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Annomayun. B Oannoii pabome onucvigaemcs Hoewiti mun ucmounuxa Ty usnyuenus 6 MHOSOCIOUHOM
OUDNIEKMPUHECKOM — 80IHOB00E,  OCHOB8AHHO20 HA  dPghekme  Basunosa-Uepenkosa u  cosoaeaemozo
NOCIe008AMENLHOCbIO  INEKMPOHHBIX KOAbYegblX c2ycmkos. B npoepamme Mathcad 6viio npogedero
Modenupoganue Oannou 3adayu. Pacuem ocywecmeusiicss npu OnpeoeseHHbIX Napamempax c2ycmKos u
80IHO8004A, NPU KOMOPbIX ocyujecmeaniemcs 8030yxcoenue TMO3 moovl 0ns popmuposanus mepazepyoozo
uznyyenus Ha uyacmome 531.2 ITy. Kpome mozo, onpedenena cmenenb MOHOXPOMAMUYHOCHU
copmuposasuie2ocs uznyuenus, npugeoeHvl papuKu cnekmpa, a makoice NPOAHATUSUPOBAHbI NOLYUEHHbIE

pe3yrvmamal.

Introduction. Recently there have been tendencies related to tendencies related to the development of
Terahertz radiation sources, as well as its wide application in various fields of science, such as chemistry,
biology, medicine. The main requirements for terahertz radiation are the frequency, amplitude, and the degree of
monochromaticc of radiation. The main purpose of the work is to select the parameters of the waveguide and
ring-shaped bunches propagating in the dielectric waveguide and generating THz radiation based on TM03 mode
which has a high degree of monochromaticity. We used ring beams for creating THz radiation because
transverse instability of these bunches is less than usual gaussian bunch [1].

Method of investigation. In this work we use macroparticle method [2,3] to simulate the generation of
THz radiation. The macroparticle method is based on presentation of bunch with charge Q as number of N
particles with charges Q/N. Each particle has a mass which is equal to the mass of the electron. The field created
by the bunch is calculated as the sum of the fields of all the macroparticles.

Formulation of the problem. The sequence of circular electron bunches propagates in a multilayer
dielectric cylindrical waveguide, which is a dielectric-vacuum-dielectric-metal structure (Fig. 1). The circular
bunch excites the Vavilov-Cherenkov radiation in the dielectric waveguide behind itself. With a certain selection
of the parameters of the waveguide (a,b,c) and the distance between the bunches, the TMOn-type modes are
excited. Empirically selecting the distance between bunches, we can excite a certain mode, corresponding to the

frequency of radiation of the terahertz range. The instability arising from the dynamics of ring bunches is due to
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the presence of hybrid HEM type modes. In Table 1, we define the parameters of the waveguide and bunches for

numerical simulation.

Fig. I - Longitudinal (left) and transverse (right) views of a cylindrical waveguide.
(1) - vacuum channel, (2) - dielectric layer,

(3) - metal walls. The blue arrow shows the direction of the clot

Table 1

Waveguide and bunch parameters for numerical simulation
Parameter Value Parameter Value
radius «a» (um) 200 Number of bunches 4
radius «b» (um) 700 beam energy (MeV) ~175
radius «c» (um) 900 Distance between bunches (cm) 0.144
Frequency mode TMO01 (GHz) 155.4 Dielectric «e» 3.8
Frequency mode TM02 (GHz) 359.2 Radius of the ring (um) 250
Frequency mode TMO03 (GHz) 531.2 Longitudinal beam size (um) 100
Frequency mode TM04 (GHz) 798.3 Charge (nC) 1
Waveguide length (cm) 10

Results. We have performed the simulation the simulation for the given bunches and waveguide
parameters. Figure 2 is a graph of the resulting field Ez, formed after a sequence of four circular bunches

propagating from right to left.
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Fig. 2 - Field Ez (THz radiation based on TM03 mode), formed after a sequence of four bunches separated by
distance 0.144 cm.

It can be seen from the figure that the wavelength of the radiation wave packet is 6 cm. We have

performed the Fourier transform and obtained the resulting spectrum shown in Figure 3

Poccus, Tomck, 24-27 anpensa 2018 r. Towm 1. ®u3uka

19




20 XV MEXJIYHAPOJHAS KOHOEPEHIINA CTYIEHTOB, ACIIMPAHTOB 1 MOJIOJbIX YYEHBIX
«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbBHBIX HAVK»

vV/im .
2510 T . . '

1.5x105 -

1105+ |

5=10" | -

o
o 200 400 GO0 200 1%10°
GHz

Fig. 3 - Total radiation spectrum

We have determined the degree of the degree of monochromaticity of m as the ratio of the amplitude of

the excited mode to the sum of all the amplitudes of the spectrum:

TMos 1.84 x 108

= = = 0.64
TMo; + TMy, + TMy; + TMp,  3.58 * 107 + 3.93 » 107 + 1.84 * 108 + 2.86 * 107

m

Conclusion. In the present work we have carried out a study of the process of generation of terahertz
radiation by a sequence of annular bunches in a multilayer dielectric waveguide. For the resulting radiation,
parameters such as frequency and degree of monochromaticity were determined. It was found that this ring
generation scheme was more stable, in comparison with the classical scheme using simple Gaussian beams in a
dielectric waveguide with a vacuum channel, and therefore it didn’t require the presence of a focusing system.
Therefore, this type of generation can be an economically more advantageous solution.
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