
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        An example of the distribution of χ2 (y-axis) versus effective temperature (HD 15629). The minimum of χ2 is indicated by a red dot, and 1 and 2σ ranges are found from the intersection between the dashed lines and the distribution.

      

    

  
    
      Table 5 

      Stellar parameters obtained from the optical analysis using unclumped models.

      
        


	Star
	Spectral type
	Teff [kK]
	log g [dex]
	log Q
	YHe
	υmic [km s−1]
	ß





	HD 46223
	O4V((f))
	43.0 ± 1.2
	3.76 ± 0.07
	−12.8 ± 0.2
	0.10 ± 0.03
	>9.1
	1.0 ± 0.2



	HD 15629
	O4.5 V((fc))
	41.4 ± 1.4
	3.71 ± 0.11
	−12.7 ± 0.2
	0.12 ± 0.03
	<19.9
	1.0 ± 0.2



	HD 46150
	O5 V((f))z
	41.2 ± 1.0
	3.78 ± 0.07
	−13.0 ± 0.3
	0.09 ± 0.03
	>5.0
	>0.8



	HD 217086
	O7 Vnn((f))z
	37.0 ± 1.0
	3.60 ± 0.11
	−13.9 ± 1.1
	0.11 ± 0.03
	12.4 ± 7.4
	<1.2



	HD 149757
	O9.2 IVnn
	32.5 ± 0.9
	3.84 ± 0.17
	−14.1 ± 0.9
	0.11 ± 0.03
	12.2 ± 7.2
	<1.2



	HD 190864
	O6.5 III(f)
	37.1 ± 0.7
	3.58 ± 0.05
	−12.7 ± 0.1
	0.12 ± 0.03
	15.1 ± 3.4
	0.9 ± 0.1



	HD 203064
	O7.5 IIIn((f))
	34.9 ± 0.7
	3.54 ± 0.11
	−12.7 ± 0.1
	0.10 ± 0.03
	>15.2
	0.9 ± 0.1



	HD 15570
	O4 If
	40.1 ± 0.9
	3.75 ± 0.18
	−12.0 ± 0.1
	0.11 ± 0.03
	>5.0
	>1.0



	HD 14947
	O4.5 If
	38.1 ± 0.5
	3.61 ± 0.05
	−12.0 ± 0.1
	0.15 ± 0.03
	>9.5
	>1.2



	HD 30614
	O9 Ia
	29.4 ± 0.8
	2.96 ± 0.09
	−12.2 ± 0.1
	0.14 ± 0.03
	>15.9
	>0.8



	HD 210809
	O9 Iab
	31.1 ± 0.3
	3.17 ± 0.07
	−12.4 ± 0.1
	0.12 ± 0.03
	>16.2
	>1.0



	HD 209975
	O9.5 Ib
	31.3 ± 0.4
	3.23 ± 0.05
	−12.7 ± 0.1
	0.10 ± 0.03
	>12.2
	>1.1





      

      
Notes. Gravities do not include a centrifugal correction. Upper and lower limits refer to the corresponding parameter ranges of our model grid only (see Table 2).




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Spectral fits for selected optical (left) and NIR (right) lines using unclumped models. Observations are shown in black, and best fit model profiles in red. We stress that the individual model parameters for the best fitting optical and NIR profiles differ (to various extents) since the analyses have been performed separately for both ranges (cf. Table 5 vs. Table 6). The horizontal bar gives the wavelength scale for each range, and the scale of the ordinate axis is given by the vertical bar (at the bottom of the Hα column for the optical range, and at the bottom of the Br10 column for the NIR.)

      

    

  
    
      Table 6 

      Stellar parameters obtained from the NIR analysis using unclumped models.

      
        


	Star
	Teff [kK]
	log g [dex]
	log Q
	YHe
	υmic [km s−1]
	β





	HD 46223
	41.2 ± 1.4
	3.79 ± 0.10
	−12.7 ± 0.2
	<0.10
	>5.0
	>0.9



	HD 15629
	39.5 ± 1.7
	3.66 ± 0.17 
	−13.2 ± 0.7
	<0.09
	12.4 ± 7.4
	>0.8



	HD 46150
	39.6 ± 1.0
	3.85 ± 0.12
	−12.9 ± 0.3
	<0.08
	<18.5
	>0.8



	HD 217086
	36.9 ± 1.1
	3.86 ± 0.15
	−13.8 ± 1.2
	0.15 ± 0.07
	>5.0
	>0.8



	HD 149757
	32.3 ± 1.7
	3.58 ± 0.31
	−13.7 ± 1.3
	0.19 ± 0.10
	>5.0
	>0.8



	HD 190864
	36.8 ± 1.0
	3.64± 0.14
	−12.7 ± 0.3
	0.21 ± 0.09
	12.4 ± 7.4
	>0.9



	HD 203064
	34.3 ± 1.5
	3.70 ± 0.32
	−12.5 ± 0.2
	0.20 ± 0.10
	>5.0
	>1.0



	HD 15570
	38.8 ± 1.8
	3.55 ± 0.15
	−11.9 ± 0.1
	0.10 ± 0.03
	<19.9
	<1.0



	HD 14947
	43.6 ± 2.8
	4.03 ± 0.36
	−12.5 ± 0.5
	>0.17
	12.4 ± 7.4 >0.9
	



	HD 30614
	27.6 ± 0.8
	2.78 ± 0.08
	−12.0 ± 0.1
	<0.17
	>5.0
	<1.2



	HD 210809
	35.4 ± 1.2
	>3.80
	−12.8 ± 0.3
	>0.23
	>10.4
	>0.8



	HD 209975
	32.1 ± 1.3
	3.33 ± 0.18
	<−13.4
	>0.12
	15.9 ± 3.9
	<1.2





      

      
Notes. Gravities do not include a centrifugal correction. For upper an lower limits see caption of Table 5.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        V sin i (filled circles) and Vmac (open diamonds) values obtained from the optical metal lines and from He I λ1.70 μm in the NIR. The dashed lines give the band ±30 km s−1 (for low V sin i) or 30% of V sin i (optical), whatever is larger.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Comparison between stellar parameters obtained in the optical and the infrared. Upper left panel: effective temperature. The dashed lines represent ±1000 K; upper right panel: logarithmic gravity (±0.1 dex). Star #9 has been slightly shifted from its value in Table 6; lower left panel: log Q (±0.2 dex); lower right panel: YHe(±0.03), and stars #10 and 8 have been slightly displaced from their values in Table 6. Numbers indicate the stars as listed in Table 1.

      

    

  
    
      Table 7 

      Clumping laws used in our analyses.

      
        


	Clumping law / label
	[image: equation]
	υ1/υ∞
	υ2/υ∞
	Discussed/used





	Linear10–025
	10
	0.1
	0.25
	Sects. 5-7



	Linear10–050
	10
	0.1
	0.50
	Sects. 5-7



	Linear20–040
	20
	0.1
	0.40
	Sect. 5



	Linear20–094
	20
	0.1
	0.94
	Sect. 5



	Linear20–025
	20
	0.1
	0.25
	Sects. 6-7



	Linear20–050
	20
	0.1
	0.50
	Sects. 6-7



	




	Clumping law
	[image: equation]
	[image: equation]
	υcl1 [km s−1]
	υcl2 [km s−1]



	Hillier100
	10.5
	0.095
	100.
	–



	Hillier200
	10.5
	0.095
	200.
	–



	Najarro200
	10.3
	0.095
	200.
	100.





      

      
Notes. See text.




    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Comparison between three different clumping laws investigated in the current work (see Table 7). Blue: Linear10–050; orange: Hillier200; cyan: Najarro200. The example refers to a velocity law with υ∞ = 1200 km s−1 and β = 0.8.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Coarse-grid models in the log Teff – log g diagram, chosen to be representative for hot dwarfs to “cool” supergiants in the O-star regime. Overplotted in green are evolutionary tracks for Galactic nonrotating stars from Ekström et al. (2012), and the blue line defines the corresponding ZAMS. The numbers give the initial stellar masses in units of M⊙.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Comparison of synthetic Hα profiles, for models with Teff = 36000 K, log g =3.40, and differing wind-clumping properties. Black: unclumped wind with log Q = −11.90. Orange: clumped model with the same mass-loss rate/wind strength parameter, using the Linear10–025 law. Red: clumped model with the same clumping properties/clumping law, but a mass-loss rate reduced by [image: equation]. Green and blue: same as the orange and red models, respectively, but using the Linear10–050 law (the orange and green profiles are nearly coincident). All profiles have been broadened by V sin i = Vmac = 50 km s−1, adopting a resolving power of 12000.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Clumping effects for selected optical and NIR lines, for a subset of the models from Fig. 13 (same broadening parameters). Here, we compare the smooth model (in black) with the clumped models with decreased (scaled) mass-loss rate, in red for the Lineari10−025 law, and in blue for the Linear10−050 one.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Ηα and Brγ profiles for clumped supergiant models using different laws (see legend). Mass-loss rates have been scaled according to [image: equation], and profiles have been broadened as in Fig. 13. Wavelengths are given in A for Hα and in microns for Brγ.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Four different linear clumping laws considered in our study, with the clumping factor as a function of stellar radius (in units of the photospheric radius, R*, with β = 0.8). Red solid line: Linear10−025; dashed blue line: Linear10−050; dashed green line: Linear20−040; dashed magenta line: Linear20−094. See text.

      

    

  
    
      Table 10 

      Stellar parameters obtained from the optical analysis using the Linear10−025 clumping law.

      
        


	Star
	Teff [kK]
	log g [dex]
	log Q
	YHe
	υmic [km s−1]
	β





	HD 46223
	43.4 ± 0.9
	3.83 ± 0.07
	−13.1 ± 0.1
	0.10 ± 0.03
	10.2 ± 5.2
	>1.0



	HD 15629
	42.3 ± 1.8
	3.78 ± 0.10
	−13.1 ± 0.1
	0.12 ± 0.03
	12.4 ± 7.4
	>1.0



	HD 46150
	40.0 ± 0.8
	3.80 ± 0.08
	−13.4 ± 0.2
	0.10 ± 0.03
	<11.8
	>0.8



	H D217086
	37.0 ± 1.0
	3.60 ± 0.10
	−13.5 ± 1.1
	0.11 ± 0.03
	12.4 ± 7.4
	1.0 ± 0.2



	HD 149757
	32.5 ± 0.9
	3.82 ± 0.17
	−14.0 ± 1.0
	0.11 ± 0.03
	12.0 ± 7.0
	>0.8



	HD 190864
	37.2 ± 0.8
	3.60 ± 0.10
	−13.1 ± 0.1
	0.12 ± 0.03
	10.4 ± 5.4
	>0.8



	HD 203064
	35.0 ± 0.5
	3.50 ± 0.06
	−13.1 ± 0.1
	0.10 ± 0.03
	>13.7
	1.0 ± 0.2



	HD 15570
	39.8 ± 0.6
	3.48 ± 0.07
	−12.4 ± 0.1
	0.10 ± 0.03
	<19.9
	1.1 ± 0.1



	HD 14947
	38.0 ± 0.2
	3.50 ± 0.03
	−12.5 ± 0.1
	0.14 ± 0.03
	<11.3
	>1.2



	HD 30614
	29.1 ± 0.2
	<2.83
	−12.6 ± 0.1
	>0.20
	>18.4
	1.1 ± 0.1



	HD 210809
	31.0 ± 0.8
	3.05 ± 0.12
	−12.7 ± 0.1
	>0.13
	>14.9
	1.1 ± 0.2



	HD 209975
	31.5 ± 0.6
	3.26 ± 0.09
	−13.1 ± 0.2
	0.10 ± 0.03
	<12.1
	1.0 ± 0.2





      

      
Notes. Upper and lower limits refer to the corresponding parameter ranges of our model grids only (see Table 9).




    

  
    
      Table 11 

      As Table 10, but for the NIR analysis using the Linear10−025 clumping law.

      
        


	Star
	Teff [kK]
	log g [dex]
	log Q
	YHe
	υmic [km s−1]
	β





	HD 46223
	42.7 ± 1.7
	3.83 ± 0.10
	−14.1 ± 1.4
	<0.10
	>5.0
	<1.3



	HD 15629
	40.8 ± 1.2
	3.85 ± 0.10
	−13.0 ± 1.3
	0.10 ± 0.03
	<19.9
	>0.8



	HD 46150
	39.5 ± 0.8
	3.85 ± 0.11
	−13.1 ± 0.2
	<0.08
	12.1 ± 7.1
	>0.9



	HD 217086
	36.8 ± 1.1
	3.88 ± 0.11
	−14.2 ± 1.3
	0,13 ± 0.07
	>5.0
	> 0.8



	HD 149757
	32.5 ± 1.6
	3.52 ± 0.22
	<−13.3
	0.13 ± 0.07
	>9.4
	<1.3



	HD 190864
	37.5 ± 1.0
	3.85 ± 0.10
	−12.9 ± 0.1
	>0.16
	>11.8
	> 1.1



	HD 203064
	35.6 ± 0.9
	3.87 ± 0.06
	−12.8 ± 0.1
	0.15 ± 0.05
	>8.4
	>1.2



	HD 15570
	39.1 ± 0.3
	3.52 ± 0.03
	−12.4 ± 0.1
	<0.08
	<19.9
	1.1 ± 0.1



	HD 14947
	41.9 ± 1.0
	>3.94
	−12.6 ± 0.1
	> 0.15
	>5.0
	>1.1



	HD 30614
	28.5 ± 0.6
	<2.90
	−12.7 ± 0.1
	<0.09
	>10.1
	1.0 ± 0.2



	HD 210809
	34.6 ± 1.3
	>3.43
	−12.6 ± 0.1
	>0.08
	>5.0
	>0.8



	HD 209975
	32.5 ± 1.0
	3.39 ± 0.13
	<−13.6
	0.15 ± 0.05
	>14.8
	>0.8





      

      
Notes. For upper and lower limits see caption of Table 10.




    

  
    
      Fig. 20 

      
        [image: thumbnail]
      

      
        Comparison of effective temperatures (upper left), gravity (upper right), log Q (lower left) and YHe (lower right) obtained from the optical spectra with the different clumping laws considered in this work. The abscissa gives the identification number of the star. For each star, the results from the different clumping laws (including the smooth wind model) are plotted (see legend). Corresponding entries (except for the smooth wind results) have been slightly displaced on the abscissa. Stars are ordered as in Table 1: #1: HD 46223; #2: HD 15629; #3: HD 46150; #4: HD 217086; #5: HD 149757; #6: HD 190864; #7: HD 203064; #8: HD 15570; #9: HD 14947; #10: HD30614; #11: HD 210809; #12: HD 209975. Rapid rotators are stars #4, #5, and #7.

      

    

  
    
      Fig. 23 

      
        [image: thumbnail]
      

      
        Comparison of the observed Balmer and Brackett lines in HD 15570 (black) and HD 14947 (red). Whereas the Balmer lines are very similar, the Brackett lines Br10 and Br11 are much shallower in HD 14947. See text.

      

    

  
    
      Table A.1 

      Stellar parameters obtained from the optical analysis using the Linear10–050 clumping law. For upper and lower limits see caption of Table 10.

      
        


	Star
	Teff(kK)
	log g(cgs)
	log Q (cgs)
	YHe
	micro (km/s)
	beta





	HD46223
	43.2± 0.8
	3.80 ± 0.06
	−13.1 ± 0.1
	0.10 ± 0.03
	>5.0
	>1.0



	HD15629
	42.1 ± 1.4
	3.77 ± 0.09
	−13.0 ± 0.1
	0.12 ± 0.03
	12.3 ± 7.3
	>1.2



	HD46150
	40.0 ± 0.9
	3.79 ± 0.08
	−13.4 ± 0.3
	0.10 ± 0.03
	<19.9
	1.0 ± 0.2



	HD217086
	37.0 ± 1.0
	3.60 ± 0.11
	−13.5 ± 1.2
	0.11 ± 0.03
	12.4 ± 7.4
	1.0 ± 0.2



	HD149757
	32.5 ± 0.9
	3.83 ± 0.17
	−13.5 ± 1.0
	0.11 ± 0.03
	12.1 ± 7.1
	<1.3



	HD190864
	37.0 ± 0.5
	3.59 ± 0.06
	−13.0 ± 0.1
	0.11 ± 0.03
	14.7 ± 3.8
	>1.0



	HD203064
	35.0 ± 0.9
	3.53 ± 0.12
	−13.0 ± 0.1
	0.10 ± 0.03
	> 13.9
	>0.8



	HD15570
	38.5 ± 0.9
	3.45 ± 0.09
	−12.4 ± 0.1
	0.11 ± 0.03
	12.4 ± 7.4
	>1.3



	HD14947
	37.3 ± 0.9
	3.35 ± 0.08
	−12.4 ± 0.1
	>0.14
	12.4 ± 7.4
	>1.0



	HD30614
	29.2 ± 0.3
	<2.85
	−12.5 ± 0.1
	>0.19
	>17.9
	>1.1



	HD210809
	31.0 ± 0.9
	3.08 ± 0.18
	−12.7 ± 0.1
	>0.10
	14.1 ± 5.8
	1.1 ± 0.2



	HD209975
	31.4 ± 0.5
	3.23 ± 0.05
	−13.0 ± 0.1
	0.10 ± 0.03
	8.5 ± 3.5
	>1.0





      

    

  
    
      Table A.2 

      As Table A.1, but for the NIR.

      
        


	Star
	Teff(kK)
	log g (cgs)
	log Q (cgs)
	YHe
	micro (km/s)
	beta





	HD46223
	45.7 ± 1.2
	3.82 ± 0.06
	−12.8 ± 0.1
	<0.08
	<19.9
	>1.1



	HD15629
	40.2 ± 1.1
	3.87 ± 0.11
	−13.0 ± 0.2
	0.09 ± 0.03
	<19.9
	>1.1



	HD46150
	39.2 ± 0.7
	3.83 ± 0.09
	−13.0 ± 0.2
	<0.08
	9.9 ± 4.9
	> 0.9



	HD217086
	36.7 ± 1.0
	3.87 ± 0.12
	−13.0 ± 0.2
	0.14 ± 0.06
	> 5.0
	>1.1



	HD149757
	32.5 ± 1.6
	3.52 ± 0.22
	<−13.2
	0.13 ± 0.07
	> 9.4
	<1.3



	HD190864
	37.0 ± 1.0
	3.86 ± 0.12
	−12.9 ± 0.1
	0.17 ± 0.04
	> 9.4
	>1.2



	HD203064
	35.5 ± 1.0
	3.87 ± 0.05
	−12.8 ± 0.1
	0.15 ± 0.06
	>5.0
	>1.2



	HD15570
	38.3 ± 0.8
	3.59 ± 0.05
	−12.4 ± 0.1
	<0.10
	<19.9
	>1.2



	HD14947
	40.8 ± 2.1
	3.86 ± 0.14
	−12.4 ± 0.1
	>0.16
	> 5.0
	1.0 ± 0.1



	HD30614
	28.5 ± 0.6
	<2.90
	−12.6 ± 0.1
	<0.09
	> 6.9
	>0.8



	HD210809
	34.4 ± 1.5
	>3.34
	−12.6 ± 0.2
	> 0.08
	> 7.7
	>0.8



	HD209975
	32.5 ± 1.0
	3.39 ± 0.13
	<−13.6
	0.15 ± 0.05
	>14.8
	>0.8





      

    

  
    
      Table A.4 

      As Table A.1, but for the NIR using the Linear20–025 clumping law.

      
        


	Star
	Teff(kK)
	log g (cgs)
	log Q (cgs)
	YHe
	micro (km/s)
	beta





	HD46223
	43.1 ± 1.3
	3.84 ± 0.09
	−14.3 ± 1.3
	< 0.08
	> 5.0
	< 1.2



	HD15629
	41.0 ± 0.8
	3.80 ± 0.09
	−14.4 ± 1.2
	< 0.08
	< 19.9
	< 1.2



	HD46150
	41.0 ± 0.8
	3.95 ± 0.15
	−14.3 ± 1.3
	< 0.08
	12.4 ± 7.4
	< 1.2



	HD217086
	37.2 ± 1.3
	3.93 ± 0.18
	< −13.3
	< 0.25
	> 5.0
	1.0 ± 0.2



	HD149757
	31.6 ± 1.6
	3.41 ± 0.23
	< −13.2
	> 0.06
	12.5 ± 7.3
	1.0 ± 0.2



	HD190864
	37.8 ± 1.3
	3.70 ± 0.14
	< −13.0
	0.20 ± 0.10
	12.4 ± 7.4
	> 0.8



	HD203064
	35.5 ± 2.0
	3.60 ± 0.24
	< −13.0
	0.18 ± 0.11
	> 5.0
	> 0.8



	HD15570
	41.0 ± 1.5
	3.59 ± 0.08
	−12.6 ± 0.1
	< 15.1
	12.4 ± 7.4
	< 1.1



	HD14947
	42.0 ± 1.8
	4.06 ± 0.26
	−12.8 ± 0.1
	> 20.2
	12.4 ± 7.4
	> 1.1



	HD30614
	26.6 ± 1.7
	2.67 ± 0.18
	−12.9 ± 0.1
	0.14 ±0.08
	> 5.0
	< 1.2



	HD210809
	37.3 ± 1.8
	4.10 ± 0.31
	−12.9 ± 0.1
	> 14.1
	> 5.0
	> 1.1



	HD209975
	32.1 ± 1.2
	3.33 ± 0.13
	< 13.3
	> 12.3
	> 13.6
	< 1.2





      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Spectral fits for selected optical (left) and NIR (right) lines using the clumping law Linear10–050. Observations are shown in black, and best fit model profiles in red. We stress that the individual model parameters for the best fitting optical and NIR profiles differ (to various extent) since the analyses have been performed separately for both ranges (cf. Table A.1 vs. Table A.2). The horizontal bar gives the wavelength scale for each range, and the scale of the ordinate axis is given by the vertical bar (at the bottom of the Hα column for the optical range, and at the bottom of the Br10 column for the NIR.)

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        As Fig. A.1, but using the clumping law Linear20–025.

      

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        As Fig. A.1, but using the clumping law Linear20–050.
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