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Abstract

A compact 10 MeV irradiation S-band electron linear ac-
celerator has been proposed to carry out the electron radia-
tion effect test of materials and devices. The Linac includes
a standing wave pre-buncher, a traveling wave bunching
accelerating structure and a traveling wave accelerating
structure. The traveling wave accelerating structure uses a
SMW Kklystron as RF source, and provides electron beam
energy 3.5-10MeV and average current 0.01-1mA. The re-
quired irradiation scanning frequency is very high, up to
100Hz and irradiation area is large (200mm X 200mm). To
meet the requirements, a novel beam scanning system, in-
cluding one kicker for horizontal scanning and one magnet
for vertical scanning, have been proposed. This paper pre-
sents the physical design of the 10 MeV electron Linac and
beam dynamics simulation results.

INTRODUCTION

The beam irradiation generated by the electron linear ac-
celerator has been applied to various fields of the national
economy. For example, radiation sterilization and preser-
vation of food, degradation of chemical pollutants; indus-
trial radiation processing, customs inspection; disinfection
and sterilization of medical equipment; Moreover, it can
also be used to simulate the electronic environment of ex-
traterrestrial space and conduct anti-radiation experiments.
The 10 MeV high scanning is an important part of the com-
prehensive environment simulation system of “Space En-
vironment Ground Simulation Device” [1-4].

The accelerator has high requirements in beam parame-
ters, as shown in Table 1. Based on the scanning frequency
requirements, the traditional scanning magnet method is
improved, and a new method combining kicker and scan-
ning magnet is proposed.

The structure design and simulation results of the linac
from the electron gun to the beam transport line are pre-
sented.

PHYSICAL DESIGN AND DYNAMIC
SIMULATION

The 10MeV electron linac is mainly composed of an
electron gun, a microwave acceleration cavity, and a beam
transport line (as shown in Figure 1). According to the re-
quirements of the accelerator parameters (see Table 1),
EGUN, PARMELA and ELEGANT are used to calculate
the dynamics of the electron gun, accelerating structure and
beam transport line respectively to meet the design require-
ments.
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Table 1: 10MeV Accelerator Parameters

Parameters Values
Beam energy (MeV) 3.5-10
Beam average current (mA) 0.01-1
Energy spread (10MeV) <2.5%
Beam pulse duration (us) 15
Emittance(60)/ (mm-mrad) <30
Scan frequency (Hz) 100
Irradiation area (m-m) 0.2x0.2
Beam spot uniformity >90%
Repetition frequency (Hz) 500
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Figure 1: Layout of 10 MeV electron accelerator.

Electron Gun

After calculation, the beam current provided by the elec-
tron gun needs to be readjust within the range of 2-200mA
to achieve beam average current. Using a three-pole grid
controlled electron gun, the beam current can be controlled
by changing the current emission density through the grid;
and in order to improve the quality of beam emission, the
horizontal (vertical) emittance is reduced as much as pos-
sible. The electron gun is designed in the EGUN program,
and the calculation results of the beam dynamics at 2mA
and 200mA are shown in Figure 2 and given in Table 2.
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Figure 2: 200mA beam simulation results in EGUN.
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Table 2: The Results of Beam Parameters

Parameters 2mA 200mA
Micro-Perveance (uP) 0.000136  0.013608
Average Current Density 0.00295 0.419
(A/em?)

Emittance(46) (mm-'mrad)  16.72 17.63

Accelerating Structure

In order to improve the transmission efficiency, a pre-
buncher (PB) is introduced to focus beam into a bunch at
the exit of the electron gun. Using a 2-stage accelerating
structure, the bunching accelerating structure (BA) accel-
erates the energy to about 6.5MeV, and the accelerating
structure (A) changes the accelerating phase, so that the
beam energy gain is within the range of -3-4MeV and the
energy can be adjusted between 3.5-10MeV. To better con-
trol the beam envelope and reduce the beam loss without
occupying the longitudinal space, we use dozens of sole-
noids to generate the magnetic field (S1-S12) [5].

Therefore, the beam generated by the electron gun enters
the accelerating structure composed of PB, BA and A
through vacuum tubes and focused by the solenoids (as
shown in Figure 1).

The two typical working currents of 2 mA and 200mA
calculated by EGUN are used as the beam input of PAR-
MELA, and carry out dynamic calculations of accelerating
structure. Figure 3 shows the 200mA beam distribution of
the beam passing through PB to the entrance of BA. It can
be seen from the results that the beam is effectively
bunched.

10MeV electron

Figure 3: Beam distribution at BA entrance.

Figures 4 and 5 show the 200mA beam distribution at
the BA exit and the A exit, respectively. After the beam
focused by solenoid focusing and accelerated by the ac-
celerating structure, most of the particles are accelerated
and the envelope is well controlled.
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Figure 4: Beam distribution at BA exit.
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Figure 5: Beam distribution at A exit.

By adjusting the accelerating phase of A, the energy
spread, transmission efficiency, and emittance in different
energy are shown in Figure 6 under the two operating cur-
rents of 2 mA and 200mA
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Figure 6: Beam dynamics of accelerating structure.

It can be seen from the figure 6 that in 2mA and 200mA
of typical working currents, the energy can be adjusted at
3.5-10MeV. The transmission efficiency at I0MeV energy
is greater than 80%, energy spread is less than 2.5%, and
the 60 emittance is less than 30mm * mrad. which both
meet the requirements of beam parameters.

Beam Transport Line

The beam transport line includes a transmission unit, a
beam expansion unit, a scanning unit, etc. (as shown in
Figure 1) . The transmission unit uses a combination of
quadrupole magnets to constrain the beam envelope to en-
sure its transmission in the vacuum tube; the beam expan-
sion unit also uses a combination of quadrupole magnets to
focus(defocus) to meet the size requirements of beam irra-
diation; in order to achieve a scanning frequency of 100Hz,
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Beam irradiation with a range of 0.2m X 0.2m, the scanning
unit adopts a combination of kicker(horizontal scanning)
and step scanning magnet(vertical scanning).

According to the beam irradiation parameters, the beam-
line adopts the scheme of beam expansion in the vertical
direction and scanning both horizontally and vertically. As
shown in the Figure 7, a kicker with a linear change in the
magnetic field is used to expand a 15us beam pulse in the
horizontal direction of the target; the scanning magnet re-
alizes 5 steps of the magnetic field, and 5 beam pulses are
deflected to different positions through the magnetic field
and superimposed in the vertical direction of the target.
Therefore, it is necessary to adjust the strength of the quad-
rupole magnet and expand the beam spot in the vertical di-
rection for achieving a wide range of beam irradiation.
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Figure 7: Schematic diagram of beam scanning.

The beam output from PARMELA is used as the beam-
line input of ELEGANT. Figure 8 shows the simulation re-
sults of the beam. We can see that the irradiation area
reaches 0.2m X 0.2m, and the beam spot uniformity is bet-
ter than 90%.
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Figure 8: The results of beam scanning.

SUMMARY

We have completed the design of an accelerator with
high beam parameters and passed the simulation calcula-
tion. Based on the scanning frequency of 100Hz, it is diffi-
cult for the traditional scanning magnet method to com-
plete the beam scanning with large area and high uni-
formity in a short time [6]. We introduced kicker as a hori-
zontal scanning magnet, and it is easy to spread the beam
uniformly in one direction because of the 15 us long pulse.
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Therefore, as long as the uniformity in the vertical direc-
tion is ensured, a larger area of beam scanning can be
achieved theoretically. We will continue to optimize accel-
erator structure to meet a wider range of irradiation.

REFERENCES

[1] Jijiu Zhao, Zhaosheng Yi, Particle Accelerator Technology,.
Beijing, Higher Education Press, 2006.

[2] HA Yi-ming, SHI Hui-dong, WANG Feng, Liu Zhi-tao, XIE
Zong-chuan, “Application And Characteristics Of Food Irra-
diation By Electron Beam”, Journal of Nuclear Agricultural
Sciences, val. 21, no. 1, pp. 61-64, 2007.

Lai Qiji, Xi Dexun, Zhu Yizhang, Zong Qun, Hu Shuchun,
Wang Houwen, “NFZ-10 Industrial irradiation electron
linac”, High Power Laser and Particle Beams, vol. 10, no. 2,
1998.

WANG Changgiang, XIANG Yihuai, LI Jinhai, YANG
Jinghe, “Design of beam homogenization for ground simula-
tion of space electron environment”, Nuclear Techniques,
vol. 43, mno. 12, 2020. doi:10.11889/j.0253-
3219.2020.hjs.43.120201

PEI Shi-Lun, CHI Yun-Long, WANG Shu-Hong, PEI Guo-Xi
et al., “Beam dynamics studies on the 100MeV/100kW elec-

tron linear accelerator for NSC KIPT neutron source”, Chi-
nese Physics C, vol. 36, no. 7, pp. 653-660, 2012,

YANG Zheng, TANG Jing-Yu, YAN Fang et al., “Transverse
profile expansion and homogenization at target for the injec-
tor Scheme-I test stand of China-ADS*”, Chinese Physics C,
vol. 39, no. 2, p. 027001, 2015

(4]

MC2: Photon Sources and Electron Accelerators

A08: Linear Accelerators



