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Discovery of Very Low Luminosity Objects 

(VeLLOs) 

- Deeply ñembeddedò faint (Lint < 0.1 L ) objects in dense cores 

that have not been detected from previous space missions such as  

IRAS or ISO, but discovered by Spitzer 

DSS-R band (left)and  Spitzer 3color image (Right :3.6 mm-B, 8.0 
mm-G, and 24 mm-R) for L1014-IRS (Young et al. 2004) 



Astronomical Importance of VeLLOs ? 

¸ Their physical properties (SED, Tbol) are 

like protostars, but their luminosity is an 

order of magnitude fainter than  the 

accretion luminosity that the lowest mass 

protostar can produce, not introduced by 

standard star formation model of Shu et al. 

(1987) 

 

 

L328-IRS,  Lee et al. 2009 

e.g.,  Accretion Luminosity  by a protostar with M=0.08 M  and R~3R  :  

         Lacc= GM acc/R ~ 1.6 L   (assuming acc~ 2 x 10-6 M  yr-1)  

                               >> ~0.1L     

                                                                                   (Dunham et al. 2008) 

- An extreme case of luminosity problem by Kenyon et al. (1990) 

 

- Important targets to study what is going on early stages in low-mass star (or 

sub-stellar)  formation 



VeLLOs Discovered by Spitzer 
L1014-IRS : Lint ~0.09L   

(Young et al. 2004) 

 L1521F-IRS : Lint ~0.06L   

(Bourke et al. 2006) 

 IRAM04191+1522: Lint ~0.08L   

(Dunham et al. 2006)  

 

 

L328-IRS : Lint ~0.09L   

(Lee et al. 2009) 

L673-7-IRS : Lint ~0.04L   

(Dunham et al. 2010) 

L1148-IRS : Lint ~0.08-0.13 L   

(Kauffmann et al. 2011) 



What are the VeLLOs ? 

 

 

¸A ñfaintò version of protostars ? 

 

¸Proto-brown dwarfs ? 
 - in presently quiescent accretion phase between 

episodic outbursts or 

 - in (just small) steady accretion rate 

 
- To define which one is which is not easy! 



Difficulties in studying the VeLLOs 

¸ Physical quantities that we need to know  

    - Supplying envelope mass  : Menv 

    - Mass accretion rate acc  

    - Central(accreted) mass  M* ̹d²acc= acctdyn if 

acc is not constant and/or tdyn < tlife 

    - Lacc= GM acc/R  

-All are measureable, but suffered from large 

uncertainties. 

-Most of all, there are no systematic observations. 

-Systematic study of the VeLLOs is needed ! 



Search for new VeLLOs 

The Spitzer, Herschel, and EAO-

JCMT data  for 18 clouds in Gould 

Belt (within  d=500 pc ) 

 
 

¸ Spitzerôs data from 3.6 to 70 ɛm 

- c2d survey for  Perseus; Serpens; Chamaeleon II; Lupus; Ophiuchus clouds 

- The Spitzer Gould Belt Survey (GBS) for CMC, Chamaeleon I, Chamaeleon III, Musca, 

Lupus V, Lupus VI, Ophiuchus North, Aquila, CrA, Cepheus, and IC 5146 clouds 

-Other Spitzerôs surveys for the Taurus and the Orion clouds. 

 ̧Herschelôs data at 70, 100,160, 250, 350, and 500 ɛm  

 - Images from Herschel Science Archive for all GB clouds  

      Photometry with CSAR (Cardiff Source-finding AlgoRithm) 

 ̧EAO-JCMT GBS SCUBA-2 data at 450 and 850 ɛm  

 - Images from JCMT Science Archive Archive  for Perseus, Cepheus, IC 5146, 

Ophiuchus/Scorpius, Lupus, Serpens, Taurus-Auriga ,  Orion clouds 

       Photometry with CSAR 

Works by M. Kim+ in press 



Identifying VeLLOs 

Selection process outlines (by Dunham +, 2008 and Kim + 2016) 

- Set of criteria for our candidates to follow the SED shapes 

of Class 0/I  

-L int Ò0.2 L  (L int = 3.3ě108F70
0.94 L  at 140 pc from 

Dunham + 2008) 

- Extraction of galaxies 

- Visual inspection  

- Final check for embeddedness using submm dust and N2H+ 

molecular line emission 
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Identified VeLLOs 

¸ 95 VeLLO candidates (16 known and 79 new) . 

  - 44 VeLLOs (13 previously known) 

Þ N2H+ emission line AND submm dust continuu

m with Herschel or SCUBA-2 

 - 51 VeLLO candidates (3 previously known) 

Þ N2H+ emission line OR submm dust continuum 



An example of Selected VeLLOs 



Spatial Distribution of the VeLLOs in Clouds 

They are mostly forming in filamentary clouds. 

IC5146 at 

250 ɛm 



Spatial Distribution of the VeLLOs in Clouds 

Type I Av >7.3 Type II   7.3 >Av Ó 1.0 Type III Av<1.0  

Within dense 

environment (#47) 
Within intermediate dense 

environment (#31) 
Diffuse (or isolated)  

environment (#17) 



VeLLOs in different environments 

There tends to be more VeLLOs with more massive 

envelope (Menv) and brighter luminosity in denser 

environment than in less dense environment. 

 ̧VeLLOs 

 o VeLLO candidates 



VeLLOs in BLT diagram 

The luminosities and temperatures of most of VeLLOs can be 

well explained with the evolutionary models with the episodic 

accretion.  

 ̧VeLLOs 

 o VeLLO candidates 

0.3 M   

1.0 M   

3.0 M   

Young & Evans 2005 Dunham +2010 



Outflow Survey of the VeLLOs with single 

dish telescopes 

¸ Purpose : to understand the VeLLOs  

- Their faintness ? 

- Their identities ?   A  faint version of protostars or a proto-
brown dwarf ? 

 

¸ For these purpose we need to know Menv, M*, acc ,Lacc      
 

- Outflow observations somehow can tell something about  
information for acc , M*(~t acc ), and L acc . 

Works by G. Kim+ in prep. 

See the poster 



Previous Studies on CO outflows of known VeLLOs 

 IRAM04191, Andreô + 1999 

 

 

 L673-7-IRS  & L1014-IRS , Dunham + 2014 

 

 

L1521F-IRS,  Takahashi + 2013 

L1148-IRS ,  Kauffmann +  
2011 

 L328-IRS , Lee + 2013 

 

 

 IC 348-SMM2E,  Palau +, 2014 

 

 


