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Abstract 

 High accelerating gradients are necessary for future electron positron colliders.  To achieve high gradient 
without triggering the RF breakdown is of great interest and challenge.  A short pulse RF will limit the RF pulse 
heating effect and thus might raise the bar for triggering the RF breakdown limit to a higher RF gradient.  In this 
paper we will present one of our works towards the short pulse RF accelerator-- design of the broadband RF 
coupling structure. 

1. Introduction 

 To achieve multi-TeV energies in a future electron-positron collider, high accelerating gradients are necessary 
to limit the length of each of the main beamline.  For the 3 TeV c.o.m collider, modeled recently by the CLIC Study 
Group at CERN, 42km of main linac tunnel is required within a 48 km long overall installation[1].  To reach 5 TeV 
c.o.m, the length of overall installation will be increased to about 80km based on the model.  This estimate is based 
on a gradient of 100MV/m.  If we can double the gradient with out triggering the RF breakdowns, the cost of 
construction will be cut by half. 
 RF pulse heating is among those triggers of RF breakdown in RF systems. Recent experiment study 
demonstrated that dielectric can sustain very high RF gradients under short pulse[2] and experiments so far haven’t 
observe RF breakdown in metal cavities for RF pulse shorter than 10ns.  If we can build an accelerator which can 
be driven by short RF pulses (~10ns), we’ll be able to reach a higher accelerating gradient and lower the cost of the 
future collider. 
 Dielectric loaded accelerating structures have been studied for many years.  Comparing with all-metal 
structures, dielectric loaded accelerating structures are easier to be fabricated and known to be able to handle higher 
RF gradients.  It has a very good potential to become the candidate of RF accelerator for future electron-positron 
collider.  In order to feed a short RF pulse (~10ns) into the DLA structure, a broad band RF coupling structure is 
the key component.  A design of such RF coupling structure is presented in this paper. 

2. RF Coupling Structure for DLA 

 As shown in figure 1, the simplest DLA is 
piece of circular waveguide partially filled with 
dielectric.  By properly choosing the dielectric 
constant and dimension of the tube, one can choose 
the frequency at which the phase velocity of TM01 
mode in the loaded waveguide to be the speed of 
light.  By tuning the dimension, one can also control 
the group velocity of the TM01 mode and thus 
control the peak accelerating gradient for a given 
input RF power.  Basically, the higher the dielectric 
constant is, the smaller the dimension of the tube will be and thus the higher the achievable accelerating gradient is 
for the same input RF power. 

 
Figure 1. The simplest DLA structure 

 One simple scheme of the coupling is to match the DLA into a circular waveguide using a dielectric loaded 



taper section and then couple this circular waveguide with rectangular waveguide[3].  This scheme is easy to 
implement and can be optimized to have a broad band coupling between the RF power source and the DLA structure.  
Broadband coupling between circular waveguide and rectangular waveguide can be easily realized by a dual port 
TE-TM mode converter.  To achieve the broadband matching between DLA and circular waveguide, it is very 
important on choosing the DLA parameters.  Previous studies shown that a higher dielectric constant and smaller 
group velocity will lead to a narrower bandwidth. 
 By the rule of thumb, the bandwidth required for 10ns pulse with 1ns rise time (10%-90%) is 350MHz.  If 
we want the gradients reach 99% of its peak in 1ns in order to have 8ns usable RF gradient, then the required 
bandwidth will increased to 733MHz.  We set our goal to be 750MHz. 

2.1 TE-TM Mode Converter 

 Showing in figure 2 is the S 
parameters from simulation of a 26G 
dual port TE-TM mode converter 
using Microwave Studio.  As shown 
in this figure, this dual port mode 
converter can easily reach a 
bandwidth greater than 2GHz.  The 
bending on the two rectangular 
waveguide arms is to ensure their 
correct phase relation when 
connecting to a broadband H-plane 
combiner/divider.  The design of 
mode converter can be easily done for 
frequencies as lower as 7.8GHz with 
a bandwidth comply with our goal. 
 

. 
 

2.2 Dielectric Taper Section 

 The performance of DLA at a given frequency is determined by properly choosing of the dielectric material 
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Figure 2.  S parameter of 26GHz TE-TM dual port mode converter 

 
 
 

an mensions.  Basically, we’d like to choose material with higher dielectric constant in order to achieve higher 
accelerating gradient for a given input power.  But if the dielectric constant is too high, matching the DLA with 
circular waveguide will be very difficult and the machine tolerance on the matching section will be too tight.  After 
some numerical studies, we set the dielectric constant to be 12 for our short pulse DLA.  For the dimension of DLA, 
we need to make sure that the inner radius a is big enough for the nominal beam size and also make sure the group 
velocity is reasonably small.  The outer radius b will then be determined by a, dielectric constant and the working 
frequency.  Given in table 1 are the parameters for our short pulse DLA at different working point.  Ea in the table 
is accelerating gradient corresponding to 1W of input RF power. 

Table 1. DLA param
Vg Ea 

(GHz) m m (c) V/m hm/m GHz)
26 3 3.793 .15 6.2 10570 23.6 
21 3 4.024 0.119 .326 10820 19.6 

15.6 .8 5.194 0.113 4.973 8555 14.6 
7.8 8 11 0.118 2.37 4060 7.28 



  
 After the working frequency 
is determined, the dimension of 
circular waveguide can be easily 
determined as just to make sure that 
the cut off frequency of TM01 
mode is about 1GHz bellow the 
working frequency.  The rest of 
work is to optimize the dimension 
of taper section to achieve a broad 
bandwidth for matching the circular 
waveguide into DLA. 
 Showing in figure 3 is the S 
parameter of a 7.8G taper section.  
As showing in this figure the 3dB 
bandwidth of S21 is greater than 
1GHz.  Also showing in figure 3 
is the input and out signal of a 10ns 
pulse.  As showing in figure 3, the shape of output RF pulse got preserved very well.  Numerical optimization 
using Microwave studio on other working point also yielded very good matched taper sections. 

 
Figure 3. S parameters and port signal of 7.8G taper section

3. Summary 

 In order to lower the construction cost of future electron and positron collider, high accelerating gradients are 
necessary.  To achieve high gradient without triggering the RF breakdown is of great interest and challenge.  A 
short pulse RF will limit the RF pulse heating effect and thus might raise the bar for triggering the RF breakdown 
limit to a higher RF gradient.  DLA structures, comparing with all-metal structures, are easier to be fabricated and 
dielectric is known to have higher RF breakdown limit.  It has a very good potential to become the candidate of RF 
accelerator for future electron-positron collider.  Experiments have shown that longer RF pulse will have lower RF 
breakdown limit. And so far no RF breakdown has been observed for RF pulse shorter than 10ns.  In order to 
achieve higher RF accelerating gradient without trigger RF breakdown, a short pulse DLA is good candidate. 
  In this paper we presented the design results of the key component of short pulse DLA, a broad band RF 
coupling structure.   As presented in this paper, the numerical simulation results have shown that the broadband RF 
coupling system for short pulse DLA can be realized for working frequency as low as 7.8GHz. 
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