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Non-Equilibrium Quantum Thermodynamics

At low energies ( = ), it is possible to reformulate the thermodynamics in
terms of quantum observables. One can use the energy of the levels, , and their
associated probabilities, , to rewrite the first principle as [Phys.Rev.E.76.031105]:
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Utilizing this framework, four basic qguantum thermodynamic transformations can be
constructed:

Quantum Adiabatic Transformation — No working fluid-bath interactions,
compression and decompressions of the quantum system.

Quantum Isothermal Transformation — Interaction with the thermal bath. The
working fluid absorbs (emits) heat from the bath during the compression

(decompression) of the energy levels.

Quantum Isochoric Transformation — Interaction with the bath whose temperature

changes in time, leading to a change in the occupation probability distributions of the

working fluid.

Quantum Isobaric Transformation — The working fluid is in contact with the bath and
the temperature is changed together with the energy spacing.

These transformations can be combined to create quantum engine cycles.
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[New Journal of Physics 21.6 (2019): 063019].

Experimental System

Our experiment can cool both species, 3/Rb and 41K, in a MOT. With the Rb atoms
then being trapped within a high power cross dipole trap, leading to BEC
production.
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We trap the 'K atoms from a dark MOT in
an optical tweezer, the beam is focused to
the desired waist (<1um) within the K atom
cloud.
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We have successfully exhibited the capture
of a single atom, by achieving an average
atom number close to 0.5. This utilises the
theory of the collisional blockade.
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Assembling a Quantum Engine

Our quantum engine will consist of 4 basic elements, which are the quantum
counterparts to those of a classical engine:

1. A working fluid, which will be a single 41K
atom.

2. A species selective optical tweezer, which
will act as a piston.

3. A thermal bath, which will be an ultra-cold
thermal cloud of 8’Rb.

4. Tunable interactions between the bath and
the working fluid, provided by interspecies
Feshbach resonances.

Supercritical BEC

We have studied how non-equilibrium phases can
emerge in the ultra-cold regime. In particular we
have realized a supercritical Bose-Einstein
condensate.

An ultra-cold Bose gas of 8/Rb is immersed in a
cloud of 3°K which has a substantially higher
temperature, providing dissipation.

It is possible to produce condensates above the
critical temperature, and the non-equilibrium
samples are long lived.

[PhysRevlLett.125.020403].

Optimal Thermometry with Bayesian
Techniques

Precise temperature measurements of few
ultracold atoms is of great importance to
our experiment, but is usually very
resource intensive, especially time.

Thus, a new adaptive Bayesian framework
has been developed to improve the
accuracy of our single atom temperature
estimation [arXiv:2204.11816v2]. time (us)

mean number of atoms

Experimental data from release-recapture thermometry on the single atom trapped
in the optical tweezer after thermalization with the ultra-cold cloud of Rb, has been

processed.

The release-recapture times are adaptively chosen to maximise information gain,
which yields three key advantages:

1. The variability of estimates from small data sets is greatly reduced.
2. Time optimisation leads to a faster convergence towards the true temperature.

3. Optimisation of recapture time substantially reduces the number of
measurements needed for estimates to stabilise to a final temperature.
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