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Project description (12 lines max):
The project will be devoted to the analysis of the data obtained on the plastic flow of helium-4 crystals in
Lancaster in the end of the year 2012. The essence of the experiment was observation of the motion of a
thin wire through the bulk helium-4 crystal due to (Lorentz) force applied to the wire and the flow of
vacancies (interstitials) in the crystal near the wire. At low driving forces (stresses) the velocity of the wire
depends linearly on the stress, which is the indication of the diffusive flow of vacancies around the wire,
while the concentration of the vacancies remains constant. We will analyze the dependence of the linear
coefficient both on temperature and on the quality of the crystals which should provide understanding of the
diffusion coefficient of vacancies and their concentration under different conditions. At high stresses, the
velocity-stress dependence becomes non-linear, and we are going to analyze this regime at different
conditions to clarify what are the physical processes behind it. The jump-like motion of the wire was never
observed before in helium crystals. We will analyze the statistics of these jumps and hope to get an idea of
their nature.
Scientific objectives of the project (12 lines max):
We aim to demonstrate a crossover from the thermal diffusion of vacancies to the quantum one. In the
classical case the diffusion of vacancies is thermally activated and falls down exponentially when the
temperature decreases below the activation energy of vacancies (10K for hcp helium-4 crystal). At low
enough temperatures vacancies de-localize due to the high probability of quantum tunnelling in the absence
of short-wave-length phonons, and their diffusion coefficient becomes temperature-independent. We will try
to show the crossover by analysing the mobility of the wire at low stresses. The nature of higher power of
the velocity-stress dependence will be clarified as well. We are going to demonstrate that the term is cubic,
as the preliminary analysis shows, and in that case the creation of vacancies by the applied stress should
be involved. We are also going to show that the macroscopic jumps of the wire could have quantum nature
and might occur due to overlap of several de-localized vacancies (vacancions) into clouds. Such clouds are
interesting objects where vacancions may Bose-condense at low enough temperatures.
Technical description of work to be performed (20 lines max):
The preliminary data on the mobility of the wire at low stresses show a large scatter at temperatures below
1.5 K but seem to be lying between the theoretical value for classical (thermal) diffusion from the bottom
and the constant value roughly corresponding to the thermal diffusion at 1.5 K. We will analyse these points
more accurately to be sure that they indeed correspond to the linear regime and will pay attention to the
crystal quality and history. Most probably, the scatter reflects different quality of the crystal samples, and we
are going to find out which kind of crystals show the diffusion much faster than the thermally activated one,
and thus are more promising for the observation of Bose condensation of vacancies. It will be also very
interesting to compare the crystals showing fast diffusion of vacancies with the crystals where the wire often
jumped a macroscopic distance, because the correlation would certainly indicate that the de-localized
vacancies are responsible for both processes. We will compare the data on jumps with the model of usual
creep followed by the destruction of the material. Hopefully the creep will be excluded as typically there
must be several stages (like the increase of the density of vacancies) preceding the disruption due to creep
which were not observed. We also plan to analyse carefully the high order term in the velocity-stress
dependence. Supposedly it corresponds to the creation of vacancies on the surface of the wire due to
applied stress. The probability of creation of a vacancy is proportional to the square of the stress, and the
velocity of an individual vacancy is linear with stress, thus the velocity of the wire is proportional to the third
power of the stress, in agreement with the preliminary analysis. In the view of possible Bose-condensation
of vacancies, it is important to demonstrate that a significant amount of vacancies can be created by the
stress because of the damage of the crystal.
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