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from 750 G to 1500 G. Some of the CST PIC simulations
showed that the microwave output power could remain in
a pre-oscillation state for a long time prior to the onset of
coherent radiation and transition to a high output power
level after several hundred nanoseconds. It is possible
that operation with a longer pulse length could excite
the modes. There is some evidence for this in the de-
creasing power with magnetic field seen in the low power
results in Fig. 6b. Alternatively, the codes may not be
adequate in the regimes where low power was observed.

Fig. 6¢ shows the frequency vs. magnetic field. The
output frequency was very narrow band, with a 3 dB
bandwidth of a few MHz or less in all cases. As shown in
Fig. 6c, at lower magnetic field values between 350 and
475 G, where the power levels agree reasonably well with
CST PIC code theory predictions, the frequencies are
also in good agreement with theory. From about 475 to
750 G, the observed frequency tunes with magnetic field,
as expected for the Cherenkov-cyclotron instability, but
the observed frequencies are about 60 MHz higher than
CST predictions. This discrepancy can be explained by
the fact that the CST code also predicts high output
power in this frequency range while only low power was
observed. High power operation causes a large shift in
the operating frequency due to dispersion of the wave
by the electron beam when operating in the nonlinear
regime. Since the device did not reach high output power,
the dispersive effects were reduced, which could account
for the 60 MHz offset. Above 750 G, the frequency is
constant, with no observation of frequency tuning with
magnetic field, consistent with the Cherenkov instability.

In summary, this paper reports the first experimental
demonstration of coherent microwave generation from a
continuous electron beam interacting with a metamate-
rial structure. The metamaterial loaded structure may
prove promising for high power microwave generation. It
has the attractive feature of being very compact, since the
MTM loaded waveguide is below cutoff. This may prove
useful in high power microwave generation at lower fre-
quencies, where many accelerators and transmitters op-
erate. In the planar form demonstrated in these experi-
ments, the metamaterial can be easily machined from a
solid plate. Operation in the anomalous Doppler regime
with a tapered structure could lead to a simple, high ef-
ficiency radiator.
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