
    
      Fig. 1. 
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Structure of an accretion disc around a ULXP. For very high mass accretion rates, the inner parts of the disc (inside the spherization radius Rsph shown here) enter the super-Eddington accretion regime. Inside Rsph the thin disc model is not applicable. Mass loss in a wind is shown by blue arrows. The accretion column, where most of the energy is released, is shown by yellow cones, and the red wavy lines refer to the radiation of the column that may affect the inner disc pressure balance. The red vertical line marks the effective boundary between the disc and the magnetosphere at Rin.



    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
Relative magnetospheric radius ξeff given by Eq. (23) is colour-coded and shown by contours on the ṁ0− μ plane. The spin period is p = 10 peq. The luminosity scale is calculated assuming efficiency η = 0.1, but irradiation effects on the disc structure were ignored.



    

  
    
      Fig. 3. 
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Relative magnetospheric radii ξ (dashed blue curve) and ξeff (green solid) as functions of the disc thickness at the magnetospheric boundary. The dotted red line corresponds to the long-period asymptotic given by Eq. (57) in CAP. Magnetic moment of the NS was set to μ30 = 100.



    

  
    
      Fig. 5. 
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Parameter ξeff as a function of fastness parameter for magnetic dipole moments μ30 = 1 and μ30 = 10 and mass accretion rates ṁ0 = 104 and ṁ0 = 5 × 103.



    

  
    
      Fig. 6. 
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Ratio of the spherization radius rsph (in units of gravitational radius Rg) to the dimensionless mass accretion rate ṁ0 = 104 as a function of the fastness parameter (green dots). The red horizontal line gives the result from Eq. (21) in Poutanen et al. (2007).



    

  
    
      Fig. 7. 
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Colour-coded contours of relative correction to the magnetospheric radius caused by irradiation ξ(η = 0.1)/ξ(η = 0)−1 shown in the ṁ0 − μ plane.



    

  
    Table 1. 

Disc properties.




	Parameters
	ξ
	(H/R)in
	(H/R)max
	Ṁin/Ṁ0
	lin/l0





	Fiducial
	1.16
	0.97
	1.04
	0.88
	0.82



	η = 0.1
	1.31
	1.08
	1.09
	0.84
	0.73



	ϵw = 1
	1.18
	0.93
	1.02
	0.91
	0.88



	ϵw = 0.1
	1.13
	0.99
	1.06
	0.97
	0.95



	n = 1.5
	1.10
	0.92
	1.00
	0.99
	0.99



	n = 3
	1.05
	0.81
	0.91
	1
	1



	ψ = 1.5
	1.15
	0.96
	1.02
	0.91
	0.81



	α = 0.5
	0.68
	0.61
	0.64
	1
	1






Notes. The fiducial model has α = 0.1, ϵw = 0.5, n = 1, ψ = 1, and η = 0. Each model differs from the fiducial model by the parameter shown in the left column. All the calculations were made for ṁ = 3000, μ30 = 1, and p = 10peq in order to reproduce the properties of supercritical ULXPs.




  
    
      Fig. 8. 
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Relative disc thickness as a function of the radius for a model with μ = 1030 G cm3, ṁ0 = 3 × 103, and p = 0.67 s. Our results are shown by the red dotted curve, whereas the solid green and blue curves correspond to the asymptotics for the zones B and A of the standard disc, respectively.



    

  
    
      Fig. 10. 
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Cumulative luminosities as functions of radius. The total power generated in the disc is shown by the dashed blue curve. The solid red and dotted black curves show the radiative and advected luminosities, respectively. The parameters of the model are μ30 = 1 and ṁ0 = 3000.



    

  
    
      Fig. 11. 
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Fraction of the mass accretion rate reaching radius R for a NS with magnetic moment μ30 = 1. The lines from top to bottom correspond to different ṁ0 in the interval 2000–3500 with steps of 500.



    

  
    
      Fig. 12. 
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Magnetospheric radius in units of Rg as a function of the accretion rate for a NS with magnetic moment μ30 = 1. Parts of the black solid curve with different slopes correspond to the different regimes of accretion near the magnetospheric boundary. Two standard solutions ([image: equation]) are plotted with the grey dotted lines: ξ = 0.5 and ξ = 1 (spherically symmetric case).



    

  
    
      Fig. 13. 
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Same as Fig. 12, but for different magnetic moments μ = 1030−1032 G cm3.



    

  
    
      Fig. 14. 
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Slope of the dependence of the magnetospheric radius on the accretion rate for the models shown in Fig. 13.



    

  
    
      Fig. 15. 
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Restrictions for the position of NGC 5907 X-1 in the ṁ0 − μ plane. The red horizontal line corresponds to the mass accretion rate of ṁ0 = 6500 (accretion efficiency η ≃ 0.15). The black solid line corresponds to peq = p = 1.137 s. The dotted spin-up line shows the lower limit for ṁin set by inequality (32) using period derivation |ṗ| = 5 × 10−9 s s−1. We use here M = 1.4 M⊙, R = 10 km, I = 1.5 × 1045 g cm2, and p = 1.137 s.



    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
Restrictions for the position of NGC 300 ULX1 in the ṁ0 − μ plane. The red horizontal line corresponds to the luminosity of 4.7 × 1039 erg s−1 assuming accretion efficiency η ≃ 0.15. The black solid line corresponds to peq = p = 20 s. The dotted spin-up line shows the lower limit for ṁ0 set by inequality (32) using period derivation |ṗ| = 5.5 × 10−7 s s−1 (Carpano et al. 2018). We use here M = 1.4 M⊙, R = 10 km, I = 1.5 × 1045 g cm2, and p = 20 s.
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