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Brown Dwarfs

• Predicted in 1960s (Kumar) 

• No sustainable energy production  

• 1st BD was discovered until 1995 

• more BDs were found after 2000 

• late-M ( > M6), L, T, Y (~1300 BDs, mostly within 
100pc)
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Questions

• Formation beyond the mass of hydrogen burning 

• star-like (hot start)? or planet-like (cold start)? 

• (Early) evolution of BDs/PMOs 

• atmospheres, chemical processes 

• exoplanets without host stars  

• The initial mass function



 ρ  Oph Star-Forming Region

image credit — http://www.eso.org/public/images/eso1248e/



 ρ  Oph Star-Forming Region

• Famous SF region 

• X-ray to radio 

• Age ~ 1 Myr 

• D ~ 130 pc 

• ~50 BDs/PMOs (late-M 
to L type)



Imaging Observations

• H + CH4ON of CFHT/WIRCam (2010) 

• 28 known BDs as our training set 

• L1688 dark cloud to search for youngest T dwarf



Selection— Cool Temperature

Patten et al. 2006, ApJ Leggett et al. 2010, ApJ

K — [4.5] H — [4.5]



Selection — Methane



Selection — Methane



Field BDs



T-dwarf  Candidates in L1688

• in both T zones 

• No detection in 24 
micron (MIPS 1st channel) 

R1.6 >
q

err2H + err2CH4ON

Temperatures and CH4

Reject background galaxies

Significant methane index



T-dwarf  Candidates in L1688

T dwarf candidates   
Oph-T3 and Oph-T17 
Young L 
confirmed BDs 
No. 4450  
S Ori 70

13 Jovian Mass

1 Jovian Mass



Spectroscopic Observations

• Gemini South/FLAMINGOS-2 (2014) 

• long-slit, HK prism (1.4~2.4 micron), R~1000 

• observed candidates #1, 2, 3, 7, 17, 19 

• CH4 absorptions beyond 1.6 micron



L/T Dwarfs



PMOs in L1688



False Positives

Oph-T19

Oph-T1

Oph-T2

Oph-T7

cool object

bkg stars

bkg galaxy



Future Works

• To find more young PMOs 

• W-band filter survey in nearby SFRs and 
young clusters 

• Planet-planet pairs


