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" Relevance of the work

Numerical research process
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Computations on Software
computing platforms implementation

Analysis of results,
construction of graphs,
diagrams...

The creation of a toolkit that allows one to carry out computations, to visualize the results within a single
application, and perform the most resource-intensive calculations in parallel is an urgent task.
The Jupyter Notebook environment provides this capability.
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mpleflisRroblemitosstudyatheldynamicsiofimagnetizations
2 Phi-0 Josephson Junction (SFS structure)

LINET

Collaboration with Ilhom Rahmonov (Bogoliubov Laboratory of Theoretical Physics, JINR)

l |
l * |
The dynamics of the magnetic moment M of the system under consideration is | | |
described by the Landau-Lifshitz-Gilbert equation: ! ! :
dm 1 : i Y m ;
dtx = —1 T M2a? {myHZ —mZHy + a[mx(M,H) —Hx]}, f"'"“"::—" ! "';7"“"/
dm 1 s !;f " : .-'IS
d—ty = — T {m,H, — m,H, + a[m, (M, H) — H,|} /
dm 1
dtZ = 1T a2 {mxHy —myH, + a|lm,(M,H) — HZ]},

M = [mx,my,mz] are the magnetic moment components; the effective field components H = [Hx, Hy, HZ] depend on the
Josephson phase difference ¢ and are defined as follows:

H,(t) =0,
H, = Grsin(¢(t) — tm, (1)), Model parameters:
H,(t) = m,(t). G — ratio of the Josephson energy to

the magnetic anisotropy energy;
r — spin-orbit interaction constant;
a — Hilbert dissipation parameter;
1 in this study w = 1.
) il

w

The equation for the Josephson phase difference ¢ (t) is determined from the
equation for the electric current I flowing through the Josephson junction,

measured in units of the critical current I.:
do 1 dm,

e —w(sin((j) = rmy) - 18 It




Calculations for different values of parameters

To analyze the possibility of reversing the magnetic moment of the ¢,,-Josephson junction at different values of the parameters, we will carry out calculations
for G=B9.

from scipy.integrate import solve_ivp
from functools import partial

=9
= partial(my_sfs, G=G, r=r, alpha=alpha, \
As=As, t_s=t_s, delta_t=delta_t)
#t_e = np.arange(8, 25, 8.8861)
t_e=np.linspace(8,68,1888)

s@ = np.array([e, @, 1, @])
sol_2-solve_ivp(f,[©,58],s58, t_eval=t_e) # method = "Radau’

plt.figure(figsize = (8, 6))

plt.plot(t_e,y I, 1label= "Rectangular current pulse’)
plt.plot{scl_1.t, scol_1.y[2], label= "Componet $m_z % at G=8" )
plt.plot(scl_2.t, sol_2.y[2], label= 'Componet $m_z $ at G=N4.2f" ¥G)
plt.xlabel('t’, size=16)

plt.ylabel( '$m_z(t)%', size=18)

plt.legend(fontsize=12)

plt.show()
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#plt. figure(figsize = (8, 6))

fig, axl = plt.subplots(figsize=(8, 8))

# mask out the negative and positve values, respectively
#Zpos = np.ma.masked less{alpG[:,:,8], @)

Z1 = Zc.reshape(N, N)

plt.imshow(Z1l, interpolation="bilinear', cmap="Blues")
#plt.contourf(X, ¥, Zc, 188)

#fig.colorbar(Zc, ax=axl)

plt.show()
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“Bample 1. Parlle] implementation with Pyihon
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Define a funciion called by each process

from joblib import Parallel, delayed
import numpy as np

def funk_parall(k):
i=k%N
J=k/ /N
mz_sol=8
G=G@+delta G*i
alpha=alpha®+delta_alpha*j
f = partial{my_sfs, G=G, r=r, alpha=alpha, \
As=As, t_s=t_s, delta_t=delta_t)
t_e=np.linspace(@,58,1668)
s8 = np.array([e, 8, 1, @])
sol i=solve ivp(f,[©,68],58, t eval=t e) # method = "Radau’
if sol_i.y[2][999] < @:
mz_sol= -1
# alpGxy[i+j*N, 2] =- 1
return mz_sol

Senal mode calculation

t8 = time.time()
rez= Parallel{n_ jobs=1)\
{delayed{funk_parall){k) for k in range(N*N) )
tl = time.time()
print(f'Execution time {t1 - t@} s")

Execution time 159.9254457958592 s

Computing in Parallel Mode

te = time.time()
rez= Parallel{n_jobs=86)\
{delayed{funk_parall)({k) for k in range(N*N) )
tl = time.time()
print(f'Execution time {t1 - t@} s")

Execution time 34.51583881345825 s
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Collaboration with Marko Cosi¢ (Laboratory of Physics, Vinéa Institute of Nuclear Sciences — National Institute of the Republic of Serbia)
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Thanks for your attention!
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