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ABSTRACT
We have studied the �laments extracted from the column density maps of the nearby Lupus
1, 3, and 4 molecular clouds, derived from photometric maps observed with the Herschel
satellite. Filaments in the Lupus clouds have quite low column densities, with a median
value of �1.5 × 1021 cm�2 and most have masses per unit length lower than the maximum
critical value for radial gravitational collapse. Indeed, no evidence of �lament contraction has
been seen in the gas kinematics. We �nd that some �laments, that on average are thermally
subcritical, contain dense cores that may eventually form stars. This is an indication that in the
low column density regime, the critical condition for the formation of stars may be reached
only locally and this condition is not a global property of the �lament. Finally, in Lupus we
�nd multiple observational evidences of the key role that the magnetic �eld plays in forming
�laments, and determining their con�nement and dynamical evolution.

Key words: stars: formation � ISM: clouds.

1 INTRODUCTION

Filaments are ubiquitous structures present in both low- and in high-
mass star-forming regions (e.g. Hatchell et al. 2005; Goldsmith et al.
2008; Andr·e et al. 2010; Molinari et al. 2010). They were recog-
nized more than 30 years ago (Schneider & Elmegreen 1979) but
only recently the Herschel1 Space Observatory has shown the om-

� E-mail: milena.benedettini@iaps.inaf.it (MB); eugenio.schisano@iaps.
inaf.it (ES)
1 Herschel is an ESA space observatory with science instruments provided
by European-led Principal Investigator consortia and with important partic-
ipation from NASA.

nipresence of the �lamentary structures throughout star-forming
regions and their strict association with the dense cores from which
new stars will form (e.g. Andr·e et al. 2010; Molinari et al. 2010;
Polychroni et al. 2013). The Herschel results have focused special
attention on the formation mechanism of �laments, and in under-
standing their role in the star formation process, with several studies
either analysing interesting �laments, or adopting a more statisti-
cal approach. These studies, although far from answering the key
questions, have started to reveal important properties. For example,
�laments in molecular clouds are characterized by having a nar-
row distribution of widths, with a median value of 0.10 – 0.03 pc
(Arzoumanian et al. 2011). This corresponds, within a factor of
2, to the sonic scale below which interstellar turbulence becomes
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subsonic in diffuse gas. This similarity in scale supports the ar-
gument that �laments may form as a result of the dissipation of
large-scale turbulence. Lower column density �laments are ther-
mally subcritical and gravitationally unbound, and are probably
con�ned by external pressure, while higher column density �la-
ments are thermally supercritical and gravitationally bound and
show evidences of gravitational collapse (e.g. Hill et al. 2012; Ar-
zoumanian et al. 2013; Nguyen-Luong et al. 2013; Schisano et al.
2014). A kinematical study conducted on the B211/213 �lament in
Taurus (Hacar et al. 2013) revealed that some �laments are actu-
ally composed of several distinct, coherent velocity components of
gas. In the more massive �laments, spectral observations indicate a
more dynamical condition of the gas, revealing velocity gradients
indicative of collapse and contraction (Schneider et al. 2010; Kirk
et al. 2013; Peretto et al. 2014).

The Lupus complex is an interesting region in which to study
�laments. It is one of the nearest low-mass star-forming regions
(distance between 150 and 200 pc; Comer·on 2008) and a few long
and well-de�ned �laments have been identi�ed in it (Benedettini
et al. 2012; Rygl et al. 2013; Matthews et al. 2014; Poidevin et al.
2014). The complex is located in the Scorpius�Centaurus OB asso-
ciation, whose massive stars are likely to have played a signi�cant
role in shaping the diffuse material and in the general evolution of
the complex.

In this paper, we present an analysis of �laments extracted from
the column density maps of the Lupus 1, 3, and 4 star-forming
regions, produced from the photometric observations carried out
with the Herschel satellite. In Section 2 we describe the observations
and the data reduction. The analysis of the �lament properties and of
the probability distribution function (PDF) is presented in Sections 3
and 4, respectively. The results are discussed in Section 5 and the
main conclusions are reported in Section 6.

2 OBSERVATIONS AND DATA REDUCTION

2.1 Herschel photometric maps

As part of the Herschel Gould Belt Survey (HGBS;2 Andr·e et al.
2010) the three subregions of the Lupus complex, Lupus 1, 3, and 4,
have been observed in �ve photometric bands between 70 and 500
µm with the Photodetector Array Camera and Spectrometer (PACS;
Poglitsch et al. 2010) and the Spectral and Photometric Imaging
Receiver (SPIRE; Grif�n et al. 2010) on-board the Herschel Space
Observatory (Pilbratt et al. 2010). The observations were carried
out in the parallel observing mode with a scanning velocity of
60 arcsec s�1 and each zone was observed twice with orthogonal
scanning directions. The spatial resolution in this observing mode
is 7.6 arcsec at 70 µm, 11.5 arcsec at 160 µm, 18.2 arcsec at
250 µm, 24.9 arcsec at 350 µm, and 36.3 arcsec at 500 µm. A
�rst version of the Lupus maps was published by Rygl et al. (2013)
who used the ROMAGAL pipeline (Tra�cante et al. 2011). In this
paper we present a new reduction of the maps obtained with a
different pipeline and updated calibration �les. The pipeline for
the production of the PACS maps (at 70 and 160 µm) consisted
of the following steps: the Level 1 data products were generated
with Standard Product Generation (SPG) version 10 within the

2 http://gouldbelt-herschel.cea.fr

Herschel Interactive Processing Environment (HIPE3); Level 1 data
were arranged in time-ordered data (TOD) and exported in FITS

format; the TODs of the two orthogonal observations were ingested
into the UNIMAP map maker (Piazzo et al. 2015) to produce the �nal
maps. The SPIRE data (at 250, 350, and 500 µm) were reduced
using modi�ed pipeline scripts of HIPE version 10. Data taken during
the turnaround of the satellite were included in order to assure a
larger area covered by the observations and enough overlap. Because
the observed Galactic regions are dominated by extended emission
of the interstellar medium (ISM), extended emission relative gain
factors were applied to the bolometer timelines. The resulting Level
1 contexts for each scan direction were then combined using the
naive map maker in the destriper module.

The �nal absolute �ux calibration for both PACS and SPIRE
maps was performed by adding a zero-level offset derived by com-
paring the Herschel data with the Planck and IRAS data of the same
area of the sky. A dust model has been assumed for extrapolating
the �ux at the Herschel wavelengths (Bernard et al. 2010). The �nal
�ux accuracy is better than 20 per cent. Notably, the Lupus 1 maps
were affected by stray Moonlight, visible as a bright vertical band
in each image. We removed this contamination by evaluating the
stray-light contribution from the difference between the observed
map (affected by stray light) and the model used for the �ux calibra-
tion. This procedure worked well but not for the 70 µm image for
which the correction could not be applied. The 70 µm map, how-
ever, was not used for the production of the column density maps
(see Section 2.3), that therefore are corrected from the stray-light
effect.

2.2 CS (2�1) line maps

A CS (2�1) line map of the Lupus 1 and 3 clouds was acquired at the
22-m Mopra radio telescope using the On The Fly observing mode
with the narrow band mode of the UNSW-Mopra Spectrometer
(UNSW-MOPS) digital �lter bank back-end. The velocity resolu-
tion at 97.981 GHz is 0.1 km s�1, the typical rms of the single
spectrum is � 0.4 K, and the half-power beam width (HPBW) is 35
arcsec. Part of these maps have been already published in Benedet-
tini et al. (2012), where details regarding the data reduction can be
found. In 2012 May, we acquired new CS (2�1) spectra towards the
Lupus 3 cloud extending the coverage of the region with respect
to the previous published map. The CS (2�1) maps cover only the
brighter and denser part of the Lupus 1 and 3 clouds, approximately
the region above the 4 mag of visual extinction.

2.3 Column density maps

The column density maps of the three Lupus clouds are shown in
Figs 1�3. The maps were produced by applying a grey-body �t
in each pixel to the spectral energy distribution (SED) of the four
surface brightness values at 160, 250, 350, and 500 µm smoothed to
a common spatial resolution of 36 arcsec, i.e. the resolution of the
500 µm map and resampled with a pixel size of 14 arcsec. The spatial
resolution of the column density maps corresponds to a linear scale
of 0.026 pc for Lupus 1 and 4 (distance of 150 pc) and 0.035 pc for
Lupus 3 (distance of 200 pc). For the grey-body �tting, we assumed
a dust opacity of �300 = 0.1 cm2 g�1 (already accounting for a

3 HIPE is a joint development by the Herschel Science Ground Segment
Consortium, consisting of ESA, The NASA Herschel Science Center, and
the HIFI, PACS, and SPIRE consortia
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Figure 1. Column density map at 36 arcmin resolution derived from Herschel data of the Lupus 1 cloud. The black contours are Av = 1 and 2 mag, respectively.
The white lines identify the spines of all the branches of the �laments.

Figure 2. As Fig. 1 for Lupus 3.

gas-to-dust ratio of 100), a grain emissivity parameter � = 2 (cf.
Hildebrand 1983), and a mean molecular weight µ = 2.8, values
adopted as the standard by the HGBS consortium. Previous works
(e.g. Sadavoy et al. 2013; Roy et al. 2014) estimated that the column
densities derived with these assumptions are accurate to 50 per cent
for dense cores. The H2 column density towards the Lupus clouds
is typically low, with the denser region corresponding to visual

extinction between 3 and 6 mag and a very small portion of the
clouds at Av > 7 mag.

We estimated the total mass of the clouds by summing the mass
inside the Av = 2 mag contour, using the conversion formula NH2=
9.4 × 1020 Av (Bohlin, Savage & Drake 1978) and the derived values
are listed in Table 1. We obtained masses lower than the estimates
previously quoted by Rygl et al. (2013) from the Herschel maps,
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