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Abstract 
Dynamics of electrons in classic microtron is studied. 

3D cavity model is developed and electromagnetic field 

distribution is simulated. Dependence of output beam 

parameters on microtron operation mode is investigated 

and discussed. 

INTRODUCTION 

The microtron is a circular resonance electron 

accelerator that was first proposed by V.I. Veksler in 

1944 [1]. Electrons are accelerated in RF cavity located 

inside the magnet that forms a uniform time-constant 

field. Electrons, captured in synchronous acceleration 

mode, move in circles with stepwise increasing radii. 

Note all these circles theoretically have a common point 

that located inside the cavity. The main advantages of the 

microtron are extremely narrow energy spectrum and 

small sizes of accelerated beams [2,3]. Additionally, the 

microtron has relatively simple design and low cost of 

operation. Classical microtrons are used in variety 

application of science, industry and medicine. Thus, 

microtron is used as injector for electron synchrotrons 

with average energy is equal to (0.250 – 1.5) GeV [4,5]. It 

can be an effective source of high energy photon radiation 

in photon and neutron activation analysis. Microtrons can 

be used for photonuclear reaction production [6], as well 

as for neutron production for pulsed fast neutron reactor 

[7]. Today, one of the actual problems is a design of THz 

FEL based on microtron [8-10], one of the first realization 

attempts could date to the sixties of the last century. 

 NUMERICAL SIMULATION RESULTS 

Electron dynamics simulation in 7 MeV Lebedev 

Physical Institute (LPI) microtron was carried out in 
present paper. This accelerator is an injector for 1.3 GeV 
“Pakhra” electron synchrotron (LPI). This microtron is 
also used to study bremsstrahlung characteristics of 
relativistic electrons in complex structures.  

Circular cylindrical cavity based on the operating mode 
of E010 (TM010) type at frequency of 2856 MHz is used as 
an accelerating element in LPI microtron. Electron source 
is a thermionic cathode mounted in a wall of the resonator 
(the so-called intracavity injection). LPI microtron is 
operated with the first type of acceleration [2,11,12]. The 
cavity cross section in microtron median plane is shown 
in Fig. 1. There are the basic geometric dimensions of the 
cavity in Fig. 1: radius (R), cavity length (d), distance 
between center of thermal emitter and the resonator axis 
(remit). Resonator geometry has a deviation from axially 
symmetric because of electron dynamics feature at the 

first turns. We consider that cavity length d was equal to 
19 mm. Note that R = 0.383λ010, λ010 – wavelength for 
E010 mode. 

 

Figure 1: Cross-sectional view of RF cavity. 

In the beginning 3D distribution of RF electromagnetic 

field (both electric and magnetic components) in 

microtron cavity was calculated by means of specialized 

code [13]. Typical spatial distribution of electric field 

absolute value in median plane is shown in Fig. 2. There 
are accelerating component of the cavity field as a 
function of longitudinal and transversal coordinates in 
Fig. 3 and Fig. 4 correspondingly. 

 

Figure 2: Typical spatial electric field distribution in 

median plane. 

Further, dependence of output beam parameters on 

microtron operation mode, namely on amplitude of 

accelerating voltage, was investigated. In the first step it 

was written a special MICRO code that allowed us to 

carry out a two-dimensional one particle electron 

dynamics simulation in the field, calculated above, in 
microtron median plane. The energy of the emitted 

electrons was equal to 5 eV and remit was equal to 27 mm 

(shifted-emitter microtron). On simulating the electron 

dynamics we found that uniform magnetic field for 

circular motion is 0.12 T. Energy gain for one period is 

defined as follows 
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 ss TeUW  cos0   

where U0 is an accelerating voltage amplitude and transit-

time factor is [14] 

 
   2sin2T

  

and θ = πd/λ. Note that in our case T is approximately 

equal to one. Thus, it was obtained that an amplitude of 

accelerating voltage should be equal to 660 kV in order to 

satisfy resonant acceleration condition. 

 

Figure 3: Ez vs z (cavity axis). 

 

Figure 4: Ez vs r (z = 0). 

There are several electron trajectories in Fig. 5. Each of 

them corresponds to different moments of electron 

emission from the thermionic cathode in the cavity field. 

One can see that a significant part of the electrons fall on 

the inner cavity wall and some part are lost on the outer 

cavity side. 

In the second step 3D electron dynamics simulation in 

LPI microtron assuming continuous emission from 

thermionic cathode was carried out. Emitter spot diameter 

was presumed to be equal to 4 mm. For instance, 

dependence of normalized current on the 9th orbit on 

accelerating voltage amplitude is shown in Fig. 6. One 

can see that the maximal current value is achieved under 

amplitude value equal to 665 kV, but further 3D 

simulations have shown that this value is not optimal 

from the point of view of beam quality. 

Thus, the optimal value of accelerating voltage 

amplitude is 660 kV. Dependences of electron beam core 

sizes on orbit number are shown in Fig. 7 and Fig. 8. As 

one can see from Fig. 7 & Fig. 8 the longitudinal beam 

size lies in the range from 2.5 mm to 4.8 mm and 

transversal one is not greater than 0.22 mm under chosen 

microtron parameters. The beam particles energy 

spectrum on the 9th orbit is shown in Fig. 9. There is a 

typical view of forming the electron bunches in Fig. 10. 

Note that half-width of energy spread of electron beam on 

the 9th orbit is about 0.3%. 

 

Figure 5: Typical trajectories of electrons in microtron. 

 

Figure 6: Normalized current on the 9th orbit vs 

accelerating voltage amplitude. 

 

Figure 7: Longitudinal beam size vs orbit number. 
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Figure 8: Transversal beam size vs orbit number. 
 

Figure 9: Particles energy spectrum on the 9th orbit. 

 

 

Figure 10: Typical view of forming the electron bunches in 3D space. 

 

It was found that the maximal energy value is typical 
for particles that were emitted in phases of the RF field in 
the range approximately from −90° to −70° (for cosine 
voltage variation). Note also that approximately 65% of 
emitted particles hits the internal cavity wall during one 
period of RF field and only 20% are accelerated up to 
final energy which is equal to 10.9 MeV on the 18th orbit 
under magnet pole diameter is equal to 75 cm. 

CONCLUSION 

Dynamics of electrons in LPI microtron was studied. 

3D cavity model was developed and electromagnetic field 

distribution was simulated. Dependence of output beam 

parameters on microtron operation mode was 

investigated. Optimal values of microtron parameters 

were found. It was shown that electrons can be 

accelerated up to 10.9 MeV under chosen parameters. 
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