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Abstract

Stellar masses are a fundamental property to understand models of pre-main sequence evolution, but their values derived from Hertzsprung–Russell (HR) diagrams are strongly model dependent. We benchmark pre-main sequence stellar evolutionary tracks using stellar masses dynamically estimated by fitting a parametric model to ALMA observations of the 12CO (J = 3 − 2) line transition emitted by the disks orbiting 20 sources in the old (4 − 14 Myr) Upper Scorpius star forming region. We derive stellar masses from HR diagram fitting for ten different stellar evolutionary models, which we then compare with their stellar dynamical masses for comparison in the stellar mass range 0.1 − 1.3 M⊙. Models with a moderate-to-low fraction of cold stellar spots (f = 17%) most accurately reproduce the dynamical stellar masses (100% of the targets agree within ±1σ). While a higher spot coverage (f = 34%) provides similar stellar mass predictions similar to magnetic equipartition models, larger fractions (f ≥ 51%) significantly disagree with dynamical masses. Magnetic equipartition models overestimate stellar masses up to a factor ∼20%, whereas non-magnetic models underestimate them up to ∼12%. For some models, there is evidence that the stellar mass discrepancies are anticorrelated with dynamical stellar masses. When stellar dynamical mass priors are considered in HR diagram fitting, the median age of a single source can change up to ∼25%, while the median ages inferred across different tracks become consistent, with the age scatter decreasing by ≳77%. These results provide strong empirical constraints for testing and developing evolutionary models of pre-main sequence stars.
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1. Introduction
Theoretical models of star formation and pre-main sequence (PMS) evolution are fundamental for deriving the physical properties of young stellar objects (YSOs). The positions of YSOs on the Hertzsprung-Russell (HR) diagram provide the main pathway to estimating stellar masses and ages for entire populations. These quantities are central to studies of star and planet formation and the evolution of protoplanetary disks (e.g. Palla & Stahler 2000; Hillenbrand et al. 2008; Hosokawa et al. 2011; Pecaut et al. 2012; Vioque et al. 2022; Manara et al. 2023; Ratzenböck et al. 2023a). Accurate YSO masses are also important on large samples, since several fundamental parameters, such as mass-accretion rate and protoplanetary-disk mass, scale with stellar mass (Muzerolle et al. 2003; Andrews et al. 2013; Ansdell et al. 2017) and are required to derive accretion rates themselves (Hartmann et al. 2016). Ages are particularly difficult to constrain (Soderblom et al. 2014), and, when inferred from evolutionary models, they are strongly model dependent. More accurate ages from theoretical models would enable direct comparisons with other timescale indicators, thereby improving our understanding of the dynamics and physics of the processes involved in star formation (e.g., lithium depletion or cluster expansion, from Franciosini et al. 2022 and Miret-Roig et al. 2024, respectively).
Since the seminal works of Hayashi (1961) and Henyey et al. (1965), PMS models have progressively incorporated a wide range of physical components, including convection, atmospheric evolution, accretion history, rotation, magnetic fields, opacities, and cold stellar spots. Benchmarking these models with independent measurements is needed to improve their physics and define the stellar mass and age ranges where they work best (e.g. Simon et al. 2000, 2017, 2019; Rosenfeld et al. 2012; Guilloteau et al. 2014; Czekala et al. 2016; Yen et al. 2018; Sheehan et al. 2019). In this work we compare stellar masses derived from protoplanetary disk rotation, i.e., “dynamical” masses independent of stellar evolutionary models, with stellar masses predicted by modern PMS evolutionary models using observed effective temperatures and luminosities. Specifically, we tested the models of Baraffe et al. (2015), Feiden (2016) (nonmagnetic and magnetic), PARSEC v2.0 (Nguyen et al. 2022), Siess et al. (2000), and SPOTS (Somers et al. 2020, with different cold photospheric spot coverages). This comparison provides a direct benchmark of their predictive power and the relevance of their underlying physics.
2. Sample
The targets were selected based on the availability of accurate dynamical masses, reliable stellar parameters, and precise Gaia parallaxes (ϖ/σ(ϖ) > 10). The parent sample comprises 37 disks in the Upper Scorpius region from Carpenter et al. (2025), for which Zallio et al. (2026) measured dynamical stellar masses modeling ALMA Band 7 12CO J = 3 − 2 visibilities.
We excluded four disks with poorly constrained rotational profiles and two multiple systems from the sample. We then excluded four sources for which the moderate angular resolution prevented reliable constraints on the height of the CO-emitting layer (the red sources in Fig. 2), together with a cloud-absorbed disk with an inconsistent dynamical mass (M★, dyn ∼ 1.4 M⊙, but spectral type M2). The final sample is composed of 20 sources from the sample above that have well-determined stellar properties, which were derived from broad-band, flux-calibrated medium-resolution spectra (Empey et al., in prep.) derived from VLT/X-Shooter and analyzed with FRAPPE (Claes et al. 2024, based on Manara et al. 2013). These spectra are well-suited for young stars because they allow a better modeling of veiling, extinction, and spectral type for the targets (e.g., Herczeg & Hillenbrand 2014; Manara et al. 2013, 2020, 2023).
3. Derivation of dynamical and evolutionary model-based stellar masses
The 12CO J = 3 − 2 visibility modeling is described in detail in Zallio et al. (2026). In brief, the analysis involved fitting a parametric model to ALMA visibilities using the csalt software1 (Andrews et al., in prep.), and sampling the posterior distribution with emcee (Foreman-Mackey et al. 2013). A key free parameter in these models is the stellar mass, which sets the rotational velocity field of the disk and is thus directly constrained by the data. Since the statistical uncertainties reported from Zallio et al. (2026) are unrealistically small, in Appendix A we describe how we assigned uncertainties to these dynamical stellar mass measurements, denoted M★, dyn.
In addition to these dynamical masses, we derived stellar masses from the HR diagram (M★, HRD) using the effective temperatures (Teff) and stellar luminosities (L★) presented in Empey et al. (in prep.) for different PMS evolutionary models. In particular, we used the evolutionary models presented in Baraffe et al. 2015, the magnetic2 and nonmagnetic tracks presented in Feiden (2016), the PARSEC v2.0 tracks presented in Nguyen et al. (2022), the tracks from Siess et al. (2000), and the stellar SPOTS tracks presented in Somers et al. (2020) with five different cold stellar spots’ fractional coverages of the stellar surface (f = 0%, f = 17%, f = 34%, f = 51%, and f = 85%). To extract stellar masses and ages (together with their uncertainties), we used the python package ysoisochrone developed by Deng et al. (2025), which is based on the IDL code developed by Pascucci et al. (2016) that uses a Bayesian inference approach. The HR grids used in this work are publicly available in the last version of ysoisochrone3. More details and the HR diagrams for each model are presented in Appendix B (see Fig. B.1). In Table D.1, we show the collection of stellar masses used and derived in this work.
4. Comparison of M★, dyn and M★, HRD
In Figs. 1 and 2, we compare the dynamical stellar masses (M★, dyn) with the different evolutionary model-based stellar masses (M★, HRD). The fraction of sources with consistent mass estimates is reported as a percentage (see Fig. 2), providing a quantitative measure of consistency between the dynamical stellar masses and the stellar masses provided by each evolutionary model. In addition to the fraction of sources in agreement, we quantified the typical offset between dynamically derived stellar masses and theoretical track-inferred stellar masses by computing the median mass ratio ⟨R⟩=⟨M★, dyn/M★, HRD⟩ where the median is taken over all sources included in the comparison. This ratio provides a robust, dimensionless measure of systematic differences: ⟨R⟩∼1 indicates that the evolutionary model predictions are consistent with the dynamical masses, while values below or above unity indicate systematic over- or underestimation, respectively (see Figs. 1, 2).
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Violin plot of the ratio of the dynamical stellar masses from disk rotation (M★, dyn) and the stellar masses from evolutionary models (M★, HRD) in the 0.1 − 1.3 M⊙ mass range. One-to-one line is indicated with a dashed red line. The median value of M★, dyn/M★, HRD is reported next to each distribution.



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Comparison between dynamical stellar masses, M★, dyn, and the masses from HR-diagram fitting, M★, HRD. The red points represent the excluded sources discussed in Sect. 2, while the orange triangles represent upper and lower mass limits.



Each pre-main sequence evolutionary model covers a different mass range, as illustrated in the HR diagrams of Fig. B.1. To ensure a fair comparison among the models, we only report the percentage of agreement and the median mass ratio, ⟨R⟩, for sources with a defined mass value in all evolutionary models (i.e., within the mass range of 0.1 < M★ < 1.3 M⊙). We also evaluated the fraction of sources with consistent mass estimates and ⟨R⟩ including upper and lower limits, and found that, apart from minor variations, the results remain unchanged.
5. Results
Figs. 1 and 2 show that the best match with dynamical stellar masses is provided by the SPOTS pre-main sequence tracks with f = 17% cold spot coverage (100% agreement within ±1σ, where σ is the quadratic sum of the model and dynamical mass uncertainties) in the 0.1 − 1.3 M⊙ stellar range. Indeed, several authors (e.g., Grankin et al. 2008; Gully-Santiago et al. 2017; Gangi et al. 2022; Pérez Paolino et al. 2023, 2024) invoked moderate to extreme filling factors (f ∼ 17 − 90%) to model the spectra of Class II sources. Fang & Herczeg (2025) concluded that f ∼ 34 − 51% spot coverage was needed to achieve consistent age estimates across spectral types. We find that f = 17% works better at predicting stellar masses than higher fractional spot coverages. SPOTS models with f = 17% (constant for the entire mass range of considered YSOs) predict stellar masses that are in between the measurements of the Feiden (2016) nonmagnetic and magnetic tracks. When the stellar spot fraction increases (e.g., f = 51%, f = 85%; Fig. 2), the percentage of agreement decreases (33% for f = 51%, and 13% for f = 85%). The SPOTS models with f = 0% behave similarly to the tracks of Baraffe et al. (2015) and Feiden (2016) that are nonmagnetic (see Fig. 1), and they have a percentage of agreement of 87%, similar to that of the Feiden (2016) magnetic tracks.
The nonmagnetic tracks of Baraffe et al. (2015) and Feiden (2016) give almost identical mass measurements, and the same percentage of agreement (93%), though both underestimate the dynamical stellar masses by 15% and 12%, respectively. When considering the Feiden (2016) magnetic tracks, the percentage of agreement decreases slightly to 87%, and the evolutionary model-based stellar masses tend to overestimate the masses derived from disk rotation by up to 20%.
Other works in the literature have compared the Feiden (2016) magnetic and nonmagnetic tracks. For example, Simon et al. (2019) reported that the magnetic tracks of Feiden (2016) work better than the nonmagnetic ones in the stellar range of 0.4 − 1.0 M⊙. Braun et al. (2021) reported instead that the magnetic tracks work better than the nonmagnetic ones in the stellar range of 0.6 − 1.3 M⊙. Moreover, Towner et al. (2025) recently showed that the magnetic tracks of Feiden (2016) work best for stellar masses M★ ≤ 1 M⊙, while the nonmagnetic ones underestimate the dynamical masses by ≳25%. Our findings suggest that, on average, the agreement in the 0.1 − 1.3 M⊙ stellar range is similar among the two; however, on average, the magnetic tracks overestimate the dynamical masses by ∼20%, while the nonmagnetic ones underestimate the former ones by ∼12%.
The evolutionary model-based stellar masses from the PARSEC v2.0 tracks show an agreement of 53% with the masses from disk rotation, which is lower than what is found for other tracks. This result is expected, as the PARSEC v2.0 tracks were first developed for evolved and massive stars, and were then extended toward lower stellar mass values. The tracks of Siess et al. (2000) give an agreement of 80%, which is worse than those of Baraffe et al. (2015) and Feiden (2016), but better than those of PARSEC v2.0, and they underestimate the dynamical stellar masses by ∼26%.
To assess whether the mass discrepancies exhibit a stellar-mass dependence, we computed Spearman rank correlation coefficients between (M★,HRD−M★,dyn)/M★,dyn and M★,dyn. Most models show no statistically significant correlation (p > 0.05), but PARSEC v2.0 and SPOTS models with f ≥ 51% display a negative correlation (Spearman coefficient ρ ≤ −0.77, with p < 10−3), implying a significant mass-dependent bias.
One limitation of our analysis lies in the assumption of purely Keplerian rotation (including the dependence on the disk’s vertical height) within protoplanetary disks. This simplification neglects the impact of pressure gradients and the disk’s self-gravity, which can modify the velocity field. For instance, Andrews et al. (2024) and Longarini et al. (2025) demonstrated that deviations from Keplerian motion induced by pressure support can alter the inferred mass of the central object by as much as 5 − 10%. However, due to the limited angular (0.1 − 0.3″) and spectral (∼480 ms−1) resolution of the data presented in Carpenter et al. (2025), we emphasize that such deviations remain undetectable, and were therefore not considered in the analysis.
In Appendix C, we demonstrate how age estimates can be improved by prior knowledge of dynamical stellar masses. The comparison shown in Fig. C.1 illustrates that incorporating mass priors from the analysis of Zallio et al. (2026) can shift the ages inferred from HR-diagram fitting with the SPOTS f = 17% tracks by approximately 25% when considering single sources, a result consistent with previous findings (e.g., Rosenfeld et al. 2012). In Fig. C.2, we show the distribution of inferred ages for the Upper Scorpius sources from each set of evolutionary tracks considered in this work, reporting the median value and highlighting how the choice of model leads to significantly different median age estimates. Finally, in Fig. C.3, we show that when a prior on the stellar mass is considered for HR-diagram fitting, the median inferred ages across different tracks become much more consistent, and the scatter among different evolutionary tracks decreases from 3.4 Myr to 0.8 Myr, which is an improvement of ≳77%.
6. Conclusions
By comparing accurate measurements of 12CO disk rotation with stellar masses derived from HR diagrams, we conclude with the points listed below:

(i) 	wThe SPOTS evolutionary tracks of Somers et al. (2020) with f = 17% best reproduce (100% agreement within ±1σ uncertainties) the dynamical stellar masses in the 0.1 − 1.3 M⊙ stellar range.



	
(ii) 
On average, the HR-diagram masses derived using the magnetic tracks of Feiden (2016), PARSEC v2.0 (Nguyen et al. 2022), and SPOTS (Somers et al. 2020) with f = 34%, 51%, and 85% overestimate the dynamical masses by ∼20%, ∼21%, ∼20%, ∼27%, and ∼32%, respectively. Those provided by the nonmagnetic tracks of Baraffe et al. (2015), Feiden (2016), Siess et al. (2000), and SPOTS with f = 0% underestimate them by ∼15%, ∼12%, ∼26%, and ∼10%, respectively.



	
(iii) 
When using stellar dynamical masses as mass priors for HR-diagram fitting, the median inferred ages across different tracks become consistent, and the scatter decreases by ≳77%, while individual ages can vary by up to ∼25%. For our sample, we find a median age of 6.8 Myr, with a scatter of 0.8 Myr across the ten evolutionary tracks considered.




Since evolutionary models are strongly time-dependent, our comparison demonstrates the consistency of disk-based stellar masses with HR-diagram predictions at the age of Upper Scorpius (4 − 14 Myr, Ratzenböck et al. 2023a,b). Whether this agreement holds at different ages remains to be tested, and it will be explored, for example, with the DEC/O Large Program for the younger ages.

Data availability
Table D.1 is available at the CDS via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/708/L1, and on GitHub4.
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1 https://github.com/seanandrews/csalt


2 As reported by the author on the GitHub page, the magnetic tracks available at https://github.com/gfeiden/MagneticUpperSco are incorrect for ages of ≤1 Myr, which contain numerical artifacts; we corrected these by interpolating the data and removing the outliers.


3 https://github.com/DingshanDeng/ysoisochrone; the specific version (v1.3.3) used in this work is archived on Zenodo at https://zenodo.org/records/18420752


4 https://github.com/lzallio/Benchmarking_PMS_tracks


5 https://github.com/cpinte/mcfost


6 We consider the radius that encompasses 90% of the disk total flux R90% as the gas disk radius.


7 The Kernel Density Estimation (KDE) is a non-parametric method used to estimate the probability density function (PDF) of a continuous variable from a finite sample.


8 The Kelvin-Helmholtz timescale is the time over which a star radiates away its gravitational potential energy at its current luminosity: τKH ∼ GM★2/R★L★, where G is the gravitational constant, M★ the mass of the star, R★ its radius and L★ its luminosity.




Appendix A:  Uncertainties on the dynamical mass measurements due to inclination, stellar mass, and disk size
Since the stellar mass statistical uncertainties reported by Zallio et al. (2026) are systematically underestimated due to limitations of fitting visibilities with parametric models, we decide to test the accuracy of the csalt dynamical mass measurements by creating and fitting a grid of numerical simulations. After creating mcfost5 (Pinte et al. 2006, 2009) radiative transfer models of 12CO J = 3 − 2, we use built-in routines of csalt to transform them into radio-interferometric observed data, using the same total integration time (∼180 s per disk), S/N, and antenna configurations of the observations analyzed in Zallio et al. (2026), from the sample of Carpenter et al. 2025). Our grid of models tests the accuracy of mass inferences for stars with masses of 1, 0.5, and 0.05 M⊙ to explore stellar mass values down to the sub-stellar range, with disks inclined at 8°, 30°, and 55°. We perform these simulations using a gas disk mass of 10−2 M★, a dust disk mass of 10−4 M★, and three different cut-off radii (Rc = 5, 20, 50 au), mimicking unresolved (less than 3 resolution elements in the diameter), resolved (between 3 and 5 resolution elements in the diameter), and extended (more than 5 resolution elements in the disk diameter) protoplanetary disk extension. These three cases correspond to a disk size6R90% < 50 au, 50 ≲ R90% ≲ 90 au, and R90% > 90 au for the observations studied in Zallio et al. (2026). We then perform fits using csalt with the parametric prescription A (see Zallio et al. 2026; this is a complete disk prescription, which also considers for the emitting height of the optically thick 12CO layer) on the synthetic observation we created. Most of our fits return results in agreement with the true stellar mass, except for the sources with inc = 55°, as shown in Fig. A.1, where the discrepancy is ∼10% in the worst case.
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Results of the fit to unresolved (a), resolved (b), and extended (c) mcfost simulations. The uncertainties on top of the ‘True values’ are the mean of the statistical uncertainties returned by the fit for each mass bin and for each disk size bin, and we plot them for illustrative purposes.



We use the statistical uncertainties returned by our fits per specific stellar mass range to assign mass uncertainties to the stellar dynamical masses reported in Zallio et al. (2026). We evaluate the mean statistical uncertainty for each stellar bin and for each disk size (reported in the third column of Table A.1) of the uncertainties returned from the csalt fits. This choice is motivated by the fact that the mean statistical uncertainties are found to be greater than the systematic uncertainty, and we therefore opt for a conservative approach. Then, we assign these uncertainties to our observations, as illustrated in Table A.1, using the disk sizes reported in Zallio et al. (2026).
Table A.1. 
Logic used to assign the uncertainties to the dynamical stellar masses.


Appendix B:  HR diagrams
In Fig. B.1, we show the HR diagrams connected to the different evolutionary tracks used in this work. Since each model has a different validity based on different stellar ranges, some sources are found to fall outside (or very close to the edges of) the tracks. In these cases, it is not possible to derive masses and ages from HR diagram fitting using ysoisochrone. We highlight in orange the sources for which it was impossible to derive mass and age, while we show in red the five sources we exclude from the analysis, as reported in Sect. 2. The stellar masses are listed in Table D.1.
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Continues from Fig. B.1 Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.



	[image: Thumbnail: Fig. B.3. Refer to the following caption and surrounding text.]	Fig. B.3. Example of age determination improvement by using dynamical stellar mass priors, using J16395577-2347355 as an example. On the left, we show the HR diagram best-fit posteriors of age (top panel) and mass (right panel). On the right, we show the distributions obtained after including a gaussian prior on the stellar mass built on the dynamical measure presented in Zallio et al. (2026). The red dot represents the peak of both the mass and age likelihoods.



	[image: Thumbnail: Fig. B.4. Refer to the following caption and surrounding text.]	Fig. B.4. Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison. The legend shows the median ages associated to each distribution.



	[image: Thumbnail: Fig. B.5. Refer to the following caption and surrounding text.]	Fig. B.5. Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison after fitting the single HR diagrams using mass priors coming from the stellar dynamical masses. The legend shows the median ages associated to each distribution.




Appendix C:  Stellar ages and the consequences of a prior on the stellar mass
C.1. The impact of stellar mass priors on the age of single objects
Using ysoisochrone, we test how providing a prior on the stellar mass changes the results of HR diagram fitting (following what was done previously in the literature, e.g. Rosenfeld et al. 2012). In Fig. C.1 (left), we show the result of HR diagram fitting using the SPOTS f = 17% tracks (Somers et al. 2020) on one of the sources of our sample: the posterior distribution of age and mass is quite wide.
When including a gaussian mass prior based on the dynamical mass and its associated uncertainty, the age-mass degeneracy reduces greatly, as shown in Fig. C.1 (right). In the case of J16395577-2347355 (one of the most discrepant sources when considering SPOTS f = 17%) we show that the inferred median age changes by ∼25%. When extending this analysis to the whole sample considered with SPOTS f = 17%, the median age changes from 6.3 to 7 Myr, as further shown in Figs. C.2, C.3.
C.2. Age distributions for different evolutionary tracks
In Fig. C.2, we present the age distributions derived from the HR diagram fits performed with ysoisochrone, without applying any mass priors. These distributions are based on the posterior ages obtained for each source. The visualization was produced using the seaborn package (Waskom 2021), which implements Kernel Density Estimation (KDE)7 to provide a smooth representation of the underlying probability density. The resulting distributions show substantial differences among the ten evolutionary models considered. The median age across the models is ∼6.5 Myr, with a scatter of ∼3.4 Myr.
Figure C.3 displays the corresponding age distributions obtained after including priors on the stellar dynamical masses. When the mass prior is introduced, the differences among the distributions become notably smaller. The median age across the ten evolutionary tracks increases slightly to ∼6.8 Myr, while the scatter between the tracks decreases to ∼0.8 Myr.
This result can be explained as follows. The dominant timescale for pre-main sequence stars is the Kelvin-Helmholtz timescale8, since the nuclear fusion has not started yet (see e.g., Hartmann 1998). The stellar radius is fixed by knowing both Teff and L★, thus when we consider a prior on the stellar masses, we force the ages to converge to a fixed value.

Appendix D:  Main table with stellar masses
In Table D.1 we show the stellar masses derived for this work for different evolutionary tracks. The disk-based dynamical stellar masses are reported from Zallio et al. (2026).
Table D.1. 
Stellar masses considered in this work.
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In the text



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Comparison between dynamical stellar masses, M★, dyn, and the masses from HR-diagram fitting, M★, HRD. The red points represent the excluded sources discussed in Sect. 2, while the orange triangles represent upper and lower mass limits.
In the text



	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Results of the fit to unresolved (a), resolved (b), and extended (c) mcfost simulations. The uncertainties on top of the ‘True values’ are the mean of the statistical uncertainties returned by the fit for each mass bin and for each disk size bin, and we plot them for illustrative purposes.
In the text



	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.
In the text



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Continues from Fig. B.1 Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.
In the text



	[image: Thumbnail: Fig. B.3. Refer to the following caption and surrounding text.]	Fig. B.3. Example of age determination improvement by using dynamical stellar mass priors, using J16395577-2347355 as an example. On the left, we show the HR diagram best-fit posteriors of age (top panel) and mass (right panel). On the right, we show the distributions obtained after including a gaussian prior on the stellar mass built on the dynamical measure presented in Zallio et al. (2026). The red dot represents the peak of both the mass and age likelihoods.
In the text



	[image: Thumbnail: Fig. B.4. Refer to the following caption and surrounding text.]	Fig. B.4. Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison. The legend shows the median ages associated to each distribution.
In the text



	[image: Thumbnail: Fig. B.5. Refer to the following caption and surrounding text.]	Fig. B.5. Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison after fitting the single HR diagrams using mass priors coming from the stellar dynamical masses. The legend shows the median ages associated to each distribution.
In the text





    
      Fig. 1. 

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

      
        Violin plot of the ratio of the dynamical stellar masses from disk rotation (M★, dyn) and the stellar masses from evolutionary models (M★, HRD) in the 0.1 − 1.3 M⊙ mass range. One-to-one line is indicated with a dashed red line. The median value of M★, dyn/M★, HRD is reported next to each distribution.
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        Comparison between dynamical stellar masses, M★, dyn, and the masses from HR-diagram fitting, M★, HRD. The red points represent the excluded sources discussed in Sect. 2, while the orange triangles represent upper and lower mass limits.
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        Results of the fit to unresolved (a), resolved (b), and extended (c) mcfost simulations. The uncertainties on top of the ‘True values’ are the mean of the statistical uncertainties returned by the fit for each mass bin and for each disk size bin, and we plot them for illustrative purposes.
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	Disk size (R90%) [au]
	M★, dyn [M⊙]
	Uncertainty [M⊙]





	
	M★ ≤ 0.05
	0.03



	R90% ≤ 50
	0.05 < M★ ≤ 0.50
	0.15



	
	M★ > 0.50
	0.30



	




	
	M★ ≤ 0.05
	0.02



	50 < R90% ≤ 90
	0.05 < M★ ≤ 0.50
	0.10



	
	M★ > 0.50
	0.17



	




	
	M★ ≤ 0.05
	0.03



	R90% > 90
	0.05 < M★ ≤ 0.50
	0.15



	
	M★ > 0.50
	0.11
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        Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.
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        Continues from Fig. B.1 Hertzsprung–Russell diagrams with the different theoretical evolutionary tracks, the isochrones, and the 25 YSOs considered in this work.
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        Example of age determination improvement by using dynamical stellar mass priors, using J16395577-2347355 as an example. On the left, we show the HR diagram best-fit posteriors of age (top panel) and mass (right panel). On the right, we show the distributions obtained after including a gaussian prior on the stellar mass built on the dynamical measure presented in Zallio et al. (2026). The red dot represents the peak of both the mass and age likelihoods.
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        Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison. The legend shows the median ages associated to each distribution.
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        Different age distributions associated with different evolutionary tracks for the 20 Upper Scorpius sources considered for the comparison after fitting the single HR diagrams using mass priors coming from the stellar dynamical masses. The legend shows the median ages associated to each distribution.

      

    

  
    
      Table D.1. 

      Stellar masses considered in this work.

      
        


	Source (2MASS)
	M★, dyn [M⊙]
	Baraffe+15 [M⊙]
	Feiden+16, no B [M⊙]
	Feiden+16, B [M⊙]
	PARSEC v2.0 [M⊙]
	Siess+2000 [M⊙]
	SPOTS f = 0% [M⊙]
	SPOTS f = 17% [M⊙]
	SPOTS f = 34% [M⊙]
	SPOTS f = 51% [M⊙]
	SPOTS f = 85% [M⊙]





	J15583692-2257153
	0.67 ± 0.11
	> 1.30
	[image: Mathematical equation: $ 1.64^{+0.47}_{-0.18} $]
	> 1.70
	[image: Mathematical equation: $ 1.60^{+0.46}_{-0.17} $]
	[image: Mathematical equation: $ 1.74^{+0.21}_{-0.15} $]
	> 1.30
	> 1.30
	> 1.30
	> 1.30
	> 1.30



	J16035793-1942108
	0.52 ± 0.10
	[image: Mathematical equation: $ 0.42^{+0.15}_{-0.11} $]
	[image: Mathematical equation: $ 0.43^{+0.15}_{-0.10} $]
	[image: Mathematical equation: $ 0.64^{+0.19}_{-0.12} $]
	[image: Mathematical equation: $ 0.67^{+0.06}_{-0.09} $]
	[image: Mathematical equation: $ 0.37^{+0.11}_{-0.08} $]
	[image: Mathematical equation: $ 0.44^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.51^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 0.66^{+0.15}_{-0.12} $]
	[image: Mathematical equation: $ 0.69^{+0.16}_{-0.10} $]
	[image: Mathematical equation: $ 0.76^{+0.15}_{-0.07} $]



	J16052157-1821412
	1.12 ± 0.11
	[image: Mathematical equation: $ 1.12^{+0.26}_{-0.19} $]
	[image: Mathematical equation: $ 0.96^{+0.22}_{-0.18} $]
	[image: Mathematical equation: $ 1.32^{+0.20}_{-0.09} $]
	[image: Mathematical equation: $ 0.88^{+0.18}_{-0.15} $]
	[image: Mathematical equation: $ 1.20^{+0.31}_{-0.16} $]
	[image: Mathematical equation: $ 1.12^{+0.17}_{-0.19} $]
	[image: Mathematical equation: $ 1.17^{+0.11}_{-0.15} $]
	> 1.30
	> 1.30
	> 1.30



	J16062861-2121297
	0.53 ± 0.10
	[image: Mathematical equation: $ 0.47^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 0.47^{+0.15}_{-0.11} $]
	[image: Mathematical equation: $ 0.72^{+0.21}_{-0.12} $]
	[image: Mathematical equation: $ 0.70^{+0.05}_{-0.08} $]
	[image: Mathematical equation: $ 0.43^{+0.12}_{-0.10} $]
	[image: Mathematical equation: $ 0.49^{+0.19}_{-0.13} $]
	[image: Mathematical equation: $ 0.56^{+0.16}_{-0.13} $]
	[image: Mathematical equation: $ 0.72^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.76^{+0.17}_{-0.10} $]
	[image: Mathematical equation: $ 0.81^{+0.10}_{-0.07} $]



	J16095933-1800090
	0.18 ± 0.15
	[image: Mathematical equation: $ 0.20^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.19^{+0.10}_{-0.04} $]
	[image: Mathematical equation: $ 0.28^{+0.05}_{-0.04} $]
	[image: Mathematical equation: $ 0.38^{+0.12}_{-0.06} $]
	[image: Mathematical equation: $ 0.20^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.19^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.22^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.26^{+0.05}_{-0.04} $]
	[image: Mathematical equation: $ 0.35^{+0.08}_{-0.05} $]
	[image: Mathematical equation: $ 0.55^{+0.08}_{-0.07} $]



	J16101264-2104446
	1.23 ± 0.11
	[image: Mathematical equation: $ 1.12^{+0.26}_{-0.19} $]
	[image: Mathematical equation: $ 0.96^{+0.22}_{-0.18} $]
	[image: Mathematical equation: $ 1.32^{+0.20}_{-0.09} $]
	[image: Mathematical equation: $ 0.86^{+0.17}_{-0.14} $]
	[image: Mathematical equation: $ 1.20^{+0.31}_{-0.16} $]
	[image: Mathematical equation: $ 1.12^{+0.17}_{-0.19} $]
	[image: Mathematical equation: $ 1.17^{+0.11}_{-0.15} $]
	> 1.30
	> 1.30
	> 1.30



	J16123916-1859284
	0.60 ± 0.11
	[image: Mathematical equation: $ 0.52^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.54^{+0.16}_{-0.12} $]
	[image: Mathematical equation: $ 0.76^{+0.20}_{-0.10} $]
	[image: Mathematical equation: $ 0.71^{+0.09}_{-0.06} $]
	[image: Mathematical equation: $ 0.48^{+0.12}_{-0.11} $]
	[image: Mathematical equation: $ 0.55^{+0.16}_{-0.12} $]
	[image: Mathematical equation: $ 0.71^{+0.18}_{-0.13} $]
	[image: Mathematical equation: $ 0.76^{+0.15}_{-0.11} $]
	[image: Mathematical equation: $ 0.78^{+0.18}_{-0.08} $]
	[image: Mathematical equation: $ 0.83^{+0.08}_{-0.06} $]



	J16140792-1938292
	1.20 ± 0.17
	> 1.30
	[image: Mathematical equation: $ 1.33^{+0.16}_{-0.12} $]
	[image: Mathematical equation: $ 1.48^{+0.22}_{-0.13} $]
	[image: Mathematical equation: $ 1.30^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 1.38^{+0.13}_{-0.12} $]
	> 1.30
	> 1.30
	> 1.30
	> 1.30
	> 1.30



	J16145024-2100599
	0.67 ± 0.11
	[image: Mathematical equation: $ 0.50^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 0.51^{+0.15}_{-0.11} $]
	[image: Mathematical equation: $ 0.81^{+0.21}_{-0.12} $]
	[image: Mathematical equation: $ 0.70^{+0.14}_{-0.09} $]
	[image: Mathematical equation: $ 0.49^{+0.14}_{-0.10} $]
	[image: Mathematical equation: $ 0.52^{+0.18}_{-0.13} $]
	[image: Mathematical equation: $ 0.60^{+0.19}_{-0.13} $]
	[image: Mathematical equation: $ 0.78^{+0.20}_{-0.15} $]
	[image: Mathematical equation: $ 0.83^{+0.19}_{-0.12} $]
	[image: Mathematical equation: $ 0.89^{+0.11}_{-0.08} $]



	J16152752-1847097
	0.59 ± 0.11
	[image: Mathematical equation: $ 0.52^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.54^{+0.16}_{-0.12} $]
	[image: Mathematical equation: $ 0.78^{+0.20}_{-0.10} $]
	[image: Mathematical equation: $ 0.71^{+0.09}_{-0.06} $]
	[image: Mathematical equation: $ 0.48^{+0.12}_{-0.11} $]
	[image: Mathematical equation: $ 0.55^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.71^{+0.18}_{-0.13} $]
	[image: Mathematical equation: $ 0.76^{+0.17}_{-0.11} $]
	[image: Mathematical equation: $ 0.79^{+0.16}_{-0.09} $]
	[image: Mathematical equation: $ 0.85^{+0.17}_{-0.06} $]



	J16181445-2319251
	0.21 ± 0.15
	[image: Mathematical equation: $ 0.14^{+0.02}_{-0.02} $]
	< 0.10
	[image: Mathematical equation: $ 0.22^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.32^{+0.15}_{-0.07} $]
	< 0.10
	< 0.10
	[image: Mathematical equation: $ 0.19^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.22^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.26^{+0.04}_{-0.04} $]
	[image: Mathematical equation: $ 0.45^{+0.09}_{-0.07} $]



	J16202291-2227041
	0.39 ± 0.10
	[image: Mathematical equation: $ 0.32^{+0.06}_{-0.05} $]
	[image: Mathematical equation: $ 0.32^{+0.06}_{-0.05} $]
	[image: Mathematical equation: $ 0.44^{+0.08}_{-0.06} $]
	[image: Mathematical equation: $ 0.55^{+0.08}_{-0.06} $]
	[image: Mathematical equation: $ 0.30^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 0.32^{+0.07}_{-0.05} $]
	[image: Mathematical equation: $ 0.39^{+0.08}_{-0.06} $]
	[image: Mathematical equation: $ 0.46^{+0.08}_{-0.06} $]
	[image: Mathematical equation: $ 0.56^{+0.10}_{-0.06} $]
	[image: Mathematical equation: $ 0.71^{+0.10}_{-0.03} $]



	J16202863-2442087
	0.72 ± 0.11
	[image: Mathematical equation: $ 0.51^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 0.52^{+0.15}_{-0.12} $]
	[image: Mathematical equation: $ 0.79^{+0.23}_{-0.12} $]
	[image: Mathematical equation: $ 0.70^{+0.14}_{-0.09} $]
	[image: Mathematical equation: $ 0.49^{+0.14}_{-0.10} $]
	[image: Mathematical equation: $ 0.52^{+0.18}_{-0.14} $]
	[image: Mathematical equation: $ 0.60^{+0.17}_{-0.13} $]
	[image: Mathematical equation: $ 0.78^{+0.20}_{-0.13} $]
	[image: Mathematical equation: $ 0.83^{+0.17}_{-0.11} $]
	[image: Mathematical equation: $ 0.89^{+0.18}_{-0.06} $]



	J16203960-2634284
	0.55 ± 0.11
	[image: Mathematical equation: $ 0.47^{+0.16}_{-0.11} $]
	[image: Mathematical equation: $ 0.47^{+0.15}_{-0.11} $]
	[image: Mathematical equation: $ 0.72^{+0.21}_{-0.12} $]
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	[image: Mathematical equation: $ 0.72^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.76^{+0.17}_{-0.10} $]
	[image: Mathematical equation: $ 0.81^{+0.10}_{-0.07} $]



	J16215472-2752053
	0.84 ± 0.11
	[image: Mathematical equation: $ 0.83^{+0.19}_{-0.11} $]
	[image: Mathematical equation: $ 0.84^{+0.17}_{-0.09} $]
	[image: Mathematical equation: $ 0.91^{+0.09}_{-0.08} $]
	[image: Mathematical equation: $ 0.77^{+0.05}_{-0.07} $]
	[image: Mathematical equation: $ 0.83^{+0.22}_{-0.11} $]
	[image: Mathematical equation: $ 0.85^{+0.17}_{-0.09} $]
	[image: Mathematical equation: $ 0.87^{+0.18}_{-0.08} $]
	[image: Mathematical equation: $ 0.89^{+0.11}_{-0.08} $]
	[image: Mathematical equation: $ 0.91^{+0.09}_{-0.06} $]
	[image: Mathematical equation: $ 0.95^{+0.22}_{-0.08} $]



	J16221532-2511349
	0.47 ± 0.15
	[image: Mathematical equation: $ 0.37^{+0.14}_{-0.10} $]
	[image: Mathematical equation: $ 0.38^{+0.14}_{-0.10} $]
	[image: Mathematical equation: $ 0.52^{+0.15}_{-0.12} $]
	[image: Mathematical equation: $ 0.64^{+0.08}_{-0.09} $]
	[image: Mathematical equation: $ 0.34^{+0.10}_{-0.07} $]
	[image: Mathematical equation: $ 0.39^{+0.21}_{-0.11} $]
	[image: Mathematical equation: $ 0.45^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.54^{+0.17}_{-0.12} $]
	[image: Mathematical equation: $ 0.66^{+0.17}_{-0.11} $]
	[image: Mathematical equation: $ 0.72^{+0.11}_{-0.06} $]



	J16230761-2516339
	0.37 ± 0.10
	[image: Mathematical equation: $ 0.39^{+0.12}_{-0.10} $]
	[image: Mathematical equation: $ 0.40^{+0.19}_{-0.10} $]
	[image: Mathematical equation: $ 0.47^{+0.16}_{-0.09} $]
	[image: Mathematical equation: $ 0.53^{+0.12}_{-0.05} $]
	[image: Mathematical equation: $ 0.30^{+0.10}_{-0.08} $]
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	[image: Mathematical equation: $ 0.49^{+0.13}_{-0.09} $]
	[image: Mathematical equation: $ 0.52^{+0.11}_{-0.07} $]
	[image: Mathematical equation: $ 0.55^{+0.11}_{-0.05} $]
	[image: Mathematical equation: $ 0.58^{+0.04}_{-0.04} $]



	J16253798-1943162
	0.72 ± 0.11
	[image: Mathematical equation: $ 0.72^{+0.17}_{-0.11} $]
	[image: Mathematical equation: $ 0.73^{+0.15}_{-0.09} $]
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Notes. The disk-based dynamical masses were taken from Zallio et al. (2026). The full table is available at the CDS and on GitHub[footnote:github]4.
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