
    
      Fig. 3 
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        Centroid velocity distributions of the one- and two-velocity-components fits. The black histogram represents the centroid velocity distribution of the spectra fit by the one-velocity-component model. The blue and red histograms show the centroid velocity distributions of the spectra fit with the two-velocity-components model, where blue corresponds to the first velocity component and red to the second velocity component. The solid black line represents the middle point X located at 0.025 km s−1, measured via Eq. (1) (see text). This divides the black histogram into two velocities, as explained in Sect. 3.4.

      

    

  
    
      Fig. 5 
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        Map of the number of velocity components in the N2H+ (1–0) spectral fits in the G351.77 protocluster. The blue (orange) pixels represent 59% (41%) of the spectra where we adopt a one-velocity-component fit (two-velocity-components fit), see Sect. 3.3. Most of the orange pixels are located in central regions, where we observe the highest S/N and integrated intensity values, similar to the results for G353.41 (Álvarez-Gutiérrez et al. 2024). The blue areas are located preferentially near the edges. The ellipse in the bottom left corner represents the beam size of the N2H+ data.

      

    

  
    
      Fig. 7 
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        Top: mean velocity map from the final spectral model composed of both the one and two velocity components. The red arrow display the direction of the Mother Filament. The blue arrow indicates the direction of the large-scale velocity gradient measured from the centroid velocities. Middle: centroid velocity map of the blue velocity component. Bottom: centroid velocity map of the red velocity component. The spectra inside the black contour are fit with two velocity components. The ellipse in the bottom left corner represents the beam size of the N2H+ data.

      

    

  
    
      Fig. 10 
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        Relative abundance X(N2H+) distribution in the G351.77 protocluster zone. The dashed red line represents the mean of the distribution. The dashed black line represents the mean inside the most prominent bin of the distribution. The shaded region represents the estimated error around the mode.

      

    

  
    
      Fig. 11 
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        Integrated intensity and PV diagrams of the blue (blue color bar) and red (red color bar) velocity components seen in N2H+ (1–0). Top left: spatial distribution of N2H+ (1–0) emission in G351.77. The green, black, and magenta × markers indicate the positions of the 9 out of the 18 (see Sect. 5.1) dense cores (Louvet et al. 2024), where each color represents the DCN spectral classification: single, complex, and non-detected, respectively (Cunningham et al. 2023). The + markers indicate the position of the 16 core candidates, proposed on the basis on the N2H+ PV features observed at scales of ~0.1 pc (see Sect. 5.1 and Table E.1). Dashed lines indicate the positions of the four dense cores that do not have measurable velocities. The red arrow indicates the direction of the Mother Filament. The ellipse in the bottom left represents the beam size of the N2H+ data. Top right and bottom left: PV diagrams along the two perpendicular directions. Top right: the colored arrows indicate the position of the dense cores and their ID in Table 3. We observe multiple structures, such as V-shapes and Straight structures (see text) along the filaments, some associated with dense cores in both position and velocity. The orange arrows represent a velocity gradient of 10 km s−1 pc−1 ≈ 0.1 Myr.

      

    

  
    
      Fig. 12 
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        Top: PV diagram of the most prominent V-shape (L19 in Fig. 11). The black outlined points show the points used in order to generate the linear fits of the velocity gradients. The red and blue lines represent the upper and lower VG, respectively, which converge at ~ 0.015 pc below the central position of the dense core. The magenta error bar represents the projected size of the dense core (Louvet et al. 2024), while the horizontal dashed line represents the position of the dense core. The color bar shows the integrated intensity of N2H+ (1–0) levels. The gray error bar represents the beam size of the N2H+ data. The green arrow represents a velocity gradient of 25 km s−1 pc−1, which corresponds to a timescale of ~0.4 Myr. Middle: Position-position diagram of the most prominent V-shape. The squares represent the points used for the linear fit (top figure). The size of the squares correspond to the integrated intensity of each spectrum, while the ellipse indicates the position and size of the dense core (L19 in Fig. 11). Bottom right: Proposed model for the observed PV features as V-shapes (see also Fig. 12 in Henshaw et al. 2014 and Álvarez-Gutiérrez et al. 2024). Bottom left: inflowing filamentary structure. The light blue and blue arrows represent the velocity magnitude of the gas and the radial component of the gas velocity, respectively. Right: PV diagram of the model.

      

    

  
    
      Fig. 13 
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        PV diagram of a single core (L18 in Table E.1) from the catalog of Louvet et al. (2024). The PV feature outlines what we define as a straight shape. The black outlined points show the points used to generate the linear fit of the velocity gradient. The red line represents the linear fit of the velocity gradient. The green × marker indicates the position (Louvet et al. 2024) and velocity of the dense core measured in DCN (see Table F.9 in Cunningham et al. 2023), while the green bar indicates the projected dense core size. The gray error bar represents the beam size of the N2H+ data. The green arrow represents a velocity gradient of 25 km s−1 pc−1, which correspond to a timescale of ~0.4 Myr.

      

    

  
    
      Fig. 14 
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        PV diagram of the blue (blue color bar) and red (red color bar) velocity components seen in N2H+ (1–0). The dark points highlight the PV features observed. The blue arrows represent the location of the 16 PV features of candidates cores under the 1.3 mm band detection limit (see Table E.1). The red arrows indicate the location in the PV diagram of PV features associated with the dense cores (Louvet et al. 2024, see Table E.1). The markers and dashed lines are the same as in Fig. 11. The green arrow represents a velocity gradient of 10 km s−1 pc−1, which correspond to a timescale of 0.1 Myr.

      

    

  
    
      Table 6 

      Averaged characterization of the N2H+ V-shapes observed PV diagram.

      
        


	V-shape
	RA
	Dec
	VG
	tVG
	Mtot
	[image: equation]



	ID
	(ICRS (J2000))
	(km s−1 pc−1)
	(kyr)
	(M⊙)
	× 10−4 (M⊙ yr−1)





	L16
	17:26:41.635
	−36:08:48.00
	19.04 ± 1.40
	51.39 ± 3.78
	7.15 ± 1.57
	1.39 ± 0.32



	L19
	17:26:43.687
	−36:09:06.51
	85.69 ± 8.54
	11.42 ± 1.13
	15.36 ± 3.13
	13.45 ± 3.04



	L20
	17:26:42.830
	−36:09:11.97
	27.11 ± 1.97
	36.09 ± 2.62
	3.41 ± 0.71
	0.94 ± 0.19



	




	C1
	17:26:44.369
	−36:09:33.05
	40.54 ± 3.33
	24.13 ± 1.98
	27.72 ± 5.44
	11.49 ± 2.25



	C2
	17:26:44.003
	−36:09:35.61
	38.87 ± 2.07
	25.17 ± 1.34
	35.08 ± 6.84
	13.93 ± 2.72



	C3
	17:26:43.501
	−36:09:31.06
	40.51 ± 5.14
	24.15 ± 3.06
	30.22 ± 6.77
	12.51 ± 2.90



	C4
	17:26:41.743
	−36:09:35.57
	20.80 ± 1.42
	47.04 ± 3.21
	25.66 ± 5.00
	5.45 ± 1.06



	C5
	17:26:41.304
	−36:09:11.29
	30.94 ± 2.47
	31.61 ± 2.53
	12.40 ± 2.47
	3.92 ± 0.78



	C7
	17:26:39.924
	−36:09:12.81
	15.70 ± 1.56
	62.32 ± 6.21
	9.57 ± 2.07
	1.53 ± 0.33



	C8
	17:26:39.548
	−36:08:29.49
	14.47 ± 0.71
	67.59 ± 3.32
	46.23 ± 9.03
	6.84 ± 1.33



	C9
	17:26:38:858
	−36:08:28.73
	14.14 ± 1.83
	69.17 ± 8.95
	19.65 ± 4.09
	2.84 ± 0.59



	C11
	17:26:40.677
	−36:08:35.57
	19.33 ± 1.23
	50.61 ± 3.24
	7.41 ± 1.54
	1.46 ± 0.30



	C12
	17:26:42.190
	−36:08:53.34
	26.96 ± 1.43
	36.28 ± 1.93
	23.41 ± 4.58
	6.45 ± 1.26



	C13
	17:26:42.185
	−36:08:55.85
	28.04 ± 2.60
	34.89 ± 3.23
	19.70 ± 3.85
	5.64 ± 1.10



	C14
	17:26:46.011
	−36:09:18.13
	23.61 ± 1.32
	41.44 ± 2.32
	6.80 ± 1.33
	1.64 ± 0.32



	C15
	17:26:45.320
	−36:09:21.17
	45.56 ± 3.03
	21.47 ± 1.43
	13.82 ± 2.79
	6.43 ± 1.30



	C16
	17:26:46.340
	−36:09:18.52
	14.41 ± 1.25
	67.87 ± 5.89
	17.30 ± 3.38
	2.54 ± 0.49





      

      
Notes. The “L” indicates the V-shapes observed in PV diagram, associated with the dense cores from Louvet et al. (2024). The “C” represent the V-shapes observed in PV diagram associated with the candidates to possible cores under the 1.3 mm band detection limits. We provide the averaged estimations of velocity gradient, and its respective timescale, mass and mass inflow rate for each V-shape.




    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Integrated intensity and PV diagram of the F1 (blue color bar), F2 (red color bar), F3 (green color bar), and F4 (purple color bar) largescale structures of N2H+ (1–0) into which the protocluster has been divided. Left: Spatial distribution of N2H+ (1–0) emission. Markers and dashed lines are the same as in Fig. 11. The ellipse in the bottom left represents the beam size of the N2H+ data. Right: PV diagram. We observe multiple large-scale V-shapes and straight shapes along the different filamentary structures, with some of them associated with dense cores in position and in velocity. The green arrows represent a velocity gradient of 10 km s−1 pc−1, which correspond to a timescale of ~0.1 Myr.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Integrated intensity and PV diagrams of the blue (blue color bar) and red (red color bar) velocity components seen in N2H+ (1–0), and of the H2CO (2–1) emission (green color bar). Top left: spatial distribution of N2H+ and H2CO emission in G351.77. Markers and dashed gray lines are the same as in Fig. 11. The intersection of the dashed black lines represent the center of the rotating and infalling modeled sphere (see Appendix F). The ellipse in the bottom left represents the beam size of the N2H+ data. Top right and bottom left: PV diagrams along the two perpendicular directions. The black contours represent the shapes shown by the rotating and infalling modeled sphere in the PV diagram.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Top: Excitation temperature map of the blue velocity component. Bottom: Excitation temperature map of the red velocity component. The spectra inside the black contour are fit with two velocity components. The ellipse in the bottom left corner represents the beam size of the N2H+ data.

      

    

  
    
      Fig. D.2 

      
        [image: thumbnail]
      

      
        Example of two-velocity-components fits. The N2H+ data is represented by the histogram with their corresponding fits (colored curves), and the residuals are shown on the bottom panel. The orange line refers to the nil value. The intensity peak of the first velocity component is similar as what we measure for noise, indicating that it is not possible to fit two velocity components in the spectrum.

      

    

  
    
      Fig. F.1 

      
        [image: thumbnail]
      

      
        Top left: Position-position of a rotation-only sphere of 2700 M⊙. The solid black line represents the rotating axis whose inclination is of 85° respect to the x axis. Top right and bottom left: PV diagrams. The color bar represent the radial velocities derived from the Eq. 7, while the black contours show the PV features.

      

    

  
    
      Fig. F.2 

      
        [image: thumbnail]
      

      
        Top left: Position-position of an infalling-only sphere of 2700 M⊙. Top right and bottom left: PV diagrams. The color bar represent the radial velocities derived from the Eq. 7, while the black contours show the PV features.

      

    

  
    
      Fig. F.4 
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        Same as Fig. 17 with the black contours represent the PV features produced by a rotating and infalling modeled sphere in the PV diagram.

      

    

  
    
      Fig. F.7 
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        Same as Fig. F.5 with the magenta contours represent the PV features produced by a rotating modeled sphere in the PV diagram.
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