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First theoretical developments

* In the early 1960s, Kumar and Hayashi
independently postulated the existence of
brown dwarfs: objects unable to sustain
stable hydrogen fusion, with degenerate
matter in their interiors, these objects
should be similar in size to Jupiter but up to
75 times more massive.
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Iy interest in brown awarjs started in 1770, wnen we observed a very Low-mass
star, UX Tau C (in Taurus), using the Isaac Newton Telescope on the island of La
Palma.
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Fig. 1. Animage of the UX Tau triple system taken with the guiding TV camera 675
of the Isaac Newton Telescope
L ] | F9E 383 | , T | S . | | | | I
. i1 P 20 — 2
by an image of the guiding TV camera (Fig. 1), and to take spectra = Loy !
of this faint component. E =
On the first night, we observed the UX Tau system using a 18 — =
grating with a reciprocal dispersion of 36pm pixel™!, which = :
allowed us to have both the Li11670.7 nm line and Ho in the same 10 - S
range. On the night of March 10 the three stars of the system were = :
observed only in the lithium region, with a higher resolution PR o e e e e
grating (reciprocal dispersion 22 pm pixel ). These latter obser- 655 660 665 670 675
vations were repeated, as a test, on the 12. No appreciable A(nm)
difference was found between these two sets of spectra. Exposure L
times ranged from 500 to 1500s. All the observations were Fig. 2. Our 36 pm plxell spectra of thel UX Tau system. Note the corre-
a Sieh = s spondence between the side peaks of Ho in the UX Tau C spectrum and the
performed with a slit width of 150pum (0”8 on the sky), giving an double-peaked Ha in UX Tau A
effective spectral resolution of about 2 pixels, in either configu-
L Ak Bl it S !
=) T
1’1 Astron, Astrophys. 249, 149-155 (1991) ;ASTEX%}E)(_)I\*“
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Lithium in the pre-main sequence triple system UX Tauri*

A. Magazzi 2, E.L. Martin*-2, and R. Rebolo !
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_
w 'I LITHIUM AND BERYLLIUM IN MAIN SEQUENCE STARS
E Vf i WW MFWW Py

L|th|um _ - R. REBOLO
7 Instituto de Astrofisica de Canarias

L S R R 38200 La Laguna, Tenerife
565 670 675 Spain

3.3. M STARS

Li measurements of such cool stars in the MS are scarce. In stars of the age of the Hyades, the
extrapolation of the Li-T.s; curve suggests abundances far below log N(Li)=-2. In the Pleiades,
however, detection is possible (see Garcia Lopez et al., 1990b). In these objects, destruction of Li
during the PMS is very efficient, as discussed in Sectlon 2. Measurements of Li in post T-Tauri M
stars would be a-erweral=te yed=by=these stars during the

This situation of increasing destruction of Li as we move to less massive stars should change
radically at the mass at which the object cannot reach the Li burning temperature (2.5 10® K)
in its interior. It is interesting to note that stellar structure calculations on very low mass stars,
conducted by different authors (D’Antona and Mazzitelli, 1984; Burrows et al., 1989), predict that
this temperature cannot be attained in objects with masses lower than 0.06 M, which corresponds
to the domain of sub-stellar systems, i.e. objects that fail to reach stable hydrogen ignition (brown
dwarfs). So it is possible to use Li detection in those brown dwarf candidates as a criterion to
establish their nature. The observations of UX Tau a, Magazzi, Martin and Rebolo (1990) have

shawy that this type of work is feasible.

G. Michaud and A. Tutukov (eds.), Evolution of Stars: The Photospheric Abundance Connection, 85-97.
© 1991 JAU. Printed in the Netherlands.




Exploring substellar interiors

The lithium test

Rebolo, Martin and Magazzu 1992 ApJ Lett.
Magazzu, Martin and Rebolo 1993 ApJ Lett.

* "Li+p - alfa + alfa

* Lithium-7 nuclei are destroyed
in the interiors of low-mass
stars, BUT they would be
completely preserved in brown
dwarfs with less than 6% of
the Sun’s mass (0.06 M©®).

(Chabrier & Baraffe 2000)



Status of brown dwarf searches before 1995

* Field objects and companions

- (1473 (uncertain dynamics), GJ 569 B (not known to
be a binary at that time).

- The coolest known field objects were M9 dwarfs (six
reported but age and mass unknown).
Hawkins and Bessell 1988, Tinney 1993, Kirkpatrick et al. 1994



Star cluster searches before 1995

Star cluster and star-forming regions

Pleiades:
— Jameson and Skillen 1989
— Stauffer et al. 1989
— Hambly et al. 1991, 1993
— Stauffer et al.1994

alpha Persei: Rebolo et al. 1992
Hyades: Legget and Hawkins 198
rho Ophiuchi: Rieke and Rieke 1990; "
— Comeron et al. 1993 g %
Taurus: e o T s
— Stauffer et al. 1991 ‘ e
— Magazzu et al. 1991 : TR LT
No brown dwarf identified at the Workshop

“The bottom of the Main Sequence and Beyond”, ESO

Garching, ed. C. Tinney, August 1994



In 1993, The [ACS80 telescope started science operations and we had the
plan to perform a large survey of the Pleiades in the R and I band (limiting
magnitudes of 21.5 and 19, respectively).

Follow-up observations would be in the IR with 1.5 m TCS and 2.5 m NOT,

for spectroscopy we would use the 4.2 m WHT
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Eduardo Martin and Rafael Rebolo at Maria Rosa Zapatero Osorio at her IAC office
Museo de la Ciencia y el Cosmos en su oficina del IAC at La Laguna (1995)
(next IAC headquarters, La Laguna)
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“Discovery of a brown dwarf in the

Pleiades star cluster”
Rebolo, Zapatero Osorio, Martin. 1995 (Nature 377, 129)

leide 1: A member of the Pleiades star
cluster based on its photometric,
spectroscopic, and motion properties,
with a mass < 70 Mjup

submitted on May 22, 1995
published on September 14
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FIG. 1 The optical spectrum of Teide 1 (upper trace) and of the M9 dwarf
LHS 2065 (lower trace). The flux scale of both spectra is normalized to
unity at 825 nm. An offset has been added to the spectrum of Teide 1

for clarity.




Discovery publication:

brown dwarfs exist
September 14, 1995

Discovery of a brown dwarf in
the Pleiades star cluster

R. Rebolo, M. R. Zapatero Osorio & E. L. Martin

Instituto de Astrofisica de Canarias, 38200 La Laguna, Tenerife,
Spain

Brown dwarfs are cool star-like objects that have insufficient mass
to maintain stable nuclear fusion in their interiors. Although brown
dwarfs are not stars, they are expected to form in the same way,
and their frequency of occurrence should reflect the trends seen in
the birthrates of low-mass stars. But finding brown dwarfs has

proved to be difficult, because of their low intrinsic luminosity. The
nearby Pleiades star cluster is widely recognized as a likely host
for detectable brown dwarfs because of its young age—the still-
contracting brown dwarfs should radiate a large fraction of their
gravitational energy at near-infrared wavelengths. Here we report

The luminosity and temperature of this object are so low that its
mass must be less than 0.08 solar masses, the accepted lower limit
173, The detection of only one brown dwarf
within our survey area is consistent with a smooth extrapolation of
the stellar mass function of the Pleiades®, suggesting that brown
dwarfs, although probably quite numerous in the Galactic disk,
are unlikely to comprise more than ~1% of its mass.
Only about half a dozen extremely cool dwarfs with spectral
types M9 or later have been identified’. At present they are the
best candidates for brown dwarfs. Their mass—luminosity and
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Chronology of the Discovery of Teide 1

January 5—7, 1994 Imaging
campaign with the IAC 80 cm
telescope (Teide Observatory) .
October 14, 1994 Spectroscopy ARl

with the 2.5 m Isaac Newton S e Ll
Telescope (La Palma) Shteeuagiina : -« TEIDEL
December 29, 1994 Spectroscopy e e
with the 4.2 m WHT (spectrum ' fh A e
published in Nature). Loni o e :
Teide 1 is an M8—-M9 dwarf with | S : S
velocity and proper motion | - o
consistent with the Pleiades cluster

May 20, 1995: Manuscript
submitted to Nature

August 14, 1995 Publication . L e
accepted |

September 14, 1995: Published
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October 14, 1994

First spectroscopy of Teide 1
Telescope Isaac Newton 2.5m (anubllShed)

INT observing log for night: Fri 14 Oct 1994 page 3

Observers: Eduardo Martin, Rafael Rebolo, Emilio Harlaftis
Telescope operator: Jose Norberto Glez
Support astronomer: Emilio Harlaftis

Tape: INTD

Focus: CASS Instrument: ID Detector: C.C.D  Chip: TEK3

Camera: 500 Collimator e Red Grating: R150V

Pixels: 1124x1124 g€ (microns): 24.0 Window: X1= -49, Xs=1124, Yi= 1, Ys=1123; Binning: in X=1, in Y=1

Run Object name RA DEC Eqnx uT D HA Time Air GDX GDY St PA Parl Grat Cenw ND CF AF BF Seaing Comments
No. start start start sec mass # 2 L2 Ll A

85 FLEIAD BD 03:47:16.8 24:22:08 05:34 29.4 02:10 1800.0 1.148 503815 584029 2.16 270.0 T4 105.81 7669 0 Q o 0 0.0
66 CU NB 03:47:17.7 24:22:06 06:08 36.9 02:44 0.0 1.249 503273 584029 2.16 270.0 T4 105.81 7669 1] 0 [ o 0.0
&7 JBET 05:36:06.2 34:06:29 06:13 14.0 01:Q0 300.0 1.030 503273 &84029 2.16 700 108 105.81 7669 0 [a} ¢ 0 0.0
£3 CUNEBE 05:36:06.1 34:06:29 06:21 15.6 01:08 1.0 1.038 503273 584029 2.16 270.0 105 105.81 7669 0 a o 0 c.0
69 HD 19445 FLUX 03:05:28.6 26:09:04 06:29 49.3 03:44 30.0 1.530 503273 584029 2.16 270.0 3 105.81 T669 0 Q o 0 0.0
70 JBT 05:36:05.5 34:08:15 0€:32 17.8 Q01:19 400.0 1.050 503273 584029 2,16 270.0 102 105.81 T669 o 0 o 0 0.0
71 CUNE 05:36:05.6 34:06:14 06:41 19.7 01:28 1.0 1.082 503273 584029 1.73 270.0 99 105.81 7669 0 o] 0 [»] 0.0
k¢ HR1864 FAST ROT 05:33:54.7 14:18:25 06:56 28.4 01:45 10.0 1.13%7 503273 584029 2.16 270.0 55 105.81 T662 ] 0 o 0 0.0
T3 CUNE 05:33:54.7 14:18:25 06:59 29.1 01:48 1.0 1.144 503273 584029 2.18 270.0 55 105.81 7669 o a o [t} G.0
T4 HR1864 05:33154.8 14:18:26 Q702 29.6 01:51 5.0 1.149 503273 584029 2.16 270.0 56 105.81 T669 0 ] L 0 0.0
75 FLAT LAMP 4 ND 07:32:40.3 9T7:51:83 07:09 68.7 -00;00 5.0 2.T38 503273 584029 2.16 269.9 180 105.82 7692 [u] o} 3 4 0.0
76 FLAT LAMP + ND 07:34:25.3 28:34:10 B7:10 0.2 -00:00 5.0 1.000 503273 584029 2.16 270.0 a3s 105.82 7692 o 0 3 4 0.0
T FLAT LAMP 4 ND 07:36:10.0 28:34:10 07:12 0.2 -00:00 5.0 1.000 503273 584029 2.16 270.0 335 105.81 TE69 1] a 3 4 D.0
78 FLAT LAMP + ND 0T:37:54.6 28:34:09 07:14 0.2 -00:00 5.0 1,000 503273 584029 2.16 z70.0 335 105.81 7669 0 o 3 4 0.0
7o FLAT LAMP 4 ND 07:39:39.1 28:34:09 D7:16 0.2 -00:00 5.0 1.000 503273 584029 2.1¢ 270.0 335 105.81 7669 o Q 3 4 c.o
80 Bias {frame 07:43:25.9 28:34:10 07:19 0.2 -00:00 Q.o 1.000 503273 584029 2.16 2370.0 335 10K.81 7669 o a 3 4 0.0
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December 29,1994
William Herschel Telescope, 1eide I spectroscopy

« TEIDEL

“ Manuscript Notes taken during the Observing Campaign ” R. Rebolo



WHT observing log for night: 1994 Dec 29/30

Observers: R. Rebolo, E. Martinez; M. Breare, N. Walton
Support astronomer: M. Breare

Telescope operator: J. Rey
PATT/CAT ref.: Cl4; W39

Arm:
Detector:
Pixels:
Pixel-size

Collimator focus:

window red changed from run 132286 onwards: start 0,295 size 1124,400

Windo

Number

132280
132281
132282
132283
132284
2285

132287
132288
132289
132290
132291
132292
132293
132294
132295
132296
132297
132288
132299
132300
132301
132302
132303
132304

RED BLUE

TEK2 TEK1

1124X1124 1124X1124
(microns): 24 24

10403 6001

Object
name
PLBD
PLBD
CUNE
LHS2065
FLUXST
CUNE
CUAR

2 SEC
CUNE 2 SEC
CUNE 7 SEC
SN1984AE R FIL
SN19944AE VFILT 1
SN1994AE BFILT 3
SN1994AE IFILT 3
SN1994AE UFILT 1
SN19944AE UFILT 3
SN19944E 2008
SN19944E 2008
SN19944AE 3008
SN19944E 3005
SN19944E 3005
SN1994AE 3005
CUAR 305 B

CUAR 25 R

CUNE 25 R

-corner, size): 1,250 1123,500 (R)

RA

hh:mm;:ss.ss
03:44:18.45
03:44:18.45

03:44:18.44

08:51:06.61
09:46:12.66
09:46:12.69

10:47:01.40
10:47:01.39
10:47:01.39
10:47:01.39
10:47:01.39
10:47:01.39
10:47:02.09
10:47:02.79
10:47:02.79
10:47:02.79
10:47:01.39
10:47:01.39
10:47:01.38
10:47:01.39
10:47:01.38
10:47:01.38
10:47:01.39
10:47:01.38
10:47:01.39

Temp. (first half, °C): 4.4
Humidity (first half, %): 76

Weather: GOOD, few high clouds
Seeing (first half, arcsec): 1.0

Telescope focus: 97.10

%

Phase of moon: D

Dichroic: 6100

Focal station: CASS
Instrument: ISIS

page

Programme; El objeto menos luminoso de las Pleyades: enana marron?; SN’s for

FOs AUX UES
FOs TEKS5 -
400X590 1124X1124 -
. 24 =
1,285 1123,400 (B) 0,00,0(F) 0,000(A) 0,00,0(U) 0,00, () Tape: WHTD127
Dec. Egnx. UT Airm. T Exp. Sky S51i Slit Slit Grat. Cenw AutogX AutogY Aux PF
sdd:mm:ss.s cyyyy hh:mm sec PA PA wid" 1len" A /r /theta Z£ilt filt
24:13:15.9 B1960 23:28 1,033 R 3600 285.0 0.925 R168BR 7492 25002 169998 B
24:13:15.8 B1950 00:29 1.131 R 2200 285.0 0.926 R168BR 7492 25002 169998 B
24:13:15.8 B1950 01:08 1,242 R 4 285.0 0.925 R1BBR 7492 25002 169998 R
-03:18:07.1 B1950 01:13 1,445 R 600 317.0 0.925 R1B8R 7492 25002 169998 R )
13:88:41.6 B1950 01:25 1.401 R 30 300.0 0.925 R1BBR 7492 20975 160000 R 44y 5%3? L % {:-m..,_\
13:58:42.1 B1950 01:28 1.389 R 4 300.0 0.925 R158R 7492 20975 160000 R
17:16:30.6 J2000 01:37 1,662 B 30 293.0 1.097 R158B 4896 20976 160000 R
17:16:30.6 J2000 01:38 1.669 R 2 293.0 1.097 R158R 7641 20975 160000 R
17:16:30.6 J2000 01:41 1.631 R 2 293.0 1.097 R158R 7541 16988 109002 R
17:16:30.6 J2000 01:41 1.628 B 7 293.0 1.097 R158B 4896 16988 109002 R
17:16:30.6 J2000 01:46 1.592 A 10 293.0 16988 109002 R
17:16:40.6 J2000 01:50 1.861 A 10 293.0 16988 109002 V
17:16:40.6 J2000 01:55 1.529 A 30 293.0 16988 109002 B
17:16:40.6 J2000 01:57 1.512 &4 30 293.0 16988 109002 I
17:16:40.6 J2000 02:00 1.496 A 120 293.0 16988 109002 U
17:16:40.6 J2000 02:03 1.477 A 300 293.0 16988 108002 U
17:16:30.3 J2000 02:14 1.412 R 200 293.0 1.097 R168R 7450 16988 109002 U
17:16:30.4 J2000 02:14 1.410 B 200 293.0 1.097 R1B8B 4927 16988 109002 U
17:16:30.4 J2000 02:19 1.3856 B 300 293.0 1.097 R1ESB 4927 16988 109002 U
17:16:30.3 J2000 02:20 1.383 R 300 293.0 i1.097 R1BESR 7450 16988 109002 U
17:16:30.3 J2000 02:26 1.352 B 300 293.0 1.097 R168B 4927 16988 109002 U
17:16:30.3 J2000 02:26 1.352 R 300 293.0 1.097 R1BEER 7450 16988 109002 U
17:16:30.3 J2000 02:32 1.324 B 30 293.0 1.097 R1568B 4927 16988 109002 U
17:16:30.4 J2000 02:32 1.323 R 2 293.0 1.097 R158R 7450 16988 109002 U
17:16:30.3 J2000 02:33 1.319 R 2 293.0 1.097 R1G8R 7450 16988 109002 U

"Total exposure time in hours (for each arm) for 25 observations recorded on this page = 2.01 (R) 0.24 (B) 0.00 (F) 0.14 (A) 0.00 (U) 0.00 (unlabelled)
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sistent with Teide 1’s being a member of the Pleiades cluster. the dimmest Pleiades brown-dwarf candidates with measured
But the proper motions and radial velocities of Pleiades stars  proper motions and published spectral types'>'*** We have
are similar to those of general field M dwarfs, as stated in ref. CIr luminosities and C ame way as
18, so we considered the probability that Teide 1 might i for Telde 1. Our object is the coolest and faintest bro
be a field M9 dwarf superimposed on the Pleiades (th i candidate discovered so far in the Pleiades. From its locatlon
at a distance of 60-100 pc, closer than the widely g#€epted cluster on the H-R diagram and after comparison with the set of theor-
distance of 125 pc). The luminosity function g0 the end of the etical tracks shown in Fig. 2 we obtain an upper limit to the
Main Sequence has been addressed recently affa result of a deep mass of Teide 1 of 50 jovian masses (Mj,,) and a most likely
(completeness limit R=19), large-area (27.3 §eg”), CCD survey mass in the range 20-30 M7y, . If we use other sets of theoretical
tracks>>"!, we always obtain masses <70 M,,,. We conclude
that Teide 1 must be a brown dwarf, or else the theory is seri-
ously wrong.
. Observational tests of the substellgr nature of Teide
100 g Definitive proof would bézghe g
1 80 the atmosphnere e Tower than 50 My, as
- o : i 1 inferred from the theoret1cal H-R diagram, this object should
& 5! |60 not have destroyed lithium at all, in marked contrast with stars -
r % ;o ] above the substellar mass limit, which have destroyed most of
§

this element at the age of the Pleiades'>'*. Calculations of the
8 : " 40 1 formation of Lir lines in the atmospheres of very cool

10,11,32

! i dwarfs indicate that fairly strong absorption features
Q| i = should be present at optical wavelengths. In particular, we pre-
1

=

\ dict on the basis of our estimated temperature for Teide 1, an
, equivalent width of ~5 A for the Lit 670.8-nm resonance doub-
o let. The upper 11m1t to the equivalent w1dth 1nferred from our

70 Myr

log (/L)

| 600 Myr

We have presented compelling evidence for membership ¥
M9 dwarf in a young open cluster of known age. This allo
us to estimate an upper limit for the mass that is below th¢
substellar borderline, and conclude that the body is a brown
dwarf. It is encouraging that our survey to limiting magnitude
I1=19 (R=21.5), so far covering only ~0.3% of the total Pleiades
cluster area, has provided one object of this nature. This was,
in fact, what we had expected from a smooth extrapolation of
the available mass function of the cluster®. This extrapolation
predicts that 175 brown dwarfs in the mass range 80-40 M,
may be present in the cluster, forming one of the most populated
mass intervals, even comparable to that of M-type dwarfs
(M ~0.5-0.08 M) where 500 objects are expected. Although
massive brown dwarfs could be quite numerous, their contribu-
tion to the total mass of the cluster is expected to be <10 M,
that is, <1%. If the formation of stars and brown dwarfs in the

error bars corresponding to uncertainties in luminosity and te
(see text). Other Pleiades proper-motion members with knowi

tracks® are plotted with broken lines and are labelled with appro
jovian masses. Two isochrones are plotted with solid lines.
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Pleiades star cluster

Prediction in our Nature paper that the Pleiades contain 175
brown dwarfs (with masses greater than 40 Mjup)
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INSTITUTO DE ASTROFISICA DE CANARIAS

38200-La Laguna. Tenerife, (Islas Canarias)
Teléfono: (922) 60 52 00; Telex Y2640 iace e: Telefax: {922) 60 52 10

PETICION DE TIEMPO DE OBSERVACION (CAT NOCTURNO)
Observatorios del Roque de Los Muchachos y del Teide
' ®ICN

1. Titulo (M4x. 10 palabras): Palabras clave: 1 E 20713 []4[]5[]s 1l

Espectroscopia de candidatos a enana marrdn en los cimulos de las Pléyades y Praésepe.

2. Investigador Principal ) Centro
Matia Rosa ZAPATERO OSORIO © Institute de Astrofisica de Canarias, IAC
Coinvestigadores
Rafael REBOLO IAC
Eduardo L. MARTIN . IAC
Contacto Principal :
Nombre: MariRosa ZAPATERO OSORIO Teléfono: (922) 605369
Direccién: Instituto de Astrofisica de Canarias FAX: (922) 605210
Via Lactea S/N E-MAIL: mosorio@iac.es (internet)
38200
3. Beflimen del Programa:

Como resultado de la blsqueda fotométrica que nuestro grupo estd realizando en las Pléyades, hemos
encontrado 9 nuevos candidatos a enana marrén con fotometria similar a Teide 1 y, por tanto, dentro
dominio subestelar admitido para el cimulo, sugiriéndose un aparente incremento en la funcidp
luminosTNimbasta hoy dia desconocido, para las magnitudes mas débiles y los colores m3 2o ®7] > 18,
(R—1I)>2.3]. Con esta propees Rdamaschian pecliascan WTESBIUCION que nos permita
confirmar la pertenencia de estos nuevos objetos a las Pléyades. Un resultado afirmativo implicaria que
el nimero de enanas marrones con 18</<:19 presentes el cimulo seria ~30 veces mayor que el ndmero
estimado a partir las funciones de luminosidad mas recientes que hay para las Pléyades y, por tanto, la
contribucién de estos objetos a fa masa total del climulo seria mucho mayor que la esperada. Para la
segunda parte de la noche, proponemos la espectroscopia de los objetos menos luminosos y mas frios en
Praesepe con el fin de seguir caracterizando la baja secuencia principal muy préxima al limite subestelar de

los cimulos abiertos en la Galaxia.

.

. .Es parte de una Tesis? Nombre del doctorando: Maria Rosa ZAPATERO OSORIO

. Tiempo de observacion solicitado:

Telescopio | Instrumento y detector. | Noches | Luna | Fechas optimas | Fechas imposibles
WHT FOS-II 2(1) [0} Febrero Las restantes

Justificar las fechas imposibles: Por la posicidn de los objetos.

Comentarios: Es importante que el cimulo de las Pléyades esté visible el mayor tiempo posible, y en el
semestre 96A ocurre para el mes de febrero. -

. Fecha/Firma Investigadbr Principal Fecha/Firma Director Centro

30/09/1995 o
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September 30,
1995

“...we have found 9 new
Brown dwarf

candidates with
photometry

Similar to Teide 17




More results after the publication of Teide 1

* October 27-29 1995 First Spectroscopy of Calar 3 a
phtometry twin Brown dwarf we discovered in the Pleiades

*  Mid November 1995: We discovered lithium 1n Teide 1 and in
Calar 3 using the Keck I, the largest telescope in the world.
The preservation of lithium provided compelling evidence that
both objects are brown dwarfs.



October 27-29, 1995

Observing campaign at Calar Alto 3.5m Telescope

* 4 CALARS

M.R. Zapatero Osorio and R. Rebolo at 3.5m Calar Alto

We performed spectroscopic observations with the TWIN
Spectrograph of several photometric analogues to

Teide 1 : among them Calar 3
09/09/2025



November 20, 1995

Observing Campagin at the Keck telescope
(at that time the largest in the world)

., . J{ !,‘

bt AR "

We discovered lithium in Teide 1 and Calar 3 using the Keck I.
Compelling confirmation of their substellar nature



November 19-21 1995; the Keck campaign,

G. Basri, G. Marcy, E. Martin, R. Rebolo

Manuscript notes. R.Rebolo
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Conclusion of the
Keck telescope
campaign: leide |
has not destroyed
[ithium and
therefore cannot

fuse hydrogen.

RR at Keck Nov. 1995

THE ASTROPHYSICAL JOURNAL, 469: L 53-1 56, 1996 September 20
@ 199, The American Astronomical Scciety. All Aghts reserved. Printed in 1.5 AL

BROWN DWARFS IN THE PLEIADES CLUSTER CONFIRMED BY THE LITHIUM TEST!

R. RepoLo anD E. L. MARTIN
Instituto de Astrofisica de Canarias, E-38200 La Laguna, Tenerife, Spain; rrli@iac.es, ege(@iac.es

G. Basri anp G. W. Marcy
Department of Astronomy, University of California, Berkeley, Berkeley, CA 94720; basrii@soleil.berkeley.edu, gmarcy(@etoile.berkeley.edu

M. R. ZAPATERO-OSORIO
Instituto de Astrofisica de Canarias, E-38200 La Laguna, Tenerife, Spain: mosorio{@iac.es
Received 1996 June 14; accepred 1996 July 11

ABSTRACT

We present Keck Observatory 10 m telescope spectra of the two Pleiades brown dwarfs, Teide 1 and Calar 3,
showing a clear detection of the Li 670.8 nm resonance line. In Teide 1, we have also obtained evidence for the
presence of the subordinate line at 812.6 nm. A high Li abundance [log N(Li) = 2.5], consistent with little if any
depletion, is inferred from the observed lines. Since Pleiades brown dwarfs are unable to burn Li, the significant
preservation of this fragile element confirms the substellar nature of our two objects. Regardless of their age,
their low luminosities and Li content place Teide 1 and Calar 3 comfortably in the genuine brown dwarf realm.
Given the probable age of the Pleiades cluster, their masses are estimated at 55 = 15 M;.
Subject headings: open clusters and associations: individual (Pleiades) — stars: abundances —

stars: low-mass, brown dwarfs — stars: evolution — Stars: fundamental parameters

1. INTRODUCTION

In stellar interiors, "Li nuclei are destroyed via proton
collisions at relatively low temperatures (~2 X 10° K). This
element has long been used as a tracer (see, e.g., Rebolo 1991;
Michaud & Charbonneau 1991) of internal structure in stars of
different types. The strong convection of very low mass stars
(M = 0.3 M;;) causes an extremely efficient mixing of Li, and,
indeed, significant depletion has been observed in these stars,
even in the very young ones (Zapatero-Osorio et al. 1996¢;
Garcia Lopez, Rebolo, & Martin 1994; Martin, Rebolo, &
Magazzii 1994). Objects with masses M = 0.065 Mg (~65 M;)
are well below the minimum mass for hydrogen burning and
cannot reach the Li burning temperature; thus, unlike very low
mass stars, they must preserve a significant amount of their
initial Li content during their lifetime. This can be detected
spectroscopically and therefore can provide a diagnostic of
substellar nature for brown dwarf candidates ( Rebolo, Martin,
& Magazzi 1992; Magazzu, Martin, & Rebolo 1993).

At the age of the Pleiades cluster even the most massive
brown dwarfs (80-60 M;) should have preserved a large
amount of their initial Li, but searches (Martin et al. 1994;
Marcy, Basri, & Graham 1994) of the faintest proper motion
members failed to detect it. An obvious conclusion was that
brown dwarfs had not yet been discovered in the cluster. This
prompted the search for new fainter and cooler candidates
that led to the discovery of Teide 1 and Calar 3 (Rebolo,
Zapatero-Osorio, & Martin 1995; Zapatero-Osorio, Rebolo,
& Martin 1996b). These are two very late-type dwarfs near the
center of the cluster with radial velocities, photometric and
spectroscopic properties, and a proper motion measurement
(in the case of Teide 1) consistent with Pleiades membership

(Rebolo et al. 1995; Zapatero-Osorio et al. 1996b; Martin,
Rebolo, & Zapatero-Osorio 1996). Their luminosities and
effective temperatures qualify them, according to all the
available evolutionary models, as brown dwarfs. However, a
definitive confirmation of their substellar nature can only be
obtained via the Li test. Such confirmation is a key step to
consolidate our understanding of brown dwarf interiors. Very
recently, Li has been discovered (Basri, Marcy, & Graham
1996) in PP1 15, a photometric member (Stauffer, Hamilton, &
Probst 1994) of the Pleiades ~1 mag brighter than Teide 1 and
Calar 3, which strongly encouraged us to extend the search for
Li in these new objects. PPl 15 appears to define the Li
reappearance boundary in the Pleiades, and it sits on the
frontier between stars and brown dwarfs.

2. OBSERVATIONS AND RESULTS

We report spectroscopic observations of Teide 1 and Calar
3 that provide clear evidence for the presence of Li in both.
The observations were carried out at the Keck Observatory
10 m telescope (Mauna Kea, Hawaii) on 1995 November
19 and 20 and 1996 February 16 using the low-resolution
imaging spectrograph (LRIS). The 1200 g mm™' grating
provided a dispersion of 0.64 A pixel™! on the TEK (2048 x
2048 pixels) detector in the region of the A670.8 nm Li1
resonance doublet and 0.6 A pixel™ in the region of the
subordinate Li 1 812.6 nm line. The 1" slit width finally gave an
effective resolution of ~2 A, The total integration time for
Teide 1 in the spectral regions of the Li1 lines 670.8 and 812.6
nm was 8.2 and 4 hr, respectively (individual exposures ranged




nelatlve 11ux

Lithium detection in Teide 1 and Calar 3

Teide 1 and Cala3: Rebolo et al. 1996 ApJ Lett. 469, L53
PPI15: Basri, Marcy and Graham 1996 ApJ Lett 458, L87
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PPl 15 lies at the
boundary between
stars and brown

dwarfs.

7000 3000 2000

leide I and Calar 3
are brown dwarfs.

Basri and Martin (1999) will show
later that PPI15 is a binary (total
mass 125-145 M_Jup)
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November 30 and December [, 1995:

The direct detection of a cool brown dwarf companion to the
M-dwarf star Gl 229 is published

“Discovery of a cool brown dwarf” Brown Dwart Gliese 2298

Nakajima, Oppenheimer Kulkarni et al. 1995
(Nature 378, 463)

Gl 229B is a very faint companion of a
very nearby star to the Sun,
Reference for a new spectral type T

Mass 30-50 Mjup

Submitted on September 25, 1995
Published on November 30, 1995

See also Oppenheimer et al. Science,
December 1, 1995*
(spectroscopy paper)



SED of Gl 229 B, distance calibrated Calamari et al. 2022, ApJ
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Note that recently it was shown with Gravity VLT that

Gl 229B is a close binary Brown dwarf.
Xuan et al (2024, Nature)

09/09/2025



Relative flux

Old Brown dwarf

Young Brown dwarf
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Year 1997
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magnitude
diagram for the
Pleiades cluster
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Pleiades

1 square degree
|Z Survey

Zapatero-Osorio
et al. 1997 ApJ
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1997:

First free-floating
Brown dwarfs
detected in the
solar
neighbourhood

New
spectral type “L’
Martin et al. 1997

2MASS J0345+25
(>M10)
Kirkpatrick et al. 1997 ApJ

od
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1997 ApJ Lett
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Year 1998



Imaging substellar objects around stars
* G 196-3B: ~ 20 M,,,companion to a nearby M-dwarf orbiting at a

projected separation of ~350 AU

2

Relative flux

1

600 700 800 800

Wavelength (nm)

Rebolo et al. 1998 (Science 282, 1309)




DU yelurs Uf DIrowrt Uwdrj surveys Ul
Large Scales, in Star clusters/star-
forming regions and searches for

Close and Wide companions of stars

Discovery of thousands of
Brown dwarfs of L, T and
Y spectral type.
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Conclusions

*In the 1990s, major advances were made in our
understanding of substellar objects:

the discovery of brown dwarfs in 1995

the identification of objects of new spectral types (L and T)
the first measurement of the substellar mass function

the discovery of young free-floating super-Jupiters

More recently, the exploration of new frontiers led to the
discovery of ultracool Y-type brown dwarfs, halo brown

dwarfs and super-Jupiters populating the solar neighborhood.

With very low luminosities and temperatures below 300 K,
characterizing the atmospheres of the less luminous Brown
dwarfs poses a major challenge even for JWST and the
future giant ground-based telescopes, but also offers the
opportunity for new and extraordinary discoveries, some of
them will surely be addressed in this workshop*




The determination of the IMF indicates tens of
billions of Brown dwarfs and free-floating
planets exist in our Galaxy ...

so, a lot of interesting research is granted for at
least another 30 years !
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Thanks for your attention




Additional slides
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Enanas de tipo L

'he L dwarf sequence is characterized by:
* the disappearance of the red TiO
and VO bands from the optical
spectrum

* The increasing dominance of broad
absorption resonance lines of Na |
and K |, and strong H.O absorption
bands and persistent CO overtone
bands at 1-2.5 um

* J-K>13
Martin et al. 1999, Kirkpatrick et al. 1999, 2000
Legget et al. 2000, Nakajima et al. 2004

* Effective temperatures:

Teff =(2380 = 40) — (138 = 8) SpT
where SpT is LO-L8 Burgasser 2001

Relative F,

i
)
)

2MASS 1632+19
(L7.5

SDSS 0032+14

(L8)
SDSS 0830+48
(L9)

Wavelength (um)
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The T dwarf sequence is characterized by:
* the CO bands are replaced by stronger
and more extensive absorptions of CH,

in the H and K bands.
*  Further strengthening of water bands. s
*  Blueinfrared colours J-K~0

SDSS 0926+58

Kirkpatrick et al. 1999, Oppenheimer et al. (14.5)
1995, Nakajima et al. 2004

SDSS 1110+01

<
=
o
i
-
Ly
0
n

Spectral classification of T dwarfs
Geballe et al. 2002, Burgasser et al. 2MASS 1225-27
2002

A relation between effective temperature

and Sp Type derived from the K-band

bolometric correction shows monotonic

behavior throughout the L-T sequence e

(Nakajima et al. 2004).

2MASS 1047+21

Wavelength (um)
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/Que sabemos de las enanas marrones de tipo Y ?

° WISE J0148-7202

El satélite WISE encontrdé varias en todo el A 500/4.50110°
cieclo W2=14-14.5, W3 ~ 12 ' ‘

(Cushing et al. 2011, Kirkpatrick et al. 2012) WISE J2056+1459

‘g 350/4.75/10*
y Generalmente tienen J-W2 >5, g WISE J0410+1502
: O 450/3.75/0
— una de las mas extremas -
(WISE 1828+2650) J-W2>9 8 WISE J1541-2250
= 350/4.25/10°
£
(@]
2 [
* WISE mide colores para las Y: ‘ WISE J1738+2732
/ 350/4.75/10°
— WI-W2>39 '

— W2-W3=1.7-2.6 WISE J14054+5534
350/5.00/10*

El color mas extremo : J-W3 >11 M >20

Wavelength (um)

WISE tiene como limite de deteccion W3=11.2-11.9

Leggett+ 2017 arXiv:1704.03573v
W2=15.0-15.7
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DISCOVERY OF A ~250 K BROWN DWARF AT 2 pc FROM THE SUN*

K. L. Luaman®'~
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ABSTRACT

Through a previous analysis of multi-epoch astrometry from the Wide-field Infraved Survey Explorer (WISE),
[ identified WISE JO85510.853—071442.5 as a new high proper motion object. By combining astrometry from WisE
and the Siue'fzw Space Telescope, 1 have measured a proper motion of 8. 10,17 yr~! and a parallax of 0.454+0.045"
fE.EErf:,':fm pc) for WISE JOBS510.83—071442.5, giving it the third highest proper motion and the fourth largest
parallax of any known star or brown dwarf. It is also the coldest known brown dwarf based on its absolute magnitude
at 4.5 um and its color in [3.6]-[4.5]. By comparing M, 5 with the values predicted by theoretical evolutionary
models, 1 estimate an effective temperature of 225-260 K and a mass of 3—10 M), for the age range of 1-10 Gyr
that encompasses most nearby stars.

Key words: brown dwarfs — infrared: stars — proper motions — solar neighborhood — stars: low-mass
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; Es Jupiter una enana Y?




;Como se forman las enanas marrones?

*¢,Son embriones eyectados?
Reipurth and Clarke 2001, Bate et al. 2002, Delgado-Donate et al. 2003

* ;Se forman como las estrellas ordinarias, a partir de la fragmentacion de
partes de una nube molecular que colapsa ?
Bodenheimer 1999, Shu et al. 1987

¢, Se forman como los planetas, por ejemplo mediante inestabilidades

gravitatorias en los discos circumestelares?
Papaloizou and Terquem 2001

t?
¢ Tienen las enanas marrones discos protoplanetarios?
¢ Pueden las estrellas de cualquier masa tener compareros
subestelares?

Observables:

Funcion Inicial de Masas
Distribucion espacial
Binariedad/Multiplicidad? Discos?



/Cuantas enanas
marrones hay en
la Galaxia?



— Los modelos de fragmentacion de nubes
moleculares predicen funciones iniciales de
masa como las de la figura

Schematic Initial Mass Function

100

Planets Brown
10 Dwarfs | Stars

Nuclear burning limit

0.01 0.1 1 10 100 1fe[o]8] Supersonic
M/Mg,, Nordlund turbulence



Exploremos las regiones de formacion estelar y
comparemos el numero de estrellas y enanas marrones

R1ZJ(K): 850 arcmin? (linea blanca)

Completitud: [=21.5 J=19.5
* Béjar, Zapatero-Osorio, Rebolo 1999 ApJ

| Z (J K): 1.12 deg? (linea amarilla)
Completitud =23 J=21

Zapatero-Osorio et al. 2000 Science

Sigma Orionis

Edad 3-5 Ma
E(B-V)=0.05



Diagrama color-magnitud

* Simbolos rojos:
candidatos a
miembros del

cumulo. Mas de

120 objetos siguen la
secuencia
fotométrica esperable
para las enanas

marrones.
* Masas estimadas a

partir de modelos
5 Ma.

* Tipos espectrales:
- MG ~ 75
Mjup
— M8~ 25 Mjup
- L1 ~15
Mjup
— L5 ~10 Mjup



Busquedas profundas detectan jovenes super-Jupiters
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: Bronwn dhwarfs | Planets
Lognormal Tit
Power law fit
C habwier 2005

Pena Ramirez et al. 2012

Pena-Ramirez et al. 2012

El modelo de fragmentacion turbulenta de nubes moleculares puede
explicar la funcion de masas entre 10 M_solary 10 M_Jup, pero no €l
exceso de objetos con unas pocas veces la masa de Jupiter




Exploraciones realizadas en los ultimos
20 anios en numerosos cumulos estelares
y en la vecindad solar proporcionan
resultados similares

Las enanas marrones se comparan
en numero con las estrellas.

Estimamos que en nuestra Galaxia debe
haber unos 100 mil millones de enanas
marrones



Conclusions (1)

Free-floating super-Jupiters, exist in young clusters and in the solar
neighbourhood

In the sigma Orionis cluster the number ratio of free-floating super-
Jupiters (mass 10-5 Mjup) to solar-type stars (1-0.5 solar masses) is
1:1. Brown dwarfs and super-Jupiters also compare in number. Similarly
in the Pleiades cluster, but deeper searches are needed.

Brown dwarfs and super-Jupiters form in clusters but then evaporate. It
is very likely that they populate the solar neighbourhood (remember that
the second nearest system to the Sun is a brown dwarf binary),

Microlensing events (Suni et al. 2011) suggest that the number of free-
floating Jupiter-like objects is even higher than we infer from direct

Imaging surveys in clusters.



Conclusions(1l)

The nearest free-floating superdJupiter could be located at a distance less
than 3 pc of the Sun.

Old free-floating super-Jupiters will look like the coldest Y-dwarfs. Several
are known within 6 pc but current age uncertainties translate into large
mass uncertainties questioning the nature of the candidates.

* RV surveys of field stars show the scarcity of orbiting super-Jupiters.
They appear to be 100 times less abundant than free-floating . Why?
How super-Jupiters form? Are there two different mechanisms?

* Understanding the mechanism of formation of super-Jupiters remains
as a major theoretical and observational challenge



dN /dM
100

Mass spectrum for sigma Orionis and the Pleiades clusters

10

1000
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LETTERS TO NATURE

Discovery of a brown dwarf in
the Pleiades star cluster

R. Rebolo, M. R. Zapatero Osorio & E. L. Martin

Instituto de Astrofisica de Canarias, 38200 La Laguna, Tenerife,
Spain

BrowN dwarfs are cool star-like objects that have insufficient mass
to maintain stable nuclear fusion in their interiors. Although brown
dwarfs are not stars, they are expected to form in the same way,
and their frequency of occurrence should reflect the trends seen in
the birthrates of low-mass stars. But finding brown dwarfs has
proved to be difficult, because of their low intrinsic luminosity. The
nearby Pleiades star cluster is widely recognized as a likely host
for detectable brown dwarfs because of its young age—the still-
contracting brown dwarfs should radiate a large fraction of their
gravitational energy at near-infrared wavelengths. Here we report
the discovery of a brown dwarf near the centre of the Pleiades.
The luminosity and temperature of this object are so low that its
mass must be less than (.08 solar masses, the accepted lower limit
on the mass of a true star'~. The detection of only one brown dwarf
within our survey area is consistent with a smooth extrapolation of
the stellar mass function of the Pleiades®, suggesting that brown
dwarfs, although probably quite numerous in the Galactic disk,
are unlikely to comprise more than ~1% of its mass.

Only about half a dozen extremely cool dwarfs with spectral
types M9 or later have been identified’. At present they are the
best candidates for brown dwarfs. Their mass-luminosity and
mass—spectral-type relationships®’ show that these objects are
indeed very close to the substellar limit. but uncertainties in

09/09/2025

Relative flux

Wavelength (nm)

FIG. 1 The optical spectrum of Teide 1 (upper trace) and of the M9 dwarf
LHS 2065 (lower trace). The flux scale of both spectra is normalized to
unity at 825 nm. An offset has been added to the spectrum of Teide 1
for clarity. :




Status of brown dwarf searches before 1995

* Field objects and companions

- (1473 (uncertain dynamics), GJ 569 B (not known to
be a binary at that time).

- The coolest known field objects were M9 dwarfs (six
reported but age and mass unknown).
Hawkins and Bessell 1988, Tinney 1993, Kirkpatrick et al. 1994

* No BD candidate displayed lithium in the spectrum
(Magazzu et al. 1993 AplJ, Martin et al. 1994 AplJ, Marcy et al. 1994
ApJ)

* No brown dwarf i1dentified at the Workshop

“The bottom of the Main Sequence and Beyond”, ESO
Garching, ed. C. Tinney, August 1994



* Ala edad del cumulo Pléyades (~120 Ma) las enanas marrones
con m < 0.07 Msun preservarian su contenido inicial de litio
* test: Li | doblete de resonancia a 6708 A
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Mass spectra in young clusters and
star-forming regions. am-~m ™

Rho Ophiuchi: o ~ 1.1 Williams et al. 1995
(mass range 1-0.03 M

sun)

NGC 2024: o ~ 1.2 Comerdn et al. 1996
(mass range 0.5-0.04 M

sun)

Chamaleon |: o ~ 1.2 Comeroén et al. 2000
(mass range 1-0.03 M

sun)

(linear mass units)



LETTERS TO NATURE

the 600R grati i(nominal dispersion 0.79 A per pixel, effective
resolution 1.6 A). Teide 1 was cross-correlated with the
template®® GL 873, a dM4.5¢ star with v,=0.47+0.24 kms™',
yielding v,=0.3+5.5km s~ for our object. These two indepg
dent determinations are consistent with the mean
velocity” of 5.9 km s™' for the Pleiades.

The strength of the VO band centred at 750 nm defgnds
strongly on the effective temperature’ in stars with spectral ty®
later than M7. We used the VO spectral index defined in ref. 5
(the ratio of the flux in the near pseudocontinuum at both sides
of the VO feature to the actual flux observed in the minimum
of the band) to derive the spectral type of Teide 1. We measured
a value of 1.145, which corresponds to M9 (the range given in
ref. 5 for this spectral type is 1.120-1.170). For LHS 2065 the
same index, gave 1.137, confirming its classification as M9. Using
a spectroscopic database for very cool dwarfs kindly provided
by J. D. Kirkpatrick, and a cross-correlation peak-technique,
we determined a spectral type of M8.5+0.5 for Teide 1. This
shows that both methods yield consistent classifications within
the error bars. In addltlon we found that the Nar doublet (very

ccig has an equivalent
field M9

The measured proper motion and radial velocity, the Ho em
sion, the dM9 spectral type and the RI photometry are all con
sistent with Teide I’s being a member of the Pleiades clustg

18, so we conside TCide 1 m1ght simply
be a field M9 dwarf superlmposed on the Pleiades (that is, lying
at a distance of 60-100 pc, closer than the widely accepted cluster
distance of 125 pc). The luminosity function at the end of the
Main Sequence has been addressed recently as a result of a deep
(completeness limit R=19), large-area (27.3 deg”), CCD survey

for cool dwarfs23 In this survey, only one extremely cool dwarf
(spectr e MO isuniems s o shsige of 412pc

#PECsting that the local density of M8 5-M9 objttw
~0.0024 pc . Because our survey covered a volume about 80
times smaller the probability of finding such late-spectral-type
objects along the line of sight towards the cluster is <1.5%. The
discovery of our object can, however, be understood in terms of
the much higher stellar density in the Pleiades cluster than in

. . e ¢ 1ts loca-
tion on the Hertzsprung Russell (H R) dlagram The luminos-
ity and effective temperature were derived from the I magnitude
and the dM9 spectral type. Using the parameters of the Pleiades
cluster (distance modulus of 5.53, extinction 4;=0.07 mag), and
the T bolometric correction®* suitable for LHS 2065, we obtained
log L/Lo=-29%0.1, where Ly is the luminosity of the Sun,
and the error comes from uncertainties in I magnitude, extinc-
tion, and distance. At present, there is no agreed temperature
scale to place very-low-mass stars and brown-dwarf candidates
in the H-R diagram. Therefore we adopted a mean temperature
from several recent calibrations®>® of 2,350+ 300 K. The error
bar covers the total temperature range obtained with the differ-
ent calibrations. In Fig. 2 we show the H-R diagram with a set
of theoretical evolutionary tracks and isochrones' for stars close
to the substellar limit, and for brown dwarfs. Superimposed are
the dimmest Pleiades brown-dwarf candidates with measured
proper motions and published spectral types'>'>**°, We have
derived their luminosities and temperatures in the same way as
for Teide 1. Our object is the coolest and faintest brown-dwarf
candidate discovered so far in the Pleiades. From its location
on the H-R diagram and after comparison with the set of theor-
etical tracks shown in Fig. 2 we obtain an upper limit to the
mass of Teide 1 of 50 jovian masses (Mj,,) and a most likely
mass in the range 20-30 My, . If we use other sets of theoretical
tracks23 ' we always obtain masses <70 M. up- We conclude
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Pleiades mass function

t al.: Brown dwarfs in the Pleiades cluster

Survey Area Completeness Nb of new IMF index Mass range
sq. degree limit BD candidates (Mo)
Stauffer et al. (1989) 0.25 I~175 4 0.2-0.08
Simons & Becklin (1992) 0.06 I~ 195 22 0.15-0.045
Stauffer et al. (1994) 0.4 I~175 2 0.3-0.075
Williams et al. (1996) 0.11 I~19 i 0.25-0.045
Festin (1997) 0.05 I~216 0 =1 0.15-0.035
Cossburn et al. (1997) 0.03 I~ 20 1 0.15-0.04
Zapatero et al. (1997) 0.16 I~195 9 1+ 0.5 0.4-0.045
Festin (1998) 0.24 I~214 4 <1 0.25-0.035
Stauffer et al. (1998) 1. I~ 18.5 3 0.15-0.035
Bouvier et al. (1998)*° 2.5 I~ 22 13 0.6 £0.15 0.4-0.04
Zapatero-Osorio et al. (1999)° 1. I~21 41 0.08-0.035
Hambly et al. (1999) 36. I~ 183 6 € L7 0.6-0.06
Pinfield et al. (2000)° 6 I~19.6 13 0.45-0.045
Tej et al. (2002) i K ~ 15 0.5+0.2 0.5-0.055
Dobbie et al. (2002)%° 1.1 [~ 22 10 0.8 0.6-0.030

“BD candidates have been confirmed by Martin et al. (2000) and Moraux et al. (2001) and the IMF index has been
revised to 0.51 £ 0.15.

® Jameson et al. (2002) have compiled these surveys and using new infrared data they find that the Pleiades mass
function is well represented by a power law with index a = 0.41 + 0.08 for 0.3Mg > M > 0.035M¢ .

“These authors used the results from Hodgkin & Jameson (2000) and Hambly et al. (1999) to conclude that the
a = 0.8 power law is appropriate from 0.6M down to 0.03M .

Moraux etal. 2003 6.4 [~ 22 29 0.6 0.45-0.03
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Mass function in young clusters
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Very low mass halo stars are known: Ultracool subdwarfs
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Lithium in Hyades Brown dwarfs
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Can we find lithium in the T
dwarfs?

A&A 581, A73 (2015) Astronomy
DOI: 10.1051/0004-6361/201424933

© ESO 2015 Astrophysics

VLT X-Shooter spectroscopy of the nearest brown dwarf binary*-**

N. Lodieu'?, M. R. Zapatero Osorio’, R. Rebolo'?#, V. J. S. Béjar'?, Y. Pavlenko’®, and A. Pérez-Garrido’

Luhman 16AB (Luhman 2013)
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Age Luhman 16A Luhman 16B

Mass Radius T Mass Radius T .
Gyr M:, R: K M, R K
0.5 0.028+0.003 0.102+0005 1223+60 0.029+0.003 0.102+0005 1238 +60
1 0.041 +0.003 0.093 £0.005 1280+60 0.041 £0.003 0.093+£0.005 1296 =60
2 0.055+0.003 0.080+0.005 1328+60 0.055+0.003 0.086+0.005 1344 +60
5 0.067 +£0.003 0.082 +0.005 1368 +60 0.067+0.003 0.082+0.005 1383 =60

Lithium spectral synthesis consistent with full preservation
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