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Project description (12 lines max):
Experiments on superfluid helium-3 at Ultra Low Temperatures (ULT) can provide possible analogues for
cosmological processes and thus enable the study of fundamental physical processes in the laboratory. In
essence the symmetry-breaking phase transitions of the superfluid mimic those undergone by the evolving
Universe after the Big Bang. One of the goals of the MICROKELVIN project is to investigate the properties
of condensate-condensate phase boundaries as analogue branes. In helium-3 the interface between the
superfluid A and B phases is a highly ordered 2D structure, and plays the role of a 2-brane that is
embedded in a 3-brane comprising the underlying quantum vacuum states of the A and B condensates. At
Lancaster, colliding 2 of these A-B branes together has been shown to create topological defects of lower
dimension, in analogy with the creation of cosmological defects in the inflationary epoch of the Universe.
Work is in progress to identify these defects, and to further elucidate the properties of the interface itself. Dr
Arrayas has experience in studying and simulating the dynamics of interfaces and, in particular, has
expertise in assessing the instability modes. These are of crucial importance for understanding the
mechanisms of annihilation and defect creation.
Scientific objectives of the project (12 lines max):
The primary objective of the project is to further understand the properties of the A-B interface 2-brane. In
the experiments a shaped magnetic field is used to stabilise and manipulate the phase boundary between A
and B. This exploits the influence of a magnetic field on the phase transition between the two, with the B
phase being stable up to a critical field of 340 mT, whereupon there is a first-order transition to the A phase.
A first-order transition has an energy cost associated with the surface tension between the two phases. This
must be taken into account when assessing the equilibrium shape of the interface within the magnetic field
profile, as well as the differences in wetting energy between the two phases and the container walls. Dr
Arrayas has been developing numerical methods to find the equilibrium position for realistic field profiles
and boundary conditions, to simulate the interface behaviour when subjected to perturbations, and to see
how its properties may be modified by defects that can exist within it. Dr Arrayas’ visit will coincide with
ongoing experiments where the Lancaster ULT group plans to move the AB interface through an array of
detectors and monitor its progress through the experimental cell; he will participate in these experiments
and help to interpret the results using his previously developed simulation tools.
Technical description of work to be performed (20 lines max):
The experiment consists of a vertical cylinder of superfluid, 6cm long and 1.2cm in diameter. A
superconducting solenoid provides a controllable magnetic field gradient, allowing for the stabilisation of the
AB interface across the cylinder. Ramping the current to 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 project into the superfluid from the top, bottom, and sidewalls of the cylinder. These
resonators are sensitive to the density of broken Cooper pair quasiparticle excitations, and are thus used to
detect any changes as the interface is moved through the cell. Such changes could be due to several
effects, for example simple heating, the presence of defects, or the underlying order parameter texture of
the surrounding superfluid phase. The correct interpretation is of paramount importance. The resonators
can also be driven to high velocities and break Cooper pairs themselves, providing a beam of quasiparticles
that can be directed to interact with the surrounding phase and the interface. Dr Arrayas will collaborate
with the Lancaster group to address several open issues relating to these measurements. For instance, can
instabilities of the AB interface be identified using these methods, and do defects exist inside the interface
that are detectable? How would such instabilities and defects influence the approach, interaction and
subsequent annihilation of two AB interface analogue branes? Do such defects survive the annihilation and
evolve afterwards into the defects that have been observed previously? Do the behaviour and properties of
the interface allow for further insight into the defects that are created by annihilation?
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