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Abstract
Some model cavities have been further developed and 

investigated for an X-band (f=9.37GHz) hybrid dielectric-
iris-loaded accelerating structure based on the calculated 
results about the effect of the dimension tolerance on the 
frequency. The dispersion curve fitted by using the 
measurement value is consistent with the one calculated. 
The r/Q values of the dipole modes have been calculated 
by Mafia code. The theoretical results show that the r/Q 
values of dipole modes for the new accelerating structure 
are lower than those for the iris-load accelerating 
structure.

INTRODUCTION
An extremely small accelerator has found wider and 

wider applications in high energy physics research, 
industrial and medical fields. The many advantages of 
using higher RF frequencies (X-band) for electron linear 
accelerators include higher shunt impedance, higher  
breakdown threshold level, smaller size etc. The most 
commonly studied structure is a conventional iris-loaded 
copper structure. However, in all the iris-loaded structures, 
the peak surface electric field Es is in general found to be 
a factor of 2 larger than the axial acceleration field Ea [1, 
2]. If the peak surface electric field exceeds the 
breakdown limit at the operating frequency, it can cause 
damage to the irises through arcing and detune the 
structure.

 A X-band (f=11.424GHz) hybrid dielectric-iris-loaded 
accelerating structure which reduced surface electric 
fields was proposed and simulated by Mafia code [3].  

 In our lab, based on the preliminary measurement 
results for the new structure [4], the design and 
manufacture for the model cavity have been made again. 
The machining precision of the structure dimension was 
improved. And the experimental studies were performed. 
In addition to, the r/Q values of dipole modes for the new 
accelerating structure were calculated. 

MODEL CAVITY INVESTIGATION 
This device for the new structure is shown in figure 1. 

The RF properties vs the geometric sizes at f=9.37GHz 
are shown in table 1. The effect of the dimension 
tolerance on the frequency has been calculated. Varying 
the structure dimension, the frequency variety f as the 
functions of b , a , , hh are shown from figure 2 to 
figure 5 respectively. The changing laws are as follows: 

Figure.1: Schematic drawing of a hybrid dielectric-iris-
loaded accelerating structure. 

Table 1 RF Properties of a Hybrid Dielectric-Iris-loaded 
Periodic Structure with t=1.5mm, d=10.67mm and  = 
32.017 mm 

a
(mm)

b
(mm)

hh
(mm) r s aE / E R

( M / m ) Q

4.5 6.547 2.5 5.81 1.01 53 5068

Figure 2: The f as a function of b

Figure 3: f as a function of a
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Figure 4: f as a function of 

Figure 5:  f as a function hh

f b 2.03MHz / m                     (1) 

f a 0.4MHz / m                        (2) 

f 0.7465MHz                        (3) 

f hh 1.2MHz / m                       (4) 

Figure 6: the component of the model cavity 

(a) b=6.547mm 

(b) b= 6.500mm 
Figure 7: The measurement results of S21 vs frequency 
with two model cavities two half cavities. 

The inspections of the calculated results show that the 
effect of the cavity radius tolerance on the frequency is 
very obvious. According to the sizes in table 1, the model 
cavities (figure. 6) have been made and measured with 
Network Analyzer Hp8722D under the conditions of the b 
size being changed little. The typical measured results of 
three cavities (two whole cavities and two half-cavities) 
are shown in figure 7. From figure 7, the resonance 
frequency is 2 /3f =9.2112 GHz at b=6.547mm; when 

b=6.500mm, the resonance frequency is 2 /3f =9.3576 
GHz, and the resonance peak is sharper obviously than 
the one in [4] because the machining precision of the 
structure dimension was improved. If considering the 
effects of air and the probe on resonance frequency, the 
resonance frequency for 2 / 3  mode is close to the 
design frequency. 

    For three cavities, the four peak values of resonance 
frequency ( 0, / 3,2 / 3, ) may be measured[5] 
(shown in figure 7b).  In order to verify the above results, 
the dispersion curve was fitted by using the measurement 
value. The dispersion curve can be expressed as
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Where C0 C1 ……Cn are constants.
thus:

0 0 1 2 3

/ 3 0 1 2 3

2 / 3 0 1 2 3

0 1 2 3

/ 2 / 2
/ 2 / 2

f c c c c
f c c c c
f c c c c
f c c c c

(6)

Figure 7(b) shows that 0 8.972f GHz

3 9.1203f GHz 2 3 9.3576f GHz

9.5f GHz.  From (5) and (6) we obtain 

9.2379 0.2551cos
0.0019cos 2 0.0089cos3

f
 (7) 

In terms of (7), the dispersion curve was drawn as the 
dashed line in figure 8. The calculated dispersion 
curve by MAFIA code was pictured as the real line in 
figure 8. Comparing the two lines, we conclude that the 
curve fitted by the measured result is consistent  with  the  
one simulated with MAFIA code. 

Figure. 8 The frequency f  vs. the phase .

CALCULATION FOR HOM  
The coupling between the wave and the charged beam 

is controlled by an appropriate design of the cavity. The 
coupling is described by the loss factor pk , which is 
characteristic for each mode p. The parameter r/Q is often 
used, which is related to the loss factor through the 
equation[6]: 

4 p

pp

kr
Q

                             (8) 

Where r is the shunt impedance. 
   The dispersion curves of the dipole modes for the 

new structure were calculated by MAFIA code as shown 
in figure 9. Thus the parameters for the dipole modes can 
be obtained by MAFIA code and are compared with the 
ones of the disk-loaded structure (table 2). We conclude 
that the r/Q values of dipole modes for the new 
accelerating structure are lower than those for the iris-
load accelerating structure.  

Figure 9: Dispersion diagram of the dipole modes for the 
new structure. 

Table 2: The comparison for the dipole modes 
 New structure Disk- loaded structure

Mode f
(GHz) 

/r Q
  ( 2/ mm )

f
(GHz) 

/r Q
2/ mm )

1 9.13 11.71 18.12 41.59 
2 10.948 13.73 28.24 5.54 
3 14.125 8.52 28.98 22.97 

SUMMARY 
The dispersion curve fitted by using the measurement 

value is good agreement with the one calculated. The 
theoretical results show that the r/Q values of dipole 
modes for the new accelerating structure are lower than 
those for the iris-load accelerating structure.  

The above results will provide some beneficial data for 
the design and manufacture of X-band hybrid dielectric-
iris-loaded travelling-wave accelerating structure. Further 
studies of the new structure are in progress. 
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