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• Formation/early evolution of brown dwarfs :the lower end of the IMF 
• Large scale surveys are Deep surveys 
• Modelling Atmospheres 
• Spectroscopy of brown dwarfs : 

–  Ultracool  
– Ultrapoor 
– The brown dwarfs-exoplanet connection 

• Brown dwarfs in binary systems  
• BD companions: close and wide 
• Time domain phenomena in brown dwarfs: rotation, activity and weather 
• Proper motion searches  
• Radio searches 
• Planets around brown dwarfs  
• Future projects impacting the substellar world 

TOPICS



Formation and early evolution: 
protoBDs

9/5/25 Adnan Ali Ahmad´s talk

•Brown Dwarf formation through gravitational collapse indeed possible
•Nascent proto-BDs early evolution is highly dynamical
•Interior structure of proto-BDs sensitive to initial conditions
•Nascent BDs should have magnetic fields of    kGauss strength



The lower  end of the IMF

9/4/25 Talks Alves-de Oliveira, Zapatero-Osorio, Muzic, Tsilia,Martin/Zerjal,Rom…



The lower end of the IMF

9/4/25



The lower end of the IMF

9/4/25 Martin/Zerjal talk



The lower end of the IMF

9/4/25 Muzic, Almendros-Abad talks

Pushing  the frontier 
with JWST



Substellar IMF slopes 

9/5/25



Large Scale Surveys

9/5/25 Lodieu´s talk

DENIS
2MASS
SDSS
Pan-starrs
UKIDSS
VHS
WISE

Hundreds-Thousands



Euclid: Large and Deep 

Euclid will increase x20  the available spectra

9/5/25 Zerjal, Martin, Domínguez Anjana talks

Wide survey 15000 sq. deg,      YHJ  24 mag



Large and Deep 

Euclid will increase x20  the available spectra

9/5/25 Zerjal/Martin, talk



Modelling atmospheres

9/4/25 M. Phillips talk



Modelling atmospheres

9/5/25 M. Phillips talk



Spectroscopy  of cool Brown dwarfs

9/5/25

Ongoing Large effort to obtain and model Euclid UCDs  
Dominguez Tagle and Nafise Sedighi´s talk



Spectroscopy of  metal-poor Brown 
Dwarfs

9/4/25 Zenghua Zhang´s talk



Photometry  of  metal-poor Brown 
Dwarfs

9/5/25
Zenghua Zhang´s talk



Spectroscopy of  metal-poor Brown 
Dwarfs

• Ultracool

9/4/25 Jerry Zhang´s talk



Metal-poor  BDs

9/5/25 Zhang et al. 2025c RNAAS



Brown dwarf companions: accurate 
masses

9/4/25



Brown dwarf  wide companions

9/4/25

Gauza´s talk

•VHS 1256 (Gauza et al. 2015



Brown dwarf companions

9/5/25 Bejar´s talk



Brown dwarf companions

9/5/25 Bejar´s talk



9/5/25 Béjar´s talk



Future detection of mature planets

• Detection of old Jupiter-like planets require contrast of 10-8-10-9 in the VIS/
NIR (reflected light)

Small ELF 
(Loideu et al.2023) 



Brown Dwarf Binaries

9/4/25
S. Muñoz

Euclid first
BD binary

Thousands
to be detected
at sep>0.2" 



Complex periodic variable binaries

9/5/25

Bejar´s talk



9/4/25

Brown dwarfs have disks when they form  
2M0444+2512

FCRAO, G. Narayanan / M. Heyer

MBD ≈ 50 MJup , Age ~ 1 Myr

2M0444

L. Ricci…and ALMA can see them



BD Disks also show  Gaps

9/4/25
Talk by Santamaria

ALMA

Mass of the planets?

Challenge to  theory?



BD disks

9/4/25 Muzic´s talk



Disks in Planetary  mass objects

9/4/25



 
 
 

Time domain phenomena: rotation, activity and weather 

9/5/25

Ross 458c, T8



 
 
 

Time domain phenomena: rotation, activity and weather

9/4/25

JWST spectrosc.



 
Time domain phenomena: rotation and 

variability

9/4/25 Manjrawala´s talk
Brown Dwarf Light Curve Library !



 
Time domain phenomena: rotation and 

variability

9/4/25 Paulo Miles talk



Proper motion searches
• Likely to find  the nearest peculiar objects 

using surveys at different epochs.  
• Free-floaters VHS, WISE, Euclid  (Pérez 

Garrido) 
• Common proper motion companions with 

GAIA (Gauza´s talk ) 
• Euclid, Rubin, Roman: the key for new 

discoveries  down  to J=24

9/4/25



Radio searches 

9/4/25

Talks by
Carrero
Guirado
Kavanagh

Auroral emissions
Belt emissions
Potential for many New discoveries 



Planets around Brown dwarfs
• Radial Velocity searches 
• Direct imaging  of young planetary companions 

with JWST 
• Earth-like transiting planets: 

– space missions with small space telescopes DUNE, 
POET

9/4/25 Suarez-Mascareño, Metchev , Bejar and Varas talks



Future projects impacting the substellar  
field

• New Space missions  Roman, Plato, Ariel, POET, DUNE 
• New Ground-based  

– Mid-class  3.5m SELF fully dedicated 
– Large telescopes  8m Rubin 
– Extremely Large Telescopes 39m ELT,  GMT 
– SKA

9/4/25

In  a few years they  will start operation 
expanding the current suit of amazing telescopes:
JWST, 8-10 m telescopes, Euclid, ALMA, VLBI etc   

With all these facilities the next 30 years promise
 to be filled with exciting discoveries! 



9/5/25



9/5/25

• Many thanks for your atention!



9/5/25

Additional slides



9/4/25

Formation Mechanisms:  
Stars vs BDs vs Planets

 Observations 
BDs can be born in relative isolation, in binaries, in multiple  
  systems 
Stars vs BDs: Properties of LMS/VLMS extend  
   smoothly  into the BD regime ! same 
mechanism 
   for LMS/VLMS stars and high-mass BDs… 

• BDs vs Planets: Observed frequencies of 
objects 
   with M~13 MJ around solar-type stars behave  
   smoothly with no special pattern ! single  
   mechanism for low-M BDs and high-M 

F. Palla



9/4/25

• Substellar mass function extended down to 3 M_Jup
•BDs mostly form like VLMSs
• Dynamical interactions & disk fragmentation may occur  
    at some level 
• “Taurus-mode” of formation produces sufficient # of 
BDs 
• Revision of concepts: filaments and gravo-turbulent 
models  

“…turbulence is driven by gravity…”

Formation and early evolution of brown dwarfs : 
the lower end of the IMF 



Formation and evolution  of BDs

• BDs can form as giant planets via disk gravitational 
fragmentation  

• BDs can form as scale down process for stars 

• Hybrid scenario : ejection of fragments from protostellar 
disks followed by cooling and contraction to stellar 
densities. Ejected fragments are surrounded by an envelope 
or mini-disk. No high-velocity ejections  
                                 (Eduard Vorobyov, Olga Zakhozhay) 

Role of ALMA



9/4/25

The disk around the young BD 2M0444

α

ALMA 0.89mm ALMA 3.2mm

Ricci + 13b, in prep

Dust

α



V. Joergens



9/4/25 V. Joergens



Accretions and  Outflows in BDs

• 10 Jets/outflows discovered since 2005  
(Forbidden emission lines, spectral-
astrometry) 

• Mass accretion rates vs. Mass outflow 
rate  

García López et al. 2013

R. García López

 Other reported  0.5-0.05  
Possible observational bias due to selection of bright targets
                                                                      B. Riasz

Bipolar outflows in ISO 143 and ISO 217  V. Joergens 



Angular momentum and 
disk evolution

• Disk braking happens in BDs 

• Wind braking does not

A. Scholz



9/4/25

Mass function 

Catarina Alves de Oliveira



9/4/25

My answer is … No



Mass functions of star forming regions 
essentially agree

My answer is … No



Model vs. empirical IMF

brown dwarf 
deficit



• Analytical star-formation models fail to 
produce BDs 

• Residual MF of model vs. observations 
match BD-part of composite IMF and SPH 
results.

Residual MF summary

➔ Brown dwarfs are special!

Ingo Thies



Binarity fraction vs. mass

Surprise!

(I. Thies)Bds preferably form from disks…



BD surveys

• Low gravity BDs (Maria Rosa Zapatero Osorio,  
Jacqueline Faherty, Jonathan Gagné) 

• Cool Y dwarfs (Trent Dupuy, Joana Gomes) 

• Subdwarfs (Marcela Espinoza) 

• Large scale surveys (Ben Burningham, Avril 
Day-Jones, Leigh Smith)



Low gravity planetary 
mass objects

M.R. Zapatero-Osorio



How does it compare with other  imaged 
planetary-mass companions ?

Primary: A M8-type brown dwarf with proper motion 
consistent with membersip in TW Hydrae Association
 (age 8 ± 4 Myr) !  mass of the primary~ 25 Mjup 
 A candidate companion of 5 ± 2 Mjup

Chauvin et al. 2004 



Upper Scorpius:  A massive giant planet?

Béjar et al. 2008 Ap J Lett



Brown Dwarf-Exoplanet Overlap
The HR8799 Planets

L’ band image from November 2009 
Credit: Marois et al. 2010

      HR 8799
Type:  A5 star
Distance: ~40 pc
Member: Columba
Age:  

Type: Early T dwarf

(from Faherty´s talk)



 Y dwarfs: cool 
•  Parallaxes measured with Spitzer. 
Revision of Temperatures of Y dwarfs  
(reported by T. Dupuy). Most likely 400 
K.
• New WISE  w2 searches for Y 
dwarfs and new findings (reported by 
J. Gomez)



 Large Scale BD surveys 

•  Impressive amount of work in 20 years: DENIS, 
2MASS, SDSS, UKIDSS, WISE (review by Ben 
Burningham) 



9/4/25

Survey league table

Survey L dwarfs T dwarfs Y dwarfs
DENIS 49 1 0

2MASS 403 55 0
SDSS 381 57 0
UKIDSS 50 230 0
CFBDS(IR) 170(?) 45 1
WISE 10 176 14

VISTA-VHS 0 5 0 

B. Burningham
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Water clouds in  
300 K atmospheres!

C. Morley



Spectroscopy

• Talks by V.  Béjar and K. Allers shows how 
fundamental spectroscopy is for understanding 
BDs…but it is  more and more difficult for low-
luminosity objects 



What is the spectral type of Jupiter?
Is Jupiter a Y dwarf?      (V. Béjar)



Brown dwarf/Planet 
Connection (Panel)

• How might we define the fundamental 
differences between brown dwarfs and giant 
planets? 

• What are the priorities for improving theory to 
differentiate brown dwarfs and planets? 

• Does the field population contain free-floating 
planetary mass objects? 



  1995: First direct detections of Brown dwarfs

 “Discovery of a brown dwarf in the 
Pleiades star cluster”  Rebolo, 
Zapatero Osorio, Martín. 1995     
(Nature 377, 129) 

    Teide 1: a photometric/spectroscopic 
proper motion/radial velocity cluster 
member with spectral type M8, mass 
∼ 50 MJup

     submitted May 22th,
     published September 14th, 1995

“Discovery of a cool brown 
dwarf” Nakajima, Oppenheimer 
Kulkarni et al. 1995
(Nature 378, 463) 
Gl 229B, a very cool faint proper 
motion  companion of a nearby M-
dwarf new spectral type T
mass 30-50 MJup 
submitted September 25th, 
published November 30th, 1995
See also Oppenheimer et al. Science, 
December 1st,  1995



9/4/25

Brown Dwarf-Exoplanet Overlap
The HR8799 Planets

L’ band image from November 2009 
Credit: Marois et al. 2010

      HR 8799
Type:  A5 star
Distance: ~40 pc
Member: Columba
Age:  

Type: Early T dwarf



9/4/25
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