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a b s t r a c t

Design and construction of an electron linear accelerator by Institute for Research in Fundamental
Science (IPM) is considered as Iran’s first attempt to construct such an accelerator. In order to design a
linear accelerating tube, after defining the accelerating tube and buncher geometries, RF input and
output couplers must be designed. In this article, firstly, a brief report on the specifications of an S-band
electron linear accelerator which is in progress in the school of particles and accelerators is presented
and then, the design process and construction reports of the couplers required for this accelerator are
described. Through performing necessary calculations and tuning the coupling factor and resonant
frequency, couplers with desired specification have been fabricated by shrinking method. The final
obtained coupling factor and resonant frequency have been respectively 1.05 and 2997 MHz for the first
coupler, and 0.98 and 2996.9 MHz for the second one that are close to calculation results.

& 2014 Published by Elsevier B.V.

1. Introduction

Since the very first electron linear accelerator, there has been a
significant progress in constructing various types of such accel-
erators. Nowadays electron linear accelerators are widely used in
industries, cancer therapy, cargo inspection, food irradiation, and
sterilization of medical equipment [1–3].

One of the most important applications of electron linear
accelerators is using them as injectors for synchrotron radiation
accelerators. In Iran, a national project has been started in Institute
for Research in Fundamental Sciences to build a synchrotron light
source facility [4]. Simultaneously, Iran’s first attempt to construct
electron linear accelerator is ongoing in IPM. A layout of this
accelerator is given in Fig. 1. Main specifications of this accelerator
are also given in Table 1 [5].

As it is illustrated on Fig. 1, this accelerator is a traveling wave
type. Appropriate shunt impedance, easy cavity construction
method, and simplicity of increasing the accelerating tube long-
itude for higher energy are the main reasons why this type of
linear accelerator has been selected [6–7].

Fig. 2 shows the applied flowchart for the design of accelerator
main parameters. As long as it is determined that all the compo-
nents to be constructed in Iran, RF frequency and power have been
defined based on the specification of the klystron built in Iran.

As it is shown on Fig. 2, the accelerator couplers should be
designed followed by buncher and main accelerating tube design.
Careful calculations and precise couplers construction and tuning
are very important for buncher and tube specification measure-
ment [8]. Each coupler consists of a single cavity. Cavities have
been designed based on the geometrical dimensions of the first
buncher cavity and the last accelerating tube cavity. The design
procedure will be discussed in “coupler design” section.

Fig. 3 shows the final layout of IPM’s Linac accelerating tube,
and Figs. 4 and 5 show the buncher and one of the constructed
accelerating tubes, respectively [9]. The cavities are assembled
using shrinking method. This method is similar to the one used for
MARK(III) accelerating tubes [10]. In this project, klystron specifi-
cation is similar to KS37 model.

Fig. 3 shows the coupler used for transmission of RF wave from
klystron to the buncher and main waveguide. On the design of
couplers at frequency of 2997.9 MHz, it is should be notified that at
the input coupler, there must be minimum wave reflection toward
klystron and at the output coupler, there must be minimum wave
reflection toward accelerating tube. Minimum wave reflection
depends on the coupler shape and size. The coupler also converts
the TE mode of rectangular waveguide to a TM mode of circular
cavities such as buncher and accelerating tube [11]. Coupler design
will be discussed in detail in Section 2.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/nima

Nuclear Instruments and Methods in
Physics Research A

http://dx.doi.org/10.1016/j.nima.2014.10.036
0168-9002/& 2014 Published by Elsevier B.V.

Please cite this article as: F. Ghasemi, et al., Nuclear Instruments & Methods in Physics Research A (2014), http://dx.doi.org/10.1016/j.
nima.2014.10.036i

Nuclear Instruments and Methods in Physics Research A ∎ (∎∎∎∎) ∎∎∎–∎∎∎

www.sciencedirect.com/science/journal/01689002
www.elsevier.com/locate/nima
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036
http://dx.doi.org/10.1016/j.nima.2014.10.036


1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Electron Gun Focus Coils Buncher Cooling Pipe
Main Accelerating 

Tube

Prebuncher
Output 
Coupler

Input 
Coupler Focus Coils

Klystron 

To RF Load

Suitable Flange

Fig. 1. The layout of IPM’s electron linac.

Table 1
The main specification of IPM’s electron linac.

Parameter Unit Value

Output E-Gun energy keV 45
Output E-Gun current mA 10
Frequency MHz 2997.92
RF peak power MW 2.5
PRF maximum Hz 250
RF pulse length sm 4–10
Output buncher energy MeV 2
Bunching factor – 16
Buncher length cm 30
Output energy MeV 15
Operational mode – π/2-TWπ
Acceleration tube Length cm 120

Defining the Frequency and 
Input Power

Designing the dimensions of the main 
accelerating cavities and length based on the 

frequency and the input power

Designing the dimensions of the buncher 
(with the consideration of the main 

accelerating cavities)

Designing the suitable couplers to inject the 
RF power to the accelerating tube and to the 

load

Designing a cooling system for the 
tube and the focusing magnets

Fig. 2. The design process of an accelerating tube.
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Fig. 3. The final layout of IPM’s electron linear accelerator.

Fig. 4. Constructed buncher.

Fig. 5. One of the constructed accelerating tube.
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