
Detection of bipolar outflows from the 
FHSC candidates B1b-N and B1b-S 

Introduction 
In the current theory of low-mass star formation, the first condensed object to be formed in the collapse of prestellar cores is the first hydrostatic core (FHSC). It is a very  
short phase (~102–103 yr), characterized by the presence of a central object, a few astronomical units in size and with the mass of a giant planet, but the absence of a  
developed molecular outflow. However, a compact and slow outflow (few km/s) may be present, depending on the strength and orientation of the magnetic field as  
predicted in MHD collapse models (e.g.  Commerçon et al.  2012a,b). Once the central object reaches temperatures of 2000 K, molecular hydrogen dissociates and  
the second collapse begins. At this moment a Class 0 object has been formed (André et al. 1993). 
The Barnard 1b core, in the Perseus molecular complex, has been recently proposed to host two FHSC candidates, based on the SED analysis of Herschel and Spitzer  
data (Pezzuto et al. 2012). This core contains three remarkable sources: an infrared source detected by Spitzer, B1b-W, and two compact (sub)millimeter continuum  
sources which are the FHSC candidates: B1b-N (Lbol = 0.15 L¤, Menv = 0.36 M¤) and B1b-S (Lbol = 0.31 L¤, Menv = 0.36 M¤). The three sources are deeply embedded in a  
surrounding protostellar core, that seems essentially unaffected by the compact sources as shown by its large column density, N(H2) ~ 1023 cm-2 and cold kinetic  
temperature, Tkin = 12 K (Lis et al. 2010). Dust polarization measurements obtained by Matthews & Wilson (2002) show a mean E-W orientation of the polarization vectors  
in the whole B1 cloud. Interferometer observations by Huang & Hirano (2013) and Hirano & Liu (2014) towards B1b, both in continuum and molecular lines, support the  
early protostellar classification of the objects. Their CO J=2-1 emission shows the presence of low velocity molecular outflows, although the outflow morphology could  
not be completely resolved at ~7’’ of angular resolution. In order to investigate further the nature of these objects, we have obtained 2.3’’ resolution (~500 AU)  
observations with IRAM PdBI at 2mm, targeting methanol and formaldehyde lines. We observed a mosaic of 7 pointings in a Nyquist sampled hexagonal pattern,  
providing a roughly circular field of view of 70’’ diameter at 2mm. IRAM 30m zero-spacing data were observed and merged to recover any missing flux that could  
have been filtered out by the interferometer. 

Results and discussion 
Figure 1 shows the observed emission from  
H2CO and CH3OH, respectively, where the  
detection of bipolar outflows around B1b-N  
and B1b-S is clear. The red and blue lobes  
of the B1b-N outflow are marginally resol- 
ved, but the excellent correspondence  
of the H2CO and CH3OH line profiles (see  
Fig. 2), and the alignment with the B1b-N  
position support the assignment. On the  
other hand, the outflow arising from B1b- 
S is more extended, with its red and blue  
lobes well separated indicating that the  
inclination angle along the line of sight, i,  
is between α and 90o-α, where α is the  
opening angle of either lobe. Using the  
more extended red lobe, we determine  
α = 23o ± 8o, leading to 17o ≤ i ≤ 73o. The  
red and blue lobes of the molecular out- 
flows associated with B1b-N and B1b-S  
appear on different sides of these sour- 
ces, indicating that the outflows have  
different spatial orientation.  
 
Outflow properties 
We extracted spectra of the four detected CH3OH lines at selected positions, and  
fitted these profiles with a two component Gaussian, assuming the same velocity  
profile for all CH3OH lines. The narrow component centered near 6.5 km s-1 traces the  
quiescent component, while the broad component describes the molecular outflow  
(see Fig 2). Using the obtained line intensities and the non-LTE radiative transfer code  
MADEX (Cernicharo 2012), we derived n(H2), Tkin, and CH3OH column densities N, for  
the broad component. The obtained CH3OH abundances are in the range 10-8-10-7,  
and Tkin between 20 and 70 K, higher than that of the quiescent gas (12 K). Using the  
average properties of each outflow, we computed the mass, momentum, mass loss  
rates, and other parameters of the outflowing gas for each lobe. Results are shown in  
Table 1, with the corresponding velocity intervals used in the calculations. The outflow  
masses agree within a factor of two with those obtained by Hirano & Liu (2014) from  
CO (2-1), except for the blue lobe of the B1b-S outflow, where the CO emission is  
optically thick. The better sensitivity and angular resolution allow us to obtain lower  
values for the dynamical time and outflow size, resulting in higher momentum and  
momentum flux by a factor ~5. The mechanical luminosities are at least a factor 10  
lower than the bolometric luminosity of each source.  
 
 
 
 
 
 
 
 
 
 
 
 
 

N. Marcelino(1), M. Gerin(2), J. Pety(3), A. Fuente(4), J. Cernicharo(5), B. Commerçon(6) 

(1)INAF-IRA (Italy); (2)LERMA, Obs. Paris (France); (3)IRAM (France); (4)OAN-IGN (Spain); (5)ICMM-CSIC (Spain); (6)CRAL (France) 

Figure.1. Left: integrated intensity (from 0 to 14 km s-1) of H2CO (202-101) observed at PdBI. Purple contours show the continuum 
emission at 145 GHz. The plus sign indicate the positions of B1b-N and B1b-S cores, and the star that of B1b-W. The black 
ellipse shows the beam size. The small panels show the centroid velocity towards B1b-N (top) and B1b-S (bottom) in km s-1. 
Right: integrated intensity (from 1.5 to 12.5 km s-1) of the four CH3OH lines detected towards B1b. The intensity scale in K km s-1 
is given by the color bar on the right. Contours of the 30-20 A line are superimposed in all plots, ranging from 1 to 20 K km s-1 
with a step of 3 K km s-1. Offsets are relative to the position center α2000 = 03h33m21.3s, δ2000 = 31o07’34’’. 

Figure.2. Examples of H2CO 
and CH3OH spectra at 
different positions towards the 
B1b-S and B1b-N outflows. The 
H2CO (202-101) line is shown in 
black, while the four detected 
CH3OH lines are shown in 
colors: blue 30-20 A, cyan 
3-1-2-1 E, green 30-20 E, and 
purple 32-22 E. 

Evolutionary stage of B1b-N and B1b-S 
Compared to class 0 YSOs, B1b-N and B1b-S, have similar normalized  
momentum flux (Fc/L: 800 and 1600) but higher normalized envelope masses  
(Menv/L0.6: >1.1 and >0.7). Thus locating them to the right of class 0 objects in  
the diagram of Fc/L versus Menv/L0.6 (Bontemps et al. 1996). Their luminosities  
are significantly lower, and their core masses of at least 0.36 M¤ in 250 AU,  
indicate the final object is most likely a low-mass star.  
Theoretical studies show that the degree of turbulence ε (ratio of kinetic to  
gravitational energy), and the strength of the magnetic field to the critical  
mass to flux ratio μ, are two key parameters in the evolution of collapsing  
cores (Joos et al. 2012; Commerçon et al. 2012a). In B1b we derive ε ~ 0.3 and  
μ = 2-7, depending on the strength of the magnetic field. The outflow masses,  
velocities, and mechanical luminosities predicted by the MHD models depend  
on μ, with Mout = 3.3 x 10-3 M¤, Vmax = 4.7 km s-1, Lmech = 4.1 x 10-3 L¤ for μ = 2. For  
μ = 10, the outflow mass increases to Mout = 2 x 10-2 M¤, the luminosity to Lmech =  
7 x 10-3 L¤, while the maximum velocity decreases to Vmax = 1.7 km s-1. These  
figures are computed about 1000 yr after the formation of the FHSC. The  
agreement of the μ = 2 case with the properties derived for B1b-N, including  
its short dynamical age, compact size, and cold SED, is excellent, supporting  
its early evolutionary stage. As discussed by Hirano & Liu (2014), the more  
energetic outflow properties, higher luminosity, and warmer SED of B1b-S,  
provide further support for the classification of B1b-S as a class 0 YSO currently  
in a low accretion stage.  
All data so far are consistent with the classification of B1b-N as a FHSC, but do  
not provide definitive evidence. Higher angular resolution observations are  
needed to probe the gas dynamics at the ≤ 100 AU scale, and a more  
complete characterization of the chemical and physical properties of B1b is  
required as well.  

Table 1. Physical properties of the molecular outflows. 

Notes:  
(a)  0.5 – 5.5 km s-1 
(b)  7.5 – 12.5 km s-1 
(c)  -4 – 5.5 km s-1 
(d)  7.5 – 15 km s-1 
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