
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Mosaic of the [O III] observations. The upper right corner shows the central velocity of each 40 km s−1 channel relative to z = 7.133. The gray contours show the band 8 continuum, where the levels correspond to 4, 6, 8, 10, 12, and 14σ. The five components of the analysis (Sect. 3.5) are indicated by name. The color bar below the last panel shows the level corresponding to the velocity integrated flux, SdV, for each map.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        [C II] (top) and [O III] (bottom) spectra (continuum-subtracted) overlaid with the resulting models for each component (color coded according to their component names). The black line shows the sum of the models. The residuals after subtracting the model results are shown as a thin gray histogram.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Contours of the individual components of the [C II] 158 μm (top) and [O III] 88 μm (bottom). Overlaid is the combined HST image obtained with F125W, F140W, and F160W filters. The contours are color-coded according to their component name; contours are in steps of 2σ starting at 4σ (see Fig. 14 for the rms).

      

    

  
    
      Table 6. 

      Integrated line intensity and line luminosity per component.

      
        


	Comp-
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]/[image: equation]
	[image: equation]/[image: equation]



	onent
	[Jy km s−1]
	[108 L⊙]
	
	





	Violet
	0.068 ± 0.0082
	0.044
	0.12 ± 0.034
	0.13
	0.093 ± 0.011
	0.059
	0.30 ± 0.083
	0.31
	3.2 ± 0.97
	5.2 ± 1.7



	Blue
	1.5 ± 0.043
	1.5
	1.7 ± 0.11
	1.7
	2.1 ± 0.058
	2.1
	4.1 ± 0.26
	4.1
	1.9 ± 0.13
	2 ± 0.14



	Green
	0.95 ± 0.032
	1.0
	2.1 ± 0.1
	2.2
	1.3 ± 0.043
	1.4
	5.2 ± 0.24
	5.4
	4.0 ± 0.23
	4.0 ± 0.22



	Yellow
	0.13 ± 0.0096
	0.11
	0.17 ± 0.035
	0.15
	0.18 ± 0.013
	0.15
	0.41 ± 0.084
	0.36
	2.3 ± 0.49
	2.4 ± 0.59



	Red
	0.66 ± 0.024
	0.66
	1.0 ± 0.077
	0.95
	0.90 ± 0.033
	0.90
	2.4 ± 0.19
	2.3
	2.7 ± 0.23
	2.6 ± 0.23





      

      
Notes. Line luminosities are corrected for lensing magnification.



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Line luminosity vs. SFR for L[CII] (left) and L[OIII] (right). Black outline diamonds with color centers indicate the color-coded individual components from Sect. 3.5. The uncertainty on the SFR-axis for each component corresponds to the range given by a Tdust = 25 − 55 K. The orange and gray lines and associated regions show the relations for star-forming galaxies and low-metallicity dwarf galaxies from De Looze et al. (2014). Data from the literature is included for comparison for high-z galaxies without AGNs (Capak et al. 2015; Inoue et al. 2016; Knudsen et al. 2016; Pentericci et al. 2016; Bradač et al. 2017; Laporte et al. 2017, 2019, 2021; Carniani et al. 2017; Smit et al. 2018; Walter et al. 2018; Hashimoto et al. 2018, 2019; Tamura et al. 2019; Harikane et al. 2020; Binggeli et al. 2021; Fujimoto et al. 2021; Molyneux et al. 2022). We note that the data from the REBELS survey include the sources with L[CII] and UV + IR SED-estimated SFR (Sommovigo et al. 2022; Ferrara et al. 2022). On the right panel, for [O III] we also include the results from Marrone et al. (2018). In the left panel, the blue and magenta lines represent model predictions from Vallini et al. (2015) and Olsen et al. (2017).

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Moment-0 and moment-1 maps for each component: [C II] results (left) and [O III] results (right). The models of the other components have been subtracted from the data cube. The left columns show the moment-0 maps integrated over the line of the component; the middle columns the moment-1 given relative to the A1689-zD1 overall velocity field with zero velocity corresponding to z = 7.133; and the right columns the moment-1 map for each individual velocity (same velocity used for both [C II] and [O III]). The overlaid contours represent the fit models, in the moment-0 maps these correspond to 3, 4, 5, 6, 7, 8, 9, and 10σ; in the moment-1 maps, these correspond to velocity in km s−1 in steps of 10 km s−1. The moment-0 maps are given in S/N, where the rms in each map is measured excluding the source region (for [C II]: rms = 5.4, 11.6, 11.5, 6.4, and 8.3 mJy km s−1 beam−1, respectively, and for [O III]: rms = 27.7, 50.8, 54.1, 29.4, and 38.1 mJy km s−1 beam−1, respectively (from top to bottom).

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Surface brightness, SFR, [C II], ΣSFR, and Σ[CII] for the individual components of A1689-zD1 compared to recent results of the resolved high-z galaxies REBELS-25 (Rowland et al. 2024) and CRISTAL-05 (Posses et al. 2025, the circles show resolved measurements across the galaxy). The turquoise line and region shows the local relation from Herrera-Camus et al. (2015), the blue dotted line and region show the relation from ALPINE (Schaerer et al. 2020, assuming an average area of 8 kpc2). The dashed gray line and region show the relation for z = 5.5 − 7 galaxies (Carniani et al. 2018).

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Line luminosity ratio of [O III] and [C II] vs. SFR for each component of A1689-zD1 compared to other high-z detections (Inoue et al. 2016; Laporte et al. 2017, 2019; Carniani et al. 2017; Hashimoto et al. 2018, 2019; Tamura et al. 2019; Harikane et al. 2020; Witstok et al. 2022; Algera et al. 2024; Bakx et al. 2024). The diamonds represent the individual components color-coded according to their name, and the star formation is the one derived from the aperture measurements, as given in Tables 6 and 5. The orange and gray region and line indicate the range of the line ratio for local low-metallicity dwarf galaxies and starburst galaxies from De Looze et al. (2014).

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Radius-velocity relation of the clumps in A1689-zD1 compared to giant molecular clouds (GMCs) in the Milky Way (Heyer et al. 2009), in the nearby spiral M64 Rosolowsky & Blitz (2005), a compilation of other low redshift galaxy GMCs (Bolatto et al. 2008), in the so-called Cosmic Snake at z = 1.0 (Dessauges-Zavadsky et al. 2019), and in the clumpy, lensed SPT 0311−58 at z = 6.9 (Spilker et al. 2022). Lines of constant surface mass density are shown, following Spilker et al. (2022). The clumps in A1689-zD1 have a high surface mass density, 1.5 dex higher than low-z GMCs and similar to SPT0311−58 and the Cosmic Snake, though with clump sizes that are factors of several smaller than in the more massive galaxy SPT 0311−58 and much larger than observed in less star-forming galaxies at lower redshift. Our smallest components are unresolved, indicating the possible presence of even smaller clumps, possibly corresponding in size to those in the Cosmic Snake or M64.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Ratios of the galaxy’s UV, [C II]158 μm, [O III]88 μm, and dust continuum emission. The images are convolved to the smallest common beam: the [O III] beam where those data are involved and the [C II] beam otherwise. Parts of the ratio maps with S/N below 3 in the denominator are masked white, with increasing transparency from 3 to 6. The color range is normalized across the S/N > 6 part of the map for the panels involving the HST data. Contours for the [C II] and [O III] line emission and the UV emission are shown as dotted black, dashed green, and solid violet lines.
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