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2. Project Information
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infrastructure: United Kingdom
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Name:
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Project description (12 lines max):

The analogues between the superfluid helium-3 order parameter and those describing other fundamental
systems makes laboratory studies of such processes possible. For instance the symmetry-breaking phase
transitions of the superfluid provide a test-bed for those undergone by the quantum vacuum state of the
evolving Early Universe. One of the MICROKELVIN goals is to investigate the properties of condensate-
condensate phase boundaries as analogue m-branes, where m denotes the dimension of the space. The
order parameters of the superfluid A and B condensates are analogous to quantum vacuum states existing
in 3 dimensions as a 3-brane. The highly ordered 2D interface between the A and B phases is then a 2-
brane. In experiments at Lancaster the annihilation of 2 of these A-B branes has been shown to create
topological defects, in analogy with the creation of cosmological defects in the inflationary epoch of the
Universe. Now experimental work is in progress to measure the properties of the interface itself, with one
focus being its dynamical behaviour. Dr Arrayas is experienced in studying and simulating the dynamics of
interfaces and, in particular, has expertise in assessing the instability modes. Post-annihilation the receding
AB interface moves very quickly and some of the defect creation is likely due to instability in this motion.

Scientific objectives of the project (12 lines max):

The primary objective is to elucidate the dynamical properties of the A-B interface 2-brane. The boundary
between the A and B phases is controlled experimentally using shaped magnetic fields. In previous work Dr
Arrayas first calculated the equilibrium profiles of the interface for various field and experimental cell
configurations, as well as looking at the shape of a B phase “bubble” that is completely surrounded by A
phase. Turning to the dynamics, Dr Arrayas has been attempting to account for the dissipation that has
been measured for an oscillating interface, but remains unexplained. It seems that dissipation at low
frequency and amplitude may be described well by a model due to Yip and Leggett, but it does not fit the
behaviour of high frequency and high velocity measurements quantitatively, or even qualitatively. Our next
step, and main objective of this visit, is to test whether the anomalous drag can be linked to a lag in the
textural realignment that must take place within the A and B order parameters close to the interface as it
moves. Understanding this “friction” is crucial for assessing the growth of instability modes for a moving
interface.

Technical description of work to be performed (20 lines max):

In the current experiments the superfluid AB interface is stabilised and moved using a controllable magnetic
field gradient provided by a stack of superconducting solenoids placed outside the containing vessel, which
is a vertical cylinder 6 cm long and 1.2 cm in diameter. Ramping the current in the solenoids then ramps the
field gradient and moves the AB interface up and down the cylinder, converting B phase to A phase and
vice versa. The motion and properties of the interface are inferred from the behaviour of vibrating wire and
quartz tuning fork resonators that protrude into the superfluid from the top, bottom, and sidewalls of the
cylinder. Dr Arrayas has simulated the equilibrium interface profiles, and the quasi-equilibrium properties of
an interface that is moved slowly through the cell and past the detectors. He is currently analysing
measurements from a previous experimental cell, with a different solenoid stack, where we were able to
oscillate the interface. Together we developed an experimental technique for much faster motion of the
interface in the new cell by using heating and cooling steps to adjust the position of the temperature-
dependent critical AB transition field, rather than ramping the whole magnetic field profile. This will hopefully
allow us to test new models of dissipation and friction that Dr Arrayas will be developing during this visit.
Further, Dr Arrayas will use his knowledge of the AB interface properties to contribute to the design of a
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new solenoid stack that we are building to stabilise a bubble of B phase inside A phase. We need to know
how much the interface surface tension will contribute to the equilibrium position of the interface, and how
stable the bubble will be to motion through the surrounding A phase.
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