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In the present work, we have analyzed, using the magneto-optical method, the dynamic phenomena
observed in thin-film and bulk superconductors with Nb and NbTi during the setting of an external magnetic
field, investigated the conditions for the development of thermomagnetic instabilities (avalanches) and
determined the parameters of the samples from measurements of the avalanche properties.

The sample is placed on a sample holder connected to a cold
finger in a cryostat chamber pumped to high vacuum using a
setup consisting of a turbomolecular pump and a two-stage
vane pump. A liquid helium-cooled cold finger acts as a kind of
cryogenic pump to further improve the vacuum in the cryostat
chamber. The sample is cooled by a stream of liquid helium,
which is drawn from the main reservoir of the storage dewar
iInto the sample mount using a single-stage rotary vacuum
pump. In the helium pumping system, local volumetric
expansion and evaporation of helium is generated near the
sample holder, allowing the temperature to decrease due to
adiabatic cooling to 2.3 K in this area and to 4 K at the sample
mounting point.

The magneto optlcal (MO) method for studylng superconductlng materlals IS based on |mag|ng the magnetlc qux penetratlon |nto a superconducting sample cooled below the superconducting critical
temperature. The magnetic flux is visualized using the Faraday effect in an iron-garnet indicator placed on top of the studied superconducting sample. The indicator rotates the plane of polarized light
formed by the polarizer. The angle of rotation is proportional to the local magnetic field parallel to the direction of light propagation. The image of polarized light intensity corresponding to the magnetic
flux distribution in the sample is recorded by a setup consisting of a polarization microscope, CCD camera and computer.

The penetration of magnetic flux Iinto the superconducting films becomes highly Dynamics of magnetic flux penetration into NbTi disk at switching on the external
Inhomogeneous under certain conditions, taking the form of finger or dendritic instabilities, maghnetic field
which de_velo_p Into flux avalanches. _ Relaxation processes in superconductors are described by the flux creep equation
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The avalanche penetration time is shorter than the time interval
between two frames recorded at the highest speed that our
- CAdMera can provide. At this recording speed, the image
B resolution is significantly reduced as the frame size of the
&=+ Camera is downsized to only 168x128 pixels. We do not see the
e Qgradual development of a single avalanche, but the relaxation
Bl processes accompanying switching on of the external magnetic
&7 field take about nine such frames, i.e., about 0.4 s. During this
time avalanches appear from frame to frame with the

slow motion mode, 250 fps
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Coil After cooling in an external magnetic field of 60
A A g8 By 60 all sensor mT to a temperature of 6 K, -60 mT was applied.
(a) 1100 nm patterned Nb | e Tpe procefss of avalanche entry was recorded by a
film at 4.5 K. A magnetic - [setom e —— 15K Phantom fast camera.
field of 4.5 mT is switched on oo An individual avalanche propagates about 2.8 mm
between the first and second — 40- T T T 12 30 K In 91 us, resulting in an avalanche flow velocity
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(b) Each of the images is Establishment of a Ig’czi magnetic field insi.deom’zwe This large value exceeds the speed of sound in these materials, and it is orders of
thetditferencetbety e cryostat at different temperatures during the increase of magnitude higher than the avalanche propagation velocity in thick Nb foil and our bulk NbTi.

neighboring images in (a). the external magnetic field generated by the magnet. This may indicate different scenarios of the avalanche propagation in these materials.




