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ABSTRACT

Solar twins are among the most powerful tracers of Galactic disk evolution owing to their unique property of sharing nearly solar
metallicities ([Fe/H] ≈ 0) while spanning a wide range of ages. To grasp solar twins as relics of Galaxy evolution, individual twins
must be tagged with ages. A sufficiently large and well-characterized stellar sample then allows us to construct an age distribution
that encodes the star formation history beyond our local region, modulated by the efficiency of radial migration of stars. Based on our
catalog of 6594 high-quality local (.300 pc) solar twins from the Gaia Data Release 3 spectroscopic (GSP-Spec) catalog, we derived
their age distribution after carefully deconvolving the selection function. We find two distinct features: a narrow peak around ∼2 Gyr
and a broad bump extending over ∼4−6 Gyr. First, we argue that the former corresponds to a relatively recent burst of star formation
that occurred in the disk, including at least a local region within a few kiloparsecs of the Sun, which is in good agreement with
previous results deduced from independent works. On the other hand, the older bump, closely associated with the Sun’s birth epoch,
is intriguing since this finding challenges the predicted presence of a corotation barrier built by the Galactic bar, which is thought to
prevent stars born inside RGC ≈ 6 kpc from reaching the solar neighborhood. We propose that the large number of local twins with
ages between 4 and 6 Gyr provides compelling evidence that the Sun’s long-distance (≥3 kpc) migration is shared by many inner disk
stars. This, in turn, suggests a possible link with the epoch of bar formation, which may have triggered enhanced star formation in the
inner disk and induced efficient radial migration.
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1. Introduction

Clear answers to the question of how the Galaxy disk forms and
evolves through cosmic time continue to elude us. Recent stud-
ies have deepened the mystery via findings of the Galaxy’s com-
plex structure and history, rendering our simplistic initial picture
outdated (e.g. Hayden et al. 2015; Xiang & Rix 2022). As
an established scheme, the Galactic disk is composed
of two distinguishable populations in terms of chemistry
and/or kinematics, the so-called thick and thin disks (e.g.,
Bland-Hawthorn & Gerhard 2016, for a review); however, it is
still debatable how each disk was formed and whether their ori-
gins are connected. Of the two disks, the thin disk lies at the
forefront of Galaxy formation, not least because most stars are in
the thin disk today. The discovery of very metal-poor ([Fe/H] <
−2.5) thin disk stars (e.g., Sestito et al. 2020) including a RR
Lyrae star (>10 Gyr old) by Matsunaga et al. (2022) suggests
that the thin disk may have extended back to the early days of
the Galaxy. This finding is closely tied to the debated origin
of these stars (e.g., Sestito et al. 2021; Belokurov & Kravtsov
2022; Bellazzini et al. 2024; Li et al. 2024), highlighting the
complex history of disk (for simplicity, we hereafter refer to the
thin disk as the disk).
? Corresponding authors: taku.tsujimoto@nao.ac.jp;
d.taniguchi.astro@gmail.com
?? The Tokyo Center For Excellence Project, Tokyo Metropolitan Uni-
versity.

More than two decades ago, it had already been suggested
that star formation in the disk exhibits a complex history, with
several bursts having taken place in the past (Rocha-Pinto et al.
2000). Since then, this view has become more compelling,
aided by the growing body of observational data thanks, in part,
to large surveys (e.g., Mor et al. 2019; Xiang & Rix 2022), as
well as the advancement in techniques for determining the star
formation history (e.g., Gallart et al. 2005). In particular, the
Gaia mission has made a breakthrough in this field by pro-
viding precise measurements of stellar parallaxes, which have
dramatically improved the quality of the color-magnitude dia-
gram (Gaia Collaboration 2018). This update leads to a more
accurate reconstruction of the star formation history, revealing
clear evidence of episodic (bursting) star formation in the disk
throughout much of cosmic time, including the events around
∼2 and ∼6 Gyr ago (Ruiz-Lara et al. 2020). This finding has pro-
moted the argument that the bursting events could have been
triggered by episodic encounters between the Sagittarius (Sgr)
dwarf galaxy and the Galaxy. It supports a dynamic perspective
in which the complex history of the Galaxy disk is shaped by
external influences, possibly beginning with a major impact from
Gaia-Enceladus (Helmi et al. 2018; Belokurov et al. 2018).

In addition, the emerging paradigm of Galactic dynam-
ics highlights the crucial role of internal interactions between
stars and the Galactic structure within the disk in shaping
its evolution: stars migrate radially across the disk through
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resonant scattering with spiral arms and the central bar over their
lifetimes (e.g., Sellwood & Binney 2002; Roškar et al. 2008;
Schönrich & Binney 2009; Minchev & Famaey 2010). This so-
called radial migration of stars predicts that the birthplaces of
a considerable number of disk stars differ from their current
positions, and that the stars in the solar vicinity are a mixture
of populations born at a wide range of Galactocentric distances
(RGC) across the disk. Accordingly, the renewed view of Galac-
tic dynamics suggests that the locally determined star formation
history is, in fact, the outcome of a complex assembly of Galac-
tic internal and external events that have occurred across nearly
the entire disk over cosmic time.

In this context, it is of particular importance to classify local
stars according to their approximate birth radii within the disk.
This can in fact be achieved through chemical tagging combined
with stellar age estimates, based on our conventional understand-
ing that the chemical evolution of the disk varies with RGC, result-
ing in a distinct age-metallicity relation for each radius. This view
is observationally evidenced by current radial abundance gradi-
ents showing a higher metallicity at smaller RGC values. Such a
negative abundance gradient is naturally explained in the con-
text of galaxy formation, with the inner region forming faster and
becoming more metal-rich than the outer region – a process known
as the inside-out scenario (Chiappini et al. 2001). In other words,
the rate at which metallicity reaches a given value, such as the
solar metallicity, increases with decreasing RGC.

There exist stars nearly identical to the Sun, so-called solar
twins, which exhibit stellar atmospheric characteristics, includ-
ing metallicity, quite similar to the solar values. Bedell et al.
(2018) demonstrate that local 79 solar twins exhibit a tight corre-
lation between the [X/Fe] ratios (where X ranges from C to Dy)
and stellar ages widely distributed from 0 to 9 Gyr. Furthermore,
this correlation is shown to be interpreted on the basis of the age–
RGC connection within the framework of Galactic chemical evo-
lution (Tsujimoto 2021). Then, suppose that a statistically suffi-
cient number of age-tagged solar twins were in hand: we would
be able to explore the Galaxy disk’s past through a novel method-
ology, one that could allow us to probe a vast region, includ-
ing the unexplored innermost disk (Plotnikova et al. 2024). The
best way to get as large as possible a catalog of good solar
twin candidates is to dig into the catalogs published by the
large spectroscopic surveys. The largest one in number is the
homogeneous General Stellar Parametrizer from Spectroscopy
(GSP-Spec) catalog collected from space by the ESA/Gaia mis-
sion and published as part of the third Gaia data release (DR3,
Recio-Blanco et al. 2023). GSP-Spec relies on the analysis of
∼5.6 million Gaia/Radial Velocity Spectrometer stellar spectra.

We emphasize that the number of local solar twins as a func-
tion of stellar age represents a specific fraction of stars formed
at their birth radii that were able to migrate to the solar vicin-
ity, governed by the efficiency of radial migration. In this con-
text, particular attention should be paid to a potential dynami-
cal mechanism that could hinder the outward migration of stars
from the inner disk: the Galactic bar creates a corotation bar-
rier due to constraints imposed by the conservation of Jacobi
energy (Binney & Tremaine 2008). This mechanism would pre-
dict a significantly reduced number of old solar twins in the solar
neighborhood. A representative case is provided by numerical
simulations investigating the Sun’s migration from its presumed
birth radius of RGC ≈ 5 kpc (Tsujimoto & Baba 2020; Baba et al.
2024). These studies suggest that only ∼1% or fewer of stars
sharing the Sun’s birth radius are able to reach the solar vicinity
within the Sun’s lifetime of 4.6 Gyr. Indeed, the age distribution
of solar twins may serve as a critical test of this hypothesis.

2. Derivation of intrinsic age distribution

From the Gaia DR3 GSP-Spec catalog, Taniguchi et al. (2026,
hereafter Paper I) built a catalog of 6594 solar twins with a
well-characterized selection function. Accurate ages of individ-
ual twins were estimated with the isochrone-projection method,
in which the observed Teff , [M/H], and either log g, MG,
or MKs

1 were compared against PARSEC isochrones version
1.2S (Bressan et al. 2012; Chen et al. 2015). The resultant cat-
alog, which covers a volume of ∼20−300 pc, is two orders of
magnitude larger than the previous ones that observed individual
stars one by one (see Table 2 in Paper I). Paper I also constructed
a mock catalog to characterize the observational selection effects
(see Sect. 4.3 in Paper I for details).

The purpose of this Letter is to derive the “intrinsic” age
distribution of migrated stars, which is defined as the product
of the star formation rate at their birth radii and the migra-
tion efficiency. For this purpose, we first obtained a rough esti-
mate of the intrinsic age distribution of solar twins from the
ratio of the observed (blue) to mock (orange) age histograms
shown in Fig. B.1. In addition, we deconvolved the selection
function from the observed solar twin age histogram using two
independent approaches: regularized least-squares (RLS) inver-
sion and Richardson-Lucy (RL) iterative deconvolution methods
(see Appendix B for details). The results obtained with the three
methods are shown in Fig. 1 by blue, orange, and green lines.

We find that the overall shapes of the intrinsic age distribu-
tions are qualitatively similar: each shows at least two promi-
nent peaks (or bumps, identified by red arrows in Fig. 1) around
2 Gyr and 4−6 Gyr, with the exception that the latter bump is not
present in the distribution derived using the RLS method. In the
following discussion, we focus on these features, although we
note that an additional bump may also be present around 8 Gyr.
Furthermore, the presence of solar twins as old as ∼10 Gyr sug-
gests that the formation of the disk may have begun more than at
least 10 Gyr ago.

3. Bimodal age distribution

The deduced age distribution exhibits a peak corresponding to
young solar twins and a secondary bump comprising relatively
old twins with ages of 4−6 Gyr. In this study, because the age
uncertainty is as large as 2 Gyr, it is difficult to resolve the age
distribution within the most recent 2 Gyr. However, we can at
least conclude that the clear increase from ∼3 Gyr ago toward the
present points to the existence of a dominant population of young
solar twins at these ages. Several studies have reported peaks cor-
responding to relatively young local stars, such as at ∼2.5 Gyr
ago (Mor et al. 2019; Sahlholdt et al. 2022; Chen & Prantzos
2025), as well as 1.9 and 1 Gyr ago (Ruiz-Lara et al. 2020). Con-
sidering the age uncertainties in our study, our results are broadly
consistent with these findings over a relatively large volume of
a few kiloparsecs, corresponding to the possible travel distances
of 2 Gyr-old stars (approximately 1−1.5 kpc; Tsujimoto & Baba
2020), similar to the case of Ruiz-Lara et al. (2020). Note that
our solar twin sample cannot probe very recent star formation, in
contrast to previous studies based on samples that include OBA-
type stars. Accordingly, we argue that a burst of star formation
took place in the Galactic disk, encompassing at least the local
region around 2 Gyr ago. It is worth reiterating here that its pos-

1 In this Letter, we present results based on the ages inferred from MKs ,
since this quantity is only minimally affected by selection effects. The
results based on the ages from log g and MG are provided in Appendix D
for reference.
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Fig. 1. (Deconvolved) probability density function (PDF) of the ages of
solar twins determined with MKs . The dotted black line shows the nor-
malized age histogram of our solar twin catalog (same as the blue his-
togram in Fig. B.1). The blue line shows the normalized ratio between
the observed and mock age histograms, as a rough estimate of the
intrinsic age distribution. Orange and green lines represent the decon-
volved, intrinsic age distributions obtained using the two different (RLS
and RL) methods. Shaded regions indicate the statistical uncertainty
in the deconvolved PDFs, estimated from 104 Monte Carlo realiza-
tions assuming Poisson statistics for the original age histogram (see
Appendix C for a validation of this uncertainty estimate). The upper
axis provides reference Rbirth values, based on the [Fe/H] = 0 dex slice
of the age–Rbirth–[Fe/H] relation in Ratcliffe et al. (2023). See Fig. D.1
for results using log g and those using MG.

sible trigger is an interaction with the Sgr dwarf galaxy, which
deserves further attention.

More intriguingly, we identify a bump feature formed by
solar twins with ages of ∼4−6 Gyr. Evidence for enhanced
star formation at these epochs has also been reported in pre-
vious studies (e.g., Ruiz-Lara et al. 2020; Gallart et al. 2024;
del Alcázar-Julià et al. 2025)2. However, our result differs in one
important respect: in our sample, the bump stars consist exclu-
sively of stars that migrated from the inner disk, following the
solar twin’s age–RGC relation, whereas in other studies where no
metallicity constraint is imposed on sample selection, they rep-
resent a mixture of stars formed both in situ and in other regions
of the disk. This broad coincidence between samples with and
without in situ star formation can be reconciled with a frame-
work that the locally inferred star formation history may have
been substantially shaped by the effects of radial migration (e.g.,
Baba 2025). The question then arises of where these 4−6 Gyr-old
stars migrated to the solar neighborhood from. The approximate
birthplaces of such stars can be inferred from the studies so far,
including the one illustrated in Fig. 1. It is worth emphasizing
here that solar twins with ages ranging from 4.5 to 7 Gyr exhibit
elemental abundance patterns that match the Sun’s almost per-
fectly (Tsujimoto 2021), suggesting that the bump stars likely
share a very similar birth environment to that of the Sun.

Although some uncertainty remains in the estimated birth
radius of the Sun, most studies broadly converge on a value
of RGC < 6 kpc, with specific estimates including ∼4.5 kpc
(Lu et al. 2024), ∼5 kpc (Ratcliffe et al. 2023; Baba et al. 2023),
and ∼6 kpc (Prantzos et al. 2023), based on placing the Sun
within the framework of Galactic chemical evolution. How-

2 In Gallart et al. (2024), the age distribution is presented as a func-
tion of stellar metallicity. According to their results, the bump around
4−6 Gyr is composed mainly of stars with metallicities lower than the
solar value, contrary to our solar twin sample.

ever, from the standpoint of Galactic dynamics, migration
from such an inner region may not be sufficiently proba-
ble. This argument stems from the presence of the Galac-
tic bar, which generates a potential barrier that makes it
difficult for stars to migrate outward across the corotation
radius (CR; Sellwood & Binney 2002; Ceverino & Klypin 2007;
Di Matteo et al. 2013; Fragkoudi et al. 2019; Khoperskov et al.
2020), located around RGC ∼ 6 kpc (e.g., Portail et al. 2017;
Sanders et al. 2019) under the slow-long-bar scenario (e.g.,
Hunt & Bovy 2018; Palicio et al. 2018). Nevertheless, the bar
length and pattern speed remain open issues, with some stud-
ies favoring a short-fast-bar scenario (Dehnen 2000; Hunt et al.
2018). In addition, the Galactic bar is thought to be decelerat-
ing (Zhang et al. 2025; Dillamore & Sanders 2025), with an esti-
mated present-day slowing rate of Ωp = −4.5 ± 1.4 km s−1 kpc−1

(Chiba et al. 2021). As a consequence of the mentioned poten-
tial barrier, the likelihood of such large-scale outward migration
is expected to be quite low and has been estimated to be on
the order of ∼1% or less (Tsujimoto & Baba 2020; Baba et al.
2024). This implies that only a negligible number of solar twins
with ages close to that of the Sun (≈4−6 Gyr) should exist, given
that their birthplaces lie within the corotation radius. Yet, con-
trary to this expectation, our derived age distribution shows no
dip in this age range; instead, it exhibits a clear bump feature.

This naturally raises the question of what mechanism is
responsible for producing such a feature. A plausible explana-
tion is that a particular event or process temporarily enhanced the
efficiency of radial migration in the inner disk. This scenario is
reminiscent of the epoch of Galactic bar formation, which could
have induced a coupling effect, simultaneously enhancing both
radial migration efficiency (e.g., Friedli & Benz 1995) and star
formation (e.g., Athanassoula 1992). In particular, the combined
effect of the bar and the spiral-arm structure can induce stronger
migration around the bar’s CR (Minchev & Famaey 2010, but
see also Quillen (2003)). If this theoretical prediction applies,
the bump feature in our age distribution may mark the onset of
bar formation around 6−7 Gyr ago, with the forming bar remain-
ing dynamically active for a few gigayears thereafter. As a result,
the overall epoch associated with bar formation activity can be
identified as the period ∼4−7 Gyr ago, corresponding approx-
imately to the full extent of the bump feature. This inferred
bar age is somewhat younger than the commonly cited value of
∼8 Gyr (e.g., Bovy et al. 2019); however, a recent study based on
the ages of super-metal-rich stars suggests a much younger bar
age of 3−4 Gyr (Nepal et al. 2024), partially overlapping with
our estimate. Furthermore, a bar formation epoch around 4 Gyr
ago has also been proposed from a perspective similar to ours
(Ruiz-Lara et al. 2026). Our argument is supported by the recent
finding of an inner stellar ring at the bar ends, which is composed
of stars with metallicities approximately close to solar and ages
overlapping with those of bump twins (Wylie et al. 2022).

Finally, we discuss the bimodality in the age distribution
purely from the perspective of chemical evolution. If the thin
disk formed as a secondary component after the thick disk, it is
expected to have originated from super-metal-rich gas ([Fe/H] >
0), after which [Fe/H] would have decreased over time due
to dilution by infalling metal-poor gas. This reverse evolution
phase would have ended relatively quickly, followed by normal
chemical evolution. This scenario naturally predicts a bimodal-
ity in the ages of solar twins, yielding both young (formed within
the last few gigayears) and old populations. However, model cal-
culations suggest that the old twins should be as old as ∼10 Gyr
and fewer in number than what is observed (e.g., Palicio et al.
2023).
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Fig. 2. Normalized histograms of the guiding radii, Rg, for solar twins,
color-coded by their ages determined with MKs . Histograms for other
orbital parameters are shown in Fig. D.2.

4. Orbital evolution

The arguments presented in Sect. 3 are framed within the con-
text of radial migration theory, in which older solar twins are
interpreted as having migrated from inner regions closer to the
Galactic center, under the assumption that their orbits have been
altered primarily through a dynamically cold process: so-called
“churning”. To test this hypothesis, we examined the orbital
property of solar twins as a function of age. Figure 2 presents
a histogram, divided into age bins, of the guiding radii (Rg).
No distinct differences are found among the age-tagged distribu-
tions, except for a slightly broader distribution for older twins,
which is within the expected range for the churning process.
A similar feature is also seen in the distributions of eccentric-
ities, e, and maximum vertical distances from the disk, Zmax, as
shown in Fig. D.2. We therefore conclude that the orbital evolu-
tion of solar twins has been governed primarily by diffusion in
angular momentum rather than by radial heating (“blurring”), as
assumed. If the blurring process dominated instead, the peaks in
the Rg distributions for older twins would shift to smaller values
than 8 kpc, reflecting their inner birth radii.

5. Conclusions

From our catalog of 6594 local solar twins, whose ages were care-
fully determined in our separate paper (Paper I), we derived their
age distribution. This provides synchronized information on both
the star formation history of the disk within the solar radius and
the radial migration of the corresponding stars. We find a bimodal
feature, with a prominent peak around ∼2 Gyr ago and a broad
bump extending over ∼4−6 Gyr ago. The former is consistent
with previous studies suggesting that a burst of star formation was
triggered relatively recently in the Galactic disk encompassing
the solar neighborhood. Our result strengthens the argument that
interactions with the Sgr dwarf galaxy during pericentric passages
may have induced bursts of star formation in the disk.

In contrast, the latter may indicate the important role of the
Galactic bar, which can enhance both star formation and the effi-
ciency of radial migration during its formation epoch. This inter-
pretation points to a relatively young age for the bar, estimated
to be ∼4−7 Gyr, corresponding to a period of heightened activity
within the forming bar. This phase of strong bar activity likely
overlapped with the formation of the Solar System in the inner
disk. In this context, the Sun would have naturally migrated as
one member of a large group of co-migrating stars.
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Fig. B.1. Observed histogram of solar twin ages. Histograms shows
the ages of stars with the relative age error smaller than 50%, deter-
mined using MKs for the observed (blue) and mock (orange) samples.
See Fig. D.3 for results using log g and those using MG.
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Appendix B: Deconvolution of the age histogram

In this Appendix, we provide a detailed description of the decon-
volution procedure outlined in Sect. 2 to derive the “intrinsic”
age distribution of migrated stars. For this purpose, just showing
the histogram of solar twin ages (blue histogram in Fig. B.1)
is insufficient, given that the solar twin selection effects alter
the histogram (see Sect. 4.3.2 in Paper I). Such effects should
be corrected for, or at minimum accounted for, when analyzing
datasets from larger surveys (Bland-Hawthorn & Gerhard 2016).

To characterize the observational selection effects of our
solar twin catalog, Paper I constructed a mock solar twin sam-
ple. Stellar ages and initial metallicities were randomly sam-
pled from uniform distributions, and initial masses were sampled
from the Kroupa (2001) initial mass function. Synthetic stel-
lar parameters and photometric quantities were then generated
using the PARSEC isochrones. Simulated observational uncer-
tainties and the same selection criteria as for the real sample were
applied, thereby embedding the expected selection effects for the
observed solar twins catalog in the mock catalog (see Sect. 4.3.1
in Paper I for more details).

The selection effects in our solar twin sample are illus-
trated in the orange histogram in Fig. B.1, which shows the age
histogram of mock solar twins assuming a flat intrinsic age dis-
tribution. The figure illustrates, for example, that most solar-
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Fig. B.2. Selection function for solar twin ages determined with MKs .
2D histogram in the central panel shows the distribution of the input true
and output estimated ages for the mock solar twins. Top and right panels
show the normalized marginal histograms for the input and output ages,
respectively. See Fig. D.4 for results using log g and those using MG.

type stars older than ∼10 Gyr have already evolved off the main
sequence and therefore no longer satisfy the solar twin criteria
(i.e., Teff , log g, and [M/H] are around the solar values). Con-
sequently, even though the intrinsic age distribution is flat, the
mock solar twin histogram contains very few stars at such old
ages.

Here, we describe how we corrected for the selection effects
from the observed solar twin age histogram. The 2D histogram in
Fig. B.2 shows the selection function matrix S for our solar twin
ages determined with MKs . The matrix was constructed by bin-
ning the true (input) and inferred (output) ages of 75 588 mock
stars generated by Paper I on a regular grid with 0.5 Gyr bins.
We remind that the mock stars were initially drawn from a flat
intrinsic age distribution before applying the solar twin selection
criteria. By construction, only mock stars that satisfy the solar
twin selection criteria are included in this 2D histogram. The
matrix S is therefore not normalized by column or row.

With this definition of matrix S , any observed solar twin
age histogram hobs is related to the corresponding intrinsic age
histogram htrue through the selection function matrix S derived
from the mock catalog:

hobs = S htrue. (B.1)

In the current analysis, we estimate htrue for the parent popula-
tion that gave rise to the observed solar twins, by deconvolving
the age distribution hobs of the solar twins actually observed. We
employed two independent deconvolution approaches:
1. Regularized least-squares (RLS) inversion. In this approach,

the residual between the observed histogram hobs and the
recovered S htrue was minimized under Tikhonov regulariza-
tion with a discrete difference operator D and a regularization
parameter λ to enforce the smoothness in htrue:

min
htrue≥0

[
‖w � (hobs − S htrue)‖22 + λ‖Dhtrue‖

2
2

]
, (B.2)
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Fig. B.3. Dependence of the deconvolved MKs -based age PDF obtained
with the RLS method on the hyperparameter λ.

where the weight vector was defined as w = 1/
√

hobs + 1.
The addition of the constant term prevents the weights from
diverging in bins with very small hobs values at old ages.

2. Richardson-Lucy (RL) iterative deconvolution (Richardson
1972; Lucy 1974). In this approach, hobs was iteratively
updated according to

h(n+1)
true = h(n)

true �
S T

(
hobs � (S h(n)

true)
)

S T1
, (B.3)

starting from a flat initial guess h(0)
true. The total iteration num-

ber N serves as a hyperparameter that implicitly regularizes
the solution through early stopping.

Both methods were applied to the observed histogram hobs
while varying the corresponding hyperparameters (λ for the RLS
method and N for the RL method).

To see the behavior of both methods, Figs. B.3 and B.4 show
the deconvolved intrinsic age distributions htrue obtained with
the RLS and RL methods, respectively, for different hyperpa-
rameter values. In the RLS method, htrue remains relatively flat
when λ is large (i.e., more weight on the smoothness), whereas
small-scale, possibly artificial, structures emerge as λ decreases.
A similar trend is also seen with the RL method, where increas-
ing N (i.e., repeating the iterative update) produces a progres-
sively bumpier htrue.

To choose the optimal hyperparameter value, we divided hobs
into five contiguous blocks and performed leave-one-block-out
cross validation. Across a grid of hyperparameter values, we
chose the one minimizing the residual ‖w�(hobs−S htrue)‖22 in the
validation set. For the MKs -based ages, the optimal values were
λ = 10−5.8 for the RLS method and N = 16 for the RL method,
which were used to produce Fig. 1. We chose λ = 10−6.5 and
N = 20 for the log g-based ages, and λ = 10−6.1 and N = 20 for
the MG-based ages in Fig. D.1.

Appendix C: Impact of finite-sample statistics

Our observed solar twin sample consists of a finite number of
stars (6,594 stars), and therefore any age distribution inferred
from this sample is subject to statistical fluctuations. In the fol-
lowing, we use the normalized ratio between the observed and
mock age histograms (blue line in Fig. 1) as a rough estimate
for the intrinsic age distribution to examine the impact of finite-
sample statistics. In the main text, statistical uncertainties in
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Fig. B.4. Dependence of the deconvolved MKs -based age PDF obtained
with the RL method on the hyperparameter N.
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Fig. C.1. Finite-sample effects on the observed-to-mock age histogram
ratio. Blue line shows the normalized ratio between the observed and
mock age histograms for solar twins based on MKs , identical to that
shown in Fig. 1. Blue shaded region indicates the statistical uncertainty
on this ratio, estimated from 105 Monte Carlo realizations assuming
Poisson statistics for the observed age histogram. Gray shaded region
represents the 1σ sampling variance expected from finite-sample statis-
tics, estimated by repeatedly drawing random subsamples from the
mock catalog with the same number of stars as in the observed sam-
ple and computing the corresponding subsample-to-mock ratios.

the deconvolved age PDFs (orange and green shaded regions in
Fig. 1) are estimated using Monte Carlo (MC) realizations that
assume Poisson statistics for the observed age histogram. In this
Appendix, we validate whether this uncertainty estimate is con-
sistent with the sampling variance expected from a finite-sized
sample.

We performed an independent MC subsampling experiment
using only the mock catalog, which contains approximately ten
times more stars (75,588 stars) than the observed sample. From
the full mock catalog, we repeatedly chose random subsamples
with the same number of stars as in the observed sample and
computed the normalized ratio between each subsample and the
full mock catalog, in the same way as for the observed data.
After 104 realizations, the distribution of these ratios quantifies
the sampling variance expected for the observed sample.
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Fig. D.1. The same as Fig. 1 but for the age determined with log g (top)
and MG (bottom).

Gray shaded region in Fig. C.1 shows the 1σ sampling vari-
ance derived from the mock subsampling. The typical frac-
tional 1σ width is 9% (gray region), which is comparable to
the typical statistical uncertainty of 10% estimated from the MC
realizations of the observed sample (blue region). This agree-
ment indicates that our estimation of the statistical uncertainty
in the deconvolved intrinsic age distribution provides a reason-
able approximation to the sampling variance arising from finite-
sample statistics. However, it should be noted that the presence
of the bump around 4−6 Gyr ago may become marginal when
these statistical uncertainties are taken into account, especially
given that the RLS method does not detect such a bump feature.
Nonetheless, we emphasize that Solar twins with ages compara-
ble to that of the Sun do not constitute a negligible population in
the solar neighborhood.

Appendix D: Additional figures
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Fig. D.2. The same as Fig. 2 but for the eccentricity e (left) and the
maximum vertical distance from the Galactic plane Zmax (right).
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Fig. D.3. The same as Fig. B.1 but for the age determined with log g
(top) and MG (bottom).
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Fig. D.4. The same as Fig. B.2 but for the age determined with log g
(top) and MG (bottom).
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