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Abstract

A novel side coupling standing-wave (SW) accelerating
tube for low energy medical LINACs has been designed
operating at 2998 MHz. With an operating mode of =, the
tube can accelerate the electron beam from 10keV to
about 6MeV with current of 130mA. A novel bridge hole
between accelerating cavity and coupling cavity has been
utilized to reduce the mutual effect between two cavities
and improve the anti-jamming capability and the long
term stability. The inner end plate of the inlet of the first
accelerating cavity includes the nose cone to realize self-
focusing in transverse to improve the beam quality. The
simulation of the electromagnetic field of structure and
beam dynamic has been carried out with the SUPER-
FISH, CST Microwave studio and Parmela, respectively.

INTRODUCTION

Low-energy electron accelerators ranging from a few
hundreds of keV to a few MeV have been widely used in
industrial and medical aspects, such as application of
LINAC in the radiation processing, non-destructive test-
ing, container inspection, medical sterilization, radiother-
apy, computed tomography and so on [1-3]. The required
electron beam energy, beam current, and operation mod-
els were different due to the application. From a commer-
cial point of view, miniaturization and cost reduction are
the basic considerations. The low-energy accelerating
structures should be relatively simple, compact, especially
medical LINAC.

In order to satisfy these needs, new accelerating struc-
tures were developed with high accelerating gradient,
high shunt impedance and high quality factor [4, 5]. Ac-
cording to the theoretical analysis, a side coupling accel-
erating structure would be superior to ordinary accelerat-
ing structure [6].

In this paper, a novel side coupling standing-wave ac-
celerating cavity is described, which works in the ® mode
with a frequency of 2998MHz. The novel bridge hole has
been utilized to separate the accelerating cavity and the
coupling cavity to reduce the mutual interference and
improve the anti-jamming capability and the long term
stability. The structure has been optimized through
enough computation and analysis. As a result, the effect
shunt impedance is up to 106.9 MQ/m and the quality
factor is 16646. The inner end plate of the inlet of the first
accelerating cavity includes the nose cone to realize self-
focusing in transverse to improve the beam quality. Ac-
cording to the recent studies, linear accelerator tube has
been designed to generate electron beam with energy of 6
MeV and current of 130 mA.

In this paper, we performed the tuning of the four type
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cavities and the whole tube with SUPERFISH [7] and
CST MICROWAVE STUDIO [8] and beam dynamics
with Parmela [9]. Finally, we calculated the coupling
coefficient of the input coupler.

NOVEL ACCELERATING TUBE

The novel design is the bridge hole between accelerat-
ing cavity and coupling cavity, as shown in Fig. 1. It is
utilized to couple the electromagnetic field between these
cavities. On the other hand, it is used to reduce the mutual
effect of the resonant frequency through adjusting the
geometry of the accelerating cavity and coupling cavity.

Figure 1: The novel bridge hole.

The first two bunching cavities and uniform accelerat-
ing cavity have been tuned to the resonant frequency 2998
MHz with the electromagnetic code SUPERFISH as
shown in Fig. 2, 3 and 4, respectively. According to Fig.
2, the nose cone is used to realize self-focusing of the
beam in transverse to improve the beam quality, when the
low energy beam is injected into the tube.

Figure 2: The first bunching cavity (Unit: cm).

Figure 3: The second bunching cavity (Unit: cm).
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Figure 4: The uniform cavity (Unit: cm).
The coupling cavity has been calculated with the soft-
ware CST as shown in Fig. 5.
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Figure 5: The coupling cavity.

The whole tube consists of two bunching cavities, five
uniform cavities and six couplers. The tuning of the struc-
ture is performed one by one with CST Microwave Stu-
dio. As a result of tuning all, the field distribution of the
whole accelerating tube, the accelerating electric field
distribution along the longitudinal axis and the dispersion
curve are shown in Fig. 6, Fig. 7 and Fig. 8, respectively.
The resonant frequency of the tube is 2998 MHz. The
quality factor is 15052. The effect shunt impedance is 104
MQ/m. According to the Fig. 7, the field amplitude of the
first cavity is more than other cavities, it can improve the
beam energy in the short distance to suppress the space
charge effect.

Figure 6: 3D electromagnetic field of the whole tube.
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Figure 7: The electric field along the longitudinal axis.
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Figure 8: The dispersion curve of the tube.

BEAM DYNAMICS

According to the DC electron gun scheme, the initial
beam parameter is as follow: the beam energy is 10 keV,
the beam current is 0.5 A, and the beam size (rms) is 0.5
mm. The beam dynamics is simulated with the code Par-
mela. The detail beam parameters are shown in Fig. 9, 10
and 11. The final kinetic energy is 6.17 MeV, the beam
current is 130 mA, the beam size (rms) is 2.6 mm and the
beam energy spread is 21.75% at the exit of the tube.

=

Figure 9: Beam size and energy spread.

Figure 10: Beam profile at the exit of the tube.
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Figure 11: Beam energy along the longitudinal axis.
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COUPLER

The well-known expression gives the average electric
field of the beam loading accelerating tube as [10]:

 _NB [ZR 2
1BV L 1+ 8

I, cos,- (1)

where f. - the coupling coefficient of feeding waveguide
with accelerating tube, P, - the input microwave power, Z
- the shunt impedance, [, - the beam current.

The optimum coupling coefficient can be calculated as
[10]:

2

According to (1) and (2), the input power Py is 3.2 MW,
the optimum coupling coefficient j. is 2.23. The coupler
of the tube, the result S;; Parameter and Smith chart of
simulation are shown in Fig. 12, 13 and 14 respectively,
where §1;=0.375, namely, f= 2.23. Considering beam
loading, it needs overcoupling, Smith Chart includes the
original point as shown in Fig. 14.
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Figure 12: 3D electromagnetic field of the coupler.
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Figure 13: S11 parameter of the coupler.
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Figure 14: Smith chart of the coupler.

CONCLUSION

The design study of a 6 MeV novel side-coupling SW
electron accelerating tube has been performed with the
software SUPERFISH, CST MICROWAVE STUDIO and
Parmela in this paper. The bridge hole is designed to
improve the performance of the tube. The length of the
accelerating tube is 35 cm, the beam current is 130 mA. It
can be employed in medical and industrial application.
The next step, we will manufacture the tube and take a
cold test and beam measurement.
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