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C O N T E X T

Low-mass stars are the dominant stellar component of the Milky Way, 
~70% of all stars (Reid&Gizis97, Bochanski+10). Key probes for 
Galactic studies. 

They still remain elusive due to their faint magnitude. Modeling their 
cool and complexe atmosphere is still a challenge.  

They are known to host low-mass planets. Ideal targets for 
exoplanetary searches, including exo-Earth in the habitable zone (e.g. 
the newly discovered exo-Earth around Ross 128, Bonfils+18). 



Ultra-cool dwarfs (UCD) are ≥ M7 ((Teff ≲ 2300K) (Kirkpatrick+97).  
Link between stars and brown dwarfs as they span the transition from 
stellar to sub-stellar masses (~0.075 M☉):  
models predict that a M7 dwarf can be either an old star (10 Gyr, 0.095 
M☉) or a young brown dwarf (8 Myr, 0.03 M☉) (Baraffe+15). 

rather than purely photometric, selection. This holds the promise of a 

Gaia provides the means to uncover 
ultra-cool dwarfs through astrometric, 
rather than purely photometric, 
selection. It holds the promise of a 
truly volume-complete sample. 

Smart+17

C O N T E X T



Gaia ultracool dwarf sample (GUCDS): 
catalog of the spectroscopically 
confirmed L,T.  
1010 L + 58 T have a predicted 
magnitude Gest≤21.5 (Smart+17) 
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Gaia ultracool dwarf sample (GUCDS): 
catalog of the spectroscopically 
confirmed L,T.  
1010 L + 58 T have a predicted 
magnitude Gest≤21.5 (Smart+17) 

• In Gaia DR1: 319 L + 2 T (Smart+17) 

• In Gaia DR2: 647 L + 16 T (65 %) 
(Reylé18, see also Smart+19) 
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L0                           T0                           Y0

Input catalog: GUCDS + ≥ M7 from the online census by J. Gagné1  
+ recent discoveries (Rajpurohit+14, Marocco+15, Robert+16, 
Faherty+16, Zhang+18, Scholz&Bell18, Faherty+18) 

1 https://jgagneastro.wordpress.com/list-of-m6-m9-dwarfs
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 647 L + 16 T  
+ 3671 ≥ M7 dwarfs 

Unprecedent sample - with 
distance estimate - to define 
absolute magnitude vs color, and 
vs spectral type relations (Reylé18, 
Smart+19) 

https://jgagneastro.wordpress.com/list-of-m6-m9-dwarfs


Diagramme HR 
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Diagramme HR 
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G-GRP



X-match with 2MASS, AllWISE (Marrese+17) 
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G-GRP G-J G-H

G-KS G-W1 G-W2
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BT’Settl evolution tracks (Allard+13, Baraffe+15) 
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4 705 366 * 4 640 635 * 3 716 407 *

≥M7
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In order to select robust candidates from 
their excepted locus in the HR diagram, 
we filtered DR2 data following Gaia coll., 
Babusiaux+18.  

→ σparallax<10%, σMG<0.22 
→ σG<0.022, σGRP<0.054 

We also restricted to low extinct sources 
using Capitanio+17 3D extinction map: 
E(B-V)<0.015 



4 705 366 * 4 640 635 * 3 716 407 *

Stars are showing strong RP/BP flux excess that can be removed using 
(Evans+18, Arenou+18): 

≥M7
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4 705 366 * 4 640 635 * 3 716 407 *

This filter is not suitable for UCD with very low (or none) BP flux 

≥M7

without                …                  with the BP/RP color excess filter

≥M7
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Applying this filter on the GUCDS dramatically rejects 68% of the L 
and T dwarfs found in Gaia DR2!!! 

  Input catalog 
. Gaia DR2
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Cross-match with 2MASS. 
We defined a new empirical filter based on the J mag  
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4 705 366 * 4 640 635 * 3 716 407 *

≥M7 ≥M7 ≥M7
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≥M7 ≥M7 ≥M7

T0 

L5 

L0

Subdwarfs
Young

New candidates:  14 176 ≥ M7 and 488 L (all earlier than L5) 
Young candidates :  233 ≥ M7 and 70 L 
Subdwarf candidates: 466 ≥ M7 and 17 L
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L,T

≥M7



≥M7 ≥M7 ≥M7
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≥M7 ≥M7 ≥M7

New candidates 

DM I 345 gaia2

360´  x 180´ Powered by Aladin

DM I 345 gaia2

360´  x 180´ Powered by Aladin

Already known, spectroscopically 
confirmed 
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≥M7 ≥M7 ≥M7

Up to d=30 pc :  
160 ≥ M7, 218 L, 10 T    spectroscopically confirmed in DR2 
137 ≥ M7, 24 L               new candidates in DR2
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L dwarfs ≥ M7 dwarfs



≥M7 ≥M7 ≥M7

The non-relation between mass and luminosity makes difficult the 
determination of the mass function. Need to perform simulations 
assuming various initial mass functions and birth rates (e.g. 
Deacon&Hambly06) 

luminosity functions free of biases that plagued previous determinations will provide strong 
constraints on stellar and substellar formation theories.

T O WA R D S  T H E  M A S S  F U N C T I O N

Marocco+15



There are numerous ultracool dwarf candidates in Gaia DR2 
High number, high precision, 5D information!
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the nature of the object: young, low metallicity.  
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be powerful to test (sub)stellar models (evolution, interior) 
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A well-characterized and complete volume-limited sample:  
• provide luminosity and mass functions free of biases that 

plagued previous determinations  
• provide strong constraints on stellar and substellar 

formation theories. 
New candidates are expected to be found in DR3 to 
complete the nearby census 
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