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The Discovery of Brown Dwarfs



Outline
• First searches
• The discovery of the first  Brown dwarfs  (chronology, images, 

spectra, publications)
• Subsequent early findings
• Conclusions



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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My interest in brown dwarfs started in 1990, when we observed a very low-mass 
star, UX Tau C (in Taurus), using the Isaac Newton Telescope on the island of La 

Palma.

A. Magazzú



Lithium



Exploring substellar interiors
The lithium test

     Rebolo, Martín and Magazzú 1992 ApJ Lett. 
       Magazzú, Martín and Rebolo 1993 ApJ Lett.

•  7Li+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)

1 Ma          100 Ma



Status of brown dwarf searches before 1995
• Field objects and companions

- Gl 473 (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 1989
• rho Ophiuchi: Rieke and Rieke 1990, 

– Comerón et al. 1993
• Taurus: 

– Stauffer et al. 1991
–  Magazzú et al. 1991

• 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   IAC80  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 Martín and  Rafael Rebolo at
Museo de la Ciencia y el Cosmos 
(next IAC headquarters, La Laguna)

Maria Rosa Zapatero Osorio at her IAC office 
en su oficina del  IAC   at La Laguna  (1995)

Who? 



 “Discovery of a brown dwarf in the 
Pleiades star cluster”  

Rebolo, Zapatero Osorio, Martín. 1995     (Nature 377, 129) 

Teide 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

     



Discovery publication:
brown dwarfs exist

September 14, 1995

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

Submitted May 1995
Published September 14th, 1995



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 
with the 2.5 m Isaac Newton 
Telescope (La Palma)

• December 29, 1994: Spectroscopy 
with the 4.2 m WHT (spectrum 
published in Nature). 

• Teide 1 is an M8–M9 dwarf with 
velocity and proper motion 
consistent with the Pleiades cluster

• May 20, 1995: Manuscript 
submitted to Nature

• August 14, 1995: Publication 
accepted

• September 14, 1995: Published



List of observing 
campaigns

(manuscritpt notes by  Maria Rosa Zapatero Osorio)  

IAC80, Observatorio del Teide

First Photometric measurements
And Proper motion determined
using new IAC80 observations 
and 2.5m INT archive images 



October 14, 1994 
First spectroscopy of Teide 1  

(unpublished)Telescope Isaac Newton 2.5m
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December 29, 1994
WHT 4.2m 

 “Observing notes” 
R. Rebolo

WHT



December 29,1994
William Herschel  Telescope,  Teide 1 spectroscopy

“ Manuscript Notes taken during the Observing Campaign ” R. Rebolo
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Pleiades star cluster
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Prediction  in our Nature paper that the Pleiades contain 175 
brown dwarfs (with masses greater than 40 Mjup)



September 30,
  1995

“…we have found 9 new 
Brown dwarf 
candidates with 
photometry

Similar to Teide 1”



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 in 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.
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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

October 27-29, 1995   
Observing campaign at Calar Alto 3.5m Telescope



November 20,  1995

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

    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. Martín, R. Rebolo

Manuscript notes. R.Rebolo
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Conclusion of the 
Keck telescope 

campaign: Teide 1 
has not destroyed 

lithium and 
therefore cannot 
fuse hydrogen. 

RR at Keck  Nov. 1995



09/09/2025 Rebolo et al. 1996 ApJ Lett.

Teide 1 and Cala3: Rebolo et al. 1996 ApJ Lett. 469, L53
PPl15:  Basri, Marcy and Graham 1996 ApJ Lett 458, L87

Lithium detection in  Teide 1 and Calar 3
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PPl 15 lies at the 
boundary between 

stars and brown 
dwarfs.

Teide 1 and Calar 3 
are brown dwarfs.

Basri and Martin (1999) will show 
later that PPl15 is a binary (total 
mass 125-145 M_Jup)



  November 30 and December 1,  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” 
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)
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Calamari et al. 2022, ApJ
SED of Gl 229 B, distance calibrated

Note that recently it was shown with Gravity VLT that
Gl 229B is a close binary Brown dwarf. 

Xuan et al (2024, Nature) 



Young Brown dwarf

Old Brown dwarf

WAVELENGTH(microns)WAVELENGTH(microns)



Year 1997  



Colour-
magnitude 
diagram for the 
Pleiades cluster 
Zapatero-Osorio,
 Martín, Rebolo 1997 
(A&A)

I

Stars

Brown 
dwarfs
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1 square  degree 
IZ Survey

Zapatero-Osorio 
et al. 1997 ApJ 

1 square  degree 
IZ Survey

Zapatero-Osorio 
et al. 1997 ApJ 

STARSSTARS

Brown 

Dwarfs

Brown 

Dwarfs

Pleiades 



Ruiz et al.
1997 ApJ Lett

Delfosse et al
1997 A&A

1997:
First  free-floating 
Brown dwarfs 
detected in the 
solar 
neighbourhood

New 
spectral  type “L”
Martín et al. 1997

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



Year 1998  



Rebolo et al. 1998 (Science 282, 1309)

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

projected separation of ~350 AU



30 years of  Brown dwarf surveys at 
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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Y-dwarfs



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*
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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 !



Thanks for your attention



Additional slides 
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Enanas de tipo L

The 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 I 
and K I, and strong H2O absorption 
bands and persistent CO overtone 
bands at 1-2.5 m

• J-K>1.3
         Martín 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 L0-L8  Burgasser 2001



Enanas de tipo T      
      

• The T dwarf sequence is characterized  by:
• the CO bands are replaced  by stronger 

and more extensive absorptions of CH4 
in the H and K bands. 

• Further strengthening of water bands.
• Blue infrared colours J-K~0

Kirkpatrick et al. 1999, Oppenheimer et al. 
1995, Nakajima et al. 2004

• Spectral classification of T dwarfs
Geballe et al. 2002, Burgasser et al. 
2002

• A relation between effective temperature 
and Sp Type derived from the K-band 
bolometric correction shows monotonic 
behavior throughout the L-T sequence 
(Nakajima et al. 2004).
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¿Qué sabemos de las  enanas marrones de tipo Y ?

• El satélite WISE  encontró  varias en todo el 
cielo   W2=14-14.5, W3 ~ 12 

     (Cushing et al. 2011, Kirkpatrick et al. 2012)

• Generalmente tienen  J-W2 >5,
–  una de las más extremas
   (WISE 1828+2650)  J-W2>9 

• WISE  mide colores para las Y: 
– W1-W2 >3.9
– W2-W3=1.7-2.6

   El color más extremo : J-W3 >11  MJ>20
       

WISE tiene como límite de detección W3=11.2-11.9

 W2=15.0-15.7
    Leggett+ 2017 arXiv:1704.03573v1





•  super-
Jupiter  de 
temperatura 
atmósferica  
250 K  

•   W2=13.89 
(Spitzer and 
WISE)

• W1=17.44 
(only Spitzer)

• J>23

Luhman 2014



¿Es Jupiter una  enana Y?      



¿Cómo 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 fragmentación 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

¿Tienen las enanas marrones discos protoplanetarios? 
¿Pueden las estrellas de cualquier masa tener compañeros 
subestelares? 

Observables:
Función Inicial de Masas  
 Distribución espacial   
Binariedad/Multiplicidad?   Discos?

?



¿Cuántas enanas 
marrones hay en 

la Galaxia?  



– Los modelos de fragmentación de nubes 
moleculares predicen funciones iniciales  de 
masa como las de la figura

NordlundNordlund

Supersonic 
turbulence



 Exploremos las regiones de formación estelar y 
comparemos el número de estrellas y enanas marrones

• R I Z J (K):  850 arcmin2                    (línea blanca)                             

•   Completitud:      I=21.5  J=19.5                                      
• Béjar, Zapatero-Osorio, Rebolo 1999 ApJ

• I Z (J K):    1.12 deg2                             (línea amarilla)          

• Completitud  I=23 J=21     
• Zapatero-Osorio et al. 2000 Science                                             

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

Sigma Orionis



Diagrama color-magnitud
• Símbolos rojos: 

candidatos a 
miembros del 
cúmulo. Más de   
120 objetos siguen la 
secuencia 
fotométrica esperable 
para las enanas 
marrones. 

• Masas estimadas a 
partir de modelos  
5 Ma.

• Tipos espectrales: 
–   M6 ~ 75 

Mjup    
–    M8 ~ 25 Mjup   
–   L1  ~ 15 

Mjup

–    L5 ~10 Mjup
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Zapatero-Osorio et al. 
2000, Science

Búsquedas profundas detectan  jóvenes super-Jupiters    

sigma Orionis 
  (edad~3 Ma)



El espectro de masas 
de sigma Orionis se ha 
podido obtener  hasta 
~5 MJup

Ley de potencias para el espectro de masas con índice  0.6 ±0.2 , que 
es típico de las regions de formación y cúmulos estelares

Enanas marrones



Peña-Ramírez et al. 2012

El modelo de fragmentación turbulenta de  nubes moleculares puede 
explicar la función de masas  entre 10 M_solar y 10 M_Jup, pero no el 
exceso de objetos con unas pocas veces la masa de Júpiter



Exploraciones  realizadas en  los últimos 
20 años en  numerosos cúmulos estelares 

y en la vecindad solar proporcionan 
resultados similares

Las enanas marrones se  comparan 
en número con las  estrellas.

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

marrones



Conclusions (I)
•  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(II)

 The nearest free-floating superJupiter 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  



Mass spectrum for sigma Orionis and the Pleiades clusters

Evidence for an excess in the sigma Orionis mass 
function at super-Jupiter masses. 
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Status of brown dwarf searches before 1995

• Field objects and companions
- Gl 473 (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 
(Magazzú et al. 1993 ApJ, Martín et al. 1994 ApJ, Marcy et al. 1994 
ApJ)

• No brown dwarf  identified   at the Workshop 
   “The bottom of the Main Sequence and Beyond”, ESO 

Garching,  ed. C. Tinney,  August 1994



•  A la edad del cúmulo Pléyades (~120 Ma)  las enanas marrones 
con m < 0.07 Msun   preservarían su contenido inicial de litio

•  test: Li I doblete de resonancia  a 6708 Å

120 Myr120 Myr

Age (yr)



Mass spectra in young clusters and 
star-forming regions: dN/dM ~ M - 

Rho Ophiuchi:   1.1 Williams et al. 1995
(mass range  1-0.03 Msun)

NGC 2024:    1.2 Comerón et al. 1996
 (mass range  0.5-0.04 Msun)

Chamaleon I:   1.2 Comerón et al. 2000
(mass range  1-0.03 Msun)

           (linear mass units)
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The initial mass function in the 
Trapezium Cluster

Luhman et al. 2000, ApJ



Pleiades mass function

 

Moraux  et al. 2003   6.4     I~ 22         29       0.6    0.45-0.03



Mass function in  young clusters   

The mass spectrum
of sigma Orionis
smoothly extends down 
to ~4 MJup

Mass spectrum power-law index 0.6 ± 0.2



Super-Jupiters

Very low mass halo stars are known: Ultracool subdwarfs

Zhang et al. 2017 and reference therein

Metal poor 
L7 

L6 

L4

[Fe/H]
 -1-2

Mass 
estimates at 
0.09 M



Lithium in Hyades Brown dwarfs

Lodieu, RR, Perez-Garrido, 2018Observations with GTC 10.4m
La Palma, Canarias Observatories

L5 dwarf



Can we find lithium in the  T 
dwarfs? 

Luhman 16AB (Luhman 2013)



WAVELENGTH(microns)WAVELENGTH(microns)



Can we find lithium in   T dwarfs? 

Lithium  spectral synthesis consistent with full preservation
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