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Direct and inverse Faraday effects. Inverse Faraday effect 

(IFE) in metals.

What should we expect in superconductors?

Time dependent Ginzburg – Landau equation. Hall effect 

and inverse Faraday effect.

All-optical generation of the current states.

How can we increase the impact of IFE? Kibble-Zurek 

mechanism in thin superconducting ring - spontaneous fluxoid 

formation. 

On-demand switch between current-carrying states in the 

superconductor by controlling the helicity 

Outline



M.Faraday 1845

Faraday effect

(direct) –Verdet constant

" I have at last succeeded in illuminating a magnetic curve or 

line of force and in magnetising a ray of light "

Relation to the Hall effect in conducting materials
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Inverse Faraday effect

Circularly polarized 

electromagnetic wave
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Reviews:





Is it possible to induce d.c. magnetic moment and/or vortex-
like state in superconductor solely by light?

electric d.c. current
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Time dependent Ginzburg – Landau theory. Complex-valued relaxation constant.
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We need the coupling of the modes of the order 

parameter amplitude and phase!

Parameter of the electron-hole 

asymmetry






































 2

2

1 2

4

12
baA

c

ie

m

ie

t







Imaginary part of the relaxation constant is 

responsible for the Hall effect in the vortex state

A. T. Dorsey (1992)

N. B. Kopnin, B. I. Ivlev, V. A. Kalatsky (1992)
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Now we can proceed with the inverse Faraday effect

 EBEj H
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The simplest model: small superconducting disk

Electric field inside the disk:



Radial profiles of d.c. current
S. Mironov et al,  PRL 2021



When a system crosses a second-order phase transition on a finite timescale, 

spontaneous symmetry breaking can cause the development of domains with 

independent order parameters, which then grow and approach each other 

creating boundary defects. This is known as the Kibble–Zurek mechanism. 



Optical generation of Abrikosov vortices

by Kibble-Zurek effect



Josephson junction control





KZ mechanism for a superconducting ring

J=0

T(t)=T0 +δT·exp(-t/tQ)

Thermal quench may be 

of the order of 1-4 ps 
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Circularly polarized light

• The corresponding dimensionless angular component of the vector-potential

• Ccircular polarized electro-

magnetic wave of frequency

ω and wavevector k,

perpendicular to the plane of

the ring

• intensity of the radiation is

supposed to be weak enough

to avoid its heating effect

• Dimensionless units



Modelling with a Time Dependent 

Ginsburg-Landau equation

Averaging over 500 cooling cycles realizations



Evolution of the order parameter harmonics 

no circularly polarized radiation and η=0.2

For                   the probability to find out the state

n=+-1 is around 10%









How to obtain practically 100% probability 

of the current state generation?

Little-Parks effect

For Φ = - Φ0/2  the states n=0 and n=1

have the critical temperature and the 

same energy and 

it should be easy to switch between them.

They are the current carrying states with

the opposite direction of current.





For Φ = - Φ0/2  the states n=0 and n=1 have the same energy

and it is easy to switch between them.
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Conclusion

We suggest to use the IFE as a very efficient

method of the all-optical switching between the

current states in mesoscopic superconducting

systems.

This open the way to superconducting

optoelectronics.

Ref.: Croitoru,  Mironov, Lounis, and A.B.

Advanced Quantum Technologies (2022) 


