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1) Definition of Brown Dwarfs:

a) Brown Dwarfs 
b) Link to exoplanets

2) Large-scale surveys:
1. History 
2. DENIS 
3. 2MASS 
4. SDSS 
5. UKIDSS 
6. CFHT-BD survey 
7. Pan-STARRS 
8. WISE
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1) Definition:

2) Observations:

a) Objects unable to burn hydrogen in 
their cores 

b) Masses below 0.072 M⊙ 
c) Temperatures below ~2200K 
d) Spectral types M, L, T y Y  
e) Link between very low-mass stars 

and planetary-mass objects

a) Nearest: Luhman16AB @ 2 pc 
b) Thousands BDs known in the field 
c) Many BDs in clusters with > M6

3) Open questions:
a) How do physical properties of change with age and metallicity ? 
b) Is the Initial Mass Function universal ? 
c)  What is the lowest mass fragments that mother nature can form ?

Burrows et al. 2001, RvMP, 73, 719
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Brown Dwarfs

~27% of the census within 8 pc are substellar



1) Temperature

2) Radius

3) Composition

Link between BDs and Exoplanets

ammonia

methane



Large-scale surveys



History of large-scale surveys
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DENIS



DENIS

Delfosse et al. (1997)

Deep Near-Infrared Survey of the Southern Sky

16,700 sq. deg (southern sky)

I ≃ 18.5, J ≃ 16, Ks ≃ 13.5 mag (10σ)



Martin et al. (1999)

DENIS



2MASS
Two Micron All Sky Survey

All-Sky

J ≃ 15.8, H ≃ 15.1, Ks ≃ 14.3 (10σ)



Kirkpatrick et al. (1999)

2MASS



Sloan Digital Sky Survey
2000-2008: L dwarfs

Sloan Digital Sky Survey = SDSS 

Bands: u (354 nm), g (477 nm), r 
(623 nm), i (763 nm), z (913 nm). 

Coverage: ≈ 14,500 sq. deg 
(primarily the Northern Galactic 
Cap, plus some southern stripes). 

Depths (5σ, point sources, AB): 
• u ≃ 22.0 
• g ≃ 22.2 
• r ≃ 22.2 
• i ≃ 21.3 
• z ≃ 20.5



Sloan Digital Sky Survey
Hawley et al. (2002)



Sloan Digital Sky Survey



Unified T classification

Burgasser et al. (2006)



UKIDSS
UKIRT Infrared Deep Sky Survey

Coverage: ~3,700–4,000 sq. deg

Depth LAS: J ≃ 19.5, H ≃ 18.8, K ≃ 18.2 (Vega)

Originally SDSS infrared counterpart

5 sub-surveys: LAS, GCS, GPS, DXS, UDS



UKIDSS LAS

Burningham et al. (2010) Burningham et al. (2010)

Colour selection + optical follow-up + infrared spectroscopy => space density & IMF



UKIDSS GCS



UKIDSS



CFHT-BD survey

Optical survey with NIR follow-up

Coverage: ~520 sq. deg

Depth: z ≃ 22.5 (AB; 10σ)

Delorme et al. (2008)



Pan-STARRS
Panoramic Survey Telescope and Rapid Response System.

Coverage: 3π steradians for dec > −30° ≈ 30,000 sq. deg.

Depth (stacked): g ≃ 23.3, r ≃ 23.2, i ≃ 23.1, z ≃ 22.3, y ≃ 21.4 mag (5σ)

Best et al. (2018)



WISE

Kirkpatrick et al. (2012)



WISE

Cushing et al. (2011)



Y dwarf classification

Cushing et al. (2011)

Distinct spectral features in J and H Temperature derivation



Conclusions

Best-effort estimates: 

• Spectral type ≥ M7 (spectroscopically confirmed all-sky): ~4,000 – 8,000 

• L dwarfs (spectroscopically confirmed): ~1,500 – 3,500 

• T dwarfs (spectroscopically confirmed): ~1,100 

• Y dwarfs (confirmed): ~40 

Estimated numbers within 100 pc: 

• ≥M7: a few ×10³ — ~10⁴ 

• L dwarfs within 100 pc: ~2,000 – 5,000 

• T dwarfs within 100 pc: ~800 – 2,000 

• Y dwarfs within 100 pc: a few dozen



Thank you


