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ABSTRACT

Context. Filamentary structures in nearby molecular clouds have been found to exhibit a characteristic width of 0.1 pc, as observed
in dust emission. Understanding the origin of this universal width has become a topic of central importance in the study of molecular
cloud structure and the early stages of star formation.
Aims. We investigate how the recovered widths of filaments depend on the distance from the observer by using previously published
results from the Herschel Gould Belt Survey.
Methods. We obtained updated estimates on the distances to nearby molecular clouds observed with Herschel by using recent results
based on 3D dust extinction mapping and Gaia. We examined the widths of filaments from individual clouds separately, as opposed
to treating them as a single population. We used these per-cloud filament widths to search for signs of variation amongst the clouds
of the previously published study.
Results. We find a significant dependence of the mean per-cloud filament width with distance. The distribution of mean filament
widths for nearby clouds is incompatible with that of farther away clouds. The mean per-cloud widths scale with distance approxi-
mately as 4−5 times the beam size. We examine the effects of resolution by performing a convergence study of a filament profile in
the Herschel image of the Taurus Molecular Cloud. We find that resolution can severely affect the shapes of radial profiles over the
observed range of distances.
Conclusions. We conclude that the data are inconsistent with 0.1 pc being the universal characteristic width of filaments.
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1. Introduction

The formation of stars appears to occur preferentially within
filamentary structures (André et al. 2014; Könyves et al. 2015).
Special attention has been given to one morphological property
of these structures: their width. In models of idealized hydro-
static cylinders, the radius is related to the stability of the struc-
ture (Ostriker 1964). In particular, the radius of the column
density profile is expected to scale inversely with the column
density following the thermal Jeans length. Arzoumanian et al.
(2011) analyze a large sample of filaments in Herschel dust
continuum images and show that the observed widths of fila-
ments are almost independent of the column density and are
uncorrelated with the Jeans length – contrary to theoretical
expectations.

Despite the wide range of filament column densities, filament
widths are found to follow a narrow distribution, which peaks at

? Hubble fellow.

∼0.1 pc with a spread of only a factor of 2 (Arzoumanian et al.
2011). This surprising finding has led to the proposition that
filaments show a characteristic width – one that is univer-
sal among clouds with drastically different properties (e.g.,
star formation rate, mean column density, Arzoumanian et al.
2011; André et al. 2014). Recently, Arzoumanian et al. (2019)
extended the analysis of filament widths to a much larger sam-
ple of filaments in the Herschel Gould Belt Survey (HGBS),
finding results in agreement with their earlier study. Multiple
theoretical models have been proposed to explain the observed
distribution of widths and the apparent independence with the
column density (Fischera & Martin 2012a,b; Hennebelle 2013;
Hennebelle & André 2013; Federrath 2016; Auddy et al. 2016;
Federrath et al. 2021; Priestley & Whitworth 2021). To date, no
model has been able to reproduce the properties of the distri-
bution over the wide range of filament column densities in the
sample of Arzoumanian et al. (2019).

The presence of a characteristic width has been called into
question from several investigations. Panopoulou et al. (2017)
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show that commonly adopted choices in the analysis of filament
radial profiles lead to significant biases in the resulting width dis-
tribution. First, the width of Herschel filaments was originally
determined from the full-width-at-half-maximum (FWHM) of
a single radial profile: one that results from averaging the con-
tribution of equidistant points at each radius along the filament
spine. The reported distribution of widths is thus a distribution
of the mean filament widths, leading to an artificially narrow
spread as a result of the central limit theorem. When considering
widths measured at all points along a filament’s crest, broader
distributions are invariably found (with a spread 2−3 times
that of the crest-averaged distribution, Panopoulou et al. 2017;
Arzoumanian et al. 2019; Suri et al. 2019). Second, the deter-
mination of the filament FWHM has a strong dependence on
the choice of the maximum radial distance within which the fit
is performed (Smith et al. 2014). Ossenkopf-Okada & Stepanov
(2019) perform an independent analysis of Herschel data using
a wavelet decomposition and do not find signs of a characteris-
tic width common to all of the clouds in their study. Recently,
Louvet et al. (2021) investigated the effect of the telescope beam
size on the core mass function (CMF), finding that both the peak
of the CMF and the radial extent of filaments are dependent on
the resolution.

Juvela et al. (2012a) study how telescope resolution can
affect the properties of recovered filament profiles by employ-
ing magneto-hydrodynamical (MHD) simulations and radia-
tive transfer post-processing. The resulting filament widths are
mildly affected (10% level) unless the structures are placed at
distances &400 pc (beyond which the structures become unre-
solved), they are affected by background confusion, or they have
complex dust opacity (in which case biases of ∼40% are found).
Observations treating the effect of varying dust optical proper-
ties have also found slight variations in filament widths com-
pared to the case of the assumed simple opacity on the order of
60% (Howard et al. 2019). The level of bias caused by resolu-
tion on filament widths in the aforementioned works is model-
dependent; for example, the 0.01-pc-wide filaments simulated
by Seifried et al. (2017) have observed widths a few times wider
than their true value.

In this Letter, we revisit the original data that support the
presence of a characteristic width of 0.1 pc. Using the most
recent developments in the determination of molecular cloud
distances based on Gaia, we revised the estimates of filament
widths published from the HGBS survey. We demonstrate that
the mean filament width increases as a function of distance
(Sect. 3). This trend refers to the ensemble average of widths
over the population of filaments in a cloud. We investigate
whether the trend could be related to telescope resolution though
a convergence study of a single filament profile (Sect. 4). We dis-
cuss our findings and conclude in Sect. 5.

2. Data

2.1. Literature measurements of filament widths

Arzoumanian et al. (2019) identified filaments on column den-
sity maps from Herschel for eight clouds in the HGBS. We
briefly summarize the salient points in their analysis leading to
the determination of filament widths.

In each image, the crest of filamentary structures (skeleton)
was obtained by using the DisPerSe algorithm (Sousbie 2011).
For each filament, a single radial column density profile was
created by taking the median of all points that are equidistant
from the crest along the length of the filament (we refer to this

as the crest-averaged profile). At some distance from the crest,
the profile flattens and merges with the background. The radius
at which this happens is denoted as rout. The width of the fila-
ment profile within rout of the crest was measured in two ways.
First, the authors found the radius where the profile drops to half-
maximum of the crest-averaged profile after background sub-
traction (half-radius, hr, in their notation). The width is defined
as the half-diameter hd = 2 hr. Second, a Gaussian function plus
background was fit within 1.5 hr, and the width of the filament
is the resulting FWHM of the Gaussian. For each cloud, the dis-
tribution of filament widths was constructed. Arzoumanian et al.
(2019) calculated a “deconvolved” width, or half-diameter, as
follows: hddec =

√
hd2 − HPBW2 (HPBW is the telescope half-

power-beam-width).
In this Letter we use the nonparametric estimation of fila-

ment width, reported as the “deconvolved” half-diameter, hddec
in Table 3 of Arzoumanian et al. (2019). In our notation, we
define hddec to be FWHMdec. When necessary, we convert
the “deconvolved” width, FWHMdec, to the observed width,
FWHMobs, following Arzoumanian et al. (2019):

FWHMobs =

√
FWHM2

dec + HPBW2, (1)

where HPBW, the telescope half-power-beam-width, is equal
to 18.2′′. We stress that calculating FWHMdec as in
Arzoumanian et al. (2019) does not accurately correct for the
convolution with the beam, as we show in Appendix B, but we
chose to use FWHMdec to facilitate comparison with their work.
In addition to the hddec, we also used the values of 2 rout as well
as the spread of the per-cloud distribution of hddec –which we
denote as σ(FWHMdec)– as provided in their Table 3.

2.2. Cloud distances

We used the latest 3D dust extinction maps based on Gaia for the
determination of distances to clouds in the Arzoumanian et al.
(2019) sample. Zucker et al. (2020) have provided highly accu-
rate distance measurements (to within ∼5%) for a subset of
the clouds in this sample, namely: IC 5146, Orion B, Taurus
L1495/B213, and Ophiuchus. While they also provide estimates
for the Aquila Rift, the Pipe Nebula, and the Polaris Flare,
these are based on sightlines passing outside the area cov-
ered by Herschel. We therefore reanalyzed data from 3D dust
extinction toward these three clouds, as well as Musca, which
does not have a recent distance estimate in the literature, to
determine the distance to the filamentary structures seen in the
Herschel images. For this, we used the Leike et al. (2020) 3D
dust map which provides the highest distance resolution among
the existing maps within the Solar neighborhood, as described
in Appendix A. Distances to the Polaris Flare and IC 5146 are
the most discrepant between the updated measurements and the
default values adopted in Arzoumanian et al. (2019). The results
are summarized in Table A.1. Throughout the text, updated
distance estimates are denoted as dnew, while those used in
Arzoumanian et al. (2019) are denoted as dold.

3. Dependence of filament widths on distance

Using the new cloud distances, dnew, we rescaled the per-cloud
mean filament widths from Arzoumanian et al. (2019, from their
Table 3, see Sect. 2) to obtain revised estimates of FWHMdec
for each cloud. The same operation was performed to the spread
of the distribution of widths for each cloud. Figure 1 shows the
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Appendix A: Cloud distances

We used the latest results from 3D dust extinction mapping
to update the distance estimates of clouds in the sample of
Arzoumanian et al. (2019). Zucker et al. (2020) provide distance
measurements for a large list of nearby molecular clouds. They
combined stellar photometry with the Gaia Data-Release-2 stel-
lar parallax to model stellar extinction as a function of distance in
discrete sightlines toward these clouds. For each cloud we con-
sidered all sightlines (from their table A.1) that fall within the
footprint of the Herschel maps (Fig. A.1). We combined the sys-
tematic and statistical uncertainties for each measurement and
compared the ±1σ ranges among all sightlines. We considered
the lower limit of the cloud distance as the minimum of these
bounds, and similarly for the upper limit. We thus obtained a
lower and upper limit for the distance to four clouds in the sam-
ple: IC 5146, Orion B, Taurus, and Ophiuchus.

For the remaining four clouds in the sample (Aquila, Musca,
Polaris, and Pipe), there are no suitable distance estimates from
Zucker et al. (2020), that is to say either no sightline passes
within the Herschel footprint, or the cloud was not studied at all,
as for Musca. We therefore analyzed 3D dust maps to calculate
distance limits. We used the Leike et al. (2020) map which offers
the best distance resolution among available maps (∼1 pc). First,
we selected lines of sight that overlap with filaments as identi-
fied in Arzoumanian et al. (2019) (shown in Fig. A.2). Using the
dustmaps python package, we queried the Leike et al. (2020)
map to obtain the differential optical depth (optical depth per
parsec) for each line of sight. We converted the differential
optical depth to differential G-band extinction, δAG, following
Panopoulou et al. (2021). For all sightlines, the differential opti-
cal depth shows a prominent peak at a certain distance (Fig. A.3).
We found the distance of the δAG peak for each sightline. The
minimum and maximum peak locations for each cloud are con-
sidered to be the lower and upper limits for its distance.

Distance measurements for the sightlines toward all clouds
in the sample are given in Table A.1. For measurements from
Zucker et al. (2020), the quoted distance uncertainties include
the full statistical and systematic uncertainty as provided in their
table A.1. For measurements from this work, we quote the uncer-
tainty determined by the chosen distance binning of the 3D
dust map (5 pc). In the following, we compare the updated dis-
tance estimates with literature values used in Arzoumanian et al.
(2019).

A.1. Taurus L1495

The distance limits from Zucker et al. (2020) are [120, 140] pc,
which is consistent with the previously adopted distance of
140 pc (e.g., based on stellar photometry from Kenyon et al.
1994).

A.2. Ophiuchus

The distance limits for Ophiuchus of [131, 145] pc are consistent
with the previously adopted distance of 140 pc (in turn based
on highly accurate distance measurements toward parts of the
cloud of 138 ± 3 pc and 144 ± 1 pc from Very Long Baseline
Interferometry and Gaia, Ortiz-León et al. 2018).

A.3. IC 5146

The distance range for this cloud is [686, 833] pc by combining
the results of Zucker et al. (2020), as described above. The orig-

Table A.1. Summary of sightlines used to determine distance limits to
clouds.

Cloud l (◦) b (◦) dnew (pc) dold (pc) Ref.

IC 5146 93.7 -4.6 774+40
−41 460 (1)

IC 5146 93.4 -4.2 792+41
−42 460 (1)

IC 5146 94.0 -4.9 730+44
−41 460 (1)

IC 5146 94.4 -5.5 751+38
−39 460 (1)

Orion B 205.7 -14.8 436+32
−31 460 (1)

Orion B 207.9 -16.8 411+22
−24 460 (1)

Orion B 207.4 -16.0 451+23
−22 460 (1)

Orion B 204.8 -13.3 415+20
−21 460 (1)

Taurus 171.6 -15.8 130+11
−10 140 (1)

Ophiuchus 352.7 15.4 139+7
−6 140 (1)

Ophiuchus 353.2 16.6 139+7
−7 140 (1)

Aquila 28.4 3.9 250±5 260 (2)
Aquila 28.8 4.1 250±5 260 (2)
Aquila 28.6 3.2 250±5 260 (2)
Aquila 28.6 3.8 250±5 260 (2)
Aquila 28.7 3.5 250±5 260 (2)
Aquila 26.8 3.4 260±5 260 (2)
Polaris 124.3 25.3 355±5 150 (2)
Polaris 123.7 24.8 355±5 150 (2)
Polaris 123.7 25.2 355±5 150 (2)
Polaris 123.3 24.9 350±5 150 (2)
Polaris 124.7 25.2 360±5 150 (2)
Musca 301.2 -8.4 170±5 200 (2)
Musca 300.8 -9.1 170±5 200 (2)
Pipe 0.0 4.6 155±5 145 (2)
Pipe 358.6 5.9 150±5 145 (2)
Pipe 357.2 6.9 150±5 145 (2)
Pipe 357.7 6.6 150±5 145 (2)

Notes. Columns are cloud name, galactic coordinates of each sightline,
new distance, distance originally adopted by Arzoumanian et al. (2019),
and reference for the new distance – (1) for Zucker et al. (2020), (2) for
this work.

inal distance adopted by Arzoumanian et al. (2011) of 460+40
−60 pc

was derived by Lada et al. (1999) using star counts. An alterna-
tive distance of 950± 80 pc was also considered (Appendix A of
Arzoumanian et al. 2011), which was derived by stellar photom-
etry of late B-type members of the IC 5146 cluster (Harvey et al.
2008).

A.4. Orion B

The distance range for this cloud is [386, 474] pc (from
Zucker et al. 2020). This is consistent with the distance of
400 pc adopted in Arzoumanian et al. (2019) (obtained from
Gibb 2008).

A.5. Polaris Flare

Our distance estimate for the Polaris Flare is [350, 360] pc.
This is significantly discrepant from the distance of 150 pc
assumed in Arzoumanian et al. (2019). Despite this being
a commonly adopted distance (e.g., Bensch et al. 2003;
Ward-Thompson et al. 2010), it is nevertheless incorrect, and
can be traced back to Zagury et al. (1999), who assumed that the
cloud is foreground to Polaris (the star) (see Schlafly et al. 2014,
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