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TOPICS

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



Formation and early evolution:
protoBDs

Palau+ 2024

‘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

9/5/25 Adnan Ali Ahmad’s talk



The lower end of the IMF

Example star forming regions: o Orionis

Properties: Distance: ~400 pc, Age: 2—4 Myr, Low extinction, i
solar metallicity Pl eladeS

- Very young, nearby, low extinction — ideal for substellar searches 1
- First photometric brown dwarfs discovered in 1999 (Béjar et al. 1999) Up pe r Scorp IUS
- Rich stellar population revealed by ROSAT (Walter et al. 1997)

« Spectroscopic follow-up defined substellar sequence M6-L6 (Zapatero
Osorio et al. 2000, 2002a,b, 2017; Damian et al. 2023) Hyad eS

* Brown dwarfs mass range: 0.075-0.006 Mo, spanning stellar limit —

planetary regime i
- First confirmed isolated planetary-mass objects in a cluster (Zapatero TrapeZ| u m
Osorio et al. 2000)

Euclid multi-colour mosaic (Credit: Martin et al. Today: a unique laboratory where 25 My massive stars Ta urus
2025) coexist with 6 M, objects
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The initial mass function of the o Orionis cluster NGC 1333

Pefia Ramirez et al. (2012)
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Completeness in the mass interval: 0.006 - 0.25 Msol

Talks Alves-de Oliveira, Zapatero-Osorio, Muzic, Tsilia,Martin/Zerjal,Rom...




The lower end of the IMF

The initial mass function of the solar neighborhood

Kirkpatrick et al. (2024)

Mass interval
(Msol)

0.55 - 8.00 2.3 (Salpeter)
0.22 - 0.55 13
0.05 - 0.22 0.25
0.01 - 0.05 0.6

a

Stars BDs Planets |

—— Field (Kirkpatrick et al. 2024) |

9/4/25




The lower end of the IMF

Taurus region LDN 1495 (Bouy et al. 2025)

ATMO2020 (3Myr, 130pc)

SpEX (low-g dwarfs)

IC348 (Late L, 3Myr)

WISE J1147-2040 (L7, ~ 20Myr)
VHS1256b (L7, 140Myr)
2MASS1207b (Late L, SMyr)

Gu Psc b (T3.5, ~100Myr)
Zhang+2021 (young T dwarfs)
Pena-Ramirez+2012 (0Ori, SMyr)
PSO J318.5-22 (L7.5, 20Myr)
Galli+2019 v Esplin+2019
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Free-floating planetary mass object candidates

9/4/25 Martin/Zerjal talk



The lower end of the IMF

The IMF in IC 348 e 400 pc, 1 Myr

—
o IMF sample down to ~2 MJUP

© candidates added

survey sensitivity:
(but, without methane 1-2M,,, @AV< 50-30 mag

absorption) o no detections below ~3 M _

talk by C. Alves de Oliveira awaiting spectroscopy

F182M-F430M o GO 5409 (PI De Furio)

De Furio et al. (2024)

Luhman & Alves de Oliveira (2025) Star forming enVironmentS

T -1 RCW38 e GO 7607 (Pl Muzic)
*

Trumgler 14 e downto2-3 M,

Pushing the frontier -
. | Mo * Westerlund 1 &2
with JWST

ojc e EWOCS (PI M. Guarcello)
e sensitive to BDs, but not PMOs
“LGCPB talk by V. Almendos-Abad

CrA

] C:*a-l NGC 2244
|tupus-3 ® GTO 4545 (PI McCaughrean)
e downtol MJup

log (fluxruy [Gol)

1.5 2.0 2.5 3.0 3.5 4.0 4.5
log (surface density [pc~2])

9/4/25

Muzic, Almendros-Abad talks



IMF slope a

Substellar IMF slopes

RCW 38
25- NGC.2244 A
7 o 0 L o AR -~ s e gy
A 25 O0ri
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Rom et al. submitted



DENIS
2MASS
SDSS
Pan-starrs
UKIDSS
VHS
WISE

9/5/25

Large Scale Surveys

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

>M7: a few x10® — ~10*
L dwarfs within 100 pc: ~2,000 — 5,000

T dwarfs within 100 pc: =800 _ 2 000
Y dwarfs within 100 pc:f[Ugle[g=Ye [SER N ale]V[F=1gle S

Lodieu’s talk



Euclid: Large and Deep
Wide survey 15000 sg. deg, YHJ 24 mag

Predicted numbers in

o the J band (Wide

-% Survey):

g - Ldwarfs: 2 million

3 - T dwarfs: 1 million

“E - Ydwarfs: a

g — Thin disk h = 250 pc ' handful

E Thin disk h = 350 pc

5 Thin disk h = 450 pc

= — Thick disk — All three NISP bands:
. Around 1 million

LS TO =
SpT

Figure 9. Simulated number counts of UCDs detected by the Euclid wide Sol e

k 15000 deg?) in the NISP J band f stant galactic latitude of [ttt
su:)vey ( 0deg ) in the and for a constant galactic latitude of EEAEUNENNRET RN
45° for all objects.

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



Large and Deep
STATE OF THE ART / CHALLENGE

STATE OF THE ART CHALLENGE

Substellar objects
(with spectra)

Eu

Substellar binaries
(dynamical masses)

Substellar wide | o -
companions to stars

Planets around
substellar primaries

Halo substellar objects

9/5/25 Zerjal/Martin, talk



Modelling atmospheres

* Model Grids
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Equilibrium Chemistry + No Clouds | | Disequilibrium Chemistry +
» ATMO 2020 (Phillips+ 2020) No Clouds

* Sonora Bobcat (Marley+ 2021) * Lacy & Burrows (2023)

* Lacy & Burrows (2023) ¢ Sonora EIf Owl

* Linder+ (2019) 7 (Mukherjee+2024)

T
10!

Wavelength (um)

9/4/25

« ATMO 2020 (Phillips+2020)

Equilibrium Chemistry + Clouds

* MARCS-DRIFT (Campos Estrada+2025)

» Sonora Diamondback (Morley+2024) Disequilibrium

* Linder+ (2019) Chemistry + Clouds
* Morley+ 2012,2014 * Exo-REM

» BT-Settl (Allard 2014) (Charnay+2019)

» Saumon & Marley (2008)

| Disequilibrium Chemistry + | Low-metallicity
{ Diabatic Thermal Structure ‘ * Phoenix (Gerasimov+2020)
ﬁ; * ATMO 2020++ (Leggett+2021, ’ * LowZ (Meisner+2021)

Meisner+2023)

M. Phillips talk




Modelling atmospheres

X Co"upled_ AmeSphere; & Evol'u'tiOn" Models-'

Radiative-convective atmosphere models
Inputs: Teg, log(g), [M/H]
Outputs: PT profiles, abundances,
emission spectra

Evolution models

e Calculate the interior
structure, nuclear burning,
Time evolution

® Provide mass, age, radius,
luminosity

9/5/25

0.075M,,

0.012M~_

0.0005M,,

3.5 4.5

4.0
log(g[cgs])

Cloudy Evolution
Sonora Diamondback (Morley+ 2024)
BHAC (Baraffe+2015)
Saumon & Marley 2008

M. Phillips talk



Spectroscopy of cool Brown dwarfs

Example UCD spectrum in Euclid

— H20
CH4 CH4

T7 object, identified by Zhang et al. 2024
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Ongoing Large effort to obtain and model Euclid UCDs

9/5/25 Dominguez Tagle and Nafise Sedighi’s talk



Spectroscopy of metal-poor Brown
Dwarfs

T subdwarf classification

Burgasser et al. 2025
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9/4/25 Zenghua Zhang's talk
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Photometry of metal-poor Brown
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Zenghua Zhang's talk



Spectroscopy of metal-poor Brown
Dwarfs

Sythesized ATMO photometry
Published observed photometry
New GTC/EMIR photometry

%)

S CHa

S~

ATMO T=1000K, logg=5.5, [M/H]=—1.5, yex=1.15
—— GTC/OSIRIS+EMIR spectrum (Lodieu et al. 2022)
—— New GTC/EMIR spectrum

9/4/25 Jerry Zhang's talk



Metal-poor BDs

WISE2217 SED * Colder (< 1000K)

* More metal-poor (< -2.0 dex)

9/5/25 Zhang et al. 2025¢c RNAAS



Brown dwarf companions: accurate
masses

What's next for dynamical masses?

9/4/25



Brown dwarf wide companions

Gauza’s talk

Compilation credits: B. Bowler (2025, Sagan Summer Workshop)

~15-25% (Fermandes+2019;

! N Wittenmper+2020;

~12% AN . Fulton+2021)
U

(Cummiing +2005)

~0.5-1%

Winght+2012, Fressin+2013)
ohreon & Daw %
I
e = ey = = = T

Orbital ~0.01-0.1 AU ~0.1-1AU ~1-10AU ~10-100AU >100AU
Separation e ‘ ‘ ‘ ‘ ‘ >

~0.5-2%

(e.g. Bowler 2076; Bavan+2079)

9=0.005 13My

T

*VHS 1256 (Gauza et al. 2015

9/4/25




Brown dwarf companions

The coolest substellar companions

« LateTand Ycompanions: Teff <750 K

{ Nepitunm °
| Jupiler  » arbiealradil

GJ758: G8Vat155pe GJS0L: GOV & 17 8pe
GJ7585:Sep. = 197 29UA) GJS0Lh: Sep. =257 (435 AU)
Mooe = 38 My, Meonp ~4 M,

SpT~ e T/ealy Y SpT~Iae TealyyY

o/5/5 Bejar's talk



Brown dwarf companions

JWST OBSERVATIONS OF VHS 1256 B
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o/5/105 Bejar's talk



Q JWST detection of the coolest planets

Discoveryof a6 M, panetof~N0K R 1SAUOTEps Nd A Inthe md4R Mahews &t 3 202

10.65 um 15.50 pm

9/5/25 Béjar’s talk
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Future detection of mature planets

» Detection of old Jupiter-like planets require contrast of 10-8-10-in the VIS/

_AUDIT o/ THE
. [ T

OMAN

Known Exoplanets
1.6um observed

Instrument curves are 50 post-processed detection limits.

Separation [arcsec]

For V~ 5 stars

The expected contrast is
<107 (L1 requirement)
~ 108 - 10 (predicted/goal)

100 to 1,000 times better
than current facilities.
Optimistically, image

mature

Small ELF
(Loideu et al.2023)



Brown Dwarf Binaries

271934

Euclid spatially resolved binary

Euclid first
BD binary

|

Thousands
to be detected
at sep>0.2"

S. Munoz

9/4/25



Complex periodic variable binaries

Summary and final remarks

ZMOS0E ard DO CVn are o “Complex Periodio Variable™ binary clare

Trey are tact rofating (~6-7h) very low-macs (~0.2 M ) stars With ages (<00 Myr)
They show sirong 'arable and polar2ed radio emicslon

The presert reguiar but sightly vasable and slightiy ohromatio dipe

RV, ADO mages and VLB Ican provide dynamioal macses and predse orbite

Dipccan be axplaimead by corofating duct material from a dedric diso or disrup ing
planet or gac from 2 coronal macs ejections

Binxy CPVe may provide determination of cubstelar fronfler 2t young agec

Bejar's talk
9/5/25



Brown dwarfs have disks when they form
2M0444+2512

Mgp = S0M,,,,Age ~ | My

FCRAQ, G. Narayanan / M. Heyer

...and ALMA can see them L. Ricci

9/4/25



BD Disks also show Gaps

Intensity (m)y beam™?) Intensity normalized
0.5 1.0 1.5 2.0 0.00 0.05 0.10 0.0
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PP ISP PRI WPRTIT
0.1 00 -01 -0

RA offset (arcsec)

Intensity (mJy beam1)
1 2 3

CLEAN frank model -

—
RA offset (")

RA offset (arcsec)

Residual SNR
-2 0 2

RA offset (")

Mass of the planets?

Challenge to theory?

Talk by Santamaria



BD disks

BD disks and chemistry

Morales-Calderon et al. (2025)
MINDS (MIRI mid-INfrared Disk e e R . R e [ W
Survey) + others N 0

* VLMS/BDs:rich LEEMMMWMMWMWW

hydrocarbon chemistry
e BD disks: CaHs Cab + BCCHy|
o hydrocarbons |

o typically, C/O>1 kit icsnadiiad
o silicates &

Tabone et al. 2024, Arabhavi et al. 2024, Lt Al | } I
Morales-Calderon et al. 2025, Patapis et . : Wt MQMM@W@MMWWW“M“}**m"**“’w

15

al. 2025, Kanwar et al. (2025) avelngh o

9/4/25 Muzic's talk




Disks in Planetary mass objects
PMO disks

silicates

Damian et
al. (2025)

CHA1110-7721

CHA1107-7626

UHW)247.95-24.78

Continuum normmalised flux + constant

UGC0433+2251

UGC0422+2655

8 9
Wavelength (um)

9/4/25
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hydrocarbons in Cha 1107-7626

spectrum of ISO-Chal 147, a VLM star

— with disk, scaled by a constant

= =

photospheric model +extiction
CHA 1107-7626

1%

continuum
C,;H4 model
CHy model
total model

flux - photospheric fit

Flagg et al. (2025)
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Time domain phenomena: rotation, activity and weather

Summary

Jared Bull
September 4, 2025

epi it o R Distinct LC behavior across wavelengths

[NA“”M \.;‘.,‘,? ,‘-v 22-2.4um

Offset
=
w

" WN 2.0-22 um
£ O T g, S Pt ot | 152,01
i WMM- 6-1.8 um

Ross 458c, T8

¢ Multiple mechanisms at play?

Normalized Flux +
-
N

-
[

5 10
Period (Hr)

INcme TINnr e
9/5/25



Time domain phenomena: rotation, activity and weather
Time-resolved speciroscopy ‘oY) Ofiverosaomes +under

review

WISE 1049A o WISE 1049B

Time (hr) Time (hr)

JWST spectrosc.

9/4/25



Time domain phenomena: rotation and

variability

SPECTRAL TYPE DEPENDENCE OF VARIABILITY

O L dwarfs modelled best by cloud T — - N —
atmospheres TR e——— - -
. Thick sliica®e and Irons clouds suppressing o P S Camar S
radaton of fux from imaror - | s o_salavhaRi"e_
£ N = gl
O UT transition is best described by & A T iemttan ot Tt S T ]
patch\', segmented cloud structures £ :;‘ i i O‘“ - }
Works such 3s Radigan 2014 have = L R ) : _
explanad mat Me sificare cowd oreaup d reswus Loy R
causes Mme nignest anplitudes of vanaol bl f SRR Y s
n Mme J-oand. | .- Ty i s o
o -3 o :“,- O - LG ‘
Q T dwarfs modelled best by — '
cloudless atmospheres E \
« Qouds have bmken Uiy and descanded LI o " :
7120 Deyond photcsphere . TWeee

Brown Dwarf Light Curve Library !

9/4/25 Manjrawala’s talk



Time domain phenomena: rotation and

Take-home messages

10?
 Variability is ubiquitous in brown dwarfs.
¢ Rotation reveals how brown dwarfs spin up with age, -
losing angular momentum only moderately compared to £, 101
stars. g
* Multi-wavelength variability probes clouds, temperature 3
gradients, chemistry, and magnetism in 3D. 5 100
* Brown dwarfs as exoplanet analogs — with JWST and =
ELTs turning light curves into weather maps.
1071

What’s Missing?

1

E (Lambier et al. 2025)

Literature:

Lu 2022

Shan 2024+
Ramsay 2020
Newton 2017+
Newton 2018
Petrucci 2024
Seli 2021
Fontinele 2024
Miles-Paez 2023+

This Work: TSR I
Periodic e . *

Possibly Periodic

KO

M5 10 15 70 15 Y0
Spectral Type

K5 MO

e More Y dwarf rotation periods! Is there a Y-dwarf analogue to the L/T

transition peak in variability?
e How slowly/fast can field brown dwarfs rotate? Pulsations?
e Variability studies in subdwarfs.
e Potential correlations between radio and optical/IR variability.

Sun-like magnetic cycle analogues?

9/4/25

variability

Luhman 16A and B: No Two Epochs Alike

NIRSpec - WISE10498

Modeling suggests that,
at the same wavelength
chunk, light-curve shapes
evolve across epochs but
arise from the same
mechanism.

yyyyyyyyy

4.1hr 0.0hr
3.2hr 0.8 hr

24hr 16hr

9¢

Crossfield et al. (2014)

Paulo Miles talk



Proper motion searches

» Likely to find the nearest peculiar objects
using surveys at different epochs.

* Free-floaters VHS, WISE, Euclid (P¢rez
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



Auroral emissions

vl Radio searches

Potential for many New discoveries

J0036 VLBI radio imaging

Magnetic
obliquity (/3

LSPMJOO3 at 4.926 GHz 2021 in 15
| ‘ ? 0 - [ 1 Northern
4 i _~ ring
:’l ‘ . T
I 2 ’ ‘
. - Line of
= sight (%
. { ] ght (x) ~ ‘
. ~ -
B [ 4 \d
5 | | 2 /N
= ° B v T Y
B ’ 7
= Southern ring

Bloot et al. (2024)

] * i 4

S sere Talks by
. e __l i Carrero
Guirado

9/4/25

Kavanagh



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

SPECULOOS

9/4/25 Suarez-Mascareno, 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

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!

9/4/25
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* Many thanks for your atention!



Additional slides



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 M, around solar-type stars behave

9/4/25

smoothlv with no snecial pattern 5 Pada~qle



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

* 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...”

9/4/25



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



he disk around the young BD 2M0444
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Ricci + 13b, in prep



Disks of brown dwarfs by Herschel / PACS

SSSPM1102 (M8.5) 1SO138 (M6.5) 2MASS1207 (M8)

Survey of 47 BD / VLMS (M3-M9.5)
M in young star-forming regions
with Spitzer detections of disks

77% detected at 70 pm
30% detected at 160 pm

~ ! - ﬁ
(Harvey, Henning et al. 2012a, APJL
Harvey, Henning et al. 2012b, ApJ)

V. Joergens

First far-IR survey of cold dust and of disk properties
for a statistically significant sample of young brown dwarfs




Brown dwarf disk masses by Herschel

disk masses of T Tauri
stars for comparison:
105 - 103 Msun 102 - 10 M

1 Muwp - 100 Myy

median ratio Maisk / Mstar
smaller for brown dwarfs
than for T Tauri star

Brown dwarfs have:

* substantial disks
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 material to form Earth mass
or Neptune mass planets

3| < active accretion (10°-10-2 Ms,,/yr)

. 2.g., Fang, van Boekel et al. 2009;
log probable disk mass (Msun) (¢.9., Fang, van AOT Lp ¢ ta_ ﬂmg;)
Jvoergerns, .‘T"h:f;. uetal £ v

9/4/25 V. Joergens




Accretions and Qutflows in BDs

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

Mass accretion rates vs. Mass outflow

rate
M[Fe”]/ Macc ~0.1 ) )
R. Garcia Lopez

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

Garcia Lopez et al. 2013

Bipolar outflows in ISO 143 and ISO 217 V. Joergens



Angular momentum and
disk evolution

e Disk braking happens in BDs
e \Wind braking does not

A. Scholz



Mass function

Mass Function: summary {:esa

aN / dM « M -«

Log (dN/dlogM)

dN / dlogM <M -"

a = /- -+ 1 - ' Log Stellar Mass (Msun)

Catarina Alves de Oliveira




Open questions

Observations: substellar MFs measured from field BDs and clusters
seem to differ, but are they comparable?

- Clusters: different methods / spectral typing / evolutionary
models / completeness corrections

- Field: different methodology / large spread when fitting entire
temperature range

Are the current results mature and accurate enough to
claim a difference in the observed substellar mass function?

My answer is ... NO

9/4/25




Mass functions of star forming regions

essentially agree

Flduciel lognorm MF: m-o.zs. a-O.&Z ("bildu. louux ot .L 2003)
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Bayo et al. 2011




Model vs. empirical IMF

T T T Padoan & Nordlund, Mach =6 —
Chabrier (2003) system IMF - -

7
7
7/
A
7/
/
/
'//
i brown dwarf
deficit
Y,
-2 -1.5 -1 -0.5 0 0.5 1 1.5
logo /M,




Residual MF summary

e Analytical star-formation models fail to
produce BDs

e Residual MF of model vs. observations

match BD-part of composite IMF and SPH
results.

- Brown dwarfs are special!

Ingo Thies



Binarity fraction vs. mass

|||||||||||||||||||||||||||||

: Lada (2006) @
0.6 I Kroupa et al. (2003) []
' Monte Carlo, f=0.4 —

041 Surprise!

binary fraction

logyo WM,

Bds preferably form from disks... (|. Thies)



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, Auvril
Day-Jones, Leigh Smith)



Low gravity planetary
mass objects

Spectroscopic follow-up of isolated planets in the o Orionis cluster.
Evidence for low gravity atmospheres.

S0riJ0538-0259 (J=18.4, Z-J=2.46 mag) and field L2 (observed spectra)
| ! | ! | !

Relative flux

I

o |

o
1o vo VO Ti0O -
i KI HyQ.
i KIW/“V‘\‘/V KI i
.—\JMW A | . | . |

800 1000 1200

Wavelength (nm) M.R. Zapatero-Osorio



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

2MASSWJ1207334-393254

2M1207
— — —  T513 (M8.5)

778 mas . ‘ et — — —  2M0310 (L9.5)
55 AU at 70 pc SDSS0539 (L5)

E

Primary: A M8-type brown dwarf with proper motion
consistent with membersip in TW Hydrae Association

(age 8 +4 Myr) 2> mass of the primary~ 25 Mjup
A candidate companion of 5 +2 Mjup
Chauvin et al. 2004



Upper Scorpius: A massive giant planet?

Distant companion at the planetary mass boundary 5

USco 108A & B

Fic. 1.— Simulated colour 7ZXK image of UScoC'110 108A and UScoC'110 108B (I = blue,Z = green, and K’ = rad). IZ imagec are
from AUX intrument on the WH'I and the ' image from ITICS on the ITTG. All images were convolved with a gaussian to a spatial

recolution of 1.1 arcsec.
Béjar et al. 2008 Ap J Lett



o

Type: Early T dwart

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




Y dwarfs: cool

T T T T T T T T T T T T T T ™

» Parallaxes measured with Spitzer.
Revision of Temperatures of Y dwarfs
(reported by T. Dupuy). Most likely 400
K.

* New WISE w2 searches forY

dwarfs and new findings (reported by ¢ | JI/\ A oo
J . GomeZ) d J\__j WISE 9173‘8+,2732_§

350/4.75/10° 3

b L I.’ o < —— ]
[
(W) ]
b [\ WISE J1405+5534 1
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o1 | A sl s  — ——
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Wavelength (um)

WISE J0148-7202 1
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]

A WISE J2056+1459
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WISE J0410+1502 1
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Large Scale BD surveys

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



Survey league table

DENIS
2MASS
SDSS

UKIDSS
CFBDS(IR)
WISE
VISTA-VHS

B. Burningham
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We may need them to fully explore the

3500 [

100 M,,,,
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i M5~
@ 2500 - .
=) - L0 |
K 2000 -
s~
o i
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— I
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1000 1 M, P —
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500 — —
[ Ll e T s et Y.
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 Stars
1 Brown
1 Dwarf
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Data from Burrows et al. (1997)



Water clouds In
300 K atmospheres!

For the coldest models (200-275 K), the flux emerging
from tf;e cloudy layer is significantly decreased.
10 . — ] :

107

10 H| [\ '\“
10° 4 |0
10
10
10°
10™
10°
10°®
107
10°®

flux (W/m? /um)

350 K, clear
== 350 K, sulfide/salt/H, O clouds ]|
— 200K, clear 7
107 == 200 K, sulfide/salt/H, O clouds

10—10 1 I |
10° 10!
wavelength (xm)

Water clouds could be extremely important
for objects colder than ~350 K.

C. Morley



Spectroscopy

e Talks by V. Bé¢jar and K. Allers shows how
fundamental spectroscopy is for understanding
BDs...but it is more and more difficult for low-
luminosity objects



objects.
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What is the spectral type of Jupiter?

Is Jupiter a Y dwarf?

(V. Béjar)
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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

Tx e . .
& .
.

“Discovery of a brown dwarf in the e e
Pleiades star cluster” Rebolo, e e
Zapatero Osorio, Martin. 1995 e
(Nature 377, 129) i e
Teide 1: a photometric/spectroscopic e e
proper motion/radial velocity cluster
member with spectral type M8, mass sl B
~50 My, e
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 M,

submitted September 25th,

published November 30th, 1995

See also Oppenheimer et al. Science,
December 1st, 1995




The HR&799 Planets

o [
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Age-Mass Degeneracy

100 M
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E 2000
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