting radial O abundance gradient is:

12 + log(O/H) = 8.90(±0.11) − 0.050(±0.010)RG; (2)

which is somewhat stepper than the fit we obtain for the whole sample (Eq. 1) but still
consistent within the errors. The linear fit given in Eq. 2 is shown by a dashed line in Fig. 1.
We have performed a final least-squares linear fit including the objects with RG < 8 kpc, and
we obtain a positive slope:

12 + log(O/H) = 8.35(±0.13) + 0.023(±0.019)RG. (3)

The presence of a drop or flattening of the O/H ratio in the inner zones of the Galactic
disc is a striking result that may have important implications for chemical evolution models
of the Galaxy. There are indications of such a change in previous works on the abundance dis-
tribution of O, Fe and α-elements in Cepheids in the inner Galactic disc ([18], [1]). Metallicity
gradients derived from SDSS-III/APOGEE observations of red giants by [12] also indicate an
apparent flattening at RG < 6 kpc, especially important for low-[α/Z] stars. The flattening
found with Cepheids or red giants begins at somewhat smaller distances (at RG ∼ 5-6 kpc)
than suggested by H ii region observations, but the results seem to be qualitatively consis-
tent considering the uncertainties. [1] proposed that this change of slope could be due to a
decrease or quenching of the star formation rate produced by gas flows towards the Galactic
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Figure 1: Radial distribution of the O abundance – in units of 12+log(O/H) – as a function
of the Galactocentric distance, RG, for our sample of Galactic H ii regions. The solid line
represents the least-squares fit to all objects. The dashed line corresponds to the least-squares
fit to the H ii regions located at RG > 8 kpc and the dotted line to those with RG < 8 kpc.

Centre induced by the presence of the Galactic bar. On the other hand, [13] and [15] propose
that the star formation quenching may be produced by the increasing of turbulence in the
gas due to the stellar bar. The higher turbulence would prevent the gas from collapsing and
producing a decrease of the star formation efficiency within the corotation radius of the bar.

The different estimations of the corotation radius of the Galactic bar go from 3.4 to 7
kpc [11]. Some dynamical models (e.g. [20], [16]) that reproduce recent density and kinematic
data from red giants in the Galactic bulge/bar region require a corotation radius located at
large distances for the Galactic Centre, RG ∼ 6-7 kpc. In this context, large a corotation
radius is in reasonable agreement with our results for H ii regions that suggest the inner drop
or flattening at RG of about 7-8 kpc.

Inner drops in the radial O abundance distributions have been already found in several
spiral galaxies (e.g. [3], [22], [24]). In all the cases, these features have been obtained from
abundance analysis based on strong-line methods and not on direct determinations of Te of
the H ii regions. [24] have found that about 35% of the objects of their sample – about 100 –
show an inner drop located about half of the effective radius, Re, of the galaxy. Considering
that Re is between 4-5 kpc in the Milky Way [6], the position of our change of slope is located
at a considerably larger distance than expected if the behavior found by [24] is extrapolated
to our Galaxy.

The mean difference of the O abundance of the H ii regions represented in Fig. 1 and
the abundance given by Eq. 1 at their corresponding distance is ±0.05 dex, of the order of
the typical uncertainties in the determination of individual abundances. This indicates that
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O is well mixed in the interstellar gas along the observed section of the Galactic disc. This
result contrast dramatically, for example, with the large scatter shown in figure 5 of [23]. The
high quality of our data, the homogeneous analysis of a single set of observations and the
cospatial direct determination of Te for all the objects may be the reasons that explain these
remarkably different results.
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