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Abstract 

As the very important element of accelerator the klystron 

provide power to cavities for accelerating. Considering the 

accelerator cost of construction and running, the improve-

ment of klystron efficiency is one developing hotspot of 

klystron research. In this paper the optimization method of 

klystron efficiency with MOGA based on 1D simulation 

program is proposed and the influences on klystron effi-

ciency will be discussed.  

INTRODUCTION 

As the very important facility of accelerator the klystron 

provide power to cavities for accelerating. The increase in 

efficiency of RF power generation for future large acceler-

ators, such as Circular Electron Positron Collider (CEPC), 

Future Circular Collider (FCC-ee), Compact Linear Col-

lider (CLIC), International Linear Collider (ILC), Euro-

pean Spallation Source (ESS), and others, is considered a 

high priority issue. The required RF Power of above pro-

jects is in the 10-200 MW range. Due to the significant in-

crease in RF power, it is advantageous to increase the effi-

ciency of the RF source, in order to reduce costs of con-

struction and running. One consensus of scientists is that 

all future (large) accelerators must consider energy effi-

ciency. 

Klystron is a very complicated RF source, especially in 

technology, machinery and physics design. There are sev-

eral key parameters, such as stability, frequency, output 

power and efficiency, which need a lot of experience for 

design, construction and operation. Most high-power RF 

klystrons operates in the electronic efficiency range be-

tween 40% and 55%. Only a few klystrons can deliver a 

maximum of approximately 65%. With the demand of fu-

ture accelerators, the high efficiency klystron design and 

development is more and more important and is listed as 

key technology research and development in many institu-

tions. At IHEP there is a compact and methodical plan for 

high efficiency klystron design and construction form one 

general klystron case. 

In order to maximise the efficiency of the klystron, the 

spatial and phase profile of the bunch should be that each 

electron has identical velocity after deceleration by the out-

put gap, which is impossible because of the action of space 

charge force. The klystron beam perveance, K = I V −3/2, is 

normally used as the measure of space charge forces: the 

smaller the perveance, the weaker the space charge and 

consequently the stronger the bunching. High-efficiency 

klystrons therefore require a low perveance. With the de-

velopment of the core oscillation method (COM) [1,2], 

bunching-alignment-collection (BAC) [3], using third har-

monic cavity [4,5] and multi-beam klystron [6], the effi-

ciency of klystron can be improved greatly.  

The design of klystrons has long been a manual process 

guided by experience. By now with the study of bunching 

mechanisms and simulation software, sufficiently rapid 

simulation method is a good process for klystron design. 

Generally, in the design of klystron, one use 1D simulation 

tool to find the high efficiency case and then use 2D or 3D 

software to examine and simulate the dynamic results.  

As the first part of the klystron design, mathematical 

simulation based on computer programs, is a very trouble-

some and costly problem, especially for high efficiency 

klystron design. For example, a seven cavity klystron has 

six drift tubes, seven frequencies, input Qe, output Qe and 

some Q factor—at last 15 parameters. To reach a maximal 

efficiency, it is necessary to optimize the design in all pa-

rameters, which implies an enormous amount of computa-

tion. In this paper genetic algorithm was introduced based 

on 1D simulation program AJDISK [7].  In the klystron de-

sign, we concern the efficiency and the total length both. 

So Multi-Objective Genetic Algorithm (MOGA) was intro-

duced for optimization and preliminary result will be pre-

sented in this paper. 

MOGA OPTIMIZATION 

GA optimization is a promising technique to find the op-

timal solution in a multi-dimensional, which is an example 

of a probabilistic, parallel, black-box search technique. 

Like many optimization methods, they work from a popu-

lation of individuals (simulation inputs) and solutions (sim-

ulation outputs) characterizing the search space. In the de-

sign of klystron, the efficiency and total length both are the 

optimized objective, so MOGA based on NSGA-II [8] is 

introduced. NSGA-II has a better sorting algorithm, incor-

porates elitism and no sharing parameter needs to be cho-

sen a priori, so it is a suitable algorithm as black-box search 

technique in our case. Once the population in initialized the 

population is sorted based on non-domination into each 

front and each individual is assigned rank value. In addi-

tion to rank value crowding distance is calculated for each 

individual. Large average crowding distance will result in 

better diversity in the population.  

In the optimization, we only need to set the population, 

generation number, variable range and edit the objective 

function, then the rest work goes to computer. Of course 

there are some issues should be considered. 

Search Space 

In the optimization generally there is a total length limit 

from the construction or some else, so at the population in-

itialization stage, one need to screen the population meet-
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ing the limit of total length. In the definition objective func-

tion stage, one total length cut-off point is defined. Individ-

uals below the cut-off value have their fitness unchanged, 

but individuals above this point are defined as less fit. 

MOGA is intended to target short, efficient klystrons. 

However, there exists a lot of cases result in a short, very 

inefficient klystron. This causes the algorithm to waste 

time on areas of the solution space that are of no interest. 

So one cut-off efficiency curve is defined, one example is 

shown in Fig. 1, the cut-off efficiency is changing with 

generations because the expected efficiency is higher and 

higher with generations. Individuals above the cut-off effi-

ciency in the efficiency objective have their fitness un-

changed, but individuals below this point are defined as 

less fit. Application of this technique cause the algorithm 

to ignore the short, inefficient klystrons and increase the 

search space efficiently. 

 

Figure 1: Cut-off efficiency curve. 

Reflected Electrons 

The reflected electrons may create a feedback mecha-

nism and cause oscillation, which limit output power and 

efficiency, even can make the klystron cannot work. Here 

we set the velocity of the slowest electron as a cut-off con-

dition. This value should be set carefully and some experi-

ence is need. Here we set the cut-off point to zero that 

means good population should have no reflected electrons. 

Bandwidth  

The algorithm calculated the efficiency at the default fre-

quency (f0). However, most case we need to consider the 

bandwidth.  If individuals can meet all above cut-off con-

dition, then we can calculate the results at the upper (f+) 

and lower bandwidth points (f-). We define the parameter 

Dgain as following:  

 
0

2gain f f fD G G G
 

    . (1) 

We set the cut-off value of Dgain and below this value the 

fitness will not be unchanged. This cut-off condition can 

be introduced after some generations to avoid all initial 

cases be discarded. 

OPTIMIZATION TEST 

At first we test the 6-cavity klystron at 650 MHz with 

normal perveance electron gun (K=6.5×10-7, V=81.5 kV, 

I0=15.1 A). There are 11 variables: 5 distance variables and 

6 frequency variables. The distance range is 0.2 m to 1 m. 

The third cavity is second harmonic cavity. The total length 

is composed of the distances and additional 0.2 m.  In this 

case the cut-off length value is 2.2 m, the cut-off efficiency 

is 55%, and the cut-off gain is 1.8 with ±0.5 MHz band-

width. The evolution results with 100 generations are 

shown in Fig. 2. The total length of klystron is in the range 

from 1.2 m to 2 m, the efficiency is fitted as: 

 
3(%) 79.4 17.8( 0.2)L    .  (2) 

According to the simulation results, the efficiency will be 

more higher than the fitting curve when the total length is 

larger than 2 m.  

 

Figure 2: The  evolution results for 6-cavity klystron with 

normal perveance electron gun. 

Then we test the 7-cavity klystron at 650 MHz with low 

perveance electron gun (K=2.5×10-7, V=110 kV, I0=9.1 A). 

There are 15 variables: 6 distance variables, 7 frequency 

variables, input Qe and output Qe. The distance range is 0.2 

m to 1 m between the second and the fifth cavity in each 

other and 0.18 m to 1 m for else cavity distance. The third 

cavity is second harmonic cavity and the fourth cavity is 

third harmonic cavity. The total length is composed of the 

distances and additional 0.2 m.  In this case the cut-off 

length value is 3 m, the cut-off efficiency curve is shown 

in Fig. 1, and the cut-off gain is 2 with ±0.5 MHz band-

width. The evolution results with 300 generations are 

shown in Fig. 3. The total length of klystron is in the range 

from 1.4 m to 2.8 m, the efficiency is fitted as: 

 
6(%) 86.4 48.7( 0.2)L    .  (3) 

 

Figure 3: The  evolution results for 7-cavity klystron. 
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Figure 4: Variables distribution with efficiency larger than 

80%. 

The efficiency depend on variables are analysed. Figure 

4 shows the variables distribution with efficiency larger 

than 80%. From the results one can get that the distance 

between the last two cavities is as short as possible to get 

high efficiency. The frequency of the second cavity is very 

sensitivity that means frequency error tolerance is small. 

We chose one case with efficiency about 85%. The effi-

ciency with input power and the gain with frequency is 

shown in Fig. 5.  

 

Figure 5: The efficiency Vs. input power (top)  and gain 

Vs. frequency (bottom). 

CONCLUSION 

High efficiency klystron design is a very important issue 

and key point in the future accelerators. In this paper the 

klystron optimization based on 1D AJDISK with MOGA is 

presented. The optimization of 6-cavtiy klystron and 7-cav-

ity klystron is presented and discussed.  
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