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ABSTRACT

Context. The existence of high-galactic-latitude molecular clouds has been known about for several decades, and studies of their dust
and gas distributions reveal complicated morphological structures. Their dynamics involve turbulence even in the absence of internal
energy sources such as stars.

Aims. We study in detail two such clouds, MBM 3 and MBM 16, trying to recover the geometric structure and topology of the gas
distribution. In particular, we address the evidence of superthermal asymmetric atomic and molecular line profiles as a result of filament
superposition combined with turbulent motions.

Methods. We used a variety of spectroscopic and imaging archival observations of the gas and dust components. The spectroscopic
data set comprises H1 21 cm, '2CO, *CO, and CH line profiles. We also used archival infrared images to study the dust distribution
and temperature. To understand the topology of MBM 3 and MBM 16, we compared molecular and atomic spectra, along with a
profile decomposition of the HI 21 cm line. Standard tools such as structure functions of velocity centroids were used to characterise
the turbulence in MBM 3, and channel maps and position-velocity diagrams were employed to elucidate the filament topology of both
clouds.

Results. The unusually large linewidths previously reported for MBM 3 are due to the superposition of individual filaments whose
superthermal linewidths are about 1 km s™'. In MBM 16, the cloud appears to decompose into two adjacent structures with similar
properties. The filaments have high aspect ratios, with lengths of about 1 pc and widths of about 0.1 pc. In general, the molecular gas
is embedded within more extended neutral hydrogen structures. Velocity gradients found within these structures are not necessarily
dynamical, convergent flows. Projection effects and topology of the driving flows produce signatures that mimic velocity shears even

if they are simply distortions of ordered gas.
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1. Introduction

The Galactic interstellar medium (ISM) displays structural com-
plexity at almost all length scales, from ~100 pc filaments
(Abreu-Vicente et al. 2016) to small parsec-scale molecular
clouds (Magnani & Shore 2017; Hacar et al. 2018). Both atomic
and molecular species show broadened, asymmetric line profiles
along individual lines of sight, indicating a turbulent environ-
ment (Elmegreen & Scalo 2004; Scalo & Elmegreen 2004;
Kleiner & Dickman 1985; Dickman & Kleiner 1985) and com-
plex 2D and 3D topology (Monaci et al. 2023; Kaminsky et al.
2023). The discovery of the infrared cirrus, especially notable
at high Galactic latitudes (see Low et al. 1984), clearly indi-
cated that filaments and sheets are prevalent in the diffuse ISM.
Filaments are found in different environments, including non-
star-forming clouds (see Men’shchikov et al. 2010; Monaci et al.
2023), low-mass star-forming clouds (see Men’shchikov et al.
2010; Arzoumanian et al. 2011), and even higher-mass clouds
(see Hill et al. 2011; Li et al. 2023).

Filaments have been studied theoretically by, for exam-
ple, Fischera & Martin (2012), who considered isothermal

* Corresponding authors: mmonaci@swin. edu. au;
loris@uga.edu; steven.neil.shore@unipi.it

self-gravitating infinitely long cylinders, and Federrath (2016),
who performed a 3D high-resolution magnetohydrodynamical
simulation of molecular clouds that form filaments and stars. The
latter found that ~0.1 pc-width filaments are remarkably univer-
sal, consistent with observations (see Arzoumanian et al. 2011;
Malinen et al. 2012; Benedettini et al. 2015). The direction of
these filaments often seems to be perpendicular to the magnetic
field (see Gaensler et al. 2011; Hennebelle 2013). More recently,
Colman et al. (2024) analyzed cloud properties of different types
in MHD simulations (from small-scale structures such as patches
of ISM to full galactic disks) using different codes, finding that
the mass spectra seem to be universal, as are filamentary struc-
tures. However, in their conclusions, Colman et al. point out that
the low-mass end of the distribution is highly sensitive to the
refinement criterion applied in the various codes; thus, the study
of low-mass, diffuse molecular clouds such as the diffuse and
translucent molecular clouds identified at high Galactic latitudes
by Magnani et al. (1985) is important for constraining models
and for understanding filamentation as a product of turbulence
in these low-mass structures.

In our previous paper, Monaci et al. (2023), we studied a
prototypical high-latitude molecular cloud (HLMC), MBM 40,
for which we had a significant amount of spectra and imaging
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data for molecular, atomic, and dust components. We proposed
a framework for the recovery of the velocity structure and topol-
ogy of the gas. Our intent here is to perform a compare and
contrast study of two other HLMCs, MBM 3 and MBM 16, for
which substantial and similar data are available. As for MBM 40,
we are trying to recover the 3D geometric structure and topol-
ogy of the gas distribution of these objects. In particular, we
analyze how the superthermal asymmetric atomic and molec-
ular line profiles can be interpreted as resulting from filament
superposition combined with turbulent motions.

2. The molecular clouds in this study

Here we describe the principal gas and dust properties of the
two clouds in this study as determined from previous '>CO
observations and dust imaging data.

2.1. MBM 3

MBM 3 is a HLMC centered at (:5:72000.0) ~ (1M16™:16°33");
(€:b) ~ (131.4°:—45.9°), as obtained from '>CO observations.
The cloud was discovered by Magnani et al. (1985) and a
complete CO(1-0) map and discussion of the cloud kinemat-
ics, energetics, and turbulence characteristics were presented by
Shore et al. (2006). There is no evidence of internal star forma-
tion (see Chastain 2005), implying that its internal dynamics are
not self-generated.

Shore et al. (2006), assuming a distance of about 130 pc,
derived a molecular mass of 20-40 M, and atomic mass of 10—
15 My. However, based on reddening derived from subsequent
photometric surveys, Schlafly et al. (2014) revised the distance
to 2773% pc, which is supported by more recent determina-
tions by Zucker et al. (2019), of 314 + 15 pc, and Sun et al.
(2021), of 309 + 4 pc. In this paper, we adopt 300 pc as the
value for the cloud’s distance. This new distance yields updated
molecular and atomic masses using 12C0O J=(1-0) for the H,
component and the neutral hydrogen 21 cm transition for the
atomic component. Adopting the standard relations N(H1) =
1.813-10'® [ Ty, dv em™ (see, e.g., Draine 2011) and N(H,)

=2-10% f Twp.co dv cm™2 (see Bolatto et al. 2013) yields My,
80 My and My, =~ 20 M. Correcting for the presence of helium,
which contributes another 25%, the total mass of the cloud is
Mror =~ 125 M. For a further discussion, see Appendix A. In
contrast, MBM 40 has My, ~ 20-40 M (Monaci et al. 2023).
Although MBM 3 was previously classified as a translu-
cent cloud, Schlegel et al. (1998) derived a maximum E(B-V) of
0.23 mag. Using the total-to-selective extinction ratio Ay /E(B —
V) = 3.1, the maximum visual extinction is thus ~0.7 mag, clas-
sifying MBM 3 as a diffuse cloud following van Dishoeck &
Black (1988). The left panel of Figure 1 shows a composite
view of MBM 3 in dust and gas (atomic and molecular). The
dust reflection very closely matches the molecular gas traced by
12CO (black thick contours). It is important to note that MBM 3
is a relatively dense molecular knot in a much larger H1 fil-
amentary structure, portions of which are molecular and also
associated with HLMCs MBM 4 and DIR 121-45 (Reach et al.
1998). Unlike MBM 40 (Monaci et al. 2022, 2023), in MBM 3
the atomic hydrogen (depicted in thin white contours in Figure 1)
does not show any particular spatial correlation with dust and
molecular gas, even when the selected velocity is the same as
the bulk velocity determined from '>CO observations. We shall
return to this in Section 4.4. The upper (northern) part of the
cloud (16.5° < § < 16.8°) is stronger in emission in both >CO

~

~
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and H1, whereas the lower (southern) part (16.2° < § < 16.5°)
shows weaker emission in both tracers. We refer to the northern
region as the “anvil” and the southern one as the “stem”, due to
their respective shapes.

In 2COJ=1-0) MBM 3 shows two distinct velocity compo-
nents, one at ~ —7 km s~! Local Standard of Rest (LSR) with an
unusually large linewidth of about 5 km s~'!, and another at ~
—1 km s, A map of the integrated antenna temperature shows
two separate clouds (see the top panel of Figure 2). Hereafter, we
refer to the cloud at ~ —1 km s~! as the “outlier cloud.” While
it is not clear if the two clouds are physically linked, the dearth
of HLMC:s at |b| > 30° makes it unlikely that the two structures
are completely unrelated (see Magnani & Shore 2017). They may
have formed within a much larger structure but still be physically
and dynamically distinct.

2.2. MBM 16

MBM 16 is a HLMC near the Taurus dark cloud complex. The
distance, inferred by Zucker et al. (2019), is about 170 pc. The
cloud was first detected by Magnani et al. (1985) and then fully
mapped in '?CO by LaRosa et al. (1999). The '2CO observations
show a 3° x 3° ring-shaped structure (see Figure 3), with the
strongest emission located at (a:0:J2000.0) ~ (3h24™:12°18");
(£:b) ~ (171.1°:=35.9°). Before the work of Zucker et al.,
MBM 16 was considered one of the nearest HLMCs, at about
80 pc (see Hobbs et al. 1988), half the distance of the Taurus
complex. However, large-scale IRAS 100 pm maps show that
the Taurus dark clouds seem to have a significant dust extension
down to b ~ —45° (see Magnani (1988) and Figure 1 of Magnani
et al. 2003). This morphological connection and a similar veloc-
ity for MBM 16 and the Taurus dark clouds suggest that they are
related. With the new distance, it seems plausible that it is part of
a much larger complex, as are MBM 3 and MBM 40. Like those
clouds, MBM 16 does not show any evidence of internal star
formation. Although Li et al. (2000) discovered four potential
T Tauri candidates in the direction of MBM 16, two of the can-
didates are clearly in front of the cloud from their Gaia DR2 and
EDR3 parallaxes (Gaia Collaboration (2016); Gaia Collaboration
(2018); Gaia Collaboration (2021) — Li et al. (2000) had assumed
a distance to the cloud of 60-95 pc based on the earlier Hobbs
et al. estimate), while the other (IRXS J032802.3+111441, a
binary) is likely at a distance of >190 pc, making its association
with the cloud unclear.

The highest E(B-V) value in MBM 16 is 1.05 mag at (£:b) ~
(171.2°:=37.3°) and several of the more intense dust concentra-
tions or knots are near that value based on the Schlegel et al.
(1998) database. The cloud’s location embedded in the large dust
structure south of the Taurus dark clouds implies that some of
the reddening is associated with the southern extension of the
latter. Nevertheless, the more intense E(B-V) knots in the cloud
certainly have a visual extinction greater than 1 mag, indicating
that the associated gas is translucent according to van Dishoeck
& Black (1988). Since the highest '>CO antenna temperatures in
MBM 3 are 2-3 times greater than in MBM 16, the associated
gas column densities may indicate a higher gas-to-dust ratio for
MBM 3.

The '2CO map of MBM 16 has a coarse velocity resolution
(0.65 km s7!), limiting a dynamical analysis, but it suffices to
delineate the confines of the cloud. The majority of molecular
gas lies between ~6 and ~9 km s~!, with some exceptions at

! High-latitude molecular clouds have '>CO(J=1-0) linewidths typi-
cally in the 1-2 km s™! range (see Magnani et al. 1985).
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Fig. 1. Visible composite image of MBM 03 (left panel) and MBM 16 (right panel). Visible image from DSS2 (red channel = IR filter, green
channel = R filter, blue channel = B filter). Thick black contours depict the 2CO at levels of 4 and 9 K km s~ for MBM 03, and 2 and 4 K km
s~! for MBM 16. Thin white contours portray the HI column density at levels of 100, 120, and 140 K km s~!' for MBM 03, and 230, 270, and
310 K km s™! for MBM 16. 2CO and H 1 integrated intensities were calculated in the velocity range of [—10.7, —3.6] km s~! for MBM 03, and [4.7,

9.3] km s~! for MBM 16.

both lower and higher velocities (see Magnani et al. 2003). The
molecular gas is spatially concentrated in knots within the main
structure. Some lines of sight show a hint of asymmetry in the
spectral lines, but no definitive conclusion can be drawn due to
the low velocity resolution. A molecular mass estimate based on
the '2CO data is 320 + 190 My, (Truong et al. 1997), making
MBM 16 a few times more massive than MBM 3 and nearly an
order of magnitude more massive than MBM 40.

3. Archival data and observations

This section briefly describes the data we used for this work.

3.1. CO mapping

Shore et al. (2006) described in detail the '>*CO (J=1-0) and
13CO (J=1-0) observations of MBM 3. The '2CO and '3CO
were simultaneously observed in the spring of 2003 using the
SEQUOIA focal plane array mounted on the Five College Radio
Astronomy Observatory (FCRAO) 14-m radio telescope. The
SEQUOIA array consisted of 16 dual-polarized pixels arranged
in a 4x4 pattern, which produced a 5.9’x5.9” footprint on the
sky. The cloud was observed using the on-the-fly (OTF) mode
with a single OFF position located at £ = 131°, b = —45° and
was sampled at better than the Nyquist rate (20" spacing with a
beam size at 115 GHz of 47" and 49" at 110 GHz). The veloc-
ity resolution per channel in the reduced data is 0.063 km s~! at
115 GHz and 0.066 km s~! at 110 GHz with the total bandwidth
being 65 km s~! for >CO and 68 km s~! for '*CO. The fidelity
of the LSR velocity scale was checked by a new Onsala obser-
vation (see Appendix B). The typical system temperature for the
2003 data was ~800 K and after averaging the two polarizations,
the typical root mean square (rms) noise was <0.2 K per chan-
nel. We assume a beam filling factor value of one and the data

are presented here in terms of the antenna temperature, T, ; con-
versions to the main beam antenna temperature, T,,;,, are made
only when calculating the mass of the cloud (see Appendix A).
The lower panel of Figure 2 shows averaged profiles of '>CO and
13CO over the whole cloud.

For MBM 16, the cloud was also sampled at better than the
Nyquist rate (3.6" spacing with an 8.4" beam) in '2CO using
the 1.2 m Harvard-Smithsonian CfA Millimeter Wave telescope
(Dame et al. 1993). The mapped region, extending in [¢, b: 168°
to 174°, —34° to —40°]?, is shown by LaRosa et al. (1999) and,
in more detail, by Magnani et al. (2003). The velocity resolution
was 0.65 km s~! and each of the 9409 spectra had rms values
per channel of 0.1-0.3 K. MBM 16 is the large central structure
in the original map (see Figure 3, which shows only the cen-
tral region of the original 6°X6° map) and its emission ranges
from 5 to 11 km s™! in LSR velocity. Outside of the field shown
in Figure 3 are unnamed molecular clouds to the northeast and
southeast with LSR velocities in the 12-14 km s~! and —10 to
-5 km s~! range, respectively, which may be associated with
MBM 16, although we do not discuss them further in this paper.
Magnani et al. (2003) showed position-velocity (PV) maps of the
6°x6° MBM 16 region, in which the three clouds are distinctly
separated in velocity.

3.2. Atomic hydrogen

We used the GALFA-H 1 (Galactic Arecibo L-band Feed Array
H1) narrow band data archive (see Peek et al. 2011, 2018) to
study the atomic hydrogen in the two clouds and their surround-
ings. This is an extended survey between —1° < ¢ < 38° with
a spatial resolution of about 4 and a velocity resolution per
channel of about 0.184 km s! at 1.42 GHz. The GALFA-HI

2 In 2000.0 (a,d), the map is a rectangle with corners at (50.367°,
15.434°), (46.378°, 10.860°), (54.115°, 12.044°), and (49.832°, 7.777°).
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Fig. 2. Integrated '>’CO antenna temperature map of MBM 3 of the
primary cloud between —10.9 and —4.9 km s~! (gray scale), and inte-
grated '?CO antenna temperature of the outlier cloud between —2.5 and
1.2 km s7! (pale blue contours). The bottom panel shows 2CO (thick
black line) and '*CO (thin red line) averaged spectrum over the whole
cloud. The highest peak traces the gas linked with the primary cloud,
while the other peak traces the outlier cloud, which shows virtually no
13CO emission. The '*CO spectrum is multiplied by a factor of nine for
clarity.
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Fig. 3. Integrated '2CO antenna temperature of MBM 16. One can read-
ily see an upper (northern) and lower (southern) filament. The northern
branch globally shows a lower antenna temperature and has a detached
knot at @ ~ 49.6°. The southern branch presents three knots aligned
approximately at the same declination with higher antenna temperatures
than the northern branch.
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data were obtained with the 305-m William E. Gordon radio
telescope located in Arecibo, Puerto Rico. The H1 data have
different velocity and spatial resolutions than the CO data, so
to match them we performed velocity and spatial interpolations
using the following procedure.

Firstly, we linearly resampled each H1 spectrum using the
CO velocities as query points, bringing all spectra from differ-
ent atomic and molecular species to the same velocity sampling.
This procedure allowed us to more easily compare the line
profiles and, because of the high signal-to-noise ratio (S/N),
introduced no artifacts in the atomic hydrogen spectra. Secondly,
we then treated each H 1 velocity slice as an image and performed
a 2D linear interpolation using the CO grid as the array of query
points. Since the HT spectra change little over several beams, we
are confident that this interpolation did not introduce any arti-
facts. However, there is an H 1 artifact near MBM 3 and MBM
16 that is probably due to the 21 cm OTF mapping pattern (see
Appendix C for a discussion about the artifact near MBM 3. The
conclusions are the same for MBM 16).

3.3. MBM 3 archival CH data

Chastain et al. (2010) describes the archival CH data for MBM 3
that we use in this work. The observations were performed using
the Arecibo radio telescope during May 2003 and August 2004.
The extreme weakness of the line precluded a more extensive
map of the cloud in the time available, so only 22 sparse points
were observed, as is reported in Figure 4, where the numbers
in green indicate the detections and the red crosses the non-
detections. In general, the 3335 MHz CH line is extremely weak
in this type of cloud, so to sample as many points as possible the
integration time changed from one pointing to another, generally
observing long enough to get about the same S/N if something
was detected. If there was no hint of a line after 15-30 min-
utes, the integration was ended, even if the rms was greater than
for lines of sight with detections. The data is censored by this
procedure, which makes a statistical analysis more difficult.

For all points, the range of integration time was between
15 minutes to 90 minutes. To get the brightness temperature
(Tg), we divided the antenna temperature (T») by the antenna
efficiency (g, which was for most observing conditions approx-
imately equal to 0.6 at 3.3 GHz). The typical brightness tem-
perature of CH was a few tens of millikelvin with unusually
wide linewidths of ~3 km s~!. The beam width was 1/3 x 1.6 at
3335 MHz, the typical system noise temperatures were ~30 K,
and the rms noise was 10-20 mK. The velocity resolution was
0.068 km s! and the velocity range was 70 km s~!. Given the
stability of the digital electronics of the S-band receiver, only
“ON” scans were taken to maximize the integration time on each
point. The bandpass profile was flattened using a polynomial fit.

The combined CH spectrum of the cloud is shown in the
bottom panel of Figure 4 using all the pointings where there
was a detection. The asymmetry of the line with a more pro-
nounced redshifted wing may be a signature of the second cloud
at ~1 km s~!, but the S/N is too low to make a definitive
association.

4. Discussion
4.1. Filamentation

Tachihara et al. (2024) used the ALMA Compact Array to map
a high-density star-forming region in the Corona Australis cloud
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Fig. 4. Positions of CH pointings. Numbers in green are the detections
and the red crosses are the non-detections. Gray-filled contours are the
12CO integrated antenna temperature. Below is shown the averaged CH
spectrum using all the points where there is a detection. The spike at
0 km s~! is due to the autocorrelator and should be ignored.

at a high spatial resolution, finding several filamentary structures
with an average width of ~10~3 pc and a length of ~1072 pc in
C'80 and SO with a column density of about 10> cm™2. Tritsis
et al. (2022) and Kaminsky et al. (2023) studied the 3D shape
of the Musca filament, finding that observations are compati-
ble with a sheet-like geometry that appears as a filament due to
projection along the line of sight. Our previous study on MBM
40, and our reanalysis of MBM 3 and MBM 16 archival data,
also point toward a combination of filaments and sheets in local
low-mass, diffuse molecular clouds.

Averaging all spectra within the same cloud, as is shown in
the lower panel of Figure 2, may be misleading. Different regions
of the cloud show slightly different velocity centroids and differ-
ent line shapes. Combining spectra from disconnected regions
will produce a net profile whose linewidth is not directly linked
to the local gas dynamics, but rather to the intensity-weighted
distribution of the gas velocity within the whole cloud. The sin-
gle line profiles, or an averaged profile within a small region
(0.05 pc at most), show an asymmetric line profile that can result
from nonthermal broadening and a superposition of separate
flows. This appears to be the case for MBM 3, similar to what
we found for MBM 40.

Figures 5 and 6 show spectra of '>CO, '3CO, CH, and H1
at selected positions, and some positions show multiple compo-
nents, even within the main cloud. For example, Positions 15,
18, and 20 show profiles from the outlier cloud and the main
cloud formed by at least two overlapping filaments or sheets. The
linewidth, especially for '2CO, is due to the superposition of two
flows, one at ~ —5 km s~! and the other at ~ —9 km s~!. Further-
more, a three-component Gaussian decomposition of Position
15 yields very similar linewidths for each: o = 1 +0.1 km s~! for

the blueshifted profile, oo = 0.7 + 0.1 km s~! for the redshifted
profile, and o = 0.8 £ 0.1 km s~! for the outlier cloud. A similar
result is obtained in Position 3, with two Gaussians linked to the
main cloud, both with o =~ 0.8 km s~!, as we found in MBM 40
(Monaci et al. 2023). The blueshifted filament spans about 0.1°,
which, for a distance of ~300 pc, corresponds to a linear size
of ~0.6 pc. Numerical simulations find similar properties (see
Federrath 2016).

The 3CO profiles are systematically narrower than '>CO,
but they show the same structure. For example, looking at Posi-
tion 15, the double-peak structure in '>CO is also discernible
in 13CO, but the peaks show different '>CO/'3CO ratios (here-
after R¢p), suggesting that the filaments have different optical
depths. In Position 15, the filament traced by the redshifted peak
shows Rep ~ 4 £ 1, and the one traced by the blueshifted peak
has R¢cp ~ 9 + 1. Positions 18 and 20 are quite unusual because
the optically thicker filament is blueshifted, contrary to what is
happening at Positions 15, 19, and 14.

If the transverse optical depth within the same filament does
not change too much, then the shift in velocity between Position
15 and 18 can be purely topological: the twisting of the filament
changes the velocity projected along the line of sight. If, instead,
the gas optical depth does change along the filament, then the
optically thinner peak in position 15 is the optically thicker peak
in Position 18. It is most likely that the observed profiles result
from a combination of these two effects.

Position 18 and Position 2 show a CH profile that is much
wider than 2CO and 3CO, especially at lower velocities, i.e.,
~ —4 km s~!. The low S/N prevents a definitive statement from
being made, but the CH seems to be more pervasive where the
CO is optically thin and, in general, where the gas is more dif-
fuse. This view is compatible with what is observed in the H1
(see the lower panel in Figure 11).

Using a number density tracer, such as the 4.8 GHz H,CO
line, may help to distinguish an optical depth effect from a
pure topological twisting, since in the latter case the local gas
density remains approximately constant along the filament. We
are planning to observe H,CO for the first time at different
selected positions within MBM 3 in the near future to address
this question.

As was described above, MBM 16 presents an incomplete
ring-shaped structure, with two different branches (see Figure 3),
separated in declination. Despite the poor velocity resolution,
each filament is not monolithic in velocity, i.e., it is possible to
see a systematic drift in both, consistent with kinked and tilted
filaments. We shall return to this in Section 4.6.

4.2. Velocity slices in MBM 16

Unlike MBM 40 (see Figure 3 in Monaci et al. 2022), the cor-
relation between atomic and molecular gas is not as evident
in the velocity integrated CO map of MBM 16 (see Figure 7).
There is, however, a relationship between the atomic and molec-
ular gas when examined in individual channels. Figure 8 shows
the association between '>CO and H1 in MBM 16. Each panel
shows the same velocity slice of HI (colored image) and of
12CO (black contours), in steps of 0.6 km s~'. Anticorrelations
between the atomic and molecular gas are evident. For exam-
ple, the 6.4 km g1 panel shows a molecular knot at (a,d) ~
(49.6°,10.8°) overlying a H 1-poor region; the southern filament
also presents molecular knots in the 7.6 and 8.0 km s~! panels
that spatially alternate with H1 knots (the lack of atomic gas
at @ ~ 51.1° and @ ~ 50.2°, where the '2CO shows a higher
antenna temperature). This anticorrelation can be explained as a

A173, page 5 of 14
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Fig. 5. Selected positions of CO corresponding to the CH positions reported in Figure 4. The location of each subplot is indicative of pointings
observed both in '2CO and '*CO. The filled contours are the same as in Figure 4. In each subplot, the thick black line is '2CO and the thin red line
is 13CO multiplied by a factor of three for clarity. A frame with the same scale and range for each subplot is reported in the bottom left corner of
the figure.
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Fig. 6. Detailed spectra of CO, CH, and H 1 for the positions in Figure 5. The thick gray line is '>CO, the thick black line is '*CO, the thin blue line
is CH, and the thin red line is H1. The '2CO profiles are reported without any rescaling, but the CH was multiplied by a factor of 60-130, depending
on the position, so it is possible to compare with 2CO. Similarly, the HT was multiplied by a factor of 0.15 for all positions.
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A

Fig. 7. 8° x 8° composite image of MBM 16 and surroundings. The filled
colored image represents an integrated H I antenna temperature between
6 and 9 km s~!, the thin contours depict the dust distribution as seen by
100 pm IRIS channel, and the thick contours are the integrated 2co
antenna temperature between the same interval of H1. Note that MBM
16 lies amidst a wider atomic filament.

decrease in atomic hydrogen in favor of molecular gas, indicative
of a phase transition, as we previously found in MBM 40. This
seems to be a common property in HLMCs (Gir et al. 1994).

4.3. Turbulence and spatial scale of intermittency

Translucent and diffuse clouds are short-lived (~10° yrs —
Viazquez-Semadeni et al. 2005; Magnani et al. 1985), forming
by a phase transition from the atomic phase. These clouds are
often parts of larger atomic structures, i.e., HI filaments. For
MBM 40 (see Monaci et al. 2023) we found evidence of an H1
structure that envelops the molecular cloud and drives the inter-
nal dynamics by injecting kinetic energy through shear flows that
fuel turbulent motions.

The turbulent nature of the internal dynamics of molecular
clouds produces several observational hints in MBM 3. Con-
sidering only the thermal broadening, the '>CO linewidth at
20-30 K would be about 0.1 km s~!, but the observed lines are
systematically broader. Furthermore, the profiles are skewed in
velocity (e.g., see the bottom panel of Figure 2). This asymmetry
can be produced by a superposition of several structures, each of
which has internal superthermal velocities compatible with unre-
solved turbulence. Thus, if we assume that the trend is tracing
individual filaments with different densities, the velocity trends
along the filaments imply a geometric twist.

Turbulence is intrinsically coherent on small scales and
isotropic on large scales. It is characterized by vortices, fila-
ments, and twisting that possess a high level of correlation mea-
surable by a variety of methods. For example, the relaxation of
the probability distribution function (PDF) of velocity centroids
with a spatial lag, or the analysis of structure functions (SFs)
that characterize the spatial correlation of observational prox-
ies, such as velocity centroids or line intensities (see Kleiner &
Dickman 1985; Dickman & Kleiner 1985; Vincent & Meneguzzi
1991; Pope 2000; Padoan et al. 2003). In general, these tools pro-
vide a characteristic coherence scale of the flow: for PDFs, it is
the lag at which the distribution is completely relaxed, while for

SFs, it is the lag at which the SF is no longer a power law (or
changes exponent).

The SF for a map of some quantity, A, of order p is defined
as

SFp(A,r) = (JA(r) — A(r + dr)I”), (1)

where the angle brackets indicate a spatial mean over the same
lag, or. Figure 9 shows the SF of order p = 2, SF,(dr), for the
velocity centroids. For small lags, the SF is well approximated
by a power law for both '2CO and '3CO, with the exponents
indicated directly in the legend. For larger lags, i.e., or > 1 pc,
the SF is no longer a power law, and we take 1 pc as the structural
scale for this cloud, on the same order as we found for MBM 40
and compatible with a turbulent flow.

The 2CO and '*CO SFs show slightly different power laws
within the same sample, even though the two species are well
mixed. 3CO is a rarer isotope; therefore, it traces the denser gas
within the cloud. On the other hand, the '>CO also picks up the
more diffuse gas that surrounds the core of the molecular cloud.
In this sense, the SF of '2CO traces a combination of two differ-
ent gas regimes, whereas the '*CO does not. The scale at which
the SF is no longer a power law is also slightly different between
the two species. This indicates that the turbulent regime is dif-
ferent between the outlier gas and the core, compatible with an
energy injection on a bigger scale, as was previously found in
MBM 40. It is also worth mentioning that the scaling laws are not
compatible with an incompressible, isotropic Kolmogorov-type
turbulence, where SF, o« £2/3 is predicted (Kolmogorov 1941a,b).
This may indicate that the turbulence is neither incompressible
nor isotropic and that what appears to be a monolithic struc-
ture is also a superposition of filaments with different turbulent
characteristics.

Intermittency is probably the strongest evidence of turbulent
motion, seen as large deviations in the velocity of rare events that
occur with a systematically higher frequency than in an uncorre-
lated process (Falgarone & Phillips 1990; Falgarone et al. 2009).
It can be traced by large deviations from the Gaussian distribu-
tion of the PDF’s wings or by looking at the wings of a single
line-of-sight profile with a good S/N (noting this method can
be used only if the line of sight is optically thin and the spec-
trum is tracing all the gas, see Monaci et al. 2023). For MBM
3, we do not have data with a sufficiently high S/N to detect
these variations in either the PDF or in the available single-line
profiles®.

4.4. Relationship with HI in MBM 3

As Figure 1 shows, the relationship between molecular and
atomic hydrogen is not as clear in MBM 3 as we found in
MBM 40 (see Monaci et al. 2022), where the H I in the appropri-
ate velocity range is shaped in a cocoon-structure that embraces
the inner molecular cloud. The H1 profiles in MBM 3 show at
least three components, like the ones for MBM 40. One is rather
diffuse, spanning between —20 and 10 km s~!, and contributes
to the wings of the profiles; its origin is unknown (see, e.g.,
Verschuur & Magnani 1994). This extremely diffuse component
changes within the cloud, as it is stronger in the stem relative to
the anvil within the range of [-15, —10] km s~!. In contrast, the

3 As speculation, we note that if the turbulence spectrum is multi-
fractal, the high-latitude clouds may actually represent the intermittency
of larger-scale turbulence that, in turn, has substructures organized by
the shear flows at the source scale provoked by different dissipation
processes (e.g. Dubrulle 2019).
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Fig. 8. Velocity slices in MBM 16 discussed in Section 4.2. The contours show the '2CO distribution and the levels are from 0.5 to 2.5 K in steps
of 0.5 K, superposed on H1 (filled map). The color map is the same in all panels, and the antenna temperature scale is shown in the lower right
corner. The tilted stripe on the right, particularly evident in the bottom panels, is an artifact caused by the H 1 mapping technique (see Appendix C).
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Fig. 9. Second structure function (SF,) of velocity centroids (both '2CO
and '3CO). The slopes of the best fits are reported in the legend. *CO
shows a scaling law only for a portion of the lags. The insert shows the
12CO centroid map and the region used for the SF computation is within
the white rectangle.

redshifted wing appears to be virtually identical in both regions.
It is not clear if the excess in the blueshifted wing is associated
with the molecular cloud or if it is just due to line-of-sight atomic
gas. Besides this diffuse component, the profiles generally show
a two-peaked shape: the peak at ~ —6 km s~! is associated with
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the main cloud, and the peak at ~ —3 km s~! with the out-
lier cloud. Panels in Figure 6 report the H1 profiles depicted in
red. Although the profiles change from one position to another,
the global shape is nearly the same, with two enhancements at
~ —6km s~ and at ~ =3 km s~! over the diffuse component.

Integrating over the whole velocity range produces an
ambiguous result, since the spatial correlation is masked by the
contribution of diffuse gas. This is more dramatic for MBM 3
than we found in MBM 40. Figure 1 shows that most of the
atomic emission is roughly aligned with the core of the molec-
ular gas, but the correlation is poor. If we select a narrower
velocity range for the integration, the atomic gas shows a greater
spatial correlation. Figure 10 shows the results for both the pri-
mary cloud and the outlier. In the upper panel, the velocity range
is the same as the '2CO linewidth of the main cloud, [-10,
—4] km s~!, and although the spatial correlation is still poor, the
bulk of the atomic gas is located in the anvil, where the 2co
emission is also quite strong. The lower panel shows the same
result for the outlier cloud, using [-3.5,1] km s~ Although the
spatial correlation is still poor, the enhancement of atomic gas
roughly matches the '>CO emission.

We decomposed each HI profile (see, for example, Lindner
et al. 2015; Murray et al. 2021) and then matched one (or more)
component(s) with the corresponding molecular feature. We find
that the molecular gas is not completely linked to any single com-
ponent or to the diffuse gas at higher velocities. This is evident in
Figure 6: the molecular velocity peaks are, in most cases, aligned
with the atomic velocity peaks but the H I lines are much broader
than the ones of the molecular gas, probably due to blending of
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Fig. 10. H1 integrated antenna temperature for the primary cloud (top
panel, integrated from —10 to —4 km s~!) and for the outlier cloud (bot-
tom panel, integrated from —3.5 to 1 km s7!). The contours in each
panel are from the '>CO, integrated on the same velocity range of H1
for each cloud. The primary cloud contours are 3, 6, and 9 (thick con-
tour) K km s~! and the outlier cloud contours are 1.5 and 2.5 K km s~'.
The H1 color bar is the same in both panels. Hence, the atomic hydrogen
linked with the outlier cloud is distinctly less abundant than the hydro-
gen associated with the primary cloud. In the top panel are reported the
positions of the selected H1 profiles of Figure 11. See Section 4.4 for
further details.

diffuse gas that enhances the wing velocity channels and that is
not directly associated with the cloud.

To investigate this further, we selected two positions away
from MBM 3 (F1 and F2 in the top panel of Figure 10) and
one inside the anvil (position C) and compared the profiles. The
result is shown in Figure 11: the off positions are virtually iden-
tical and the C position shows a double-peaked profile between
—10 and 0 km s~!. The bottom panel shows the cloud H1 profile
once the F1 emission is removed (depicted in light red). After
this procedure, the H1 profiles are more similar to the molec-
ular profiles: the linewidth now agrees well with the average
linewidth of the molecular gas. The bottom panel also shows the
averaged profiles of '>2CO and CH.

The F1 position appears to be located inside a filament that
spans the entire field, as is shown in the top panel of Figure 10.
This is supported by the similarity between single profiles within
the filament. Furthermore, the F2 profile is similar to those
within the filament, so this is consistent with an arc-shaped
structure that extends from the southeastern corner to the north-
western corner, and the molecular cloud then sits inside this
filament. After subtracting the filament, the H1 and molecular
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Fig. 11. (Top panel) H1 profiles for the selected positions labeled in
Figure 10. F1 and F2 are located inside the candidate filaments, and the
profiles are surprisingly similar, whereas the C profile is linked with the
MBM 3 core. (Bottom panel) The thick pale red line is the result of
subtraction between C and F1, the thick gray line is the 2CO emission
averaged over the whole cloud, and the thin black line is CH. Note that
the 2CO and CH are scaled to H1 to better compare the line shape of
atomic and molecular gas.
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Fig. 12. Position-velocity plot of '>?CO (top panel) and *CO (bottom
panel) mean antenna temperature along declination for MBM 3. Blue
stars indicate the CH velocity centroids. In the insertion we show the
RA range (dashed red lines) within which the PV plot is computed.

spectra are comparable. Both H1 and '2CO show two peaks, but
their ratios are different. In the molecular gas, the ratio between
the main cloud and outlier cloud peaks is about 5, while the
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Fig. 13. Position-velocity plot of H1 (in color) with diffuse component
subtracted (see text). The black contours show '>?CO mean antenna tem-
perature between 0.2 and 3 K in steps of 0.5 K. White stars indicate the
CH velocity centroids. In the insert, we show the RA range (dashed red
lines) within which the PV plot is computed. Negative H 1 antenna tem-
perature arises from the diffuse component subtraction and should be
ignored. For a description of extremely diffuse component subtraction,
see Monaci et al. (2022).
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Fig. 14. Position-velocity plots for MBM 16. The top and bottom panels
show, respectively, the velocity distribution along the right ascension
axis for the northern and southern portions of MBM 16. The PV plots
were performed by averaging the spectra along declination only within
the dotted red lines in each insert. The color bar of the averaged antenna
temperature in the lower right corner is the same for both panels.
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Fig. 15. Schematic cartoon of how the MBM 16 PV plots shown in Fig-
ure 14 can result from projection effects of a writhing filament, similar
to MBM 3 (Figures 12 and 13) and MBM 40 (Monaci et al. 2023). The
vertical axis in the PV cartoon is the right ascension.
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Fig. 16. Probability distribution function (PDF) of velocity centroids
(see Kleiner & Dickman 1985) evaluated at different spatial lags, only
along the declination axis within the stem (see the insert in Figure 9).

atomic gas ratio is about 2; this may indicate that the conver-
sion from atomic to molecular gas is more efficient in the main
cloud than in the outlier.

4.5. MBM 3 position-velocity plots

Figure 12 shows the PV plot for '>CO (upper panel) and '*CO
(lower panel), computed along the declination within the stem.
The cloud is rather compact in velocity, especially in '3CO, with
the strongest emission on the cloud’s northern side. Below ¢ =
16.5° the '2CO shows a broader emission, with the velocity span-
ning the interval from —10 to 0 km s~!. This emission is due to
the superposition of the two clouds, which have different bulk
velocities, and it is also visible in the '3CO, although system-
atically fainter. The CH centroid velocities are also displayed
in the top panel and show a velocity drift moving southward
through the stem. Figure 13 displays a combination of atomic
and molecular gas and highlights the relation between them. The
HT emission, as was expected, is much broader both in position
and in velocity, pointing out that the molecular gas is generally
condensing from the atomic hydrogen.
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The H1 PV plot shows two main structures: the northern one
of the main cloud and the southern one that is the outlier cloud.
Since the HT and CO do not show any gap in declination, the
two clouds may actually be parts of the same structure, with the
molecular gas embedded in the atomic component. This infer-
ence is reinforced by the two lower CH observations, which show
velocities midway between the two clouds.

Both H1 and molecular gas show a shift in velocity of
about 6 km s~! over 0.6° in declination corresponding to
1.9 km s~ pc™! for a distance of 300 pc, which is similar to
what we found for MBM 40. While this may be evidence of a
large-scale shear flow that runs along the stem, considering the
topological interpretation we advocated in our previous paper,
a combination of projection and dynamical effects is likely the
explanation for this gradient.

4.6. MBM 16 position-velocity plots

Figure 14 shows the right ascension PV plots of MBM 16. The
upper panel shows the cut, averaged in declination, over the
northern branch of the cloud. The insert with the '>CO filled con-
tours highlights with two dashed lines the region within which
the average in declination was performed. The lower panel shows
the declination summed PV plot for the southern branch. The
velocity scale, the right ascension interval, and the averaged
antenna temperature scale are the same for both panels. The fil-
aments show almost the same velocity width of about 2 km s~!
and a drift in velocity for @ < 52.2°. The southern filament shows
three different knots, also visible in the integrated antenna tem-
perature in the insert, almost equally spaced (about 0.6°, which
corresponds to ~1.8 pc for a distance of 170 pc). The eastern
knots on the northern filament are separated by almost the same
distance. This could indicate coherent structure. Considering the
knots at ~51° and at ~49.6° (which correspond to a physical
distance of ~4.2 pc), the velocity difference is about 1.6 km™!;
therefore, the velocity drift between these two knots is about
0.4 km s~! pc™!. For the southern filament, considering the knots

at 49.6° and at 50.2° (physical distance of 1.8 pc), with a velocity
difference of 0.7 km s, the velocity drift is ~0.4 km s~! pc~!,
comparable to the northern filament. We previously found (see
Monaci et al. 2023) a similar behavior in MBM 40, although the
velocity drift along its western filament was more pronounced
(i.e., about 1 km s™! pc™!), indicating that shears in velocity are
common in HLMCs and can shape their structure. A schematic
illustrating our interpretation of the filamentation traced by the
PV plot is shown in Figure 15.

The velocity centroid PDF for MBM 3 is shown in Figure 16.
The PDF was evaluated along the declination axis within the
stem for lags of 2, 5, 10, 20, 60 beams, which correspond to 0.04,
0.10, 0.21, 0.42, and 1.26 pc for an assumed distance of 300 pc.
The PDF is underdispersed for small lags (<5, 0.1 pc) and it is
symmetric to ov = 0; this is in line with the picture of a turbulent
medium, since it maintains more coherence in flow properties
with respect to an uncorrelated process. At greater lags, the PDF
relaxes to a broader asymmetric distribution, indicating that the
turbulent structure of the cloud is not spatially isotropic. Looking
at the maximum lag measured of 1.26 pc (dashed black line),
the red wing of the PDF is very similar to the 0.42 pc lag. This
suggests that the correlation scale is about 0.2 to 0.4 pc, similar
to our previous result in MBM 40, for which we found ~0.4 pc.
The difference between the blue wing of the PDFs could indicate
a superposition of multiple flows with slightly different central
velocities and different spatial correlation scales. The correlation
scale estimated with the PDF is compatible with that obtained
analysing the second SF (see Figure 9, where the scale at which
the SF is no longer a power law is about 0.6—1 pc.)

4.7 Dust temperatures

The dust distribution and temperatures are different between
MBM 3 and MBM 16, similar to the picture from '2CO inte-
grated antenna temperature data (see Figures 2 and 3). The ratio
between the 60 and 100 pm emission from IRIS survey, which
is correlated with the dust temperature, is displayed in Figure 17.
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The ratio clearly shows a region in MBM 3, which roughly traces
the structure revealed by '>CO emission, systematically cooler
than the environment. The mean Planck Dust GNILC model
temperature (see Planck Collaboration Int. XLVIII 2016; Planck
Collaboration IV 2020) is ~14 K for the molecular core and
~18 K in the environment. For MBM 16, the entire region shows
a mean temperature of ~18 K without distinguishing the molec-
ular cloud. The MBM 3 result is similar to our conclusions for
MBM 40, that these clouds tend to form in regions that are a few
degrees lower than the environment. In contrast, for MBM 16,
the mean inferred dust temperature within the '>?CO contours is
about the same as the environment, and the 60/100 wm ratio does
not follow the '2CO contours. This is not surprising given the
complexity of the dust emission south of the Taurus dark clouds
(see, e.g., Magnani 1988). The amount of foreground dust emis-
sion is likely to be significant in this direction, and identifying
the dust specifically associated with MBM 16 will require a 3D
dust map of the region similar to the work of Lallement et al.
(2022).

5. Conclusions

From large-scale atomic structures extending over tens of parsecs
to molecular concentrations within clouds, the ISM is organized
in a broad spectrum of filaments. Our analysis of three HLMCs
(MBM 3 and MBM 16 in this paper, and MBM 40 by Monaci
et al. 2023) shows that these are present even without internal
star formation and in the absence of self-gravity. Velocity gradi-
ents found within these structures are not necessarily dynamical,
convergent flows, and projection effects and topology of the
driving flows produce signatures that mimic velocity shears,
even if they are simply distortions of ordered gas. Furthermore,
depending on projection angles to the line of sight, the filaments
can produce regions that have previously been interpreted as
coherent structures. Because of their relatively simple structures,
the study of non-star-forming diffuse clouds may better eluci-
date some of the mechanisms responsible for the production of
filaments in the diffuse ISM.
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Appendix A: The mass of MBM 3

The original total mass estimate, My,s = M(H1 + H,) = 44 M,
(Chastain 2005), only a quarter of our new estimate, was based
on a distance of 130 pc. Since the '>CO dataset used in this
paper is the same as Chastain (2005), the difference does not
scale as the distance squared and must be due to the different
assumptions and analysis of the '>CO data along with our differ-
ent H1 dataset. The '>CO antenna temperature from the FCRAO
observations was recorded as T} after chopper wheel calibra-
tion (see Kutner & Ulich 1981) that converts to the radiation
temperature, Tg, by Tz = T /(yss7c), Where 1y is the scat-
tering and spillover efficiency (= 0.7 at 115 GHz at the time of
the observations; Mark Heyer, private communication), and 17,
is the coupling factor of the antenna to the source, which Chas-
tain (2005) assumed to be unity. Alternatively, the main beam
temperature (T,,;) is obtained by dividing the antenna temper-
ature (T7) by the beam efficiency (17,,,), which was ~ 0.45 for
the FCRAO telescope at 115 GHz at the time of the observa-
tions (Mark Heyer, private communication). In this paper, we
converted the raw antenna temperature to T,,;, for all our mass
determinations, while Chastain used the radiation temperature.
Furthermore, as noted in Magnani et al. (1998), the X0 factor,
which converts the total integrated antenna temperature to the H;
column density, can change within a cloud and factors of 2-3 in
the mass estimate may result solely from the choices of Xco.

The mass estimation also depends on the velocity range
chosen for the integration. For the molecular gas, the choice
is generally well defined, since the lines only cover a few km
s~!. But for the atomic gas, the line profiles are much broader
than the molecular lines, so the atomic mass estimate changes
significantly depending on the velocity interval used. For exam-
ple, if we integrate over the entire velocity range from —30 to
30 km s7!, the atomic mass is approximately 60 My, but if
we select channels corresponding to only the primary cloud,
between —10.9 and 3.7 km~', the atomic gas mass estimate drops
to 28 M. For our estimate, we used the 12C0O as a benchmark,
and we integrated both the atomic and molecular gas over the
same velocity range.

Finally, MBM 3 is surrounded by diffuse gas, which is traced
by both H1 and '>CO observations. Since Chastain did not use
any mask to select the region corresponding to MBM 3, his
mass estimate may contain gas that is not directly linked with
the cloud, yielding an overestimation of the total mass. Instead,
we included only 21 cm emission above the 1 K km s7! level,
thereby eliminating most of the surrounding diffuse atomic gas.

Thus, the difference between our total mass estimate, 160
Mo, and the previous one, 44 Mg, is due to a combination of
different velocity range selection, the use of main beam antenna
temperature instead of radiation temperature, and how unrelated
diffuse gas around the cloud was removed.

Appendix B: Onsala 20-m telescope >CO deep
integration

Chastain et al. (2010) discussed a possible velocity offset
between CO and CH in MBM 40 and MBM 3. While a veloc-
ity offset seems likely for MBM 40, the offset in MBM 3 could
not be confirmed since they claimed that a +1.5 km s~! veloc-
ity offset from the true LSR velocity was present in the '>CO
data presented by Shore et al. (2006). Since we use that dataset
in this paper, we aim to address this issue. Thus, we have inde-
pendently checked the velocity scale of the FCRAO CO data for
MBM 3 with a deep integration in '>?CO using the Onsala 20-m
telescope.
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Fig. B.1. (Top panel). Onsala spectrum (thick light red line) and FCRAO
(thin black line) of '>CO in Position 15. The line that shows at +10.5
km s~ is telluric in origin and should be ignored here. (Bottom panel).
Onsala OFF (about 20" west from Position 15) spectrum used as a check
for the telluric line. The line at —10.5 km s~! probably picks up some
gas in the surroundings of the cloud. See the text for further details.

The Onsala integration was made at Position 15 (see Fig-
ure 4) and is superposed on the FCRAO '>CO spectrum for that
location in Figure B.1. The OFF spectrum is about 20" west of
the on-source selected point. The telluric line is clearly visible
in both Onsala spectra at about +10.5 km s~'. Aside from the
slight difference in the peak antenna temperature between Onsala
and FCRAO data, which could be an effect of focus or averag-
ing through different observations done at different times at the
Onsala Observatory, the match between the two spectra is excel-
lent, which means that the FCRAO data, despite a lower SNR,
have the correct LSR velocity scale.

The OFF position (lower panel) shows a line at about —10.5
km s~!. Unfortunately, we cannot check its presence in the
FCRAO data, since the OFF position is outside the mapped
region. This spectral feature likely arises from low-level molec-
ular gas at the outskirts of the cloud. Because atomic gas at the
OFF position at that velocity is detected, it may be possible that
a molecular component is also present.

Appendix C: The artifact in H1 data near MBM 3
and MBM 16

The GALFA data release 2 (Peek et al. 2018) has, in general,
much higher quality than the previous release, since the authors
used more advanced reduction algorithms and paid careful atten-
tion to systematics. However, some residuals linger in the data,
especially the ripples due to the pattern of the OTF mapping and
the arrangement of detectors, which are clearly visible in their
Figure 3 (bottom panel).

Unfortunately, two of these ripples appear near MBM 3 and
MBM 16. Since the ripple near MBM 16 (see the velocity chan-
nels in Figure 8) is less pronounced in the velocity slices of
interest, in this Appendix, we discuss only the one near MBM
3 (see Figure C.1). Our conclusions for the impact of this ripple
on our analysis conclusions will be the same for MBM 16.

To evaluate the role of the ripple in MBM 3, we carefully
checked the spectra within this region to see if it introduced some
systematics in our analysis. As reported in the bottom panel of
Figure C.1, a sample spectrum shows enhanced antenna temper-
ature in the velocity range of [-10, 0] km s™!, but the line shape
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Fig. C.1. The ripple near MBM 3. The top panel shows the integrated
H1 antenna temperature, and the two dashed lines bound the artifact,
which appears as a series of knots with enhanced antenna temperature.
The bottom panel displays two H1 spectra, one depicted by the thick
orange line is within the artifact (the position is indicated in the top
panel by an orange dot), and the other is outside the ripple, depicted by
the thin black line in the bottom panel at the position highlighted by a
black "x" in the top panel.

is similar to those outside the ripple. We can therefore conclude
that our dynamical analysis is not affected since we use only
the spectra within the cloud (in the right ascension range of
[18.8°, 19.2°]), and so the atomic cloud mass is not altered by the
presence of the ripple. Within the artifact, the atomic hydrogen
column density N(H ) is enhanced by 10%. As a last control, we
used the Effelsberg-Bonn HI Survey (EBHIS, see Winkel et al.
2016) data, checking sample positions within the cloud, within
the ripple, and outside the cloud where only the background gas
is present. The EBHIS spectra generally show a peak antenna
temperature about 10% less than that of GALFA in the same
position, likely due to beam dilution, as the Effelsberg telescope
has a diameter one-third that of the Arecibo telescope.
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