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Аннотация. Работа посвящена изучению характеристик излучения Вавилова-Черенкова (ИВЧ) при 
прямолинейном равномерном движении электрического зарядка в вакууме, вблизи диэлектрической 
мишени с различными параметрами. Проведено моделирование для излучения Вавилова-Черенкова в 
оптическом диапазоне длин волн, показано, что ИВЧ может использоваться для оперативной 
диагностики параметров ускоренных пучков. 

 
Introduction. The effect of Vavilov-Cherenkov radiation refers to a special class of interaction in which 

the radiation of electromagnetic waves occurs at constant particle motion in a medium at a speed exceeding the 
light speed in a medium with a refractive index � > 1.  In this case, a charge moving in a medium at a constant 
speed radiates electromagnetic waves with an angular distribution and a continuous spectrum.  

The condition for the emergence of the Vavilov-Cherenkov radiation: Cos��	 ∙ � ∙ � = 1,                                                                      (1)  
where θ is the angle between the direction of radiation and the direction of motion of the electric charge, which 
is performed only in a medium with a refractive index  � > �
� > 1. The radiation pattern arises from the 
condition (1). The Vavilov-Cherenkov radiation (VCR) spreads in a conical sector. Its axis is located along the 
velocity vector of the charge. In 1947, Frank and Ginzburg investigated the radiation, which arises from a charge 
constantly moving along the axis of a cylindrical channel.  It was made in a medium with a dielectric constant �� 
and filled with a substance with ��	[1]. This issue is important because the losses on the VCR are relatively small 
in case the charge moves in the medium. In this case the main losses are the ionization losses near the trajectory. 
There are no ionization losses and the VCR remains when flying in channels, slits or near. 

VCR is useful in particle physics. It can be used to measure the characteristics of particles, which pass 
through the dielectric. Detectors based on this effect are used in laser plasma laboratories, tokamaks, particle 
accelerators such as the Large Hadron Collider. In this case, the particle passes through the medium and loses 
energy to dissipate. Sometimes dispersion can be neglected, but there are options when it is not. In this regard, 
non-disturbing methods of particle diagnostics are necessary.  
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Fig. 2. Comparison of angular distribution of DR and VCR for parameters from [3]–to the left(a),[4]–to the right(b). 

a)	, = 22.3, F = 0.5	IJ, а = 50L
�	, = = 30о, � = 4 , b)	, = 12, F = 4	JJ, а = 45	JJ,= = 60о, � = 2.2  

 Fig. 3. Comparison of contour distribution of DR and VCR for the parameters of [4] by the formula (2) for the 
farzone– to the left (a), the result of [4] for the near zone– to the right (b).  

 , = 22.3, F = 0.5	IJ, а = 50L
�	, = = 30о, � = 4
 

Conclusion. In this article modeling of the Vavilov-Cherenkov radiation generation process in the optical 
wavelength range is carried out. Basing on the calculations results, we can conclude that the formulae (2) give a 
realistic picture of the radiation. In Fig. 2 it can be observed that the VCR has a higher intensity than the 
diffraction radiation. VCR can be used for bunch diagnostics because it is generated at large angles with respect 
to the trajectory in favorable background conditions. There is a difference in VCR characteristics in Fig. 3 due to 
the fact that the model [4] describes VCR in the near zone, while the model [3] – in the far zone. 
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