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Modelling
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ATMO 2020 models:
• Equilibrium & non-

equilibrium chemistry
• Teff: 200–3000 K, log(g): 

2.5–5.5
• Solar metallicity

Introduced new ATMO models:
• Non-solar metallicities
• Adding new opacities:
     MgO, SiO
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Spectra:
• Effective temperature
• Surface gravity
• Metallicity
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A New Era with ESA’s Euclid Mission
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Mellier, Y., et al. (2024)

• Wide-field near-infrared space telescope
• Key features for UCD science:

• Spectroscopy: R ≈ 450 (1.2–1.9 𝜇m)
• Imaging: High-resolution, deep 

coverage



Euclid’s UCD Dataset: A Game-Changer
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• Sky-wide discovery of ultra-cool 
dwarfs

• Atmospheric characterization in large-
scale

• Unlocks population-level studies and 
rare object discovery

What do we expect?
Builds on Q1 results (15 T dwarfs)
•  Identifying  hundreds of cool brown 

dwarfs

Dominguez-Tagle et al. 2025
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Spectral Fitting Methodology
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1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering
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Spectral Fitting Methodology

1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering

2. The χ²-based fitting across full 
spectrum
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Spectral Fitting Methodology

📉 Model with Lowest X2: 
Teff=800, log(g)=5.5, NEQ_strong 
Sum of Squared Residuals (SSR = 0.05)

1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering

2. The χ²-based fitting across full 
spectrum

3. Residuals and uncertainties
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Spectral Fitting Methodology
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Spectral Fitting Methodology

📉 Model with Lowest X2 : 
Teff=1100, log(g)=4.5, Z= -0.5, CEQ
(SSR = 0.09)

1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering

2. The χ²-based fitting across full 
spectrum

3. Residuals and uncertainties
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Spectral Fitting Methodology

1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering

2. The χ²-based fitting across full 
spectrum
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Spectral Fitting Methodology

📉 Model with Lowest X2 : 
Teff=2500, log(g)=4.0, Z= -0.5, CEQ
(SSR = 0.06)

1. Preprocessing of Euclid spectra:
• Apply QUALITY filtering

2. The χ²-based fitting across full 
spectrum

3. Residuals and uncertainties



Effective Temperature vs. Spectral Type
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• Temperature trend:
Effective temperature decreases steadily 
from late-M to T dwarfs.



Effective Temperature vs. Spectral Type

Nafise Sedighi – BD30 conference 2025

• Temperature trend:
Effective temperature decreases steadily 
from late-M to T dwarfs.

This work (blue circles):
• Predict effective temperatures of T 

dwarfs with high precision.
• Show offsets for L and M type.



Future Steps
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• Presenting the new grids of atmosphere models for different metallicities with new included 
opacities

• Generating the models with non-equilibrium with extended metallicity range
• Fitting other models which include clouds and dust such as Sonora, BT-SETTL 
• Comparing the models with a larger sample of spectroscopic data including Euclid DR1
• Generating models with different C/O ratio
• Evolutionary models



Take-Home Message
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• Euclid provides spectra of large UCD samples, enabling statistical studies of metallicity.

• ATMO models predict effective temperatures of T dwarfs with high precision, including 
equilibrium and non-equilibrium chemistry.

• The solar metallicity is the most common result as expected and its evenly distributed across all 
spectral types.

• Together: Euclid + ATMO deliver new insights into the formation pathways, evolutionary tracks, 
and atmospheric physics of brown dwarfs.
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