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Abstract

The Milky Way metal-rich halo-like component, also known as the Splash, consists of old (age > 10 Gyr), metal-
rich ([Fe/H] > −0.7), high-α stars, i.e., thick-disk-like chemistry, on halo-like orbits (eccentricity > 0.6). Its
origin is linked to stars formed in the disk and dynamically heated by either internal or external agents. In this
work, we investigate its low-α counterpart, the low-α Splash, motivated by recent findings of an old thin-disk
population. We conjecture that any mechanism capable of heating disk stars should affect both present-day high-
and low-α old populations. Using data from the APOGEE DR17 spectroscopic catalog, we identify metal-rich
low-α stars with halo-like kinematics similar to those of the classical high-α Splash. We investigate their possible
heating mechanisms using the GASTRO suite of simulations, which allows us to explore the effects of star-
forming clumps as well as a major merger in the protodisk of a Milky Way analog galaxy. Our main results show
that only clumpy Milky Way models are able to produce Splash populations, including the low-α counterpart,
whereas the model including only the merger and without an early clumpy phase fails to produce these
populations. In the models, the low-α Splash corresponds to a subset of the old thin disk that was dynamically
heated by the same mechanism responsible for the formation of the high-α Splash.

Unified Astronomy Thesaurus concepts: Milky Way dynamics (1051); Chemical abundances (224); N-body
simulations (1083); Hydrodynamical simulations (767); Milky Way evolution (1052); Milky Way disk (1050);
Disk galaxies (391)

1. Introduction

The mechanisms driving the formation and evolution of the
Milky Way (MW) over the past 13 billion years continue to be
extensively investigated in the field of Galactic archaeology (e.g.,
K. Freeman & J. Bland-Hawthorn 2002; J. Bland-Hawthorn &
O. Gerhard 2016; B. Barbuy et al. 2018; A. Helmi 2020). A key
approach involves studying the chemodynamical properties of the
halo, bulge, and disk, focusing on populations that retain
signatures of major evolutionary events, such as the dynamically
heated disk population. Initially identified as metal-rich halo stars
([Fe/H] > −1.0; A. A. Sheffield et al. 2012; K. Hawkins et al.
2015b), these objects were interpreted as stars ejected from the
Galactic disk. The advent of the Gaia era (Gaia Collaboration
et al. 2016) and large spectroscopic surveys enabled the
identification of hundreds of similar stars, and characterized
these as an old, high-α population (e.g., A. Bonaca et al. 2017;
P. Di Matteo et al. 2019; C. Gallart et al. 2019; V. Belokurov
et al. 2020; A. Bonaca et al. 2020), consistent with a dynamically
heated early disk.

Several works have sought to understand the formation of this
population, leading to the prevailing interpretation that these stars
were born in the early MW disk and then dynamically heated by
the last major merger with the dwarf galaxy Gaia-Sausage/

Enceladus (GSE; V. Belokurov et al. 2018; M. Haywood et al.
2018; A. Helmi et al. 2018), 9–11 Gyr ago (C. Gallart et al. 2019;
J. Montalbán et al. 2021). This population was dubbed “Splash”
by V. Belokurov et al. (2020), in reference to its likely formation
pathway through a massive merger (e.g., R. J. J. Grand et al. 2020;
X. Liao et al. 2024; M. D. A. Orkney & C. F. P. Laporte 2026).
Contrary to this main interpretation, several mechanisms have
been suggested for the formation of the Splash: (i) scattering by
massive star-forming clumps in early disk galaxies without the
need for a merger event (J. A. S. Amarante et al. 2020a); (ii)
scattering by minor mergers (A. M. Dillamore et al. 2022;
S. Kisku et al. 2025); and (iii) an origin tied to the dispersion-
dominated nature of the protogalaxy (S. Buder et al. 2026).
Historically, the high-α/thick7 and low-α/thin disks have

been interpreted as a sequential formation process (e.g.,
C. Chiappini et al. 1997; V. Grisoni et al. 2017), where the
thick disk formed first and the thin disk later, after dilution of
the star-forming gas by accretion events such as major mergers
(e.g., E. Spitoni et al. 2019) or cosmic filaments (O. Agertz
et al. 2021; F. Renaud et al. 2021). However, recent
observations suggest that the early disk was not composed
solely of a high-α population, but that low-α stars coformed
with the high-α disk during the first billion years of the MW
(V. Silva Aguirre et al. 2018; L. Beraldo e Silva et al. 2021;
M. R. Gent et al. 2024; S. Nepal et al. 2024; L. Borbolato et al.
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(thick) disk.
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2025). L. Borbolato et al. (2025) showed that low-α stars
predate the GSE merger, which leads us to conjecture that the
same dynamical heating mechanism responsible for the high-α
Splash should also have impacted the old low-α disk,
potentially forming a low-α counterpart to the Splash. While
recent studies report low-α stars on halo-like orbits (M. Orti-
goza-Urdaneta et al. 2023; S. Nepal et al. 2024; C. Filion et al.
2025), their origin remains debated, and their direct association
with the high-α Splash population has not yet been
established.

Until now, two models have been proposed to explain the
formation of the ancient thin-disk component (z ∼ 2). One is the
revised parallel model presented by V. Grisoni et al. (2026),
while the other is the clumpy model (L. Beraldo e Silva et al.
2020; J. A. S. Amarante et al. 2026). The latter also reproduces
the chemogeometric thin and thick disks (A. J. Clarke et al.
2019; L. Beraldo e Silva et al. 2020), and the chemistry of the
bulge (V. P. Debattista et al. 2023). The possibility that the MW
may have hosted clumps is also highly motivated by
observations of clumpy galaxies (e.g., F. Bournaud et al.
2008; M. Puech 2010; Y. Guo et al. 2015; A. Zanella et al.
2019; D. Adams et al. 2025; V. Sok et al. 2026), with a peak
around redshift z ∼ 2 (e.g., T. Shibuya et al. 2016; Z. Sattari
et al. 2023; A. de la Vega et al. 2026), and the identification of
galaxies analogous to MW progenitors hosting clumps
(V. Y. Y. Tan et al. 2025). Also, A. R. da Silva & R. Smilja-
nic (2025) report that one very metal-poor r-process-enriched
star may have formed in a clump present in the early Galaxy.
The clumpy model has proven to be a mechanism that likely
played an important role in the formation of the MW disk and
should therefore be considered in our investigation.

In this Letter, we demonstrate the existence of a low-α Splash
population. We compare it with the canonical high-α Splash and
explore possible formation pathways using the Gaia–EncelA-
dus–Sausage Timing, chemistRy and Orbit (GASTRO;
J. A. S. Amarante et al. 2022, 2026) simulations, examining
the effects of star-forming clumps and a GSE-like merger on a
MW-like disk. This Letter is organized as follows: Section 2
presents the observational and simulated data. Section 3
presents the results found, and they are discussed in
Section 4. Finally, Section 5 summarizes our main conclusions.

2. Data

2.1. Observational Data

We use data from the Apache Point Observatory Galactic
Evolution Experiment (APOGEE; S. R. Majewski et al. 2017)
Data Release 17 (DR17; Abdurro’uf et al. 2022) spectroscopic
survey, utilizing its high resolution (R ∼ 22,000) near-infrared
spectrograph (J. C. Wilson et al. 2019) and H-band
(1.51–1.69 μm) coverage to distinguish the MW disk’s high-
and low-α populations (J. Imig et al. 2023).

Astrometric parameters are obtained from Gaia DR3
(Gaia Collaboration et al. 2023), with distances derived
via the spectrophotometric StarHorse Bayesian code
(A. B. A. Queiroz et al. 2023). Orbital integrations are performed
for 20Gyr forward using the AGAMA library (E. Vasiliev 2019),
adopting the Galactic potential model of P. J. McMillan (2017).
We assume the Sun’s position with respect to the Galactic center
to be (X, Y, Z)GC = ( − 8.2, 0.0, 0.0) kpc (J. Bland-Hawthorn
& O. Gerhard 2016), with the local circular velocity
vcirc = 232.8 km s−1 (P. J. McMillan 2017), and the solar motion

relative to the local standard of rest of
(U⊙, V⊙, W⊙) = (11.10, 12.24, 7.25) km s−1 (R. Schönrich
et al. 2010). Here, we consider that positive azimuthal velocity
(Vf > 0 km s−1) corresponds to the sense of rotation of the disk.
Our sample consists of red giants (4000 < Teff(K) < 6500,
glog 3< ) with a good signal-to-noise ratio (S/N > 50) and

sources with no spectral or parameter issues (STARFLAG ==
0; H. Jönsson et al. 2020). We require unflagged abundances
for [Fe/H], [Mg/Fe], [Mg/Mn], and [Al/Fe] (i.e., flagged ==
0). We adopt the recommended cut on the renormalized
unit weight error (RUWE� 1.4; L. Lindegren et al. 2021),
a fractional distance uncertainty of d/σd > 5 and
parallax_over_error> 5. After applying these quality
cuts, the APOGEE sample contains 108,911 stars

2.2. MW Analogs with the GASTRO Library

We use a subset of the GASTRO (J. A. S. Amarante et al.
2022, 2026) library suite of simulations to explore the
formation of the low-α Splash population. GASTRO consists
of N-body + smoothed particle hydrodynamics (SPH)
simulations designed to investigate the impact of a single
merger event aimed at reproducing a GSE analog, as well as
the role of star-forming clumps on the structure and evolution
of an MW-like galaxy. We refer to J. A. S. Amarante et al.
(2022) for a detailed description of the subgrid physics and
initial conditions setup.
Here, we consider models with and without a merger. For

both cases, we also vary the supernova feedback,8 which
regulates the clump formation in the first Gyr. This results in
four models: Isolated nonClumpy, Isolated Clumpy,
nonClumpy+merger, and Clumpy+merger, and they
were introduced in J. A. S. Amarante et al. (2026) as nc.iso,
c.iso, nc.r.c03, and c.r.c03, respectively. Below, we describe
the main properties of these models (see J. A. S. Amarante
et al. 2026 for more details).
In the merger models, the satellite’s orbit circularity9 is set

to η = 0.3, and has a total dark matter and initial gas mass of
8.83 × 1010M⊙ and 1.4 × 109M⊙, respectively. The orbital
evolution of the satellite is identical in both models; there are
two clear apocentric passages, with the first pericenter being at
t ≈ 1.6 Gyr, and the satellite is fully disrupted at t ≈ 3.2 Gyr.
At the first pericentric passage, the stellar mass of the satellite
in the nonClumpy+merger and Clumpy+merger models
is 3.15 × 108M⊙ and 8.97 × 108M⊙, respectively. These
stellar masses are well within the estimated GSE stellar mass
(see G. Limberg et al. 2022 for a discussion).
The star-forming clumps in the models Isolated

Clumpy and Clumpy+merger have a typical mass ranging
from 0.3–1 × 108M⊙, and they typically survive for ≈35–300
Myr (B. R. Garver et al. 2023), in agreement with values
measured from clumpy galaxies observed at redshift z ≈ 1–2
(e.g., A. Claeyssens et al. 2023). The clumps contribute up to
10%–20% of the total stellar mass of the disk in the first
0.5 Gyr, and afterwards, they contribute less than 5% and
cease to exist at ≈3 Gyr (see Figure 1 of J. A. S. Amarante
et al. 2026). All the models are run for 10 Gyr, and we use the
last snapshot to represent the “present day.” All models show a

8 Either 20% or 80% of the 1051 erg injected per supernova, the former
allowing clump formation.
9 Defined as η = Lz/Lc(E), where Lz is the satellite’s initial angular
momentum, and Lc(E) is the angular momentum of a planar circular orbit of
energy E.
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clear chemical α-bimodality in the disk, except for the
Isolated nonClumpy model (J. A. S. Amarante
et al. 2026).

3. Results

3.1. The Observed Low-α Splash Population

To identify the low-α Splash members in APOGEE data, we
select low- and high-α disks using [Mg/Fe]–[Fe/H] (Figure 1,
top-left) for stars with [Fe/H] > −1.0. Stars above (below) the
black dashed line are classified as high-α (low-α). We remove
stars in the upper-left region of the [Mg/Mn]–[Al/Fe] plane,
associated with unevolved or accreted populations (K. Hawk-
ins et al. 2015a; D. Horta et al. 2021), exclude cluster/dwarf
galaxy members (MEMBERFLAG == 0), and restrict to
RGC > 5 kpc to avoid inner Galactic regions, resulting in
68,734 low-α and 25,676 high-α giant stars.

Figure 2 shows the Vf distribution for both low- and high-α
populations. A Gaussian fit was applied to each distribution to
facilitate visualization of the canonical disk component. To define
the Splash population, we select stars with halo-like azimuthal
velocities, Vf < 100 km s−1, following the selection criterion
adopted by V. Belokurov et al. (2020). Note that this cutoff
corresponds to distances of 5σ and 1.9σ from the medians of the

Gaussian distributions for the low-α and high-α disks, respec-
tively. We find that Splash stars correspond to the tail of the
canonical disk distributions, i.e., the excess of stars beyond the
Gaussian distribution. For the high-α sample, however, our
adopted cutoff appears to include a fraction of stars that still
belong to the Gaussian component, likely associated with the low-
velocity tail of the canonical high-α disk. J. A. S. Amarante et al.
(2020b) found that approximately 13% of thick-disk stars exhibit
halo-like kinematics and can therefore be misclassified as
members of the Splash population. This explains the visual
difference in the 0 < Vf (km s−1) < 100 region between the inner
panels of Figure 2.
In this work, all stars below the Vf < 100 km s−1are

classified as Splash, yielding 169 low-α and 2095 high-α Splash
stars. These represent a small fraction of each disk population
(Figure 2, bottom). It is worth noting that stars with thin-disk
chemistry and thick-disk kinematics (100 ≲ Vf(km s−1) ≲ 130)
may also be present and could have been affected by the same
mechanism that gave rise to the Splash population. Although
such stars can be identified in our APOGEE sample, we do not
include them in our analysis to preserve a cleaner association
between the Splash and a halo-like population.
Figure 1 shows the chemical and dynamical distributions of

low-α (green) and high-α (orange) Splash stars. Since the low-

Figure 1. Projection of the low-α Splash (green dots) and high-α Splash (orange points) in the (a) [Mg/Fe]–[Fe/H], where the dotted line indicates the separation
between high- and low-α regions; (b) [Mg/Mn]–[Al/Fe], where the dashed line represent the limit between accreted and in situ regions; (c) Toomre diagram,

V V VversusR Z
2 2+ . The vertical dashed line is Vf = 100 km s−1. The innermost curve represents ∥v − vcirc∥ = 130 km s−1 and the outermost curve is

∥v − vcirc∥ = 220 km s−1; (d) Vf–[Fe/H] space, where the horizontal dashed line is Vf = 100 km s−1; (e) Zmax–eccentricity and (f) ZGC–RGC, where the horizontal
dashed line represents the Galactic plane (ZGC = 0 kpc), and the red star indicates the position of the Sun. In all panels, the gray points are the APOGEE sample, and
the gray contours indicate the density of the low-α region. The difference between light green points and green points with a black border is only the range of
metallicity of the stars.
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α region at [Fe/H] < −0.6 may include contamination from
stars accreted from dwarf galaxies, such as the GSE (e.g.,
D. K. Feuillet et al. 2020; R. P. Naidu et al. 2021; G. Limberg
et al. 2022), we highlight the low-α Splash stars with
[Fe/H] > −0.6, which are expected to be mainly of in situ
origin, as the known major merger does not extend to such

high metallicities. Gray contours indicate the canonical low-α
disk for comparison. In the Toomre diagram ( V VR Z

2 2+
versus Vf, top-right panel in Figure 1), the low-α Splash is
distributed across the halo region, distinct from the canonical
thin disk (Vf � 200 km s−1). Despite exhibiting chemical
compositions characteristic of the thin disk, these stars display
higher orbital eccentricities and extend to vertical heights
(|ZGC|) significantly above the thin-disk scale height of
hz = 0.3 kpc (M. Jurić et al. 2008). Note that almost all the
stars in both parts of the Splash have e > 0.6, which is
consistent with S. Kisku et al. (2025) definition for Splash
selection based on an eccentricity cutoff.
The kinematic similarity between the low- and high-α

Splash, that is, halo-like orbits with low-Vf, high eccentricity,
and that reach great heights relative to the plane, suggests a
common dynamical origin. The high-α Splash population is
thought to have formed as a consequence of the GSE merger
with the preexisting disk (V. Belokurov et al. 2020; A. Bonaca
et al. 2020; A. Lee et al. 2023) or through an early clumpy
formation phase at z ∼ 1 − 2 (J. A. S. Amarante et al. 2020a).
Thus, if the formation of both Splash populations is related, it
requires the presence of an ancient low-α/thin-disk population
as described in L. Borbolato et al. (2025).

3.2. Low-α Splash in a Simulated MW Analog Galaxy

J. A. S. Amarante et al. (2020a) analyzed the formation of
the high-α Splash using two isolated models, the Isolated
nonClumpy and Isolated Clumpy.10 Here, we extend
this framework by including two MW analogs undergoing a
GSE-like merger, with (Clumpy+merger) and without
(nonClumpy+merger) massive star-forming clumps.
Figure 3 shows the properties of the simulated stellar

populations. To better reproduce the same Galactic region used
in the observational data, we normalized the disk length by the
scale length of each simulation, whose exact values can be
found in Table 1 of J. A. S. Amarante et al. (2026). Only the
Isolated nonClumpy model fails to develop the [O/Fe]–
[Fe/H]11 bimodality characteristic of the MW (first row of
Figure 3). Consequently, we focus on the three bimodal
models. As in J. A. S. Amarante et al. (2026), we separate
high- and low-α populations using the [O/Fe] distribution
(second-row panels), constructed solely from stars in the range
−0.7 < [Fe/H] < −0.2 (indicated by the vertical lines in the
first-row panels). Note that for the clumpy models, we
introduced a gap between the two populations to avoid regions
where they may overlap. To reproduce the Splash selection
criterion adopted for the observational data, we used as a
reference the distance between the Vf cutoff and the mean of
the fitted Gaussian distribution, expressed in units of the
standard deviation (σ). In the observational data, this distance
corresponds to 5σ for the low-α population and 1.9σ for the
high-α population. We then applied the same criterion to the
simulated Vf distributions, determining the corresponding
cutoff value in each simulation to be used as the Splash
selection threshold. The resulting cutoff values are shown in
the third and fourth rows of Figure 3 as red dashed vertical
lines.
Only the clumpy models produce an extended Vf tail for

both the high- and low-α populations and, consequently, the

Figure 2. Distribution of azimuthal velocity Vf for the low- and high-α
samples in the upper and middle panels, respectively. The inner panels show a
zoom on the left tail region of each distribution. The bottom panel shows the
cumulative distribution of Vf for both samples. The dashed vertical line at
Vf = 100 km s−1 indicates the cutoff used to select the Splash population. For
the Gaussian fit, we found a mean of 〈Vf〉 = 221 km s−1 and a standard
deviation of 24V = km s−1 for the low-α disk, while for the high-α sample,
the values are 〈Vf〉 = 181 km s−1 and 43V = km s−1.

10 Their clumpy phase is more intense than in our models.
11 In the simulations, oxygen is the tracer of the α-element.
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Splash population. The nonClumpy+merger simulation
does not produce a Splash component, contradicting the
expectations that a GSE-like merger alone would produce the
α-rich Splash (see Section 4). We note that the stellar mass of
the GSE-like galaxy in this model is at the lower end of the
measured values (J. M. M. Lane et al. 2023). We projected the
selected Splash populations onto the Zmax–eccentricity space
in Figure 4, reproducing panel (e) of Figure 1. Similarly to the
observational data, the Vf selection criteria in the simulations
are effective at isolating stars on halo-like orbits (high
eccentricity, e > 0.6), i.e., Splash stars. We note that the

apparent wedges in the Zmax–eccentricity plane, also seen in
the observational data, are a dynamical effect that depends on
the potential of the galaxy (J. A. S. Amarante et al. 2020b;
H. H. Koppelman et al. 2021).
Figure 5 explores Splash formation in the Isolated

Clumpy and Clumpy+merger models. The top panels show
formation radius, Rform, and time of formation, tform, colored
by [Fe/H]. Splash stars in both models form primarily during
the first 3 Gyr, coinciding with the clumpy phase. In the
Clumpy+merger case, pericentric passages of the dwarf
galaxy are marked at t = 1.6, 2.5, and 3.2 Gyr. Although stars

Figure 3. From left to right, the columns show the Isolated nonClumpy, Isolated Clumpy, nonClumpy+merger, and Clumpy+merger simulations.
First row: projection onto the [O/Fe]–[Fe/H] plane, where red colors indicate regions of highest stellar density; the vertical lines delimit the interval
−0.7 < [Fe/H] < −0.2, and the dashed horizontal line marks the cutoff separating the high- and low-α populations. Second row: [O/Fe] distributions within
−0.7 < [Fe/H] < −0.2 for each simulation; the dashed vertical lines indicate the high- and low-α separation. Third row: Vf distributions for the low-α population in
the three simulations that form a bimodality. The inset panels show a zoom of the Splash region, and the dashed vertical line indicates the 〈Vf〉 of each Gaussian fit.
Fourth row: same as the third row, but for the high-α population. In the third and fourth rows, the red dashed vertical lines indicate the cutoff used to select the Splash
population, accompanied by the exact Vf adopted.
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at RGC < 5 kpc are excluded from the analysis, most Splash
stars originate in the inner Galaxy. We also note that, while the
Splash population in the Isolated Clumpy model does not
exhibit an [Fe/H] gradient with Rform, it displays a radial
metallicity gradient in the Clumpy+Merger model. The
formation of Splash metallicity gradients in clumpy and
nonclumpy MW models merits its own separate investigation.

The evolution of the mean Vf (bottom panels of Figure 5)
shows that, while the disk remains rotationally supported,
Splash stars are rapidly heated in all the clumpy models, with
or without mergers, indicating that clumps dominate the
process. For the Clumpy+merger model, we observe a peak
in the mean Vf immediately following the second pericentric
passage of the dwarf. The decline in Vf at 10 Gyr, in both
models, is a selection artifact due to the criteria used to define

Splash stars. We verify that this drop in median Vf also occurs
when the selection is made at previous snapshots.

4. Discussion

L. Borbolato et al. (2025) presented observational evidence
for the coformation of the thick/high-α and thin/low-α disks
using precise stellar ages from the isochrone-fitting Star-
Horse code (A. B. A. Queiroz et al. 2023). In particular, they
found that the thin disk was already in place before the GSE
dwarf merger, reinforcing previous studies indicating an early
thin-disk formation (e.g., V. Silva Aguirre et al. 2018;
L. Beraldo e Silva et al. 2021; M. R. Gent et al. 2024; S. Nepal
et al. 2024). Therefore, the presence of a low-α Splash
component may also indicate the presence of an old thin disk,
independent of age estimates. The idea that the Splash
population may also include low-α stars was shown in
S. Nepal et al. (2024), based on observational data from Gaia
DR3 Radial Velocity Spectrometer (RVS) spectra (M. Cropper
et al. 2018), chemical abundances ([α/Fe] and [Fe/H])
derived using a hybrid convolutional neural network method
(G. Guiglion et al. 2024) and ages from the StarHorse code.
They showed that the region traditionally associated with the
Splash in the Vf–[Fe/H] diagram is also populated by low-α
stars older than 9 Gyr. However, they did not investigate the
mechanisms responsible for the formation of this population
and its clear association with the high-α Splash. Some low-α
Splash stars are also visible in S. Kisku et al. (2025) (see their
Figure 6), although they are not discussed. In addition, we
verified that the Eos population (G. C. Myeong et al. 2022;
E. Y. Davies et al. 2025) corresponds to the most metal-poor
part ([Fe/H] < −0.3) of the low-α Splash.
We suggest a common dynamical heating mechanism

between the low- and high-α Splash related to the presence
of massive star-forming clumps in the early times, given that
the Splash in our models appears only in clumpy MW-like
galaxies. A possible explanation is that the dynamic heating of
these stars may occur via scattering by clumps, a mechanism
already studied in previous works (e.g., B. G. Elmegreen &
C. Struck 2016; C. Struck et al. 2026) and can affect both
chemical populations. Also, clumpy models are uniquely able
to reproduce both the Splash population and the old
(Age > 10 Gyr) low-α disk. Our results provide a counterpoint
to the recent literature on the origin of low-α metal-rich halo
stars. While A. Lee et al. (2023) attributed this population up
to [Fe/H] < −0.6 to GSE accretion, this does not explain the
low-α Splash stars we observe at [Fe/H] > −0.6. While the
low-metallicity regime may include contamination from dwarf
galaxies such as the GSE (e.g., D. K. Feuillet et al. 2020;
R. P. Naidu et al. 2021; G. Limberg et al. 2022), no known
major merger reaches [Fe/H]> −0.6, implying an in situ
origin. Furthermore, the [Fe/H] range of the low-α Splash is
consistent with that of the old low-α disk (e.g., V. Silva
Aguirre et al. 2018; S. Nepal et al. 2024; L. Borbolato et al.
2025). Note that the low-α stars of solar and supersolar
metallicity dating from the first billion years in the Clumpy
+merger model are born in the central region of the Galaxy,
where faster chemical enrichment is expected since early
stages (see Figure 5).
Alternative formation scenarios for the Splash have been

proposed, including minor mergers or bar resonances. While
some models propose that multiple retrograde minor mergers
could form the Splash (e.g., S. Kisku et al. 2025), the observed

Figure 4. Distribution of high- and low-α Splash populations on the Zmax

versus eccentricity space for the Isolated Clumpy (top) and the Clumpy
+merger (bottom panel) models. Gray points represent all particles in the
simulation, and the gray contours indicate the higher-density region of the
low-α/thin disk. The high-α Splash is shown in orange points, while the low-
α Splash is shown in green points.
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preference for prograde minor mergers in the MW makes this
unlikely (K. Malhan et al. 2022). Likewise, the Galactic bar is
unlikely to explain retrograde stars in the solar neighborhood.
K. Fiteni et al. (2021) showed that bar-driven retrograde stars
remain near the bar vicinity, while retrograde stars in the solar
neighborhood, in clumpy models, are exclusively clump-driven.
Finally, we note a discrepancy with some cosmological simula-
tions that favor a major-merger origin for the Splash (e.g.,
R. J. J. Grand et al. 2020; X. Liao et al. 2024; M. D. A. Orkney &
C. F. P. Laporte 2026). We argue that although the GASTRO
simulations are more tailor-made experiments, with a controlled
merger configuration that reproduces the GSE dwarf merger
(J. A. S. Amarante et al. 2022), it still provides an accurate
representation of the formation history of the MW’s disk
(J. A. S. Amarante et al. 2026).

Our findings align with J. A. S. Amarante et al. (2020a),
who demonstrated that the high-α Splash arises from clump
scattering in the early disk, and with S. Buder et al. (2026),
who link the Splash to the dispersion-dominated nature of the
protogalaxy. In the latter case, extragalactic studies similarly
showed that massive clumps strongly affect velocity fields and
enhance the disk velocity dispersion (e.g., D. K. Erb et al.
2004; B. J. Weiner et al. 2006; A. Dekel et al. 2009),
contributing to the dispersion-dominated nature of early disks.

5. Conclusions

This Letter has investigated the existence of a low-α Splash
in the MW. For this goal, we use spectroscopic data of red giant
stars from APOGEE DR17 with distances from StarHorse
and astrometry from Gaia DR3. Furthermore, we investigated
the Splash formation (low- and high-α) using the GASTRO
suite simulation focused on reproducing the main characteristics
of the MW. We consider two main scenarios for the formation
of such a population: massive star-forming clumps in the early
disk or the MW’s last major merger with the GSE disrupted
dwarf galaxy. Our main conclusions are summarized as follows:

(i) We report the existence of stars chemically compatible
with the low-α/thin disk on halo-like orbits in the
APOGEE sample of red giant stars, and dub this
population as low-α Splash.

(ii) We argue that the low-α Splash was formed by the same
mechanism that gave rise to the traditional high-α
Splash, implying that an old low-α/thin disk must have
already existed since the first billion years of the MW.
This ancient low-α disk population has been discussed in
previous works with stellar ages. However, the low-α
Splash may constitute observational evidence that is
independent of these age estimates.

Figure 5. The first two columns show the Isolated Clumpy model, while the last two columns show the Clumpy+Merger model. Top row: distribution of low-
and high-α Splash stars in the tform–Rform plane, colored by [Fe/H], with tform being the star formation time and Rform the galactocentric radius at which each star
formed. The horizontal lines in the two panels on the right indicate tform = 1.6, 2.5, and 3.2 Gyr, corresponding to the first, second, and final pericentric passages of
the dwarf galaxy, respectively. Bottom row: evolution of mean Vf as a function of time for the low- (green) and high-α (orange) Splash populations. The Splash
populations are represented by the colored lines, while the mean of Vf for the canonical low- and high-α disks are shown by the upper black line. The shaded area
indicates the percentiles of each distribution. The vertical lines mark the same pericentric passages of the dwarf galaxy indicated in the top panels. The gray band in
all panels indicates the period of the clumpy phase (first 3 Gyr).
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(iii) We show that the high- and low-α Splash are formed only
in the clumpy MW models, possibly formed by the
scattering of clumps, without the need for the merger. This
result is compatible with the proposals of J. A. S. Amarante
et al. (2020a) and S. Buder et al. (2026), and also aligns with
the need for the presence of clumps during the formation of
the protodisk, required to produce old low-α stars by the
clumpy model.

(iv) A GSE-like merger does not perturb disk stars
sufficiently for them to acquire the halo-like kinematics
that define the Splash population.

The Splash population, now separated into high-α and low-
α components, remains important in investigating the early
phases of the MW, as it is associated with the Galactic
protodisk. Detailed analysis of these populations can reveal
important insights into the mechanisms that governed the
disk’s evolution at that time.
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