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1) Definition of Brown Dwarfs:

a) Brown Dwarfs
b) Link to exoplanets

2) Large-scale surveys:
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1) Definition:

Objects unable to burn hydrogen in Burrows et al. 2001, RVMP, 7?3, 719 |
their cores N6 fusion] '~ 'Déutefium Fusion ' ' T Hydrogen'

[

Masses below 0.072 M, "ets)i (BrowntiarfS) (Stars)

A
J 4 \\

Temperatures below ~2200K
Spectral types M, L, Ty Y

Link between very low-mass stars
and planetary-mass objects

2) Observations:

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

We present spectra for 12 new ultracool dwarfs found in the DENIS infrared survey. Seven of them
have spectral types at the bottom of the M-class (M8-M9.5), and the other five belong to the cooler “L”
class. We also present spectra for the two new L dwarfs found by the EROS 2 proper-motion survey.
We introduce a scheme for L dwarf classification that is based on an extension to cooler spectra of a
pseudocontinuum ratio previously defined for M dwarfs. For calibrating the spectral subclasses, we use a
temperature scale for late-M and L dwarfs recently obtained by Basri et al. from synthetic spectrum
fitting of high-resolution profiles of Cs 1 and Rb 1 resonance lines. We define that the subclass range from
L0 to L6 corresponds to the temperature range from 2200 K to 1600 K. Our subclasses LO, L1, and L2
agree with recent findings by Kirkpatrick et al,, but then they diverge such that our L6 is equivalent to
their L8. We find that late-M and L dwarf subclasses can be assigned either in the optical with the PC3
index or in the near-infrared with the H,O H-band index. We discuss the main photospheric features
present in L dwarf spectra, in particular in the region 400-650 nm, which has never been shown before.
The TiO bands at 549.7, 559.7, 615.9, and 638.4 nm fade with decreasing temperature, but do not vanish
until well inside the L domain (~LS5). The Na 1 589.0, 589.6 nm resonance doublet in our latest object
(L6) becomes the broadest atomic feature ever seen in any cool dwarf. We do not detect H, emission in
our L dwarfs later than L3. We discuss the ages and masses of our objects using their temperatures and
absence or presence of lithium. Finally, we compare two L1 dwarfs with different gravities (one with
lithium and one without it) and discuss differences in spectral features.

Key words: stars: evolution — stars: fundamental parameters — stars: low-mass, brown dwarfs
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ABSTRACT

Before the 2-Micron All-Sky Survey (2MASS) began, only six objects were known with spectral types
later than M9.5 V. In the first 371 deg® of actual 2MASS survey data, we have identified another 20
such objects spectroscopically confirmed using the Low Resolution Imaging Spectrograph (LRIS) at the
W. M. Keck Observatory. Because the TiO and VO bands, which dominate the far-optical portions of
late-M spectra, disappear in these cooler dwarfs, we define a new spectral class “L” in which metallic
oxides are replaced by metallic hydrides and neutral alkali metals as the major spectroscopic signatures.
We establish classification indices and type all 25 L dwarfs. The 26th “post-M9.5” object—Gl 229B—is
the prototype of a methane-dominated spectral class, which we propose as class “T.” At least five of the
20 2MASS L dwarfs show the 6708 A lithium doublet at low resolution, the strongest having an equiva-
lent width of 18.5 A. For objects this cool, the presence of lithium proves that they are substellar. Two
other 2MASS objects appear to have lithium lines at the limit of our detectability, which if verified
means that at least one-third of our L dwarfs are bona fide brown dwarfs. All of the 2MASS brown
dwarfs discovered so far have J—K,>1.30. We have not yet, despite deliberately searching for them,
found any brown dwarfs with colors resembling Gl 229B (J — K.~ —0.1).
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TABLE 3

AVERAGE COLOR BY SPECTRAL TYPE

Spectral Type
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0.91 (0.24)
0.99 (0.28)
1.09 (0.26)
1.29(0.32)
1.57(0.33)
1.98 (0.25)
2.27(0.19)
2.67(0.22)
2.82(0.28)
2.89 (0.44)
2.64 (0.25)
2.56 (0.27)
2.50 (0.47)
2.34(0.39)
2.38(0.27)
2.00 (0.40)
2.79 (0.69)
2.31(0.50)
2.19(0.91)
2.33(0.50)
2.43 (0.50)
1.47 (0.50)
1.80 (0.50)
1.16 (0.33)
1.04 (0.52)

1.96 (0.96)

0.49 (0.06)
0.50 (0.29)
0.62(0.17)
0.73 (0.24)
0.87 (0.32)
1.09 (0.13)
1.27(0.14)
1.52(0.11)
1.62(0.11)
1.79 (0.20)
1.85(0.11)
1.92 (0.08)
1.85(0.09)
2.00 (0.24)
2.26(0.13)
2.47(0.12)
2.40(0.19)
2.98 (0.50)
3.15(0.32)
3.18 (0.50)
2.88 (0.50)
3.39(0.50)
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4.00 (0.33)

1.42 (0.50)
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1.74 (0.08)
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3.49 (0.06)
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4.84 (0.50)
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5.91 (0.50)
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7.38 (0.50)
6.75 (0.87)
7.35(2.09)

7.49 (0.33)

6.45
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Leggett, S. K. ; Geballe, T. R. ; Fan, Xiaohui; Schneider, Donald P. ; Gunn, James E. ; Lupton, Robert H. ;
Knapp, G. R. (ip ; Strauss, Michael A. ; McDaniel, Alex ; Golimowski, David A. ; Henry, Todd J. ;
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We report the discovery of three cool brown dwarfs that fall in the effective temperature gap between the
latest L dwarfs currently known, with no methane absorption bands in the 1-2.5 ym range, and the
previously known methane (T) dwarfs, whose spectra are dominated by methane and water. The newly
discovered objects were detected as very red objects in the Sloan Digital Sky Survey imaging data and
have JHK colors between the red L dwarfs and the blue Gl 229B-like T dwarfs. They show both CO and
CH,4 absorption in their near-infrared spectra in addition to H>O, with weaker CH,4 absorption features in the
H and K bands than those in all other methane dwarfs reported to date. Due to the presence of CHy4 in
these bands, we propose that these objects are early T dwarfs. The three form part of the brown dwarf
spectral sequence and fill in the large gap in the overall spectral sequence from the hottest main-sequence
stars to the coolest methane dwarfs currently known.
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Fic. 2.—NIR spectra of T dwarf standards, along with the L8 optical standard 2MASS 1632+1904 (Kirkpatrick et al. 1999). Left: Low-resolution SpeX sample
(note the substitution of the alternate TO standard SDSS 0423 —-0414AB). Right: Moderate-resolution CGS4 sample (with SpeX cross-dispersed data for 2MASS
1503+2525). All spectra are normalized at 1.25 pum and offset by a constant (dotted lines).
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Lodieu, N. ; Burningham, B. ; Hambly, N. C. ; Pinfield, D. J.

We present the discovery of two new late-T dwarfs identified in the UKIRT Infrared Deep Sky Survey
(UKIDSS) Galactic Clusters Survey (GCS) Data Release 2 (DR2). These T dwarfs are nearby old T dwarfs
along the line of sight to star-forming regions and open clusters targeted by the UKIDSS GCS. They are
found towards the aPer cluster and Orion complex, respectively, from a search in 54deg? surveyed in five
filters. Photometric candidates were picked up in two-colour diagrams, in a very similar manner to
candidates extracted from the UKIDSS Large Area Survey (LAS) but taking advantage of the Z filter
employed by the GCS. Both candidates exhibit near-infrared J-band spectra with strong methane and
water absorption bands characteristic of late-T dwarfs. We derive spectral types of T6.5 +/- 0.5 and T7 +/-
1 and estimate photometric distances less than 50 pc for UGCS J030013.86+490142.5 and UGCS
J053022.52-052447 .4, respectively. The space density of T dwarfs found in the GCS seems consistent with
discoveries in the larger areal coverage of the UKIDSS LAS, indicating one T dwarf in 6-11deg?. The final
area surveyed by the GCS, 1000deg? in five passbands, will allow expansion of the LAS search area by 25
per cent, increase the probability of finding ultracool brown dwarfs, and provide optimal estimates of
contamination by old field brown dwarfs in deep surveys to identify such objects in open clusters and star-
forming regions.
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ABSTRACT

We present a homogeneous sample of 1361 L and T dwarfs brighter than J = 17.5 (of which 998 are new), from an effective area
of 3070 deg?, classified by the photo-rype method to an accuracy of one spectral sub-type using izYJHKW1W2 photometry from
SDSS+UKIDSS+WISE. Other than a small bias in the early L types, the sample is shown to be effectively complete to the magnitude
limit, for all spectral types LO to T8. The nature of the bias is an incompleteness estimated at 3% because peculiar blue L dwarfs of
type L4 and earlier are classified late M. There is a corresponding overcompleteness because peculiar red (likely young) late M dwarfs
are classified early L. Contamination of the sample i1s confirmed to be small: so far spectroscopy has been obtained for 19 sources in
the catalogue and all are confirmed to be ultracool dwarfs. We provide coordinates and izY JHKW1W2 photometry of all sources. We
identify an apparent discontinuity, Am ~ 0.4 mag., in the ¥ — K colour between spectral types L7 and L8. We present near-infrared
spectra of nine sources identified by photo-rype as peculiar, including a new low-gravity source ULAS JO05505.68+013436.0, with
spectroscopic classification L2y. We provide revised izZY JHKWI1W2 template colours for late M dwarfs, types M7 to M9.




I’Finding ultracool brown dwarfs with MegaEam on CFHT: method

| and first results
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Artigau, E. ; Robin, A. C.; Allard, F. ; Doyon, R. ; Hill, G. J.

Aims: We present the first results of a wide field survey for cool brown dwarfs with the MegaCam camera
on the CFHT telescope, the Canada-France Brown Dwarf Survey, hereafter CFBDS. Our objectives are to
find ultracool brown dwarfs and to constrain the field-brown dwarf mass function thanks to a larger sampl
of L and T dwarfs.

Methods: We identify candidates in CFHT/MegaCam i' and z' images using optimised psf-fitting within
Source Extractor, and follow them up with pointed near-infrared imaging on several telescopes.

Results: We have so far analysed over 350 square degrees and found 770 brown dwarf candidates brighte
than z'_AB=22.5. We currently have J-band photometry for 220 of these candidates, which confirms 37%
as potential L or T dwarfs. Some are among the reddest and farthest brown dwarfs currently known,
including an independent identification of the recently published ULAS J003402.77-005206.7 and the
discovery of a second brown dwarf later than T8, CFBDS J005910.83-011401.3. Infrared spectra of three
dwarf candidates confirm their nature, and validate the selection process.

Conclusions: The completed survey will discover ~100 T dwarfs and ~500 L dwarfs or M dwarfs later than
M8, approximately doubling the number of currently known brown dwarfs. The resulting sample will have
very well-defined selection function, and will therefore produce a very clean luminosity function.

2011AJ....141..203A 2011/06 cited: 58
37 New T-type Brown Dwarfs in the Canada-France Brown Dwarfs Survey
Albert, Loic; Artigau, Etienne; Delorme, Philippe and 4 more

2010A&A...522A.112R 2010/11  cited: 76

The ultracool-field dwarf luminosity-function and space density from the Canada-France
Brown Dwarf Survey

Reylé, C.; Delorme, P.; Willott, C. J. and 7 more

3[] 2010A&A...518A..39D 2010/07 cited: 42 B =

Extending the Canada-France brown dwarfs survey to the near-infrared: first ultracool
brown dwarfs from CFBDSIR

Delorme, P.; Albert, L.; Forveille, T. and 8 more
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{' hotometry and 5roper Motions of M, |:, and T Dwarlfs from the
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We present a catalog of 9888 M, L and T dwarfs detected in the Pan-STARRS1 3t Survey (PS1), covering
three-quarters of the sky. Our catalog contains nearly all known objects of spectral types LO-T2 in the PS1
field, with objects as early as MO and as late as T9, and includes PS1, 2MASS, AlIWISE, and Gaia DR1
photometry. We analyze the different types of photometry reported by PS1 and use two types in our catalog
in order to maximize both depth and accuracy. Using parallaxes from the literature, we construct empirical
SEDs for field ultracool dwarfs spanning 0.5-12 um. We determine typical colors of MO-T9 dwarfs and
highlight the distinctive colors of subdwarfs and young objects. We combine astrometry from PS1, 2MASS,
and Gaia DR1 to calculate new proper motions for our catalog. We achieve a median precision of 2.9 mas
yr'1, a factor of =3-10 improvement over previous large catalogs. Our catalog contains proper motions for
2405 M6-T9 dwarfs and includes the largest set of homogeneous proper motions for L and T dwarfs
published to date, 406 objects for which there were no previous measurements, and 1176 objects for which
we improve upon previous literature values. We analyze the kinematics of ultracool dwarfs in our catalog
and find evidence that bluer but otherwise generic late-M and L field dwarfs (i.e., not subdwarfs) tend to
have tangential velocities higher than those of typical field objects. With the public release of the PS1 data,
this survey will continue to be an essential tool for characterizing the ultracool dwarf population.




The First Hundred Brown Dwarfs Discovered by the Wide-field
Infrared Survey Explorer (WISE)
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ffl'he Discovery of Y Dwarfs using Data from the Wide-field Infrare
'Survey Explorer (WISE)
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Table 1

WISE Photometry

Object

Wil
(mag)

w2
(mag)

W3
(mag)

W4
(mag)

Wil-Ww2
(mag)

WISEPC J014807.25—720258.8
WISEP J041022.71 + 150248.5
WISEPC J140518.40 +553421.5
WISEP J154151.65—-225025.2
WISEP J173835.52+273258.9
WISEP J182831.08+265037.8
WISEPC J205628.90 + 145953.3

18.812 £ 0.529¢

=18.101
=>17.989
=17.018
18.155 = 0.362
=>18.452
=17.742

14.584 + 0.052
14.190 + 0.059
14.085 £+ 0.041
13.982 £ 0.112
14.535 + 0.057
14.276 + 0.050
13.852 + 0.043

>12.579
12.472 £+ 0.482¢
12.312 = 0.252
12.134 £+ 0.443¢
12.536 £ 0.350
12.320 = 0.291
11.791 £+ 0.222

=0.521
=>8.923
=9.115
=9.064
=>9.182

0.147 £+ 0.438*
= 8.646

4.228 +0.532
=>3.911 = 0.059
=>3.904 £+ 0.04]1
=>3.036 = 0.112

3.620 £+ 0.366
>4.176 = 0.050
=>3.890 + 0.043
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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: a few dozen
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