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Prologue: Nlany voices in the sky

Large spectroscopic surveys such as APOGEE, GALAH, LAMOST, RAVE and Gaia RVS have measured all together millions of stars, providing estimates of their
temperatures, surface gravities and chemical abundances. However, each survey uses different instruments and analysis pipelines and, as a consequence, their
results are not always directly comparable. To study stars fromdifferent surveys together, we need to place their measurements onto a common scale.

In this work, we present a method that achieves this in several steps: first, we define a reference scale using large and well-characterized surveys; then we map
additional surveys onto this scale; and finally, we validate the results using reliable benchmark stars.

The result is aunified catalog that enables consistent analysis of stellar populations and provides a clearer view of the structure of our Galaxy.

m Act I: Building the bridge
We begin with three major spectroscopic surveys - APOGEE, GALAH, and LAMOST - which have
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Figure 1: Systematic offsets in [Fe/H] are removed after to avoid overfitting.
calibration, bringing LAMOST onto the APOGEE+GALAH scale. After correction, survey-to-survey comparisons show consistent parameters with minimal
residual trends, forming the basis of the reference scale. The Kiel diagram of the unified
dataset shows a clear improvement compared to the individual survey data [(Fig. 2].
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Different surveys report uncertainties in different forms, so we propagate them consistently using Monte Carlo sampling: Gaussian distributions for symmetric
errors, multivariate Gaussians for correlated parameters, and split-normal distributions for asymmetric percentile-based values. In regions where surveys
overlap, multiple measurements are combined by minimizing the split-normal negative log-likelihood, and asymmetric 68% credible intervals are derived from the
points where ANLL =0.5.
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Figure 4: Calibrated surveys show consistent Kiel diagrams.

Epilogue: Looking forward

With internal consistency established, the next step is to extend the unified scale to smaller and more specialized spectroscopic datasets. Many of these surveys
have limited direct overlap, so they will be incorporated through intermediate links to the existing reference. This gradual process expands the calibrated
parameter space and accommodates a wider range of spectral resolutions and stellar types. Each new dataset added in this way strengthens the framework and moves us
closer to a complete and coherent view of the Milky Way.

The remaining challenge is external consistency: validating the scale against benchmark stars and well-studied stellar clusters to ensure astrophysical
reliability beyond internal comparisons.
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Our latest catalogue of 23 million stars [SoS-Spectro and SoS-ML] is already available online and can be found here —

European Research Council

Established by the European Commission


https://indico.dzastro.de/event/4/contributions/129/
https://indico.dzastro.de/event/4/contributions/129/

