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* Superconducting spintronics based on the interaction of th e superconducting current with the magnetic
moment in Josephson superconductor-ferromagnet structur es attracts attention nowadays, due to the
possibility of controlling magnetism by superconductivit y, which opens a perspective of different applications
in quantum and nano-electronic technologies.

* Using the implicit two-stage Gauss-Legendre method for the numerical solution of a respective system of
differential equations, one can obtain a detailed figure re presenting the intervals of the damping parameter, the
relation of Josephson to magnetic energy and the spin-orbit coupling parameter where a full magnetization

reversal occurs.

* The parallel implementation allows one to significantly ac celerate simulations in a wide range of parameters of
the model.
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Program and the grants from the Russian Foundation for Basic Research 17-01-00661, 18-02-00318.

Theoretical model

The dynamics of the magnetization in the ferromagne tic layer in ¢,- The Josephson phase difference ¢ can be found using the equation
Josephson junctions is described by the Landau-Lifs hitz-Gilbert equation [1]. do 1 .
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where a is_the damping parameter, o is the pormalized frequency_ of the I _JAg, [to— 1/2At,t + 1/2At,] @
ferromagnetic resonance. Here H is the effective magnetic field with the pulse 0 aibEriee
components H.=0 . . ) o .
x Here A, is the amplitude of the pulse current and At is the time interval, in
H. = Grsin (t) —rm (t) which the pulse current is applied, ty is the time point of the maximal
y @ Y @ amplitude.
H,=m, (t) Thus, the system of the equations (1) with the effective fiel d (2), (3) and the

pulse current (4) describes the dynamics of the @o-junction.

where G is the relation of Josephson energy to energy of magnetic
anisotropy, r is the spin-orbit coupling parameter, m,, is the y,z-component
of the magnetic moment  mi.

Magnetic reversal A magnetic reversal is an effect
when the m,—component of the
magnetic field changes the sign and
takes a value -1 for a given initial
value of +1.

The figures show the time
dependence of the m,—component:
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AG = 1 and the r-stepsize Ar = 0.01 at A = 0.4 i %%‘x.
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e The simulations were performed in the 0.2

time interval [0, T,,,]where T, ..=2000.

At each pair of values of the parameters 0

the magnetic reversal was indicated by
means of the condition | m,+1|<e

Parallel implementation

e The execution time of a serial C++ program of modeling the mag netization
reversal in the ( r,G)-plane is 28 minutes.
Parallelization is organized by distributing the points of the (r,G)-plane
between MPI-processes.
Interconnection between MPI-processes is needed only at th e stage of
formation of the final result.

Speedup (times)

The maximal speedup of the MPI implementation is about 30 tim es. ' 0 0 50 r
Number of MPI-processes
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of the spintronics model in a wide range of parameters.

The maximal speedup of the MPI version is about 30 times.

In a wide range of the parameters of the phase coupling G, the dissipation a and
the spin-orbit coupling r, domains are obtained where the magnetic moment is
reversed.

The periodic structure of magnetic reversal domains is esta blished. The further
analysis in this field is required to explain this phenomeno n.
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The calculations were performed on the HybriLIT clus ter.



