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Gaia and the Unseen The Brown Dwarf Question
gaiabds.oato.inaf.it/ ¥

Gaia will revolutionise Astronomy and the study of brown dwarfs is no exception. We
are organizing this meeting to mix the brown dwarf and Gaia communities ...

Programme - Gaia and the Unseen The Brown Dwarf Question
gaiabds.oato.inaf.it/programme.php ~
Programme. Unito. Days 09:00-17:30, Coffee @ ~10:30 and ~15:30, Lunch ...

Gaia and the Unseen - The Brown Dwarf Question, a GREA...
https://lists.cam.ac.uk/pipermail/ast-great-announce/.../msg00000.htm| ¥

Oct 7, 2013 - The majority of brown dwarfs will be too faint for Gaia; however a subset
of the closest, youngest, and most massive will be detectable along ...

GaiaScienceMeetings - Great Wiki - University of Cambridge
great.ast.cam.ac.uk/Greatwiki/GaiaScienceMeetings ¥

See also the Calendar of Meetings on the ESA Gaia pages. ... GREAT-ESF Workshop
Gaia and the Unseen: The Brown Dwarf Question, 24-26 March 2014, ...

PPfl|solated Brown Dwarfs - RSSD - ESA
https://www.rssd.esa.int/SA/GAIA/docs/.../IN_isolated_brown_dwarfs.pd... ¥
Gaia - Taking the Galactic Census. Isolated Brown Dwarfs. Left: the evolution of the



\\\\\\% = e S a _ Gaia will deliver precise data for 1 billion stars — 1% of our Milky way Galaxy =

The first Galactic census — 3D positions, plus motions //A
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Gaia

Stereoscopic Census of our Galaxy
http:/;Awww.rssd.esa.int/Gaig]

one billion pixels for one billion stars

Prof Gerry Gilmore

UK Gaia Data Processing Pl

. . PLUS: 1million galaxies; 500,000 QSOs; 10,000 Supernovae — in real-time; 250,000 asteroids;
| nstitute Of ASt rono my; Ca m b ri dge 15,000 extra-solar planets; 200,000 white dwarfs; 50,000 brown dwarfs, GRB, ....

PLUS: real-time discoveries of transients, supernovae, new NEOs, ....

J)s; 10,000 Supernovae — in real-time; 250,000
white dwarfs;/[50,000 brown dwarfs| GRB, ....

of transients, supernovae, new NEOs, ....




from Hipparcos 1o Caa 20.03.14 18:35

Airbus Military, Astrium and Cassidian are now Airbus Defence and Space @ AIRBUS

DEFENCE & SPACE

Accunl  Nows B avents  Nows & Ssatures  From Hipparcos 10 Gal

From Hipparcos to Gaia

& Novamber 2013

In Kowrou, Astrium |s putting the 4nishing touches 1o the Gala satelfe, ESA's second ghobal astrometry miss.cn after Hipparcos.
Gala wil take off from French Gulana in a fow woess, heaced for one of the fve Lagrange poims oriting the sun at 1.5 milon kilometres from Earth. It will hen assume
s role g5 the keerast aye 10 have aver contamplates the Miky Wy,

“In astrometnic arms, Gais wil have & precision 100 10 1,000 trmes gragie: than s predemssor Hpparcas,” explins Vincan! Poinsignon, e of Gaa's design and
manutscium atl Astroum,

When ESA launched Hippsroos — 850 prired by Astium — in August 1989 it was the fiest satelne covoted 1o astrometsy. & branch of ssironomy invalving massuremant
of the pasiion and movement of celestial bodies as well as their cistance fom Earth. Up untll ks rerement in 1563, R amassed a catalogue of 120,000 stars with a
precsion ZC0 tmes greater than any previcus moasurements.

Now, Gala's high-end technology will make MHpparcos seem as primithve as a pair of bincculars. Once in ordit arcund the sun, Gala wil begin 10 measure with extreme
precsion the charscanstcs of 8 bllon stars, and ths deta wil then be used 10 gerweste & 3D chast of our galicy 113 MeBscopes will have each star in ther sights around
70 tivws owver & five-yoar penod, macing & total of 40 milion cbservations por cay. The dats reconded on sach of thess stars will indude ther speed, magritudes. postion
and dstance from Earth.

Whie Hpparcos could measare Te clameter of a2 haman har at a cistance of 20 kiometres, Gala wil be capabie of the 0 kiometres. Ths

sonsiviy wil enable it to detect mare than 250 000 cbjects in our solar system (mostly asteroics), 15,000 extrasolar i appraximately
20,000 supamoves

Gaka | Scamce 1| Spoce Explorztion | Usverse
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Where wi' Gaia be in space?

Gaiz will be operated in a Lisszjous-type orbit, around
the L2 Lagrangian pont of the Sun-Earth system, ot
chout 15 millicn kilemetres from the Earth. This L2
goint represents a location where grevitationad and
rezulsive forces ere baanced. This orbit s echpse-free,
which allews a very stable thermal emwircmment ond o
kigh observing cfﬂuncy and les im a bow rediation

- \Q‘“ :

How long will it teke Gaia 1o reach this orbit?
Gaiz will have to travel for about 1 month to arrive at its
chosen orixt

How mach time wil Gaic be in space?

Immedictely after mserticn in its finad erbit, Saia wil
start teking messurements which will continue fer 2
period of 5 years.

How big is the computation needed to reduce all of
Goia's data?

Gaia's date reduction using an average PC wodd Take
cbout 300 yezrs! The Gzia Team will complete this mo«g
3 years using advanzed teckhmolegy.

e (yzzousy
509132 aw 1 Bunow spuoss wopeg © )| 4sni) voydaap
PIOWAN Ys Ut 00U JYS S|R00d J0uyd $SNIYY D SIEADLS
506 sy azzou © yEnouy: 5220252 Joy; 506 pazunssasd
Supnpoud §a%30s gL IESUI USNQ AUD (TIPS
PUS 3N 30 NEXIW ©) S3uD||2d0ud Pues Jo piInbny

£XIOM 513204 Op MO

27 'ua022| (U0 ouRdo Ul

531 24 221|[2475 IYs pUAS 4 P 51 4000 gy 0 E0is
J2ddn jofaug ayy wayy "G990 Busaed apryye Moj © 0F
SUFE S LIO0U IYS 45 CIAHI0L LG INARG Bys g 23eds
w pazojd 3¢ 0 pabisap UG SDY AIAES DR WYY
220245 O4U PAYIDCSU0LY DG THOG M MO

DIPAW JIYL0 PUD S
>4 yEnodys 53025 Suisasagun AUD 30 pauLOW 3Q
5@ || 2gns (ouaab gy DS 5,005 0f 552020 AUy
Moy m prys 22 's. JISD JNALOWD ANISS
AUD WOJY SISUUANDG PANCEIJ UADG MDY DI Y WD
21gnd [ouauab 43 o) GOISAD 3G ||W SpNSAY ddong
W Spadxa AQ (USNO0[AN 'SIOUDYSIE)  WIHTUIO Y
F$95N 05U PAIJWE0D 3G || DOG AG paurdae Dyop )

20105 Ag paJayoh DLDD MYy 0) S5O0 IADY 1M OYM

3 2y sauzduos O 04 02
pwo ‘suafounw puo s.namﬁu: 0002 "5:5443125 00F 0050
50 Auow Sy 'DIOG 21| YOSSIW O O 2INGUL0T sAeduo>
[PS0EUI BUD TSRUNLLSUN D144U05 TSDRRpYl Ausy
€3412405 3L SPING OYM

Hew it o satelite controlled from the Eorth?

Radio sigrals ore sent to the satelite using large rodic
dighes which are pointed to the satellite’s keaticn in
spoce. The lorge quentity of informotion sent from the
satelite to the ground is clss tronsmitted by high
frequency rodic maves.

What will Roppen to Gaio of ter it stops functicning?
After Goio comes to the end of its ‘lifetime’, it wil be
left to orbit freely. As s orbit is for frem Eorth end
from other more crowded orecs of spoce, it weon't
of fect other sotelites. Only on impact by o meteorite or
o comet will destroy the ‘dend” sotelite.

Hew many stors wil Goic mecsure?

Goia will measure obout ore billion stors. This
constitutes obout | per cent of the total stor comtent in
the Milky Wey.

What cther objects wil Goic observe?

Goo wil clso cbserve more then 350000 objects in cur
solor system (meostly cstercids), oround 15000 rew
extrosolos plonets, more than 50000 brown dworfs
(stors of very kw mass thot do not emit much light
beccuse no rucleosynthess *okes ploce n their intericr),
about 20000 supernovoe (stors exploding ot the end of
their lves), and ¢ lo~ge number of goloxies.
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How far is the closes® stor o us?

The closest stor to us cport from the Sun is Proximo
Centouri, in the Alphc Cemtouri stor system. It les ot o
distance of 4.3 light years from the Caorth.

How big 3 our Golaxy?

If we codd trovel ot the speed of light, it would take
eround 100000 years to reoch the othes end of ocur
Galaxy.

What is the predicted size end weight of Goio?
Based on the current design, Goio will be 3 metres high,
chout 10 metres ocross, and will weigh around 2000 kg

What does Goc mean?

For ancient Greeks, Goo wos the goddess of Eorth, the
Universal Mother. More recently, this nome was odepted
for o theory which states thot the Eorth (inchading oll
living orgenisms, the biosphere, the rocks, the or, and
the oceons) behaves ke g living system in its cwn right.
Now it ® the rame given to this cmbitious project to
discover the structure, origin ond evoluticn of our
Galaxy.

Gesa--l!.I"ll.llll---.i---.

Mere detailed information can be found on the
Gaia web site: http://sciesa.int/Geia
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The Little Books of Gga

EVERYTHING
YOU EVER
WANTED TO
KNOW ABOUT

GAIAl *
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EVERYTHING
YOU E VER What other objects will Goia observe?
WA N'rE D TO __Goa will also observe more then 350000 sbjects in our

extrosolor plonets, more *han 50000 brown dworfs

T (stors of wery kbw moss that de not emit much light
KNOW A BOU because no rucleosynthess ‘okes ploce » their intericr),

their ‘ves). ond ¢ lorge number of gooxies.
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Gaia - Taking the Galactic Census Isolated Brown Dwarfs
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Left: the evolution of the luminesity (top) and effective temperature (bottom) as function of time (in yr)
of brown dwarfs for different masses (shown on the right of this figure, in blue, in units of the solar mass).
The solid green lines assume no dust formation; the dashed pink lines permit dust formation and retain it
in the at ph Gaia will accurate properties for young brown dwarfs in numerous clusters and
star-forming regions (Baraffe et al. 2002, AZA, 382, 563). Right: absolute J-band magnitudes of field brown
dwarfs obtained from ground-based astrometry and photometry. Late-L and T dwarfs are very faint in the
optical, so Gaia will only be able to detect a limited sample of old field brown dwarfs out to several parsec. Yet
even for these, Gaia will measure distances to better than 1% (Vrba et al. 2004, A, 127, 2948).

ESA SER portal Gaia science
homepage — The Mission —
Science - Science topics /

Information sheets — Isolated

o v e e e ey e e o s ) brown dwarfs (created

to understanding the formation mechanism of substellar mass objects, whether it be via cloud fragmentation and
gravitational collapse, premature ejection from an accreting envelope, or some other mechanism.

Brown dwarfs will be identified primarily from their absolute luminosities obtained from the precise Gaia parallaxes 2 O 04_ O 3 - .| 8 )

as well as from the on-board multi-band photometry. The latter will provide physical parameters of brown
dwarfs, in particular the effective temperature, but perhaps also metallicity and the nature of cloud coverage. As
brown dwarfs will be found in clusters of a range of ages, a significant contribution of Gaia will be an accurate
observational determination of their cooling curves. The photometry and absolute magnitudes will furthermore
help in the detection of spatially and astrometrically unresolved brown-dwarf binaries. From this information, we
will be able to determine the substellar mass function and the three-dimensional spatial and age distribution of
brown dwarfs, thus establishing their formation history in the context of the Galaxy.

In observing the entire sky down to 20-th magnitude, Gaia will observe large numbers of isolated brown dwarfs
in the solar neighbourhood. Structural models show that brown dwarfs cool and fade rapidly after formation,
so that the distance out to which Gaia can detect them is a function of their mass and age. Gaia should see
Pleiades-age (~100 Myr) brown dwarfs out to around 400 pc and younger brown dwarfs, such as those in the
Orion Nebula Cluster (13 Myr), out to about 1 kpc. This volume encompasses numerous young clusters and
star-forming regions such as Chamaeleon, where brown dwarfs are known to exist. For an | = 20 mag brown
dwarf at 200 pe, Gaia will obtain a distance accuracy of about 4% and transverse velocities to around 0.2 km s,

Gaia: Isolated Brown Dwarfs

Predictions of the number of brown dwarfs which Gaia will detect depend sensitively on their cooling function
and their distribution. Rough estimates based on current knowledge are of the order of 50,000 over a wide range
of masses and ages. The absolute luminosities, colours, and kinematics obtained from Gaia will provide us with
detailed insight into the physical properties, formation, and evolution of this substellar population.

Source: Coryn Bailer-Jones For more about Gaia visit the Gaia web site: 2009-08-25 (Rev. 1)
http://www.rssd.esa.int/Gaia

Predictions of the number of brown dwarfs which Gaia will detect df pewe yrUrve : coling function
and their distribution. Rough estimates based on current knowledge r a wide range
of masses and ages. The absolute luminosities, colours, and kinemati provide us with
detailed insight into the physical properties, formation, and evolution of this substellar population.

of the order of 50,000




This slide was added after the presentation (thanks to R. L. Smart)

How many brown dwarfs
will Gaia seee (ADS

A&A 369, 339-363 (2001) Astronomy
DOI: 10.1051/0004-6361:20010085 7
© p H
© ESO 2001 Astrophysics

2.6. Brown dwarfs and planetary systems

Sub-stellar companions can be divided in two classes:
brown dwarfs and planets. There exist three major gene-
M. A. C. Perryman®, K. S. de Boer?, G. Gilmore®, E. Hgg!, M. G. Lattanzi®, L. Lindegren®, X. Luri’, sis indicators that can help classify sub-stellar objects as

F. Mignard®, O. Pace’, and P. T. de Zeeuw!? either brown dwarfs or planets: mass, shape and align-
ment of the orbit, and composition and thermal structure

GAIA: Composition, formation and evolution of the Galaxy

' Astrophysics Division, Space Science Department of ESA, ESTEC, Pastbus 209, 2200 AG Noordwijk,

The Netherlands of the atmosphere. Mass alone is not decisive. The ability
* Sternwarte Univ. Bonn, Auf dem Hugel 71, 53121 Bonn, Germany 3 ¢ n p > ey p -C']]] : p
* University of Cambridge, Institute of Astronomy, Madingley Road, Cambridge CB3 0HA, UK to blmultculCOU.bl}.’ dnd h}fb temati K Y determine pldnctary
* Copenhagen University Observatory, Juliane Maries Vej 30, 2100 OE Copenhagen, Denmark frequency and distribution of orbital parameters for the
" QOsservatorio Astronomico di Torino, Strada Osservatorio 20, 10025 Pino Torinese {T0O), Italy ) . P . ..
© Lund Observatory, Box 43, 22100 Lund, Sweden stellar mix in the Solar neighbourhood is a fundamen-
' é.'ni?'ersitat de Barcelona, Departament d’Astronomia i Meteorologia, Avda Diagonal 647, 08028 Barcelona, tal contribution that GAIA will uniquely prov'idc_ Any
Spain . . s o .
* Observatoire de la Céte d’Azur, CERGA, Avenue Copernic, 06130 Grasse, France Cha-ng% m planeta.l'y froqucncy with age or mCta-].hCIty will
? Future Projects Division of ESA, ESTEC, Postbus 209, 2200 AG Noordwijk, The Netherlands come from ObSCI'V&ltiODS Of stars Of 811 ages

% Sterrewacht, Jan Hendrik Qort Building, Postbus 9513, 2300 RA Leiden, The Netherlands

An isolated brown dwarf is typically visible only
at ages <1 Gyr because of their rapidly fading lu-

Received 1 November 2000 / Accepted 5 January 2001

Abstract. The GAIA astrometric mission has recently been approved as one of the next two “cornerstones” of

ESA’s science programme, with a launch date target of not later than mid-2012, GAIA will provide positional minosity with time. However. in a blna,ry system the
and radial velocity measurements with the accuracies needed to produce a stereoscopic and kinematic census of . ! . . !
about one billion stars throughout our Galaxy (and into the Local Group), amcunting to about 1 percent of the mass 18 COIISCI'VC‘d, and the grav1tat10nal effects on a

Galactic stellar population. GAIA’s main scientific goal is to clarify the origin and history of our Galaxy, from
a quantitative census of the stellar populations. It will advance questions such as when the stars in our Galaxy
formed, when and how it was assembled, and its distribution of dark matter. The survey aims for completeness
to V = 20 mag, with accuracies of about 10 xas at 15 mag. Combined with astrophysical information for each
star, provided by on-board multi-colour photometry and (limited) spectroscopy, these data will have the precision
necessary to quantify the early formation, and subsequent dynamical, chemical and star formation evolution of

Examples of specific objects: 106—107 resolved galax-
I3

our Galaxy. Additicnal products include detection and orbital cla.wﬁcatlon of tens of thousands of extra-Sclar

planetary systems, and a comprehensive survey of some 10°—10° minor bodies in our Solar System, through 5 6 = .

galaxies in the nearby Universe, to some 500 000 distant quasars. It will provide a number of stringent new tests 10°—10 (ncw) Solar Syst,cm ob _]CCtS; 250 000 brown
of general relativity and cosmology. The complete satellite system was evaluated as part of & detailed technology . ; , .. . .
study, including a detailed payload design, corresponding accuracy assesments, and results from a prototype data dwarfb% 30000 extra- Sola.r pldnct“-’s ’200 000 dlbk Whlte

reduction development.

within 250 pc.

Key words. instrumentation: miscellaneous -~ space vehicles: instruments — astrometry — galaxy: general
techniques: photometric - techniques: radial velocities
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FINDING PLANETS AND BROWN DWARFS WITH GAIA

H.-H. Bernstein, U. Bastian

Astronomisches Rechen-Institut, Monchhofstrasse 12-14, D-69120 Heidelberg, Germany

ABSTRACT

The astrometric interferometer satellite GAIA, proposed
for ESA’s Horizon 2000+ programme, will be able to
investigate about half a million stars for Jupiter-sized
planetary companions and many more for brown-dwarf
companions. Such companions cause non-linear motion
of their parent stars on the sky, i.e., they show up as as-
trometric binaries. GAIA will perform one-dimensional
astrometric measurements, much as Hipparcos did, but
with a tremendously increased accuracy. It will be a non-
trivial problem to derive three-dimensional binary orbits
from such data.

We demonstrate, using actual Hipparcos measurements,
that this problem can indeed be solved. We sketch the
numerical method being used for the discovery of hith-
erto unsuspected astrometric binaries from the Hippar-
cos data, and present a few illustrative examples showing
that the expected sensitivity is actually reached.

Key words: astrometry; space astrometry; Hipparcos;
GAIA; interferometry; extrasolar planets; brown dwarfs

(1995) under the (implicit) assumption of a simple detec-
tion method: one-year two-dimensional normal points on
the sky are formed from the individual one-dimensional
GATA (or Hipparcos) measurements. Then the devia-
tions of these normal points from an assumed constant
proper motion is tested for statistical significance. In
their analysis, Casertano et al. considered a companion
to be detectable if the semimajor axis of the parent star’s
reflex ellipse is larger than 3 times the mean error o of
a one-year normal point. This is a very reasonable and
conservative estimate.

However, the method of normal points does not fully
utilize the information content of the individual satellite
measurements. Furthermore, it cannot work properly for
periods of less than two years. In the present paper we
sketch a more powerful method. Its sensitivity limit is
given not by the mean error of one-year normal points,
but by the mean errors of the astrometric parameters de-
rived from the entire mission. Furthermore, the method
not only detects the binarity signature, it also attacks the
more difficult problem of deriving orbital parameters.
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Abstract

Because of their very red colours and intrinsic faintness, field brown dwarfs will represent a small but valuable subset of
the GAIA catalogue. The return of the astrometric satellite is expected to be important because of the inherent difficulty

- ¥ ] J v -
[the photometric sensitivity of the astrometric CCD (ASM1) towards relatively blue objects, GAIA is unlikely to detect field ]

brown dwarfs that have not been already seen is previous near-IR surveys, to the notable exception of the galactic plane
H Tl 1 d L AATA l L 4 L L [ el c A

astrometric data for a few thousands brown dwarfs. These data should permit a detailed mapping of the transition
region between stellar and substellar regimes, together with the kinematical and density patterns of the youngest brown
dwarfs in our neighbourhood.
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L and T dwarfs in Gaia/SIM
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contribution expected by Gaia. We show that Gaia will only observe 25% of L. and T dwarfs

within 50pc which, at a conservative estimate, amounts to less than 400 objects. We discuss

constraints for the calculation of parallaxes in an absolute system. We list the current ground-
based programs underway and the possibilities for future all sky survey programs.

Keywords. stars: low-mass, brown dwarfs, stars: distances
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ABSTRACT

Context. The Gaia catalogue will contain observations and physical parameters of a vast number of objects, including ultra-cool
dwarf stars, which we define here as stars with a temperature below 2500 K.

Aims. We aimed to assess the accuracy of the Gaia Ty and log (g) estimates as derived with current models and observations.
Methods. We assessed the validity of several inference techniques for deriving the physical parameters of ultra-cool dwarf stars:
Gaussian processes, support vector machines, k-nearest neighbours, kernel partial least squares and Bayesian estimation. In addition,
we tested the potential benefits of data compression for improving robustness and speed. We used synthetic spectra derived from ultra-
cool dwarf models to construct (train) the regression models. We derived the intrinsic uncertainties of the best inference models and
assessed their validity by comparing the estimated parameters with the values derived in the bibliography for a sample of ultra-cool

Results. We estimated the total number of ultra-cool dwarfs per spectral subtype, and obtained values that can be summarised
(in orders of magnitude) as 400000 objects in the M5-L0 range, 600 objects between L0 and L5, 30 objects between LS and TO,
and 10 objects between TO and T8. A bright ultra-cool dwarf (with 7.y =2500 K and log (g) =3.5) will be detected by Gaia out to
Aannroximate () ne hile N ()() NErtrg U DE 1172 he cama cnefana omars h 1 mMavinanm dictanca sadnee N
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[Luisma Sarro’s, on Monday]

UCDs @

™ _ Dwarf
Estimate from Archives

local densities

« Dwarfarchive.org A SDSS

* A few hundred M%-L1V
(very low-mass stars, noft
BDs), but a few dozens >L2V

log49(Counts)
2

- Some T dwarfs (e.g.,
JO758+32, J1254-01 — € Ind
Bab, Luhman 16 B)

13.5 155 175 195 215 235
Mg
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<r
[Luisma Sarro’s, on Monday]
UCDs @
&9 . Dwarf
Estimate from archives | © Caballero, Burgasser &

local densities

Klement (2008)’s spatial
densities could be
overestimated

log49(Counts)
2

* Avoid using theoretical r-
band magnitudes

13.5 155 175 195 215 235
Mg



Isolated brown dwarfs:
Gala sclence

« Focus on the 200-500 Gaia ultracool dwarfs (Haywood &
Jordi, Smart et al., Sarro et al.)

* [dentify them in advance (plus any new Gaia ultfracool
dwarf discovery?¢ E.g., low Galactic latitude)

* In advance, collect homogeneous low- and high-
resolution spectroscopy & multi-band photometry + Gaia
parallaxes & proper motions - Accurate L, Teff, logg, R,
spatial densities, Galactocentric velocities



Isolated brown dwarfs:
Gala sclence

« Homogeneous, VO-compliant, public catalogue
(MIini-"ESO-Gaia”?¢) [Marocco’s]

« > Atmosphere models, field mass luminosity/function,
multiplicity, moving groups, ages, metallicity (in multiple
systems)...

« Remark (or why thaft title?): European observatories with
2-4+ m-class telescopes in Northern Hemisphere are in

Spain (La Palma, Calar Alto)



Non-isolated brown dwarfs:
follow-up

* [~isolated] Faint brown dwarf companions to brighter
Gaia stars: appendix o ‘LT-Gaia’ catalogue?

 Transiting: photometric and radial-velocity monitoring
[Bouchy's, Dzigan'’s — tens]. Also: microlensing

« Astrometric (and RVS<¢) BD candidates:
o to solar-like stars: FIES (NOT), SOPHIE, CORALIE, HARPS
& ESPRESSO, HARPS-N (TNG)
o o M dwarfs: CARMENES (Calar Alto), SPIRou...



Radial-velocity follow-up

* [solated ultracool dwarfs:
o for accurate kinematics [Bochanski, Marocco, BDs
and moving groups]:, X-shooter, CRIRES(+), ESPaDOnNS,
PHOENIX, GIANO (TNG), ‘Y-shooter’ (NTT), CARMENES,
SPIRou...
o for (planetary?¢) astrometric companions

[Sahlman’s]: CARMENES, SPIRou, NIRspec@NTT... HIReS
(E-ELT)
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Young brown dwarfs

* Field ‘isolated’ brown dwarfs in young moving groups
(e.g., LP 944-20 in 222 M9V, a few in TW Hydrae, Tucanao-
Horologium...) [Faherty et al.’s] = In the ‘(M)LT-Gaia
catalogue’



Young brown dwarfs

* Brown dwarfs in clusters [Sarro’s]
o (Re-)do estimations
o Assume field M dwarf SEDs
oProbably only M5-7 young BDs (70-50 MJup)
= [n g/ Orionis: M7, 42/49 MJup
= In Upper Scorpius: M8, 21 MJup
= In Pleiades: M7, 58 MJup
o Account for extinction (e.g., p Oph), background
(e.g., ONC)...
o Complile exhaustive lists of substellar members
o A dozen BDs per clustere
o “"Good"” clusters: o and A Orionis, Upper Scorpius,
Pleiades... [Caballero, Barrado, Bouy]



Young brown dwarfs

The real Gaia input for brown dwarfs:

Determine precise heliocentric
distances to clusters - (+accurate
pohotometry) luminosity function -
(+theoretical models) mass function

(the largest uncertainty of mass function determination in
young open clusters is distance)



Gala and brown dwarfs
from Spain

« Red espanola de Explotacion de Gaia (RecGaia)

 Network coordinated from Barcelona; researchers
from virtually all astronomy centres in Spain

» Several research lines, including ‘very low-mass stars,
brown dwarfs and exoplanets’ (BajaMasa, low mass),
with 20+ investigators



BajaMasa RecGaia
research lines

*EXOS: exoplanetary systems
*EXOS-1: astrometry of known systems
*EXOS-2: radial velocity of new systems
*EXOS-3: detailed characterisation

*MLT: ultracool dwarfs
*MLT-1: late M (H-R diagrams, kinematics...)
‘MLT-2: L and T (isolated or companions)

*YBD: young brown dwarfs
Bottom of the (I)MF in young open clusters and
stellar associations



cCQMenes

https://gaia.am.ub.es/Twiki/bin/view/RecGaia/BajaMasa/

http://carmenes.caha.es



Parlami dell’
esistenza di mondi
lontanissimi, di
civilita sepolte, di
continenti alla
deriva.

Tell me of the
existence of worlds
and planets far
away, of past

civilizations, of
continents gone
adrift.

Hablome de la
existencia de
mMundos
lejanisimos, de
culturas sepultas,
de continentes
perdidos.




Synergies |

carmenes FIn

« CARMENES - Gaia:
o Accurate radial velocities of M dwarfs (Vr:
G > 13 mag)
o Rotational velocities (vsini: G > 17 mag)
o Spectral types (science preparation)
o Reliable abundances (G > 12 mag)
o Activity indicators (and Ca IRT at much
higher resolution)



Synergies |l

caMmenes

 Gaia > CARMENES:
o Accurate parallactic distances to all
targets (= absolute magnitudes, luminosities,
radii...)
o Very accurate proper motions (=2
galactocentric space velocities, stellar
kinematic groups, wide multiplicity...)
o Unresolved multiplicity (p < 0.2 arcsec)
o Astrometric upper limits to radial-velocity
companion mass (or even determination of
real masses!)



