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An unusual Travelpiece-Gould (TG) wave amplitude modulation due to the interaction with

a mθ =2 density profile perturbation, such as a diocotron wave, is observed for the first time in a

pure electron plasma column. TG modes describe longitudinal electrostatic plasma oscillations,

modified by the cylindrical boundary, on an axially magnetized plasma column [1]. Here we

perform the first experiments on TG waves propagating in an azimuthally perturbed density

(and potential) distribution in a pure electron plasma confined in a Penning-Malmberg trap.

We apply a small mθ =2 diocotron mode to an originally axisymmetric equilibrium density

distribution n0(r), and we measure the amplitude modulation of (kz=1, mθ =0, ±1, mr=1, 2,

3) TG modes via the wall signal: in Fourier space, this appears as one or more wave triplets

consisting of a central branch (continuation of the original TG mode) as well as the upper and

lower sidebands shifted in frequency by ∆ fSB.

Figure 1: Frequency splitting of

(kz=1, mθ =0, mr=2) TG wave. The

y-axis is the frequency (kHz), the x-

axis is the time (ms). Color scale is

the amplitude of the wave (A.U.) in

logarithmic scale.

The frequency splitting
∆ fSB

fT G
depends on the asym-

metry strength q2 (the quadrupole moment of n(r,θ )) as

a linear function that is somewhat asymmetric for the

two sidebands.

The splitting only happens if a density gradient is

present near the zeros of the radial eigenfunction of the

TG modes: a flat top profile, does not produce any side-

bands. Moreover, the number of pairs of sidebands de-

pends on the number of zeros of the density eigenfunc-

tion associated with the TG wave: (kz=1, mθ =0, mr=1)

produces 0 sidebands, but (kz=1, mθ =± 1, mr=1) and

(kz=1, mθ =0, mr=2) produce 1 pair of sidebands, (kz=1,

mθ =0, mr=3) produces 2 pairs, and so on. These fea-

tures in the interaction of two linearly orthogonal waves

(diocotron and TG) are not yet explained by nonlinear

wave coupling theory.
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