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Abstract

A non-adiabatic gun for a 35 GHz, 100 kW gyrotron is presented. A 50 kV, 10A
laminar helical electron beam has been achieved with a perpendicular to parallel
velocity ratio of 1.9. A non-adiabatic change of the pumping electric field is use) to
impart rotational velocity to the beam particles which are extracted at the cathode
surface in a direction parallel to the guiding magnetic field.

1 Introduction

A critical element of the gyrotron is the electro-optical system, that must generate
a high-quality helical beam with a sharply defined partition of electron energy between
rotation and streaming energy along a magnetic field. The approaches for generating
electron beams used in gyrotrons have fallen into two classes. In the first, the beam is
created initially with a transverse velocity component. Most gyrotron devices are based
on such a scheme that employs an electron gun called the magnetron injection gun, a
crossed-field emitter that consists of a conical shaped cathode surrounded by a control
electronic. In the second method ''', a rectilinear flowing beam is generated firstly and
then is passed through a non-adiabatic modulation region where the beam experiences a
transverse force that imparts to the particles rotational velocity.

In that paper, a non-adiabatic gun for a 35 GHz gyrotron t2' is presented. The gun
operation is examined by use of a numerical simulation code '3' including the effects of
space charge and self magnetic fields. Results indicate how the electron velocity ratio and
the velocity spread are affected by variations in the modulation anode voltage and the
magnetic field at the emitter.

2 Gun Geometry and Operation

The electrode system along with electron trajectories is shown in Fig. 1, where the
cathode structure comprises a right cylinder attached to a fiat wall. The emitter surface
consists of a concentric ring with a emission loading of 3.1 A/cm2 for a 10 A beam. A
stepped iris anode closing around the cathode provides a modulation region where the
flowing beam experiences a sharp, non-adiabatic change of electrostatic field and much of
the electron velocity is converted to orbital velocity round the guiding centers.
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3 Results and Conclusionm

Numerical simulations have been performed exploring the parametric dependence of
the 10 A, 50 kV beam parameters (electron velocity ratio a*, transverse velocity fix,k) on
the modulation anode voltage V, and cathode magnetic field /?*. Transverse and axial
velocities of twenty-one representative electrons were recorded at the final position in the
beam tunnel z = 140mm, where most of the electric field acceleration process is completed.
The effect of a non-adiabatic change of the electric field on the motion of a single electron
is shown in Fig. 2. At the emitter surface the extracting electric field is purely axial, but
with the Er field rapidly peaking over a distance comparable to the cyclotron wave length
2xpfl/e£?t. That pitch length varies with the particle's axial momentum pj|, but is of the
order of 35 mm, so the change of Er from zero to the peak value ocurrcd on a distance of
about a cyclotron wavelength. We see in Fig. 2(c) that both radial and angular motions
are periodic along the drift tube (z > 100 mm).

The effects on a* and 0x,k of varying the control parameters Va and Bi, are shown
in Figs. 3 and 4. Both the velocity ratio and the transverse velocity follow the scaling
law V*J/Bl7 as the axial velocity is quite insensitive to the control parameters variation,
being restricted to the short interval 0^k = (404 ± 4)10~2 as o\ < I for ail the cases
examined here. It was also verified that the anode voltage has a lower bound Va > 18 kV
posed by space-charge constraints, since below that voltage value the space-charge-limitcd
current becomes less than the operating current of 10 A. The perpendicular velocity spread
A/?x,*//?x.*t defined as the standard deviation normalized to the mean value, as function
of Vo is displayed in Fig.5. As shown by the £* = 0.7 kG curve, the velocity spread
is remarkably small for voltage values around 25 kV. In particular, at V, = 26.5 kV the
corresponding beam parameters are a* = 0.2 and 0x,k = 8.5 X10"2 with a relative velocity
spread of 0.4%. On compression by an increase in magnetic field to a value Beav = 12.7
kG at the entrance to the cavity, these parameters result in oeav = 1.9 and /?i,Mv = 0.36
according to the adiabatic equations 0i#,v =s 0i,kjDeav/Bk and (1 + l /a*,v) /( l + 1/oJ) =

l
In conclusion, a non-adiabatic electron gun able to generate a 10 A, 50 kV laminar beam,
with a perpendicular velocity spread as low as 0.4% (optics and space charge) and an
electron velocity ratio of 1.9, has been designed for a 35 GHz gyrotron. Presently, further
parameters such as anode positioning and additional velocity spread effects due to the
emitter surface roughness and cathode temperature are being investigated.
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Fig.2. (a) Radial and axial electric fields expe-
rienced by a single electron; (b) transverse
(UJL = yjv* + v}) and axial velocities; (c) ra-
dial and angular velocities.
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Fig. 1. Electrode system along with electron trajectories
and eqnipotential lines. Modulation anode and beam
tunnel voltages are, respectively, 20 kV and 50 kV.

Fig.5. Perpendicular velocity spread
at function of Bk and Vt.
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Pig. 3. Normalized trawiverse velocity asfunc p j g . 4 . Electron velocity ratio as function of
tion of the cathode magnetic field (Bk) Va and Bk. Mirroring (for a cavity mag-
and the modulation anode voltage (V.). netjc field Beav = 12.7kG) is indicated by

hatched segments.
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