
    Table 1 

            Source properties.

          
            
              	 Name
              	 RA (J2000)
              	 Dec (J2000)
              	
                
                  F
                  890 μm
                
              
              	rms
              	
                
                  d
                
              
              	
                
                  M
                  
                    ⋆
                  
                
              
              	
                
                  L
                  
                    ⋆
                  
                
              
              	SpT
              	
                
                  T
                  eff
                
              
            

            
              	
              	
              	
              	(mJy)
              	 (mJy/beam)
              	(pc)
              	(M⊙)
              	(L⊙)
              	
              	(K)
            

            
              	
                

              
            

            
              	
                Sz 65
              
              	 15:39:27.75
              	 –34:46:17.56
              	64.49
              	0.32
              	150
              	0.76
              	0.832
              	K7
              	4060
            

            
              	 J15450887-3417333
              	 15:45:08.85
              	 –34:17:33.81
              	46.27
              	0.5
              	150
              	0.14
              	0.058
              	 M5.5
              	3060
            

            
              	
                Sz 68
              
              	 15:45:12.84
              	 –34:17:30.98
              	150.37
              	0.46
              	150
              	2.13
              	5.129
              	K2
              	4900
            

            
              	
                Sz 69
              
              	 15:45:17.39
              	 –34:18:28.66
              	16.96
              	0.28
              	150
              	0.19
              	0.088
              	 M4.5
              	3197
            

            
              	
                Sz 71
              
              	 15:46:44.71
              	 –34:30:36.05
              	166.04
              	0.63
              	150
              	0.42
              	0.309
              	 M1.5
              	3632
            

            
              	
                Sz 73
              
              	 15:47:56.92
              	 –35:14:35.15
              	30.43
              	0.55
              	150
              	0.82
              	0.419
              	K7
              	4060
            

            
              	
                IM Lup
              
              	 15:56:09.18
              	 –37:56:06.12
              	600.0
              	0.13
              	150
              	1.0
              	1.65
              	M0
              	3850
            

            
              	
                Sz 83
              
              	 15:56:42.29
              	 –37:49:15.82
              	426.9
              	0.72
              	150
              	0.75
              	1.313
              	K7
              	4060
            

            
              	
                Sz 84
              
              	 15:58:02.50
              	 –37:36:03.08
              	32.64
              	0.4
              	150
              	0.18
              	0.122
              	 M5.0
              	3125
            

            
              	
                Sz 129
              
              	 15:59:16.45
              	 –41:57:10.66
              	181.12
              	0.52
              	150
              	0.8
              	0.372
              	K7
              	4060
            

            
              	
                J16000236–4222145
              
              	 16:00:02.34
              	 –42:22:14.99
              	119.85
              	0.63
              	150
              	0.24
              	0.148
              	M4
              	3270
            

            
              	
                MY Lup
              
              	 16:00:44.50
              	 –41:55:31.27
              	176.81
              	0.76
              	150
              	1.02
              	0.776
              	K0
              	5100
            

            
              	
                Sz 133
              
              	 16:03:29.37
              	 –41:40:02.14
              	69.05
              	0.77
              	150
              	0.63
              	0.07
              	K2
              	4900
            

            
              	
                Sz 90
              
              	 16:07:10.05
              	 –39:11:03.64
              	21.83
              	0.46
              	200
              	0.79
              	0.661
              	K7
              	4060
            

            
              	
                Sz 98
              
              	 16:08:22.48
              	 –39:04:46.81
              	237.29
              	1.42
              	200
              	0.74
              	2.512
              	K7
              	4060
            

            
              	
                Sz 100
              
              	 16:08:25.74
              	 –39:06:1.63
              	54.85
              	0.58
              	200
              	0.18
              	0.169
              	 M5.5
              	3057
            

            
              	
                Sz 108B
              
              	 16:08:42.86
              	 –39:06:15.04
              	26.77
              	0.34
              	200
              	0.19
              	0.151
              	M5
              	3125
            

            
              	
                J16085324–3914401
              
              	 16:08:53.22
              	 –39:14:40.53
              	19.57
              	0.28
              	200
              	0.32
              	0.302
              	M3
              	3415
            

            
              	
                Sz 113
              
              	 16:08:57.78
              	 –39:02:23.21
              	22.35
              	0.27
              	200
              	0.19
              	0.064
              	 M4.5
              	3197
            

            
              	
                Sz 114
              
              	 16:09:01.83
              	 –39:05:12.79
              	96.41
              	0.41
              	200
              	0.23
              	0.312
              	 M4.8
              	3175
            

            
              	
                J16102955–3922144
              
              	 16:10:29.53
              	 –39:22:14.83
              	7.14
              	0.35
              	200
              	0.22
              	0.158
              	 M4.5
              	3200
            

            
              	
                J16124373–3815031
              
              	 16:12:43.73
              	 –38:15:03.40
              	29.88
              	0.49
              	200
              	0.47
              	0.617
              	M1
              	3705
            

          


            Notes. F890 μm is the integrated flux and rms is the root mean square noise from Ansdell et al. (2016). d is the distance to the source: for sources in the Lupus I, II and IV clouds d = 150 pc, while for stars in the Lupus III cloud d = 200 pc (see Comerón 2008). We note that recent measurements from the Gaia space telescope might suggest a distance of 150 pc for the Lupus III cloud. M⋆ is the stellar mass as in Ansdell et al. (2016), obtained using evolutionary tracks by Siess et al. (2000). Stellar bolometric luminosity L⋆, effective temperature Teff and spectral type SpT are derived from X-shooter measurements by (Alcalá et al. 2014, 2017).

          


  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
            Top: distribution of stellar masses for the full Lupus sample from Ansdell et al. (2016) (white bars) and for the sub-sample analyzed in this work (blue bars). Bottom: observed integrated continuum flux at 890 μm (Ansdell et al. 2016) as a function of stellar mass. Blue dots represent sources whose analysis is presented in this work. Red dots represent sources that appear unresolved and have been discarded in the rest of the analysis due low signal-to-noise ratio. In this and subsequent plots, the circled dots highlight sources in the 0.7–1  M⊙ mass bin. We also report transition disks (“×” symbols), sources with irregular shape (hexagons), binaries (diamonds), and the sources with integrated flux Fcont< 4 mJy that we excluded from our analysis (empty circles). 

          

    

  
    
      Fig. 2 
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              Left: spectral indices for the sources in our sample measured between J-band (2MASS, 1.235 μm) and, respectively, 70 μm, 100 μm, 160 μm (Herschel/PACS) using the definition in Eq. (3). The vertical lines show the spectral indices obtained with our disk model for different values of the flaring reduction parameter f, from a fully-flared model (f = 1, dotted line) to less flared models (f = 0.5,0.3,01, respectively dash-dotted, dashed and solid line). Right: scale-height of the disk surface layer computed by the model. 

            

    

  
    
      Fig. 4 
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            Physical structure of the best-fit model describing Sz 71. Left: gas surface density profile computed as 100 × Σd(R), where 100 is the gas-to-dust ratio. The solid red line is the cumulative mass (right y axis) and the black filled circle highlights the cut-off radius Rc ≃ 85 au. In all three plots, the dotted red line indicates the radius containing 95% of mass and the vertical dashed black line half the synthesized beam size (≃25 ) au. Middle: dust temperature profile Tmid(R) derived self-consistently at each radius from the disk model. The dot-dashed horizontal line represents the mass-averaged dust temperature ⟨ Tmid ⟩, which for Sz 71 is ≃14 K. Right: optical depth of the disk midplane at the observing wavelength: the sub-mm continuum emission is expected to be optically thick only within R < 2 au.

          

    

  
    
      Fig. 5 
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            Comparison between model and observed visibilities of Sz 71 as a function of deprojected baseline length (uv-distance). The panel above (below) shows the real (imaginary) part of the visibilities. Black dots show the observed visibilities (binned every 30 kλ), the blue density indicators represent the PDF of the model visibilities in each uv-bin. The black solid line corresponds to the median of the model visibilities PDF, the black dashed lines the 16th and 84th percentiles, the red dotted lines the 2.7th and 97.7th percentiles.

          

    

  
    
      Fig. 6 
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            Comparison between the observed (left) and the best-fit model (middle) images for Sz 71. Residuals are shown in the right panel. The best-fit model has the following parameters γ = 0.25 ± 0.01, Σ0 = (16.2 ± 0.2)g/cm2,Rc = (85 ± 1)au. The three images have been produced by applying the CLEAN deconvolution algorithm with natural weighting to the observed, best-fit model and residual visibilities, respectively. Contour levels refer to –3 (dashed), 3, 6, 12, 24, 48, 50, 100, 150, etc. multiple of the rms, which here is σ = 0.3 mJy/beam. The FWHM of the synthesized beam is shown as a gray ellipse in the left panel.

          

    

  
    Table 3 

            Fit results: free parameters and derived quantities.

          
            
              
              
              
              
              
              
            
            
              
              
            
            
              	
              	
              	
              	
              	
              	
              	
              	
            

            
              	 Name
              	
                
                  γ
                
              
              	
                Σ0
              
              	
                
                  R
                  c
                
              
              	
                
                  i
                
              
              	
                PA
              
              	
                
                  R
                  out
                
              
              	
                
                  M
                  dust
                
              
            

            
              	
              	
              	
                 g cm-2
              
              	
                 au
              
              	
                
                  °
                
              
              	
                
                  °
                
              
              	
                 au
              
              	
                
                  M
                  ⊕
                
              
            

            
              	
                

              
            

            
              	
              	
              	
              	
              	
              	
              	
              	
            

            
              	 Sz 65
              	
                0.12 ± 0.24
              
              	
                20.71 ± 2.95
              
              	
                28.03 ± 0.56
              
              	
                61.46 ± 0.88
              
              	
                108.63 ± 0.37
              
              	
                42.39 ± 2.96
              
              	
                16.07 ± 0.61
              
            

            
              	 J15450887-3417333
              	
                −0.72 ± 0.70
              
              	
                104.05 ± 42.70
              
              	
                16.13 ± 1.08
              
              	
                36.30 ± 5.56
              
              	
                2.41 ± 2.53
              
              	
                23.43 ± 1.23
              
              	
                32.19 ± 7.86
              
            

            
              	 Sz 68
              	
                −0.39 ± 0.27
              
              	
                188.99 ± 80.18
              
              	
                14.04 ± 0.96
              
              	
                32.89 ± 3.32
              
              	
                175.78 ± 3.13
              
              	
                23.03 ± 0.40
              
              	
                40.05 ± 12.32
              
            

            
              	 Sz 69
              	
                0.72 ± 0.21
              
              	
                50.24 ± 18.02
              
              	
                9.11 ± 2.00
              
              	
                43.53 ± 8.65
              
              	
                124.28 ± 17.10
              
              	
                18.04 ± 1.60
              
              	
                7.59 ± 1.84
              
            

            
              	 Sz 71
              	
                0.25 ± 0.01
              
              	
                16.19 ± 0.24
              
              	
                84.68 ± 1.00
              
              	
                40.82 ± 0.71
              
              	
                37.51 ± 0.01
              
              	
                127.14 ± 1.12
              
              	
                80.21 ± 1.01
              
            

            
              	 Sz 73
              	
                1.00 ± 0.17
              
              	
                10.94 ± 1.10
              
              	
                43.47 ± 7.43
              
              	
                49.76 ± 3.95
              
              	
                94.71 ± 5.17
              
              	
                79.41 ± 19.36
              
              	
                9.32 ± 1.20
              
            

            
              	 IM Lup
              	
                0.65 ± 0.01
              
              	
                22.25 ± 0.10
              
              	
                431.74 ± 6.81
              
              	
                48.40 ± 0.11
              
              	
                144.37 ± 0.10
              
              	
                504.01 ± 0.10
              
              	
                439.46 ± 3.76
              
            

            
              	 Sz 83
              	
                0.40 ± 0.09
              
              	
                151.83 ± 28.03
              
              	
                36.18 ± 1.32
              
              	
                3.31 ± 2.90
              
              	
                163.76 ± 5.94
              
              	
                64.42 ± 1.12
              
              	
                160.76 ± 11.49
              
            

            
              	 Sz 84
              	
                −0.98 ± 0.20
              
              	
                3.04 ± 0.46
              
              	
                40.57 ± 1.10
              
              	
                73.99 ± 1.56
              
              	
                167.31 ± 0.77
              
              	
                52.26 ± 2.26
              
              	
                13.83 ± 0.54
              
            

            
              	 Sz 129
              	
                −0.33 ± 0.02
              
              	
                18.43 ± 0.38
              
              	
                50.25 ± 0.39
              
              	
                31.74 ± 0.75
              
              	
                154.94 ± 0.43
              
              	
                70.29 ± 1.23
              
              	
                70.94 ± 0.56
              
            

            
              	 J16000236-4222145
              	
                −0.20 ± 0.02
              
              	
                6.13 ± 0.16
              
              	
                89.60 ± 0.91
              
              	
                65.71 ± 0.36
              
              	
                160.45 ± 0.02
              
              	
                129.38 ± 2.26
              
              	
                72.56 ± 0.75
              
            

            
              	 MY Lup
              	
                −0.59 ± 0.06
              
              	
                9.85 ± 0.66
              
              	
                60.67 ± 0.62
              
              	
                72.98 ± 0.35
              
              	
                58.94 ± 0.12
              
              	
                85.14 ± 0.74
              
              	
                86.05 ± 2.06
              
            

            
              	 Sz 133
              	
                −0.17 ± 0.16
              
              	
                14.25 ± 6.01
              
              	
                66.77 ± 2.39
              
              	
                78.53 ± 0.65
              
              	
                126.29 ± 0.09
              
              	
                108.68 ± 4.78
              
              	
                91.73 ± 11.82
              
            

            
              	 Sz 90
              	
                −0.68 ± 0.80
              
              	
                6.36 ± 2.73
              
              	
                29.07 ± 2.21
              
              	
                61.31 ± 5.34
              
              	
                123.00 ± 4.86
              
              	
                38.18 ± 5.23
              
              	
                8.31 ± 0.46
              
            

            
              	 Sz 98
              	
                0.11 ± 0.01
              
              	
                5.06 ± 0.10
              
              	
                198.93 ± 2.80
              
              	
                47.10 ± 0.70
              
              	
                111.58 ± 0.06
              
              	
                278.62 ± 4.86
              
              	
                153.91 ± 2.75
              
            

            
              	 Sz 100
              	
                −1.52 ± 0.01
              
              	
                1.31 ± 0.03
              
              	
                59.99 ± 0.65
              
              	
                45.11 ± 0.97
              
              	
                60.20 ± 0.06
              
              	
                74.06 ± 1.29
              
              	
                42.53 ± 0.61
              
            

            
              	 Sz 108B
              	
                −0.06 ± 0.52
              
              	
                9.08 ± 2.57
              
              	
                40.12 ± 4.93
              
              	
                49.09 ± 5.34
              
              	
                151.76 ± 6.05
              
              	
                55.55 ± 10.59
              
              	
                15.64 ± 0.88
              
            

            
              	 J16085324-3914401
              	
                0.20 ± 0.86
              
              	
                46.56 ± 49.69
              
              	
                15.76 ± 3.76
              
              	
                60.72 ± 4.00
              
              	
                100.31 ± 5.47
              
              	
                25.57 ± 3.18
              
              	
                14.60 ± 11.15
              
            

            
              	 Sz 113
              	
                −0.16 ± 0.59
              
              	
                81.09 ± 38.54
              
              	
                14.96 ± 1.85
              
              	
                10.78 ± 9.19
              
              	
                147.36 ± 14.20
              
              	
                22.24 ± 1.37
              
              	
                19.95 ± 4.61
              
            

            
              	 Sz 114
              	
                0.23 ± 0.03
              
              	
                21.01 ± 0.54
              
              	
                60.71 ± 0.87
              
              	
                15.84 ± 3.39
              
              	
                148.73 ± 6.87
              
              	
                89.71 ± 1.56
              
              	
                58.30 ± 0.73
              
            

            
              	 J16102955-3922144
              	
                −0.52 ± 0.64
              
              	
                0.72 ± 0.46
              
              	
                62.54 ± 16.18
              
              	
                66.54 ± 9.21
              
              	
                118.86 ± 9.49
              
              	
                80.80 ± 27.55
              
              	
                5.40 ± 1.07
              
            

            
              	 J16124373-3815031
              	
                0.65 ± 0.83
              
              	
                24.85 ± 15.94
              
              	
                21.85 ± 4.32
              
              	
                43.69 ± 7.39
              
              	
                22.99 ± 8.85
              
              	
                37.52 ± 7.64
              
              	
                11.44 ± 3.67
              
            

          


            Notes. Columns 1–5: free parameters, estimated from the corresponding marginalized PDF: the parameter value is estimated as the median, the uncertainties represent the extent of the central interval between 16th and 84th percentiles. Columns Rout and Mdust report two derived quantities: the disk outer radius (defined as the radius containing 95% of the model flux) and the total dust mass (computed as in Eq. (5)), respectively.

          


  
    
      Fig. 7 
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            Left: ratio between the dust masses derived in this work and those derived by Ansdell et al. (2016). Although derived with very different methods (for a detailed description, see the text), the masses are within a factor of 2 (gray area) for the vast majority of disks. Right: comparison between the disk inclinations i (along the line of sight) obtained in this work and those derived by Ansdell et al. (2016). In both plots, the disks are sorted from left to right by increasing stellar mass and the circled dots highlight sources with 0.7 ≤ M⋆/M⊙ ≤ 1. 

          

    

  
    Table 4 

              Summary of fit results for disks with cavities.

            
              
                	Previously known TDs
              

              
                	 Name
                	
                  
                    γ
                  
                
                	
                  
                    R
                    hole
                  
                
                	 Reason
                	 Ref.
              

              
                	
                	
                	 (au)
                	
                	
              

              
                	
                  

                
              

              
                	 MY Lup 
                	
                  −0.59 ± 0.01
                
                	 34
                	
                	 1 
              

              
                	 Sz 100
                	
                  −1.5 ± 0.1
                
                	 46
                	
                	 2 
              

              
                	 Sz 84
                	
                  −1.0 ± 0.2
                
                	 41
                	
                	 3 
              

              
                	 J16102955-3922144
                	
                  −0.5 ± 0.64
                
                	 31
                	
                	 4 
              

              
                	
                  

                
              

              
                	Disks with tentatively new evidence of a cavity
              

              
                	 Sz 129
                	
                  −0.33 ± 0.02
                
                	 22
                	
                	 5 
              

              
                	 J16000236-4222145
                	
                  −0.20 ± 0.02
                
                	 30
                	
                	 6 
              

              
                	
                  

                
              

              
                	Not fit
              

              
                	 J16083070-3828268
                	
                	
                	 large cavity
                	 2 
              

              
                	 RY Lup
                	
                	
                	 large cavity
                	 7 
              

              
                	 Sz 111
                	
                	
                	 large cavity
                	 2 
              

              
                	 Sz 123A
                	
                	
                	 binary
                	 2, 4 
              

              
                	 J16070854-3914075
                	
                	
                	 edge-on
                	 2, 4 
              

              
                	 Sz 112
                	
                	
                	F890 μm< 4 mJy
                	 5 
              

              
                	 J16011549-4152351
                	
                	
                	 no stellar parameters
                	 5 
              

              
                	 J16081497-3857145
                	
                	
                	 unresolved
                	 (4) 
              

            


              Notes. For four previously known TDs (top) and for two disks for which we found new evidence of a cavity (middle) we report the radial slope γ, the hole radius Rhole (estimated as the Σd(R) peak radius). We also list the disks that we have not fit (bottom) with the reason for which we have been unable to fit them.

              Reference. (1) Romero et al. (2012); (2) Merín et al. (2008); (3) Merín et al. (2010); (4) Bustamante et al. (2015) (5); van der Marel et al. (2016); (7) see discussion in Ansdell et al. (2016).

            


  
    
      Fig. 10 
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              Surface density profiles of the five disks having γ< 0 at a significance level larger than 3σ. The vertical dashed line gives a visual representation of half the beam size (25 au at 150 pc). 

            

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
              Top panels: distribution of the parameter δfit (see text) for the Lupus (blue) and Taurus-Auriga and Ophiuchus (yellow) samples. In the left panel we show the full samples, while in the right one we restrict to the range 0.7 ≤ M⋆/M⊙ ≤ 1. Bottom panels: empirical cumulative distribution functions for the values of δfit for the same samples as in the upper panels.

            

    

  
    
      Fig. A.1 
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              Fit results for Sz 65. Top row: on the left, the staircase plot showing the MCMC chains as in Fig. 3; on the right, the comparison of the observations and model deprojected visibilities as a function of uv-distance as in Fig. 5. Middle row: plots showing the physical structure of the disk as in Fig. 4. Bottom row: synthesized images of observations, model and residual visibilities as in Fig. 6. In the images σ = 0.27 mJy/beam.

            

    

  
    
      Fig. A.2 
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              Fit results for J15450887-3417333, presented as in Fig. A.1. In the images σ = 0.3 mJy/beam.

            

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
              Fit results for Sz 68, presented as in Fig. A.1. In the images σ = 0.3 mJy/beam.

            

    

  
    
      Fig. A.4 
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              Fit results for Sz 69, presented as in Fig. A.1. In the images σ = 0.25 mJy/beam.

            

    

  
    
      Fig. A.6 
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              Fit results for Sz 73, presented as in Fig. A.1. In the images σ = 0.33 mJy/beam.

            

    

  
    
      Fig. A.8 
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              Fit results for Sz 83, presented as in Fig. A.1. In the images σ = 0.4 mJy/beam.

            

    

  
    
      Fig. A.9 
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              Fit results for Sz 84, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.10 
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              Fit results for Sz 129, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.11 
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              Fit results for J16000236-4222145, presented as in Fig. A.1. In the images σ = 0.25 mJy/beam.

            

    

  
    
      Fig. A.13 
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              Fit results for Sz 133, presented as in Fig. A.1. In the images σ = 0.3 mJy/beam.

            

    

  
    
      Fig. A.14 
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              Fit results for Sz 90, presented as in Fig. A.1. In the images σ = 0.3 mJy/beam.

            

    

  
    
      Fig. A.15 
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              Fit results for Sz 98, presented as in Fig. A.1. In the images σ = 0.33 mJy/beam.

            

    

  
    
      Fig. A.16 
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              Fit results for Sz 100, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.18 
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              Fit results for J16085324-3914401, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.19 
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              Fit results for Sz 113, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.20 
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              Fit results for Sz 114, presented as in Fig. A.1. In the images σ = 0.2 mJy/beam.

            

    

  
    
      Fig. A.22 
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              Fit results for J16124373-3815031, presented as in Fig. A.1. In the images σ = 0.3 mJy/beam.

            

    

  
    
      Fig. B.1 
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              Staircase plots showing the posterior PDF resulting from the application of the Bayesian regression method by Kelly (2007) to infer a law log (F890 μm) = βlog (Rc) + α for the Lupus sample (top left), for the Taurus-Auriga and Ophiuchus sample (top right) and for both the samples together (bottom). Each plot shows the PDF of the intercept (α), the slope (β), the intrinsic scatter of data points (σ) and the correlation degree (corr). The red lines highlight the posterior peak. 
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