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Efficiency Enhancement in a Rectangular Cherenkov Laser

by a Proper Variation of Dielectric Permittivity

in the Transverse Direction

Sirou HIROSAKA†a), Nonmember, Akimasa HIRATA†, Student Member,
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SUMMARY In order to enhance the energy transfer effi-
ciency in a rectangular Cherenkov laser, we propose to vary prop-
erly the permittivity of a loaded dielectric in the transverse di-
rection. With the aid of particle simulation, we investigate the
amplification characteristics of the rectangular Cherenkov laser
with a dielectric permittivity varied in the transverse direction,
demonstrating the effectiveness of our proposal for efficiency en-
hancement.
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1. Introduction

The Cherenkov laser is a potential high-power and tun-
able source of short millimeter or submillimeter waves.
In the Cherenkov laser, the kinetic energy of a relativis-
tic electron beam is converted into the electromagnetic
(EM) energy through the active coupling between a rel-
ativistic electron beam and a slow EM wave propagated
along a dielectric-loaded waveguide. In recent years, a
three-dimensional (3-D) model of a Cherenkov laser us-
ing a dielectric-loaded rectangular waveguide was ana-
lyzed with the aid of particle simulation [1]. In the
previous paper, the energy transfer rate in the 3-D case
was found to become smaller than that for the 2-D case
[2]. The main reason for this is that the electric field
acting on the electron beam is nonuniform in the trans-
verse direction. This difficulty could be improved if the
nonuniformity in the electric field is flattened. Thus we
propose to vary properly the permittivity of a loaded
dielectric in the transverse direction in order to flatten
the nonuniform transverse distribution of the electric
field. The purpose of this letter is to demonstrate the
effectiveness of this scheme for efficiency enhancement
in the energy transfer from the electron beam to the
EM wave in the Cherenkov laser, with the aid of parti-
cle simulation [1]–[4].

2. Numerical Results

The geometry of the problem is shown in Fig. 1, to-
gether with the coordinate system. The 3-D Cherenkov
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laser under consideration consists of a rectangular
waveguide, the lower inner surface of which is loaded
with a dielectric sheet, and a finite-width planar rela-
tivistic electron beam drifting through the waveguide.
The electron beam is assumed to be ion-neutralized and
magnetically confined in the z direction by a sufficiently
large magnetostatic field.

The values of various parameters used in the nu-
merical simulation are as follows: the thickness of a
dielectric sheet a = 0.5 mm, the beam-dielectric gap
b − a = 0.5 mm, the beam thickness d − b = 0.5
mm, the inner hight of waveguide f = 2.0 mm, the
beam-waveguide gap g = 1.0 mm, and the beam width
h − 2g = 8.0 mm. We choose the initial drift velocity
of the electron beam normalized by the speed of light
in vacuum β0 = 0.8274, the electron number density
n0 = 2.01 × 1010/cm3, the relative permittivity of the
dielectric εr = 2.12, and the guide wavelength λg = 2.0
mm. In addition, the variation of relative permittivity
εr

′ is assumed to be represented as

εr
′ = εr + αc

(
x − h

2

)2

(1)

where αc is an arbitrary coefficient. Note that εr
′ is

assumed to be uniform in the y and z directions.
We show in Fig. 2 how the transverse distribution

of the longitudinal electric field for the dominant mode,
which is closely associated with the interaction with the
electron beam, depends on the values of αc. As is evi-

Fig. 1 Geometry of the problem.
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Fig. 2 Electric field distributions in the transverse direction for
αc = 0,3.2× 10−3, and 6.4× 10−3.

Fig. 3 The rate of energy transfer at z = 1.4m.

dent from Fig. 2, the nonuniformity in the electric field
distribution is flattened as the coefficient αc becomes
larger. However, it is expected that the interaction dis-
tance becomes longer, since the maximum value of the
electric field becomes smaller with increasing αc. Thus
we choose the reference position for the following dis-
cussion at z = 1.4 m, where the rate of energy transfer
[3] has the maximum value for a uniform dielectric per-
mittivity, i.e., αc = 0.

We plot in Fig. 3 the rate of energy transfer at
z = 1.4 m versus the coefficient αc. From Fig. 3, the
rate of energy transfer at z = 1.4 m has the maxi-
mum value at αc = 3.0 × 10−3. Thus, for the value
αc = 3.0× 10−3, we illustrate in Fig. 4 the spatial vari-
ation of energy transfer rate. As is evident from Fig. 4,
the proper permittivity variation in the transverse di-
rection leads to appreciable enhancement in the am-
plification characteristics for the Cherenkov laser. The
rate of energy transfer at z = 1.4 m is found to be 1.8%
for a uniform permittivity while it is enhanced to 2.5%

Fig. 4 Spatial variation of the energy transfer rate.

for the properly varied permittivity distribution. This
enhancement is caused by the flatness in electric field
distribution, as mention above.

3. Conclusion

With the aid of particle simulation, we discussed the ef-
ficiency enhancement in a rectangular Cherenkov laser,
in which the permittivity of a dielectric sheet constitut-
ing the waveguide was properly varied in the transverse
direction. Numerical results show that the rate of en-
ergy transfer from the electron beam to the EM wave is
appreciably enhanced by properly varying the permit-
tivity of the dielectric sheet.
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