Star formation in nearby young clusters
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What determines the mass of a star?
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Credits: Adapted from Bastian et al. 2010 & de Marchi et al. 2010.
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Bridging the gap between stars and planets: Brown dwarfs

Objects not massive enough to sustain stable hydrogen fusion (M
<0.075Mg=75M,,)

Theoretical prediction 50 years
ago by Shiv S. Kumar:

— P2 o Low Mass Star
. ) ; ) ~
{( L] L] L[] L] .“I -\
There EXI.StS a limiting mass a4 TR Nw St
below which a contracting star S f\\\. _

cannot reach the main-sequence . ie
stage.” Kumar 1963 - ==
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Bridging the gap between stars and planets: Brown dwarfs

First discoveries in 1995:
Rebolo, Zapatero-Osorio & Martin 1995
Nakajima et al. 1995

Oppenheimer et al. 1995

Brown Dwarf Gliese_ 2298

This is not a
brown dwarf!

icial

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRCS548 - ST Sd OPO N ber 29 1Q95-
T. Nakajima and S. Kuliarr ”L‘ h). S. Durrance and D. Golmowski (JHU), NASA




. 1z
Star formation in nearby clusters c. Aves de Oliveira, ESA, 22.11.2012 &&S\\\w cSa

Bridging the gap between stars and planets: Brown dwarfs

Fast growing field in the last years:
-M, L, T, and Y spectral classes
- coolest brown dwarf known to date: ~300 K (~25 °C !)

- ratio of brown dwarfs to stars in the Galaxy ~ 1/5




Star formation in nearby clusters c. Aves de Oliveira, ESA, 22.11.2012

Brown dwarfs — how do they form?

Different from solar-type stars J Like solar-type stars J
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Brown dwarfs in star-forming regions
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IC 348 (316pc, 2Myr)

Rho Oph (120pc, 1Myr)

Nearby star-forming regions

Chamaeleon (160pc, 2Myr)

Caltech
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How do stars & brown dwarfs form?

[ Initial Mass Function ]

Wiae-tielg |R surveys l \

Complete census of young clusters

<

[Accretion] [ Discs ] [Multiplicity] [Kinematics] [ X-rays ]

.

=4 \\\here can planets form?

CFHT survey

Science case
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CFHT, 3.6m telescope, Mauna Kea

WIRCam, near-IR camera (YJHKS)
MegaCam, optical camera (z)

Survey of nearby clusters with
deep exposures over large fields:
|IC 348
Rho Oph

CFHT survey

Observations
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IC 348

2 Myr
316 pc
345 members (30 brown dwarfs)

Photometry
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CFHT-photometric survey:
31 substellar candidates
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Photometry is not enough...
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Need spectroscopy:

- to confirm their membership via signature of youth

- to derive spectral types, which constrain temperature and mass

Photometry
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Spectroscopic follow-up of 24 candidates (84 % within completeness limit and Av<4 )
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Grid of young templates:
M3-M9 (<2Myr): IC 348 / Taurus / Cha | (Briceno et al. 2002, Luhman et al. 2003a,b, Luhman 2004a,b)
optical and near-IR spectra (K. Luhman)

Numerical spectral fitting to simultaneously derive spectral type and extinction
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Grid of L-SpT templates:
LO-L5 (10-30Myr): low-gravity field brown dwarfs (moving groups?, Cruz et al. 2009)
optical (publicly available) and near-IR (K. Luhman)
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Spectroscopic follow-up of 24 candidates (84 % within completeness limit and Av<4 )

» Confirmed spectroscopically 16 new members,
including 13 brown dwarfs

» 5 new members with LO spectral type
(according to models ~ 13M,)

LogL/Lg

» Evidence for disks around two LO brown dwarfs

35f M6 M7 M8 M9 LO

348 346 344 3.42 3.40 3.38 336
LogTeﬂ

Spectroscopy




Star formation in nearby clusters c. Aves de Oliveira, ESA, 22.11.2012

Alves de Oliveira et al. 2012b
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1 Myr

120 pc

~300 members
(11 brown dwarfs)

..~'.‘ 'o‘
B

ok A i A ' N - " » ! 1 e —
Alves de Oliveira & Casali 2008 (Infage processing: CASU / Luis Calgada)

Photometry
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Spectroscopic follow-up of 45 candidates (~93% within completeness limit and Av<20)
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Spectroscopic follow-up of 45 candidates (~93% within completeness limit and Av<20)

» Confirmed spectroscopically 27 new
members, including 20 brown dwarfs

> 4 new LO members and 1 L4 (according to
models ~ 5-9M, )

Spectroscopy
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Alves de Oliveira et al. 2010 + Alves de Oliveira et al. 2012a (A&A)

AR ey i Substellar mass function
3 O;g;: ///'/:: Rho Oph: 43 spectroscopic BDs (20 new)
E ool = — 1 Av<15: 33 spectroscopic BDs (18 new)
2 02 Rho Oph a=0.7+0.3
04 22 B0 18 16 4 12 o Av<8:19 spectroscopic BDs (9 new)
Log Mass (M) a=08+04

Peak of IMF and ratio BD/stars are consistent with other clusters: no IMF variation (251 spec.)
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Parker, Maschberger & Alves de Oliveira 2012 (MNRAS)
No signature of mass segregation in Rho Oph:
- Mysr (based on minimum spanning tree, Allison et al. 2009a)
- m-Z method (based on stellar surface density, Maschberger & Clarke 2011)

Indication that mass segregation is not primordial (but dynamical)
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Parker, Maschberger & Alves de Oliveira 2012 (MNRAS)
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Alves de Oliveira et al., in prep: Herschel survey of brown dwarf disks in Rho Oph

_—WIRCam Spitzerf  |Herschel|
N

CorreCft for Construct SED
extinction

> MCFOST
grid of models ‘1'

> Find best fit <

DISC PROPERTIES
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Alves de QOliveira et al., in prep: Herschel survey of brown dwarf disks in Rho Oph

- Detect 12 brown dwarf disks ( M6 < SpT < M8.5) at 70um and 100um (5 at 160um)
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CFHT survey for young T dwarfs:
Serpens: 2 photometric candidates (Spezzi, Alves de Oliveira et al. 2012, A&A)
IC 348: 1 photometric candidate (Burgess et al. 2009, A&A)

Young T dwaris

|C348 and Serpens
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Chamaeleon ............

2 Myr L Cham I
160-180 pc 4
Cha I: ~300 members 8
Cha Il: ~60 members v
Cha lll: no YSOs s
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What determines if a star will form?
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=
Herschel’s view of the large-scale structure in the Chamaeleon dark clouds
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Which are the main players in Cha |, I, and IlI:
Magnetic field, turbulence, gravity, radiative feedback?
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DisPerSe (Sousbie 2011) to trace structure
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Interstellar matter with Herschel

. Bubble blown into the surrounding interstellar mater and heated by the star
; ' . HD97300

-' Kospal et al (incl. Alves de Oliveira) 2012, A&A

-

.p Temperature (K)
RA of¥we “..‘....

A new Herschel view of the young star
T54: not a transitional disk?
Matra et al (incl. Alves de Oliveira) 2012, A&A

Herschel survey of discs in Chamaeleon
Winston et al (incl. Alves de Oliveira) 2012, A&A E
Spezzi et al (incl. Alves de Oliveira) 2012, in prep. . '
Ribas et al (incl. Alves de Oliveira) 2012, in prep. — \
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» CFHT photometric survey of IC348 and Rho Oph uncovered several candidate
brown dwarfs, and spectroscopic follow-up confirmed 13 new brown dwarfs in
|IC 348, and 20 in Rho Oph

» Discovery of first LO dwarfs in IC 348 (~13M
4-9M,,,0)

Jup) and Rho Oph (4 LO, 1 L4,

» No evidence for variation of the mass function in both clusters (down to
~13M,,,, in 1C348, and ~4M,;,, in Rho Oph)

» New census represents fundamental step for further studying properties of
young brown dwarfs, e.g. in Rho Oph:
- no indication for mass segregation
- on-going Herschel survey detects brown dwarf disks down to 160um

» On-going work: understand star-formation history of the Chamaeleon complex
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