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The experimental development of quantum optics of electrical circuits contin-
ues at a rapid pace. Artificial atoms using Josephson junctions are now rou-
tinely engineered to couple extremely strongly to microwave photons trapped
in on-chip resonators. In fact, because the ‘atoms’ are large and the cavities
are small, the coupling can reach the limit set by the fine-structure constant
[1]. As I described previously (http://www.condmatjournalclub.org/?p=530),
Astafiev et al. [2] achieved single-atom lasing using a superconducting single-
electron transistor device coupled to a resonator.

Now André et al. have developed a theory of single-qubit lasing in the
strong-coupling regime. This regime of small atom number and strong cou-
pling is very different [3] from that historically considered in lasing theory.
Here quantum noise dominates over thermal fluctuations and the usual sim-
ple phase-diffusion model of the laser spectral output does not apply.

Laser light (or in this case, microwaves) paradoxically is classical, or at
least as classical as any light can be. It has the same properties as the out-
put of a classical radio station. The electric field oscillates sinusoidally in
time with constant amplitude, but slow random phase fluctuations. Fourier
transform gives a Lorentzian spectral line width which is determined by the
inverse of the time it takes the phase to random walk through an angle of
order π. The only quantum mechanics we need to remember is that a pho-
tomultiplier detects the energy in the wave in discrete photon ‘lumps.’ In
a laser beam these lumps are randomly distributed and completely uncorre-
lated with each other. It is interesting to compare this to the output of a
thermal black-body source. By passing the light through a suitable filter it
can be made to have exactly the same spectrum as our laser. The difference
however can be found in the fact the thermal beam has both amplitude and
phase fluctuations. The amplitude fluctuations lead to positive correlations
in the positions of the photons. This ‘photon bunching’ is determined by a
higher-order field correlation function, g2, which distinguishes the thermal
source from the laser, even when their spectra are identical. Recent develop-
ments have brought measurement of this and related higher-order correlation
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functions within reach for microwave photons [4-9].
Imagine now another extreme limit, of resonance fluorescence of a single

atom weakly driven by a laser. If the atom emits a fluorescence photon then
we know it is in the ground state and there will be some time delay before the
atom is re-pumped to the excited state where it can emit the next photon.
Hence the light output has the photons anti-bunched. In this limit [3], it is
not clear that we should think of the single-atom laser as a laser at all.

In this paper and its predecessors in the series, André et al. have de-
veloped two different analytical and numerical techniques for dealing with
the quantum fluctuations that dominate this interesting strong-correlation
regime of small atom number and large atom-photon coupling.
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