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Abstract — The investigations that were carried out
have demonstrated possibility to increase stability
and efficiency of radiation generation at using a
distributed reflector.

1. Introduction

Use of reflectors is natural for a backward-wave os-
cillator not only for microwave radiation removal to
the collector direction [1] but for mode transformation
[2] as well. Use of the beam-field interaction near the
n-type oscillations of the operating mode Ey; in the
overmoded (D/A>>1, D is the diameter, A is the
wavelength) slow-wave structures (SWS) results
in direction of some part of radiation power back-
wards to the cathode side. To optimize a Cherenkov
generator with one-sectional SWS having D/A = 3 by
power, it is suggested in [3] to use a flat reflector.
At the diode voltage U,;~ 500 kV, radiation pulses
with the power of ~ 0.5 GW at the efficiency of ~ 15%
have been obtained in the experiments. Microwave
pulse length was essentially less than the beam
current one.

In the experimental investigations [4, 5] of multi-
wave Cherenkov generators (MWCQG) at U, ~ 1 MV,
I, = 10 kA we used a diffraction (distributed) reflector
placed between the cathode and SWS. The reflector
presented a SWS section with three diaphragms; -
type oscillation frequency of the Ep-mode of the re-
flector was less than MWCG generation frequency.
Use of a diffraction reflector allowed increasing effi-
ciency and stability of the generator. At the peak ra-
diation power of ~ 2.5 GW and efficiency of ~ 30% a
microwave pulse length was equal to the beam current
length. At the diode voltage decrease to U, =~ 500 kV
and conservation of the beam current 7, ~ 10 kA, high
~30% efficiency and stability of radiation were real-
ized in MWCG [6] only due to the use of a diffraction
reflector.

This paper presents results of detailed comparative
experiments studying influence of flat and diffraction
reflectors on the MWCG operation.

2. MWCG with Flat and Diffraction Reflectors

Figures 1 and 2 present the schemes of the slow-wave
structure with flat and diffraction reflectors, respec-
tively.

The slow-wave structure consisted of two equal
sections. Each section contained 5 diaphragms divided
with a drift tube.

A diffraction reflector presents a piece of a dia-
phragmatic waveguide. Slowdown and period were
chosen so that the operating frequency of generation
should be in the nontransparency band of the EO1-
mode of the reflector. Resulting from rapid attenuation
(at the length of 3—4 periods), the power entering the
reflector input of the EO1-mode is transformed into the
growing inverted waves.
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Fig. 2. Scheme of slow-wave structure with
diffraction reflector

3. Experimental Investigations

The experimnts were carried out at the Sinus-7M ac-
celerator. A hollow beam with the average diameter
D, =2r,=104-116 mm and thickness of 1.5-2 mm
was formed at the diode voltage U,=400kV. The
current pulse of the value I, = 13 kA had the length
1,40 ns. The waveguide magnetic field was
changed in the limits of B=12-15kG. Radiation
power was determined by measured patterns for two
polarizations. A radiation pattern was measured with
the probes placed three meters apart the generator.
Generation efficiency was determined relative to the
diode power U, - I,.

Figure 3 presents the starting radius of the electron
beam versus the distance between the SWS and flat
reflector. Figs.4 and 5 present, respectively, the
power and the central wavelength of the output radia-
tion spectrum versus the distance between the SWS
and flat reflector L,.
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Fig. 3. Starting radius of electron beam versus distance be-
tween SWS and flat reflector (1), starting radius without
reflector (2)
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Fig. 4. Radiation power of cross-polarized (1), radially po-
larized (2) components and their sum (3) versus distance
between SWS and flat reflector
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Fig. 5. Central wavelength of radiation spectrum versus
distance between SWS and flat reflector
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Periodicity is observed in the indicated depen-
dences. The changing period is approximately equal to
a half wavelength of the £y -mode of a circle wave-
guide at the generation frequency A,/2 =~ 17.4 mm.
Results of analogous investigations for MWCG with
diffraction reflector are shown in Figs. 6, 7 and 8.

In radiaton power dependence on L, some periodic-
ity is observed as well as in case of using a flat reflec-
tor. But in the change of the wavelength and starting
radius there is no periodicity. Investigations were car-
ried out for both types of reflectors at large distances
between the SWS and reflector (L, ~ 15 A,,) in the field
of expected minimum and maximum by radiation
power. It was found out that degree of reflector influ-
ence is decreased. For convenience, maxima in the re-
gions of increased power are denoted with the letters 4;
and B;, where i is the number of the region (Figs. 4 and

7). Radiation generation in the maxima 4; and B; essen-
tially differs by the radiation pattern. The patterns in
case of 4, and B, maxima for a diffraction reflector
generator are shown in Figs. 9 and 10, respectively.
In the maxima 4, and B, the patterns are the same.
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Fig. 6. Starting radius of electron beam versus distance
between SWS and diffraction reflector
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Fig. 7. Radiation power of cross-polarized (1), radially po-
larized (2) components and their sum (3) versus distance
between SWS and diffraction reflector
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Fig. 8. Output radiation wavelength versus distance between
SWS and diffraction reflector
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Fig. 9. Pattern of radial (1) and cross-polarized (2) radiation
components for diffraction reflector generator at L, = 11.4 mm
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Fig. 10. Pattern of radial (1) and cross-polarized (2) radiati-
on components for diffraction reflector generator at L, = 19 mm

In case of B; maxima, 20+30% of radiation power
is contained in a cross-polarized radiation component.
The power in a radial component is distributed in
three lobes. For a flat reflector generator the patterns
in the maxima 4; and B; are the same but they are less
stable from pulse to pulse. One can note that in case of
B, , maxima, in the central part of a flat reflector the
traces of a high-frequency breakdown appear. Depen-
dences of radiation power on the beam radius for the
maxima A4 and B differ as well (Figs. 11 and 12, re-
spectively).
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Fig. 11. Power of radial (1) and cross-polarized (2) radiation
components versus beam radius for diffraction reflector
generator at L, = 11.4 mm
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Fig. 12. Power of radial (1) and cross-polarized (2) radiation
components versus beam radius for diffraction reflector
generator L, = 19 mm
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Fig. 13. Waveforms of the radiation envelopes for MWCG
without reflector

Waveforms of radiation envelopes for MWCG wit-
hout reflector, with flat and with diffraction reflectors
are shown in Figs. 13, 14 and 15, respectively. Beam
current waveform is shown here with a dashed line.
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Fig. 14. Waveforms of radiation envelopes for MWCG with
flat reflector
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Fig. 15. Waveforms of radiation envelopes for MWCG with
diffraction reflectors

We suppose that when a diffraction reflector is
used, then the mechanism of the amplitude-phase dis-
tortion correction is realized by means of the inverted
wave from the reflector [7] and this case explains
more stable pattern and output radiation power in
comparison with the plane reflector MWCG.

In the region of low powers in the dependences
presented in Figs. 4 and 7 a nonsymmetric mode pre-
vails in radiation. Fig. 16 shows a pattern for a flat
reflector generator at L, = 24 mm.
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Fig. 16. Distribution of radiation power density for flat
reflector generator at L, =24 mm
4. Conclusion

It is shown that the presence of both flat and diffrac-
tion reflectors in front of the slow-wave structure es-
sentially affect the radiation parameters. Influence of a
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reflector on the radiation generation depends on the
distance between the SWS and reflector. It is deter-
mined that there are two sets of values of the optimum
distance  between the SWS and reflector
L.~n-A,/2=%A,/8+ 3, where n is the whole number,
A, 1s the wavelength of the Ey;-mode in a circle tube,
and 9 is the constant depending on the reflector design
features and choice of a reference point. Observance
of this condition results in radiation power increase
and waveform smoothness. When reflectors are used,
radiation power increases by 1.3+1.4 times and makes
up ~1 GW at the diode voltage of 400 kV and electron
beam current of 13 kA. Application of a diffraction
reflector results in the more stable pattern high radia-
tion power.
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