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Introduction

Gaia Data Release 3 (GDR3, Gaia Collaboration et al. 2022) includes over 220 million flux-

calibrated, low-resolution, optical stellar spectra, which provide a unique opportunity to map
the properties of stars and dust throughout a large volume of the Milky Way.

e the “Blue Photometer” (BP) 330-680 nm
e the “Red Photometer” (RP) 640-1050 nm
e ciffective resolution elements 110

e corresponding to a resolution  ~ 50 — 160
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Introduction

How to determine stellar parameters from Gaia XP spectra?

## Using physical models

- Predict spectra from fundamental properties of stars (mass, age, abundances, etc.)

- Fit observed XP spectra with isochrone models, spectral atmosphere models, and extinction law

- Drawback: sensitive to accuracy of stellar models, difficult to get information from low-resolution XP spectra

## Using empirical forward models

- Learn an empirical forward model from a subset of stars with high-resolution spectra

- Apply this model to all XP spectra, infer stellar types, distances, and extinctions

- Advantage: interpretable, exploit measurement uncertainties, degrade gracefully in low signal-to-noise
situations

## Using machine learning models

- Train a machine learning model to directly predict stellar parameters from XP spectra
- Similar to the second method, but do not use a forward model

- Advantage: automatic, learn features from spectra

- Drawback: degrade faster in low signal-to-noise situations, hard to explain and validate



Introduction

Empirical forward models

High-quality measured spectra : LAMOST DR8 (1% of XP)
Near-infrared photometry : 2MASS(J,H and Ks) WISE(W1, W2)

fpred(/l |©, @, E) = faps(4 | @)TD‘Z exp [-E R(A)]

The structure of the model encodes certain reasonable assumptions:

(1) Flux falls with the square of distance.

(i) Dust imposes a wavelength-dependent optical depth.

(ii1) In the absence of dust (and at a standard distance), the stellar spectrum is purely a
function of stellar atmospheric parameters.
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a measure of crowding, with larger values indicating
the presence of closer, brighter neighbors.
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m 1s the reported Vega magnitude;

c 1s the speed of light;

Am 1is the AB-Vega offset (J 0.91, H 1.39 and Ks 1.85 mag)
Lamda is the central wavelength (1.235,1.662 and 2.159 um
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m 1s the reported Vega magnitude;

c 1s the speed of light;

Am is the AB-Vega offset (2.699 and 3.339 mag)

Lamda is the central wavelength (3.3526 and 4.6028 pum



Data
Gaia & LAMOST & 2MASS & unWISE

e LAMOST SNR of greater than 20 1n -, -, and -bands.

e LAMOST uncertainties of less than 500 K 1n eff, and less than 0.5 dex in [Fe/H] and log .
* Well constrained parallaxes: parallax_over_error > 3.

e Reliable Gaia astrometry: fidelity_v2 > 0.5.

* Low BP/RP flux excess: bp_rp_flux_excess < 1.3.

2,575,354 sources

!

a training set (80% of sources) and a validation set (20% ot sources)
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W and b represent all trainable neural-network
weights and biases, respectively, in the absolute
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“Self-cleaning” process
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“Self-cleaning” process
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2. Identifying outliers

the residual between the observed and predicted flux at any wavelength > 4sigma
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];I))red = fe)lbs (0, W, b)wz CXp ( ~ EE)

“Self-cleaning” process
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2. Identifying outliers 1,556,666 sources, or 75.3% of the training set

the residual between the observed and predicted flux at any wavelength > 4sigma
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Result

Compared with the CCM model (colored curves; Cardelli et al. 1989)
Extinction curve
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CONCLUSIONS

The authors develop a data-driven model to estimate stellar parameters, distances and
extinctions for 220 million stars with Gaia XP spectra.

The model uses a neural network to predict the absolute flux of a star as a function of its
atmospheric parameters, and incorporates 2MASS and WISE photometry to reduce
degeneracies.

The model 1s trained on a subset of stars with LAMOST spectra, and validated on a separate
subset. The model also infers the extinction curve at the resolution of the XP spectra.

The model 1s applied to all stars with XP spectra, and the resulting catalog of stellar parameters

and extinctions 1s provided. The catalog reveals the 3D distribution of stellar types and dust in
the Milky Way.









4.6, T.e < 5000
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