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BROWN DWARFS (BDS) ..

SUPER-JUPITERS / FAILED STARS
SIMILAR TO JUPITER BUT MUCH MORE MASSIVE
OFTEN ISOLATED IN SPACE
WATER / METHANE / AMMONIA + DUST CLOUDS

L Dwarf T Dwarf Y Dwarf




WHY YOUNG BDs ?

Least massive BDs are really faint
Younger = Hotter, brighter

We find young BDs with < 13 Mjy,

Properties very similar to giant
exoplanets
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WHY YOUNG BDS ? ;..

Least massive BDs are really faint
Younger = Hotter, brighter
We find young BDs with < 13 Mjup

Properties very similar to giant
exoplanets
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MOVING GROUPS .

Gagné et al. 2015 ApJ, 798, 73
AB Dorad us Bona Fide Members
BASS
Apex and Antapex
... Solar Apex and Antapex

o  Group of young coeval stars o Nearby = Spread-out on the sky
(typically < 200 Myr)

o Brown dwarf population largely
o  Born in same molecular cloud missing !

o Similar galactic velocities



BANYAN Il s-.

Position + PM +J/H/K/W1/W2

Compare to kinematic model with
Bayes’ theorem

Yields a 2D probability density function
RV and distance are generally unknown
We marginalize (integrate over) them

Final output is membership probability

Distance (pc)

Tucana-Horologium

Gagné et al. 2015 ApJ, 798, 73
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THE BASS SURVEY .

BASS = Banyan All-Sky Survey

Cross-Match of the full
2MASS + AIIWISE catalogs

100,000 potential > M5 dwarfs
with PMs

“The 2MASS sufvey

BANYAN II tool to identity
candidate members of MGs

230 new high priority candidates

250 new low priority candidates

The WISE survey
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THE 2MASS / ALLWISE CROSS-MATCH YIELDS PRETTY GOOD

TYPICAL PRECISION IS = 10 - 20 MAS/YR

PM MEASUREMENTS !




THE BASS SURVEY . |

[ | I Bona fide members
40 [ - BASS sample ]

30 [

NYAs Population
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Spectral Type

Gagné et al. 2015 ApJ, 798,73

ESTIMATED SPECTRAL TYPES SPAN M5 — L6,
A LARGELY UNEXPLORED SPACE FOR MG MEMBERS



SPECTROCOP]C FOLLOW"'UP 9/34

Now WHAT ?

SEVERAL MEASUREMENTS ARE STILL NEEDED TO CONFIRM
MEMBERSHIP

Radial velocity : needs hi-resolution spectroscopy
=> big telescopes, lots of time

Parallax : need a large temporal coverage
=> small telescopes, **lots™ of time

Signs of youth : needs low-resolution spectroscopy
=> easier !

IRTF Telescope

WE THUS STARTED WITH LOW-RESOLUTION NIR SPECTROSCOPY

=> IDENTIFY YOUNG BROWN DWARFS, REJECT CONTAMINANTS



SPECTROCOP]C FOLLOW"'UP 10/34

=> WE FOLLOWED MORE THAN 240, FROM WHICH 100 ARE HIGH-
PRIORITY CANDIDATES
=> DISCOVERED > 100 NEW M6 - L5 LOW-GRAVITY DWARFS

=> IDENTIFIED NEW SIGNS OF LOW-G IN ~ 30 KNOWN OBJECTS
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Gagné et al., submitted to ApJ



SPECTROCOP]C FOLLOW"‘UP 11/34

THE PROPERTIES OF YOUNG BROWN DWARFS ;

=> TRIANGULAR H-BAND

=> RED SLOPE

=> WEAK ATOMIC LINES
(NAIL, KD

=> DEEPER VO ABSORPTION

=> DIFFERENT SHAPE IN K BAND

Relative Flux

1.2

G 196-3 B (L3y)
—— 2MASS J1726+1538 (L3B)

2MASSI J0856+2235 (field L3)
—— 2MASS J2208+2921 (L3y)

DENIS-P J1058-1548 (field L3)
— 2MASSW J1146+2230 (field L3) -

SDSS J1111+3430 (field L3)
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Gagné et al., submitted to ApJ



SPECTROCOP]C FOLLOW"‘UP 12/34

1.2 — BASS Candidate (LO y) i
W HY ? ! SMASS J0032-4405 (LOy)
I — HD 89744 B (field LO)
2MASS J0443+0002 (LOy)
—— 2MASS J1547-2423 (LOp)

2MASS J1731+2721 (field LO)
—— LP 944-20 (field LO)

INFLATED RADIUS + SMALLER
MASS = LOWER G, LOWER P

=> LESS PRESSURE
BROADENING

Relative Flux

=> THICKER CLOUDS

=> LESS CIA OF H2
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Gagné et al., submitted to ApJ



PHOTOMETRIC SEQUENCES ::5.

KINEMATIC DISTANCES ALLOW US TO CREATE CMD DIAGRAMS :

=> FILLED RED = LoOw-
GRAVITY + PLX

=> OPEN PURPLE = LOW-
GRAVITY + KINEMATIC
DISTANCE

=> BLACK = FIELD
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PHOTOMETRIC SEQUENCES .54

WE DEFINE NEW M6 - L7 EMPIRICAL SEQUENCES :
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Gagné et al., submitted
to ApJ

No clouds
Thick clouds
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Inflated radii = brighter

Clouds block the light !
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PHOTOMETRIC SEQUENCES s34
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PHOTOMETRIC SEQUENCES is5.
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PHOTOMETRIC SEQUENCES /5.

T Y T T T T T Y T Y Y T T Y T T T Y Y Y T T r Y T

o ¢ ¢+ ¢+ Field
[ * + « Young (trig. dist.)
AT o o o Young (kin. dist.)
gL . I — — = Field Sequence
— .9 —— Young Sequence

1 " i L | 1 L " 1 A i 1 1 i 1 i 1 i i i 1 i L i 1

M6 M8 LO L2 L4 L6 L8 T0
NIR Spectral Type

Gagné et al., submitted to ApJ



PHOTOMETRIC SEQUENCES s34
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PHOTOMETRIC SEQUENCES 554
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PHOTOMETRIC SEQUENCES :o54

ABSOLUTE MAGNITUDE - SPECTRAL TYPE SEQUENCES CROSS
AT DIFFERENT SPECTRAL TYPES IN DIFFERENT FILTERS !

Clouds redirect

flux from ~ 1 um to §
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PHYSICAL PARAMETERS :isa
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K-band A T4 (K)

PHYSICAL PARAMETERS :::.
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PHYSICAL PARAMETERS ::s.
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PHYSICAL PARAMETERS :ss.

+ WISE DATA :
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PHYSICAL PARAMETERS :s.

ESTIMATED MASsS OF Low-G BDs IN BASS :

Best recovery rate

WE FIND 36X TOO MANY
[ I ¢ ' I | l I B

~ 13 Myur IN TUCANA

(BOWLER 2013) ?
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PHYSICAL PARAMETERS :sa

ESTIMATED MASsS OF Low-G BDs IN BASS :

Best recovery rate

OUR BEST _ l{-} l | ————

HYPOTHESES : :
[ Histogram
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Low-Gravity BASS Population

WEIRD IMF
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Gagné et al., submitted to ApJ



AGE CALIBRATION ? ..

CAN WE CALIBRATE THE AGE OF BDsS WITH THEIR NIR SPECTRA ?

=> MEAN GRAVITY SCORE FROM
ALLERS & Liu (2013)
CORRELATE WITH AGE

=> HOWEVER, OVERLAPS

Mean Gravity Score (R ~ 750)
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AGE CALIBRATION ? .ca

CAN WE CALIBRATE THE AGE OF BDsS WITH THEIR NIR SPECTRA ?
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AGE CALIBRATION ? ..u.

CAN WE CALIBRATE THE AGE OF BDs

=> AND WITH CANTY
(2013)’s HoK
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Galactic plane

—— UKIDSS LAS
—— SDSS

Magellan Coverage

FUTURE PROJECT o

MORE MOVING GROUPS, MORE INPUT CATALOGS

UPDATED FILTERS (COOLER MEMBERS)
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Gagné et al., in
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FUTURE PROJECT i

=> THIS IS WHAT WE
HAVE NOW :
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FUTURE PROJECT -z

8 [ |+¢+ Field | .
=> NEW CANDIDATE [ [o° Youna . 4
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YOUNG L/T : 10 | @00 Potential young L\T dwarfs
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FUTURE PROJECT ::-
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FUTURE PROJECT :.-

=> MAGELLAN TWIN
6.5-M TELESCOPES

=> HIGH-R NIR/
OPTICAL SPECTRO.

=> SENSITIVE TO MUCH
LOWER MASSES !

Magellan / Chile



THANK YOU !

SAGAN FELLOWS SYMPOSIUM, 2015



Relative Flux

BASS DISCOVERI ES EXTRA 1

(1) A NEW LOW-GRAVITY L3 BONA FIDE MEMBER IN AB DORADUS !

ESTIMATED MASS : 22 Mjyp

1.2

G 196-3 B (L3y)
—— 2MASS J1726+1538 (L3p)
2MASSI J0856-+2235 (field L3)

—— 2MASS J2208+2921 (L3y)

DENIS-P J1058-1548 (field L3) |
—— DMASSW J114642230 (field L3) | 10 7]
SDSS J1111+3430 (field L3) —
) A2 .
€ 14
g .
Z A6
ul
A8
-
22
25
26
D 2 W
S o <
— o
20 S
> @\
NN

15 20 25
Wavelength (um) ~'32 ,\fL

Gagné et al., submitted to ApJ



Relative Flux

BASS DISCOVERI Es EXTRA 2

(2) A NEW LOW-GRAVITY L4 PLANETARY-MASS COMPANION TO A LOW-

GRAVITY M6 CANDIDATE MEMBER OF TUCANA-HOROLOGIUM
ESTIMATED MASS : 13 Mjyp

1.2

2MASS J1551+0941 (L4 y)
—— 2MASS J0652+4710 (young L4.5) |
1RXS J1609 B (L4 )
—— 2MASS J0131+3801 (field L4)

2MASS J0036+1821 (field L4)
—— DENIS-P J1705-0516 (field L4)

i5 20 25
Wavelength (um)

R ~ 6 000 resolved spectrum of the companion !

Artigau et al., submitted to ApJ



BASS DISCOVERI Es EXTRA 3

(3) A NEW LOW-GRAVITY L4 CANDIDATE MEMBER OF ARGUS
... THAT WAS ACCIDENTALLY DISCOVERED IN THE SIMP SURVEY !

ESTIMATED MASS : 10 Mjyp
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Gagné et al., 2014c
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BASS DISCOVERI Es EXTRA 4

(4) THE FIRST L DWARF CANDIDATE MEMBER OF TW HYDRAE

— J1207-3900 (L1 v)

ESTIMATED MASS : 12 My

1.0 2MASS J0241-0326 (L1y)

—— 2MASS J0117-3403 (L1 B)
2MASS J0406-3812 (L1 7)

—— 2MASS J1711+2326 (L1 f)

2MASS J0208+2542 (field L1) S

o
o

—— 2MASS J1045-0149 (field L1)

Relative Flux

o
o))

0.4

10 15
Wavelength (um)

Gagné et al., 2014b
Apl,785L, 14



BASS DISCOVERI Es EXTRA S

(5) JO103-5515, THE M5 + M5 + 12-14 Mjyp COMPANION IN TUCANA-
HOROLOGIUM

Naco H-band

Delorme et al., 2013
A&A, 5531, 5

Naco L’-band



MASS SEGREGATION ? ree

WITH THE METHOD OF MINIMAL SPANNING TREES,

=> WE DO NOT NEED TO KNOW THE CENTER OF MASS <=
TWA

Gagné et al. 2015 ApJ, 798, 73

(1)BUILD THE SHORTEST NETWORK THAT CONNECTS ALL UVW POINT
(2)No LooPs ARE ALLOWED
(B)MEASURE THE TOTAL LENGTH OF THE NETWORK



MASS SEGREGATION ? ra-

Estimated Mass (M)

575 436 361 285 177
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(4) BUuILD MST FOR N BRIGHTEST MEMBERS
(5) REPEAT FOR N RANDOM MEMBERS



MASS SEGREGATION ? s

MASS SEGREGATION IS DETECTED AT ~ 2-3 SIGMA FOR :

o AB Doradus (both spatial and dynamical)
o 3 Pictoris (spatial only)
o  Columba (dynamical only)

o Including BASS candidates increases these detections to 2 - 4 sigma + Tucana starts
showing spatial + dynamical mass segregation !

=> WE MUST MEASURE PARALLAX, RV AND CONFIRM YOUTH FOR
MORE SUBSTELLAR MEMBERS TO VERIFY THIS



THE BASS SURVEY ...

2.5 3.0

Gagné et al. 2015 ApJ, 798, 73

THE KINEMATIC DISTANCES OF BASS CANDIDATES
IS CONSISTENT WITH REDDER COLORS / LARGER LUMINOSITY
THAN FIELD DWARFS



H—-Cont Index

SPECTROCOP]C FOLLOW-UP EXTRA 10

WE USED THE ALLERS & LIU (2013) + VISUAL COMPARISON TO ASSIGN SPT +

GRAVITY CLASS
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Gagné et al., submitted to ApJ

Lots of new low-G brown dwarts !



