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The report presents new experimental results obtained on 3
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7 GHz pusled magnicon amplifier. In 1996, the follow- = ot .
ing parameters were achieved: maximum output power of j L b1
46 MW, efficiency of 49%. We relate the further magnicon
parameters improving with elimination of electromagnetic ] 5
fields disturbing in the output cavity induced by the large j 0
coupling holes with the loads. 6.
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1 INTRODUCTION

7 GHz pulsed magnicon has been designed at INP as an al-
ternative microwave power source for linear colliders. This
device is the result of extended work on a new class of high
power microwave sources development for accelerator ap-
plication [1, 2, 3]. This class of microwave sources has
been developed at Institute (INP) since 1967. The main dif-
ference of these devices from others is the method of beam
modulation which is provided by the relativistic electron
beam circular deflection. This paper presents the new ex-
perimental results and the study of the magnicon operation
features.

2 THE MAGNICON DESIGN Figure 1. Sketch of the magnicon: 1 — electron source; 2

. . . . — vacuum valve; 3 — drive cavity; 4 — gain cavities; 5 —

A dlggram of the exp.erlmentallmagnlcon system is ShOWBenultimate cavity; 6 — output cavity: 7 — waveguid@).
in Fig.1. The magnicon consists of: an electron sourc ‘.

. . — solenoid; 9 — collector
(diode gun), RF and magnetic systems, and collector. R
system cosists of the deflection system for beam modula-
tion and output cavity for conversion of the beam energy 3 THE MAGNICON STUDY AND THE
into the RF oscillations. The tube is an amplifier operat- ACHIEVED PARAMETERS
ing in frequency-doubling mode. So in all deflection cav-
ities the circular-polarized Tl g mode is excited at the The previous experiments with the device have shown that
frequency of 3.5 GHz. In the output cavity the modu-its parameters are limited mostly by the deficient match-
lated beam excites the TMgmode with the frequency of ing the electron source optics with the magnicon magnetic
7 GHz. The angular frequency of this mode is equal to theystem as well as RF field distorsion in the output cavity
drive signal frequency. All the cavities are located insid¢4].
the solenoid producing a longitudinal magnetic field with The deficient matching between the gun optics and mag-
the required field distribution. netic system led to strong electron beam transverse size

This tube design is the result of numerical simulationscalloping. In 1996, the electron gun was improved in order
and experimental study of the various versions of the déo eliminate this problem. Experiments proved that pulsing
vice (see [4, 5]). Beam dynamics simulation and magnico#ecreased, and the maximum beam diameter within the op-
components optimization (the electron gun, RF cavitiegrating range of the accompanying magnetic field has de-
magnetic system) were carried out with the special con¢reased from 4 mm to less than 3 mm.
puter codes SAM and SuperLANS [6, 7]. Also the com- By the time of the new gun testing it was also found that
puter codes were used for simulation of steady-state addring the device conditioning self-excitation in the out-
time-dependent magnicon operating conditions [8]. put cavity arose and after a time disappeared at various
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frequencies [5]. Note, that the self-excitation frequencieiciency versus: a) the drive signal; b) the drive frequency;
were not the drive signal harmonics. One of possible rea) the accompanying magnetic field; d) the electron beam
sons for them could be the bad vacuum. power (2 — calculated curve).

The magnicon RF system consists of separated copper
parts connected with one another by indium seals. This
design allows to change the RF systems part operatively%f T
but does not allow to bake-out cavities up to high tem- ,
peratures. This leads to long condition times for the cav- I
ities. In the decribed experiments the RF cavities were 0,5}
previously heated and then the whole magnicon quick- |
assembling were carried out. Moreover, the waveguide
sections forming a single vacuum chamber with the out- ¢ |
put cavity and loads (there are no ceramic windows) were
provided by the additional pumping system. Further exper-
iments shown that these provisions have reduced the de-50T
vice conditioning time and eliminated the self-excitation.
Present-time magnicon parameters are listed in the tab’g)é 3571
below, which also contains the calculated values. I
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Magnicon parameters achieved design i
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Operating frequency, GHz  7.002 7.000

Drive frequency, GHz 3501  3.500 0,360 0’3)75 B, T 766 85)’6 Fe MW

Output power, MW 46 55

Gain, dB 62 55 Figure 3: Experimental curves.

Efficiency, % 49 56

Pulse durations 1.0 13 Strong output power dependence on the beam power and
Beam voltage, kv 405 420 thus on the beam voltage (diode gun) explaines the decreas-
Beam current, A 230 240 ing of the output signal pulse duration. Numerical simula-
Repetition rate, pps 3 S tions show that for a given voltage pulse profile at the elec-

tron gun the ouput signal duration cannot exceedus.at
. - half-power level.
Th? oscillograms p_resentgd N F|g.2 are: beam vo_Itage By this means the measured tube efficiency comprises
(U?' S|gngl from thg drive cavity (DC), S|gnal from Fhe fIrSt89% from the predicted value that results mainly from lon-
gain cavity (GC), signal from the penultimate cavity (Pc)gitudinal and azimuthal inhomogeneity of the RF fields in

and output signal (OUTC). The output peak power calibr%e output cavity because of presence of the coupling win-

tion was carried out by the calorimetric measurements Qf |\ o\ i waveguides [9]. An azimuthal non-uniformity
the average RF power.

leads to a difference between the loaded Q-factors for or-
thogonal TMy1gmodes, superposition of which defines the
RF fields distribution in the output cavity.

The calculated curve of efficiency versus the output cav-
ity loaded Q-factor is shown on Fig.4. Numerical simula-
tions show that the difference between Q-factors also leads
to the output signal duration decreasing.

To compensate the azimuthal disturbance in that exper-
iment the output cavity with two protrusions was used
(see Fig.5a). However, 2D-simulations shown that this is
not enough. The problem, can be solved by increasing
the number of protrusions as shown in Fig.5b. But 2D-
simulation and model tests show that this action leads to
a major distorsion of the RF fields longitudinal distribu-
tion (Fig.6b). The distorsion decreases the efficiency of the
given magnicon design considerably. To eliminate this ef-
fect the compensating local increasings of the output cavity

Figure 2: The oscillograms. diameter were made near the upper and lower cavity faces
(Fig.6¢). These local increasings are azimuthal homoge-
Figure 3 represents the measured dependencies of theredous and do not give rise to an azimuthal non-uniformity.
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Figure 4: Efficiency versus loaded Q-factor.
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Figure 6: Field maps and longitudinal electric field distri-

Q Q butions in the output cavity: a) without holes; b) with cou-

pling windows and protrusions (1); ¢) with the additional

"@ '@ local increasings of the cavity diameter near the faces (2).

Pulsed Magnicon Amplifier,”in Proc. RF96 Conf. (to be pub-

Present design Improved version ]
a) b) lished).
) ) ) [5] E.V. Kozyrev et al., “Performance of the High Power 7 GHz
Figure 5: Output cavity design. Magnicon Amplifier,” Particle Accelerators vol. 55, 1996,
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plifier investigation the peak power of 46 MW and effi-[7] D. Myakishev and V. Yakovlev, “The New Possibilities of Su-
ciency of 49% has been achived. The measured parameters perLANS Code,” in Proc. Part. Acc. Conf., Dallas, 1995.
are 89% of the calculated values. This allows to consideg) v vakovlev et al., “Numerical Simulation of Magnicon Am-
the magnicon as an attractive candidate for linear colider piifier,” in Proc. Part. Acc. Conf., Dallas, 1995.
applications. The improved version of the output cavity ha@ E.V. Kozyrev et al., “Investigation of 7 GHz High Power
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