
1 
 

Efficiency Enhancement and Characteristic Evaluation of 
Virtual Cathode Oscillator 

 
Yasunori Eguchi, Taichi Sugai, Weihua Jiang 

 
Extreme Energy-Density Research Institute, Nagaoka University of Technology 

 
ABSTRACT 

 Recent years, one of them a method of using single pulsed X-ray generated by an 
accelerator in order to smuggling of nuclear material prevented has expected. However, this 
X-ray have high intensity and wide range of energy in a short time, so that one difficult to 
measured using a simple item. As a solution, we proposed using a method combining numerical 
calculation and shielding experiment. We measured energy spectrum under two conditions of 
accelerating voltage 380kV and 400kV using proposed method. As result, X-ray intensity is larger 
at 380kV than 400kV on lower energy side and it is larger at 400kV than 380kV on high energy side. In 
the future, it will be necessary to compare this result with the simulation value. 
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1 Introduction 
1.1 Microwave and application 

Bremsstrahlung X-rays is that the X-ray 
generated by the interaction of charged 
particles and atomic nuclei. The principle of 
generating is shown in Fig.1. 

 

Fig.1 Generating of bremsstrahlung X-ray 
 

The bremsstrahlung X-ray is generated by 
bending the trajectory or decelerating the velocity 
for the Coulomb interactions when the charged 
particles pass near the atomic nucleus. 
Bremsstrahlung X-rays are continuous spectra, so 

they have energy distribution over a wide range. 
Moreover, it does not exceed the maximum 
energy of incident electrons.  
1.2 Pulsed bremsstrahlung X-ray generated 

from the accelerator 
Since the accelerator can generate a high 

energy electron beam, it is able to generate high 
energy bremsstrahlung X-rays. This high energy 
X-ray is used in places such as CT imaging and 
non-destructive inspection of containers. 

On the other hand, after the simultaneous 
multiple terrorism, there is an attempt to induce 
photonuclear reaction using this high energy 
X-ray and positively detect it[1][2]. To realize that 
attempt, we must know the nature of this X-ray. In 
this study, we aimed to find out energy spectrum, 
which is one of their properties. Since the 
bremsstrahlung X-ray generated from the 
accelerator has a high intensity in a short time 
(ns-us), it is difficult to measure using a simple 
equipment. As a solution, we proposed using a 
method combining numerical calculation and 
shielding experiment. In this method, energy 
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distribution can be determined easily by 
performing shielding experiment only. In this 
study, the energy spectrum of bremsstrahlung X - 
ray generated from the accelerator was measured 
using the proposed method. 

 
2 Principle and Experimental Setup 
2.1 Principle of X-ray spectrum calculation 
    The equation used for numerical processing 
of spectrum calculation is shown in Fig.2. 
 

Fig. 2 Spectrum calculation formula 
 

Now, the matrix y is a value obtain by X-ray 
shielding experiment. Also, the matrix R is a one 
relating to the line attenuation coefficient and the 
shielding thickness. The method of shielding 
experiment will be described later section. By 
repeatedly calculating this formula, it can 
diagnostic the X-ray spectrum. 

 
2.2 Experimental Setup 
    We used the accelerator "ETIGO-IV" in our 
laboratory. This accelerator can accelerate 
electrons with a maximum voltage of 400 kV[3]. 
    As an X-ray measuring device, we used that 
combining a photomultiplier tube (PMT) and a 
scintillator. The scintillator used LSO and there 
are advantage of high density and short life span. 
A schematic diagram of the experimental setup is 
shown in the Fig.3. 
    Shown in the schematic diagram Fig. 3, the 
electron beam generated by the accelerator strikes 
the copper of the target to generate 
bremsstrahlung X-rays, and the scintillator emits 
light when the X-rays are incident. X-rays are 
measured by making that light incident on the 

PMT. 
 

Fig. 3 Layout schematic of experimental 
equipment 

 
2.2 Experimental Method 
1) Shielding Experiment 

    A copper plate is placed between the 
accelerator and the measuring instrument to 
shield X-ray, and this one is measured. The 
thickness of the copper plate used for 
shielding change by each 2 mm from 0 to 16 
mm. The specific intensity of X-ray 
(intensity upon shielding /intensity without 
shielding) is calculated for each thickness. 
 

2) Diagnostic X-ray spectrum by numerical 
processing 
    In order to calculate the X-ray spectrum, 
numerical processing is performed using the 
equation shown in Fig. 2. 

     
Experimental conditions in this paper are 

shown in Tab. 1. 
 

Tab. 1 Experiment conditions 
AK Gap 22mm 

Measurement Distance 2.50m 
PMT-LSO 5cm 

PMT Voltage 500V 
Cu Tickness 0-16mm 

 
3 Result and Discussion 
    In this paper, we calculated two X-ray 
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energy spectrum of accelerating voltage 380 kV 
and 400 kV by the proposed method. In the 
beginning, measured PMT signal waveforms is 
shown in Fig. 4.  
 

(a)Accelerating Voltage 380kV 

(b)Accelerating Voltage 400kV 
Fig. 4 X-ray Signal Waveforms 

 
The matrix y is obtained using the results 

shown in Fig. 4, and the X-ray energy spectrum 
calculated by numerical calculation is shown in 
Fig. 5. 
 

Fig. 5 X-ray energy spectrum 
 
Analysis of the trend of the calculated energy 
spectrum shows that X-ray intensity is larger at 
380kV than 400kV on lower energy side and it is 

larger at 400kV than 380kV on high energy side. 
The trend of this result of bremsstrahlung X-ray is 
expected to be a reasonable result. However, you 
will need to do a simulation comparison. 
 
4 Conclusion 
  Bremsstrahlung X-ray was generated using the 
accelerator ”ETIGO-IV", and it was diagnosed by 
two instruments with a combination of a 
scintillator and PMT under accelerating voltages 
of 380 kV and 400 kV. The specific intensity was 
determined from the result, and each X-ray 
spectrum was calculated using it. As result, X-ray 
intensity is larger at 380kV than 400kV on lower 
energy side and it is larger at 400kV than 380kV 
on high energy side. In the future, it will be 
necessary to compare this result with the 
simulation value. We also plan to conduct 
experiments using equipment that can 
accelerate with much higher energy. 
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