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ABSTRACT
A planar wiggler magnetic field was used to increase the output power of an intense free 
electron maser. As a preliminary experiment, a cylindrical electron beam was injected into a 
planar wiggler field with an axial magnetic field. W ithout the axial magnetic field, the 
cylindrical beam could not propagate through the wiggler field with length of 1 m. The 
microwave with frequency of 40 GHz was observed only when the beam propagates through the 
wiggler field. The frequency was nearly equal to the expected frequency of the free electron 
maser interaction. Though a sheet electron beam with nearly the same energy propagated 
through the planar wiggler field with deformation o f its cross section, the microwave with 
frequency o f 40 GHz was not observed.
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1 .Introduction
An electron tube using a pulsed mildly relativistic 

electron beam (REB) is expected to realize an intense 

THz source. One of the candidates of THz source 

among electron tubes is a free electron maser (FEM). 

An intense mildly relativistic electron beam (REB) 

with energy of - 1  MeV and output power of 1 GW is 

used for an energy source of an intense FEM. 

However, because of the strong self electric field of 

the REB ， one of the problems for the intense FEM is 

the wide frequency spectrum of the radiation. A 

normal Bragg resonator is utilized to make the 

radiated frequency spectrum narrower. Two

traditional Bragg reflectors works as mirrors in the 

optical distributed feedback LASER (Fig.l)[l-5]. 

But the traditional Bragg reflector loses the selective 

features over transverse indexes, as the radiated 

frequency increases. An advanced Bragg reflector 

was proposed by Ginzburg [6]. It utilizes the 

interaction between a propagating wave and a 

quasi-cutoff mode to provide a higher selectivity over 

the transverse index than a traditional Bragg reflector. 

Structural difference between the traditional and the 

advanced reflectors is mainly on the periodic length 

of the corrugation. While the corrugated period 

length of a traditional Bragg reflector is a half of the
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F i g . 1. Schematics of the Normal Bragg 
Resonator (upper) and the hybrid Bragg 
resonator.(lower). An IREB is injected from left 
side.

wavelength, that of an advanced Bragg reflector is 
nearly equal to it. The words “reflector” and 
“resonator” are indicated in F i g . 1 . In the hybrid 
Bragg resonator, an advanced Bragg reflector is used 
at the entrance side and at the exit side the traditional 
Bragg reflector is utilized.

Another problem of the intense high frequency 
FEM using cylindrical structure is the decrease of the 
radius of the structure, as the frequency increases. 
The injected power of a Rt,B, the energy source of 
FEM, decreases. Moreover, a Bragg resonator is 
suffered from numerous pairs of the oversized

coupling mode.
Converting from cylindrical to planar structure 

may solve the problems of an intense FEM described 
above. A sheet electron beam with large geometrical 
aspect ratio could be expected to allow good coupling 
to microwave structure with its large total current. 
Many authors have reported about the propagation of 
a sheet beam through a planar and/or an axial 
magnetic field for planar electron tubes[7-13]. 
However, as an axial magnetic field in order to 
suppress the self electric field of the beam makes the 
propagation of a sheet beam unstable, the 
transportation of a sheet beam through a wiggler field 
is the main problem to be solved. In this paper, we 
report preliminary experimental results of the planar 
FEM. The propagation of the beam with duration of 
10 ns through the planar wiggler and the axial 
magnetic fiela is mainly discussed. And the final goal 
of our experiments with a planar structure is to show 
the advantage of a hybrid Bragg resonator for higher 
frequency selectivity for the THz band FEM [14-15].

2. Experimental Apparatus
2.1 Planar W iggler Field

Planar wiggler coils with length of ISO cm as 
shown in Fig. 2 were located at up and down side of 
the rectangular waveguide. The frequency of 
radiation was decided to be 40 GHz as the 
preliminary experiment because we have a reflection 
grating system for 30-50 GHz. The period of the
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Fig.2 Planar wiggler winding. Fig. 3 Strength o f the wiggler field along z.
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Solenoid coil

wiggler magnetic field for 40 GHz was calculated to 
be 40 mm from our beam parameters. The measured 
wiggler field was shown in Fig.3, where the beam 
propagates along z-axis and the strength of the 
wiggler field along the y-direction is described. At 
the entrance side of the wiggler field, the strength of 
the magnetic field increased gradually to prevent the 
beam from being scattered.

2.2 Experimental Setup
The experimental setup with y and 2  directions is 

shown in Fig. 4. A relativistic electron beam with 
energy of around 500 keV, current of around 10 A, 
pulse with of 10 ns was injected into a rectangular 
drift tube with cross section of 27 mm (x) x 13 mm 
(y) and length of 1.8 m. For the cylindrical beam 
experiment, a cathode with diameter of 6 mm and an 
anode aperture with diameter of 3mm were used. 
For the sheet beam experiment, cathode with 
diameter of 20 mm and a rectangular anode aperture 
of 20 mm (x) x 1 mm (y) were utilized.

Pulsed axial magnet field with strength of up to IT

was applied by a solenoid coil. The wiggler field was 
applied by the planar coils along y-axis as shown in 
Fig. 3.

A damage pattern on a brass plate inserted from 
the downstream side of the rectangular waveguide 
showed the shape of beam cross section.

A horn antenna was set just behind the acrylic 
window to observe the radiated microwave. The 
frequency spectrum of the radiated microwave was 
observed by a 100 m dispersive line and a reflection 
grating system for 30-50 GHz.

3. Results and Discussion
3.1 Cylindrical beam

The cylindrical beam could not propagate through 
the planar wiggler field with the axial guide field of 
less than 0.25 T. The damage patterns with strength 
of the wiggler field of 0, 31 and 62 mT and that of 
the axial magnetic field of 0.4 T detected at z=324 
mm and 1024 mm are shown in Fig 5, where z=46 
mm is the entrance of the rectangular waveguide.
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Fig. 6. Cylindrical beam. Upper:Microwave output through 100 m 
dispersive line, Lower: Frequency spectrum calculated from the upper 
data.

3.2 Sheet beam
A sheet beam was injected 

into the rectangular waveguide 
through the anode aperture with 
size of 20 mm x 1 mm. The 
shape of beam cross section is 
easily deformed by the axial 
magnetic fields just behind the 
anode aperture. The
deformation was more severe 
than the simulated results. 
The density distribution of the 
beam cross section was 
considered to be less uniform in 
the experiment than in the 
simulation. Though the cross

z=324 mm z=1024 mm
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■

Bw=31 mT
■ |■ i
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Fig. 5 Damage patterns o f the cylindrical beam

The cylindrical beam propagated through the planar 
wiggler and the axial magnetic field with large 
distortion of its cross section and shift of its center 
position. The total current was roughly 10-20 A at 
both positions.

The microwave signal through the 100 m 
dispersive line was observed with the strength of the 
axial guide field of 0.4-0.6 T. Because the wiggler 
field is considered to be weak compared to the axial 
guide field, the microwave was not observed with the

guide field over 0.6 T. It was not clear 
why no microwave radiation was 
observed with the guide field of 
0.25-0.4 T, though the beam 
propagated through the waveguide. 
The microwave signal through 100 m 
dispersive line with strength of 
wiggler field of 32 mT and that of the 
guide field of 0.4 T is shown in Fig.6 
(upper). The calculated frequency 
spectrum is also shown in Fig.6 
(lower). The microwave with 
frequency around 40 GHz was also 
observed with a spectrometer using a 
reflection grating. The frequency 
around 40 GHz is nearly equal to the 
calculated frequency from the 
dispersion relation of the FEM 

interaction. The frequency did not change by the 
strength of the axial magnetic field. The radiation 
with frequency around 10 GHz was not identified yet. 
Though the guide field is necessary for the beam 
propagation, the strong guide magnetic field of more 
than 0.6 T might suppress the wiggler motion of the 
electrons as mentioned in references. Moreover, more 
experimental data were necessary to identify the 
microwave signal with the FEM radiation.
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z=46 mm

z=146 mm
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z= 1046 mm

detected. The structure of the waveguide and the 
wiggler coil will be simulated and tested to make the 
sheet beam propagate through the wiggler field with 
less deformation.

4. Conclusions
The cylindrical electron beam can pass through the 

rectangular waveguide with length of about 1.5 m 
immersed in the planar wiggler and the axial 
magnetic fields. Though the cross section of the 
beam was deformed, the microwave with nearly the 
same frequency calculated from the FEM interaction 
was observed. On the other hand, as expected, the 
sheet electron beam transportation through a planar

Fig. 7. Damagepattems of 

the planar beam.

section was deformed, the beam propagated through 
1 m rectangular waveguide immersed in the wiggler 
and the guide fields as shown in Fig.7.

Though the beam passed through the wiggler field 
in spite of the deformation of its cross section, only 
the unidentified microwave frequency of around 10 
GHz was observed but higher frequency was not

wiggler field was left as a problem to be solved.
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