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Brown dwarfs

» Represent a class of objects linking the properties of
observable low-mass stars and BD with the properties of
unobservable extrasolar-planets.
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Discovery of brown dwarfs using

2MASS, DENIS & SDSS




What is the goal of the project?

> Is it to discover new objects?

» Brown Dwarfs exist since more than 10 years ago.
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BROWN dwarfs are starlike objects with masses less than 0.08 tirnes that of the Sun, which are unable to sustam hydrogen
< Previous | Mext >

fusion in their interiors! ™, They are very hard to detect, as most of the energy of gravitational contraction is radiated away
within ~108 y1, leaving only a very low residual lunmosity. Accordingly, almost all searches for brown dwarfs have been
divected towards clusters of voung stars—a strategy that has recently proved successful®®. But there are only modest
ohservable differences between voung brown dwarfs and very lowmass stars, making it difficult to identify the former without
appealing to soplusticated models’. Older brown dwarfs should have a more distinctive appearance, and if they are
companions to nearby stars, their huninosity ¢an be determined imambiguously. Here we report the discovery of a probable
companion to the nearby star G1229, with no more than onetenth the hunmosity of the least hunimous hydro-gen-bmming star.

We conclude that the companion, G1229B, is a brovwn dwarf with a temperature of less than 1,200 K, and a mass ~20-50 times|
that of Jupiter.




What is the goal of this project? (I1I)

» Are brown dwarfs very, very rare?

» There are almost 600 already catalogued.
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What is the goal of this project? (III)

» Are new datasets being used?
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What is the goal of this project? (IV)

» S0, what is new?

The VO!1! We plan to apply,
for the first time a systematic
mining using a Virtual

Observatory methodology.

» The Virtual Observatory allows
v (“Interoperability”).

v Using tools to facilitate the efficient
("Data Mining”).




VO already successfully used to
discover a L-type BD

NATIONAL VIRTUAL QBSERVATORY
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Brown Dwarf Search Science
Standards Prototype: Real-Time Cross

Software & Services

Publications Matching of Large Catalogs
Prototypes

Scientific Motivation The search for brown dwarfs
pe has been revolutionized by the latest deep sky

surveys. A key attribute to discovering brown dwarfs is
the federation of many surveys over different

wavelengths. Such matching of catalogs is currently
What is the NVO? laborious and time consuming. This matching problem

Science Objectives IS generic to many areas of astrophysics.

COMI\-!UN[T": Data Resources

. Sloan Digital Sky Survey (SDSS) Early Data [

Discussion Lists Release (15 million objects)

International VO

VOForum « 2-Micron All Sky Survey (2MASS) 2nd
Metadata (NCSA) Incremental Point Source Catalog
Other Links {162 million objects)

PEOPLE Al vihat the vO Brings Today, doing the matching of

these two large datasets is user-intensive and is
Contact Us replicated by many different users. Also, the correlation
Personnel of these two datasets can take years of CPU time if not

done correctly. The NVO brings two key aspects to

z & J-only
detections with z- J > 2.75

» SDSS: 15M obj.
»> 2MASS: 160M obj.
» 300000 objects in common.




One more time: What is the goal of
this project?

> Final objective: Characterization of the nearby
(< 10 pc) T dwarf population.

v 2MASS/J 100-limit: 15.8
v DENIS/J 3o-limit: 16.5
v2<(z-])<4

v SDSS/z limit: 20.4

- The nearby T dwarf
population can be detected.

(Vrba,2004)




But

» 2MASS has been intensively used to look for T dwarfs.

(Burgasser et al.2003, Al):

THE 2MASS WIDE-FIELD T DWARF SEARCH. [ DISCOVERY OF A BRIGHT T DWARF
WITHIN 10 PC OF THE SUN

ApaM J. Buroasser™?, J. Davy KIREPATRICK?, MIcHAEL W, MoEpwam®, Roo M. CuTrr®,
ALRERT J. Burcasser?, & MicHarRL F. SKRUTSKIE®

Accepted by AJ for February 2003

v' Searching T dwarfs since 1998 using 2MASS point
source catalogue.




Then..., might it happen that there is
nothing else in there?

> . There are, still, many T
dwarfs to be discovered:

v Models predict more T dwarfs than those so
far identified (Burgasser, 2003)

v New search strategies lead to new discoveries
(e.g. Artigau et al. 2006)




But then, might it happen that there is
nothing else in there?
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DISCOVERY OF THE BRIGHTEST T DWARF IN THE NORTHERN HEMISPHERE

ETIENNE ARTIGAU™, RENE Dovox', DAVID LAFRENIERE', DANIEL NADEAU',
Jasmiy ROBERT' awD Loic ALBERT?
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ABSTRACT

We report the discovery of a bright (H = 12.77) brown dwarf designated SIMP J013656.5+-093347. The
discovery was made as part of a near-infrared proper motion survev, SIMP (Sondage Infrarouge de Mouvement
Propre). which uses proper motion and near-infrared/optical photometry to wdentify brown dwarf candidates.
A low resolution (A/AA ~ 40) spectrum of this brown dwarf covering the 0.88-2 35 um wavelength mterval
1s presented. Analysis of the spectrum indicates a spectral tvpe of T2.5 £0.3. A photometric distance of
6.4+ 0.3 pc 15 estunated assunung it 15 a single object. Current observations rule out a binary of mass ratio ~1
and separation =2 3 AU SIMP 0136 1s the brightest T dwarf in the northern hemisphere and 1s surpassed only
bv ¢ Indi Bab over the whole sk, It 1s thus an excellent candidate for detailed studies and should become a
benchmark object for the early-T spectral class.

Subject headings: Stars: low-mass, brown dwarfs — stars: individual
(SIMP J013656.5+093347)




Finding T-dwarfs: IR colors are not enough

> IR colors of early-T and M quite similar
» T dwarf candidates can be buried in an overwhelming
number of background sources.

e (J-H)<0.3 or (H-K) < 0.0
_(BurgasseretaL 2003, A)).
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Finding T-dwarfs: IR colors are not enough

Stars with
known spectral
type at less
than 10 pc




Motion could help...

> The Workflow:

e ook for




Pros and Cons of this methodology

> Pros:

» Cons:
e Both surveys are almost simultaneous in time

Jun 1997 - Feb 2001
Mar 1998 - Feb 2001
Jan 1995 - Sep 2001




Pros and Cons of this methodology
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T dwarfs in Dwarf Archive
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Discovering field BDs with 2MASS/DENIS

» Region surveyed:
v RA: 300° - 360° / DEC: -10° / -34°
v  RA: 210° - 270° / DEC: -1° / -13°
» 10+8 potential candidates

» Follow-up (IR imaging) already done. Analysis on-going.

Discovering field BDs with 2MASS/SDSS

» Region surveyed:
v RA: 300° - 360° / DEC: 0° - 20°

» Three potential candidates, one of them already identified as BD
(2004, AJ, 127, 3553)

» Follow-up (IR imaging) foreseen.




Future application of the VO

methodology




What's next?

Surveys

UKIDSS is the next generation near-infrared sky survey the successor to 2MASS. UKIDSS began in May 2005 and will
Science survey Vo000 square degrees of the Marthern sky, extending over igh and ooy Galactic lstitudes, in JHK to K=15.5. This
Case depth is three magnitudes deeper than 2MASS. LKIDES will be the true near-infrared courterpart to the Sloan survey, and wil
produce a3 well & panaramic clear atlas of the Galactic plane. In fact UKIDSS iz made up of five surveys and includes two deep
extra-Galactic elements, one covering 35 sguare degrees to K=21, and the ather reaching K=23 over 0,77 square degrees.

Technical
The survey instrument is YWFCAM on the UK Infrared Telezcope (UKIRT) in Haweaii. VWFCAM has four 20482045 Rockwell

devices, at 94% spacing, az illustrated at the top, The pixel scale of 0.4 arcsec gives an expozed solid angle of 0.21 =q. degs.

Consortium Four of the principal guarry of UKIDSES are: the coolest and nearest browen dwarfs, high-redshift dusty starburst galaxies,
eliptical galaxies and galaxy clusters at redshifts 1:2:2, and the highest-redshift quasars, at z=7. UKIDSS aims to dizcover the
nearest object to the Sun (outside the solar system) as well as zome of the farthest knowen objects in the Universe.

Archive
The UKIDSS Consartium is & collection of some 100 astronomers wwho are responzible far the design and execution of the

survey: The data become available to the entire ESC community immedistely they are entered into the archive. Release to the
weatld fallowys 18 months after each release to ESO.

Links

- . LUKIDSS first pictures (June : Soience verification pictures [Sept
2005 2005
Oueres, suggestions to: Press release (24 June 2003) .
Stewe Wiamen,
UKIDSS Survey Scientist

+A(0 075947554




UKIDSS (II)

e 7 (SDSS) limiting
magnitude: 20.4

e ] (2MASS) limiting
magnitude: 15.8

—->Faint SDSS sources do
not have 2MASS

counterparts.
MO M5 LO L5 TO

Spectral Type

o The discovery of brown dwarfrs cooler than T
dwarfs (the “Y” dwarfs) is one of the key science
drivers for UKIDSS.




Testing the BD formation theories




Testing the BD formation theories

v The way how BDs are formed is still a matter of
debate.

(Whitworth &
Zinnecker, 2004):

(Padoan & Nordlund,

(Reipurth & Clarke, 2001)




The ejection model

v So far, all the surveys for young BDs concentrate on the known
star-formation regions.

v' Depending on the ejection velocity BDs may have travelled far
from their birth sites and not revealed by the previously
mentioned surveys.

v' Check the ejection model by cross-correlating IPHAS and
2MASS to search young BD by their Ha emission and IR colors.

IPHAS

observed fields by 2006-01-19

INT Photometric Ha survey (Drew’05)
1800 deg?

-5<b<+5

r’, i’, Ha filters

r'=20 (10 o), i'~19

80M sources in the Final Catalogue.




The project: candidates and follow up

RA [0,75]

v Filtering using appropriate
(r-Ha), (I-1), (J-H), (H-K) color
criteria. (~ 300 candidates)

v Low resolution spectroscopic follow-up for a proper
identification and determination of physical parameters.
° 2 nights (Aug 1st-2nd).
° 5 nights (Oct06).




Conclusions

e The scarcity in the number of known brown dwarfs has a
considerable impact on different fields of Astrophysics, in
particular on the area of star formation.

e This problem has been identified as a key VO-Science case both
by AstroGrid (included in the "Top-Ten" cases) and EURO-VO
(through its Science Reference Mission).

e Building a census of substellar objects implies the discovery of
a statistically significant number of them through queries that
combine attributes available from different archives.

e This is an approach out of the scope of the "classical"
methodology but that perfectly fits into the Virtual Observatory.

e The goal of this presentation has been to demonstrate the
potential of carrying out this type of analysis in the VO
framework.




