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2. Project information
Please, give a
brief description of project
objectives:
(250 words max)

This project aimed to study plastic flow in solid Helium-4 over a broad range
of temperatures, from around 1.5 K to well below 10 mK. In particular, the
objective was to study the motion of a wire through the solid under an
applied force. The device was developed in an earlier TNA project. It was
previously used to study quantum turbulence in superfluid 4He over a wide
range of temperatures, from the superfluid transition temperature (~2K) to
below 3mK. Here, we wish to use the device (and the same cell) to study
solid 4He. The experiments will be performed on the Lancaster Advanced
Refrigerator.
The project will investigate the plastic properties of solid helium, including
plastic flow (creep) at low drive forces, the yield stress and the plastic
response at higher driving forces. We are particularly interested in what
happens at lower temperatures where there has been a great deal of recent
interest in possible “super-solid” and/or “quantum plasticity” behaviour.
Substantial amounts of data, analysis and modelling will be required to
interpret the experiments. The project scientist has much experience in
similar experiments at higher temperatures.

Technical description of
work
performed:
(250 words max)

To study the plasticity of solid 4He we used a wire which was formed into a
square loop. A sideways driving force on the wire arises from the Lorentz
force exerted when a current is passed through the wire in a vertical magnetic field. The position of the wire was measured using two near-by pick-up
coils. A high frequency (~30kHz) probe current was superimposed on the
drive current. This induced voltages in two nearby coils. The magnitude of
the voltage depends on the wire position. The position measurements were
calibrated by measuring the elastic displacement of the wire in liquid 4He.
In the solid phase at high temperatures the wire was found to move slowly
and steadily through the solid. Here, the resultant plastic flow of the solid
around the wire is thought to be facilitated by the diffusion of vacancies – an
effect previously investigated by the project scientist at higher temperatures. We also found non-linear behaviour at higher driving forces, presumably due to the motion of defects.
In addition we found some unexpected behaviour at higher driving forces.
The wire was found to move in a stepwise fashion. The size of the steps increased with the driving force, and high velocities (of order 1 mm/s or more)
occur at the step itself. Work is on-going to understand this behaviour, and
we will extend the measurements to lower temperatures (so far, no steady
motion has been observed at low mK temperatures).

Project
achievements
(and difficulties

The project has revealed some very interesting results. For the first time we
have observed slow steady motion of a wire through hcp solid 4He at tem-
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peratures below the bcc region of the phase diagram. At low driving forces
the velocity is linear in the applied force, but becomes non-linear at higher
forces (the velocity varies approximately as the 4th power of the force).
These properties can probably be understood on the basis of vacancy diffusion as was investigated previously by the project scientist at higher temperatures. A quantitative comparison is on-going. At higher forces, unexpected behaviour is observed. The wire position changes in a step wise
fashion, with increasing step size at larger driving forces. During the step
the wire moves at high velocities (of order 1 mm/s or more). Further work is
on-going to try to understand this. One difficulty is that the wire occasionally
becomes normal which heats the cell and locally melts the solid, but there is
no sign of the wire becoming normal during the steps.
Publications will follow after the new phenomena have been better quantified and understood (work is on-going).
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