
    Table 1 

Wind parameters of MHD solutions computed in this work.



	Solution
	[image: equation]
	[image: equation]
	icrit (a)





	L13W36(b)
	13.7
	36
	≃86°



	L13W130
	12.9
	134
	< 80°



	L5W30
	5.5
	30
	≃86°



	L5W17(c)
	5.5
	17
	≃84°






Notes. (a) Critical inclination below which the PV cut may be single-peaked, computed for zcut = 225 au, rin = 0.25 au, and rout = 8 au. (b) Solution used in the modeling of Pesenti et al. (2004); Panoglou et al. (2012); Yvart et al. (2016). (c) Reference solution in Sect. 3 and Figs. 3–9.





  
    
      Fig. 2 
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Shape and kinematics of the streamlines as a function of vertical distance z above the disk midplane for the four computed MHD DW solutions in Table 1. a: cylindrical radius r, b: velocity along the jet axis Vz, c: azimuthal rotation velocity Vϕ, d: radial expansion velocity Vr. Filled dots indicate the Alfvén surface. Distances are scaled by the launch radius r0, and velocities by the Keplerian speed at r0, VK (r0). Models are denoted as LxWy with x = λBP the magnetic lever arm parameter and y = [image: equation] = rmax∕r0 the widening factor (as defined in Eqs. (3) and (4) and listed in Table 1).


    

  
    
      Fig. 3 
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a: definition of inclination angle i for our synthetic predictions in Sect. 3. b: sketch illustrating the construction of the transverse PV cut at projected altitude zcut with a Gaussian beam θb. Wind rotation induces different line-of-sight velocities at symmetric offsets + r and − r on either side of the jet axis, producing a detectable “tilt” in the PV cut (see Fig. 4). This projected velocity shift is used to estimate the rotation speed and specific angular momentum of the flow (see Sect. 3.2). Adapted from Ferreira (2001).


    

  
    
      Fig. 5 
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Double-peak separation in edge-on PVs of radially extended DWs (connected dots) compared with the theoretical value for a single wind annulus on the outermost streamline (dotted curves). Left column: observed spatial separation Δr vs. theoretical Δrth (from Eq. (12)); middle column: deprojected velocity shift ΔV ∕sin i vs. theoretical value ΔVth∕sin i (from Eq. (13)). Right column: ratio of the apparent specific angular momentum jobs = (Δr∕2) × (ΔV∕2sin i) to the true value on the outermost streamline, jout = (Δrth ∕2) × (ΔVth∕2sin i). From top to bottom panels: the influence of varying (a) MHD solution (colour-coded) and inclination angle; (b) outermost launching radius rout of the emitting region of the MHD DW; (c) index α of the emissivity radial power law (see Eq. (8)); and (d) spatial beamFWHM θb and PV cut position zcut. All nonlabeled model parameters are fixed at their reference value: i = 87°, MHD solution = L5W17, rout = 8 au, α = − 2, θb = 225 au, zcut = 225 au, M⋆ = 0.1 M⊙, and rin = 0.25 au. Datapoints for this reference case are circled in orange in each panel.


    

  
    
      Fig. 7 
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Observational biases in the PV double-peak separation method for our reference edge-on case (i = 87°), as a functionof the DW radial extension (for α = −2, connected red dots) and emissivity index α
(for rout/rin = 32, connected green dots): panels a and b show specific angular momentum and poloidal velocity estimated from the PV double-peak separation; c and d show launch radius and magnetic lever arm parameter inferred from the observed quantities in (a) and (b) using Anderson’s relations (Eqs. (1) and (2)). Values that would be obtained for a single ring on the outermost wind streamline are shown in dotted red curves. The true magnetic lever arm parameter
λBP of the MHD solution and relevant values at rin are indicated for reference in dot-dashed blue.


    

  
    
      Fig. 8 
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“Observed” rotation curve Vϕ,obs(r) obtained from the difference of peak velocity between ± r from the jet axis (Eq. (16)) for our reference model viewed at i = 40°, 60°, 70°, and 80° (color-coded curves). (a): Spatially resolved regime (θb = 45 au), (b): spatially unresolved regime (θb = 225 au; we note the change of scales on both axes). In both panels, a vertical black line indicates the beam FWHM, and colored vertical dashed lines indicate the flow radius rj at zcut = 225 au. The true wind rotation curve Vϕ(r) at z = zcut∕sin i) is shown by dotted curves, with a constant value beyond rj. The cross on the red curve illustrates where the local intensity drops below 10% of the PV peak.


    

  
    
      Fig. 10 
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Rotation signatures retrieved at 225 au resolution by spectro-astrometry towards the low-velocity HH212 outflow. Blue (resp. red) contours show SO(98−87) blueshifted (resp. redshifted) emission over intermediate velocities (1.5 km s−1 < ∣ VLSR − Vsys∣ < 2.8 km s−1) mapped with ALMA Cycle 0 (from Podio et al. 2015). The blue (resp. red) dots mark the centroid positions of transverse intensity cuts at each altitude across the blue (resp. red) contour maps. The black asterisk indicates the continuum peak. The jet was rotated to point upwards for clarity. Horizontal black dashed lines depict the position of PV cuts at z ± 70 au shown in Fig. 11. The clean beam FWHM of 0.65″ × 0.47″ is shown as afilled black ellipse. First contours are 0.1 mJy beam−1 km s−1 and steps are 0.15 mJy beam−1 km s−1.


    

  
    
      Fig. 11 
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Comparison between observed and modeled SO on-axis spectra and transverse position-velocity cuts taken at ± 0.′′15 (70 au) across the blueshifted (left panels) and redshifted (right panels) lobes of the HH212 jet. Top row: ALMA Cycle 4 data (70 au beam) from Tabone et al. (2017). Bottom row: ALMA Cycle 0 data (250 au beam) from Podio et al. (2015). In all panels, observed spectra are plotted as histograms, and observed PV diagrams are shown as color maps with white contours. Synthetic predictions for the MHD DW model of Tabone et al. (2017), convolved by the appropriate beam size, are overplotted in black. The model uses the MHD DW solution L5W30, M⋆ = 0.2 M⊙, i = 87°, with the range of launch radii (rin, rout) indicated on top. The best-fitting emissivity variation index (α) is marked ineach panel.


    

  
    
      Fig. 12 
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Position–velocity cuts at 0.04′′ ≃ 18 au resolution across the upper disk atmospheres in HH212: black contours and grayscale show SO ALMA observations from Lee et al. (2018a). Cyan contours show synthetic predictions for the MHD DW model of Tabone et al. (2017). zcut is labeled in arcsec in the upper-left corner (>0 in the blue lobe, <0 in the red lobe). Magenta curves in panels a and b plot Keplerian curves fitted by Lee et al. to their data at z ≃ ± 20 au; the blue andred velocity shift of these curves from the systemic velocity suggests an outflow from the disk atmosphere out to rout ≃ 0.1′′≃ 45 au, well reproduced by the MHD DW model; green ellipses in panels a and c show the expanding shell model fitted by Lee et al. in theblue lobe.


    

  
    Table A.1 

Disk parameters and emerging wind properties of the calculated self-similar MHD solutions.



	
	Input disk parameters(a) 
	Solved parameters(a)
	Wind properties(b)



	
	

	

	




	Model name
	ξ
	ɛ
	αv (c)
	αm
	χm
	μ
	p
	q
	λBP
	[image: equation]





	L13W36
	3.8 × 10−2
	3.2 × 10−2
	1.2
	2
	1.42
	0.35
	1.1
	1.8
	13.7
	36



	L13W130
	4 × 10−2
	5 × 10−2
	0.9
	1.9
	1.38
	0.21
	1.2
	2.3
	12.9
	134



	L5W30
	0.11
	1 × 10−2
	1.1
	2.3
	4.2
	0.22
	2
	4.9
	5.5
	30



	L5W17
	0.11
	1 × 10−2
	1.2
	2.35
	4.1
	0.25
	1.85
	4.33
	5.5
	17






Notes. (a) See Appendix A for parameter definitions;
(b) λBP is the wind Blandford & Payne magnetic lever arm parameter, defined in Eq. (3).
[image: equation] is the wind maximum widening factor rmax∕r0 (see Eq. (4) and Fig. A.2). (c)we take [image: equation], corresponding to νv = νm
(magnetic Prandl number = 1).





  
    
      Fig. A.1 
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Vertical profile of the normalized entropy generation function FQ(z∕ɛr) in the four computed MHD disk wind solutions. In blue L13W36, in black L13W120, in red the (identical) function for L5W17 and L5W30. FQ is related to the entropy source function along the magnetic flow surface through [image: equation]
where [image: equation].


    

  
    
      Fig. A.2 
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Variation of a: radius, b: density ρ, and c: poloidal and toroidal magnetic field (in solid and dashed curves respectively) along a magnetic wind surface as a function of z∕r0, for the four computed MHD DW solutions. The Alfvén point for each solution is plotted as a filled dot. Quantities are normalized by the mid-plane value of radius, density, and vertical magnetic field Bz,0 at r0. The latter are related to the dimensional parameters of the system through
[image: equation]
and [image: equation], where ms ≃ 1−2 is the Mach number of the accretion flow (Combet & Ferreira 2008).


    

  
    
      Fig. B.1 
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Top: schematic view of a thin wind annulus of radius rj, expansion velocity Vr, azimuthal velocity Vϕ, and vertical velocity Vz along the jet axis, inclined by an angle i from the line of sight. A point on this annulus is located by the azimuthal angle ϕ. Bottom: the transverse PV diagram for the wind annulus is an ellipse (in black) centered on rproj = 0 and Vrad = − cosiVz, of minor andmajor axes and tilt angle Θ given by Eqs. B.8 and B.9. Three pairs of points of interest are indicated: the on-axis points (in green) giving the projected Vr ; the points of maximum radii (in blue) giving the projected Vϕ; and the points of maximum radial velocity (in red) with [image: equation]
and [image: equation], where intensity peaks are located at high spectral resolution (see Appendix B.2 and Fig. B.2).


    

  
    
      Fig. B.2 
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Effect of spatial beam (θb) and spectral broadening (δV) on peak separation in synthetic transverse PV diagrams for an expanding and rotating annulus of radius rj and Vϕ = 3 × Vr. Panel a: significant beam smearing θb = 0.2 × rj but negligible line broadening δV ≪ Vr: peaks on velocity extrema (red dots); this is the case expected for ALMA observations of cool molecular disk winds. Panel b: significant line broadening δV = 0.2× Vϕ but negligible beam convolution θb ≪ rj: peaks on spatial extrema (blue dots). Panel c: high spatial and velocity resolution (θb = 0.1× rj, δV = 0.1× Vϕ): peaks between red and blue dots, close to the ellipse major axis; panel d: low spatial and spectral resolution θb ∕rj = δV∕Vϕ = 1: peaks move closer in, along the ellipse PA.
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