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Abstract

Observing protostars right after they formed from their parent cores is crucial for
understanding the earliest phase of star formation. Discovered by Spitzer Space
Telescope, Very Low Luminosity Objects (VeLLOs) are the faintest embedded sources
currently known (internal luminosity, L;,, < 0.1 solar luminosity), hence the best targets
for studying the star formation in the earliest stage. On the other hand, VeLLOs could

also be very low mass protostars or even proto brown dwarfs. Since Taurus is one of the
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closest clouds, it provides the best possible spatial resolution for investigating the

nature of VeLLOs. We search for VeLLOs in Taurus adopting the color and luminosity

criteria from Dunham et al. (2008), which are derived from known young Class 0 and

early Class I objects. However, because the extinction in Taurus is very low, the

contamination from background galaxies is especially high. Studying the previously

identified VeLLO candidates, we found that [5.8] — [24.0] > 4 mag is a good criterion

for eliminating galaxies. As a result, we select 9 VeLLO candidates in Taurus and all

candidates have colors consistent with Class 0 or Class I sources. Further observations

at submillimeter wavelengths are needed for confirming the YSO nature of these

candidates.
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1. Introduction

Observing protostars right after they formed
from their parent cores is crucial for under-
standing the initial conditions of star formation.
Very Low Luminosity Objects (VeLLOs) are dis-
covered by Spitzer Space Telescope (Young et al.
2004; Dunham et al. 2008), and they are thought
to be the faintest embedded Young Stellar Objects
(YSOs) with intrinsic luminosity L < 0.1Lo.
Therefore, studying VeLLOs provides the best
chance to explore the early phase of star forma-
tion. The low luminosity of VeLLOs is well below
the lower limit predicted by accretion theory for
ordinary mass stars, and this phenomenon su-
ggests that they are either extremely young proto-
stars or extremely low mass protostars. Obser-
vations toward VeLLOs can provide valuable
information to advance our understanding of star
formation.

Current observations of VeLLOs show a
large variety on their physical properties. The

mass of their cores can be varying larger than 10

times. Infall signature has been detected in
L1521F and IRAM 04191, but not in L1014.
Moreover, their outflows could be very compact
(L1014 and L1521F) or extended to parsec scale
(IRAM 04191). Detail studies of kinematics and
chemical properties of individual VeLLO are
necessary to identify the nature of each VeLLO.
Because Taurus is the closest molecular cloud in
the northern sky, it is easier to obtain a complete
sample on faint sources like VeLLOs with high

resolution than from other clouds.

2. Sample Selection and Result

We select our VeLLO candidates from the
Spitzer Space Telescope’s Taurus Legacy Project
data combined with the criteria Dunham et al.
(2008) used to search VeLLOs. Dunham used the
average SED for Class 0 and early Class I sources
as templates (Fig.1) to derive select criteria for
VeLLOs. However, going through the criteria and

examining their images are not enough, because

-35-



# Taurus » + 2 # F41% VeLLO

Searching for Very Low Luminosity Objects (VeLLOs) in the Taurus Molecular Cloud

many of them could be background galaxies due
to the low extinction of Taurus. Lee et al. (2009)
have mentioned that the color [5.8]-[24] is red for
their VeLLO candidate and also other three
known VeLLOs. After checking this criterion to
30 identified VeLLOs in Dunham et al. (2008),
we found that all of them are located in the range
of [5.8]-[24] > 4 mag, (Fig.2). In addition,
because we believe that VeLLOs are still em-
bedded in cores, we then added an extra criterion
that the extinction value must be larger than 4
mag for VeLLO candidates; the average extinct-
tion value of whole Taurus cloud is about 3 mag.
Finally, we obtain 9 VeLLO candidates. In order
to examine that if these candidates have SEDs
consistent with those of YSOs at Class 0/I stage,
we use the Online SED Fitter for YSOs provided
by Robitaille et al. (2006) which contains 20,000
models with different physical parameters. The
results are shown in (Fig.3) where we plot the
best 100 models for each candidate. We have
selected 9 VeLLO candidates in the Taurus Mole-
cular Cloud. In order to better determine their
destiny and nature, we will propose submillimeter
observation to help us constrain the properties of
disk and envelope. We also list the IRAC and

MIPS images of them, (Fig.4).

-36 -

Reference:

Dunham et al., 2008, ApJS, 179, 249
Barrado et al., 2009, A&A4, 508, 859
Robitaille et al., 2007, ApJS, 169, 328
Lee et al., 2009, 4pJ, 693, 1290

107E T T T T

1070

o
L
T

vSv {erg em™ 57"

o—=» Closs 0

1077
E =—a Class |, 24 —> 70 Rising

+—= Closs Il

101 L 1 L )
1 10 100 1000

Wovelength (microns)
Fig. 1: The average SEDs for protostars identified by Enoch et
al. (2007, 2008) in Perseus, Serpens, and Ophiuchus.
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Fig. 2: The diagram we use the data from identified VeLLOs,
we can find that all objects have the color [5.8]-[24] >4
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Fig. 3: Fitting SEDs of each object, each panel with 100 best models.
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Fig. 4: The IRAC and MIPS images of each VeLLO candidates.
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