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Development of microwave oscillators and of gy-

rotrons in particular [1] increases the field of potential 

applications, for which the radiation spectrum control 

is essential. For example, in gyrotron applications as a 

source for plasma heating, set frequencies are chosen 

based on a compromise between the absorption in 

central and peripheral areas of plasma. Along with 

this, the investigations show [2] that plasma heating 

can be much more efficient if the frequency tuning of 

the generated signal is possible in the gyrotrons in-

volved. In this paper, we propose using the Stimulated 

Raman Backscattering (SRB) regime on the addition-

al weakly relativistic electron beam. Currently, this 

regime is under investigations for compression and 

amplification of optical frequency pulses scattered on 

the plasma with neglection of frequency transfor-

mation [3-5]. However, in microwave frequency 

range, if the electron beam is used, Doppler shifts 

values become of the same order as the pump and the 

scattered signal frequencies. Moreover, the feature of 

this regime is energy transfer from higher-frequency 

(HF) pump wave concurrent with the electrons to the 

lower-frequency (LF) backward propagating scattered 

wave. Energy transfer, accompanied by the develop-

ment of the absolute instability, leads to the system 

self-excitation in the absence of external resonators. 

This allows for a smooth frequency tuning by varying 

energy of the electron beam.  

The model, where SRB regime take place, is pre-

sented in Fig.1. Here the pump wave concurrent with 

the electrons is scattered on the magnetized cylindri-

cal electron beam in the waveguide, into the backward 

signal with a frequency downshift. The strong guiding 

field can increase the transverse oscillations of the 

electrons in the pump field. However, the magnetic 

field should be far from the values corresponding to 

the cyclotron resonance with the pump wave. Other-

wise, excitation of parasitic cyclotron oscillations 

leads to the violation of combination synchronism 

conditions. 
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Fig. 1. The model of scattering of the concurrent pump 

wave into the LF backward wave 

 

In case of sufficiently large density of electron 

beam, it can be considered as a material medium sup-

porting the space-charge waves. Pump wave leads to 

the excitation of the Fast Space-Charge Wave 

(FSCW) possessing positive energy in the absorbing 

beam. As a result, selecting appropriate combination 

synchronism detuning, leads to emerging of SRB on 

space-charge waves with next synchronism condi-

tions: 

i i s s phV h V              (1) 

where p  is the longitudinal plasma frequency, i,s – 

indexes of pump and scattered waves corresponding-

ly. 

This process described by a three-wave interac-

tion equations, which include the equations for a HF 

pump wave, an LF scattered wave and a FSCW: 
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with boundary conditions 
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where , ,b i sA A A - normalized amplitudes of space-

charge wave, pump wave and scattered wave corre-

spondingly, L  - normalized length of scattering re-

gion. 

Equations (2) possess the following integrals: 
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where 0 0s sA A
 

  is the signal wave amplitude at the 

output of the electrodynamic system. Taking into ac-

count (3), the equation for the signal wave amplitude 

reduced to the form: 
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In the steady state oscillations regime, the longitudi-

nal distributions of the wave amplitudes are repre-

sented by Jacobi elliptic functions (Fig.2). 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Longitudinal amplitude distributions in the steady-

state oscillations regime 

 

For instance, integrating (4) yields:  

0 0[ , ]s s iA cn A zA                            (5) 

Here 
2 2

0 0/s iA A   is the quantum yield (the number 

of pump quants transformed into the signal quants), to 

be found from equation: 
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where ( )K x  is the complete elliptic integral of the 

first kind. Fig. 3 shows that quantum yield tends as-

ymptotically to unity as the length of scattering region 

L  increases and when L  is two times greater than 

starting value stL  almost all pump power transferred 

to the scattered signal. Starting value stL  can be 

found from the self-excitation condition, derived from 

(6) at 0 : 

0 2i stA L                               (7) 

In physical variables, equation (7) can be re-

written for the oscillator starting current:  
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Here l  - the length of scattering region, T  - coupling 

coefficient, 0 17I kA , 0 8.7P GW , 1D  - space-

charge forces depression coefficient, 
,j j

j

m p
N - wave-

guide mode norm and P  is the input pump power. 

Estimations were carried out for the input 

pump power 1P MW  at wavelength 2i mm  . 

Radius and length of the scattering section were cho-

sen to be 6wr mm  and 30l cm , correspondingly. 

Magnetic field 0H  was taken 3% off cyclotron reso-

nance value. Both pump and scattered waves were 

assumed to be 1,1TE  modes of the cylindrical wave-

guide. Calculations show (Fig.4) that there exists an 

optimal radius of the electron beam 
minbr  providing the 

minimum value of the starting current. For 1,1TE  

mode 1.6
minbr mm . 
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Fig. 4. Dependence of the starting current on the electron 

beam radius 

 

Further calculations were carried out for 


minb br r . As can be seen from (Fig.5-a), in the case 

when electron energy is in the range of values 

2 20U keV   starting current does not exceed 6А  
and remains much less than the limiting current of the 

cylindrical waveguide maxI . The magnitude of fre-

quency tuning (Fig.1.4-b), is found from the synchro-

nism condition (1) and is 20-40% of the pumping fre-

quency, when electron energy is varied in the same 

interval of electron energies as in (Fig.1.4-a). The 

change in the frequency of the scattered wave in the 

range of 5-7% is achieved by varying the electron 

energy within the limits of 2.5keV . 
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Fig. 5. a) Dependence of limiting (dotted curve) and 

starting (solid curve) current on electron beam energy, b) 

Dependence of relative magnitude of frequency tuning on 

electron beam energy 

 

Magnitude estimations of the electric field on the 

waveguide surface shows that its values does not ex-

ceed 17kV/cm and therefore breakdown will not de-

velop. Also an important parameter for estimation is 

the typical scale of the fields insertion swL . To obtain 

radiation on the combination synchronism, without 

oscillations at cyclotron resonance   s HsVh , an 

adiabatically smooth insertion of the fields is neces-

sary  
0

1

0 ~ 2H swL V  , when only stimulated 

oscillations of the electrons are excited. The estima-

tion of the length swL  for the electron energy range 

2 20U keV   shows that swL it is within the limits 

of 2.5 3cm . 
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Fig. 3. Dependence of quantum yield on length of scattering 

region 
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