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Modelling ‘

P-T profile: T2000_lg4.0

ATMO 2020' models: ' : e ATMO2020_M/H=0.0
_— — — This Work_M/H=0.0
 Equilibrium & non- _ — — This Work_M/H=+0.5

equilibrium chemistry This Work_M/H=-0.5

. Teff: 200-3000 K, log(g):
2.5-55
« Solar metallicity
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Introduced new ATMO models:
* Non-solar metallicities
* Adding new opacities:

Mgo, SiO |
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Modelling

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 |

Spectra: 4 |
» Effective temperature
* Surface gravity
* Metallicity

Eesa
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Spectral Comparison T=1200K, log(g)=4.5

CH4 CH4

—— [M/H] = -0.5 (This Work)
[M/H] = +0.0 (This Work)

—— [M/H] = +0.5 (This Work)
[M/H] = 4+0.0 (ATM02020)
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A New Era with ESA’s E

. Wlde-fleld near—mfrared space telescope
 Key features for UCD science:
 Spectroscopy: R = 450 (1.2-1.9 um)
« Imaging: High-resolution, deep
coverage

R.A. (2000) Yearl Year2 Year3 Yeard Year5 Year6

Fig. 25. EWS coverage and colour-coded yearly progress in an all-sky Mollweide projection. The blue borders enclose the 16 000 deg® Rol that
contains the 13416 deg? observed sky of the EWS. Small dark regions within the EWS are masks for stars brighter than 4 AB mag.

Mellier, Y., et al. (2024)
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Euclid’s UCD Dataset: A Game-Changer

® Sky'Wide discove ry Of u Itra-COOI 2 Table 7. Late-L and T dwarfs found by the spectral index search

dwa rfs : - ‘ Alias (Ref.) SpT Buclid ID RA(J2000) Dec(J2000) I Ya Je Hyg

_ | . (mag) (mag) (mag) (mag)

* Atmospheric characterization in |arge_ E511520  T1: -511520903274482202 03:24:36.5 -27:26:53.6 22.9 196 191 187
- = E517518' L9  -517518361205768184  03:27:00.4 -20:34:36.5 23.3 199  19.3 188
scale ; E523574 T4  -523574860290315045 03:20:25.8 -20:01:53.4 267 214 209 211

; : o E528241  T5  -528241075263163744 03:31:17.8 -26:18:58.9 27.6 236 232  23.6

* Unlocks population-level studies and E536416 T2  -536416224285040430 03:34:34.0 -28:35:38.6 254 215 212 20.9
- E581332'  T7  -581332495491830038  03:52:32.0 -49:10:58.8 243 200 195  20.1
rare object discove ry L E597913'  T7  -597913643476826162  03:59:09.9 -47:40:57.4 248 202  19.8 202

; E644720°  T1:  -644720877461587627 04:17:53.3 -46:09:315 229 195  19.2 189

; : E265716* 2657163304658383990  17:42:51.9 +65:50:18.2 244 205 201  19.8

v : E266485°  T6: 2664850113649936423 17:45:56.4 +64:50:37.1 247 204 200 205
What do we expect? E267056* . 2670569747654000953  17:48:13.7 +65:24:00.3 240 207 200 194
E271006° 2710066793674540980  18:04:01.6 +67:27:14.8 246  20.3 199 195

Builds on Q1 results (15 T dwarfs) E271934%° 2719340730667146696  18:07:44.2 +66:42:52.8 238 204 199 195
‘ : E273015* . 2730150213677979458  18:12:03.6 +67:47:526 232 202 198 19.7

* ldentifying hundreds of cool brown E273062 2730620775650672177  18:12:14.9 +65:58:02.0 240 209 206  20.5
‘ E274809° 2748094058670347269  18:10:14.3 +67:02:05.0 233 194 190 187

dwa rfs ) ) i NOTE— The object alias with no notes are discoveries by the spectral index search, the rest are: (1) two already cited in

Zhang’s compilation (and references therein); (2) one cited in G. N. Mace et al. (2013); (3) two already found by Zerjal et al.
(in prep.); (4) six discovered by the spectral index search that were later found in the process of creating Zerjal’s catalog; (5)
one also included in Mohandasan et al. (in prep.). Uncertainties in the spectral classification > 1 subtype are noted by a
colon; peculiar objects are indicated by “p”. The magnitudes are from Zerjal et al. (in prep.).

Dominguez-Tagle et al. 2025
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Euclid’s UCD Dataset: A Game-Changer

* Sky-wide discovery of ultra-cool | Distribution of Spectral Types
dwarfs ~

« Atmospheric characterization in large-
scale i

w
o

* Unlocks pbpulation-level studies and
rare object discovery

N
o

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

dwarfs

e Potential detection of Y dwarfs : M7 M8 M9 LO L1 L2 L3 L4 L5 L7 L8 L9 TO T1L T2 T3 T4 T5 T6 T7
; : Spectral Type
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Euclid’s UCD Dataset: A Game-Changer

* Sky-wide discovery of ultra-cool | Distribution of Spectral Types
dwarfs ~

« Atmospheric characterization in large-
scale i

w
o

* Unlocks pbpulation-level studies and
rare object discovery

N
o

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

dwarfs

e Potential detection of Y dwarfs : M7 M8 M9 LO L1 L2 L3 L4 L5 L7 L8 L9 TO TL T2 T3 T4 15 T6 17
; : Spectral Type
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Spectral Fitting Methodology ’

Euclid Spectrum of L5 : -638441224479182813

1. Preprocessing of Euclid spectra: | Origina Euclid Spectrum

After QUALITY > 0.7

« Apply QUALITY filtering | Sl A | it SO

13000 14000 15000 16000 17000 18000
Wavelength (A)
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Spectral Fitting Methodology ’

1. Preprocessing of Euclid spectra:
« Apply QUALITY filtering

Eesa
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13000

Euclid Spectrum of L5 : -638441224479182813

Original Euclid Spectrum
After QUALITY > 0.7
—— Final (Quality + Wavelength Cut)

Good Example

14000 15000 16000 17000 18000 19000
Wavelength (A)




Spectral Fitting Methodology ’

Euclid Spectrum of T1 : -643591214457657250

1. Preprocessing of Euclid spectra: | | Orginal Bld Specirum
. Apply QUALITY filtering . | | . I “ —— Final (Quality + Wavelength Cut)
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Spectral Fitting Methodology ’

Euclid Spectrum of T1 : -643591214457657250

1. Preprocessing of Euclid spectra: | " el i

o Apply QUALITY filtering | et A
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Not Good Example
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Spectral Fitting Method*gy |

Best Fit Models from Each Directory vs Euclid Spectrum

1. Preprocessing of Euclid spectra: o

° Apply QUALITY fi Ite ri ng : . ' ‘ Iggg::zgigi:g:gggweak

o
w

o
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2. The x2-based fitting across full
spectrum

Flux (erg cm-2 s-* A-1)

o
il

Wavelength (A)
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Spectral Fitting Method*gy |

1. Preprocessing of Euclid spectra:
« Apply QUALITY filtering

2. The x2-based fitting across full
spectrum

3. Residuals and uncertainties

Model with Lowest X2:
Teff=800, log(g)=5.5, NEQ_strong
Sum of Squar‘ed Residuals_(SSR = 0.05)

Eesa
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Best Fit Models from Each Directory vs Euclid Spectrum

= Euclid T7:-581332495491830038

—— T800_log(g)4.5_M/H=-0.5_CEQ

—— T800_log(g)5.5_NEQ_strong
T900_log(g)5.0_NEQ_weak
T900_log(g)5.5_CEQ

s ’\\//
Yau IA m‘h'A"'w"ﬁV\'\’\;‘VA‘VI v

15000
Wavelength (A)

—— T800_log(g)4.5_M/H=-0.5_CEQ

—— T800_log(g)5.5_NEQ_strong
T900_log(g)5.0_NEQ_weak
T900_log(g)5.5_CEQ
Uncertainty (Euclid)

15000 16000
Wavelength (A)




Spectral Fitting Method*gy |

Best Fit Models from Each Directory vs Euclid Spectrum

— Euclid T6:-519971822278279190
—— T1100_log(g)4.5_M/H=-0.5_CEQ

1. Preprocessing of Euclid spectra: . o 5 NEa- e

(9)
T1100_log(g)5.5_NEQ_weak
(9)

* Apply QUALITY filtering , g TH100 Jog)5.5.CE0

2. The x2-based fitting across full

spectrum M
| g . VLT W“mer,ww

' | Ters RV IS
3. Residuals and uncertainties

Flux (erg cm-2 s—* A-1)

16000
Wavelength (A)
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Best Fit Models from Each Directory vs Euclid Spectrum

—— Euclid T6:-519971822278279190
—— T1100_log(g)4.5_M/H=-0.5_CEQ
—— T1100_log(g)5.5_NEQ_strong

Spectral Fitting Method*gy |

T1100_log(g)5.5_NEQ_weak
T1100_log(g)5.5_CEQ

1. Preprocessing of Euclid spectra:
« Apply QUALITY filtering
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2. The x>-based fitting across full il Ut

wa lq'llwv (V] ]

spectrum

16000
Wavelength (A)

3 .v Resid ua IS a nd un Certa i nties : | Residuals of Best Models vs Euclid Spectrum et

—— T1100_log(g)5.5_NEQ_strong
T1100_log(g)5.5_NEQ_weak
T1100_log(g)5.5_CEQ
Uncertainty (Euclid)

Flux Residual (Euclid - Model)

W Model with Lowest X2:
Teff=1100, log(g)=4.5, Z=-0.5, CEQ | o] |
(SSR = 009) - : i 15000 16000

Wavelength (A)

Eesa
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Best Fit Models from Each Directory vs Euclid Spectrum

— Euclid L1:-575156084504965055
—— T2500_log(g)4.0_M/H=-0.5_CEQ
T2400_log(g)4.0_CEQ

Spectral Fitting Method*gy |

0.25

1. Preprocessing of Euclid spectra:
« Apply QUALITY filtering

Flux (erg cm=2 s—1 A-1)

2. The x2-based fitting across full
spectrum

3. Residuals and uncertainties
- 15000 16000

Wavelength (&)
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Best Fit Models from Each Directory vs Euclid Spectrum

Spectral Fitting Method*gy |

= Euclid L1:-575156084504965055
—— T2500_log(g)4.0_M/H=-0.5_CEQ
T2400_log(g)4.0_CEQ

1. Preprocessmg of Euclid spectra
« Apply QUALITY fllterlng

Flux (erg cm=2 s—1 A-1)

2. The x2-based fitting across full
spectrum

Wavelength (A)

3.' ReSiduaIS and uncertainties . . Residuals of Best Models vs Euclid Spectrum

—— T2500_log(g)4.0_M/H=-0.5_CEQ
T2400_log(g)4.0_CEQ
Uncertainty (Euclid)

Flux Residual (Euclid - Model)

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

15000 16000
Wavelength (A)
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Effective Tem peratu re V‘Spectral Type

= Mamajek 2022

« Temperature trend: |

Effective temperature decreases steadily el s Sanerd 2073
g ; 3 CEQ_This Work

from late-M to T dwarfs. ;

CEQ_ATM02020
NEQ_weak_ATMO02020
NEQ_strong_ATM02020
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Effective Tem peratu re V‘Spectral Type

= Mamajek 2022

« Temperature trend: |

Effective temperature decreases steadily el s Sanerd 2073
g ; 3 CEQ_This Work

from late-M to T dwarfs. ;

CEQ_ATM02020
NEQ_weak_ATMO02020
NEQ_strong_ATM02020
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This work (blue circles):

* Predict effective temperatures of T
‘dwarfs with high precision.

* Show offsets for L and M type.
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Future Steps ‘ »

 Presenting the new grids of atmosphere models for diffeg@nt metallicities with new included
opacities o ‘ F

* Generating the models with non-equilibrium with extegded metallicity range

* Fitting other models which include clouds and dust su€h as Sonora, BT-SETTL

e Comparing the models with a larger sample of spectfoscopic data including Euclid DR1

* Generating models with different C/O ratio

* Evolutionary models

Nafise Sedighi - BD30 conference 2025




Take-Home Message .

* Euclid prd\'/ides spectra of large UCD samples, enébling statiStical studies of metallicity.

« ATMO models predicf effective temperatures of T QIwarf
equilibrium and non-equilibrium chemistry.

ith high precision, including
* 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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Take-Home MeSsage ‘

* Euclid prd\'/ides spectra of large UCD samples, enabling statiétical studies of metallicity.

« ATMO models -predicf effective temperatures of T (JIwarf
equilibrium and non-equilibrium chemistry.

ith high precision, including

* 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.

Thank You
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