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Within the framework of the joint project of MLIT and BLTP an ecosystem is being
developed for the tasks of studying a system based on Josephson junctions using Python
In the form of Jupyter Book is being developed.

The following tasks were solved:
1. Development of algorithm for calculation of current-voltage characteristics of Annular

system of parallel Josephson junctions under the external radiation and amplitude
dependence of Shapiro step width.

2. Realization of parallel calculation of amplitude dependence of Shapiro step width.
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Research of systems based on Josephson junctions _jupyterhub
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fig = plt.figure(figsize=(8, 86))
plt.plot(time_array, Vtime, label="Time dependence”,
plt.xlabel{ " Time"', size=12)

plt.ylabel( V', size=12)

BO342ACTEBMEM BHELUHETO plt.legend(loc="upper right’)

plt.show()
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Stationary Josephson effect. When a current passes below the critical value (I < I.), there is no voltage in the
junction and a superconducting current flows through the junction. This current is proportional to the sine of
the phase difference of the order parameters of the superconductor layers:

I, = I_.sing. (1)

Non-stationary Josephson effect. When the current increases above the critical value (I > I_.), an AC voltage
appears in the JJ, which is proportional to the time derivative of the phase difference

Development of an electronic recourse Jupyter Book

for conducting research in Python

KEY FEATURES

Jupyter Book is an open-source
project for creating interactive
and publishable online books,
documentation, and blogs based
on computational materials.

Jupyter Book supports .ipynb,
Markdown, and reStructuredText
files, allowing you to combine

text with code, equations,
Images, and interactive
elements.

Code in Jupyter Notebook can be
executed while building the book,
and the results (output, plots) will
be embedded in the book.

Generation of various types of
materials. We can get the book as
a single or multi-page website,
and we can export it to PDF.

The development is carried out on the

basis of the ecosystem ML/DL/HPC
heterogeneous platform HybriLIT
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Under the influence of external radiation, in case of the Josephson
frequency is a multiple of the radiation frequency (n w, =k w), a

[/ammpomammoe constant voltage step appears on the current-voltage characteristic

(CVC) of the Josephson junction. This step is called a Shapiro step.
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We set the values of
the parameters

Calculation of the two-
loop I-V characteristic

7

We define the Shapiro step

AIstep = Istep,max — Istep,min
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Algorithm for calculating the dependence of the Shapiro step
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@ Schematic view Annular system of
parallel JJ. It can be described with
| the Frenkel-Kontorova model |

The current-voltage characteristic of a annular system of parallel Josephson
junctions under the influence of external radiation was studied. The authors
demonstrated that the constant voltage step (Shapiro) arises as a result of
frequency locking of fluxon rotation by external radiation, which differs
from the usual case in which frequency locking of Josephson oscillations
by external radiation occurs.

Until now, the dependence of the step width on the amplitude in this case
has not been investigated.
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Develop an algorithm for finding the step width from the amplitude and speed up the
calculation process by parallel implementation

4 Frenkel-Kontorova model )
d? o —=20: + @i do:
QZL _ i QZL Piz1 + sing; + P [ + A sin(wt)
dt a dt
\_ J
/(pi - phase difference \ [ I=1,2,...,N, N —number of Junction}
a - distance between JJs
3 - dissipation parameter 4 N ( Boundary condition N
I -external current Initial condition Pn+1 = Q1 + 27M
A - Amplitude of external radiation B dep 0o = @y — 21M
w - frequency of external radiation t=0,¢; =0, dt =0 M — number of introduced fluxon
\ 2N y

I. R. Rahmonov, J. Teki’c, P. Mali, A. Irie, and Yu. M. Shukrinov, Phys. Rev. B 101, 024512 (2020)
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Current-voltage characteristic at Current-voltage characteristicat  Current-voltage characteristic at
A=0, no step A=10 A=25
In this current voltage characteristics we can see resonance branches and in cases A=10 and A=25 we can see also
Shapiro steps which are highlighted with red ellipse.

The computations were performed on the ML/DL/HPC component of the HybriLIT heterogeneous platform ecosystem
with the following specifications: 2x Intel Xeon Gold 6148 (2.4 GHz, 20 cores/40 threads), 512 GB of DDR4 RAM.

CPU parallelization for multiprocessor computation was performed using the numba.prange function.
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- Atoolkit for modeling the physical properties of a annular system of parallel Josephson junctions under the
influence of an external electromagnetic radiation has been developed.

- Algorithms for calculating the current-voltage characteristic of the considered system and dependence of
Shapiro step width on amplitude of external radiation have been developed and realized on the Python
programming language.

- The software realization of the developed algorithms is performed using the Numba library function,
iIncluding the parallelization mechanism when calculating the amplitude dependence of the Shapiro step

width.
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Python-uHcTpymeHTapuin 4na
MOAENVPOBaHUA AVMHAMUKN
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Python toolkit for simulation of the
Josephson junction dynamics
under the influence of external
electromagnetic
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MHCTpyMeHTapuii 418 MOAeNIMPOBaHNA TM6PUAHBIX HAHOCTPYKTYP CBepPXNpPOBOAHUK/MarHeTuk

3agaua 1. UHCTpyMeHTapuii ANA MOA4eNIMPOBaHUA CTyrneHbKu LLlanupo Ha BONIbT-aMNepHOM XapaKTepucTuke
AXx03epCOHOBCKOTO Nepexoaa

B paboTe paccmMoTpeHa 3asaya O MOAENMPOBaHUMN AUHAMUKM AX03eDCOHOBCKOrO NEPEXoa Noj BO3AeACTBMEM BHELLHETO
nanyyenus. C ucnonb3osaHmem Python B cpeae Jupyter book paspaboTtaHbl anropuTMbl ANA BbIYNCAEHUSA BONbTAaMMNEPHOMA
XapaKTepPUCTUKN AXK03e(DCOHOBCKOMO Nepexoia noj BO3AENCTBUEM BHELHETO U3YUYeHUsA U BbIUUCIEHNUA 3aBUCUMOCTH
WMPWHbI CTYNeHbKKM LLIanupo oT aMnauTyabl. PeanvM3oBaH napanienbHbiil anroputM AN paccMaTpPUBaEMO 3ajaum C

ncnonb3osaHmem bubanotekun Joblib u npoaHannsmposaHa 3G PEKTUBHOCTL NapanneibHbIX BblYNCAEHUNA.
PaboTta nogaepxaHa rpaHtom PH® Ne 22-71-10022.

MpoekT «Mamemamuuyeckoe ModenuposaHue ceepxnposodaujux HAHOCMpPYKMYyp ¢ MazHemukom 0718 uccredosaHus
B03MOXHOCMeEl KOHMPOAA HAMAZHUYEHHOCMU U MA2HUMHbIX 80306yX0eHUll ¢ UCN0b308aHUEM BbICOKONPOU3B800UMEbHbIX

eblyUC/IUMe/IbHbiX cucmem»

Toolkit for modeling superconductor/magnetic hybrid nanostructures
Task 1. Toolkit for modeling of the Shapiro step on the current-voltage characteristic of a Josephson junction

The problem of modeling of the Josephson junction dynamics under the influence of external radiation is considered. Using
Python in the Jupyter book environment, algorithms of calculation of the Josephson junction current-voltage characteristic
under the influence of external radiation and calculation of the amplitude dependence of the Shapiro step width have been
developed. Using the Joblib library a parallel algorithm of considered problem was realized and the efficiency of parallel
computing was analyzed.



A toolkit based on Python libraries and the Jupyter
ecosystem for solving of scientific and applied problems
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