
    
      Fig. 1 

      
        [image: thumbnail]
      

      
Composite image representing the velocity structure present in the C18O (J = 1−0) cube. Each velocity channel is directly encoded as a hue, and the final image is obtained by additive colour synthesis. The brightest points correspond to 4 K in main beam temperature. The labels indicate, (1) the Horsehead Nebula, (2) NGC 2023, (3) NGC 2024 (the Flame Nebula), (4) the Flame filament, and (5) the Hummingbird filament. The spatial and kinematic complexity of the cloud appear clearly in particular in regions such as the north-eastern part of the cloud or around NGC 2023.


    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
Left: NH column density map derived from the C18O (J = 1−0) integrated intensity (multi-Gaussian model). The orientation of the magnetic field, derived from Planck polarimetric data, is shown by the black segments. The spacing of the segments corresponds to the 5′ beam of Planck. Middle: map of the ratio of the C18O-traced NH to the dust-traced NH above 3 magnitudes of AV in Orion B. Superimposed are contours of the C18O (J = 1−0) integrated intensity at 0.75, 2.5 and 7.5 K km s−1. Right: effective dust temperature map computed by Lombardi et al. (2014). The black segments again show the orientation of the magnetic field.


    

  
    
      Fig. 3 
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Joint distributions of the NH column densities as traced by C18O (J = 1−0) against those inferred from AV with an offsets of 3 magnitudes. This threshold corresponds to the extinctions at which the molecular tracers starts to be detected according to Pety et al. (2017). The distribution is computed in the identified filamentary regions. The 1:1 relation is overplotted as a black line.


    

  
    
      Fig. 5 
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Comparison of the skeletons obtained with the two different methods. The S1 skeleton denotes the skeleton obtained by simple thresholding, and S2 is obtained by the adaptive method with ridge detection. The structures only identified by one method appear in red or blue, the structures common to both methods appear in green if they perfectly match, and in yellow in the cases where the morphological thinning led to small position offsets (see Appendix B).


    

  
    
      Fig. 6 
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Top: map of the FWHM of the mean profiles of the individual filaments (combined skeleton). Bottom: histograms of the filament width for the S1, S2, and robust skeletons.


    

  
    Table 1 

Mean, median, and most probable FWHM of filaments for the three studied skeletons, resulting from mean profile fitting of the C18O-derived NH column density.



	Skeleton
	Mean
	Median
	Most probable
	Std dev





	S1
	0.11 pc
	0.12 pc
	0.13 pc
	0.04 pc



	S2
	0.11 pc
	0.12 pc
	0.13 pc
	0.04 pc



	Robust
	0.11 pc
	0.12 pc
	0.11 pc
	0.04 pc






  
    
      Fig. 7 
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Gravitational instability criterion of the filaments (combined skeleton). This criterion is derived from the C18O-traced linear density estimation and either the thermal pressure (γ, left) or the effective pressure, which also takes into account the C18O (J = 1−0) velocity dispersion (γeff, right). Overlaid are the positions of protostars from Megeath et al. (2016) in white, and class 0 YSOs from HOPS (Furlan et al. 2016) in green.


    

  
    
      Fig. 8 
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Top: map of the angle between the magnetic field and filaments detected in Orion B at a 5′ resolution. The filaments are red when they are parallel to the magnetic field and blue when perpendicular to it. Bottom: distribution of the relative orientation of the filaments and the magnetic field for the S1, S2, and robust skeletons. The dotted lines (and the shaded areas) present the distribution (and the corresponding ± 1σ uncertainties) that we would get if the two quantities were uncorrelated. The uncorrelated distribution is obtained by a Monte Carlo sampling of the magnetic field and filament position angles.


    

  
    
      Fig. 10 
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Top: average transverse profiles of the amplitude of the centroid velocity gradient of the filaments. These profiles are computed for the S1, S2, and robust skeletons via the C18O (J = 1−0) data cube; the shaded areas show the standard error for each profile. Bottom: same as above, but using the 13CO (J = 1−0) data cube for comparison.


    

  
    
      Fig. 11 
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Top: distribution of the linear density of the filaments. The vertical dashed lines show the most probable critical linear densities corresponding to [image: equation] and [image: equation]. Bottom: distribution of the volume density of the filaments, derived from the linear density and the FWHM of the transverse profiles by assuming a uniform cylindrical geometry. The typical critical volume densities lie beyond the plot, at ≳ 3 × 105 cm−3.


    

  
    Table 2 

Fraction of super-critical (γ > 1) or at least trans-critical (γ > 0.5) filaments depending on the assumptions on their internal pressure computed for the S1, S2, and robust skeletons.



		T = 10 K
	T = TK
	T = TK + Tturb





		S1 skeleton



	




	γ > 1
	9.9%
	0.4%
	0.1%



	γ > 0.5
	33.2%
	8.0%
	0.4%



	




		S2 skeleton



	




	γ > 1
	9.3%
	1.2%
	0.2%



	γ > 0.5
	27.2%
	7.4%
	0.8%



	




		Robust skeleton



	




	γ > 1
	9.0%
	0.6%
	0.1%



	γ > 0.5
	25.4%
	7.6%
	0.4%






  
    
      Fig. 12 
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Top: same as Fig. 1, but with the field and velocity range zoomed in on the Hummingbird filament, showing beads in the rectilinear tail of the Hummingbird. Bottom: two-point structure function of the linear density in the Hummingbird filament (following the robust skeleton), in (M⊙/pc)2, showing a periodic pattern which suggests longitudinal fragmentation with a period of 0.4 pc.


    

  
    
      Fig. A.1 
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Examples of spectra fitted with multiple Gaussians, at signal-to-noise levels of about 15 (top) and 5 (bottom). The individual Gaussian components are indicated in dashed, dotted, or dash-dotted lines.


    

  
    
      Fig. B.1 
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From left to right and top to bottom: (1) peak temperature of the raw C18O (J = 1−0) data; (2)integrated intensity of the multi-Gaussian fit result; (3) column density estimate derived from this integrated intensity and the dust temperature; (4) largest (in absolute value) eigenvalue ε2 of the Hessian matrix computed at each point of the column density map; (5) regions identified as filamentary, by applying a threshold onto the ε2 map; and (6) skeleton obtained by morphological thinning of these regions. The filaments that are eliminated at some point in the cleaning process are indicated in red.


    

  
    
      Fig. B.2 
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From left to right and top to bottom: (1) column density (Fig. B.1, panel 3) after an asinh transform (colour scale is linear, not logarithmic); (2) structures resulting from the aspect-ratio filter of Frangi et al. (1998) applied to the Hessian eigenvalues of the transformed column density, with a single detection scale of 0.14 pc; (3) the samestructures after applying a gradient-based ridge-detection filter, with the same detection scale; (4) the result of the multi-scale (0.06–0.3 pc) filtering; (5) regions identified as filamentary, by applying a threshold onto the multi-scale filtered map; and (6) skeleton obtained by morphological thinning of these regions. The filaments that end up being eliminated at some point in the cleaning process are indicated in red.


    

  
    Table B.2 

Evolution of the skeletons S1 and S2 after successive stages of cleaning in terms of number of pixels (Pix) and filaments (Fil).



	Skeleton
	S1
	S2



	




		Pix
	Fil
	Pix
	Fil





	Raw state
	5256
	457
	4837
	447



	Geometry cleaning
	−646
	N/A
	−909
	N/A



	Initial state
	4610
	291
	3928
	246



	Curvature cleaning
	−814
	−88
	−924
	−96



	Width cleaning
	−472
	−43
	−675
	−67



	Intermediate state
	3664
	157
	2833
	119



	Contrast cleaning
	−325
	−20
	−112
	−9



	Final state
	3315
	130
	2708
	106






Notes. The initial skeleton is first geometrically cleaned of short, isolated filaments, then we exclude filaments with too strong curvatures, too low relative contrasts, too broad or too narrow column density profiles. See text for details on why the numbers do not add up properly.
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