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Fig. 6.3. Cylindrical Penning trap cavity used to confine a single electron and inhibit
spontaneous emission.

uniform magnetic field (Bẑ). The potential (about 100 V) applied between
the endcap electrodes and the ring electrode provides the basic trapping
potential and sets the axial frequency ν̄z of the nearly harmonic oscillation
of the electron parallel to the magnetic field. The potential applied to the
compensation electrodes is adjusted to tune the shape of the potential, to
make the oscillation as harmonic as possible. The tuning does not change
ν̄z very much owing to an orthogonalization [11, 30] that arises from the
geometry choice. What we found was that one electron could be observed
within a cylindrical Penning trap with as good or better signal-to-noise
ratio than was realized in hyperbolic Penning traps.

Table 6.1. Properties of the trapped electron.

Cyclotron frequency ωc/(2π) 150 GHz

Trap-modified cyc. freq. ω+/(2π) 150 GHz
Axial frequency ωz/(2π) 200 MHz
Magnetron frequency ω−/(2π) 133 kHz

Cyclotron damping (free space) τ+ 0.09 s
Axial damping τz 30 ms
Magnetron damping τ− 109 yr

The principle motivation for the cylindrical Penning trap is to form a
microwave cavity whose radiation properties are well understood and con-
trolled – the best possible approximation to a perfect cylindrical trap cav-
ity. (Our calculation attempts with a hyperbolic trap cavity were much less
successful [12].) The modes of the electromagnetic radiation field that are


