
Research (What 
is it about?) 

Doppler tomography of the binary star system containing a 
black hole 

UNN authors Agafonov M., Sharova O. 

We find (The 
result) 

By means of 3D Doppler tomography, a detailed picture of the 

gaseous flows motions in the X-ray binary Cyg X-1 system has been 

revealed including all three velocity components 

Abstract Cyg X-1 is a galactic X-ray source in the constellation Cygnus, and the 

first such source widely accepted to be a black hole. It is one of the 

strongest X-ray sources seen from Earth. It belongs to a high-mass X-ray 

binary system that includes a supergiant variable star. A stellar wind from 

the star provides material for an accretion disk around the black hole. 

Matter in the inner disk is heated to millions of degrees, generating the 

observed X-rays. A pair of jets, arranged perpendicular to the disk, are 

carrying part of the energy of the infalling material away into interstellar 

space. 

We demonstrate the results of a 3D Doppler tomography (in Vx, Vy, Vz 

space) for Cyg X-1 by analysis of spectral profiles of He lines in rotating 

system. The reconstruction was realized using the radio-astronomical 

approach, developed for solving problems in tomography with a limited 

number of projections. We obtained for the first time the full picture of 

gaseous flows velocities as inside so outside the orbital plane of the 

system. The resolution of the constructed 3D tomogram in velocity space 

is less than 60 km/s. 

The maximum absorption (corresponding to the supergiant) and emission 

structural features in the 3D tomogram are located in its central section, 

where the velocity component perpendicular to the orbital plane is zero 

(Vz =0). The emission is generated mainly in the outer part of the 

accretion structure, close to the supergiant. A gaseous stream from the 

Lagrangian point L1 with its motion close to the orbital plane is 

identified. Its maximum velocity Vx  reaches 800 km/s. The flow from the 

magnetic pole of supergiant with the velocity Vz ≈ 300 km/s perpendicular 

to the orbital plane is registered. 
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Typical picture of gravitational “eating” of a 

supergiant by a black hole in a binary star system. 

Cyg X-1 system:  6 light years  away from the Sun, 

optical  component  Mo ≈ 25 MSun,  X-ray component 

Mx ≈ 10 MSun,  Rhole ≈ 300 km 
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