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Outline of 2020

• Chinese 8 months: General Relativity 
MHD Athena++ simulations in 3D;
lectures “Introduction to PLUTO code”

• Two long-term projects finished (with 
simulations using the PLUTO code)

• Students’ year
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Athena++ code, GRMHD simulations, initial conditions 



Motion of magnetic islands in SANE00 case 

-Snapshots at three different times in our simulation, showing density 
in logarithmic colour grading, overplot with poloidal magnetic field 
lines, with arrows showing the direction of the poloidal magnetic field. 
The dotted black and red lines are r = const lines passing through the 
centers of two magnetic islands. We describe the magnetic islands 
motion by tracing the positions of their centres. A star mark in the left 
panel denotes a magnetic island above the equatorial plane.

-Time dependence of the positions of the magnetic islands above (red) 
and below (black) the equatorial plane of the accretion flow shown in 
Fig. 3. The dashed lines are least square fits, slopes of which are about 
0.01 and 0.03 for the red and blue lines, respectively.



Spiraling-out of the flux ropes 

•Magnetic islands are slices at different times crossing the middle of the flux rope in our simulation (left 
panel). The distance from the origin is increasing in time. The angle φ of the colatitudinal plane in which the 
middle of the flux rope is positioned, is also increasing with time and given in the figure. The flux rope is 
spiraling away from the black hole, as shown in the 3D schematic plot (right panel) depicting the trajectory 
of its center.



Ejection of the flux ropes

•Slices at different azimuthal planes at times T=20000 and T=40000, during the ejection of the flux rope in 
the corona. We describe the motion of the flux ropes by following the positions of their centers in such slices.



Ejection of the flux ropes

•Top panel: The distribution of the poloidal magnetic field strength in the φ − z plane with a constant 
cylindrical radius r cyl above the equatorial plane at T = 18500 rg /c. A star mark corresponds to the position 
of the magnetic island from Fig. 3 at the same time. We trace the minima of the poloidal magnetic field, 
showing a slice through the azimuthal extensions of the magnetic islands–which would be seen as flux ropes. 
Parts of the arcs of the flux ropes lie in this plane. Bottom panel: Distribution of density in the same φ − z 
plane. A local increase of density, by an order of magnitude, along the flux rope profile corresponds to the 
positions of minimum Bp in the azimuthal direction. Flux ropes are visible in both panels.



Motion of the reconnection layers 

•Reconnection layers are clearly visible in the snapshot at T=19500 in our simulation along the disk boundary, where the 
flux rope emerges. In the left panel are shown the poloidal magnetic field lines with density in logarithmic colour grading 
as a background, and in the right panel the background is plasma β. With red and black dotted lines are shown the 
coordinate lines, along which we compute the physical quantities.



Completing long time projects



Students’ year
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Thank you!
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