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Abstract

Context. The mass-to-magnetic flux ratio of molecular clouds is a parameter of central importance as it quantifies the dynamical significance of the magnetic field with respect to gravitational forces. Therefore, it can provide invaluable information on the fate of clouds and the sites of star formation.

Aims. Our objective was to study the accuracy with which we can measure the true mass-to-flux ratio in molecular clouds under various projection angles and identify systematic biases.

Methods. We used a 3D nonideal magnetohydrodynamic chemo-dynamical simulation of a turbulent collapsing molecular cloud. We quantified the accuracy with which the mass-to-flux ratio is recovered under various projection angles and dynamical stages by analyzing the magnetic field–gas column density relation, and comparing the “observed” mass-to-flux ratio against the true values.

Results. We find that projection effects have a major impact on measurements of the mass-to-flux ratio. Zeeman measurements can overestimate the true mass-to-flux ratio of the cloud by more than an order of magnitude when the magnetic field primarily lies on the plane of the sky. Therefore, measurements of the mass-to-flux ratio based on Zeeman observations should be considered as upper limits. Mass-to-flux ratio estimates inferred from polarization observations do not provide a physically meaningful probe of the true mass-to-flux ratio and can lead to unphysical results as they fail to capture the underlying correlation between the magnetic field and column density.
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1 Introduction
A key quantity used to characterize the relative importance of magnetic fields with respect to the self-gravity of molecular clouds is the mass-to-magnetic flux ratio (usually denoted as µ), defined as the mass enclosed by a magnetic flux tube divided by the respective flux. If µ is below a critical value (Mouschovias & Spitzer 1976), gravity cannot overcome the magnetic support (pressure and tension), and the cloud will never collapse under flux-freezing conditions.
While the definition of µ is straightforward in theory, its practical measurement in molecular clouds is far from trivial since, observationally, we are limited in what we can access. Mass can only be measured along the line of sight (LOS), while the strength of the magnetic field (B) can be measured or estimated either along the LOS (via Zeeman observations) or in the plane of the sky (POS) via dust polarization. Additionally, flux is fundamentally a surface-integrated quantity, defined as the dot product of the magnetic field with the unit vector normal to a surface (da) which in observations will always be aligned with the LOS.
For Zeeman observations, the mass-to-flux ratio will be µobs= M/(BLOS · da) = Np/BLOS, where Np is the total column density of the gas. However, this quantity is not necessarily representative of the true mass-to-flux ratio that governs the dynamics of the cloud. Consider, for example, a cloud of any shape where the magnetic field lies entirely within the POS. Zee-man measurements would return BLOS = 0, leading to an infinite µobs, implying no magnetic support despite the fact that the relevant µ is finite. Even in a scenario where the inclination angle is favorable and aligned to the mean component of the magnetic field, Zeeman measurements of µobs can still deviate from the true mass-to-flux ratio. Deformations in the flux tubes can result in assigning the wrong mass to the wrong flux, hence misrepresenting the underlying magnetization of the cloud (see the schematic in Fig. 1 of Mouschovias & Tassis 2009 and Fig. 6 of Tritsis 2025). These deviations can be further amplified by the LOS inclination and, as a result, a wide range of µobs values can arise solely from the orientation of distorted field lines relative to the observer. Relaxing the commonly adopted assumption of straight-parallel field lines therefore renders the observational limits on µobs far less restrictive.
Given these complexities, it is very challenging to measure the so-called differential mass-to-flux ratio (Mouschovias 1991), that is, to accurately characterize the distribution of mass in the different flux tubes of a cloud. Yet, this distribution has critical implications for the cloud’s evolution, as clouds with the same total mass and magnetic flux can behave very differently depending on how the flux is concentrated within their internal structure (Mouschovias 1978). Therefore, while Zeeman measurements probe a physically meaningful component of the field to define a flux, they may still misrepresent the cloud’s magnetization and may not capture the full picture.
In the case of polarization observations, one might be tempted to derive a mass-to-flux ratio as µobs = Np/BPOS. However, such an expression cannot be formally obtained as da and BPOS are always orthogonal, their dot product is zero, and the area element does not cancel out. In other words, BPOS does not thread the POS, and, by definition, the magnetic flux through it is zero, regardless of the cloud’s shape, magnetic field morphology, or viewing angle. Even if we were to overlook this issue, a second problem arises. For projection angles where BPOS is best measured (i.e., when the field lies mostly in the POS), the column density we observe is perpendicular to the field lines. This means that we are not measuring the mass along the flux tubes, which is the quantity that enters the definition of the mass-to-flux ratio, but rather the mass across them.
Given these limitations, one might still be tempted to estimate µobs by inferring a “reasonable” total magnetic field strength from a single component by invoking statistically motivated corrections regarding the field’s orientation. For instance, assuming a large ensemble of clouds with randomly oriented magnetic fields relative to the LOS, one can show that, on average, [image: equation] (e.g., Heiles & Troland 1982). In this context, one might infer Btotal from BLOS (or BPOS) and estimate the “total mass-to-flux ratio.” However, this approach conflates ensemble averages with individual measurements, which can lead to misleading conclusions. It is analogous to expecting to find exactly 2.54 people in a particular household simply because that is the average number of people per household. Thus, such “corrections” can introduce significant errors when applied to a single cloud, and in practice, many studies continue to report “mass-to-flux ratios” based directly on BPOS measurements or similarly oversimplified assumptions.
We made use of a 3D numerical simulation to study projection angle effects on estimates of the mass-to-flux ratio using the magnetic field–gas column density relation (Mouschovias 1983, 1987). Our paper is organized as follows: In Sect. 2 we outline the basic details of the modeled cloud and the methodology followed for producing idealized mock observations. In Sect. 3 we present our results on the estimated mass-to-flux ratio using both LOS and POS estimates of the magnetic field. We summarize our findings in Sect. 4.
2 Methodology
To study the mass-to-flux ratio, we used the simulation of a collapsing molecular cloud first presented in Tritsis (2025). Tritsis (2025) modeled the evolution of a ∼240 M⊙ supercritical (µ/µcrit ∼ 1.7) sub-Alfvénic (ℳA ∼ 0.85) supersonic (ℳs ∼ 3) isothermal molecular cloud under nonideal magnetohydro-dynamic (MHD) conditions and decaying turbulence. Together with the dynamical evolution, they also modeled the chemical evolution of the cloud by employing a nonequilibrium network consisting of 115 species, including gas-phase and ice-mantle species (for more details on the chemical network we refer to Tritsis et al. 2016, 2022). The abundances of the charged species in the network were then used to calculate the resistivities of the cloud.
The temperature and initial density of the cloud were 10 K and 500 cm−3, respectively. The magnetic field was initially along the z axis of the cloud and its strength was 10 µG. Turbulence was initiated using the publicly available TurbGen
 code (Federrath et al. 2022, 2010) assuming a power law velocity (v) spectrum of dv2/dk ∝ k−2, where k is the wavenumber. The dimensions of the cloud were 2 pc in each direction. The simulation was performed using a modified version of the FLASH astrophysical code (Fryxell et al. 2000; Dubey et al. 2008) on a 643 grid with two levels of adaptive mesh refinement and open boundary conditions.
To study the magnetic field–gas column density relation, we used the following approach. First, we randomly selected a snapshot of the simulation at a time of t ∈ [0.5, 0.75, 1., 1.25, 1.44] × tff, where tff is the free-fall time. We then randomly projected the cloud at an inclination angle of γ ∈ [0°, 22.5°, 45°, 67.5°, 90°]. The inclination angle corresponds to the polar angle (i.e., the angle between the LOS and the initial magnetic field direction; see angle ϕ in Fig. 1 in Tritsis et al. 2025). For each time and projection angle we computed the column density of the cloud, the 3D POS and LOS magnetic field components of the cloud, and the 3D number-density distributions of species OH, CN, and CO along the LOS, as these were computed from our chemical network. The reasoning behind selecting OH and CN is because they are used to observe the Zeeman effect, while CO is commonly used in combination with polarization measurements to probe the magnetic field. We then placed a circular beam at a random location within 0.5 pc from the center of the cloud. The beam radius was randomly sampled under the condition that the resulting region remains entirely within the cloud boundaries. The minimum beam radius was set to one pixel. Finally, we computed the values of the POS and LOS components of the magnetic field inside the beam. For BPOS estimates, a one-pixel beam would, in observational terms, imply deriving the field strength from a single polarization segment, which is unphysical. However, in our mock framework, the BPOS values were not inferred from polarization angles or dispersion, but rather directly computed from the simulation as described below.
To compute the LOS component of the field, we considered the average of the 3D values of the LOS component weighted by the molecular number density1. Considering a weighted average of the field for our mock “Zeeman measurements” is a well-justified choice since the observed signal depends on the magnetic field’s direction, and as such, contributions from regions of opposite polarity within the same resolution element cancel out (e.g., Stenflo et al. 1998). As a result, only the net (i.e., uncanceled) component of the LOS magnetic field contributes to the Zeeman signal. This implies that for a perfectly axisymmetric cloud with an hourglass magnetic-field morphology seen edge on, the magnetic field measured in Zeeman observations will be zero. Motivated by observations (Crutcher & Kemball 2019), we also followed a probabilistic approach to decide which of the two species (OH or CN) would be used to weigh the magnetic field. First, we computed the mean value of the column density inside the beam. We then defined two Gaussian functions centered at characteristic column densities at which each species is used to observe the Zeeman effect. We set the means of the Gaussians to be 8 × 1021 cm−2 and 4 × 1022 cm−2 for OH and CN, respectively. The standard deviations of the Gaussians are equal to 0.2 in log10 space. In practice, this means that regions of the cloud with column densities near 8 × 1021 cm−2 are more likely to be observed (i.e., weighted) with OH, whereas regions with column densities near 4 × 1022 cm−2 are more likely to be observed with CN. Finally, the process described above was repeated 5×103 times.
For our mock “measurements” of the POS component of the magnetic field, we followed a different approach. In a recent study, Polychronakis et al. (2025) systematically investigated POS measurements of the magnetic field based on the Davis– Chandrasekhar–Fermi (DCF; Davis 1951; Chandrasekhar & Fermi 1953) and Skalidis-Tassis (ST; Skalidis & Tassis 2021) methods. In that work, the authors analyzed an ideal MHD simulation with nonequilibrium chemical modeling, and generated synthetic polarization maps using the method of King et al. (2019), incorporating a spatially varying polarization efficiency based on the local (3D) visual extinction, and density of each cell. The simulation was additionally post-processed with a nonlocal thermodynamic equilibrium radiative transfer code to produce synthetic spectra (i.e., the J = 1 → 0 & J = 2 → 1 transitions of CO). They then extracted the parameters required to estimate the strength of the POS component of the magnetic field (ρ, δv, δθ) using multiple approaches, under various projection angles. Their analysis showed that both the DCF and ST methods trace the median of the molecular-species-weighted (i.e., the CO-number-density-weighted) POS component of the magnetic field (see their Fig. 9). We therefore applied the same weighting scheme to compute the BPOS value, and assigned the resulting weighted average to the corresponding mean column density within the beam2. An implicit assumption in this methodology is that the underlying relation between the true BPOS and the observed quantities can be meaningfully applied down to the resolution limit. Similar to the mock Zeeman measurements, this process was repeated 5 × 103 times.
3 Results
In Fig. 1, we present our results on the magnetic field–gas column density relation considering the LOS (upper panel) and POS (lower panel) components of the magnetic field. We note that the value of the true mass-to-flux ratio at a time of 1.44 × tff, when measured by following magnetic field lines, is up to 2.6 the critical value for collapse in the central regions of the cloud (see Figs. 5 and 6 in Tritsis 2025 and the blue dashed line in Fig. 1). Our results obtained following the methodology described in Sect. 2 are shown using symbols of varying color, shape, and size, which indicate various combinations of inclination angles (γ ∈ [0°, 22.5°, 45°, 67.5°, 90°]), times (t ∈ [0.5, 0.75, 1., 1.25, 1.44] × tff), and circular beam sizes, respectively.
The projection effects discussed in Sect. 1, which influence Zeeman measurements, are clearly evident in the upper panel of Fig. 1. The observed mass-to-flux ratio µobs aligns with or falls within the range of the true initial and maximum values of the mass-to-flux ratio only when the cloud is viewed approximately face-on (i.e., for γ ≤ 22.5°). However, we note that even in these favorable inclinations, µobs does not necessarily spatially exactly correspond to the true mass-to-flux ratio. This is due to the fact that, in observations, we cannot track the 3D structure of magnetic flux tubes (Mouschovias & Tassis 2009; Tritsis 2025). Nonetheless, for these inclination angles, Zeeman measurements can reasonably probe the dynamical significance of the magnetic field with respect to the cloud’s self-gravity. For higher inclination angles, the measured magnetization of the cloud increasingly deviates from the true mass-to-flux ratio (see the cyan, blue, and magenta points in the upper panel of Fig. 1). This discrepancy becomes especially pronounced when the cloud is observed “edge on” (i.e., the mean component of the field lies on the POS). For these inclination angles the scatter in the magnetic field gas density relation increases significantly and the slope of the relation systematically changes to shallower values.
Estimates of the mass-to-flux ratio derived from polarization measurements (lower panel of Fig. 1) are affected by a different set of systematics. At first glance, the points corresponding to different inclination angles appear to lie closer to the true initial and maximum mass-to-flux ratios from the simulation for all projection angles. However, this apparent better agreement is simply due to the fact that, polarization measurement, are not sensitive to the polarity of the field along the LOS, but rather to its tangling and orientation with respect to the POS. Additionally, upon closer inspection, two particularly problematic issues become clearly evident. First, for all inclination angles, the slope of the points in the magnetic field–column density plane deviates significantly from that expected based on the true variations in the mass-to-flux ratio. This means that, although some data points may fall between the lines marking the initial and maximum values of µ, they do so along a trajectory that is inconsistent with the physical evolution of the cloud. In other words, the alignment with the expected µ range is merely coincidental and not diagnostic. Therefore, for the same inclination angle, POS measurements of the field can result in any value for the mass-to-flux ratio, from subcritical to highly supercritical. Second, and equally concerning, is that for certain projection angles (e.g., γ ≤ 45°), the inferred mass-to-flux ratio appears to decrease as the cloud evolves in time, contrary to the physical evolution of the cloud. For instance, square symbols (representing 0.5 × tff) exhibit higher mass-to-flux ratios than circular markers (representing the final evolutionary stage of the simulation). This inverse behavior is unphysical and highlights the potential for polarization-based measurements to yield misleading interpretations about the role of magnetic fields in cloud evolution. This issue is not merely a subtle caveat. If commonly used observational diagnostics yield invalid conclusions because they are fundamentally flawed and/or biased, this discrepancy must be clearly identified to avoid drawing and perpetuating incorrect conclusions in the literature (see, e.g., the debate between Crutcher et al. 2009 and Mouschovias & Tassis 2010 on mass-to-flux ratio measurements and the assumption of straight-parallel field lines).
Finally, we also note that the apparent clustering of points around the correct values of the mass-to-flux ratio for DCF and/or ST measurements is largely driven by the idealized conditions (e.g., uniform initial density and square-grid geometry) of the simulation. This has the following effect. Suppose that we observe the modeled cloud at a time of t = 0 (when the cloud still has uniform density) such that the magnetic field lies entirely on the POS. With DCF we would see BPOS = Btotal = Binitial. In this configuration we would observe the mass perpendicular to the flux tubes. However, because of the initially uniform density and square geometry, the mass perpendicular to the flux tubes would be equal to the mass parallel to the flux tubes. As such, we would “derive” a reasonable value for the mass-to-flux ratio. This apparent and coincidental agreement, however, comes from idealized conditions and not from the physical validity of the method.
To further highlight these points, we show in Fig. 2 probability density functions (PDFs) of the mass-to-flux ratio estimated from BLOS (upper panel) and BPOS (lower panel) at a time of t = 1.44×tff, at which stage, the cloud has evolved to a more realistic configuration. For each case (BLOS and BPOS), we adopted the inclination angle for which the corresponding component is optimally observed (i.e., γ = 0° for BLOS, γ = 90° for BPOS). The results obtained directly from the simulation (black PDFs) were obtained by performing 5 × 103 independent measurements by varying the beam location and size. Additionally, we present PDFs of the mass-to-flux ratio obtained by performing random pairings of different column density and magnetic field measurements from different parts of the cloud (red PDFs in Fig. 2). The reasoning behind performing random pairings is to break any existing correlations (if any) between the magnetic field and the column density. Finally, we show a PDF of the mass-to-flux ratio obtained by simply considering independent uniform random distributions for BPOS and log10Np (dashed blue curve) within the ranges [5, 20] µG (i.e., a factor of two above and below the initial value of the magnetic field in the simulation), and [21.5, 22.5] cm−2 (i.e., reasonable limits based on the column density of the cloud), respectively. We therefore tested the null hypothesis of whether estimates of the mass-to-flux ratio based on BPOS have any diagnostic power beyond randomness.
Two features stand out from Fig. 2. For BLOS, the vast majority of measurements (88%) fall between the initial and maximum true values of the mass-to-flux ratio. For BPOS, the picture is very different. Only ∼17% of mass-to-flux ratio estimates fall within the true bounds3 (see solid and dash-dotted blue lines in Fig. 2). Additionally, ∼35% of the estimates are more than a factor of two away from both limits. For this particular cloud and inclination, BPOS estimates would likely result in the cloud appearing subcritical. Specifically, the mode of the PDF of observed mass-to-flux ratios is ∼0.7, more than a factor of three away from the “average” true value. Secondly, when column densities and field strengths from different sightlines and beam sizes are randomly paired, the PDF of observed mass-to-flux ratio measurements based on BLOS is much broader, indicating a clear loss of information. The same is not true for estimates based on BPOS where the two PDFs (directly from the simulation and random pairings) are similar. We note that the same is true for other inclination angles. This reflects that such measurements do not encode the correlation between the magnetic field and the column density in the first place. Finally, in the PDF of mass-to-flux ratios obtained by considering independent uniform random distributions for BPOS and log10Np, 19% of the estimates fall within the true boundaries, essentially indistinguishable from the DCF case. This test demonstrates that DCF estimates of the mass-to-flux ratio perform no better than this purely random baseline.
	[image: thumbnail]	Fig. 1 Magnetic field column density relation from our simulation considering the LOS and POS components of the field (upper and lower panels, respectively). The dashed, dash-dotted, and dotted cyan lines mark constant mass-to-flux ratios of µ/µcrit of 0.1, 1, and 10, respectively. The thin solid blue line indicates the initial value of the mass-to-flux ratio in the cloud, and the dashed blue line marks the maximum value of the mass-to-flux ratio at a time of 1.44× tff. Colored points correspond to different projection angles, different symbols correspond to different times when the cloud is “observed,” and the size of the symbols is proportional to the size of the beam used to observe different regions of the cloud (see Sect. 2).



	[image: thumbnail]	Fig. 2 PDFs of the mass-to-flux ratio based on the LOS (upper panel) and POS (lower panel) components of the magnetic field for a time of 1.44 × tff, when the cloud has evolved to a more realistic configuration. For each case, we adopt the inclination angle that maximizes the respective component (γ = 0° for BLOS and γ = 90° for BPOS). Black curves correspond to the results from the simulation. Dotted red lines represent PDFs obtained when column densities and magnetic field strengths from different regions of the cloud (and with different beam sizes) are randomly paired. The dashed blue line shows a PDF of mass-to-flux ratios obtained by considering independent uniform random distributions for BPOS and log10Np. The vertical solid and dash-dotted blue lines indicate the initial and maximum values of the true µ, respectively. At late times, only ∼17% of BPOS estimates fall within the range defined by the true mass-to-flux ratio, while most values suggest a substantially subcritical cloud. The similarity between the BPOS distribution from the simulation and that obtained from random pairings indicates that such measurements do not preserve the underlying correlation between the magnetic field strength and column density.



4 Discussion and conclusions
We employed the nonideal MHD chemo-dynamical simulation of a supercritical trans-Alfvénic supersonic collapsing molecular cloud from Tritsis (2025) and the magnetic field–gas column density relation to investigate biases in observed values of the mass-to-flux ratio. Our analysis shows that projection effects play a critical role in shaping the inferred values. When the mean magnetic field lies predominantly in the POS, the intrinsic magnetization of the cloud (relative to its self-gravity) can be overestimated by more than an order of magnitude. As such, Zeeman-based estimates of the mass-to-flux ratio should generally be regarded as upper limits.
For mass-to-flux ratio estimates based on the POS component of the magnetic field, the situation is more problematic, albeit for different reasons. Firstly, defining a mass-to-flux ratio based on such measurements is physically and mathematically erroneous, as the flux of BPOS through the POS is, ipso facto, zero. Secondly, the trend traced by the points in the magnetic field–column density plane does not reflect the true evolution of the mass-to-flux ratio. This misalignment implies that any apparent agreement with true values is largely coincidental. Third, in configurations where we can most reliably measure BPOS , we measure the mass perpendicular, rather than along, the magnetic flux tubes, i.e., the wrong mass for computing the mass-to-flux ratio. Finally, such flawed estimates of the mass-to-flux ratio can lead to additional misleading conclusions where already collapsed clouds appear to be more magnetically supported than at their earlier stages.
One potential limitation of our analysis is the omission of radiative transfer effects in the mock derivation of the LOS magnetic field component. Such effects, along with the pitfalls of the analysis technique, have been thoroughly examined in Brauer et al. (2017). However, the impact of the inclination angle in Zeeman measurements of the mass-to-flux ratio is so severe that the qualitative conclusions are unlikely to change. If anything, including radiative transfer and related observational complexities would likely exacerbate any discrepancies rather than mitigate them. Hu et al. (2023) also studied the magnetic field–column density relation in mesh-free galactic zoom-in simulations. They argue that HI-based column-density estimates may significantly underestimate the true total hydrogen column, leading to clouds appearing subcritical even if they are not. However, even upon adopting their correction factors for the missing mass (see their Fig. 9), the implied changes in column density are not sufficient to cross the supercritical line, let alone reach the higher values of the mass-to-flux ratios implied by their Fig. 8. For instance, reaching the µ = 5 line from a column density of 1 × 1019 cm−2 would require a correction factor of ∼400, whereas their Fig. 9 suggests that the missing mass is lower by approximately one order of magnitude. Therefore, the discrepancy they observe may instead arise from a boundary effect. Near the simulation edge, a sightline may intersect only a small number of particles, potentially underestimating the column density while still assigning a reasonable strength for the magnetic field. This combination would lead to artificially low inferred mass-to-flux ratios. Regardless, the column densities probed in the present study correspond to dense regions within molecular clouds, where observational estimates of the column density would typically rely on molecular line emission and/or thermal dust continuum rather than HI. As such, none of the physical biases discussed in Hu et al. (2023) are expected to affect the densities or scales examined here.
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1 The total weight per cell along the LOS is the product of molecular number density and the distance traversed inside that cell.


2 A mass-weighted BPOS would overemphasize contributions from dense regions along the LOS, which are, however, typically associated with depolarization. Using mass weighting yields higher BPOS values, particularly at later evolutionary stages, when the mass spread among cells along the LOS becomes larger. This, in turn, yields lower mass-to-flux ratios, which misleadingly suggest that the mass-to-flux ratio decreases over time.


3 For other inclination angles, the fraction of estimates within the true boundaries increases to 22% (γ = 67.5°) and 42% (γ = 45°).




Appendix A  Column density maps
In this appendix we present column density maps from the simulation used throughout this work, to illustrate how the projected morphology evolves with time and inclination. In Fig. A.1 we show the column density for five representative combinations of evolutionary time and inclination angle. From left to right, we present our results for [0.5 × tff, 0°], [0.75 × tff, 22.5°], [1.0 × tff, 45°], [1.25×tff, 67.5°], [1.44×tff, 90°]. For comparison, column density maps from a similar simulation at a fixed evolutionary time and varying projection angles are shown in Fig. 2 of Tritsis et al. (2025), while the spatial coordinates η and ξ on the POS are explained in their Fig. 1. These snapshots provide a visual reference for how changes in the viewing angle and dynamical evolution affect the appearance of the cloud as projected on the POS. As expected, the largest degree of spatial variation in column density appears at [1.44 × tff, 90°], whereas the most uniform distribution occurs at [0.5 × tff, 0°].
	[image: thumbnail]	Fig. A.1 Column density maps of the simulation used, at different times and different inclination angles. From left to right, we present the following combinations: [0.5 × tff, 0°], [0.75 × tff, 22.5°], [1.0 × tff, 45°], [1.25 × tff, 67.5°], and [1.44 × tff, 90°].
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	[image: thumbnail]	Fig. 1 Magnetic field column density relation from our simulation considering the LOS and POS components of the field (upper and lower panels, respectively). The dashed, dash-dotted, and dotted cyan lines mark constant mass-to-flux ratios of µ/µcrit of 0.1, 1, and 10, respectively. The thin solid blue line indicates the initial value of the mass-to-flux ratio in the cloud, and the dashed blue line marks the maximum value of the mass-to-flux ratio at a time of 1.44× tff. Colored points correspond to different projection angles, different symbols correspond to different times when the cloud is “observed,” and the size of the symbols is proportional to the size of the beam used to observe different regions of the cloud (see Sect. 2).
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