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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.

Key words. ISM: clouds — ISM: structure — stars: formation — local insterstellar matter

1. Introduction

The formation of stars appears to occur preferentially within
filamentary structures (André et al. 2014; Konyves 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.
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~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 2400 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
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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 r,,. The width of the fila-
ment profile within 7y, 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, Ar, 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 ir, 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: hdyee = Vhd? — HPBW? (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, hdge.
in Table 3 of Arzoumanian et al. (2019). In our notation, we
define hdg.. to be FWHMg... When necessary, we convert
the “deconvolved” width, FWHMg.., to the observed width,
FWHM,ys, following Arzoumanian et al. (2019):

FWHM s = + HPBW?, 6]

dec

\/FWHM2

where HPBW, the telescope half-power-beam-width, is equal
to 18.2”. We stress that calculating FWHMg, 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 FWHMgg, to facilitate comparison with their work.
In addition to the hdg4.., we also used the values of 2 r,,; as well
as the spread of the per-cloud distribution of hdg.. —which we
denote as c(FWHMge.)— 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 de, While those used in
Arzoumanian et al. (2019) are denoted as d,q.

3. Dependence of filament widths on distance

Using the new cloud distances, dpey, 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 FWHMge.
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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Fig. 1. Mean “deconvolved” filament width for each cloud analyzed by
Arzoumanian et al. (2019), as a function of the updated cloud distance
(dpew). A colored symbol shows the ensemble average width of fila-
ments within a cloud. The vertical lines span the +10 range of the dis-
tribution of the filament widths of that cloud. Two points mark the full
range of distances to a cloud, when such measurements are available. A
dotted line shows the Herschel beam size. The background shows a dis-
tribution of the filament widths for each cloud, drawn from a Gaussian
distribution with the number of measurements per cloud reported in the
original study (see text). We only show a realization for the nearest dis-
tance limit of each cloud for clarity.

mean “deconvolved” filament width, FWHMg,., as a function
of dpew, for each cloud in the Arzoumanian et al. (2019) sam-
ple separately. Each data point represents an ensemble average
over the set of filaments identified in a cloud by their study, and
error-bars denote the standard deviation of the distribution of fil-
ament widths in each cloud. The mean filament width system-
atically increases by a factor of ~4 when comparing the near-
est and farthest clouds. For each cloud we use the full range of
likely distances, as obtained in Appendix A, to demonstrate the
full error budget. We find a similar trend in the original data as
published in Arzoumanian et al. (2019, which show a factor of
~2 increase). For example, using the values reported in Table 3
of Arzoumanian et al. (2019), filament widths in IC 5146 (with
amean of 0.13 pc and o of 0.04 pc) are more than one standard
deviation larger than those in Taurus (with a mean of 0.06 pc and
a spread of 0.02 pc). We have verified that the trend is also seen
in the widths obtained by Gaussian fits provided in Table 3 of
Arzoumanian et al. (2019).

Clouds at distances larger than 300pc (Polaris, Orion,
IC5146) clearly show higher values for the mean width. If
one were to combine filament widths from all clouds, as in
Arzoumanian et al. (2019), the resulting distribution would have
a mean of ~0.1 pc. This is noted in their Sect. 4.1 when alter-
native distances are considered. However, it is clear from Fig. 1
that the clouds that are farther than ~300 pc pull the mean of the
distribution toward higher values. In particular, the 234 filaments
of Orion B constitute 40% of the total number of filaments in the

sample and significantly contribute to the larger values around
0.1pc.

To demonstrate the level of discrepancy, we compared the
distributions of the two clouds with the largest number of fila-
ments (Orion B and Taurus, with 234 and 110 filaments, respec-
tively) via a two-sided Kolmogorov-Smirnov (K-S) test. We
used the reported mean width, the +10 standard deviation, and
the number of identified filaments, Ng;, to draw mock filament
widths from a normal distribution. Figure 1 shows one random
realization of filament widths drawn as described above for all
clouds (background grayscale), using the same number of fil-
aments per cloud as the original paper. The K-S test rejects the
hypothesis that the distribution of widths from filaments in Orion
is drawn from the same distribution as that of Taurus, with a p-
value < 107%°, This is true for both the original widths as well as
the rescaled values after updating cloud distances.

Finally, we also examined the spread of the per-cloud dis-
tribution of filament widths. If all clouds had the same intrinsic
spread of filament widths, we would expect to find the reported o
of the distribution of FWHMg.. 0(FWHMj,.) to be independent
of distance'. Contrary to that expectation, the per-cloud spread
o(FWHMg.) are correlated with the cloud distance, and they
are found to increase from 0.026 for the nearest cloud to 0.09 pc
for the farthest cloud (Pearson correlation coefficient of 0.94 and
a p-value of 4 x 107). It is unlikely that the different sample
sizes are driving this scaling, as the c(FWHMy,.) are uncorre-
lated with the number of filaments per cloud, Ng;.

In summary, we have found that the mean and the spread of
the per-cloud distribution of filament widths significantly depend
on distance from the observer. A K-S test rejects the null hypoth-
esis that the distribution of widths in nearby clouds is consis-
tent with that of farther away clouds. These findings contradict
the interpretation of the mean width of 0.1 pc, averaged over
all clouds, as being representative of the whole filament sample
(i.e., universal).

4. Resolution may strongly affect filament profiles

The apparent increase of the mean filament widths as a func-
tion of distance (Fig. 1) suggests that filament profiles are not
resolved. Yet, filament FWHM,, are several times larger than
the beam size of 18.2” (as can be seen by comparing the data
with the line of Fig. 1). To understand this apparent contradic-
tion, we investigated the effect of the resolution on the profile
of a filament in the nearby Taurus molecular cloud. We tested
the following hypothesis: “Is resolution, in principle, capable of
producing as significant a rise of filament width with distance
as observed?”. To answer this question, we performed a sim-
ple experiment: we progressively reduced the resolution of the
map of the Taurus main filament, effectively “observing” it with
angular resolution corresponding to the original Herschel beam
at larger distances (i.e., we performed a convergence test as in
the CMF study of Louvet et al. 2021). We then measured the
FWHM of the filament at these different resolutions.

As we are interested in understanding the effect of the beam
size, we used the observed FWHM,,, not the “deconvolved”
FWHMge. (Eq. (1)), as well as the updated distance estimates,
dhew (Table A.1). The measurement of FWHM,y, involves two
main operations: (a) convolution with the telescope beam and
(b) truncation of the profile at radii larger than ry, (Sect. 2).
First, we numerically convolved the column density image of

! This expectation holds if the intrinsic spread is measurable with

Herschel, e.g., not limited by resolution.
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Fig. 2. Comparison between the observed dependence of FWHM,,s on
the distance (gray data points, symbols as in Fig. 1) and that of a radial
profile of a filament in Taurus, after reducing the angular resolution of
the Herschel map to correspond to the physical resolution of a 18.2”
beam at the observed cloud distances (red diamonds). Dotted lines mark
1,2, 4, and 5 times the beam size.

Taurus to achieve resolutions equivalent to 0.023 pc, 0.037 pc,
and 0.067 pc (corresponding to a beam size of 18.2" at distances
of 260 pc, 423 pc, and 762 pc). Using the same filament skele-
ton for all images, we constructed the filament’s radial profile,
determined 7y, and measured FWHM,,s. We refer the reader to
Appendix B for more details.

In Fig. 2 we compare the FWHM,,s obtained for this reso-
lution study with the per-cloud mean FWHM,ys, as a function
of cloud distance. The effect of resolution dramatically changes
the FWHM,,s of the Taurus filament profile (red diamonds),
with values increasing by a factor of 10 from the original image
(140 pc) to the largest distance of 762 pc. While the per-cloud
mean FWHM,,, do rise with distance, this rise is shallower than
that of the single profile of the resolution study. We note that
the reduction of angular resolution is not necessarily equivalent
to placing the same cloud at different distances. However, this
convergence study allows us to examine whether all filaments
observed with the same resolution in physical units have the
same width of 0.1 pc. This does not seem to be the case: if the
Taurus filament had been observed with a physical resolution of
0.067 pc (as filaments in IC 5146) instead of 0.012 pc, it would
appear to have a width of 0.99 pc compared to the mean width of
0.24 pc of filaments in IC 5146.

We have thus shown that resolution can produce an increase
in the FWHM,ys of a single filament by a factor of ~10, which is
much larger than the increase in the per-cloud mean FWHMps
(factor of 4). The observed rise in the per-cloud mean FWHM s
with distance could, at least partially, be explained by resolution.
The remarkably linear dependence of FWHM,,s on the distance
of ~4 X beam at large distances would suggest that indeed fila-
ments are not resolved. Resolution and beam confusion can lead
to the detection of structures of a few times the beam size; for
example, cloud diameters were found to be 3 times the beam
size in Verschuur (1993) as a result of the hierarchical nature
of the medium. Further work is needed to reliably disentangle
possible effects of resolution from a possible intrinsic variation
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of filament widths. The mean width of the entire cloud sample
of 0.1 pc may not be robust to changes in resolution. Verifying
or disproving this, however, is beyond the scope of the present
work.

5. Conclusions

We have revisited the observational results of Arzoumanian et al.
(2019) on filament widths in the HGBS. By examining the data
of different clouds separately, we have unveiled a trend that
has been hidden in the data: a dependence of the per-cloud
mean filament widths on the distance from the observer. While
the ensemble average widths over all clouds is 0.1 pc, this is
not a representative statistic. The distribution of mean filament
widths for nearby clouds is incompatible with that of farther
away clouds. In addition, the spread of per-cloud filament widths
depends on distance. The data thus contradict a universal width
of 0.1 pc with a spread of ~2 for all clouds, as originally inferred
by Arzoumanian et al. (2011).

The scaling of FWHM with distance is reminiscent of
that found in other Herschel surveys (Schisano etal. 2014;
Rivera-Ingraham et al. 2016), recognised as the effect of reso-
lution. Even though the observed filament widths are multiple
times the beam size, we have demonstrated that the effect of
resolution on the shape of an observed filament profile is not
negligible. We considered the case of the profile of a filament
in the Taurus molecular cloud. We performed a resolution study
by convolving the column density image of Taurus with varying
beam sizes. The resolution has a dramatic effect on the recovered
filament width: the width increases with distance more steeply
than the per-cloud mean widths. In combination with the almost
linear scaling of mean filament widths with distance (4—5 times
the beam size), our results strongly suggest that resolution biases
the measurement of filament widths.

Our results are in agreement with a growing body of evi-
dence showing that filament radial profiles exhibit more com-
plexity than can be captured by the picture of a “characteristic”
width. Filaments show substructure when observed with spectral
line tracers (Hacar et al. 2013) and can appear significantly nar-
rower when observed at a higher resolution than Herschel (e.g.,
with interferometers targeting spectral lines of dense gas tracers,
Ferndndez-Lépez et al. 2014; Hacar et al. 2018; Monsch et al.
2018). Filament radial profiles can vary by factors of 2—-10
from one end of the structure to the other (Juvela et al. 2012b;
Suri et al. 2019), and averaging is shown to bias the shape of the
resulting profile (Whitworth et al. 2021).

By understanding the inherent biases in characterizing fila-
ment profiles, we can correct for them. Assuming a Gaussian
deconvolution (Eq. (1)) does not accurately recover the intrin-
sic FWHM (Appendix B). Beam effects should be mitigated by
forward modeling (e.g., Juvela et al. 2012a; Smith et al. 2014,
Federrath 2016; Seifried et al. 2017) or analytical functions that
explicitly take these into account (Fischera & Martin 2012a).
Tools that go beyond the 1D description of a filament pro-
file (e.g., wavelet decomposition Robitaille et al. 2014, 2019;
Ossenkopf-Okada & Stepanov 2019) can allow for a deeper,
more nuanced understanding of the nature of interstellar fila-
ments and their environment (e.g., as a hierarchical medium that
is only limited by the beam size, Robitaille et al. 2020).
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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 +10 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, dAg, 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 A 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.l. 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
140pc (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 + 3pc and 144 + 1 pc from Very Long Baseline
Interferometry and Gaia, Ortiz-Ledn et al. 2018).

A.3.I1C5146

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

L13, page 6 of 11

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

Cloud 1) b))  duew (pe) doa (pc) Ref.
IC5146 937 46 77470 460 (1)
IC5146 934 42 792} 460 (1)
IC5146 940 -49  730%) 460 (1)
IC5146 944 55 751738 460 (1)
OrionB 2057 -14.8 43632 460 (1)
OrionB 2079 -168 411'2 460 (1)
OrionB 2074 -160 451*Z 460 (1)
OrionB 2048 -13.3 4152 460 (D)

Taurus 1716 -15.8  130%1} 40 (D)

Ophiuchus  352.7 154 1397] 140 (D
Ophiuchus  353.2 16.6  139*7 140 (D)

Aquila 284 39  250+5 260 (2

Aquila 288 4.1 25045 260 (2

Aquila 28,6 32 25045 260 (2

Aquila 286 3.8  250+5 260 (2

Aquila 287 35 25045 260 (2

Aquila 268 34 260+5 260 (2
Polaris 1243 253  355%5 150 (2
Polaris ~ 123.7 24.8  355%5 150 (2
Polaris 1237 252  355+5 150 (2
Polaris 1233 249  350+5 150 (2
Polaris 1247 252  360+5 150 (2

Musca  301.2 -84 17045 200 (2)

Musca  300.8 9.1 17045 200 (2

Pipe 00 46 15545 145 2)
Pipe 358.6 59 15045 145 2)
Pipe 3572 6.9 15045 145 2)
Pipe 357.7 6.6 15045 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 460f28 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 150pc
assumed in Arzoumanian et al. (2019). Despite this being
a commonly adopted distance (e.g., Benschetal. 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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Fig. A.1. Herschel column density maps of clouds with distance measurements from Zucker et al. (2020). Red circles mark the sightlines with

measured distance.

for a detailed literature review). Polaris (the star) exhibits some
extinction and polarization, leading Panopoulou et al. (2016) to
also erroneously conclude that the cloud is in front of the North
star. However the bulk of extinction clearly arises at 350 pc as
seen in Fig. A.3 (and also Schlafly et al. 2014).

A.6. Pipe

Extinction toward the Pipe nebula is found to lie within [150,
155] pc. This is consistent with the previously adopted distance
of 145 + 16 pc, based on linear polarimetry and Hipparcos dis-
tances (Alves & Franco 2007).

A.7. Aquila

Our distance limits to Aquila are [250, 260] pc, consistent with
the distance of 260 + 37 pc, which was based on stellar extinc-
tions in the general area of Serpens (Straizys et al. 1996).

A.8. Musca

Our determination of the distance to Musca is 170 pc; there is no
variation among the selected sightlines. The previously adopted
distance was 200 pc, selected by Cox et al to be “in between”
the estimates by Franco (1991) and Knude & Hog (1998) (stellar
extinctions toward the general region of the Chamaeleon clouds).
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Fig. A.2. Herschel column density maps of clouds for which we found the distance using the 3D dust extinction map of Leike et al. (2020). Red
circles mark the sightlines used to derive distances.
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Appendix B: A case study in Taurus on the effects
of beam convolution

We investigated the effect of resolution on a radial profile from
the Taurus B211/B213 filament. First, we convolved the column
density map of Taurus with Gaussian kernels of different sizes to
simulate the effect of observing the same cloud at lower resolu-
tion. We chose resolutions in physical size that correspond to the
Herschel beam of 18.2" at distances of 140 pc (the native reso-
lution), 260 pc (distance to Aquila), 423 pc (distance to Orion),
and 762 pc (distance to IC 5146).

The convolution was performed using the astropy
convolve method. A 2D Gaussian kernel was defined so that
the final resolution of the image (beam size) has a physical size
of 0.023 pc, 0.037 pc, and 0.067 pc, corresponding to the Her-
schel beam of 18.2"” observed at distances of 260 pc, 423 pc,
and 762 pc. More specifically, we calculated the kernel stan-

dard deviation as: Okemnel = \/bearn%mll - beamiznitial/ 2V2In2),

where beamg,, is the desired resolution of the image, beamiy;tia
is the Herschel beam, and all quantities are measured in units of
pixel on the image.

We used the publicly available skeleton of the Taurus
Herschel map, which was produced using DisPerSe — see
Arzoumanian et al. (2019). We input this skeleton to the radfil
Python package (Zucker & Chen 2018) and extracted the median
radial profile along the filament crest (shown in Fig. B.1). We
focused on a single filament to isolate the effect of resolu-
tion from other effects such as averaging over the filament
population.

The median radial profile obtained from the images
“observed” with lower angular resolution is shown in Fig. B.2.
By changing the resolution, we see a reduction in the peak ampli-
tude of the profile, while the overall shape remains similar in
angular units (Fig. B.2, left panel). When comparing the pro-
files in physical units, the profiles become drastically broader
for larger beam sizes (lower resolution).

For each profile, we measured the FWHM similarly to
Arzoumanian et al. (2019), as follows. We found the outer trun-
cation radius, r,,;, where the derivative of the profile, dNH,/dr,
becomes consistent with zero over a range of distances.
The derivative and corresponding r,,, are shown in Fig. B.2

140 pc

27.50°

27.40°

Dec.

27.30°

27.20°

(bottom right panel). The values of r,, are 0.25pc, 0.5 pc,
0.95 pc, and 1.5 pc for the profiles at 140 pc, 260 pc, 423 pc, and
762 pc. We then calculated the mean column density of the pro-
file at all radial distances beyond r,,,. We subtracted this mean
value (background) from the profile and then set all negative val-
ues to zero. We finally found the half-radius and multiplied by
2 to obtain FWHMys. The results are shown in Fig. 2 and dis-
cussed in the main text.

Previous works have indicated that filament widths have a

dependence on the choice of the truncation radius (Smith et al.
2014; Panopoulou et al. 2017). To ensure a fair comparison with
Arzoumanian et al. (2019), we compared our recovered r,,, with
the reported per-cloud average r,,, from their work. We rescaled
the values of 2 ryy (Arzoumanian et al. 2019, table 3) to the new
cloud distances and plotted them in Fig. B.3. The values were
found to scale approximately linearly with distance. We fit a lin-
ear regression to the data using the lower distance limits and
obtained the following:
2 rout = 0.00112 dyey, + 0.072 pc. B.1)
Fitting the lower or upper limits of d,, yields essentially iden-
tical results. Dividing by 2, we obtained the slope and inter-
cept for obtaining the truncation radius r,, at a given distance.
We checked that using the mean r,,, for a given distance from
Eq. B.1 produces essentially identical FWHM,,s with respect to
those that used the profile-flattening criterion for the example fil-
ament in our resolution study. The one exception is for the largest
distance considered, where the Taurus profile differs by 40% for
the two choices of r,,;.

The effect of the beam size has previously been treated as a
simple convolution of Gaussians (Eq. 1). However, Eq. 1 should
not be used to deconvolve any arbitrary functional form of a pro-
file from a Gaussian beam. This can be readily understood as
a consequence of the Fourier properties of a Gaussian function
and the convolution theorem. Indeed, as noted in Zucker & Chen
(2018), Eq. 1 does not have the desired effect of correcting for
beam convolution. For the example profiles shown in Fig. B.2,
the “deconvolved” FWHMy,. from Eq. 1 can differ by up to a
factor of 10 from the initial FWHM,,,, of the profile at 140 pc. A
simple beam deconvolution does not recover intrinsic properties
of the profile.

423 pc

64.90° 64.80° 64 70° 64.60° 64.50°

0.5 1.0 x 1022

NH> (cm™2)

Fig. B.1. Filament in Taurus observed with different beam sizes. The filament crest (obtained from the HGBS archive) is marked with a red line.
The images were obtained by convolving the original Herschel column density image of Taurus (left panel) with a Gaussian kernel to achieve
effective resolutions corresponding distances of 260762 pc. The right panel shows the map for 423 pc.
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Fig. B.2. Median radial profile of a filament in Taurus (Fig. B.1) for different choices of resolution, corresponding to the Herschel beam of 18.2" at
distances of 140 pc, blue; 260 pc, orange; 423 pc, green; and 762 pc, red. Top left: Profile comparison in angular units. Top right: Profile comparison
in physical units. Bottom left: Profiles after background subtraction (with logarithmic horizontal axis for better visualization). The vertical dashed
lines mark the r,,, defined in the bottom right panel. Bottom right: Derivative of radial profile. The radial distance where the derivative flattens
determines r,,, (vertical dashed lines), following Arzoumanian et al. (2019).
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Fig. B.3. Outer truncation diameter as a function of (updated) cloud distance. The line is a linear fit to the data points choosing all lower distance
limits. A fit to all upper distance limits yields similar results. Symbols as in Fig. 1.
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