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As is known [1], the pulse klystron of a centimeter wave length range at a power
of 100 MW is being developed for the VLEPP collider project. The main advantages of this
facility are the following: the use of a grid control for current pulses, the distributed output
system and a system of magnetic beam convoying made of permanent magnets. These
features enable one to provide the reliable and efficient operation of the whole facility. By
now, several versions of the klystron have been tested on the pulsed accelerator ELIT-L2.
General view of the basic version of the klystron is given in Fig. 1.
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Figure 1: Schematic diagram of the klystron.

The formation of an electron beam occurs in the accelerating tube by the electron
gun with the honeycomb oxide cathode and control grid. For the transport of a beam
the magnetic periodically focusing system (MPFS) on permanent magnets is used which
reduces the weight and does not require the feeding power. There is a matching lens
between the tube and amplifying channel. An amplifying fraction of the klystron consists
of 8 cavities. The output system is made in the form of disk loaded waveguide with
traveling wave. It consists of 14 identical cells and transformer of the wave type with
two symmetric waveguide outputs of a power. The power output occurs through the
ceramic windows. The experiments conducted on the pulse accelerator ELIT-L2 enabled
the wide range of the klystron voltage and beam current variation. This provided a
possibility of optimized pass of a current for each voltage value by minimizing the beam
phase volume. With the use of the neodim-ferrum-bore alloy the magnetic field amplitude
on the axis achieves 4+-6 kGs depending upon the channel diameter and pole geometry.
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The experiments have shown that such a system of beam transportation provides the
transmission coefficient close to 100%. The main design and experimental parameters of
the klystron are given in Table 1.

Table 1: VLEPP klystron, designed and achieved parameters.

Parameter Design | Experiment
Operating frequency 14 GHz 14 GHz
Peak output power 150 MW 60 MW
Beam energy 1MeV 1MeV
Beam current 300 A 150 A
Grid voltage 25kV 20kV
Pulse duration 0.5 usec 0.5 usec
Saturation gain 80dB 90dB
Cathode 37 microcathodes
Emitter type oxide
Cathode diameter 120 mm
Type of magnetic system MPFS

The table gives the maximum parameters for all the versions of the klystron. The
efficiency of all the versions ranges from 25 to 30%. Basically, this is determined by the
collector current which is lower than the design current.

At the operation with the output windows, RF breakdowns occured at a power lower
than 10 MW but after training, the level of breakdowns increased up to 20 MW [2]. After
long operation at this power, the windows had numerous traces of multipactor burning
and breakdowns. Upon design modifications the window has been tested in the traveling
wave resonator at a power of up to 50 MW.

An increase in the klystron output power was limited by the occurence of parasitic
oscillations. The threshold currents were measured and their occurence depending on
voltage value was studied. Appearance of the self-excitation was observed both on the
klystron input and output and was also attended by a decrease in the collector current at
the moment of its onset.

On account of the results obtained, the klystron new version is designed which enables
one to provide the excitation of the injector accelerating structure for c-r-factory being
developed at the Institute of Nuclear Physics.

The distinctive features of this klystron are: special absorbing insertion between the
6th and 7th resonators, new output system matched for 120A current and a focusing
lens between output system and collector. Fig. 2 shows alterations in construction of the
klystron K3-1.

In first experiments with a voltage of 850kV and without operational frequency input-
ing, a rated current of 120A was led through the tube with transmittivity more than 90%.
At currents of about 70 A, parasitic oscillations occurred with a frequency of 16050MHz,
which were observed in the output of the klystron only.
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Figure 2: Schematic diagram of the klystron K3-1.
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Figure 3: RF pulse envelopes for output power of self-excitation and collector current of
the klystron K3-1.

The process has a threshold nature. With increasing focusing field in the output system,
the threshold current was enhanced up to 100A. The character of arising oscillations for
two values of collector current is shown in Fig. 3. A current increase of 10% leads to an
oscillation amplitude growth in several times. Thereafter training of the device in a regime
of amplification was started. Oscillograms of collector current and RF power are presented
in Fig. 4. The klystron amplitude-frequency characteristic is presented in Fig. 5.

Some design and experimental parameters of the K3-1 klystron are given in Table 2.
All here presented data were obtained in one and the same regime.

Training of the device is still in progress. Moreover, reasons of occurrence of oscillations
at frequency of 16050MHz are being studied.
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Table 2: Klystron K3-1, designed and achieved parameters.

Parameter Design Experiment
Operating frequency 14000 MHz | 13997 MHz
Peak output power 63 MW 40 MW
Efficiency 62% -
Beam energy 850 keV 870 keV
Beam current 120A 100 A
Pulse duration 0.5 usec 0.5 usec
Repetition rate - 1Hz
Saturation gain 80dB 82dB
Attenuation of absorbing
insertion, 256 mm long 20+25dB -
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Figure 4: RF pulse envelopes for
output power and collector current

of the klystron K3-1.
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Figure 5: Amplitude-frequency characteristic of
the klystron K3-1.

Estimations show that initiation of a nonsymmetrical mode of oscillations in the output
system is possible. This is witnessed by the occurrence of oscillations in the output of the
klystron only, the influence on it of magnetic field of the lens located at the klystron output
and of the focusing field of the transportation system.

For reduction of training process, transition to high-vacuum technology of manufac-
turing is necessary.
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