
    
      Fig. 3 
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              Mass distribution of the 490 dense cores (gray histogram) and 46 MDCs (red histogram) of NGC 6334 (top). Sample is estimated to be complete down to ~15 M⊙. Distributions of the deconvolved FWHM (middle-left), temperature (middle-right), mass (bottom-left), and volume-averaged density (bottom-right) for the 32 reliable MDCs at various evolutionary phases (blue = starless candidate, green = IR-quiet protostellar, red = IR-bright). MDCs become more massive, hotter, smaller, and thus denser along the high-mass star formation process.

            

    

  
    
      Fig. 5 
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                Evolutionary subsamples of MDCs in NGC 6334, as defined in Sect. 6.1, plotted on the high-resolution (HPBW ~ 18.2″) NH2 column-density image of the molecular complex. IR-bright MDCs cluster in the central part of the region whereas IR-quiet protostellar MDCs and starless MDC candidates are more widely distributed.

              

    

  
    
      Fig. 7 
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                Predicting gas concentration within NGC 6334 MDCs through a mass versus size diagram. Starless MDC candidates in NGC 6334, displayed in filled blue circles, are compared with a handful of massive starless clumps, and prestellar sub-fragments/cores (Bontemps et al. 2010; Butler & Tan 2012; Tan et al. 2013; Duarte-Cabral et al. 2014; Wang et al. 2014, in blue open circles and crosses), respectively. NGC 6334 protostellar MDCs, displayed in filled red circles, are themselves compared to five protostellar MDCs and their embedded high-mass protostars (Motte et al. 2007; Bontemps et al. 2010; Tan et al. 2016, in red open circles and crosses), respectively. The red line and blue dashed line represent mass radial power-laws of Mass ( <r) ∝ r and Mass ( <r) ∝ r2, expected to be followed by NGC 6334 protostellar and starless MDCs respectively. The sample of 32 MDCs is too small to present any statistically meaningful mass versus size relation. 

              

    

  
    Table 6 

              Median properties and lifetime estimates for MDCs of different evolutionary states.

            
              
                
              
              
                
              
              
                
              
              
                
              
              
                
              
              
                	
                	
                	
                	
              

              
                	
                	IR-bright MDC
                	IR-quiet MDC
                	starless MDC candidate
                	O-B3 stars 
              

              
                	
                  

                
              

              
                	Number
                	6
                	10
                	16
                	150 
              

              
                	Size (pc)
                	0.08
                	0.11
                	0.14
                	– 
              

              
                	⟨ Tdust ⟩ (K)
                	29
                	16
                	15
                	– 
              

              
                	Lbol (L⊙)
                	9500
                	760
                	130
                	– 
              

              
                	Mass (M⊙)
                	140
                	106
                	103
                	– 
              

              
                	⟨ nH2 ⟩ (cm-3)
                	1.4 × 107
                	3.1 × 106
                	1.4 × 106
                	– 
              

              
                	Free-fall time1
                	9 × 103 yr
                	2 × 104 yr
                	3 × 104 yr
                	– 
              

              
                	Number of high-mass cores2
                	32 high-mass protostars
                	1−7 high-mass prestellar cores
                	– 
              

              
                	Statistical lifetime of high-mass cores3
                	3 × 105 yr
                	1−7 × 104 yr
                	1.5 × 106 yr 
              

            


              
                Notes.
              

              (1) Free-fall time measured from the median values of the density averaged over the full MDC volume, which is approximately a sphere with a FWHM radius: ⟨ nH2 ⟩ full =  ⟨ nH2 ⟩ /8 and [image: equation].


              (2) We assumed that protostellar MDCs host ~2 protostars as was found for Cygnus-X by Bontemps et al. (2010), while 1 to 7 starless MDCs could host one high-mass prestellar core.


              (3) The statistical lifetimes of high-mass protostars/prestellar cores is estimated from the relative numbers of high-mass protostars/prestellar cores versus OB stars.


            


  
    Table A.4 

              Same as Table A.1 for Herschel-250 μm

            
              
                
              
              
                
                
                
                
                
                
              
              
                	
              

              
                	Number
                	Tag250
                	
                  [image: equation]
                
                	
                  [image: equation]
                
                	
                  FWHM
                  [image: equation]
                
                	
                  FWHM
                  [image: equation]
                
                	PA250
              

              
                	Id
                	
                	(Jy/beam)
                	(Jy)
                	(arcsec)
                	(arcsec)
                	(degrees) 
              

              
                	
                  

                
              

              
                	1
                	1
                	2660 ± 38
                	3320 ± 39
                	20.5
                	18.2
                	50
              

              
                	2
                	1
                	666 ± 37
                	781 ± 32
                	19.9
                	18.2
                	159
              

              
                	3
                	1
                	445 ± 42
                	452 ± 37
                	19.3
                	18.2
                	62
              

              
                	4
                	1
                	139 ± 41
                	135 ± 36
                	18.2
                	18.2
                	12
              

              
                	5
                	1
                	118 ± 13
                	128 ± 13
                	18.2
                	18.2
                	32
              

              
                	6
                	1
                	1530 ± 4
                	1910 ± 3
                	22.0
                	18.2
                	51
              

              
                	7
                	1
                	605 ± 4
                	689 ± 3
                	19.1
                	18.2
                	22
              

              
                	8
                	1
                	114 ± 43
                	112 ± 38
                	18.7
                	18.2
                	137
              

              
                	9
                	1
                	263 ± 6
                	269 ± 6
                	18.2
                	18.2
                	156
              

              
                	10
                	1
                	441 ± 5
                	515 ± 4
                	19.0
                	18.2
                	59
              

              
                	11
                	1
                	13.6 ± 2.2
                	61.3 ± 4.0
                	49.8
                	29.3
                	53
              

              
                	12
                	1
                	411 ± 6
                	456 ± 5
                	19.3
                	18.2
                	162
              

              
                	13
                	1
                	4.1 ± 1.9
                	8.6 ± 2.0
                	31.6
                	24.2
                	63
              

              
                	14
                	1
                	675 ± 40
                	667 ± 36
                	18.2
                	18.2
                	117
              

              
                	15
                	1
                	339 ± 4
                	477 ± 3
                	33.1
                	18.2
                	100
              

              
                	16
                	1
                	5.2 ± 1.7
                	8.4 ± 1.7
                	33.2
                	18.9
                	90
              

              
                	17
                	1
                	93.0 ± 4.1
                	123 ± 4
                	24.8
                	19.0
                	175
              

              
                	18
                	1
                	5.6 ± 1.4
                	21.0 ± 2.3
                	48.1
                	26.8
                	75
              

              
                	19
                	1
                	133 ± 6
                	139 ± 5
                	18.2
                	18.2
                	20
              

              
                	20
                	1
                	224 ± 6
                	245 ± 5
                	20.2
                	18.2
                	100
              

              
                	21
                	1
                	31.7 ± 2.3
                	117.8 ± 4
                	43.2
                	30.5
                	4
              

              
                	22
                	1
                	88.7 ± 11.3
                	89.5 ± 10.0
                	19.5
                	18.2
                	31
              

              
                	23
                	1
                	264 ± 13
                	274 ± 11
                	18.2
                	18.2
                	75
              

              
                	24
                	1
                	28.9 ± 1.4
                	80.5 ± 2.0
                	32.2
                	25.0
                	93
              

              
                	25
                	1
                	337 ± 6
                	351 ± 5
                	19.8
                	18.2
                	111
              

              
                	26
                	1
                	187 ± 38
                	194 ± 34
                	20.1
                	18.2
                	105
              

              
                	27
                	1
                	31.9 ± 2.7
                	47.4 ± 2.4
                	31.6
                	18.9
                	139
              

              
                	28
                	1
                	133 ± 37
                	149 ± 35
                	22.5
                	18.2
                	30
              

              
                	29
                	1
                	120 ± 4
                	252 ± 3
                	28.8
                	24.6
                	160
              

              
                	30
                	1
                	23.6 ± 3.0
                	42.1 ± 3.4
                	27.3
                	20.4
                	76
              

              
                	31
                	2
                	5.2 ± 2.6
                	10.1 ± 2.5
                	34.2
                	21.8
                	139
              

              
                	32
                	1
                	402 ± 6
                	400 ± 5
                	18.2
                	18.2
                	68
              

              
                	33
                	1
                	12.8 ± 1.3
                	19.0 ± 1.6
                	25.8
                	19.9
                	162
              

              
                	34
                	1
                	12.8 ± 5.5
                	15.8 ± 4.9
                	24.5
                	20.3
                	92
              

              
                	35
                	1
                	21.3 ± 1.4
                	59.1 ± 2.1
                	42.8
                	21.7
                	164
              

              
                	36
                	1
                	80.0 ± 5.9
                	105 ± 5
                	25.4
                	18.2
                	90
              

              
                	37
                	1
                	9.8 ± 2.7
                	16.2 ± 2.9
                	31.7
                	18.2
                	78
              

              
                	38
                	1
                	348 ± 5
                	365 ± 9
                	18.2
                	18.2
                	104
              

              
                	39
                	1
                	6.7 ± 1.6
                	12.3 ± 1.6
                	34.1
                	23.9
                	167
              

              
                	40
                	1
                	61.1 ± 5.0
                	84.1 ± 5.0
                	29.0
                	18.2
                	79
              

              
                	41
                	1
                	416 ± 4
                	403 ± 4
                	18.2
                	18.2
                	68
              

              
                	42
                	1
                	9.0 ± 0.9
                	37.3 ± 1.7
                	37.7
                	33.4
                	52
              

              
                	43
                	1
                	71.9 ± 21
                	78 ± 19
                	19.4
                	18.2
                	54
              

              
                	44
                	1
                	4.1 ± 1.0
                	15.9 ± 1.8
                	49.1
                	31.8
                	137
              

              
                	45
                	1
                	22.2 ± 2.6
                	35.6 ± 2.7
                	27.0
                	18.2
                	176
              

              
                	46
                	1
                	331 ± 6
                	376 ± 5
                	20.1
                	18.2
                	103
              

            



  
    Table A.5 

              Same as Table A.1 for Herschel-350 μm.

            
              
                
              
              
                
                
                
                
                
                
              
              
                	
              

              
                	Number
                	Tag350
                	
                  [image: equation]
                
                	
                  [image: equation]
                
                	
                  AFWHM
                  
                    350
                  
                
                	
                  FWHM
                  [image: equation]
                
                	PA350
              

              
                	Id
                	
                	(Jy/beam)
                	(Jy)
                	(arcsec)
                	(arcsec)
                	(degrees) 
              

              
                	
                  

                
              

              
                	1
                	1
                	1600 ± 30
                	1610 ± 28
                	24.9
                	24.9
                	33
              

              
                	2
                	1
                	544 ± 22
                	603 ± 20
                	24.9
                	24.9
                	113
              

              
                	3
                	1
                	389 ± 28
                	393 ± 26
                	24.9
                	24.9
                	34
              

              
                	4
                	1
                	163 ± 29
                	166 ± 27
                	24.9
                	24.9
                	28
              

              
                	5
                	1
                	111 ± 11
                	107 ± 10
                	24.9
                	24.9
                	177
              

              
                	6
                	1
                	743 ± 7
                	735 ± 6
                	24.9
                	24.9
                	15
              

              
                	7
                	1
                	359 ± 7
                	358 ± 6
                	24.9
                	24.9
                	69
              

              
                	8
                	1
                	94.0 ± 21.8
                	124 ± 20
                	30.4
                	24.9
                	156
              

              
                	9
                	1
                	176 ± 5
                	165 ± 4
                	24.9
                	24.9
                	160
              

              
                	10
                	1
                	266 ± 4
                	292 ± 4
                	26.5
                	24.9
                	27
              

              
                	11
                	1
                	14.4 ± 2.2
                	42.4 ± 3.2
                	50.8
                	32.6
                	52
              

              
                	12
                	1
                	218 ± 5
                	217 ± 4
                	24.9
                	24.9
                	71
              

              
                	13
                	1
                	5.9 ± 2.4
                	7.6 ± 2.2
                	34.1
                	24.9
                	71
              

              
                	14
                	1
                	435 ± 29
                	447 ± 26
                	24.9
                	24.9
                	164
              

              
                	15
                	1
                	276 ± 7
                	337 ± 6.0
                	32.0
                	24.9
                	102
              

              
                	16
                	1
                	9.2 ± 2.3
                	11.4 ± 2.1
                	27.7
                	25.6
                	96
              

              
                	17
                	1
                	71.9 ± 7.1
                	85.9 ± 6.5
                	36.0
                	24.9
                	107
              

              
                	18
                	1
                	7.4 ± 1.0
                	14.5 ± 1.2
                	51.3
                	26.1
                	58
              

              
                	19
                	1
                	87.9 ± 4.7
                	82.6 ± 4.2
                	24.9
                	24.9
                	150
              

              
                	20
                	1
                	117 ± 4
                	114 ± 4
                	24.9
                	24.9
                	132
              

              
                	21
                	1
                	30.9 ± 1.1
                	73.6 ± 1.4
                	39.2
                	33.3
                	166
              

              
                	22
                	1
                	69.0 ± 2.7
                	66.5 ± 2.4
                	24.9
                	24.9
                	173
              

              
                	23
                	1
                	151 ± 3
                	146 ± 3
                	24.9
                	24.9
                	63
              

              
                	24
                	1
                	24.9 ± 1.2
                	70.6 ± 2.2
                	44.7
                	30.3
                	70
              

              
                	25
                	1
                	194 ± 4
                	158 ± 4
                	24.9
                	24.9
                	97
              

              
                	26
                	1
                	88.6 ± 29.9
                	137 ± 27
                	37.2
                	24.9
                	101
              

              
                	27
                	1
                	28.8 ± 2.3
                	42.7 ± 2.1
                	43.1
                	24.9
                	150
              

              
                	28
                	1
                	102 ± 28
                	109 ± 26
                	24.9
                	24.9
                	67
              

              
                	29
                	1
                	92.5 ± 6.5
                	91.2 ± 5.9
                	24.9
                	24.9
                	143
              

              
                	30
                	1
                	23.8 ± 1.7
                	31.9 ± 1.6
                	41.2
                	24.9
                	99
              

              
                	31
                	1
                	7.0 ± 2.3
                	8.9 ± 2.1
                	30.6
                	25.1
                	114
              

              
                	32
                	1
                	123 ± 5
                	117 ± 4
                	24.9
                	24.9
                	47
              

              
                	33
                	1
                	16.5 ± 1.0
                	20.2 ± 1.0
                	28.9
                	24.9
                	173
              

              
                	34
                	1
                	14.9 ± 2.8
                	14.9 ± 2.5
                	27.7
                	24.9
                	50
              

              
                	35
                	1
                	17.5 ± 1.3
                	44.1 ± 1.9
                	40.8
                	33.8
                	157
              

              
                	36
                	1
                	76.1 ± 3.5
                	98.9 ± 3.2
                	29.4
                	24.9
                	131
              

              
                	37
                	1
                	8.8 ± 1.9
                	10.5 ± 1.8
                	31.6
                	24.9
                	97
              

              
                	38
                	1
                	203 ± 5
                	197 ± 6
                	24.9
                	24.9
                	135
              

              
                	39
                	1
                	6.8 ± 0.9
                	9.6 ± 0.8
                	30.7
                	27.5
                	165
              

              
                	40
                	1
                	39.4 ± 4.6
                	43.6 ± 4.2
                	29.7
                	24.9
                	75
              

              
                	41
                	1
                	157 ± 4
                	148 ± 4
                	24.9
                	24.9
                	63
              

              
                	42
                	1
                	7.6 ± 0.8
                	15.7 ± 0.9
                	47.9
                	27.9
                	53
              

              
                	43
                	1
                	77.0 ± 15.5
                	83.7 ± 14.2
                	26.1
                	24.9
                	27.5
              

              
                	44
                	1
                	5.8 ± 0.7
                	17.0 ± 1.1
                	46.0
                	41.5
                	144
              

              
                	45
                	1
                	20.0 ± 2.2
                	23.1 ± 2.0
                	27.3
                	24.9
                	167
              

              
                	46
                	1
                	178 ± 4
                	179 ± 4
                	24.9
                	24.9
                	146
              

            



  
    Table A.6 

              Same as Table A.1 for Herschel-500 μm

            
              
                
              
              
                
                
                
                
                
                
              
              
                	
              

              
                	Number
                	Tag500
                	
                  [image: equation]
                
                	
                  [image: equation]
                
                	
                  FWHM
                  [image: equation]
                
                	
                  FWHM
                  [image: equation]
                
                	PA500
              

              
                	Id
                	
                	(Jy/beam)
                	(Jy)
                	(arcsec)
                	(arcsec)
                	(degrees) 
              

              
                	
                  

                
              

              
                	1
                	1
                	548 ± 4
                	526 ± 4
                	36.3
                	36.3
                	44
              

              
                	2
                	1
                	310 ± 5
                	299 ± 4
                	36.3
                	36.3
                	48
              

              
                	3
                	1
                	205 ± 5
                	193 ± 5
                	36.3
                	36.3
                	164
              

              
                	4
                	1
                	67.6 ± 5.0
                	64.6 ± 4.6
                	36.3
                	36.3
                	161
              

              
                	5
                	1
                	69.6 ± 5.2
                	65.6 ± 4.7
                	36.3
                	36.3
                	28
              

              
                	6
                	1
                	226 ± 2
                	209 ± 1
                	36.3
                	36.3
                	169
              

              
                	7
                	1
                	142 ± 2
                	134 ± 1
                	36.3
                	36.3
                	116
              

              
                	8
                	1
                	19.2 ± 5.0
                	18.1 ± 4.6
                	36.3
                	36.3
                	9
              

              
                	9
                	1
                	53.7 ± 1.3
                	52.3 ± 1.2
                	36.3
                	36.3
                	172
              

              
                	10
                	1
                	93.0 ± 1.2
                	86.0 ± 1.1
                	36.3
                	36.3
                	39
              

              
                	11
                	1
                	10.4 ± 1.6
                	17.2 ± 1.9
                	48.2
                	39.0
                	58
              

              
                	12
                	1
                	75.5 ± 1.3
                	74.9 ± 1.2
                	36.3
                	36.3
                	60
              

              
                	13
                	1
                	7.1 ± 1.9
                	8.3 ± 1.7
                	44.2
                	36.3
                	79
              

              
                	14
                	1
                	111 ± 5
                	105 ± 4
                	36.3
                	36.3
                	147
              

              
                	15
                	1
                	30.5 ± 1.6
                	29.0 ± 1.4
                	36.3
                	36.3
                	107
              

              
                	16
                	1
                	9.4 ± 1.8
                	9.5 ± 1.6
                	36.4
                	36.3
                	87
              

              
                	17
                	1
                	41.2 ± 1.5
                	45.9 ± 1.3
                	38.3
                	36.3
                	64
              

              
                	18
                	1
                	6.4 ± 1.1
                	9.2 ± 1.1
                	53.1
                	36.3
                	70
              

              
                	19
                	2
                	8.0 ± 17.8
                	7.8 ± 16.3
                	36.3
                	36.3
                	80
              

              
                	20
                	1
                	72.0 ± 1.3
                	69.6 ± 1.2
                	36.3
                	36.3
                	152
              

              
                	21
                	1
                	19.6 ± 0.6
                	24.8 ± 0.6
                	41.9
                	36.3
                	95
              

              
                	22
                	1
                	22.9 ± 1.7
                	23.5 ± 1.8
                	36.3
                	36.3
                	33
              

              
                	23
                	1
                	34.8 ± 1.7
                	33.1 ± 1.5
                	36.3
                	36.3
                	50
              

              
                	24
                	1
                	15.8 ± 0.9
                	24.7 ± 1.1
                	45.2
                	38.3
                	65
              

              
                	25
                	1
                	37.5 ± 1.3
                	35.2 ± 1.2
                	36.3
                	36.3
                	93
              

              
                	26
                	1
                	43.2 ± 5.0
                	54.0 ± 4.6
                	43.2
                	36.3
                	170
              

              
                	27
                	1
                	22.9 ± 1.4
                	32.0 ± 1.3
                	51.1
                	36.3
                	154
              

              
                	28
                	1
                	40.2 ± 5.0
                	38.5 ± 4.6
                	36.3
                	36.3
                	150
              

              
                	29
                	1
                	26.4 ± 1.5
                	24.7 ± 1.4
                	36.3
                	36.3
                	110
              

              
                	30
                	1
                	17.2 ± 0.7
                	21.3 ± 0.7
                	44.0
                	36.3
                	89
              

              
                	31
                	1
                	6.6 ± 1.4
                	7.1 ± 1.3
                	36.3
                	36.3
                	91
              

              
                	32
                	1
                	74.5 ± 1.3
                	70.2 ± 1.1
                	36.3
                	36.3
                	97
              

              
                	33
                	1
                	12.8 ± 0.9
                	13.0 ± 0.8
                	36.3
                	36.3
                	72
              

              
                	34
                	1
                	9.8 ± 1.1
                	9.1 ± 1.1
                	37.5
                	36.3
                	59
              

              
                	35
                	1
                	10.1 ± 1.0
                	15.9 ± 1.1
                	47.2
                	40.7
                	159
              

              
                	36
                	1
                	38.8 ± 1.0
                	44.2 ± 0.9
                	36.6
                	36.3
                	159
              

              
                	37
                	1
                	5.9 ± 1.2
                	7.0 ± 1.1
                	48.9
                	36.3
                	106
              

              
                	38
                	1
                	55.0 ± 1.3
                	51.6 ± 1.2
                	36.3
                	36.3
                	105
              

              
                	39
                	1
                	4.5 ± 0.7
                	6.2 ± 0.6
                	42.0
                	38.9
                	161
              

              
                	40
                	1
                	22.5 ± 1.1
                	23.0 ± 1.0
                	36.3
                	36.3
                	57
              

              
                	41
                	1
                	73.2 ± 1.2
                	67.5 ± 1.1
                	36.3
                	36.3
                	27
              

              
                	42
                	1
                	7.1 ± 0.7
                	8.9 ± 0.7
                	40.5
                	36.3
                	74
              

              
                	43
                	1
                	28.3 ± 4.9
                	31.5 ± 4.5
                	41.3
                	36.3
                	13
              

              
                	44
                	1
                	4.8 ± 0.9
                	7.3 ± 1.0
                	44.2
                	43.0
                	4
              

              
                	45
                	1
                	10.7 ± 1.4
                	11.0 ± 1.3
                	36.3
                	36.3
                	175
              

              
                	46
                	1
                	71.7 ± 1.3
                	69.4 ± 1.1
                	36.3
                	36.3
                	130
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              Herschel-HOBYS observations of NGC 6334 at 160 μm. Units are in MJy/sr.
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              Herschel-HOBYS observations of NGC 6334 at 500 μm. Units are in MJy/sr.
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              SCUBA-2 observations at 450 μm toward the I and I(N) sources of NGC 6334. Units are in Jy/beam.
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              Herschel temperature-corrected map of NGC 6334 at 160 μm. Units are in % of the maximum flux.
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