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Abstract

For a compact X-ray source, we designed a C-band
standing-wave electron accelerator. It is capable of
producing 4-MeV electron beams with 50-mA peak beam
current. As an RF source, we use 5-GHz magnetron with
duty factor of 0.08%. The accelerating structure is bi-
periodic and on-axis coupled structure, operated with m/2-
mode standing waves. Each cavity in the bunching and
normal cell is designed by the MWS code and measured
with aluminium prototype cavity. As per the dispersion
relation derived from the measurement results, calibration
factor obtained for the actual copper cavity.

INTRODUCTION

The electron accelerator is widely used for industrial
applications, for example, a contraband detection,
material processing, a medical diagnosis and therapy,
sterilizing food, and environmental processing [1].
Environmental processing such as DeSOx or DeNOx and
sterilization processing require an average beam power of
several tens of kilowatts which depends on the processing
speed. The contraband detection requires 5-10 MeV with
the pulsed beam current of about 150 mA [2, 3].

We are developing an electron accelerator for an X-ray
source. With pulsed 1.5-MW input RF power, it is
producing 4 MeV at the 50-mA pulsed beam current. The
beam energy can be varied from 3 to 6 MeV with input
RF power of 1 to 5 MW. In this paper, we present design
of overall accelerator system, including the accelerating
structure. Also we present design details of accelerator
cavity and measurement results of prototype cavity.

ACCELERATOR OVERVIEW

The accelerator uses a 5-GHz CPl magnetron as an RF
source. It is capable of producing 1.5-MW RF with the 4-
us pulse length and the 200-Hz repetition rate. The
WR187 waveguide network transports the RF power to
the accelerating column. This waveguide is filled with
atmospheric pressure SF6 gas. The pulse modulator
supplies the 40-kV and 90-A pulsed power to the
magnetron with the 4-us pulse length [4]. It also supplies
the 20-kV pulsed voltage to an E-gun. The E-gun is a
diode-type thermionic DC gun, capable of injecting a
pulsed 150-mA beam.

The accelerating column is attached to the E-gun
directly as shown in Figure 1. For the compact structure, a
pre-buncher cavity with a drift tube is omitted.
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Furthermore, any solenoids magnet is not used since the
beam current is low enough to be focused by the intrinsic
focusing effect of the standing-wave electric field [5].

Table 1: The design parameters for the accelerator

Accelerator Parameters

Operating Frequency 5 GHz
Input RF Power (pulsed) 1.5 MW
Pulse Length 4 us
Repetition Rate 200 Hz
E-gun Voltage 20 kV
Input Beam Current (pulsed) 150 mA
Output Beam Energy 4 MeV
Output Beam Current (pulsed) 50 mA
Output Beam Power (average) 160 W
Loss Beam Power (average) 9.6 W
Type of Structure Oﬁg}ﬂ?'c%i';l'e d
Operating Mode SW n/2 mode
Beam Aperture Diameter 10 mm
Average Accelerating Gradient 13.3 MV/m
Number of Cells 10
Inter-cell Coupling 6%
Quality Factor” 11000
Effective Shunt Impedance” 90 MQ/m
Transit-time Factor” 0.81

"Values for normal cells.

Cooling Water
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Temperature
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IP: lon Pump
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Figure 1: The block diagram of accelerator system.
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A bi-periodic and on-axis coupled structure is adopted
for the n/2-mode standing-wave structure [6]. To increase
the inter-cell coupling up to 6%, the magnetic coupling
slot is bored on the wall between the accelerating cavity
and the coupling cavity. The first three cells, in the Figure
2, are bunching cells with g, = 0.7. After bunching cells,
the coupler cell is attached to the tapered C-band
waveguide. All of the rest are normal cells with £y, = 1.

Tapered W/G

Coupling Cavity
o Accelerating Cavity

“Z4  Bunching
Cells

Normal Cells

Coupler Cell

Figure 2: The cross-sectional view of the accelerating
column. The magnetic inter-cell coupling holes are
skewed to this plane.

CELL DESIGN AND PROTOTYPE TEST

For a bi-periodic accelerating structure, the dispersion
relation is defined by

k? cos® @ =[1— (w5 | @) + K, COS29] W
x[1— (0f | %) + K. COS20],

where o is the resonance frequency of the coupled
cavities at the ¢ mode, wa and wc are the resonance
frequency of the accelerating cavity and the coupling
cavity, and k is the coupling coefficient between the
accelerating cavity to the nearest coupling cavity, while
kaa for two neighbouring accelerating cavities and ke for
coupling cavities [7]. To excite the n/2-mode standing-
wave with uniform field distributions, the =/2-mode
chained resonant frequency should be the RF frequency
for both the accelerating and coupling cavity.

A unit cell, composed of an accelerating cavity and a
coupling cavity, is designed with the MWS code. To
obtain w,, the boundary condition is used as shown in
Figure 3. However, in case of the coupling cavity, the
resonant frequency is different from wc by about 150

MHz when the mid-plane of the coupling cavity is shorted.

The asymmetric field distribution in the coupling cavity
makes this difference. To obtain wc, a detuned cavity
boundary is used as shown in Figure 4. Since each end-
cavity is detuned for the resonant frequency to be less
than 3 GHz, the w/2-mode is excited only for the coupling
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cavity. With this boundary, the dispersion relation is
consistent, as shown in Figure 5.
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Figure 3: The experimental setup for measurement of the
dispersion relation.

P

Figure 4: The detuned end-cavity boundary to excite the
resonant frequency of the coupling cavity.
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Figure 5: The dispersion relation under two different
boundaries. One excites the accelerating cavity (dotted
line) while the other excites the coupling cavity (straight
line).

Prototype cavities were fabricated with aluminium.
Measurement of w4 is conducted with the setup in Figure
3. If more cells are added to this setup, the dispersion
relation is obtained. From the dispersion relation, the
stop-band can be calculated. According to measurement
with a setup in Figure 3, wa is 4999.6 + 0.163 MHz for
the normal cell, and 5000.0 + 0.661 MHz for the
bunching cell. If cell numbers are increased, the n/2-mode
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resonant frequency for the accelerating cavity becomes
lower, since kaa is not definitely zero. The frequency is
shifted by 2.75 MHz from the RF frequency, for the
normal cell, as described in Table 2. The frequency shift
is 6.72 MHz for the bunching cell. With these shifts, final
dimension of the actual accelerating column will be
determined.

Table 2: The measured frequencies of the 7/2-mode

Cell Bunching Cell Normal Cell
Numbers (MHz) (MHz)
1 5000.000 4999.600
2 4995.625 4998.500
3 4993.280 4997.875
4 - 4997.350
5 - 4997.250

For the dispersion relation, resonant frequencies are
measured with 6 normal cells and 3 bunching cells, each.
Fitting the measured values to Eq. 1, the dispersion
relation is built up, as shown in Figure 6. For the normal
cell, the n/2-mode frequency of the coupling cavity is
estimated as 5000.2 MHz with a 6.1% inter-cell coupling
constant. For the bunching cell, it is estimated as 5001.5
MHz with 7.5% coupling. The coupling cavity will be
fabricated for the actual accelerating column by
compensating above offset from the RF frequency.
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Figure 6: The dispersion relations of the normal and
bunching cell.
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CONCLUSION

Resonant frequencies are measured with the aluminium
prototype cavity. The resonant frequency of the
accelerating cavity is almost 5 GHz for both the normal
and bunching cells. As the cell number is increased, the
n/2-mode frequency becomes lower. This shift will be
compensated for the actual cavity. The coupling cavity is
designed with the detuned end-cavity boundary. As per
the dispersion relation fitted by the measured frequencies,
n/2-mode frequency of the coupling cavity is successfully
close to the RF frequency.

The resonant frequency of the coupler cell and the
external Q of the coupling hole are to be measured with
the prototype cavity. Following this test, the bead test is
to be conducted.
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