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The ultracold atomic lab at Swinburne University of Technology. Credit: FLEET

We can learn a lot by studying microscopic and macroscopic changes in
a material as it crosses from one phase to another, for example from ice
to water to steam.
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But while these phase transitions are well understood in the case of
water, much less is known about the dynamics when a system goes from
being a normal fluid to a superfluid, which can flow with zero friction, ie
without losing any energy.

A new Swinburne study observing transition of an atomic gas from
normal fluid to superfluid provides new insights into the formation of
these remarkable states, with a view to future, superfluid-based,
quantum technologies, such as ultra-low energy electronics.

Superfluid formation was seen to involve a number of different
timescales, associated with different dynamical processes that take place
upon crossing the phase boundary.

Understanding dynamic transitions, towards future
technologies

As a nonequilibrium, dynamic process, phase transitions are challenging
to understand from a theoretical perspective, inside these fascinating and
potentially useful states of matter.

Such non-equilibrium phenomena in many-body quantum systems
involves a complex interplay of correlations spanning vastly different
spatio-temporal scales. Access to the full dynamics in most materials can
be prohibited by the ultrashort timescales.

Future technologies based on quantum states such as superfluids or
superconductors will need to be 'switched' (on/off), so understanding
how systems evolve after switching answers important basic questions,
such as how fast such devices can operate.

Forming a superfluid involves the correlated motion of the many
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microscopic constituents within a large collection of quantum-
mechanical particles.

"Dilute gases of ultracold atoms however, allow measurements of real-
time dynamics on accessible timescales," explains lead author Dr. Paul
Dyke (Swinburne).

"Here we use an ultracold gas of strongly interacting fermionic atoms
(ie, a Fermi gas), to study how the correlations required to form a
superfluid build up after a sudden quench of the interactions. This takes
the system out of equilibrium."

"By measuring the subsequent dynamics as the system returns to
equilibrium we can resolve the different timescales involved, for the
various correlations to build up. These timescales depend on the
corresponding length scales, with short range correlations and pair
formation developing quickly, while the overall momentum distribution
can take several orders of magnitude longer to reach equilibrium."

The new experiment showed that:

Formation and condensation of fermion pairs can take place on
very different timescales, depending on the speed of the quench.
The contact parameter is seen to respond very quickly to changes
in the interaction strength, indicating that short-range
correlations, evolve far more rapidly than the long-range
correlations necessary to form a Bose-Einstein condensate of
atom pairs.

The contact parameter quantifies the likelihood of finding two atoms in
very close proximity to each other, and is strongly enhanced when atoms
form pairs.
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"Dynamics of a Fermi Gas Quenched to Unitarity" was published in 
Physical Review Letters in September 2021.

  More information: P. Dyke et al, Dynamics of a Fermi Gas Quenched
to Unitarity, Physical Review Letters (2021). DOI:
10.1103/PhysRevLett.127.100405
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