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Flux distributions on different faces of YBCO single crystals remagnetized by unidirectional and 
rotating fields are studied using advanced magneto-optical techniques. Unusual structures corre- 
sponding to the appearance of strong current concentration along certain fronts are found. At 
such fronts the vortex lines bend into closed loops which then collapse and form flux free cylinders. 
Strong magnetization currents along these Meissner holes result in essential flux redistribution and 
development of dynamical instabilities in the samples. 

Remagnetization processes in superconductors are usually considered within the critical 
state model where the sample is infinitely long in the field direction, vortices are straight, and 
the remagnetization front separating oppositely magnetized regions is planar or cylindrical. 
In this paper we show that in any finite superconductor an inevitable curvature of vortices 
results in 3D remagnetization structures and formation of flux free cylinders (Meissner 
holes) which strongly affect the magnetic induction and current distributions and induce 
instabilities in the vortex motion. 

Flux distributions on different faces of YBCO crystals were imaged using iron-garnet 
magneto-optical indicator films with in-plane anisotropy'. The crystal surface to be imaged 
was oriented normal to the optical axis of a polarizing microscope and the value of the 
component of the local induction normal to the surface was inferred from the image intensity. 
The presence of flux free cylinders was revealed by strong local perturbation of flux patterns 
at fields both normal and parallel to  the plane of the crystal plates. 

Fig.1 shows the magnetic image of the ab-plane of a 25 pm thick crystal remagnetized 
in a normal field. The flux in the center trapped after application of the initial up field 
is bright, the flux entering from the edges after partial remagnetization by a down field is 
dark. The remarkable feature of the field pattern is the locally higher flux density on either 
sides of the remagnetization front. This concentration of vortices on the front strongly 
suggests a local increase of the current along it which would produce similar increase in the 
adjacent flm density. Such a local current would arise from bending, closure, and collapse 
of vortices at the front. In a finite size sample, lines of field form closed loops centered 
at the remagnetization front. Closed vortices feel a collapsing force E / R  due to their line 
tension E ,  where R is the radius of the loop. The collapsing force is opposed by the pinning 
force Fp = @JC which permits collapse only for loops of radius R, < E / F ~ . ~  Inside this 
radius, the superconductor is in the Meissner state and a Meissner current flows along the 
cylindrical boundary of the Meissner hole with the vortex state. The total Meissner current 
is 1~ z (RC1/A)27rRJ which can be large and cause a dramatic redistribution of flux at 
the remagnetization front, especially if pinning is weak.3. 

Meissner holes first form on the faces of the crystal parallel to the field direction (Fig-2- 
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31, and move to the interior as the remagnetizing field is increased. The most unexpected 
structures are nucleated by the rotation of the field in the plane of the sample. Fig.4 shows 
the distribution of the normal component of the field for the crystal initially magnetized in 
its ab-plane, after the field has been rotated within this plane by 90". Two bright curved 
lines appear, representing the current flowing along the Meissner holes. These curved lines 
change shape as the field is further rotated, appearing successively on different sides of the 
sample. Fits of the observed field profiles to those expected for currents flowing along the 
remagnetization front confirm the Meissner hole model. 

The lines of Meissner holes are unstable to sharp bends in arbitrary directions, similar 
to the current pinch instability in plasmas. These instabilities produce intricate and unusual 
field structures which should strongly affect the ac losses of superconductors in numerous 
applications. 
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