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Project description (12 lines max):

Superfluid helium-3 experiments can provide analogues for cosmological processes, allowing for the study
of fundamental physical processes in the laboratory. The symmetry-breaking phase transitions of the
superfluid provide a test-bed for those undergone by the evolving Universe after the Big Bang. One of the
MICROKELVIN goals is to investigate the properties of condensate-condensate phase boundaries as
analogue branes. The superfluid AB phase interface is a highly ordered 2D surface, or 2-brane, 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. Experimental
work is in progress to measure the properties of the interface itself, its equilibrium and 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 we think that 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 understand the dynamical properties of the A-B interface 2-brane. In the
experiments a shaped magnetic field is used to control the boundary between the A and B phases.

In equilibrium the interface between the A and B phases sits in a free energy minimum that depends on the
position of the critical transition field, the surface tension of the interface itself, and the difference in wetting
energies between the two phases at the walls of the container. In previous work Dr Arrayas calculated
equilibrium profiles of the interface in current and previous experiments, and also looked at the shape of a
bubble of B phase completely surrounded by A phase. Now we will extend the analysis to the moving
interface. Data from previous experiments remain unexplained, and new ideas can be tested in conjunction
with ongoing experiments. Dr Arrayas will simulate the motion of the interface, in particular with a view to
identifying possible instability modes that may lead to the formation of defects, and which we can look for in
the experiments. He will also attempt to take into account the influence of the interface and its motion on
the neighbouring textures in the A and B phases.

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

The experiment consists of a 6 cm long vertical cylinder of superfluid, 1.2 cm in diameter. A supercon-
ducting solenoid provides a controllable magnetic field gradient, allowing for the stabilisation of the AB
interface across the cylinder at a temperature-dependent critical field around 340 mT. Ramping the current
of the solenoid 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
cylinder. Up to now Dr Arrayas has simulated the equilibrium interface profiles, and the quasi-equilibrium
properties of an interface that is moved slowly through the cylinder past the detectors. During the previous
visit we developed an experimental technique for much faster motion of the interface, using heating and
cooling steps to adjust the position of the temperature-dependent critical field, rather than ramping the
whole magnetic field profile. Dr. Arrayas will incorporate this into simulations. Furthermore, in the experi-
ments we can hold the interface on one or more of the tuning fork resonators and oscillate the interface
directly. Preliminary modelling work indicates that fast motion should lead to instabilities in the interface that
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can grow. If these instability modes lead to the creation of defects in the surrounding A or B phases, then
we will be able to detect them. There is also the possibility of directly exciting these instability modes using
the tuning fork resonators. If we can show that such modes exist, then they almost certainly play a role in
the creation of defects, when the two A-B branes collide, since this process has to be accompanied by very
fast motion of the A-B interface. This is of crucial importance for understanding the mechanisms of brane
annihilation.
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