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Discovery of Very Low Luminosity Objects
(VelLLOs)

- Deeplyii e mb e d d e d,& 0.1 |a ) ohjects iy tlense cores
that have not been detectiedm previous space missions such a:
IRAS or ISO, but discovered [§pitzer
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DSSR band (left)andSpitzer 3color image (RighB.6 nm-B, 8.0
nmm-G, and24 mm-R) for L1014-IRS (Young et al. 2004)



Astronomical Importance of VeLLOs ?

L328IRS, Lee etal. 2009
Their physical propertigSED, T, are —
like protostarsbut their luminosity is an I

» observalion

order of magnitude fainter than the '";, 0
accretion luminosity that the lowest mass
protostarcan produce, not introduced by £ _p [ serrdisk
standard star formation model8huetal. = | l'i/g’i‘/
g
(1989 e "Ll “f'ﬂlul L W T .
0 1 2 3
log Al{pm)

e.g., AccretionLuminosity by gorotostawith M=0.08 M and R~3R
L..=GM1 /R~16L (assuming ..~ 2Xx10°M yr?)
>> ~0.1L

(Dunham et al. 2008
- An extreme case of luminosity problbynKenyon et al. (1990)

- Important targets to studyhat is going on early stageslaw-mass star (or
substellar) formation



VelLLOs Discovered by Spitzer

L1014IRS : Lint ~0.09L L1521FIRS : Lint ~0.06L IRAM04191+1522Lint ~0.08L
(Young et al. 2004) (Bourke et al. 2006) (Dunham et al. 2006)

s

L328-IRS :Lint ~0.09L L673-7-IRS :Lint ~0.04L L1148IRS :Lint ~0.080.13 L
(Lee etal. 2009) (Dunham etl. 2010) (Kauffmann etal. 2011)



What are the VeLLOs ?

A nNf ail nt oprowosarsd I 0 n

. Proto-brown dwarfs ?
- In_presentlyguiescent accretion phase between

episodic outburster
- In (Justsmall) steady accretion rate

- To define which one is which is not easy!



Difficulties In studying the/elLLOs

Physical quantities that we need to know
- Supplying envelope mass M
-Mass accrgtion rate

- Central(accretedpassM., d 3..= 1 scclgyn If
1 acc!S NOt constant and/of,, <t

B Lacc: G Macc/R
-All are measureable, but suffered frofarge
uncertainties

-Most of all, thereare no systematic observations.
-Systematic study of théeLLOsis needed !



Search for new VeLLOS works by M. Kim+ in press

The Spitzer, Herschel, and EAO-
JCMT data for 18 cloudsin Gould
Belt (within d=500pc)

., Spitzer 60s dagma f
- c2d Surveyor PerseusSerpensChamaeleorl; Lupus; Ophiuchusclouds

- The Spitzer Gould Belt Survey (GBfs) CMC, Chamaeleot, Chamaeleotrll, Musca
Lupus V, Lupus VIOphiuchusNorth, Aquila,CrA, Cepheusand IC 5146 clouds

-Ot her Suyrveysa tee Tadus and the Orion clouds.
., Herschel 6s data at 7e6m 100, 160, 25
- Images fronHerschel Science Archivfer all GB clouds
Photometry with CSAR (Cardiff Sourdanding AlgoRithm)
., EAO-JCMT GBS SCUBAZ2 dataat 450 and 856m

- Images fromJCMT Science ArchivArchive for PerseusCepheusIC 5146,
OphiuchusScorpius Lupus, Serpens, Taurdsuriga , Orion clouds

Photometry withCSAR



ldentifying VeLLOs

Selection process outlin@s bunham +, 2008 and Kim + 2016)

- Set of criteria for our candidates to follow the SED shape
of Class O/l

Ly 0.2 L (Liy= 3.3 108F,>%4L at 140 pc from
Dunham + 2008)

- Extraction of galaxies
- Visual inspection

- Final check forembeddednesssingsubmmdust and MH*
molecular line emission



|dentified VeLLOs

95VelLLO candidate$16 known and 79 new)
- 44 Vel LOs (13 previously known)

NoH*™ emission IneAND submmdust continuu
m with Herschel or SCUBA

- 51VelLLO candidate$3 previously known)

NoH* emission IneOR submmdust continuum



An example of SelectedelLLOs

[RAC 3.6 um > 4. IRAC 5.8 um l § [RAC 8.0 um

MIPS 70 pm

PACS 160 ym

SCUBA-2 850

+36°00'00"

Dec (J2000)




Spatial Distribution of the VeLLOs in Clouds

Declination (J2000)
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They are mostly forming in filamentary clouds.



Declination (J2000)

Spatial Distribution of the VeLLOs in Clouds
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VelLLOsIn different environments

, VelLLOs
0 Ve_LI___O _candidates

“(a) Type | 1 (b) Type Il " (c) Type Ill
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There tends to be mo¥&eLLOs with moremassive
envelopgMeny) and brighter luminosityn denser
environment tham lessdense environment



VelLLOs in BLT diagram

The luminosities and temperatures of most of VeLLOs can be
well explained with the evolutionary models with the episodic
accretion.

Young & Evans 2005 Dunham +2010
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Outflow Survey of the VeLLOs with single
dISh teleSCOpeS Works by G. Kim+ in prep.

See the poster

Purpose : to understand the VeLLOs
- Their faintness ?

- Their identities ? A faint version pfotostarr a prote
brown dwarf ?

For these purpose we need to know, MM, 1 _..,L...

Outflow observations somehow can w&imething about
information ford .., M.(~t 1 ,..), and L ..



Previous Studies on CQutflows ofknownVeLLOs
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