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Abstract 

The new method for high energy density states in 
matter investigation, which based on irradiation of 
combined target by hollow high energy heavy ion beam 
was proposed in the Institute for theoretical and 
experimental physics (ITEP). The target consists of a 
sample of matter at the center and a hollow shell around it 
[1]. The experiment of high energy density states 
generation will be carry on at FAIR project. The RF 
deflecting system (Wobbler) for hollow high energy 
heavy ion +28

238U  beam with kinetic energy kW  = 1 
GeV/n formation is developing at ITEP [2]. 

The current results of electrodes form optimization for 
RF deflecting system (Wobbler) which is developing at 
ITEP for FAIR project are shown in this paper. 

 
INTRODUCTION 

The electrodes form of RF deflecting system influence 
to homogeneity heavy ions +28

238U  beam with kinetic 

energy kW  = 1 GeV/n deflection was investigated. The 
deflecting system developed for ITEP TWAC project was 
taken as basis [3]. The length of deflecting cell could be 
defined by 2/βλ=D , where D  – cell`s length, β  – 
relative speed of particles, λ  – wavelength of RF 
electromagnetic field. According to that, for particles with 
kinetic energy  kW  = 1 GeV/n and resonant frequency 

0f  = 352 MHz the cell`s length should equal to 
D  = 373 mm.  

 
RESULTS 

The model of one deflecting cell for FAIR project is 
presented on Fig. 1. In order to increase self quality factor 
of the deflecting cavity the area of the electrodes stems 
was increased [4] as well as electrodes deflecting plates 
form was also changed (compared to cavity developed for 
ITEP TWAC project).  

The method of electrodes form optimization was the 
same as it described in [5]. During electrodes form 
optimization the width of plate (EW parameter) as well as 
height (EH parameter) of edges were varied.  

According to electrodes form optimization it was 
found that particles deflection homogeneity not better 
than 1.9% at EH = 6 mm; at EH = 10 mm and 12 mm 
deflection homogeneity was equal to 1.1% and 1% 
correspondently. The particles deflection homogeneity 
equaled to 0.9% was achieved at EH = 8 mm and EW = 
130 mm (see Fig. 2). The cavity`s self quality factor was 

also increased to 0Q  = 20000 which on 30% greater than 

0Q -factor of the deflecting cavity for ITEP TWAC 
project. 

 

 
 
Figure 1. The model of one deflecting cell, where  
1 – cavity`s shell; 2 – electrode; 3 – electrode`s stem. 

 
The maximum intensity of the electric field on 

electrodes surface ( maxE ) is located on plates edges and 
greater than the maximum electric field intensity at axis 
( 0E ) up to 0max / EE  ≈3.7 times. The typical electric 
field distribution on the electrodes surface is presented on 
Fig. 3. In order to reduce the maximum electric field 
intensity on the electrodes surface the electrodes edges 
was rounded (see Fig. 4) [6]. From Fig. 4 one can see that 

0max / EE  has a sharp increasing up to ≈ 4.4 at rounding 
radius REl _  = 5 mm. The following increasing of 

REl _  parameter leads to decreasing 0max / EE  as well 
as worsening a particles homogeneity deflection (see Fig. 
5). The cavity`s self quality factor 0Q  vs. REl _  is 
presented on Fig. 6. 
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Figure 2. The dependence of deflecting homogeneity on 
electrodes geometrical sizes. (the angle number 
corresponds to [5]). 

 

 
Figure 3. The electric field intensity on electrodes surface. 

 
According to results presented on Fig. 2, 4-6 the 

following parameters of the deflecting cavity were 
chosen: the cell length D  – 373 mm; the cell diameter – 
368 mm; the width of deflecting electrodes EW – 130 
mm; the height of electrodes edges EH – 8 mm; the 
rounding radius of electrodes edges REl _  – 15 mm. The 
particles deflection homogeneity at this parameters of the 
cavity is equaled to δα  = 1.1%, the self quality factor 

0Q  = 20700 and 0max / EE  = 3.1.  
 

 
Figure 4. The dependence of 0max / EE  on electrode`s 
rounding radius. 

 

 
Figure 5. The dependence of deflecting homogeneity on 
electrode`s rounding radius REl _ . 

 
According to particle dynamics simulation the 

maximum intensity of the deflecting electric field at the 
axis should equal to 0E  = 10 MV/m, the cavity should be 
feeding by RF power P  = 403 kW/cell. The maximum 
intensity of the electric field on the electrodes surface in 
this case will be lower than 31 MV/m. It equals to ≈ 
1.6 клE , where клE  – intensity of the electric field by 

Kilpatrick criteria and equals to клE  ≈ 19 MV/m [7] at 

frequency 0f  = 352 MHz. 
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Figure 6. The dependence of self quality factor 0Q on 
electrode`s rounding radius REl _ . 

CONCLUSION 
The electrodes form optimization of the deflecting 

cavity for FAIR project LAPLAS experiment was carried 
out. The new form of deflecting electrodes which provide 
the particles deflection homogeneity not worse than 1.1% 
was found. Also this electrodes form increases the self 
quality factor up to 20700 as well as decreases the 
intensity of the electric field on electrodes surface to 

0max / EE  = 3.1.  
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