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ABSTRACT

Context. The Chamaeleon molecular cloud complex is one of the nearest star-forming sites encompassing three molecular clouds
(Cha L, II, and IIT) with a different star-formation history, from quiescent (Cha III) to actively forming stars (Cha II), and reaching the
end of star-formation (Cha I).

Aims. We aim at characterising the large-scale structure of the three sub-regions of the Chamaeleon molecular cloud complex by
analysing new far-infrared images taken with the Herschel Space Observatory.

Methods. We derived column density and temperature maps using PACS and SPIRE observations from the Herschel Gould Belt
Survey, and applied several tools, such as filament tracing, power-spectra, A-variance, and probability distribution functions of column
density (PDFs), to derive physical properties.

Results. The column density maps reveal a different morphological appearance for the three clouds, with a ridge-like structure for
Cha I, a clump-dominated regime for Cha I, and an intricate filamentary network for Cha III. The filament width is measured to be
around 0.12+0.04 pc in the three clouds, and the filaments found to be gravitationally unstable in Cha I and II, but mostly subcritical
in Cha III. Faint filaments (striations) are prominent in Cha I showing a preferred alignment with the large-scale magnetic field. The
PDFs of all regions show a lognormal distribution at low column densities. For higher densities, the PDF of Cha I shows a turnover
indicative of an extended higher density component, culminating with a power-law tail. Cha II shows a power-law tail with a slope
characteristic of gravity. The PDF of Cha III can be best fit by a single lognormal.

Conclusions. The turbulence properties of the three regions are found to be similar, pointing towards a scenario where the clouds are
impacted by large-scale processes. The magnetic field could possibly play an important role for the star-formation efficiency in the
Chamaeleon clouds if proven that it can effectively channel material on Cha I, and possibly Cha II, but probably less efficiently on the

quiescent Cha III cloud.

Key words. interstellar medium: clouds — individual objects: Chamaeleon

1. Introduction

Molecular clouds in the Galaxy bear a complex spatial structure
highlighted by the unprecedented sensitivity and resolution of
the Herschel Space Observatory (Pilbratt et al.|2010) imaging
observations, mainly from large survey programs (André et al.
2010; Motte et al.||2010; Molinari et al.|[2010). The recent ad-
vances in the census of starless and prestellar cores makes it

* Herschel is an ESA space observatory with science instruments pro-
vided by the European-led Principal Investigator consortia and with im-
portant participation from NASA.

possible to study their connection to the large scale structure
of molecular clouds. Observations show that the prestellar cores
identified with Herschel are preferentially found within gravita-
tionally unstable filaments (e.g., |André et al.[|2010} |2014; [Poly-
chroni et al.[2013;|[Konyves et al.[2010, Konyves et al., in prep.),
while massive protostellar dense cores and star clusters tend to
be found at the junctions of dense filaments (e.g., [Hennemann
et al.[2012; |Schneider et al.|[2012} |Peretto et al.|2013)). The ob-
served orientation of filaments suggests that they are aligned
with the magnetic field (e.g., in the massive star-forming region
DR21,|Schneider et al.[|[2010). Recently, [Palmeirim et al.| (2013)
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Fig. 1. SPIRE 250 um map with extinction contours (Schneider et al.[2011)) overlaid from 2 to 10 mag, in steps of 2 mag. The arrows show the

general orientation of the magnetic field as measured in Cha I by Whittet et al| (1994) and[McGregor et al| (1994). Note the preferential alignment

of the faint striations in Cha I, less evident in Cha II or Cha III where the surrounding diffuse emission takes a variety of orientations. In the region

eastwards of Cha III, no striations are detected in the Herschel maps.

discovered that low-density filaments (striations) in the Taurus
region are also preferentially oriented along the magnetic field.
These findings suggest that the initial conditions that favour star
formation are closely linked to the spatial structure of a molecu-
lar cloud. Identifying the processes responsible for the fragmen-
tation of clouds into dense filaments and their subsequent evolu-
tion, is therefore paramount to the understanding of core forma-
tion, and ultimately, the dependence of core and stellar masses
on the large-scale properties of the interstellar medium.

The Chamaeleon molecular cloud complex is one of the
nearest star-forming sites located at a distance of 150—180 pc

(Whittet et al[T997). It contains the Cha I, II, and III (Fig. [T},

as well as the Musca clouds (Cox et al., in prep.).
(2001) showed in their '>CO (1—0) survey that the complex is

spatially and kinematically coherent with emission in the range
of —4 to 6 km s~!. Cha I is the most active star-forming region
with a young stellar population of over ~200 members
[man|[2008} [Winston et al|2012) with a median age of ~2 Myr.
Cha II (~4 Myr) has a smaller population of ~60 young stel-
lar objects (YSOs) (Spezzi et al|2008, [2013), and no YSO has
been found in Cha III (Belloche et al|2011b). Using the Large
APEX Bolometer Camera (LABOCA), Belloche et al.| (2011blal)
mapped the dust continuum emission at 870 yum in Cha I and III
to single out the possible causes of such different star-formation
activity. In Cha I, the low number of candidate prestellar cores
and protostars, as well as the high global star formation effi-
ciency, were interpreted as signs that star formation might be at
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its end in this cluster, whereas in Cha III evidence for the on-set
of star formation was found.

The Chamaeleon dark clouds were observed with Herschel
as part of the Gould Belt survey (hereafter, HGBS, :Engre et a!.
2010). These observations are presented in Sect. 2] and repre-
sent an homogeneous dataset in the far-IR across a large area of
the cloud complex that allows us to characterize the large-scale
structure and extended emission of the three clouds, to better
understand their different star formation history. In Sect. 3] we
present the different analysis tools employed, such as filament
tracing, power spectra, A-variance, and probability distribution
functions of the column density (PDFs). The properties derived,
such as filamentary vs. clumpy structure, level of turbulence and
energy injection, density structure, are presented in Sect. 4] and
discussed in Sect. 5] with the conclusions presented in Sect. [6]

2. Observations

The Cha I (obsIDs 1342213178, 1342213179), Cha II (obsIDs
1342213180, 1342213181), and Cha III (obsIDs 1342213208,
1342213209) clouds were observed on the 22 and 23 of January
2011 with the PACS (Poglitsch et al.|2010) and SPIRE
let al.|2010) instruments onboard Herschel in parallel mode with
a scanning speed of 60”’s~!. The angular resolutions for PACS at
160, and SPIRE at 250, 350, and 500 um, are ~12”, ~18”, ~25”,
and ~37", respectively. The PACS maps at 70 um reveal several
point sources but do not contain information on extended emis-
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Fig. 2. Column density (N, (cm™2)) (top) and temperature (K) (bottom) maps of Cha 1, II, and III (from left to right) with the skeletons tracing the

most prominent filamentary structure superimposed in black.

sion arising from cold dust, and therefore have not been used in
this paper.

The reduction of the PACS data was done with scanamor-
phos version 12 (Roussel[2013)) and is described inWinston et al.|
(2012) and [Spezzi et al.| (2013). The SPIRE data were reduced
within the Herschel Interactive Processing Environment (HIPE
version 7.2, [Otf[2010), using a modified version of the pipeline
scripts that includes observations taken during the turnaround at
the map borders. The two orthogonally-scanned maps were com-
bined using the averaging algorithm ‘naive-mapper’.

3. Methods

In the following, we briefly describe the data analysis procedures
and tools used to study the Herschel observations. Detailed ex-
planations of each method are given in the cited references.

3.1. Column density and temperature maps

The column density and temperature maps were determined
from a modified blackbody fit to the 160, 250, 350, and 500 um
images reprojected to a common 6"/pixel grid, following the
procedure detailed in[Konyves et al.|(2010). The zero-offsets, de-
termined from comparison with Planck and IRAS data
et al.2010), were first applied to each band. For the region cov-
ered by PACS and SPIRE simultaneously, we adopted the same

opacity law as in earlier HGBS papers (Konyves et al.|[2010),
fixing the specific dust opacity per unit mass (dust+gas) to be

the power-law x, = 0.1 (v/1000GHz)? cm2/g with =2 (e.g.,
Hildebrand|1983), and leaving the dust temperature and column
density as free parameters. The final error on the column density
is statistical (SED fitting, photometry) and systematic (opacity
law). A recent study by Roy et al | concluded that the dust
opacity law adopted by HGBS is good to better than 50% accu-
racy in the whole range of column densities between ~ 3 x 10!
and 10?3 cm™2. Figure [2| shows the resulting maps for the three
regions.

3.2. Filamentary structure

We have used the DisPerSe algorithm (Sousbie|[201T} [Sousbie]
to trace the crest of the filamentary structure of
the clouds, using the curvelet component (Starck et al.|[2003)
of the column density map as an input. This method has been
successful in mapping the filamentary network in other regions
observed with Herschel, and the details can be found, for ex-

ample, in[Arzoumanian et al.| (2011)) or [Schneider et al.| (2012)).
The structure obtained by requiring a persistence threshold of
5%10%° cm™2 (~5 o, see for the formal definition
of ‘persistence’) in the curvelet image is overlaid on the column
density maps shown in Fig. 2} It should be noted that the filamen-
tary structure displayed is derived from the column density map
which is a 2D-projection of the volume density. Since DisPerSE
works topologically, it connects all emission features such that
projection effects may create links between filaments that are not
physically related. However, the high spatial resolution of the
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Herschel maps in nearby regions largely alleviates these effects.
For example, [André et al.| (2014) (see their Fig. 2) highlight the
good agreement between the fine structure of the Herschel col-
umn density filaments and the C!80 results of Hacar et al.| (2013)
for Taurus B211/B213.

We characterised the identified filamentary structures by de-
riving the radial column density profile perpendicular to the tan-
gential direction to the filament’s crest. The centre of each pro-
file was fitted with a Gaussian, from which the FWHM and area
were taken to determine the filament width and the mass per unit

length (Fig.[3).

3.3. Probability distribution functions of the column density

Probability distribution functions of the (column) density (here-
after PDFs) characterise the fraction of gas with a column den-
sity N in the range [N, N+AN]. For the Chamaeleon clouds,
the PDFs are represented by the distribution of the number of
pixels per log bin versus the column density, expressed in vi-
sual extinction (Fig. ). They are widely used both in observa-
tional (e.g., Kainulainen et al.[2009; [Schneider et al.[2012}2013)
and numerical (e.g., [Federrath & Klessen|2012| and references
therein) studies of the (column) density structure of molecular
clouds. For example, Klessen| (2000) showed that isothermal,
hydrodynamic turbulence simulations produce perfectly lognor-
mal PDFs and indeed, probability distribution functions obtained
from extinction maps (Lombardi et al.|[2008}; [Kainulainen et al.
2009; [Froebrich & Rowles|[2010) are lognormal for low ex-
tinctions. However, Herschel observations of the Polaris cloud
(Men’shchikov et al.[2010; Miville-Deschénes et al.|[2010) show
that even in a clearly turbulence dominated cloud, the PDF is not
simply lognormal but starts to show excess at higher extinctions
(Schneider et al.[2013)). Though gravity, in general, plays an im-
portant role in organising the density structure of a cloud (see
below), in a very low-density cloud such as Polaris, the excess
seen in the PDF can also be due to intermittency. Non-isothermal
flows can cause a power-law tail in the PDF (Passot & Vazquez-
Semadeni|1998)), but we suspect that neither in Polaris nor in the
Chamaeleon clouds the temperature difference (only a few K)
is enough to provoke such flows. The most dominant process to
influence the PDF is thus gravity, where large-scale collapse as
well as individual core collapse determine the density structure
and give rise to the observed power-law tail (see, e.g., numeri-
cal simulations by |Ballesteros-Paredes et al.[2011; [Kritsuk et al.
2013;|Girichidis et al.[2014)). In addition, recent studies (Schnei-
der et al[[2012; Rivera-Ingraham et al.[[2013 and Tremblin et
al. 2014) showed that radiative feedback processes can have a
large impact as well, leading to double peaks in the PDF and a
two-step power law in the tail. The role of the magnetic field is,
however, not yet clear. MHD simulations show that the presence
of magnetic fields provokes a more filamentary density structure
(Hennebelle|2013)) and a narrower PDF (e.g., [Federrath et al.
2010). Observationally, a variation on the width of PDFs due to
a magnetic field has not yet been observed (e.g.,[Schneider et al.
2013).

PDFs are an important tool to disentangle these various pro-
cesses. To first order, the density PDF is proportional to the
column density PDF (Brunt et al|[2010). Ballesteros-Paredes
et al.| (2011) showed that PDFs vary during cloud evolution, with
purely lognormal shapes found in an initially turbulent, non-
gravitating cloud, while one or more lognormal PDFs at low
column-densities and a power-law tail for higher values were
found for later stages of cloud evolution. Fitting the slope of the
high-density tail of the PDF (Federrath et al.|2011} |Girichidis
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et al[[2014) enables the computation of the exponent a of the
spherical density distribution p(r) = pg (r/ry)~® and thus the
relative contribution of turbulence and gravitation in a cloud. In
the standard inside-out collapse model of a singular isothermal
sphere (Shu et al.||1987), @ = 2 is consistent with the collapse
of a centrally condensed sphere such as a pre-stellar core, while
a = 1.5 applies to collapsing protostars, i.e. including envelope
collapse. In any case, a value of @ between 1.5 and 2 indicates
free-fall collapse of individual cores/protostars and/or and en-
semble of cores as was shown in the analytic study of the link be-
tween PDF and self-gravity by |Girichidis et al.| (2014)). However,
it is not (yet) analytically possible to differentiate in the slope of
the power-law tail between local, small scale core/envelope col-
lapse and larger scale, global collapse of clumps and filaments.

3.4. Power spectra and A-variance

To characterise the turbulent structures in the Chamaeleon
clouds, we derive scaling relations such as the power spectrum
and the A-Varianc{] (Ossenkopf et al.|2008alb)) for each column
density map, in order to measure the relative structural variation
as a function of the size scale. The power spectrum P(k) of a 2-
dimensional image characterizes the injection of energy depend-
ing on the wavenumber (spatial frequency) k with P(k) o |k |”.
A power-law fit to P(k) gives the slope y. The A-variance (o) is
directly linked to the power spectrum by o-i o« I8 72, where
vy = 1 -8 and L is the scale size (Stutzki et al. [1998).
Fitting the slope provides a measure for the amount of struc-
ture on various scales in a given image. A dominance of small
scale structure thus implies a steep slope and high values for 3,
while large-scale structures cause flat A-variance curves. The A-
variance is determined purely in the spatial domain and thus lim-
its edge-effect problems using Fourier-transform methods, such
as power-spectra. It effectively separates real structure from ob-
servational artefacts since it uses the error map as a weight, and
it is only limited by the spatial resolution and extent of the map.
The effect of applying the A-variance to two-dimensional projec-
tions of a three-dimensional structure (in this case, the Herschel
column density maps) has been addressed by Mac Low & Os-
senkopf] (2000), who demonstrated that there is a simple trans-
lation between a projected A-variance and a three-dimensional
A-variance.

4. Results
4.1. Column density and temperature maps

A comparison between the Herschel column density map (Fig. [2)
and the near-IR extinction map (Schneider et al.|2011) shows
both to be consistent in structure as well as intensity (the max-
imum column density is ~7x10*' cm~2 for Cha I, see Table .
The detailed spatial structure is different for the three clouds.
Cha I is dominated by a central ridge of emission, i.e., an elon-
gated cloud structure of relative higher density, surrounded by
faint striations, reminiscent of those found in the B211/3 fila-
ment in Taurus by |[Palmeirim et al.| (2013)). These cold (11-13 K)
features are also clearly seen in the SPIRE 250 pm map (Fig. [T).
A comparison with C'®0 1—0 data (see Fig. 2 in |Haikala et al.
2005)) shows that the structures seen in the column density map
consist of overlapping filaments, that are coherent in velocity,
and individual clumps. The only hot spot in all regions is the dust

! IDL-based routine deltavarwidget provided by V. Ossenkopf, avail-
able at www.astro.uni-koeln.de/~ossk/ftpspace/deltavar.
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Table 1. Column density and mass values.

Nioise Npmax <N>  Mass
Cloud €))] 2) 3) 4@
Chal 030 7.26 1.83 865
Chall 031 435 159 502
Challl 0.30 1.86 1.25 241

Notes. (1,2,3) rms noise, peak, average column density in 10%' cm™2.

(4) Total mass of cloud in Mg, above a threshold of Ay=2 mag (~2x10°!
cm™2, using the conversion formula N(H,)/Ay=0.94x10?' cm~? mag™
Bohlin et al.[|1978)). The distance of 180 pc was taken for Cha I and II,
and 150 pc for Cha III.

ring around HD 97300 located in Cha I, with T~25 K (Kdspal
et al.|2012). Cha II has a more fragmented appearance (best seen
in Fig. 2) with extended emission regions. In the temperature
maps, individual clumps are easily identified as patchy, cold (11—
14 K) regions. The most clearly defined filamentary region (large
aspect ratio of the identified structures) is Cha III. Here, as well
as in the other regions, the cold denser regions are embedded in
a lower density (1-3x10%' cm~2) background.

The total masses derived from the column density maps are
given in Table [T} The values are lower than the ones estimated
from '2CO (1—0) observations (Mizuno et al.[2001) by factors
of 1.2, 3.8, and 7.8 for Cha I, II, and III, respectively, and we
attribute the discrepancy mainly to the unreliable '>CO/H, con-
version factor. The Herschel-derived mass for Cha I of 865 Mg, is
higher than the one calculated from C'80 (1-0) data (230 My,
Haikala et al.||2005)). This difference has been noted by Belloche
et al.| (2011b)), where it is shown that C'30 (1—0) is not a good
gas tracer below an Ay = 6 mag. It is nevertheless a reliable
tracer of mass between Ay = 6—15 mag in Cha I, when compared
to the mass derived from extinction maps (Belloche et al.[201 1b).
Furthermore, the region surveyed in |Haikala et al.| (2005) does
not include the western part of Cha I. Indeed, our mass estimate
is in agreement with the value derived from the near-IR extinc-
tion map (Schneider et al.|2011)).

4.2. Filament parameters

The distributions of widths for the profiles of the structure traced
by the DisPerSe algorithm where the contrast (ratio of the col-
umn density at the crest to local background) was >3 are shown

in Fig. 3] (left) for the three clouds. This threshold ensures a suffi-
cient number of profiles, while minimizing contamination from
profiles in confused regions. The obtained distributions have a
median value 0.1 15f8:8%§, 0'124t8:833’ and 0.1 12f8:8‘2‘g pc (the up-
per and lower bounds mark the 68% confidence interval), for
Cha I, II, and III, respectively. This result shows that there is
no significant difference in width between the clouds, and is in
agreement with the characteristic width measured in other star-
formation regions (e.g., Arzoumanian et al.[2011)).

In Fig. 3] (right), we show the distribution of the projected
mass per unit length for the same profiles. If we take the gas
temperature in the Chamaeleon complex filamentary-like struc-
tures to be approximately 12 K, the thermal critical mass per unit
length is ~20 Mg/ pc. Gravitationally supercritical filaments are
defined as having a mass per unit length greater than this criti-
cal value. This implies that most of the structures in Cha I and
IT are supercritical and likely to be undergoing collapse, while in
Cha III the majority of the individual profiles where the filaments
were probed are found to be subcritical.

4.3. Probability distribution functions of column density

The PDFs of the column density obtained for the three clouds are
displayed in Fig. {4} Common to the three regions is a lognormal
distribution for low extinctions with a width of 0.48 to 0.6 mag
and a peak at Ay~2 mag. For higher column densities, the PDFs
show significant differences.

The PDF for Cha I shows a turnover from a lognormal low-
density component into a higher density feature around Ay=4—
5 mag. The pixel distribution above these Ay values is neither
a power-law tail nor a second lognormal PDF (fitting this com-
ponent with a lognormal distribution is not possible though it
may appear as such by eye-inspection). This scenario resembles
that observed in the intermediate/high-mass star-forming region
Vela C (Hill et al. 2011) where the same characteristics in the
column density map and PDF were attributed to the contrast be-
tween a dense and massive ridge, embedded in a lower-density
gas component. It is thus possible that the segregation between
ridge/bulk emission of a cloud is a common feature in molecular
clouds. At even higher column densities (Ay > 20 mag) there is
a small but significant pixel statistics in the PDF that resemble
a power-law. Spatially, these pixels comprise the star-forming
clumps (see also Sect. 5.2).
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The PDF of Cha II shows the clearest example of a power-
law tail (though there is some excess in the distribution), starting
at Ay~3 mag. Fitting a single power-law leads to a slope of s = —
2.26. Assuming that the power-law tail is due to purely spherical
collapse, the density distribution varies as p(r) o r~%, deter-
mined from s with @« = —2/s + 1 (Federrath & Klessen![2013}
Schneider et al.||2013), and the exponent « is estimated to be
1.88, which implies the dominance of self-gravity.

The PDF of Cha III can be best fit by a single lognormal
across the whole density range though the low column density
range (left of the peak) is not perfectly covered. Some excess
at higher column-densities (Ay > 10 mag) is observed and this
feature is now more common in ‘quiescent” molecular clouds,
e.g., in Polaris (Schneider et al.[2013]), or the ‘Spider’ molecular
cloud (Schneider et al., in prep.), pointing towards a scenario
where these clouds are not only dominated by turbulence (which
would lead to a perfectly lognormal PDF). For Polaris, it was
argued that statistical density fluctuations and intermittency may
provoke this excess. In Cha III, however, there are first signs
of core formation in some filaments so that we speculate that
gravity could be causing the start of a power-law tail distribution.

4.4. Power-spectra and A-variance

Figure |5 shows the power spectra and A-variance for the three
clouds. As mentioned in Sect. the modulations in the power-
spectra are generally less obvious than the ones in the A-variance
so we focus the discussion on the latest.

The A-variance of Cha I shows a clear change in slope at
0.15 pc, stays flat until ~0.6 pc and rises again up to 2 pc. We
interpret this curve as caused by cores and clumps (with a size
distribution between 0.2 and 0.5 pc, i.e., not determined by tur-
bulence), and by the ridge that gives origin to the second peak.
The density distribution seen in the PDFs (Sect.[4.3) is thus also
traced in the spatial structure.

In Cha II, the A-variance appears to be turbulence domi-
nated (no range of a flat A-variance spectrum as for Cha I) but
displays a peak at ~0.5 pc likely caused by the typical size scales
of the clumps, since much less cores are detected in Cha II, em-
bedded in the larger extended ridge-like structure on a size scale
of ~2 pc (second peak).

Finally, Cha III shows a A-variance with one peak at
~0.7 pc, probably indicating the typical lengths of the filaments,
but appears otherwise featureless, consistent with the lack of
prominent structures other than the filamentary network.
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We note that there is no indication for a typical size scale
of 0.1 pc that would represent the filament width. Instead, the
constant rise of the curves until the first peak in the differ-
ent regions indicates that structures on many size scales are
present. We assume that in particular the striations with their
large variation in size prevent a clear identification of filament
width for the A-variance. The fitted slope of the A-variance up
to 0.15 pc (lowest common scale until a turnover occurs), gives
values of $=2.49+0.59 for Cha I, =2.50+0.21 for Cha II, and
B=2.36+0.23 for Cha III. These values are at the lower end of
those found for a large compilation of different molecular clouds
by Bensch et al| (2001) and |Schneider et al.| (2011). The low
values indicate that the power is contained in the largest scales,
suggesting that large-scale physical processes govern the struc-
ture formation in the Chamaeleon complex. These could be an
overall magnetic field or energy injection from supernova explo-
sions.

5. Discussion
5.1. Comparison to numerical simulations

In order to compare our results with turbulence models, we com-
puted independently the hydrodynamic Mach-number (M) us-
ing molecular line data (see |Schneider et al.|2013} |Pineda et al.
2008, for details). In contrast to [Belloche et al.| (2011b)), where
C'®0 10 observations were used, we opt for the '>CO (1—0)
data from Mizuno et al.| (2001) with the molecular line FWHM
between 2 and 2.8 km s, since only this line traces the low-
density gas component and thus the bulk of the molecular cloud.
In the calculation we assume LTE and, additionally, that the gas
and dust are thermally coupled, taking the maximum brightness
temperature at the peak of the line to be the dust temperature
derived from our Herschel maps (~14 K). Given these assump-
tions, we caution that the Mach number calculation carries a
large uncertainty. We derived values of M=7.2, 10.0, and 9.3
for Cha I, II, and III, respectively.

A comparison between the observed PDFs and hydrody-
namic simulations including gravity, different turbulent states
with a range of Mach-number between 2—50, and star-formation
efficiencies (SFE) from 0 to 20% (Federrath & Klessen|[2012)),
results in fits to models where M=3, 5, or 10 with solenoidal
or mixed forcing (with or without magnetic field) and low SFE.
Furthermore, the case of Cha III (mostly lognormal, showing
only a slight deviation at high densities, though not a clear
power-tail) is only reproduced by a SFE of 0% and different val-
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Fig. 5. (Left) Power spectra of the column density maps of the Chamaeleon clouds, which were determined from the Herschel images reprojected
to a common 6”/pixel grid (see Sect. [B.1). (Right) The A-variance spectra of the same column density maps. The dotted vertical line indicates the

resolution limit of 36”.

ues of the Mach-number (the higher M the broader the PDF).
The Cha II region cannot be clearly pinpointed. Various combi-
nations of M and SFE lead to this PDF shape. However, they
share the fact that the SFE is higher than 0% and that com-
pressive forcing is not the dominating source of energy because
the PDF is narrow. Here, we make use of the results of the A-
variance that led to slope values of g = 2.3-2.5 (with an error
of 0.2 to 0.6) for all regions, corresponding to an y = —1.3 to
—1.5 for the exponent of the radial density distribution. Compar-
ing these values to Table 2 in|Federrath & Klessen|(2013)) shows
that the SFE for these values lies between 0 and 1%. The value of
a = 0 given in|Federrath & Klessen| (2013)), that was determined
from the extinction map presented in Schneider et al.| (2011), is
consistent with our values, considering our large error on 5. The
case of Cha I is only vaguely reproduced in some models (e.g.,
solenoidal forcing with SFE 5% and M=10) where a cut-off at
high densities due to resolution effects may also play a role.

5.2. The peculiar density distribution in Cha |

Assuming our interpretation of a distinct, second (high)-density
component for Cha I is correct, the origin of this component re-
mains to be understood. Various authors proposed that the star
formation process is close to an end in Cha I (e.g., Belloche et al.
2011b). Our Herschel observations show that the region consists
mainly of individual dense (Ay >10 mag) cores and clumps (size
scales 0.2 to 0.5 pc) embedded in a ridge of emission on a level
of Ay=4-5 mag with a sharp border to the low-density regime
that consists of striations (see Figs. [T] and [6] where the ridge
is clearly outlined by the Ay =4 mag contour). At this stage of
evolution of the Cha I cloud, mass transport to the ridge via stri-
ations is unlikely to play a significant role if the star-formation
process indeed has come to an end, in contrast to the Taurus
B211 filament where Palmeirim et al.| (2013)) argued for mass
supply to filaments. The faint striations seen in Cha I may be

—76°00'00"

—77°00'00"

Dec(2000)

—78°00'00"

11"00™00°
RA(2000)

Ay

Fig. 6. Column density map of Cha I in which the colour scale is chosen
to represent the characteristic Ay levels (4, 10, and ~20 mag) seen in the
PDF. The Ay=4 mag level is indicated as a grey contour while the other
two levels become obvious as a change in colour.

the left-over low-density gas, mixed with dust, aligned with the
magnetic field lines (Whittet et al.||1994, see Sect. @ Kainu-
lainen et al.| (201 1)) proposed that such sharp spatial/density tran-
sition between a ridge and extended emission may be explained
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by pressure equilibrium. The authors interpreted the deviation
of several observed PDFs from a lognormal — turbulence dom-
inated — distribution at Ay ~ 4 as a phase transition between a
dense population of clumps and the diffuse interclump medium.
This implies that for Cha I, the whole ridge should be pressure
confined with < Nyjgee >< Trigge >~< Neyr >< Topr > (assum-
ing equal areas). However, the average external column density
(< N >) is at least a factor of 2 smaller than the one in the
ridge, while the temperatures do not differ much (7T}igze.~12 K
and T,,,~13 K, clearly seen in the striations, and up to 14 K at
a few pc distance). Pressure confinement would require much
higher temperatures which is not observed.

5.3. The star-formation history in the Chamaeleon clouds

In the following, and taking into account the ensemble of param-
eters extracted from the new Herschel observations and previous
studies of the Chamaelon clouds, we summarise the informa-
tion on the star formation history across the three clouds. Cha I
has formed stars (clustered in the three Cederblad groups) and
shows indications that it has arrived to its end of star-formation.
This molecular cloud forms a ridge with a few filamentary struc-
tures and clumps. The ridge is embedded in low-density gas with
striations that run parallel with the magnetic field. Cha II has a
clumpy structure with ongoing star-formation, and faint stria-
tions are only marginally observed. Cha III shows no clear signs
of star-formation, it’s organised into a complex network of fil-
aments with low column densities, and shows fewer structures
that resemble striations, particularly absent on the east part of
the cloud.

Assuming that the three clouds are part of a coherent com-
plex (very likely in view of the '>CO data), the question arises as
why they evolved in a different way. It is proposed by theory that
molecular cloud formation is governed by large-scale turbulence
such as expanding shock fronts due to supernovae explosions.
The Chamaeleon region is indeed exposed to the Sco-Cen OB
associations, and their stellar winds and supernovae might have
initiated the formation of the clouds, which per se is not a rea-
son why the clouds would end up with different properties due
to this energy injection. Different initial distributions of atomic
hydrogen and statistical dynamics (as it is seen in colliding H1
flow simulations) could have led to the observed cloud pattern,
with filaments in Cha III still evolving either to merge and built
up a larger structure or dissolve, and a ridge-structure in Cha I
where the same process already came to end.

The magnetic field in the region could also play a signifi-
cant role in shaping the cloud structure and star-formation activ-
ity. If we assume that the orientation of the large scale magnetic
field measured for Cha I does not change significantly towards
Cha III, the fewer striations seen in this cloud do not appear to
show a preferred alignment. Preliminary results from Planck’s
Galatic observations and MHD simulations, point towards an
anti-correlation between the measured degree of polarisation and
the dispersion of polarisation angleﬂ In Chamaeleon, polarisa-
tion measurements from the Planck satellite could be particu-
larly relevant to understand their differences in star-formation
history. Given that the large-scale turbulent structure of the three
clouds does not vary by much across the regions, and the ob-
served differences in the current density structure arise mainly
from gravity, one could speculate that the initial difference in
mass accretion along these striations — guided by the local mag-
netic field — shaped the star-formation history of the three re-

gions. This could explain why Cha III is a quiescent cloud if it
has not experienced this mass accretion process.

6. Conclusions

New Herschel photometric observations of the three
Chamaeleon clouds (I, II, and III) taken with the PACS
and SPIRE instruments in an homogeneous way were presented
in this paper. They were analysed with a set of tools to charac-
terise quantitatively the large scale structure and extended dust
emission, and study their possible relation to the accentuated
differences seen today amongst the three clouds, with Cha I
likely at the end of star-formation, Cha II actively forming stars,
and Cha III in a quiescent state.

The column density and temperature maps derived from the
Herschel data reveal important morphological differences for the
three clouds, with a ridge-like structure for Cha I surrounded by
faint filaments (striations) aligned with the large-scale magnetic
field, a clump-dominated regime for Cha II, and a complex low-
density filamentary network for Cha III.

Filamentary-like structures share a common width
(~0.12+£0.04 pc) consistent with values inferred from ob-
servations of other star-forming regions (e.g., |/Arzoumanian
et al.| 2011} |André et al.|2014). However, only in Cha I and II
filaments are found to be predominately gravitationally unstable.

All regions show a PDF described by a lognormal distribu-
tion for low column densities with a width of ~0.45 to 0.6 mag
and a peak at Ay~2 mag. For higher column densities, the PDFs
show significant differences, with Cha II being the only region
where a classical single power-law tail with a slope indicative of
free-fall collapse is seen. We compared the PDFs to the results
from hydrodynamic simulations of |Federrath & Klessen|(2012),
and conclude that they are broadly described by models where
M=3, 5, or 10 with solenoidal or mixed forcing (with or without
magnetic field) and low SFE.

Overall, the turbulence properties of the three regions do not
show large differences, lending strength to a scenario where the
clouds are impacted by common large-scale processes. We em-
phasise, however, that an alignment of faint filaments periph-
eral to dense structures with the magnetic field is clearly seen
in Cha I. Similar preferential distributions have been found in
other star-forming regions (e.g., Palmeirim et al.|2013)). Future
results from the Planck mission on polarisation will quantify the
relation between the magnetic filed and the structures in Cha II
and Cha III. If proven that striations are important channels of
accretion of ambient material into filaments, the magnetic field
could play an important role in shaping the differences in the
star-formation history of the Chamaeleon complex regions.
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