


Yu. M. Shukrinov

BLTP, JINR,  Dubna,, Russia

Физические явления в фи-ноль 

переходе. Маятник Капицы и 

переворот магнитного момента

In collaboration with: 

I.Rahmonov, A. Mazanik, K. Kulikov 

(BLTP, Russia)

M. Nashaat (Cairo Uni., Egypt)

A.Botha (UNISA, South Africa)

A. Buzdin (LOMA UMR-CNRS, France)

K. Sengupta (IACS, India)



Outline

1. Introduction

2. Numerical methods

3. Phi-0 junctions

4. Kapitza pendulum

5. Magnetization reversal

6. Ferromagnetic resonance

7. Dynamics of magnetization along IVC

8. Devil’s staircase in SFS structure

9. Kapitsa pendulum features in other models



RCC

eI

t
d

d
V

V
d

dV
I

p

c
p

p












1
and   

2

,  where    ,

sin









Applications in the superconducting electronics, quantum metrology, medicine. 

Particularly, the system  is a source  of coherent electromagnetic radiation.

Brian Josephson Ivar Giaever



Voltage standard

Superconducting quantum interference 

device (SQUID)

Josephson junction as generator of 

coherent electromagnetic radiation

JJ as a single photon detector

Intrinsic Josephson effect

R. Kleiner, P. Muller, 1992

Chaos in Josephson Junctions

Nonequilibrium effects in Josephson 

junctions

Charge Density Waves

Shunting of Josephson junctions 

Radiation effects

Models of JJ systems:

CCJJ, CCJJ+DC, CIB, SBP 

Phase Dynamics of Long Josephson 

Junctions

Detector of Majorana fermions

Spintronics (interaction of superconducting 

current and magnetic moment)

Quantum computers



Simulation procedure for phase dynamics 

and IV-characteristics
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Phase dynamics 

and IV-characteristics of the overdamped JJ

Yu. M. Shukrinov,  I.R. Rahmonov,  K.V. Kulikov, Applications of numerical methods 
for study of Josephson effect, Text book, Dubna 2016 



Phase dynamics 

and IV-characteristics of the underdamped JJ

Yu. M. Shukrinov,  I.R. Rahmonov,  K.V. Kulikov, Applications of numerical methods 
for study of Josephson effect, Text book, Dubna 2016 



IV-characteristics  and dynamics under radiation 

in the underdamped and overdamped cases



Phi-0 Junction



A. Buzdin, PRL, 101,107005 (2008)



A. Buzdin, PRL, 101,107005 (2008)

Phi-0 Josephson Junctions



Energy of the system: 

Landau-Lifshitz-Gilbert equation:

A. Buzdin. 

Phys. Rev. Lett .

101, 107005 ( 2008) .

F . Konschelle, A. Buzdin. 

Phys. Rev. Lett.

102, 017001 ( 2009) .][][=
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System of equations for magnetization dynamics 

F . Konschelle, A. Buzdin. 

Phys. Rev. Lett . 102, 

017001 ( 2009) .



Phi-0 Josephson Junction: Analytical Results I

- Magnetic moment precession around z-axis

- Second harmonic : 

its monitoring would reveal the dynamics of magnetic system
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Phi-0 Josephson Junction: Analytical Results II

- Effect of damping: a damped resonance at 𝟂 --> 1

- Effect of damping: a dc contribution to the Josephson current
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Generation of magnetic precession at fixed 

Josephson frequency

F . Konschelle, A. Buzdin. 

Phys. Rev. Lett . 102, 

017001 ( 2009) . Our simulations



Dynamics of magnetization components without signal

Yu.M. Shukrinov, I.R. Rahmonov, K. Sengupta, A.Buzdin,

APL, 110, 182407, 2017



Magnetization reversal



Transition dynamics in the system under 

rectangular current pulse 



Trajectories of magnetization in transition region

Yu.M. Shukrinov, I.R. Rahmonov, K. Sengupta, A.Buzdin,

APL, 110, 182407, 2017



Magnetization dynamics under 

rectangular pulse signal in the 

system at different values of 

dissipation parameter Transition dynamics of the 

superconducting current 

Yu.M. Shukrinov, I.R. Rahmonov, K. Sengupta, A.Buzdin,

APL, 110, 182407, 2017



Different protocols for magnetization reversal

Yu.M. Shukrinov, I.R. Rahmonov, K. Sengupta, A.Buzdin,

APL, 110, 182407, 2017



Transition dynamics under electric current 

pulse of the  Gaussian form

01.0,05.0

,00075.05.1
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L.Kai, E.M.Chudnovsky, 

PRB, 82,104429 (2010)



Dynamics of magnetization components without signal

Yu.M. Shukrinov, I.R. Rahmonov, K. Sengupta, A.Buzdin,

APL, 110, 182407, 2017







Dynamics of magnetization components, r = 0.1

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Re-orientation of easy axis in Phi-0–junction, 

Europhysics Letters, EPL, 122 (2018) 37001



Dynamics of magnetization components

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Re-orientation of easy axis in Phi-0–junction, 

Europhysics Letters, EPL, 122 (2018) 37001



The frequency - G-diagram 

for averaged m_y shown by color.

An increase in G makes orientation of m_y along y-axis 

stable, but that the frequency dependence differs from 

characteristic Kapitza pendulum behavior.



Kapitza method 

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Europhysics Letters, EPL, 122 (2018) 37001



Kapitza method 

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Re-orientation of easy axis in Phi-0–junction, 

Europhysics Letters, EPL, 122 (2018) 37001



Kapitza method 

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Europhysics Letters, EPL, 122 (2018) 37001



Demonstration of equilibrium points 

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Re-orientation of easy axis in Phi-0–junction, 

Europhysics Letters, EPL, 122 (2018) 37001

Arrows show stable points, other 

two are unstable.

G=31.4 G=157.0



Comparison 

of theoretical and numerical calculations

Yu. M. Shukrinov, A. Mazanik, I. R. Rahmonov, A. E. Botha and A. Buzdin. 

Re-orientation of easy axis in Phi-0–junction, 

Europhysics Letters, EPL, 122 (2018) 37001



Conclusions - I

Reversal magnetization at different parameters of electric current pulse 

and JJ is shown.

Reminiscent of Kapitza pendulum features in phi_0 Josephson junction 

is demonstrated.
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for your attention!


