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Research (What is 
it about?) 

Tunable trapping in the states of mesoscopic superconductors  

UNN authors Mel’nikov A.S. 
We find (The 
result) 

The effect of magnetic switch between Meissner and vortex states of 
mesoscopic superconductor has been first demonstrated. 

Abstract The Meissner effect is the expulsion of a magnetic field from a superconductor. A 
superconductor with no magnetic field within it is said to be in the Meissner state. 
The Meissner state breaks down when the applied magnetic field is too large. 
Superconductors can be divided into two classes according to how this breakdown 
occurs. In Type I superconductors, superconductivity is abruptly destroyed, in Type 
II superconductors it leads to a vortex state in which magnetic flux penetrates the 
material, but there remains no resistance as long as there is a superconducting path 
between the vortexes. 
In sufficiently small (nano) samples of superconductors the quantum effects reveal 
as the wave functions of colliding electrons remain coherent. In that mesoscopis 
superconductors new possibilities of controlling the quantum state appear. We 
realize one of them namely tunable trapping and switch in the vortexless (Meissner) 
state and the states with controllable number of vortexes. The switch occurs under 
external magnetic field variation and follows the switch of volt-ampere 
characteristic so a possibility of one-electron transistor arises. 
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2. Physical Sciences 

Research (What is 
it about?) 

Plasmons in QED vacuum 

UNN authors Kudrin A.V., Petrov E.Yu. 
We find (The 
result) 

The possibility of longitudinal charge and field oscillation in physical 
(quantum-electrodynamic) vacuum is theoretically predicted  

Abstract It is well known, from Maxwell equations, that electromagnetic field in classic 
vacuum is strictly transverse one. But in quantum-electrodynamic description 
(physical or QED vacuum) there is the possibility of electron-positron burning by 
electrodynamic quanta (photons). The question is: can these electron-positron pairs 
longitudinally oscillate (together with field) like classic charges (in metals surface, 
for example)? These charge-zero bound states oscillations called plasmons. So are 
there QED plasmons? 
The answer is YES. Within the framework of semiclassical analysis, we calculate 
time-periodic solutions of bosonized (1+1)-dimensional QED (massive Schwinger 
model). We estimate characteristic frequencies of longitudinal oscillations of the 
electric field in QED as the frequencies comparable with the electron Compton 
frequency. Applying the Bohr-Sommerfeld quantization condition, we determine 
the mass spectrum of charge-zero bound states (plasmons) which correspond in 
quantum theory to the found classical solutions. We show that the existence of such 
plasmons does not contradict any fundamental physical laws and study qualitatively 
their excitation in a (3+1)-dimensional real world. 
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Type I and Type II superconductors interaction with 
external magnetic field: the Meissner state and vortex 
threads. 

 

 

 

 

 

Quasiparticles (red circles) in 
mesoscopic structure: a – without 
magnetic field (B=0), b – Messner 
state in magnetic field (vortex 
number m=0), c – vortex state (m=1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evolution of the voltage with the 
magnetic field. 

The vertical arrows 
correspond to the applied 
field values at which the 
vorticity m increases step 
by step by one from 2 to 2 
as the field is swept from 
-25 to 25 mT. The 
horizontal arrow shows 
the direction of the field 
sweep. 
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