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Abstract  There are many methods for fabricat ing electron linear accelerator cav ities. In the present research two 
methods were chosen: first, separable parts (separate ring and disks) and second, parallel d isks and cylinder (integrated). 
The resonance frequencies of cavities and the quality factor of each frequency are two important parameters in their 
performance. The comparison of measured parameters of the cavit ies made with two  methods, firstly by the network 
analyzer mach ine and secondly using the HFSS simulator. The results of both the practical measurements and the 
simulation of the two structures indicated that the integrated method is better for implementing cavities. 
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1. Introduction 

The limitations of electro-static accelerators and the 
disproportionate largeness of high-voltage generators led 
the researchers to use other methods for accelerating 
particles. Using RF and conducting electro-magnetic waves 
into metal cavit ies which made a strong electric field 
allowing charged particles to take the necessary energy, 
solved the problem and many accelerators were made 
around the world on this basis[1]. 

Linear accelerators are a type of these accelerators. 
Linear accelerators are known by the abbreviated term 
‘Linac’. The word ‘linear’ has been used for this accelerator 
in contrast with other kinds of accelerators such as 
cyclotron and betatron in which particles move in circular 
directions while being accelerated. 

Electron Linacs have many usages for industrial, medical 
and research purposes nowadays such as industrial rad iogra
phy, t reat ing  cancer, p roducing  rad iopharmaceut ical, 
sterilization o f medical equipments and applied  physics. 
Elect ron Linacs are d iv ided into two types: Travelling 
Wave accelerator (TW) and  Stand ing Wave accelerator 
(SW ). Each  o f these two  types  has  advantages  and 
disadvantages and each has in its tu rn various types. 
However, the main  part of the accelerator consists of a  
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waveguide in both types. 
In TW accelerators, the RF wave moves in the direction 

of the accelerating waveguide and the remaining power of 
the wave at the end of the accelerating waveguide is 
absorbed at a suitable resisting load (which exists at the 
end). In contrast, in SW accelerators, the two ends of the 
accelerator have been efficiently short-circuited. Hence, the 
RF power is reflected backward[2]. 

In both types, a series of connected cavities are used. The 
electro-magnetic energy in each single cavity oscillates 
sinusoidally in a frequency equal to the resonance 
frequency of the accelerator.  

The efficiency of the transition of the input RF power to 
the electron energy transiting the gaps in SW accelerators is 
twice as much as that in TW ones. 

In studies pertaining to physics and high energy beams, 
TW accelerators are used in particular medical usages 
which need less physical space and the stability of the beam 
is important, whereas SW accelerators are more 
preferable.[2] 

Hereafter, the constituent parts of electron linear 
accelerator the travelling wave type are introduced using 
waveguide cavities methods: 1. Separab le parts (separate 
ring and disks) and 2. Cylinder and parallel disks 
(integrated). These two methods will also be compared 
from experimental and simulat ion viewpoints. 

2. The Constituent Parts of a Travelling 
Wave Accelerator 

Fig. 1 represents a simple model of a typical TW electron 
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Linac. The main parts of an electron linear accelerator are: 

 
Figure 1.  Simple model of a typical TW electron Linac[2] 

2.1. RF Generator System 

The RF system is one of the main parts of an accelerator 
and has various parts. Since producing electro-magnetic 
waves requires a h igh power RF (in Mega Watt measures at 
peak power), this power is produced by low-width pulses (in 
micro  second measures) and is strengthened by microwave 
tube amplifiers (such as Klystron). The microwave tube 
amplifiers need high voltage and high-current pulses which 
are produced by the power modulator. 

The modulator and the Klystron constitute the main parts 
of the RF generator system. The power modulator turns the 
AC current into high voltage pulses. Its main parts are a high 
voltage generator, a high voltage pulse unit and a pulse 
transformer. The Klystron generates high power output RF 
by amplificat ion of the low power input RF. The produced 
RF wave is distributed to the cavities by the waveguide 
system[1].  

2.2. Injector 

This part has the several ro les. First, the production and 
initial acceleration of the electron beam. Second, init ial 
bunching electrons by pre-buncher cavities. Third, 
accelerating and bunching electrons so much more in the 
main buncher so that the electrons are in jected to the main 
tube of the accelerator in harmony with the phase velocity of 
the RF wave. Forth, narrowing the electron bunches with a 
narrower energy spectrum[2].  

2.3. The Accelerator’s Main Waveguide 

This part is in  fact a t ransmission line of the RF wave 
which consists of a series of cavities. The distribution of 
electro-magnetic waves in the t ransmission lines follows 
Maxwell equations. 

Though the above divisions for electron Linac, separates 
the accelerating buncher from the main waveguide, it can be 
considered the primary part  of the accelerat ing tube. Since 

this part is in fact a particular transmission line for 
electro-magnetic waves[1]. 

3. The Structure of the Main 
Accelerating Waveguide 

Various structures have been designed so far for the main  
accelerating waveguide but the simplest one used in Linacs 
is the use of disk loaded structure (based on TM010 mode). In 
this structure, a cylindrical tube in which there are disks with 
certain distances is used (Fig. 2). The distance, thickness and 
substance of the disks and also their interio r and exterior 
diameter are chosen based on the mode. The frequency of the 
RF wave, the quality factor (Q), the shunt impedance, and 
the easiest way to fabricate them are measured and 
evaluated[3] . 

 
Figure 2.  Disk loaded structure[4] 

4. Materials and Methods 
The intense electric fields, which accelerate electrons 

along the cavity axes, are set up by electric currents flowing 
on the inner cavity  surfaces. There is a simple expression that 
determines the microwave power P d issipated in inner 
surfaces of the accelerator guide, which is needed to produce 
an electron energy gain V. for either a TW or a SW constant 
gradient accelerator guide. It is  

P=V2/ZL                     (1) 
Where Z is the so-called shunt impedance per unit  length 

length and L is the length of the accelerator. The shunt 
impedance measures the efficiency of the accelerator. Higher 
shunt impedance means higher electron energy gain  for a 
given microwave power[2]. 

Since the value of shunt impedance is in proportion with 
the square root of electric conductivity, metals such as 
copper, silver and gold  are appropriate fo r making cavities 
[4]. 

Copper was used for fabricat ing cavities. Among the 
different kinds copper, OFHC1 is more suitable for making 
cavities because of its high electric conductivity and its low 
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amount of oxygen. 
The complete process of designing an electron Linac tube 

can be followed in Fig. 3[5]. 

 
Figure 3.  The process of designing an accelerating tube[5] 

Decision about the frequency must be made by 
considering the performance of the accelerator and based on 
available RF generators in different frequency intervals. 
Moreover, since the frequency determines dimensions of the 
cavity, some considerations for high (s mall dimensions) and 
low (large d imensions) frequencies must be made in 
fabricating cavit ies. The frequency of the accelerator under 
our study was taken at 2998 MHz[5] . 

Table 1 shows the calculated dimensions in this frequency 
in which ‘d’, ‘b’, ‘a’, and ‘ηd’ stand for the length of cavity, 
the radius of the waveguide cylinder, the radius of the 
opening of the disks, and  the thickness of the disks 
respectively.  

Table 1.  The resulted dimensions for cavities[4] 

ηd d b a 
0.584 cm 2.47 cm 3.933 cm 0.99 cm 

Many building and join ing methods have been used for the 
main waveguide of an electron Linac[1].  

Considering the existent facilit ies, two methods were 
chosen and executed: The separate parts method (separate 
ring and d isks) and parallel disks and cylinder (integrated) 
method.  

The first one is the simplest method. In this method, the set 
of cavities consists of the disks and rings put together (Fig. 4). 
The surface of the disks and the interior surface of the rings 
are smooth and burnished. 

 
Figure 4.  Fabricating cavities with separate rings and disks 

Fig. 5 shows part of the main waveguide of an electron 
Linac made by this method. This part which has been made 
in the Rad iation Application Lab of Shahid Beheshti 
University consists of a set of eight cavities. 

 
Figure 5.  The structure of disk-loaded with separable ring and disks (made 
in Shahid Beheshti University) 

 
Figure 6.  Fabricating Integrated Cavities 

In the second method, instead of jo ining the rings and 
separate disks, we managed to make an integrated model of 
the cavities, by cooling the disks in liquid nitrogen 
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temperatures and heating the cylinder shaped tube (whose 
interior was carefully  and appropriately cut by  a lathe). To do 
so, after the disks were appropriately washed and set on the 
designed fixtu re, we cooled the cavity d isks whose diameter 
was larger than the interior diameter of the cylinder-shaped 
tube in liquid  nitrogen temperatures. The cylinder shaped 
tube was heated by a heater. Cooling the disks in liquid 
nitrogen temperature leads to their contraction and heating 
the tube leads to its expansion. After spending enough time, 
the disks which were put into the tube pressed the wall and 
became fixed (Fig. 6). 

Fig. 7 shows part of the main waveguide of an electron 
Linac made by integrated method. Also this part which has 
been made in the Radiation Application Lab of Shahid 
Beheshti University consists of a set of eight cavities.  

 
Figure 7.  The fabricated Integrated Set 

The resonance frequency and quality factor of both eight 
cavity sets were measured by the network analyzer machine 
and the RF generator (Fig. 8). In both measurements a 
resonance peak per each cavity was resulted. As an example, 
Fig. 9 shows the frequency response resulted from of the 
integrated set. Quality factor was calculated with 3db 
band-width of transmission function amplitude. 

The resulted resonance frequency and quality factor for 
separable and integrated sets are shown in Tables 2 and 3 
respectively. 

The results show that resonance frequencies of these sets 
are different from each other and for close frequencies; the 
resulted quality factor for the integrated set is higher. 

 
Figure 8.  resonance frequency and quality factor measure by network 
analyzer machine  

 
Figure 9.  Frequency response resulted from of the integrated Set 

For instance, for the closest frequency to 2998 MHz 
(which is our frequency and the designing of the dimensions 
has been based on it), in the integrated set, we have 3000 
MHz frequency and quality factor of 8823. Whereas the 
separable set has 3001 MHz frequency and quality factor of 
7172. 

Table  2.  The resulted dimensions for separable cavitie 

Frequency 
(MHz) 

Quality 
Factor 

2986 6738 

2995 7595 

3001 7172 

3004 5580 

3012 6100 

3017 5716 

3022 5542 

3027 5230 
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Table  3.  The resulted dimensions for integrated cavities 

Frequency 
(MHz) 

Quality 
Factor 

2996 8734 

3000 8823 

3006 9393 

3013 9415 

3020 8988 

3027 8902 

3031 8914 

3033 8427 

5. Simulation 

 
Figure 10.  The simulation of the three cavity set in HFSS 

 
Figure 11.  One resonance frequency peak obtain by HFSS 

 
Figure 12.  The Quality Factor in Different Gaps 

To analyze and compare the two methods of designing 
cavity waveguides of electron Linac, some sets with three 
cavities of each design were simulated. The simulation was 
done by HFSS software. HFSS is a software designed for 
simulating the electro-magnetic behavior of structures in 
microwave frequency. This software analyses the structure 
with Fin ite Element method. 

At first cavities were defined as separate rings and disks in 
this software. The distance between them was taken  as a 
parameter so that the integrated cavities can be simulated by 
taking the amount of this parameter zero. In practice, to jo in 
the rings and disks in the separable set, mechanical pressure 
(bolts and nuts) is used. Hence, by changing the distance 
parameter from 0.5 µm to 3 µm in the simulat ion, the effect 
of the pressure for the ring set and the separate disk can also 
be simulated (Fig. 10). 

As an example, Fig. 11 shows the one resonance 
frequency peak obtain by HFSS. 

Fig. 12 shows the resulted quality factor for the nearest 
frequency to the presupposed frequency. It can be seen that 
when the gap is zero  (in the integrated set) the quality factor 
is much higher than when the cavities have a small gap (in 
the separable set). 

6. Conclusions  
The results of the measurements show that in equal 

conditions (the same materials and dimensions) integrated 
cavities have a higher quality factor in contrast to separable 
cavities. The results of the simulation (by comparing the 
quality factor o f zero  distance with other states) prove this 
and show that the integrated design is much better than the 
separable design. Moreover, the integrated design has the 
advantages of solving the problem of fluctuation of 
frequency and creating vacuum more easily in contrast to the 
separable design. 
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