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ABSTRACT

We investigate the inner regions of the Milky Way using data from APOGEE and Gaia EDR3. Our inner Galactic sample has more than 26 500 stars
within |XGal| < 5 kpc, |YGal| < 3.5 kpc, |ZGal| < 1 kpc, and we also carry out the analysis for a foreground-cleaned subsample of 8000 stars that is
more representative of the bulge–bar populations. These samples allow us to build chemo-dynamical maps of the stellar populations with vastly
improved detail. The inner Galaxy shows an apparent chemical bimodality in key abundance ratios [α/Fe], [C/N], and [Mn/O], which probe
different enrichment timescales, suggesting a star formation gap (quenching) between the high- and low-α populations. Using a joint analysis
of the distributions of kinematics, metallicities, mean orbital radius, and chemical abundances, we can characterize the different populations
coexisting in the innermost regions of the Galaxy for the first time. The chemo-kinematic data dissected on an eccentricity–|Z|max plane reveal
the chemical and kinematic signatures of the bar, the thin inner disc, and an inner thick disc, and a broad metallicity population with large
velocity dispersion indicative of a pressure-supported component. The interplay between these different populations is mapped onto the different
metallicity distributions seen in the eccentricity–|Z|max diagram consistently with the mean orbital radius and Vφ distributions. A clear metallicity
gradient as a function of |Z|max is also found, which is consistent with the spatial overlapping of different populations. Additionally, we find and
chemically and kinematically characterize a group of counter-rotating stars that could be the result of a gas-rich merger event or just the result of
clumpy star formation during the earliest phases of the early disc that migrated into the bulge. Finally, based on 6D information, we assign stars
a probability value of being on a bar orbit and find that most of the stars with large bar orbit probabilities come from the innermost 3 kpc, with a
broad dispersion of metallicity. Even stars with a high probability of belonging to the bar show chemical bimodality in the [α/Fe] versus [Fe/H]
diagram. This suggests bar trapping to be an efficient mechanism, explaining why stars on bar orbits do not show a significant, distinct chemical
abundance ratio signature.
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1. Introduction

The Milky Way bulge region, originally identified as a dis-
tinct Galactic component by Baade (1946) and Stebbins &
Whitford (1947), has traditionally been very challenging to
observe, because it is a crowded and extincted region (see
Madore 2016 for a review). Photometric studies of the Galactic
bulge towards low extinction windows suggest that the region
is old in general (e.g., Zoccali et al. 2003; Renzini et al. 2018;
Surot et al. 2019; Bernard et al. 2018). A spectroscopic sample
of lensed dwarfs in the bulge was found to contain a significant
population younger than 5 Gyr (Bensby et al. 2017). Optical
spectroscopic surveys of the Milky Way traditionally avoid low
Galactic latitudes (|b| ≤ 5−10) because of the high levels of
extinction, especially towards the inner regions. Gonzalez et al.
(2013) used the VISTA Variables in the Via Lactea survey (VVV
Minniti et al. 2010) to map the mean metallicity throughout the
bulge using near-infrared (NIR) photometry, suggesting the exis-
tence of a gradient, with the most metal-rich populations concen-
trated to the innermost regions (Minniti et al. 1995).

Defining a complete sample of the stellar populations in the
inner Galaxy has been a challenge. Available spectroscopic sam-
ples are traditionally very patchy and fragmented, especially
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toward the Galactic bulge where heavy extinction and crowding
make this area hard to observe. Therefore, most of the spectro-
scopic data of the Milky Way bulge and bar were limited to a
few low-extinction windows (e.g., Baade’s Window), or slightly
larger latitudes.

Since the pioneer works of Rich (1988) and Minniti
et al. (1992), the bulge region has been explored by several
spectroscopic surveys, such as BRAVA (Rich et al. 2007;
Kunder et al. 2012), ARGOS (Ness 2012), GIBS (Zoccali et al.
2014), and GES (e.g., Rojas-Arriagada et al. 2014, 2017), as
well as other smaller samples towards lower extinction win-
dows (see Barbuy et al. 2018, for a review that summarises
our knowledge on the Galactic bulge up to 2018). The bulge
region was confirmed to be dominated by α-enhanced stars
(McWilliam & Rich 1994; Cunha & Smith 2006; Fulbright
et al. 2007; Friaça & Barbuy 2017), to have a broad metallicity
distribution function (MDF; Rich 1988; Gonzalez et al. 2015;
Ness & Freeman 2016), to show cylindrical rotation, which is
especially contributed by the more metal-rich stars, and to have an
X-shape structure which is the result of a buckling bar (e.g., Nataf
et al. 2010; McWilliam & Zoccali 2010; Saito et al. 2012; Li &
Shen 2012; Wegg et al. 2017). It has also been shown that the
oldest bulge populations traced by RR Lyrae or very metal-poor
stars do not follow the cylindrical rotation (Dékány et al. 2013;
Gran et al. 2015; Kunder et al. 2016, 2020; Arentsen et al. 2020).
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also found evidence for bimodal distributions, as well as a small
fraction of metal-poor stars and bulge globular clusters; (see
Fernández-Trincado et al. 2020a).

The paper is organised as follows. In Sect. 2 we describe
the spectroscopic data. Section 3 describes the computation of
velocities and orbital parameters. In Sect. 4 we describe our sam-
ple selection which consists of an inner-region sample (of around
26 500 stars) and a cleaned sample that avoids the foreground
disc (with around 8000 stars). The chemical and dynamical prop-
erties of both samples are described in Sects. 5 (with particular
focus on the observed chemical bimodality) and 6. In Sect. 7 we
dissect the sample into families in the eccentricity–|Z|max plane.
The results and their implications are summarised and discussed
in Sect. 8.

2. Data

The APOGEE survey is building a detailed chemo-dynamical
map extending over all components of the Milky Way. Being
the first large spectroscopic survey to explicitly target the cen-
tral Galactic plane (Zasowski et al. 2013, 2017) thanks to its
NIR spectral range (1.5−1.7 µm; H-band), APOGEE allows us
to determine precise line-of-sight velocities, atmospheric param-
eters, and chemical abundances, even in highly extincted areas.

APOGEE started as one of the Sloan Digital Sky Survey III
(Eisenstein et al. 2011, SDSS-III) programs and is continuing
as part of SDSS-IV (Blanton et al. 2017). The observations
started in 2011 at the SDSS telescope (Gunn et al. 2006) with
the northern high-resolution, high signal-to-noise (R ∼ 22 500,
S/N > 100) APOGEE spectrograph (Wilson et al. 2010). Since
2017, southern observations have been conducted with a twin
spectrograph mounted at the du Pont telescope at Las Campanas
Observatory (Wilson et al. 2019).

The latest release of APOGEE data, SDSS DR16
(Ahumada et al. 2020), includes observations from the South-
ern Hemisphere and contains spectral observation for about
450 000 sources. Given the DR16 sky coverage and high-quality
observations in the Galactic plane, we can study the Galactic
bulge and bar both in the chemical and dynamical space with
unprecedented completeness. Besides the data from APOGEE
DR16, we also use the incremental DR16 internal data release
which has about 150 000 additional stars observed in March
2020.

Spectral information is obtained through the APOGEE Stel-
lar Parameters and Chemical Abundances Pipeline (ASPCAP
García Pérez et al. 2016; Jönsson et al. 2020). This pipeline
compares the observations with a large library of synthetic spec-
tra, determining a best chi-squared fit. The first step in the
process is to derive stellar atmospheric parameters and overall
abundances of C and N alpha-elements. Then, the second step
is to derive abundances from fits to windows tuned for each
atomic element. Throughout this paper we use [M/H] (obtained
in the first step in ASPCAP) as our metallicity. The studied
elements in this paper are: [α/Fe], [Fe/H], [O/Fe], [Mg/Fe],
[Mn/O], [Mn/Fe], [C/N], and, [Al/Fe]. The APOGEE internal
data release has a slightly updated data reduction version (r13).
From the APOGEE catalogue, we select only stars with high
S/N, SNREV> 50, and a good spectral fit from the ASPCAP
pipeline, ASPCAP_CHI2< 25.

Besides the APOGEE data, to define a bulge–bar sam-
ple we need precise distance measurements. To this end, we
use StarHorse (Santiago et al. 2016; Queiroz et al. 2018)
– a Bayesian tool capable of deriving distances, extinctions,
and other astrophysical parameters based on spectroscopic,

astrometric, and photometric information. In Queiroz et al.
(2020), we combined APOGEE DR16 spectroscopy with Gaia
DR2 parallaxes corrected for a systematic −0.05 mas shift (Gaia
Collaboration 2018; Arenou et al. 2018; Zinn et al. 2019) and
photometry from 2MASS (Cutri et al. 2003), PanSTARRS-1
(Chambers et al. 2016), and AllWISE (Cutri et al. 2013) to pro-
duce spectro-photometric distances, extinctions, effective tem-
peratures, masses, and surface gravities for around 388 000 stars.
In Queiroz et al. (2020), we also make the same calculation for
other major spectroscopic surveys, summing a total of 6 million
stars with resulting StarHorse parameters.

For the data used throughout this paper, we follow the same
procedure as in Queiroz et al. (2020) and run StarHorse for
the APOGEE DR16 internal release+Gaia EDR3 parallaxes
and the same set of photometry. Corrections were applied to
parallaxes as recommended by Lindegren et al. (2021). With
Gaia EDR3, the resulting distance errors are greatly improved.
The samples used along this work have distance uncertainties
of around 7%, while previous computations using Gaia DR2
allowed us uncertainties of around 10%. However, the main dif-
ference is the improvement on proper motions, as we discuss in
the following section.

3. Velocities and orbits

The combined catalogue APOGEE DR16 internal release+Gaia
EDR3+ StarHorse gives us access to the 6D phase space of
the stars with unprecedented precision. We use the Gaia EDR3
proper motions, the line-of-sight velocities (Vlos) measured by
APOGEE, and the StarHorse distances to calculate the space
velocities in Galactocentric cylindrical coordinates. The cylin-
drical velocity transformations were performed using Astropy
library coordinates (Astropy Collaboration 2018), where we use
a local standard of rest (LSR) of vLSR = 241 km s−1 (Reid et al.
2014), the distance of the Sun to the GC of R� = 8.2 kpc, and
height of the Sun from the Galactic plane of Z� = 0.0208 kpc
(Bennett & Bovy 2019). We also note that in all of our diagrams
we use the Sun position at XGal = −8.2 kpc.

We assume the peculiar motion of the Sun with respect
to the LSR to be: (U,V,W)� = (11.1, 12.24, 7.25) km s−1

(Schönrich et al. 2010). The resulting components of the velocity
we use throughout this paper are the azimuthal velocity, Vφ,
the radial velocity VR, and the vertical velocity VZ . All these
components are with respect to the GC. We also note that
VR ,Vlos.

As all bodies in the Milky Way move under the Galactic
potential, many stars that we find nowadays with a present posi-
tion at the GC may actually be in a disc or halo orbits. To identify
if the stars are from disc, halo, or from bulge–bar components
we proceed with the calculation of the orbital parameters. Our
Galactic potential includes an exponential disc generated by
the superposition of three Miyamoto-Nagai discs (Miyamoto &
Nagai 1975; Smith et al. 2015), a dark matter halo modelled
with an NFW density profile (Navarro et al. 1997), and a triaxial
Ferrers bar (Ferrers 1877; Pfenniger 1984). The total bar mass
is 1.2 × 1010 M�, the angle between the bar’s major axis and
the Sun–GC line is 25 deg, its pattern speed is 40 km s−1 kpc−1

(Portail et al. 2017; Pérez-Villegas et al. 2017a; Sanders et al.
2019a), and its half-length is 3.5 kpc. To consider the effect
of the uncertainties associated with the observational data, we
used a Monte Carlo method to generate 50 initial conditions for
each star, taking into account the errors on distances, heliocen-
tric line-of-sight velocities, and the absolute proper motion in
both components. We integrate those initial conditions forward
for 3 Gyr with the NIGO tool (Rossi 2015). From the Monte
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Fig. 6. Illustration of our RPM selection. Left panel: RPM diagram. Contours show the most dense areas, highlighting two main density groups.
Middle panel: same as left panel, but for the central region (|l|, |b| < 10 deg). In both panels, the red dashed box indicates the boundaries of our
RPM selection. Right panel: Cartesian density map of stars satisfying the RPM cut.

be significantly biased by the complex mix of stellar populations,
the selection function of APOGEE, or systematic errors on abun-
dance.

5. Chemical composition

5.1. The α-elements and metallicity

As mentioned in Sect. 1, the chemical composition of the bulge–
bar region is fairly complex; for example its metallicity distribu-
tion has multiple peaks (e.g., Ness et al. 2013a; Rojas-Arriagada
et al. 2014, 2017, 2020; Schultheis et al. 2017; García Pérez et al.
2018), and the innermost regions of the Milky Way show not
only the signature of a bar and a spheroid but also that of the
stars from the halo and the thin and thick discs (Minniti 1996).
In particular, it is still debated whether the thin and thick discs
might have different chemical signatures in their inner regions
from those of their local counterparts; see discussion in Barbuy
et al. (2018), Lian et al. (2020). This is especially the case for
the thin disc, as shown by the metallicity gradients with Galactic
radius (e.g., Hayden et al. 2014; Anders et al. 2014, 2017). More-
over, debris from accreted globular clusters and dwarf galaxies
is also expected to populate the central regions of the Milky Way
(see Das et al. 2020; Horta et al. 2021; Fernández-Trincado et al.
2019b, 2020b, 2021).

In this section, we first focus on the main chemical charac-
teristics of our inner Galactic samples as defined in the previ-
ous sections. It is important to keep in mind that we have used
the ASPCAP [M/H] value as representative of metallicity, as
explained in Sect. 2. No fundamental difference in results is seen
when using [Fe/H] or [M/H] as the proxy for metallicity, but we
retain a larger number of metal-rich stars of [M/H]> 0.2 dex if
[M/H] is used (see Sect. 7.2).

In the present work we have chosen to focus only on the fol-
lowing four abundance ratios: (a) the classical [α/Fe] ratio (as
well as [O/Fe] and [Mg/Fe] for consistency checks, although
for fewer stars), which is available for the whole sample and
is a good tracer of the chemical enrichment timescales (e.g.,
Matteucci 1991; Haywood 2012; Miglio et al. 2021); (b) [C/N],
which is used in the solar vicinity as a cosmic clock (Masseron
& Gilmore 2015; Martig et al. 2016a; Hasselquist et al. 2019);
and (c) the [Mn/O] and [O/H] ratios which also separate thick
and thin disc stars (e.g., McWilliam et al. 2013; Barbuy et al.
2013, 2018).

Figure 7 shows the spatial chemical abundance maps in
Cartesian (XY) and cylindrical (RZ) coordinates colour-coded

according to [Fe/H] and [α/Fe] abundances for the bulge–bar
sample with an extra cut in Galactic height |Z| < 0.5 kpc; this
sample contains ∼14 500 stars. The map shows an interesting
spatial dependency of the metallicity, with a metal-poor (α-rich)
component that seems to dominate the more central region, a
feature that we can now see for the first time in the XY plane.
We note that selection effects alone cannot explain this latter
structure, because such effects are related to distance, and we
can clearly see that the contribution from low-metallicity stars
increases towards the GC, XGal ∼ 0 kpc, heliocentric distance
d ∼ 8 kpc, and that at greater distances the metallicity starts do
increase again (although more data are needed to confirm this
point, especially in the Galactic southern hemisphere). In photo-
metric samples of the bulge area as a whole, the metal-rich popu-
lation seems to dominate, as photometric maps report an increase
in the metallicity towards the innermost Galactic regions
Gonzalez et al. (2013). The more detailed data discussed here
enable us to see the spatial variations of the mean metallicity
for stars closer to the Galactic midplane (0.2 < |ZGal| < 0.5),
showing a clear inversion of the radial metallicity gradient in
the innermost 1 kpc. In the GC, the metallicity seems to be high
again as shown by Schultheis et al. (2019).

The RZ projection also shows large metallicity values (and
lower [Mg/Fe]) closer to the Galactic midplane, becoming much
less prominent at higher latitudes, a result already known from
previous studies of the bulge MDF (e.g., Zoccali et al. 2008)
inferred in the latitude, longitude space. The projection also
shows that the central metal-poor population extends to high
ZGal. In the very low Galactic plane, ZGal < 0.2 kpc, there is
a lack of data due to high extinction (e.g., Minniti et al. 2014;
Queiroz et al. 2020), and therefore with the current sample we
are not able to determine whether the innermost population is
dominated by metal-rich or metal-poor stars.

It is beyond the scope of this paper to correct for selection
effects, which we plan to do in a future work dedicated to the
detailed comparison of our data with chemo-dynamical mod-
els. In the case of APOGEE, the lines of sight and magnitude
determine the selection function, which can limit the popula-
tions in age or chemistry. In an upcoming paper (Queiroz et al.,
in prep.) we will use mock simulations to study how these selec-
tion effects change our sample. However, the selection function
seems to have a minor impact, as illustrated in recent work by
Rojas-Arriagada et al. (2020) using APOGEE DR16, and also in
work using DR14 (Nandakumar et al. 2017). There appears to
be bias towards preferentially observing metal-poor (brighter)
objects in the most reddened regions. Here we try to gauge
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If that is the case, it would suggest this component to have
formed before the bar.

– Counter-rotating stars or the tail of the pressure-supported
(spheroid) component: We find, superposed on the two com-
ponents populating the high-eccentricity orbits (the bar and
the pressure-supported spheroid), a population with nega-
tive Vφ in highly eccentric orbits, confined to the innermost
kiloparsec of the Galaxy. This population is seen as a tail
in the Vφ distribution shown in cell C of Fig. 25, and its
properties are shown in Fig. 18. Given the low statistics of
stars in cell C, a more robust characterisation of this popula-
tion is deferred to future work when larger samples will be
available.

– The spheroid and the thick disc: The conclusion that we have
a non-negligible contribution from a spheroid (on top of the
thick-disc-like component) is strengthened by the shape of
the high-alpha populations in Fig. 21. The high-[α/Fe] pop-
ulation can be seen to be shifted to slightly larger values of
[α/Fe] in the last column of Fig. 21 (spheroid-dominated)
compared to the two other columns (more thick-disc domi-
nated). The extent of the high-alpha population is also differ-
ent, going to larger metallicities for the spheroid-dominated
population, suggesting a higher star formation rate (and effi-
ciency) in the spheroidal bulge than in the thick disc. The
caveat here is that this could also be the result of low statis-
tics in the thick-disc-dominated cells. A more detailed com-
parison between these two populations, with more data, will
be the topic of a forthcoming paper.

The existence of a spheroidal bulge in which star formation has
been vigorous would be in agreement with what is expected
from chemical evolution models (see a discussion in Sect. 4 of
Barbuy et al. 2018; Matteucci et al. 2019). In a scenario of fast
enrichment, very old stars can be found already at metallicities
[Fe/H]∼−1 (see Chiappini et al. 2011; Wise et al. 2012; Cescutti
et al. 2018 and Sect. 3.2.4 of Barbuy et al. 2018 for a discus-
sion). Indeed, some of the oldest objects known in our Galaxy
are located in the bulge and have metallicities around one-tenth
of solar. For instance, the Galactic bulge has a system of glob-
ular clusters (Minniti 1995) that are now known to be among
the oldest in our Galaxy (Barbuy et al. 2009, 2014; Chiappini
et al. 2011; Kerber et al. 2018, 2019; Ortolani et al. 2019); these
can be as old as the RR Lyrae. These stars were born around
400 000 years after the big bang, and are thus relics of the earli-
est chemical enrichment of the Universe.

The properties of the pressure-supported metal-poor,
α-enhanced stars we find in the bulge are consistent with the
RR Lyrae stars in the same region. A debate over the origin of
the RR Lyrae population in the bulge is ongoing, and the con-
clusions are very dependent on the samples analysed and mod-
els employed. Some of the suggestions in the literature are that
these RR Lyrae could be the extension of the stellar halo in the
inner Galaxy (Minniti 1996; Pérez-Villegas et al. 2017b), have a
bar distribution (Pietrukowicz et al. 2015), or show evidence of
being a more spheroidal, concentrated, pressure-supported struc-
ture (Dékány et al. 2013; Kunder et al. 2016; Contreras Ramos
et al. 2018). To break this dichotomy, Kunder et al. (2020)
recently suggest the existence of two components of RR Lyrae
in the inner Galaxy. One RR Lyrae component is spatially and
kinematically consistent with the bar, and the second component
is more centrally concentrated and does not trace the bar struc-
ture. This agrees with the results shown here, where we see that
the bar seems to trap mostly thin-disc stars, but also the more
metal-rich part of the α-enhanced spheroidal component.

The pressure-supported component could be the result of an
accreted event or strong gas flows at the early stage of the for-

mation of the Galaxy, and this is consistent with an age for the
RR Lyrae stars in the bulge of 13.41± 0.54 Gyr (Savino et al.

2020). Du et al. (2020) use OGLE IV photometry and Gaia DR2
proper motions to analyse metal-poor ([Fe/H]<−1) and metal-

rich ([Fe/H]>−1) RR Lyrae stars in the bulge. These authors

concluded that the angular velocities and spatial distribution are
different for metal-rich and metal-poor RR Lyrae stars. These

results are in agreement with the findings of Wegg et al. (2019)
and Kunder et al. (2020).

The results presented here also offer some insight into the
conundrum of the age of the bulge, namely: the old ages from
colour magnitude diagrams proper-motion-cleaned towards low

extinction bulge windows versus the non-negligible contribu-
tion of stars younger than 5 Gyr suggested by the microlensed

dwarfs (Bensby et al. 2017). After the analysis shown here, it is
clear that each of the techniques leads to a different mixture of

stars, with Baade’s window CMD probing more of the spheroidal
component mostly occurring in the inner 2−3 kpc of the Galaxy,

whereas in the other case the stars are sampling a mix of spheroid
and inner thin-disc stars, as confirmed by their multi-peak metal-
licity distribution (see also Rojas-Arriagada et al. 2020).

The clear bimodality in the chemical diagrams for stars
closer to the Galactic midplane and the existence of a dearth of
stars in between the two overdensities (Fig. 13) offer an impor-
tant new observational constraint to chemo-dynamic models of

the Galaxy. There has been considerable debate over the origin of
this bimodality based on data for stars closer to the solar vicin-
ity, and since the proposition made more than 20 years ago by
Chiappini et al. (1997) that this would reflect two main star for-
mation paths, with a quenching of the star formation in between.
More recently, this scenario has been revived both by chemical
evolution models and numerical simulations (e.g., Anders et al.
2017, 2018; Weinberg et al. 2019; Spitoni et al. 2021; Grand
et al. 2020) as well as by the indication of an age dichotomy
between the high- and low-α populations (Miglio et al. 2021;
Rendle et al. 2019; Lian et al. 2020; Das et al. 2020). Cos-
mological simulations are particularly important to identify the
reasons for this quenching, which can be manyfold, as dis-
cussed in the literature (e.g., Weinberg et al. 2019; Grand et al.
2020; Agertz et al. 2020; Ciuca & Hernández 2020; Buck 2020;
Vincenzo & Kobayashi 2020). Alternative views, explaining
the observed dichotomy as being the result of internal processes
such as radial migration were also put forward (Schönrich &
Binney 2009; Sharma et al. 2021), but difficulties in forming
a hot thick-disc-like component by radial migration alone have
been pointed out (see Minchev et al. 2013; Martig et al. 2016b;
Aumer et al. 2016, for a discussion). The data presented here
for the innermost regions now show the dichotomy to also be
present in the innermost regions. The properties of the differ-
ent populations show the dichotomy to be mainly a result of
the mix of different populations. The upper [α/Fe] sequence is
dominated by a spheroidal, pressure-supported component (the
bulge) in the innermost 2−3 kpc, whereas it is dominated by
thick disc stars beyond that distance. The lower sequence is
formed by the bar in the innermost 2−3 kpc, and then by thin-
disc stars not in the bar. Further out, the lower alpha-sequence is
then the result of the thin disc mixture caused by radial migra-
tion from stars born at different Galactocentric distances (Friedli
et al. 1994; Minchev et al. 2013, 2014). Stars born at different
distances have different chemistry due to the inside-out forma-
tion of the disc. We note however that the chemical bimodality is
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less clear in the high-resolution data towards Baade’s window (as
can be seen in Barbuy et al. 2018). However, in a recent study by
Thorsbro et al. (2020) a chemical bimodality was also detected.
Accurate distances are necessary to put these findings into a
more robust context. One caveat we still have to consider is that
even though StarHorse provides a large improvement in dis-
tance and extinction estimates, it still does not take into account
variations in the extinction law, which are potentially important
in the bulge region. Improvements in this direction are also part
of our future plans.

Finally, we also see a population of counter-rotating stars,
which needs to be further investigated and confirmed. This pop-
ulation could be the remnant of an early accretion event, or the
coalescence into the forming bulge of a clump of star forma-
tion formed by disc instabilities (Elmegreen et al. 2008; Huertas-
Company et al. 2020) like those commonly observed in the discs
of star-forming galaxies at redshift z ∼ 2−3. Otherwise it could
simply be the tail of the large dispersion spheroid.

APOGEE plus Gaia have been transformative in our under-
standing of the innermost parts of the Milky Way. The picture
emerging from our results is in much better agreement with high-
redshift observations, which show early spheroids being formed
due to massive amounts of highly dissipative gas accretion and
mergers as suggested by simulations (e.g., Tacchella et al. 2015;
Bournaud 2016; Renzini et al. 2018).
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