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How many brown dwarfs  
will Gaia see? (ADS) 

This slide was added after the presentation (thanks to R. L. Smart)  
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How many…? 

UCDs @  
Dwarf 
Archives  Estimate from 

local densities 

[Luisma Sarro’s, on Monday] 

•  Dwarfarchive.org ∧ SDSS 

•  A few hundred M9-L1V 
(very low-mass stars, not 
BDs), but a few dozens >L2V 

•  Some T dwarfs (e.g., 
J0758+32, J1254-01 – ε Ind 
Bab, Luhman 16 B) 



How many…? 

UCDs @  
Dwarf 
Archives  Estimate from 

local densities 

[Luisma Sarro’s, on Monday] 

•  Caballero, Burgasser & 
Klement (2008)’s spatial 
densities could be 
overestimated 

•  Avoid using theoretical r-
band magnitudes 



Isolated brown dwarfs: 
Gaia science 

•  Focus on the 200-500 Gaia ultracool dwarfs (Haywood & 
Jordi, Smart et al., Sarro et al.) 

•  Identify them in advance (plus any new Gaia ultracool 
dwarf discovery? E.g., low Galactic latitude) 

•  In advance, collect homogeneous low- and high-
resolution spectroscopy & multi-band photometry + Gaia 
parallaxes & proper motions  Accurate L, Teff, logg, R, 
spatial densities, Galactocentric velocities 



Isolated brown dwarfs: 
Gaia science 

•  Homogeneous, VO-compliant, public catalogue 
(mini-”ESO-Gaia”?) [Marocco’s] 

•   Atmosphere models, field mass luminosity/function, 
multiplicity, moving groups, ages, metallicity (in multiple 
systems)…  

•  Remark (or why that title?): European observatories with 
2-4+ m-class telescopes in Northern Hemisphere are in 
Spain (La Palma, Calar Alto) 



Non-isolated brown dwarfs: 
follow-up 

•  [~isolated] Faint brown dwarf companions to brighter 
Gaia stars: appendix to ‘LT-Gaia’ catalogue? 

•  Transiting: photometric and radial-velocity monitoring 
[Bouchy’s, Dzigan’s – tens]. Also: microlensing 

•  Astrometric (and RVS?) BD candidates:  
o  to solar-like stars: FIES (NOT), SOPHIE, CORALIE, HARPS 
& ESPRESSO, HARPS-N (TNG) 
o  to M dwarfs: CARMENES (Calar Alto), SPIRou… 



Radial-velocity follow-up 

•  Isolated ultracool dwarfs: 
o  for accurate kinematics [Bochanski, Marocco, BDs 
and moving groups]:, X-shooter, CRIRES(+), ESPaDOnS, 
PHOENIX, GIANO (TNG), ‘Y-shooter’ (NTT), CARMENES, 
SPIRou… 
o  for (planetary?) astrometric companions 
[Sahlman’s]: CARMENES, SPIRou, NIRspec@NTT… HiReS 
(E-ELT) 



Calar Alto high 
Resolution 
search for M 
dwarfs with 
Exoearths with 
Near-infrared 
and optical 
Echelle 
Spectrographs 

CARMENES @ 3.5m CA 













Young brown dwarfs 

•  Field ‘isolated’ brown dwarfs in young moving groups 
(e.g., LP 944-20 in ??? M9V, a few in TW Hydrae, Tucana-
Horologium…) [Faherty et al.’s]  In the ‘(M)LT-Gaia 
catalogue’ 



Young brown dwarfs 

•  Brown dwarfs in clusters [Sarro’s] 
o  (Re-)do estimations 
o  Assume field M dwarf SEDs 
o Probably only M5-7 young BDs (70-50 MJup) 

  In σ/λ Orionis: M7, 42/49 MJup 
  In Upper Scorpius: M8, 21 MJup 
  In Pleiades: M7, 58 MJup 

o   Account for extinction (e.g., ρ Oph), background 
(e.g., ONC)… 
o  Compile exhaustive lists of substellar members 
o  A dozen BDs per cluster? 
o  “Good” clusters: σ and λ Orionis, Upper Scorpius, 
Pleiades… [Caballero, Barrado, Bouy] 



Young brown dwarfs 

The real Gaia input for brown dwarfs: 

Determine precise heliocentric 
distances to clusters  (+accurate 
photometry) luminosity function  
(+theoretical models) mass function 

(the largest uncertainty of mass function determination in 
young open clusters is distance)  



Gaia and brown dwarfs 
from Spain 

•  Red española de Explotación de Gaia (RecGaia) 

•  Network coordinated from Barcelona; researchers 
from virtually all astronomy centres in Spain 

•  Several research lines, including ‘very low-mass stars, 
brown dwarfs and exoplanets’ (BajaMasa, low mass), 
with 20+ investigators  



BajaMasa RecGaia  
research lines 

• EXOS: exoplanetary systems 
• EXOS-1: astrometry of known systems 
• EXOS-2: radial velocity of new systems 
• EXOS-3: detailed characterisation 

• MLT: ultracool dwarfs 
• MLT-1: late M (H-R diagrams, kinematics…) 
• MLT-2: L and T (isolated or companions) 

• YBD: young brown dwarfs 
• Bottom of the (I)MF in young open clusters and 
stellar associations 



https://gaia.am.ub.es/Twiki/bin/view/RecGaia/BajaMasa/ 

http://carmenes.caha.es/ 



Parlami dell' 
esistenza di mondi 
lontanissimi, di 
civilità sepolte, di 
continenti alla 
deriva. 

Tell me of the 
existence of worlds 
and planets far 
away, of past 
civilizations, of 
continents gone 
adrift.  

Háblame de la 
existencia de 
mundos 
lejanísimos, de 
culturas sepultas, 
de continentes 
perdidos. 



Synergies I 

•  CARMENES  Gaia: 
o  Accurate radial velocities of M dwarfs (Vr: 
G > 13 mag) 
o  Rotational velocities (vsini: G > 17 mag) 
o  Spectral types (science preparation) 
o  Reliable abundances (G > 12 mag) 
o  Activity indicators (and Ca IRT at much 
higher resolution) 



Synergies II 

•  Gaia  CARMENES: 
o  Accurate parallactic distances to all 
targets ( absolute magnitudes, luminosities, 
radii…) 
o  Very accurate proper motions ( 
galactocentric space velocities, stellar 
kinematic groups, wide multiplicity…)  
o  Unresolved multiplicity (ρ < 0.2 arcsec) 
o  Astrometric upper limits to radial-velocity 
companion mass (or even determination of 
real masses!) 


