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Brown dwarfs

Euclid space telescope

First ultracool dwarfs with Euclid in Q1
Early Release Observations

Ultracool science with Euclid
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Brown dwarfs

Natural link between stars & planets
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Prediction: Shiv Kumar in the 1960s
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| Letter Publishe: 14 September 1995
Discovery of abrown dwarfin the Pleiades star cluster

R. Rebolo, M. R. Zapatero Osorio & E. L. Martin

Nature 377,129-131(1995) | Cite this article
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SOLAR VICINITY CENSUS

substellar objects

1994: 0 %

2022: 25 %

Within 100 pc: Red Dwarfs 52%, Yellow dwarfs 14%, Blue Stars 8%
Evolved Stars 1%

Slide credit: Eduardo Martin



Catalogue of ultracool dwarfs

Ultracool dwarf (UCD): cooler than 2700K

The UltracoolSheet: 3891 confirmed UCDs (8 March 2026)

o

exoplanet.eu: 8030 extrasolar objects (8 March 2026)

Dark Energy Survey data: ~19,000 UCD candidates, Dal Ponte+2023



https://docs.google.com/spreadsheets/d/1i98ft8g5mzPp2DNno0kcz4B9nzMxdpyz5UquAVhz-U8/edit?fbclid=IwZXh0bgNhZW0CMTAAAR2bddimMUsMVyh3qnR_C3vDW7YkdN1SlEILDOcEVb9U4n5dP5yhys3Gkns_aem_AW7dyfXI9FLZTz88pBjca-VVO2XgW0aoJmkUHGFI4y0UwFgdL86_eoyQl_KZ6nDNvjdSrzpw_Ag_j1qVRSFOOBSM&gid=1795845968#gid=1795845968
http://exoplanet.eu

THE APPROACH

Wide-field telescope
1.2 m diameter primary mirror

Diffraction limited

Visual Imager
0.55 - 0.9 um band

Near-Infrared
Photometric Imager Y, J, H

GRISM Spectrometer 1.25 - 1.85 um

LAUNCH
July 2023

6 year nominal survey

Start of the
nominal
observations:
February 2024



FoV larger than the full moon

30 arcmin
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Spectrograph: slitless, R~450
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Spectrograph: slitless, R~450
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AB magnitude system

24
Magnitude

Completeness:
- 24.5in NISP
- 25.5in VIS
- Complementary with Gaia

Benchmarks

0.0 0.2 0.4 0.6 0.8 1.0
Ellipticity



Sky coverage
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Sky coverage

EDS: Euclid Deep Survey: 3 fields
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Data releases

- 2024: Early Release Observations (ERO) | |

- 2025: Q1 (62 square degrees) O

- DR1 in preparation (~1900 square degrees)



Data releases

- 2024: Early Release Observations (ERO) | |

- 2025: Q1 (62 square degrees) O

- DR1 in preparation (~1900 square degrees)



A point-source catalogue

Ellipticity
Mumax_minus_mag (extended/point source separation) Almost 700,000 sources
S/N > 4 - (2% of the full Q1 dataset)

Det_quality_flag < 3

Benchmarks

Point source catalogue
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- Zerjal et al., 2026 |

o  Benchmarks (Zhang+2024)
-+ Candidate T dwarfs
O  Spec. confirmed T dwarfs

Ultracool dwarfs

Illlll

Number density

; Typical errorbars
ATMO CEQ models

—— 1 Myr 1 Gyr
— 10 Myr — 10 Gyr
100 Myr === 10 Gyr (PARSEC)

Entire sample
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Extragalactic sources

Brown dwarfs




Quasars
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- = All candidates

— SpT determined
C1
C2
C3

Lol
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Spectroscopic confirmation
- 546 with SpT (Dominguez)

- >4000 manually classified
(Vitas et al., in prep.):
C1: UCD
C2: UCD features
C3: good S/N, but not UCD
C4: noise, cannot classify

- K-means clustering

Zerjal et al., 2026
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Number of detections
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> 5000 UCD candidates in Euclid, 1200 L and
T dwarfs

Surface density: 100 UCDs per deg2; this is
lower limit

Future: more than 1.5 million UCDs, and
more than 300,000 L and T dwarfs in the Wide
Field Survey

For comparison:

Dark Energy Survey: 20 000 candidates (dal

gonge et al. 2023), surface density 4 UCDs per
€g

Ultracool Sheet: A literature compilation of

confirmed UCDs and imaged planets: ~4000

objects (March 2026)




The SUBSTELLAR overarching vision

5 SUBSTELLAR
. L5
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Effective volume 5 WJ

(logVeffinpcs)
3
p)
1
0
2000 2010 2020 2030

Years

Slide credit: Eduardo Martin

SUBSTELLAR > Euclid +JWST + Vera Rubin + Nancy Roman



Count

Future improvements and challenges
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Future: DR1 in October 2026

- 30x larger area than Q1 (~1900 deg?)
- We expect almost ~200,000 UCD candidates in DR1
- We expect 1.4M UCD candidates at the end of the mission

| @\
(%D ; r LSl
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- Datalabs https://datalabs.esa.int/

(@ DATA DATA|

DISCOVERY VISUALISATION DATA ANALYSIS COMMUNITY
Image credit: ESA
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Luminosity at 400 pc
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FOV: larger than the full Moon
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. Gaia: 7000 sources -
- Euclid: > 300,000 SOL“J,I’Ce',S i

. Galaxy contamination -
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https://arxiv.org/abs/2405.13497
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Open Questions



Open Questions

- Are there unknown substellar objects lurking in our
vicinity?



THE SUN'S CLOSEST NEIGHBORS

WISE 0855-0714

(distance 2014)

cts lurking in our
Luhman 16

WISE 1049-5319
(distance 2013)

6 LIGHT YEARS

Barnard's Star
(distance 1916) Alpha Centauri

A VL\GHT YEARs (distance 1839)

. Proxima

Centauri
(distance 1917)




e Singles
+ Primaries
o Companions

180960088808
1000000000000 ¢
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GO KO
Spectral type

Fig. 2. Spectral type distribution of the 10pc sample. D are white
dwarfs. The different symbols indicate single stars, primaries, and
companions.

Sirius B Stomgrenspere ~_ L
(radius: 193 parsees) "

Reylé et al. 2021
540 objects within 10pc
Gaia




Open Questions
- Are there unknown substellar objects lurking in our
vicinity?
- Is there a substellar IMF cut off?

Reylé et al. 2021
540 objects within 10pc

A0 Fo GO

Fig. 2. Spectral type distribution of the 10pc sample. D are white .
dwarfs. The different symbols indicate single stars, primaries, and Ga I1a
companions.




Open Questions

— Haugbglle et al. 2018 Stars EIE EEP
| -- Bate 2019 ' :

Num. objects
p—t
N

Miret-Roig et al. 2022

1.0 0.5 0.0 05 10 —15 50 95
log (M/Mg)

Upper Scorpius in the Scorpius-Centaurus association




Open Questions

- Are there unknown substellar objects lurking in our
vicinity?

- Is there a substellar IMF cut off?

- What halo brown dwarfs look like & how numerous?



BREAKTHROUGH
Reach deeper, further & wider than ever before

GAIA e
we d =100 pc (GAIA EDR3, M9)

EWS (EUCLID WIDE SURVEY)

wmems d ;=438 pc (EUCLID WIDE NISP, T0)

» m » dg=624 pc (EUCLID WIDE NISP, LS)
minn dg=1751 pe (EUCLID WIDE NISP, M9)

EDS (EUCLID DEEP SURVEY)
wess d o= 1980 pc (EUCLID DEEP VIS, M9)
+ m + dg=4398 pc (EUCLID DEEP NISP, M9)

HALO-TRACERS ‘

Slide credit: Eduardo Martin



Open Questions

Are there unknown substellar objects lurking in our
vicinity?

Is there a substellar IMF cut off?

What halo brown dwarfs look like & how numerous?
What kind of planets orbit around substellar
primaries?



Open Questions

Are there unknown substellar objects lurking in our
vicinity?

Is there a substellar IMF cut off?

What halo brown dwarfs look like & how numerous?
What kind of planets orbit around substellar
primaries?

Does life thrive in habitable atmospheres of
substellar objects? @

ﬂ‘\



STATE OF THE ART / CHALLENGE

STATE OF THE ART CHALLENGE

Substellar objects
(with spectra)

Substellar binaries
(dynamical masses)

Substellar wide
companions to stars

Planets around
substellar primaries

Halo substellar objects

Slide credit: Eduardo Martin



Synergy with other surveys

Rubin Observatory

Nancy Grace Roman Space
Telescope

JWST

SPHEREX



IMPACT

Transforming substellar science
(order of magnitude leap in detections & spectra)

Creating new standards

(order of magnitude leap in substellar binaries & new types of objects)

Connecting substellar
with galactic, stellar & exoplanet science

(bridging the IMF across wide range in mass)
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ATMO models

36: 1 Myr
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