
    
      Fig. 1 
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        Optical Digitized Sky Survey (DSS) red–green–blue (RGB) image (Red: DSS2 Red (F+R); Blue: DSS2 Blue (XJ+S); Green: DSS2 NIR (XI+IS).) of the W3/4 region. Color contours are velocity-integrated intensity of 13CO (1−0) emission in the integrated Local Standard of Rest velocity range from −63 to −28 km s−1, starting at 10 K km s−1 (3σ with light blue) on a main beam brightness temperature scale and go up in steps of 15 K km s−1 (more and more red). White stars and black plus signs indicate identified OB stars (Roman-Lopes et al. 2019) and high-mass young stellar object (HMYSOs) (Lumsden et al. 2013), respectively. Since the W3/4 complex is located near the northern tip of the galactic plane within the equatorial coordinate system, galactic longitude and latitude are approximately parallel to right ascension and declination, so that the terms north, south, east and west are almost synonymous in both coordinate systems and are applied below sometimes without explicitly mentioning the reference system.

      

    

  
    
      Fig. 2 
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        12CO (1−0) moment 0 map and average spectra of sixteen sub-regions for the W3/4 region. (a) 12CO (1−0) moment 0 (velocity integrated intensity) map of the W3/4 region. The integrated Local Standard of Rest velocity range is −63 to −30 km s−1. The black contour line is the 13CO intensity in the integrated Local Standard of Rest velocity range from −63 to −28 km s−1, starting at 10 K km s−1 (3σ) on a main beam brightness temperature scale and going up in steps of 15 K km s−1. The red areas refer to positions with notable C18O emission. Sixteen dotted boxes mark the dense areas in the whole W3/4 region. The yellow stars and red crosses correspond to OB stars (Roman-Lopes et al. 2019) and high-mass young stellar objects (HMYSOs) (Lumsden et al. 2013), respectively. (b) Average spectra of the sixteen sub-regions for the 12CO (black), 13CO (blue) and C18O (red) J = 1−0 emission lines. The yellow dotted line in each sub-region marks the velocity value corresponding to the peak of the 12CO average spectrum. The upper left corner of each sub-map shows the corresponding sub-region given in (a).
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        (a) PPV (position–position–velocity) Tmb intensity map of 13CO emission in W3/4. (b) PPV velocity map (the velocity at the Tmb peak in each voxel) of 13CO in W3/4. The intensity map on the background panel corresponds to the Tmb projection of the PPV map in that direction. A C-shaped morphology of the gas is revealed by the left panel at lower galactic longitudes.
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        Maps of (a) CO excitation temperature distributions and (b) H2 column density distribution traced by 13CO. The black contour line corresponds to the intensity of the 8 µm flux starting at 1.3 × 10−6 W/(m−2 sr) and going up in steps of 5 × 10−6 W/(m−2 sr). The four red lines are the intercepted paths for the four parameter (12CO intensity, H2 column density, Tex, and 8 µm flux) value distributions in the Fig. 7, and the red numbers indicate the starting position of each path. The yellow stars and black crosses are same as Fig. 2.
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        Zoom in map of CO excitation temperature and H2 column density distribution at AFGL 333 and W3(OH) region. Black contour lines are same as Fig. 5.
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        12CO intensity, H2 column density (proportional to N13, see Eq. (A.3) in Appendix A), excitation temperature Tex, and 8 µm flux profile along four path described in Fig. 5.
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        Distribution of bubble clumps (green contours), HDL clumps (red contours) and quiescent clumps (blue contours) classified according to their position distribution relative to the super bubble W4. The gray background image represents the integrated intensity map of 13CO. The yellow stars, black crosses, and small red and blue dots correspond to OB stars (Roman-Lopes et al. 2019), HMYSOs (Lumsden et al. 2013) and red and blue lobes identified as CO outflows by Li et al. (2019), respectively.

      

    

  
    
      Fig. 10 
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        Comparison of clump parameters of bubbles (green), HDLs (red) and quiescent clumps (blue) in the W3/4 complex. The solid lines overlaid in matching colors show the kernel density estimate (KDE) of the distribution of the corresponding properties.

      

    

  
    
      Fig. A.1 
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        Velocity channel maps of 12CO(1−0) toward W3/4 complex. The emission has been integrated over 3.3 km s−1 around the local standard of rest velocities indicated in each panel. Note: the intensity of each detected and displayed pixel is greater than 3σ. For the yellow stars and small green and red dots, see Fig. 2a.

      

    

  
    
      Fig. A.2 
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        Velocity channel maps of 13CO(1−0) toward W3/4 complex.

      

    

  
    
      Fig. A.3 
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        Velocity channel maps of C18O(1−0) toward W3/4 complex.
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