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Radiation of charged particles in the presence of 
dielectric objects is of interest for applications in 
accelerator and beam physics. As a rule, complex 
geometry of the problem does not allow obtaining 
rigorous expressions for electromagnetic field.  
The size of the target is frequently much more than the 
wavelength under consideration. This fact complicates 
computer calculations. However, it gives us an obvious 
small parameter of the problem and allows development 
of approximate methods of analysis. 
We develop two methods which are applicable for 
objects having large size in comparison with 
wavelengths under consideration. One of them can be 
named "ray-optical technique", other of them can be 
named "aperture technique".  

Ray-optical technique:  
[1] E. S. Belonogaya, A. V. Tyukhtin, and S. N. Galyamin, “Approximate 
method for calculating the radiation from a moving charge in the presence 
of  a  complex object”, Phys. Rev. E, vol. 87, p. 043201, 2013. 
[2] E. S. Belonogaya, S. N. Galyamin, and A. V. Tyukhtin, “Short-
wavelength radiation of a  charge moving in the presence of a  dielectric 
prism”, J. Opt. Soc. Am. B, vol. 32, p. 649, 2015.  
Aperture technique:  
[3] S. N. Galyamin and A.V. Tyukhtin, “Dielectric concentrator for 
Cherenkov radiation”, Phys. Rev. Lett., vol. 113, p. 064802, 2014. 
[4] S. N. Galyamin, A. V. Tyukhtin, S. Antipov, and S. S. Baturin, 
“Terahertz radiation from an ultra-relativistic charge exiting the open end 
of a waveguide with a dielectric layer”, Optics Express, vol.  22, p. 8902. 
2014.  
[5] A. V. Tyukhtin, V. V. Vorobev, E. S. Belonogaya, and S. N. Galyamin, 
“Radiation of a  charge in presence of a  dielectric object: Aperture 
method”, Journal of Instrumentation, vol.  13, p. C02033, 2018.  
[6] S. N. Galyamin, A. V. Tyukhtin and  V. V. Vorobev, “Focusing the 
Cherenkov radiation using dielectric concentrator: simulations and 
comparison with theory”, Journal of Instrumentation, vol. 13, p. C02029, 
2018.  
[7] A. V. Tyukhtin, V. V. Vorobev, S. N. Galyamin, and E.S. Belonogaya, 
“Radiation of a  charge moving along the boundary of dielectric prism”, 
Phys. Rev. AB, vol. 22, p. 012802, 2019.  
[8] A. V. Tyukhtin, S. N. Galyamin, and V. V. Vorobev, Peculiarities of 
Cherenkov radiation from a charge moving through a dielectric cone, Phys. 
Rev. A, vol. 99, p. 023810, 2019.  
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Ray-optical and aperture methods  

d  is a size of an object  
 is a wavelength under consideration 

R  is a distance from the object to the observation point 

The main condition for both methods:   d

More exactly, we assume that:  
 
- the size of the external boundary of the object illuminated by Cherenkov radiation 
(the “aperture”) is much more than the wavelength; 
 

- the main part of the aperture is far from the path of the charge (in the wavelength 
scale).  
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Ray-optical and aperture methods  

The 1st and 2nd stages are the same for both methods. 

1. We solve certain “etalon problem” which does not take into account “external” boundary of the 
target. For example, if the charge moves in the vacuum channel inside the target then we consider the 
channel border but do not take into account external boundaries of the object. In other words, initially 
we consider the problem for infinite medium with the boundary nearest to the charge trajectory and 
obtain the field inside the bulk of the target. This field can be called an “incident” field.  

2. We select the part of the external surface of the object which is illuminated by Cherenkov radiation 
(the “aperture”). Using the fact that the object is much more than the wavelength under consideration 
we obtain asymptotic of the incident field (which is the wave field), and presents it in the form of wave of 
two polarizations (vertical and horizontal). Further we calculate the field at the external surface of the 
aperture using the Snell's and Fresnel's laws.  

The 3rd stage of ray-optical technique.  
 
Calculation of the wave field outside the object 
using the ray-optics laws.  
 

The 3rd  stage of aperture technique. 
 
Calculation of the wave field outside the 
object using Stratton-Chu formulae 
(“aperture integrals”).  
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Ray-optical and aperture methods  

The 3rd stage of ray-optical technique.  
 
Calculation of the wave field outside the 
object using the ray-optics laws .  
 
Advantage: Analytical formulas obtained by 
this method are not laborious for further 
computations.  
 
Disadvantages: essential additional 
limitations. 
- The distance  from the aperture to the 
observation point should not be very large, 
i.e. so-called “wave parameter”  should be 
small.  
- The observation point cannot be close to 
focuses and caustics.  

The 3rd stage of aperture technique. 
 
Calculation of the wave field outside the 
object using Stratton-Chu formulas 
(“aperture integrals”).  
 
Advantage: No additional limitations.  
The method is valid for observation point 
with arbitrary wave parameter, in 
particular, in Fraunhofer area, as well as in 
neighborhoods of focuses and caustics.  
 
Disadvantage: It is necessary to compute 
complex double integrals.   
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Ray-optical and aperture methods  
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Here we focus on the aperture method.  
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Aperture integrals (Stratton-Chu formulae)  
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Aperture integrals (Stratton-Chu formulae)  

Approximate form for Fourier transform  
of electric field in Fraunhofer (far-field) area 
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Conical target   

Fourier-transform of the field on outer surface of the aperture: 
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[5] A. V. Tyukhtin, V. V. Vorobev, E. S. Belonogaya, and S. N. Galyamin, 
“Radiation of a charge in presence of a dielectric object: Aperture method”, 
Journal of Instrumentation, vol.  13, p. C02033, 2018.  
[8] A. V. Tyukhtin, S. N. Galyamin, and V. V. Vorobev, Peculiarities of 
Cherenkov radiation from a charge moving through a dielectric cone, Phys. 
Rev. A, vol. 99, p. 023810, 2019.  
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Conical target   

After transformation, one can write the field in far-field zone in the form: 
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Conical target   

Frequency-angular density of the radiation power  2(W s/rad )
depending on the angle  
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Conical target   
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Concentrator for Cherenkov radiation   
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We have offered and investigated special object which can be called a "concentrator for Cherenkov radiation".    
It allows concentrating radiation in small region near the focus due to the form of the outer boundary.      
The target looks like a cone, but the outer border is a hyperboloid. Unfortunately, focusing is possible only in 
small range of charge speeds, usually, close to the speed of light in the medium.  
S.N. Galyamin, A.V. Tyukhtin, Phys. Rev. Lett., V. 113, P. 064802, (2014); 
S.N. Galyamin et  al., J. Instrum., V. 13, P. C02029, (2018). 

Now we consider a non-
symmetrical case where 
charge trajectory has a shift 
from the structure axis.  
[ IPAC19:  MOPGW060;    
arXiv: 1904.05188 ] fz

zc eec zeze focal plane 
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Concentrator for Cherenkov radiation   From poster 
MOPGW060 

Comparison of theory and COMSOL  
simulations for the charge moving  
along the symmetry axis.  
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Prismatic target   
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The field in the 
Fraunhofer  
(far-field) area 

A. V. Tyukhtin, V. V. Vorobev, S. N. Galyamin, and E.S. Belonogaya, “Radiation of a charge moving along the 
boundary of dielectric prism”, Phys. Rev. AB, vol. 22, p. 012802, 2019.  
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The field on the plane parallel to the aperture 

Electric field magnitude        in the plane           (parallel to the aperture) for the following 
parameters:  
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Prismatic target   
Radiation patterns in the far-field (Fraunhofer) area 

Electric field magnitude        in the far field zone.   
Spherical coordinate system is used (with respect to normal  ζ).  
Radial axis is θ, polar axis is ϕ. 
Parameters:  

EE

4, 1, 1, 50,a d b 0.9

030 045 060

R



18 

Spherical target   
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Spherical target   
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Spherical target   
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Radiation patterns for electric component in far-field (Fraunhofer) area 
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Spherical target   
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Distribution of electric field outside the dielectric ball 
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Conclusion 

We have developed two methods of calculation of radiation from bunches in the presence of 
relatively large dielectric objects. One of them can be named “ray-optical technique”, and the 
other can be named “aperture technique”. The last one is analogues to Kirchhoff method which 
has the widest distribution in optics, radiophysics and other “wave sciences”.  
 
The aperture method has been tested with use of Comsol simulations for series of objects. It 
has been confirmed that this technique can by applied for dielectric objects with the size of 
several wavelengths or more. Unlike ray-optical method, the aperture method has no limits 
concerning the observation point.  
 
Analytical und numerical investigation of radiation in the cases of a cone, a prism, a ball, and a 
concentrator of Cherenkov radiation have been performed. The characteristic distributions of 
the radiation field have been obtained. Nonordinary physical phenomena have been described. 
Among them, concentration of Cherenkov radiation from different objects, Cherenkov spotlight 
for the conical target et al.  



Thank you for attention! 
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