
    
      Fig. 1. 
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        Shematic approach of a black hole X-ray binary system.

      

    

  
    
      Fig. 2. 
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        Proton energy distribution for different values of the parameter qrel assuming z = 5 RSch/tanξ ≈ 109 cm for the binary system Cygnus X-1.

      

    

  
    
      Table 1. 

      Important parameters that stay constant for all calculations independently of the binary system.

      
        


	Parameter
	Value
	Units





	αk
	100
	–



	qrel
	0.1
	–



	η
	0.1
	–



	Rc
	6 Rg
	cm



	Lc
	5 × 1036
	erg s−1



	Rin
	6 Rg
	cm





      

    

  
    
      Fig. 3. 
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        Optical depth for disk absorption in the binary system Cygnus X-1 as a function of gamma-ray photon energy: (a) for different values of z and (b) for different values of inner disk temperature when z = 5 RSch/tanξ ≈ 109 cm.

      

    

  
    
      Fig. 4. 
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        Optical depth for corona absorption in Cygnus X-1 as a function of the distance, z, for different values of gamma-ray photon energy.

      

    

  
    
      Fig. 5. 
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        Optical depth for corona absorption in Cygnus X-1 as a function of gamma-ray photon energy for different values of the corona radius given in Rg.

      

    

  
    
      Fig. 6. 
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        Optical depth for donor star absorption in Cygnus X-1 as a function of gamma-ray photon energy: (a) for different values of z and (b) for different values of donor star luminosity where LD = Lstar/L⊙ when z = 5 RSch/tanξ ≈ 109 cm.

      

    

  
    
      Table 2. 

      Black hole binary systems and their respective parameters used in this work.

      
        


	Parameter
	Cyg X-1
	SS 433
	GRS
	Units



	
	
	
	1915+105





	MBH
	21.2
	15
	12.4
	M⊙



	Mdonor
	40.6
	21
	0.5
	M⊙



	Type
	O
	A
	K
	–



	d
	2.22
	5.5
	8.6
	kpc



	i
	27.51
	78.8
	60
	°



	Porb
	5.5998
	13.082
	33.85
	days



	Ṁaccr
	10−8
	10−4
	10−8
	M⊙ yr−1



	Lstar
	3.5 × 105
	3.16 × 104
	102
	L⊙



	Teff
	31138
	8000
	5000
	K



	s
	3.65 × 1012
	5.37 × 1012
	7.19 × 1012
	cm



	ub
	0.92
	0.26
	0.43
	c



	ξ
	1.2
	0.6
	5
	°



	Rout
	1.07 × 1012
	1.69 × 1012
	4.17 × 1012
	cm





      

      
Notes. (1) Cyg X-1, (2) SS 433, (3) GRS 1915+105.

References. (1) Miller-Jones et al. (2021), Brocksopp et al. (1999), Stirling et al. (2001), Tetarenko et al. (2019), (2) Bowler (2018), Hillwig et al. (2004), Cherepashchuk (2021), (3) Reid et al. (2014), Steeghs et al. (2013), Punsly & Rodriguez (2016).



    

  
    
      Fig. 7. 
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        Optical depth for all kinds of absorption for varying inclinations of Cygnus X-1 when z = 5 RSch/tanξ ≈ 109 cm.

      

    

  
    
      Fig. 8. 
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        Gamma-ray intensity emitted by Cygnus X-1 as a function of photon energy for (a) z = 107 cm and (b) z = 1010 cm. The solid line (blue) corresponds to the obtained intensity by ignoring all types of absorption, while the dashed line refers to an intensity affected only by corona absorption. The dash-dotted line (orange) represents gamma-ray intensity exposed only to the donor star’s radiation. A red solid (or dashed) line demonstrates intensity post-absorption from the accretion disk. Finally, gamma-ray intensity, including all the discussed absorption mechanisms, is represented by the black dashed (or solid) line.

      

    

  
    
      Fig. 9. 
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        Gamma-ray intensity emitted by system SS 433 as a function of photon energy for (a) z = 107 cm and (b) z = 1010 cm. The line colors and types are the same as the respective graphs for Cygnus X-1.

      

    

  
    
      Fig. 10. 
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        Gamma-ray intensity emitted from the GRS 1915+105 system as a function of photon energy for (a) z = 107 cm and (b) z = 1010 cm. The line colors and types are the same as the graphs for Cygnus X-1 and SS 433.

      

    

  
    
      Fig. 11. 
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        Gamma-ray integral fluxes for various distances z for binary systems Cygnus X-1, SS 433, and GRS 1915+105. The dashed lines correspond to emissions not affected by absorption from the system’s surroundings. In contrast, the solid lines represent the gamma-ray fluxes after absorption from the accretion disk, corona, and donor star. The fluxes are integrated for Eγ ≥ 102 GeV. The upper limits among the three systems are also demonstrated as: (1) Cygnus X-1, Ahnen et al. (2017), (2) SS 433, Ahnen et al. (2018), (3) GRS 1915+105, Abdalla et al. (2018).

      

    

  
    
      Fig. 12. 
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        Differential flux for gamma-rays emitted from the jets of Cygnus X-1 at z = 1010 cm. The 95% CL upper limits of Albert et al. (2007) and Ahnen et al. (2017) are also plotted. They refer to power-law spectra with a photon index of Γ = 3.2.

      

    

  
    
      Table B.1. 

      Constants that are used in the calculations.

      
        


	Constant
	Value
	Units





	c
	2.998 × 1010
	cms−1



	M⊙
	1.989 × 1033
	g



	G
	6.674 × 10−8
	cm3g−1s−2



	e
	4.803 × 10−10
	statC (cm3/2g1/2s−1)



	h
	6.626 × 10−27
	ergs



	kB
	1.381 × 10−16
	ergK−1



	σT
	6.652 × 10−25
	cm2



	σSB
	5.670 × 10−5
	ergs−1cm−2K−4
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