A&A, 709, A139 (2026)Galactic structure, stellar clusters and populationsDOI: 10.1051/0004-6361/202557438© The Authors 2026
Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.
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Abstract

Context. RR Lyrae stars have long been considered unequivocal tracers of old (>10 Gyr) and metal-poor ([Fe/H] < −0.5) stellar populations. First, because these populations is where they are readily found and because, according to canonical stellar evolution models for isolated stars, these are the only populations where RR Lyrae are expected to exist. However, recent independent results are challenging this view and pointing to the existence of intermediate-age RR Lyrae (i.e. only about 2-5 Gyr old).

Aims. Our goal in this work is to provide direct evidence of the existence of intermediate-age RR Lyrae by searching for these stars in Milky Way open clusters, where the age association would be direct and robust.

Methods. We searched a catalogue of over 3000 open clusters with published kinematically associated member stars by cross-matching it against a compilation of the largest publicly available RR Lyrae surveys (Gaia, ASAS-SN, Pan-STARRS1, Zwicky Transient Facility, and OGLE-IV).

Results. We identified a star as a bona fide RR Lyrae variable and robust member of the 2-4 Gyr old Trumpler 5 cluster, based on its parallax and proper motions and their agreement with confirmed cluster members. We derived an extremely low probability (0.049 ± 0.013%) of the star being a background field RR Lyrae and we provide initial constraints on a possible binary companion based on its position in the colour-absolute-magnitude diagram.

Conclusions. As a current source of debate, the Trumpler 5 RR Lyrae star provides the most direct evidence to date of the existence of RR Lyrae stars at much younger ages than traditionally expected, adding to the mounting evidence supporting their existence.
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1 Introduction
RR Lyrae (RRL) stars are classical pulsator core He-burning stars produced at the intersection of the instability strip and the horizontal branch (HB). A convenient combination of observational properties have made them an extremely popular tracer of Milky Way (MW) structure in the current era of deep, large-scale, synoptic photometric surveys. Due to their distinctive variability they are easily and reliably identified based on (multi-epoch) photometry alone; and being standard candles they provide individual distances with excellent precisions (down to a few per cent). Coupled with their high luminosities, this these features have made them ideal tracers of the 3D structure of our Galaxy and its surroundings (see e.g. Zhāng et al. 2025; Prudil et al. 2025; Cabrera-Gadea et al. 2025; Ngeow & Bhardwaj 2025; Medina et al. 2024; D’Orazi et al. 2024).
Recent studies are defying the canonical notion that RRLs are tracers of exclusively old and metal-poor populations (e.g. Catelan & Smith 2015; Smith 1995). In the first large-scale study of RRL kinematics in the MW using Gaia DR2 (Gaia Collaboration 2018), Iorio & Belokurov (2021) found a significant population of metal-rich RRLs ([Fe/H] ≳ −0.5 up to nearly solar) with kinematics resembling thin disc populations 2-5 Gyr-old, much colder and faster rotating than observed for disc populations at >10 Gyr, the age expected for canonical RRLs. Nearly simultaneously, in an independent study, Sarbadhicary et al. (2021) concluded that almost half (51%) the RRLs in the Large Magellanic Cloud (LMC) are associated with intermediate-age populations with ages from 1.2 to 8 Gyr. Their study was based on the delay time distribution (DTD) of RRLs, a measure of the number of objects per unit (initial) mass formed after a burst of star formation, inferred from the spatial distribution of RRLs and a map of the stellar age distribution across the LMC. Both studies are based on completely independent data and methods, with their results pointing towards the existence of intermediate-age populations of RRLs only a few Gyr old; thus, they would be much younger (and, in the case of the MW, also more metal-rich) than canonical stellar evolution models would predict. More recent studies of the kinematics of RRLs in the Galactic disc’s warp (Cabrera-Gadea et al. 2025) and of the correlation of the kinematics of RRL and Mira stars of different ages determined via Mira’s period-age relation (Zhāng et al. 2025) have further supported the kinematical intermediate age of thin-disc RRLs found by Iorio & Belokurov (2021).
Although these studies strongly support the existence of intermediate-age RRL stars, their conclusions rely on indirect age estimates and/or statistical inferences about the expected fraction of such stars. The only RRL so far identified as a ‘young’ object is the bulge field star OGLE-BLG-RRLYR-02792 found by Pietrzynski et al. (2012). It is also one of only two RRLs that have been robustly confirmed to be part of a binary system (Hajdu et al. 2021). The star has a current mass of 0.26 M⊙ and is found to be 5.4 Gyr old based on binary evolution models (Pietrzynski et al. 2012; Smolec et al. 2013). Pietrzynski et al. (2012) showed this mass is too low for the star to be undergoing core He-burning, calling it an RRL impostor and the prototype of a new ‘binary evolution pulsator’ class. These precedents highlight the need for a direct and unambiguous identification of individual RRLs associated with an intermediate-age cluster, where the age association is unequivocal and the non-variable population of the cluster can serve as a benchmark for atmospheric abundances to be compared against. Such objects will provide key constraints on the evolutionary channels currently proposed to explain the existence of these ‘young’ RRLs; for instance, via stellar population synthesis models, including binary evolution with mass transfer (Karczmarek et al. 2017; Bobrick et al. 2024), or via single stellar evolution with increased mass loss (Bono et al. 1997a,b).
In Cuevas-Otahola et al. (2025), we conducted a search for RRLs associated with intermediate-age clusters in the Magellanic Clouds (MCs), in an attempt to find direct evidence confirming the existence of these stars at such early ages. The search yielded 23 RRL possible members in ten clusters with ages from 2 to 8 Gyr. Given the large distance to the clusters, the current precision of Gaia DR3 proper motions is not yet enough to offer conclusive kinematic memberships and about half the RRLs are expected to be field contaminants from the MC’s population, awaiting spectroscopic follow-up for radial velocities to confirm their memberships to the clusters.
In the MW, the vast majority of clusters found at ages younger than 8 Gyr are open clusters (OCs) whose masses are typically < 103M⊙ (with a handful of young massive clusters (YMCs) of higher masses, Portegies Zwart et al. 2010). The present-day formation rate (PTF) of 0.83 RRLs∕105 M⊙ found by Cuevas-Otahola et al. (2025) for clusters in that age range implies that only one in a few thousand clusters is statistically expected to host a single RRL and a search over a large sample of several thousand clusters is warranted. Such a search has become feasible thanks to Gaia, which has allowed for millions of stars to be catalogued as members of a vast number of OCs (over 5000), with kinematic membership probabilities robustly estimated based on parallax and proper motions (e.g. Hunt & Reffert 2023; Cantat-Gaudin et al. 2018, 2020). A quick estimate from the cluster masses reported by Hunt & Reffert (2024) and the Cuevas-Otahola et al. (2025) inferred rates yields a total mass of ∼4 × 105M⊙ for the 172 clusters in the age range from 1 to 8 Gyr, which implies ∼2-3 RRLs could be lurking in the population of known Galactic OCs.
In this work, we present the first RRL star conclusively associated with an intermediate-age population: the 2-4 Gyr-old cluster Trumpler 5. This provides direct and model-independent evidence of the age of this young RRL star. In Sect. 2, we describe our search, conducted with a compilation of public RRL surveys cross-matched against the catalogue of stellar members associated with OCs from Hunt & Reffert (2023). Our search resulted in an initial sample of 15 candidates, out of which we confirm one star as a bona fide RRL. In Sect. 3, we show the star to be robustly identified as an RRL and as a cluster member by comparing it against cluster member’s parallax, kinematics, and position in the colour-magnitude diagram (CMD) and by showing that it has an extremely low probability (0.049 ± 0.013%) of being a background field RRL. In Sect. 4, we discuss constraints on a possible binary companion based on its position in the CMD and the spectral energy distribution (SED), as well as on Trumpler-5 as a cluster that favours stellar evolution with mass transfer. We present our conclusions in Sect. 5.
2 Data
In this work, we use the OC census from Hunt & Reffert (2023) with mean cluster parameters from their Table 3 and members data from Appendix A of Hunt & Reffert (2024). In this latter work, the census from Hunt & Reffert (2023) was updated by including colour-magnitude diagram information in the cluster classification scheme and reporting extinction, age, and distance based on isochrone fitting, as well as the Jacobi radius and stellar mass for each cluster.
For the RRLs, we used the catalogue described in Cabrera-Gadea et al. (2025), which combines the Gaia DR3 SOS catalogue from Clementini et al. (2023), the Pan-STARRS1 (PS1) catalogue from Sesar et al. (2017a) and the ASAS-SN from Jayasinghe et al. (2019a,b), augmented with cross-matches against the Zwicky Transient Facility (ZTF) and the Optical Gravitational Lensing Experiment (OGLE) IV catalogues from Chen et al. (2020) and Soszynski et al. (2016), respectively, following the cross-matching strategy described in Cabrera-Gadea et al. (2025). The final GAPZO catalogue contains a total of 309 998 RRL stars spanning the full sky.
For our analysis, we cross-matched the GAPZO RRL catalogue by Gaia DR3 source_id against the OC member table from Hunt & Reffert (2024), keeping the 3530 clusters classified strictly as OCs (Type='o') to avoid globular clusters and moving groups, and with CMDCl50>= 0.5 and CST> 5 to keep only reliable OCs, as suggested by Hunt & Reffert (2023), and limiting our search to members within each cluster’s tidal radius. This results in a sample of 3358 young (<1 Gyr) and 172 intermediate age clusters (1-8 Gyr), in which an initial number of 15 RRLs were identified as members of the same number of OCs. Out of these, 13 stars were identified as RRL by a single survey, one by two surveys (ZTF and Gaia) and the last one by all five surveys. Based on visual inspection of their light curves and position in the CMD, 14 out of the 15 stars were discarded based on their light curves (the majority were reclassified as eclipsing binaries) and/or their position in the CMD, as described in detail in Appendix A. In what follows, our discussion will focus on the last standing RRL star.
3 Results: The RRL star in Trumpler 5
Our search resulted in one star robustly identified as an RRL and as a member of an intermediate-age OC, the Trumpler 5 cluster. The RRL is identified as source_id=3326852328563919744 by Gaia DR3. Gaia DR3 astrometric parameters (Gaia Collaboration 2023) for the RRL and physical and astrometric parameters for the cluster from several sources are summarised in Table 1.
Anderson & Hunt (2025) recently conducted a similar search for variable stars in the Hunt & Reffert (2023) OC census by cross-matching against the Gaia DR3 Specific Objects Study (SOS) catalogues for different classes of variable stars and found two stars classified as RRLs by Gaia. Upon the inspection of their light curves and position on the CMD, the stars turned out to be likely eclipsing contact binaries and, consequently, the authors concluded no RRLs were found associated with OCs. However, their search was motivated by the study of much less luminous classes of variables and their sample was limited to clusters nearer than 2.5 kpc. We did not need to impose such a limitation here.
Table 1 
Astrometric and physical parameters for the Trumpler 5 cluster and the RRL star.

Table 2 
Period, light curve amplitudes, and (intensity averaged) mean magnitudes for the Trumpler 5 RRL.

3.1 A bona fide RRL
The star is consistently reported as an RR ab in all five surveys in the GAPZO catalogue. Table 2 summarises its main light curve parameters and Fig. 1 shows the star’s light curves (top row) in the nine different filters for the four surveys with publicly available time series data. In all cases, the light curves show the typical sawtooth shape expected from its classification as an RRL of type ab. As observed in Fig. 1 and Table 2, amplitudes decrease as filters become redder, as expected for a pulsating star (e.g. Kinman & Brown 2010; Catelan & Smith 2015), except for the V-band amplitude from ASAS-SN. The location of the star in the period-amplitude diagram (bottom row) for all bands is consistent with the expectation from the period-amplitude anti-correlation in all eight bands available for Gaia, PS1 and OGLE-IV (only one band per survey is shown). For ASAS-SN, the relatively low V-band amplitude places the star below the main locus, however, the overall distribution for ASAS-SN RRL is much more scattered than usually observed, which is also reflected in a much weaker period-amplitude anticorrelation (Catelan & Smith 2015), in turn leading to lower amplitudes being more common in this catalogue. This suggests the low amplitude is more likely due to ASAS-SN amplitudes having a tendency to be underestimated, rather than it having a more physical explanation; for instance, based on the assumption the RRL might be a Blahzko star, which may have explained its lower amplitude. Therefore, we conclude the star’s observed light curve, period, and amplitudes are typical for an RRab.
3.2 Kinematic cluster membership
Figure 2 shows the RRL star’s position relative to cluster members from Hunt & Reffert (2024) in the sky and proper motion planes, in a parallax histogram, and in the colour-magnitude diagram (CMD), using Gaia bands (from left to right). As shown in the figure, the RRL lies within the cluster’s tidal radius (by construction of our search) and its proper motions and parallax are in excellent agreement with the cluster’s, supporting its likely membership at face value.
Our Trumpler 5 RRL was identified by Hunt & Reffert (2023) as a member of the cluster with a membership probability p = 0.51. The star had also been previously identified as a member of Trumpler 5 by Cantat-Gaudin et al. (2018, 2020) using Gaia DR2 and van Groeningen et al. (2023) using Gaia DR3, with probability 1 in all cases. All of these works compute membership probabilities by modelling the cluster in the same space of observables (sky, parallax, and proper motions) with a key difference being that membership probabilities from Hunt & Reffert (2023) were computed using HDBSCAN. According to the authors, their algorithm does not take into account observational errors and bases the assignment of probabilities on the proximity of a given star to the bulk of the cluster’s population. This stands in contrast to the works of Cantat-Gaudin et al. (2018, 2020) and van Groeningen et al. (2023) whereby observational uncertainties are accounted for, which could explain the much lower membership probability found for this star by Hunt & Reffert (2023). Since this point is key, in Sect. 3.4, we revisit it and show that the probability of this star being a chance interloper of the thin-disc field population is extremely low.
Finally, an exhaustive search of major spectroscopic survey databases (DESI, LAMOST, and SDSS-IV) as well as using SIMBAD and VizieR yielded no available measurements for the star’s line-of-sight velocity in the literature.
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Phase-folded light curves (top) and location of the Trumpler 5 RRL in the Period-Amplitude diagram (bottom) for the four surveys with publicly available time series data. From left to right : Gaia (Clementini et al. 2023), PS1 (Sesar et al. 2017b), ASAS-SN (Jayasinghe et al. 2019a), and OGLE-IV (Soszynski et al. 2016). In the bottom row, the location of the Trumpler 5 RRL (star symbol) is shown in comparison to RRLs from each survey in the selected band. See text for details. Error bars for the magnitudes are plotted in all panels in the top row but are smaller than the symbol size in all cases except for ASAS-SN.



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 Trumpler 5 RRL (star) and cluster members (light gray) shown (from left to right) in the plane of the sky (Dec versus RA), proper motions (pmDec versus pmRA), parallax, and Gaia CMD. In the first panel, rt and r50 are shown with the dotted and dashed lines, respectively corresponding to the tidal radius and radius enclosing 50% of the members according to Hunt & Reffert (2023). In the fourth panel, the dotted lines correspond to instability strip (IS) limits from Marconi et al. (2015) for the cluster’s metallicity; the dashed line shows the expected apparent G-band magnitude for the HB (from the empirical PLZ relation) at the cluster’s metallicity ([Fe/H] = −0.4, Donati et al. 2015), and the star’s parallax distance and extinction according to Green et al. (2019). The shading represents the uncertainty in the HB luminosity corresponding to the full range of (observed) RRL metallicities [Fe/H] ∈ [0., 2.0] dex and the uncertainties in the apparent magnitude and colour of the RRL are smaller than the star symbol. The agreement with the RRL’s apparent magnitude is remarkable and the star lies right at the edge of the limits of the IS (see the discussion in Sect. 4.2.1).



3.3 Metallicity and location in the CMD
The star’s photometric metallicity, estimated from the Fourier light curve φ31 parameter, has been reported by Clementini et al. (2023) as [Fe/H] = −0.44  ± 0.34, by Li et al. (2023) as −0.86  ± 0.33, by Muraveva et al. (2025) based on the Gaia DR3 G-band, and as −0.98  ± 0.45 and −0.71  ± 0.22 by He et al. (2025) from the ZTF g and i bands. The dispersion between the measurements, particularly of those inferred from the same data, shows that photometric metallicity estimates are still quite imprecise in an individual basis. In the last three cases, although the measurements show a slightly more metal-poor nature than that of the cluster, all estimates deviate by ≤1.4σ from the cluster’s spectroscopic metallicity of [Fe/H] = −0.4 (Donati et al. 2015). We therefore assume the RRL’s metallicity remains consistent with the cluster’s within its uncertainties.
The RRL’s position in the CMD is also shown in Fig. 2 (last panel), where a good agreement is found between the star’s apparent G-band magnitude and that expected for the HB, assuming the cluster’s metallicity of [Fe/H] = −0.403  ± 0.006 (Donati et al. 2015), its distance and extinction AV = 1.65 from Green et al. (2019), and assuming the (empirical) absolute magnitude versus metallicity relation for the G band from Garofalo et al. (2022, Eq. (19)). The IS limits for the first overtone blue edge (FOBE) and fundamental red edge (FRE) according to Marconi et al. (2015) for the cluster’s metallicity are also shown. The limits provided by the authors in their Eqs. (3) and (4) for log Teff, log L/L⊙ were transformed to the Gaia photometric system using the colour- Teff transformation for Giants provided by Mucciarelli et al. (2021) in their Table 1 and a bolometric correction BCG for the G-band at Teff = 6500 K from the 2019 update of Table 5 from Pecaut & Mamajek (2013)1.
Finally, we searched Gaia DR3 flags ipd_frac_multi_peak and ipd_gof_harmonic_amplitude for signs of potentially unresolved binarity (Lindegren 2018) but found none. Also the star’s ruwe and phot_bp_rp_excess_factor (BEP) are normal, as shown in Table 1.
3.4 Not a background RRL star
Our argument that this a bona fide intermediate-age RRL star hinges on a reliable association to the cluster. A definitive association would require a measurement of the star’s radial velocity, which is currently unavailable. In the meantime, we can assess how likely it is that our star is a chance interloper from the field population.
We quantified the probability that a field MW RRL has proper motions and parallax compatible with those of our star. For reference, within the cluster’s projected tidal radius of ∼0°.5 there are only three other RRLs. Hence, a large window is needed to include enough RRLs for the background to be modelled properly, which already hints the likelihood of chance interlopers is very low. We selected a window that would include at least 2000 RRL, which resulted in a radius of ∼25°. Figure 3 shows the distribution of all field stars, field RRLs, cluster members and the RRL studied in this work. The distribution of field RRLs, while including both thin and thick disc contributions (e.g. Mateu & Vivas 2018; Prudil et al. 2020), is dominated by halo RRLs. Their bulk kinematics differ significantly from that of the cluster itself, as it is kinematically associated with the thin disc.
We used a Gaussian mixture to model the 3D distribution of proper motions and parallax of the background RRLs. We drew 500K random samples from the model and computed the fraction whose proper motions and parallax coincide with the RRL star’s to within three times its uncertainties and estimated the probability and its error as the mean and standard deviations from 100 bootstrap realisations. This yielded a probability of p = (0.012  ± 0.003)%. The final probability that such a star was drawn at random in a sample of only four stars (i.e. the number of RRLs within the cluster’s projected tidal radius) is given by the binomial probability of having one success in a sample of four draws when the probability of success is the value of p noted above. This yields a final probability of (0.049  ± 0.013)% that the RRL is a chance interloper. Thus, it is clear the probability of the RRL in Trumpler 5 being a chance interloper is extremely low (1 in 2000) and we take the association based on proper motions and parallax as a very robust one, even without the radial velocity information.
4 Discussion
4.1 Formation scenarios
We established that the RRL star is a robust member of the Trumpler 5 cluster. This provides a direct measurement of the RRL’s age by virtue of its robust association to the cluster, independent of any assumptions on the nature and evolutionary formation channel.
The existence of an RRL star at such a young age (2-4 Gyr) challenges canonical stellar evolution channels and requires its progenitor to have lost a significant amount of mass for the star to have entered the IS and become an RRL pulsator. Two main avenues have been proposed for this: increased mass loss in single-star evolution models (Bono et al. 1997a,b; Taam et al. 1976) or binary interactions with mass transfer (Bobrick et al. 2024; Iorio & Belokurov 2021; Sarbadhicary et al. 2021).
Bono et al. (1997a,b) explored theoretical single-stellar evolution scenarios that would produce a metal-rich RRL via increased mass loss. Accounting for the increase in He abundance with metal content and using different prescriptions of mass loss at the RGB, their models are able to reproduce the formation of metal-rich RRLs up to solar metallicities for ages >2.5 Gyr and even younger for increased mass loss values. The zero-age HB luminosity found for these models (log L/L⊙ ~ 1.5, L ~ 31L⊙) for ages > 2.5 Gyr and half the solar metallicity, is in agreement with more recent PLZ values for such a metalrich RRL (e.g. Garofalo et al. 2022, see Fig. 4 below). The ‘cause’ of the increased mass loss, however, is not exclusively determined by the He enhancement and different mass loss prescriptions have been explored by the authors. For the Trumpler 5 RRL, about 1 M⊙ would need to have been lost between the RGB and the HB stage for the star to reach the core He-burning stage with a core mass ∼0.5-0.6 M⊙ reaching the IS. As discussed by Zhāng et al. (2025) in their Sect. 5.2 (and shown in their Fig. 9), such a large mass lost far exceeds the expectations from available wind mass loss estimates, which predict at most ∆M ~ 0.3M⊙, based on metal-poor populations (Gratton et al. 2010; Savino et al. 2020; Tailo et al. 2021; Howell et al. 2024) or even lower for more metal-rich populations (Miglio et al. 2021). Additionally, the single stellar evolution effect responsible for such a high mass loss rate would need to have affected only the RRL, given that the red clump population of the cluster is found to be well described by stellar evolution models with normal prescriptions and He abundance (Özdemir et al. 2025). Since these tensions disfavour the single stellar evolution scenario, we turned our focus to the binary evolution scenario.
The second scenario is that of binary evolution, whereby the Trumpler 5 RRL could be a ‘normal’ RRL that is currently core He-burning after evolution and undergoing mass-transfer; alternatively, it could be a binary evolution pulsator or ‘RRL impostor’ such as the Pietrzynski et al. (2012) object. The pulsation properties predicted by Smolec et al. (2013) for these objects (red open squares in their Fig. 1) are roughly consistent with our star’s period and amplitude. The BEP’s light curve, however, is more irregular and less clearly saw-tooth shaped than our star, which has the light curve of a canonical RRab (see Fig. 1). The light curve dissimilarities do not seem to support this scenario; however, for a conclusive case to be made, models should be tailored to the specific properties of the Trumpler 5 RRL and, ideally, a dynamical estimate of the mass would be needed, requiring the star to be in a double-lined spectroscopic binary.
The lack of spectroscopic observations means that there is currently no direct evidence confirming (or ruling out) binarity. We analysed the Gaia ruwe parameter, which is consistent with a single star; however, this does not rule out low-mass and/or wide companions to which ruwe is not sensitive. The absence of visual companions only allows us to discard very wide binaries (an angular separation of ∼1" corresponds to ∼1000 AU), which, in any case, would not be expected to have affected the evolution of the RRL. Next, we attempted to constrain the properties of a possible unresolved companion using photometry in two ways. First, we analysed the colour-absolute-magnitude diagram (CAMD) to estimate what type of companion could explain the position of the RRL star, slightly outside the limits of the IS. Second, we explore the presence of excess emission in the SED that could arise from a companion or from circumstellar material.
	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Location of the Trumpler 5 RRL (black star) with respect to the field population in the proper motions (top) and parallax versus pmRA (bottom) planes. Iso-contours represent the density of cluster members (orange), all field stars (gray) within the cluster’s tidal radius, and 2000 field RRL stars (violet) within in a FOV of 25° around the cluster. A similar result is found when using proper motion in declination (not shown). The analysis yields a final probability (0.049 ± 0.013)% that the RRL is a chance interloper.



4.2 The binary evolution scenario
4.2.1 Location in the CAMD
Figure 4 shows the location of the Trumpler 5 RRL star in the CAMD using Gaia photometry. The absolute magnitude was computed from its intensity-averaged G-band magnitude from Gaia DR3 SOS (Clementini et al. 2023), its parallax distance of 2.95  ± 0.27 kpc computed including the −0.033  ± 0.002 mas offset correction found by Garofalo et al. (2022) for RRL stars. We kept this analysis focussed on the stars’ trigonometric distance inferred from its parallax, rather than a photometric distance based on an empirical period-luminosity-metallicity (PLZ) relation, since this is a geometric distance completely independent of any assumptions on the star’s nature as an RRL or of the validity of the PLZ for these unusual stars. Although metalrich field RRL (which are probably also young, as mentioned in Sect. 1 and likely similar to the Trumpler 5 RRL) have been used as part of many calibration samples of PLZ relations (see e.g. Muraveva et al. 2018; Garofalo et al. 2022; Prudil et al. 2025), the extent of the validity of the PLZ relation for these objects is an aspect that remains to be explicitly tested. Hence, we opted to base our estimates of the RRL’s location in the CAMD on its trigonometric (parallax-based) distance exclusively, allowing us to compare its derived luminosity (or absolute magnitude) to predictions from PLZs.
The extinction correction turns out to be the largest source of uncertainty in the calculation of both MG and colour because the cluster suffers from strong differential reddening (Özdemir et al. 2025), which varies with distance and along each line of sight. The figure shows the results obtained assuming an extinction AV = 1.65  ± 0.15 as predicted by the Green et al. (2019) map for the RRL’s line of sight and its trigonometric distance, compared to an extinction of AV = 1.50  ± 0.09 mag predicted by the Lallement et al. (2022) dust map (hereafter L22)2. Extinction law coefficients from Fitzpatrick et al. (2019) were used for the conversion to the Gaia bands. According to G19’s extinction the star is inside the IS and its luminosity is in remarkable agreement with the HB luminosity expected from the Garofalo et al. (hereafter G22 2022) empirical PLZ. According to L22’s extinction, however, the star would be just past the red edge of the IS and slightly under-luminous compared to the HB from the G22 PLZ.
Constraints on the extinction can be derived from a similar comparison made taking advantage of the photometric information available for the star in different filters (summarised in Table 2). Figure 5 shows the difference between the observed parallax and the corresponding prediction from empirical (open) and theoretical (filled) PLZ relations, both for the G19 (black) and L22 (gray) extinctions. This is also expressed equivalently in terms of a difference in magnitude, as shown by the right-hand axis. The figure shows the prediction from the empirical G22 PLZ for the reddening-free Wesenheit magnitude, WG,BP-RP, is in remarkable agreement with the observed parallax. This result is also in best agreement with that obtained for the G band using the (larger) G19 extinction, instead of the L22 extinction which yields a systematic offset of ≳0.02 mas. Therefore, in the following discussion, we have adopted the G19 extinction for the star.
Figure 5 also shows differences in the range 0.02-0.04 mas in the predicted parallax for empirical PLZs and systematically larger in the predictions from theoretical PLZs for all available photometric bands. If the Trumpler 5 RRL were not a real member of the cluster (and, instead, a normal field star either captured or simply coinciding in parallax and proper-motion with the cluster), the theoretically predicted PLZ parallax should be in agreement with the observed one. One aspect of particular interest is the discrepancy found for the theoretical predictions for the WG,BP-RP index; first because it is reddening-free, but also because this PLZ was empirically validated by Marconi et al. (2021) using Gaia DR2 astrometry for field RRL stars with robust metallicity information. In this band, the predicted parallax is ∼0.03 mas smaller than the observed parallax3. The discrepancy observed for the r, I, and i bands is even larger ≳0.06 mas (or ∼20% in parallax or distance). Although there may be caveats due to this analysis being limited to a single object and the consistency still remains within the uncertainties, the systematic disagreement of the theoretical PLZ predictions found over the different bands and the smaller disagreement shown by empirical PLZs (based on RRL samples, including field stars likely of a similar nature to the Trumpler 5 RRL) are further arguments pointing against the possibility of the star being a normal RRL posing as a cluster member.
	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 CAMD for the cluster members (gray) and RRL (purple dots with error bars). Possible primary RRL stars are shown as coloured circles, and the corresponding secondary companions as triangles. The two tracks shown for primaries correspond to the G19 (large circles) and L22 extinctions (small circles). The colour scale represents the mass of the companion star. The IS limits for RRab from Marconi et al. (2015) and expected HB luminosity for the cluster’s metallicity from the Garofalo et al. (2022) PLZ relation (as in Fig. 2) are shown by the dotted lines, the shaded areas correspond to their respective uncertainties.



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Difference between the observed parallax and the parallax predicted from theoretical (filled circles) and empirical (open circles) PLZ relations for different photometric bands. The equivalent difference in magnitude is also represented in the right-hand axis. Results for the predicted parallax are shown for assumed extinctions from the G19 (black) and L22 (gray) dust maps. Since errors in this parallax difference are dominated by the uncertainty in the observed parallax, they are the same for all points and shown only for one band for guidance. Empirical PLZ relations used are from Narloch et al. (2024, Eq. (8)) for PS1 bands, from Prudil et al. (2024) for I, BP, and RP and from Garofalo et al. (2022) for the G and WG,BP-RP band. Theoretical relations used are from Marconi et al. (2021) for WG,BP-RP, Marconi et al. (2015) for I and Marconi et al. (2022) for the LSST r and i bands (assumed here to match the PS1 bands, based on filter transmission curves for both surveys).



4.2.2 Constraints on binarity
To derive empirical constraints on the possible binarity of the star, we used its position on the CAMD to explore what the hypothetical secondary companions should be, so that the combined flux of the system would match the observed star, while keeping the primary inside the IS; these conditions would be required for the primary to develop the characteristic RRL pulsation (e.g. Smith 1995). Thus, we drew a secondary component from the normal cluster population and computed the primary’s fluxes needed to reproduce the position of the observed star in the CAMD. This exercise required adopting an age for the cluster; however, as discussed by Özdemir et al. (2025), this choice is uncertain when relying on photometry alone due to strong differential extinction and the resulting age-metallicity-extinction degeneracy. Using NIR spectroscopy, Özdemir et al. derived atmospheric parameters for several giant stars in the cluster, performed differential-reddening corrections, and obtained an age of 2.5 Gyr using MIST isochrones (Dotter 2016; Choi et al. 2016). They also presented a strong argument for this age: the clearly observed gap caused by the blueward hook in the isochrones near the main-sequence turn-off, a feature found only in populations this young. Therefore, in what follows we adopt their estimate of 2.5 Gyr for the cluster age.
Figure 4 shows the resulting sequence of possible RRL primaries and their corresponding companions (triangles) that reproduce the observed position of the unresolved binary, according to the MIST models (Dotter 2016; Choi et al. 2016), for the G19 extinction (large circles). The result for the L22 extinction is also shown for comparison (small circles).
As the figure shows, main-sequence (MS) companions with luminosities ≲5L⊙ are faint enough for the flux to be entirely dominated by the RRL primary and leave the star either in its observed position or slightly redder, still within the IS. More luminous MS companions, subgiant branch (SGB), and lower luminosity red giant branch (RGB) companions up to ∼12 L⊙ have been ruled out as, being bluer, they would require a cooler-and-redder primary outside the IS. As luminosity increases on the RGB, companions in the range ∼12-18 L⊙ start to be red enough to require a bluer primary inside the IS. Any companion more luminous than ∼18 L⊙ can also be ruled out as it would require a primary bluer than the blue edge of the IS. Further restrictions could be imposed on the companions knowing the observed star is an RR ab ; thus, the primary must be on the red side of the IS. In addition, if the primary were to follow normal PLZ relations, the lower its luminosity, the shorter its pulsation period would be; again making it inconsistent with the observed properties of the star. These conclusions still hold for the lower extinction predicted by the L22 map, with minor changes to the luminosities of the possible companions. This analysis, therefore, supports either a low-luminosity (≲5 L⊙) MS companion or no companion at all. This conclusion is consistent with the observed colour and magnitude of Trumpler 5’s RRL.
The MS-companion scenario would be consistent with predictions from Bobrick et al. (2024), who used MESA stellarpopulation synthesis models including binary interactions to reproduce the production of young and metal-rich RRL stars.
In their simulations, binary-made RRL stars are formed from evolved stripped-RGB stars and have surviving MS companions with masses between 0.65 and 1.9 M⊙ and luminosities 15 ≲ L/L⊙ ≲ 35. Initial masses for binary-made RRL stars are found to be in the range 0.95-2 M⊙ with mild mass ratios between 1.0 and 1.55. Because the primary is the star that becomes an RRL after ascending the RGB, its initial mass correlates with the age of the population. Since the mass ratios do not span a very broad range, Bobrick et al. (2024) pointed out that the secondary mass is also roughly correlated with age, with systems younger than 3 Gyr having companion masses larger than 1 M⊙ and luminosities of L > 1.5 L⊙. This would be consistent with the Trumpler 5 RRL and G19 extinction and with luminosities at the higher end of the range predicted by Bobrick et al. (2024). It should be noted, however, that alternative scenarios of binary-made RRL formed after the binary system merges during the common envelope phase are also possible (Mateu et al., in prep.). Quantitative predictions and the relative efficiency of these channels are being tested as they depend on binary evolution parameters difficult to be constrained, such as the critical values for mass transfer stability and mass loss parameters, among others.
Finally, we also explored the possible existence of an IR excess, based on the SED of the star. Figure 6 shows the dereddened SED for the RRL star built using the VOSA tool (Bayo et al. 2008) and available photometry from the literature over the wavelength range 0.36 ≲ λ/μm ≲ 11. The SED displays a good fit to a single blackbody of Teff = 5450 K with a luminosity of L = 25 L⊙ obtained when fitting only the optical wavelengths (λ ≲ 1.2 μm), and the same result is found when fitting over the full wavelength range. This result rules out a luminous RGB companion and also suggests the absence of IR excesses up to λ ≲ 11 μm from circumstellar material. The best fit to a two-blackbody model results in two indistinguishable components with the same temperature and half the luminosity each. Although the result supports the Teff value that was previously found, it is not sensitive to companions with luminosities well below that of the RRL star, as the resulting changes are comparable to the photometric uncertainties. We note that available interferometric observations with angular resolutions and sensitivity to resolve even faint companions at angular distances of tenths of mas could probe for companion at distances from 30 to 300 AU.
In summary, the observed RRL is with the luminosity of a normal RRL, based on expectations for the HB luminosity from existing empirical PLZ relations and inconsistent with predictions from theoretical PLZs. Its position in the CAMD would be consistent either with no companion or with MS companions with luminosities up to ∼5L⊙, in agreement with predictions from the binary interaction models by Bobrick et al. (2024).
	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 SED of the RRL best fitted to a black body with Teff = 5450K and L = 25L⊙. It includes magnitudes in 24 pass-bands from 2MASS, Gaia DR3, HST/ACS, IPHAS, PS1, SDSS, and WISE surveys. The SED was de-reddened by AV = 1.65 and the extinction law from Fitzpatrick (1999) and Indebetouw et al. (2005).



4.3 A binary-friendly cluster
The Trumpler 5 RRL was also identified by Rain et al. (2021) as a member of this cluster using the OC members from Cantat-Gaudin et al. (2018, 2020), and classified it as a so-called yellow straggler star (YSSs), one of the two found in that cluster. In their work, YSSs are defined as stars redder than the main sequence turn-off, bluer than the red giant branch, and more luminous than the subgiant branch; these conditions are indeed met by our star. In addition to the possibility of them being unresolved binaries whose combined fluxes place them in the YSS locus (Rain et al. 2021; Mermilliod et al. 2007), we note that YSSs are of special interest since it has also been proposed they may have been formed by binary mergers, collisions, and/or mass transfer from a red giant companion (Landsman & Stecher 1997; Landsman & Simon 1998; Leiner et al. 2016).
Rain et al. (2021) also found 103 blue straggler stars (BSSs) in Trumpler 5, making it the OC with the largest absolute population of BSSs and the 8th in terms of its relative fraction, calculated as the fraction of BSSs relative to main sequence stars up to 1 mag below the turn-off. The correlation between the fraction of BSSs and the binary fraction of a population observed in open and globular clusters, as well as in dwarf galaxies (e.g. Ferraro et al. 2026; Momany 2015) implies Trumpler 5 hosts a relatively large population of binaries in comparison to other OCs. If binary evolution with mass transfer is indeed a viable evolutionary path for RRLs to be produced at intermediate ages, the relatively large mass of Trumpler 5 (>24 000 M⊙) combined with a comparatively large binary fraction could arguably ‘conspire’ favourably for the cluster to have produced a binaryevolution RRL (despite how inefficient this mechanism might prove to be).
It should also be noticed that Trumpler 5 is an atypical OC, being older and more metal-poor than typical OCs (Özdemir et al. 2025), and exhibiting a mass that is higher than the canonical mass of OCs (Portegies Zwart et al. 2010). Trumpler 5 is a dynamically evolved cluster as shown by an analysis of the profile of its BSSs (Rain et al. 2020), with a mass resembling that of a low-mass YMC, leading to the possibility that it could be a transition cluster between OC and YMC, when considering OCs as the low-mass end of YMCs (Bastian 2016).
5 Conclusions
In this work we provide the first conclusive association of an RRL to an intermediate-age star cluster: the 2-4 Gyr-old Trumpler 5. This provides the first direct measurement of an intermediate-age RRL’s age, independent of any assumptions on the nature of the star or its possible evolutionary formation channel.
We have shown the star to be a bona fide RRL, identified independently and consistently by five RRL surveys: Gaia DR3 SOS, ASAS-SN, PS1, ZTF, and OGLE-IV. Its full information, as well as the cluster’s, is provided in Table 1. The star was robustly identified as a member of the Trumpler 5 cluster by Hunt & Reffert (2024); Cantat-Gaudin et al. (2018) and Cantat-Gaudin et al. (2020), it is located within the cluster’s tidal radius, and its proper motions and parallax are in remarkable agreement with the cluster’s members. Its observed apparent G-band magnitude is consistent with the expectation from empirical RRL PLZ relations for the HB at the cluster’s metallicity and at the star’s distance and extinction according to the Green et al. (2019) dust map. Based on the parallax and proper motion distribution of field RRL stars and the total number of field RRLs observed within the cluster’s tidal radius (3), we have shown the RRL to have a probability of 0.049  ± 0.013% of randomly sharing the cluster’s parallax and proper motion to within three times the star’s uncertainties. This result implies a very low chance of the RRL being a chance interloper. Given the size of the cluster sample (>3K OCs) searched in this work (Hunt & Reffert 2024), having observed one RRL in the 1-8 Gyr age range, implies a frequency of 0.25 × 10−5 M⊙ RRL. This is in agreement, to within Poisson noise, with the ∼2 RRL expected from the 0.2  ± 0.2 × 10−5 M⊙ PTF results obtained by Cuevas-Otahola et al. (2025) from LMC and SMC clusters, and with the ∼0.1 × 10−5 M⊙ rate predicted by binary evolution models from Bobrick et al. (2024).
Finally, although this is not firmly conclusive due to the large extinction uncertainties, we explored possible constraints on a binary companion based on the CAMD and the star’s SED. With the assumed extinction (AV = 1.65) from the G19 dust map, the star lies inside the IS and has a luminosity consistent with predictions from empirical PLZ relations for the G and WG,BP-RP bands. Theoretical PLZs are found to predict systematically smaller parallaxes than observed and also compared to predictions from empirical PLZs in all available bands, while also disfavouring the possibility of the star being a normal background star posing as a cluster member. Given its position in the CAMD, the RRL is consistent with being a single star or, if in a binary, the most likely scenario would require the secondary to be a low-luminosity MS star (L < 5L⊙). In addition, SGB or low-luminosity RGB companions are also possible, but would require a significantly under-luminous RRL. Finally, the star’s SED analysed with VOSA showed no signs of an IR excess from circumstellar material up to 11 μm.
The association of an RRL star to Trumpler 5, a decidedly intermediate-age simple stellar population, is the most direct evidence so far of the existence of these ‘young’ RRLs and lends firm support to the evidence that has been systematically accumulating toward the existence of RRL stars at these unusual ages, both in the MW and LMC (Iorio & Belokurov 2021; Sarbadhicary et al. 2021; Zhāng et al. 2025; Cabrera-Gadea et al. 2025; Cuevas-Otahola et al. 2025).
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1 Available at this URL


2 See also Fig. B.1 for a more detailed comparison of L22 and G19.


3 Observed parallaxes already include the zero-point correction from G22. Not including this correction would even increase this discrepancy.




Appendix A  Discarded stars
The search for RRL members in OCs yielded an initial sample of fifteen stars. Here we discuss the fourteen stars which we discarded as misclassified RRLs, mainly based on the appearance of their phase-folded light curves and/or position in the CAMD. Figure A.1 shows the phase-folded light curves for all the time series publicly available from Gaia, ASAS-SN, PS1 and OGLE-IV for these stars. In this plot, stars C13 and C14 were identified as RRLs by ZTF alone. Since the ZTF time series are not available, we show the Gaia DR3 for C13. We were unable to find any time series information for star C14, hence it is not shown in Fig. A.1. Figure A.2 shows the proper motion plane, parallax histogram, CAMD and Period-Amplitude diagram for the star of interest (purple star) and cluster members from Hunt & Reffert (2023), similarly to Fig. 2. Table A.1 summarises the available light curve information for the discarded stars.
Since the RRLs we are interested in could belong to unresolved binaries we should not, a priori, rule out stars that lie outside the IS. We can, however, discard any stars below the expected HB luminosity since an unresolved binary can only be more luminous than the RRL, assuming it has a ‘normal’ luminosity. The position in the CAMD of Fig. A.2 for several stars (e.g. C5, C6, etc.) places them well below the HB and, in many cases, directly on the MS. These cases are denoted as below-HB/MS in the comments of Table A.1 as reasons for the stars to be discarded from our sample. In what follows we describe the criteria used to discard each star, also summarised in Table A.1.
Stars C1-C4, show the characteristic light curves of contact or semi-detached eclipsing binaries (W UMa/EW and βLyr/Eβ), consistent with their position on or near the MS as seen in the CAMD of Fig. A.2. Star C5 has a very noisy light curve and is placed well below the MS. Stars C6, C8, C9, C10 and C11 have reasonably well behaved light curves, but too short amplitudes much more consistent with being either δ Scuti stars or eclipsing binaries (EB), the latter being more consistent with their position in the MS but outside the IS, in the CAMD. Star C7 is bluer than the IS and more luminous than the HB, which would make it a good candidate, except for its extremely low amplitude, particularly for its period, and the significant gap in its light curve. This star might be worth revisiting, but for now it is discarded as a possible EB. Stars C12 and C13 show almost constant light curves with a few deviated points, usually characteristic of detached eclipsing binaries (Algol/EA). This is indicated with the corresponding variability classification in the comments of Table A.1. Finally, star C14 has a very short amplitude and is located right at the MS, well below the HB. Although it is the only star without time series data available, its very short amplitudes and location in the CAMD make it likely to be an EB.
Table A.1 
Stars discarded as misclassified RRLs.

	[image: Thumbnail: Fig. A.1 Refer to the following caption and surrounding text.]	Fig. A.1 Phase-folded light curves for each of the 13 out of 14 stars discarded from the sample, with available time series data. Star 3330383474578837248 is not shown as it was identified by ZTF alone and its time series data is not publicly available, not does it have time series information in Gaia DR3.



	[image: Thumbnail: Fig. A.2 Refer to the following caption and surrounding text.]	Fig. A.2 Discarded RRL stars (purple star) and cluster members (light gray) are shown, from left to right, in the plane of proper motions (pmDec versus pmRA), parallax, Gaia CAMD and Period-Amplitude diagram. In the CAMD, the solid lines correspond to IS limits from Marconi et al. (2015); the dotted line shows the expected location of the HB at each cluster’s metallicity from Garofalo et al. (2022), and the absolute magnitude and intrinsic colours computed based on the distance and extinction according to Hunt & Reffert (2024); the shading represents the uncertainty in the HB luminosity corresponding to ∆[Fe/H] = 0.5 dex. The star’s ID from Table A.1 and the cluster’s name are shown in the fourth panel top right corner and Y axis, respectively.




Appendix B  Extinction
Trumpler 5 is located in a region with high differential extinction. In Fig. B.1 we show the dependence of AV as a function of distance along the line of sight to the RRL, for the Lallement et al. (2022) and Green et al. (2019) 3D extinction maps. The overall trend is very similar but there are localised differences up to ∼0.25 mag between the two maps. At the RRL’s distance the G19 map predicts larger extinction than the L22 map by ∼0.15 mag.
	[image: Thumbnail: Fig. B.1 Refer to the following caption and surrounding text.]	Fig. B.1 Extinction in the V band along the RRL’s line of sight from the G19 and L22 extinction maps. The width of the L22 curve represents the 1σ uncertainty in extinction at fixed distance. The RRL’s parallax distance and cluster’s mean distance summarised in Table 1 are shown with the dashed and dotted lines respectively.
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	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Location of the Trumpler 5 RRL (black star) with respect to the field population in the proper motions (top) and parallax versus pmRA (bottom) planes. Iso-contours represent the density of cluster members (orange), all field stars (gray) within the cluster’s tidal radius, and 2000 field RRL stars (violet) within in a FOV of 25° around the cluster. A similar result is found when using proper motion in declination (not shown). The analysis yields a final probability (0.049 ± 0.013)% that the RRL is a chance interloper.
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	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 CAMD for the cluster members (gray) and RRL (purple dots with error bars). Possible primary RRL stars are shown as coloured circles, and the corresponding secondary companions as triangles. The two tracks shown for primaries correspond to the G19 (large circles) and L22 extinctions (small circles). The colour scale represents the mass of the companion star. The IS limits for RRab from Marconi et al. (2015) and expected HB luminosity for the cluster’s metallicity from the Garofalo et al. (2022) PLZ relation (as in Fig. 2) are shown by the dotted lines, the shaded areas correspond to their respective uncertainties.
In the text



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Difference between the observed parallax and the parallax predicted from theoretical (filled circles) and empirical (open circles) PLZ relations for different photometric bands. The equivalent difference in magnitude is also represented in the right-hand axis. Results for the predicted parallax are shown for assumed extinctions from the G19 (black) and L22 (gray) dust maps. Since errors in this parallax difference are dominated by the uncertainty in the observed parallax, they are the same for all points and shown only for one band for guidance. Empirical PLZ relations used are from Narloch et al. (2024, Eq. (8)) for PS1 bands, from Prudil et al. (2024) for I, BP, and RP and from Garofalo et al. (2022) for the G and WG,BP-RP band. Theoretical relations used are from Marconi et al. (2021) for WG,BP-RP, Marconi et al. (2015) for I and Marconi et al. (2022) for the LSST r and i bands (assumed here to match the PS1 bands, based on filter transmission curves for both surveys).
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      Table 1 

      Astrometric and physical parameters for the Trumpler 5 cluster and the RRL star.

      
        


	Trumpler 5 cluster



	




	(RA, Dec)
	(99.12705764, +9.45854713) deg



	(l, b)
	(202.82, +1.02) deg



	Parallax
	(0.302 ± 0.002) mas



	pmRA*
	(−0.618 ± 0.003) mas/yr



	pmDec
	(0.269 ± 0.002) mas/yr



	Mass
	(2.46  ± +0.17) × 104 M⊙



	Age
	2.2-4.2 Gyr



	
	2.5 Gyr (O25)



	
	([image: Mathematical equation: $2.17_{-0.70}^{+1.00}$]) Gyr(H23)



	
	(3.5  ± 1.7)Gyr(D21)



	
	4.2 Gyr (CG20)



	Distance
	([image: Mathematical equation: $2.905_{-0.009}^{+0.010}$]) kpc(H23)



	
	3.047 kpc (CG20)



	[Fe/H]
	−0.403  ± 0.006 (D15)



	Av
	(1.71  ± +0.19) mag(H23)



	rt
	(0.50 deg, 25.5 pc) (H23)



	rc
	(0.077 deg, 3.9 pc) (H23)



	r50
	(0.11 deg, 5.4 pc) (H23)



	




	RRL



	




	source_id
	3326852328563919744



	(RA, Dec)
	(98.90796904, 9.72592814) deg



	(l, b)
	(202°.48, 0°.95) deg



	Parallax
	(0.306  ± 0.028) mas



	Distance (trig.)
	2.95  ± 0.27 kpc (from parallax)



	Av
	(1.65  ± 0.15) mag (G19)



	
	(1.503  ± 0.090) mag (L22)



	pmRA*
	(−0.627  ± 0.031) mas/yr



	pmDec
	(0.328  ± 0.026) mas/yr



	G
	(14.874  ± 0.012) mag



	ruwe
	1.1



	BEP
	1.3





      

      
Notes. O25 = Özdemir et al. (2025), H23 = Hunt & Reffert (2023), D21 = Dias et al. (2021), CG20 = Cantat-Gaudin et al. (2020), D15 = Donati et al. (2015), G19 = Green et al. (2019), L22 = Lallement et al. (2022).




    

  
    
      Table 2 

      Period, light curve amplitudes, and (intensity averaged) mean magnitudes for the Trumpler 5 RRL.

      
        


	Survey
	Period (d)
	Band
	Amplitude (mag)
	MeanMag (mag)





	Gaia SOS
	0.524806
	BP
	1.07
	15.50



	
	
	G
	0.82
	14.87



	
	
	RP
	0.69
	14.09



	




	ASAS-SN
	0.524830
	V
	0.34
	14.31



	




	PS1
	0.524815
	g
	1.07
	15.84



	
	
	r
	0.77
	15.00



	
	
	i
	0.61
	14.53



	
	
	z
	0.58
	14.28



	




	ZTF
	0.524790
	r
	0.81
	14.88



	




	OGLE
	0.524807
	I
	0.62
	13.99





      

      
Notes. References are those provided for each survey in Sect. 2.




    

  
    
      Fig. 1 

      
        [image: Fig. 1 Refer to the following caption and surrounding text.]
      

      
        Phase-folded light curves (top) and location of the Trumpler 5 RRL in the Period-Amplitude diagram (bottom) for the four surveys with publicly available time series data. From left to right : Gaia (Clementini et al. 2023), PS1 (Sesar et al. 2017b), ASAS-SN (Jayasinghe et al. 2019a), and OGLE-IV (Soszynski et al. 2016). In the bottom row, the location of the Trumpler 5 RRL (star symbol) is shown in comparison to RRLs from each survey in the selected band. See text for details. Error bars for the magnitudes are plotted in all panels in the top row but are smaller than the symbol size in all cases except for ASAS-SN.

      

    

  
    
      Fig. 2 

      
        [image: Fig. 2 Refer to the following caption and surrounding text.]
      

      
        Trumpler 5 RRL (star) and cluster members (light gray) shown (from left to right) in the plane of the sky (Dec versus RA), proper motions (pmDec versus pmRA), parallax, and Gaia CMD. In the first panel, rt and r50 are shown with the dotted and dashed lines, respectively corresponding to the tidal radius and radius enclosing 50% of the members according to Hunt & Reffert (2023). In the fourth panel, the dotted lines correspond to instability strip (IS) limits from Marconi et al. (2015) for the cluster’s metallicity; the dashed line shows the expected apparent G-band magnitude for the HB (from the empirical PLZ relation) at the cluster’s metallicity ([Fe/H] = −0.4, Donati et al. 2015), and the star’s parallax distance and extinction according to Green et al. (2019). The shading represents the uncertainty in the HB luminosity corresponding to the full range of (observed) RRL metallicities [Fe/H] ∈ [0., 2.0] dex and the uncertainties in the apparent magnitude and colour of the RRL are smaller than the star symbol. The agreement with the RRL’s apparent magnitude is remarkable and the star lies right at the edge of the limits of the IS (see the discussion in Sect. 4.2.1).

      

    

  
    
      Fig. 3 

      
        [image: Fig. 3 Refer to the following caption and surrounding text.]
      

      
        Location of the Trumpler 5 RRL (black star) with respect to the field population in the proper motions (top) and parallax versus pmRA (bottom) planes. Iso-contours represent the density of cluster members (orange), all field stars (gray) within the cluster’s tidal radius, and 2000 field RRL stars (violet) within in a FOV of 25° around the cluster. A similar result is found when using proper motion in declination (not shown). The analysis yields a final probability (0.049 ± 0.013)% that the RRL is a chance interloper.

      

    

  
    
      Fig. 4 

      
        [image: Fig. 4 Refer to the following caption and surrounding text.]
      

      
        CAMD for the cluster members (gray) and RRL (purple dots with error bars). Possible primary RRL stars are shown as coloured circles, and the corresponding secondary companions as triangles. The two tracks shown for primaries correspond to the G19 (large circles) and L22 extinctions (small circles). The colour scale represents the mass of the companion star. The IS limits for RRab from Marconi et al. (2015) and expected HB luminosity for the cluster’s metallicity from the Garofalo et al. (2022) PLZ relation (as in Fig. 2) are shown by the dotted lines, the shaded areas correspond to their respective uncertainties.

      

    

  
    
      Fig. 5 

      
        [image: Fig. 5 Refer to the following caption and surrounding text.]
      

      
        Difference between the observed parallax and the parallax predicted from theoretical (filled circles) and empirical (open circles) PLZ relations for different photometric bands. The equivalent difference in magnitude is also represented in the right-hand axis. Results for the predicted parallax are shown for assumed extinctions from the G19 (black) and L22 (gray) dust maps. Since errors in this parallax difference are dominated by the uncertainty in the observed parallax, they are the same for all points and shown only for one band for guidance. Empirical PLZ relations used are from Narloch et al. (2024, Eq. (8)) for PS1 bands, from Prudil et al. (2024) for I, BP, and RP and from Garofalo et al. (2022) for the G and WG,BP-RP band. Theoretical relations used are from Marconi et al. (2021) for WG,BP-RP, Marconi et al. (2015) for I and Marconi et al. (2022) for the LSST r and i bands (assumed here to match the PS1 bands, based on filter transmission curves for both surveys).

      

    

  
    
      Fig. 6 

      
        [image: Fig. 6 Refer to the following caption and surrounding text.]
      

      
        SED of the RRL best fitted to a black body with Teff = 5450K and L = 25L⊙. It includes magnitudes in 24 pass-bands from 2MASS, Gaia DR3, HST/ACS, IPHAS, PS1, SDSS, and WISE surveys. The SED was de-reddened by AV = 1.65 and the extinction law from Fitzpatrick (1999) and Indebetouw et al. (2005).

      

    

  
    
      Table A.1 

      Stars discarded as misclassified RRLs.

      
        


	ID
	Gaia Source ID
	Periods (d) (G,A,O)
	Amplitudes (mag) (BP,RP,G,V,I)
	Comments





	C1
	5594538779611595136
	(–,–, 0.7541)
	(–,–,–,–, 0.18)
	EW, MS



	C2
	5533487296963447552
	(–, 0.2792,–)
	(–,–,–, 0.23,–)
	EW, MS



	C3
	2012045019718073728
	(–, 0.4310,–)
	(–,–,–, 0.18,–)
	EW, MS



	C4
	2004077065120273664
	(0.8335,–,–)
	(0.21, 0.16, 0.18,–,–)
	EW, MS



	C5
	5534158205211222144
	(0.3622,–,–)
	(0.80, 0.27, 0.27,–,–)
	noisy, below-HB



	C6
	5585551027962400384
	(–, 0.4400,–)
	(–,–,–, 0.17,–)
	EB, MS



	C7
	511219584907760896
	(–, 0.4992,–)
	(–,–,–, 0.13,–)
	off-MS, short Amp



	C8
	5294043694838471552
	(–, 0.7017,–)
	(–,–,–, 0.09,–)
	EB, MS



	C9
	5616530661434711680
	(–,–, 0.7728)
	(–,–,–,–, 0.17)
	EB, MS



	C10
	5957810991851847296
	(–,–, 0.3583)
	(–,–,–,–, 0.13)
	EB, MS



	C11
	4085159414905583104
	(–,–, 0.4053)
	(–,–,–,–, 0.17)
	EB, MS



	




	
	
	(PS1)
	(g, r, i, z)
	



	




	C12
	3355237350809737344
	(0.2723)
	(0.51, 0.36, 0.29, 0.19)
	constant/EA?



	




	
	
	(ZTF)
	(g,r)
	



	




	C13
	182831054077294336
	(0.8605)
	(0.10,0.10)
	constant/EA?



	C14
	3330383474578837248
	(0.3134)
	(0.19,0.12)
	MS, below-HB





      

    

  
    
      Fig. A.1 

      
        [image: Fig. A.1 Refer to the following caption and surrounding text.]
      

      
        Phase-folded light curves for each of the 13 out of 14 stars discarded from the sample, with available time series data. Star 3330383474578837248 is not shown as it was identified by ZTF alone and its time series data is not publicly available, not does it have time series information in Gaia DR3.

      

    

  
    
      Fig. A.2 

      
        [image: Fig. A.2 Refer to the following caption and surrounding text.]
      

      
        Discarded RRL stars (purple star) and cluster members (light gray) are shown, from left to right, in the plane of proper motions (pmDec versus pmRA), parallax, Gaia CAMD and Period-Amplitude diagram. In the CAMD, the solid lines correspond to IS limits from Marconi et al. (2015); the dotted line shows the expected location of the HB at each cluster’s metallicity from Garofalo et al. (2022), and the absolute magnitude and intrinsic colours computed based on the distance and extinction according to Hunt & Reffert (2024); the shading represents the uncertainty in the HB luminosity corresponding to ∆[Fe/H] = 0.5 dex. The star’s ID from Table A.1 and the cluster’s name are shown in the fourth panel top right corner and Y axis, respectively.

      

    

  
    
      Fig. B.1 

      
        [image: Fig. B.1 Refer to the following caption and surrounding text.]
      

      
        Extinction in the V band along the RRL’s line of sight from the G19 and L22 extinction maps. The width of the L22 curve represents the 1σ uncertainty in extinction at fixed distance. The RRL’s parallax distance and cluster’s mean distance summarised in Table 1 are shown with the dashed and dotted lines respectively.
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