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Laser-driven photo-injectors allow formation of 

compact and accessible sources of dense electron bunches 
with a moderate energy of 3-6 MeV, picosecond pulse 
durations, and charges of up to 1 nC and even greater. 
These bunches can be used for realization of compara-
tively simple and compact terahertz sources operating in 
the regime of spontaneous coherent undulator radiation. 
This type of radiation is realized, when the effective 
phase size of the electron bunch with respect to the wave 
is small enough (< 2π), so that the wave packets emitted 
by each of the electrons add up basically in phase. The 
THz source based on the spontaneous emission has a 
number of advantages as compared to the more tradition-
al free-electron laser (FEL) based on the undulator emis-
sion induced due to bunching of a long electron beam by 
the radiated wave. These are a relatively high efficiency 
of the emission from the “ready-for-radiation” bunch, a 
narrow frequency band of the radiated rf signal in a sys-
tem without a feedback system and an input rf signal, and 
the phase of the radiated rf signal fixed by the electron 
bunch phase. These advantages make the THz source 
based on the spontaneous emission attractive for a num-
ber of important applications, including the use of syn-
chronization of such an oscillator with the X-ray FEL in 
pump-probe experiments [1-4]. The radiation, which 
could be characterize as induced radiation, take place, 
then effective phase size of bunch approximately 2π. In 
this case electron bunches are formed by spontaneous 
radiation of bunch edges. The THz source based on the 
spontaneous emission has a number of advantages. These 
are a relatively high efficiency of the emission from the 
“ready-for-radiation” bunch, a narrow frequency band of 
the radiated rf signal in a system without a feedback sys-
tem and an input rf signal, and the phase of the radiated rf 
signal fixed by the electron bunch phase. 

 

 
Fig. 1. The surface of electron bunch’s identical phase and the 
evolution of the bunch length in the case of the group and 
cyclotron resonance regime 

 
However, essential to the realization of a THz source 

based on the spontaneous coherent radiation is the pres-
ence of the mechanism of stabilization of the phase size 
of the bunch with respect to the radiated wave. Actually, 
the spontaneous emission occurs while the bunch phase 
size is smaller than 2π, so that wave packets emitted by 

each of the electrons add up basically in phase. In the 
case of the ubitron (as well as Cherenkov) source, this 
means that the bunch length must stay shorter than the 
radiation wavelength during the whole radiation region. 
Therefore, the length of the radiation region of such an rf 
source is strictly limited by the axial Coulomb repulsion, 
which is very strong in short dense photo-injector 
bunches and lead to a significant spreading of the bunch 
during its motion through a path being as short as few 
decimeters. 

 
Fig. 2. Efficiency of the electron-wave interaction as a function 
of cavity length for two different charges of the electron bunch 
in the case of the group resonance (on the top) and then the 
group velocity of wave smaller than bunch’s velocity (on the 
bottom) 

 
In this work, we show that this problem is solved au-

tomatically in the case, when the cyclotron mechanism of 
the spontaneous coherent radiation is used. If the group 
resonance regime is used (the axial electron velocity is 
close to the group velocity of the radiated wave), then an 
increase in the length of the bunch (due to the Coulomb 
repulsion) does not lead (at least in the first approxima-
tion) to an increase in the phase size of the bunch  
(see fig. 1). The change of resonance phase 
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wave, γ – relativistic Lorentz-factor, h0 – axial wave 
number), which is caused by coulomb repulsion, is de-
termined by follow equation 
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b� � �� � �ǁ – the mismatch of the electron-
wave resonance. Obviously, the electron cyclotron phase 
with respect to the radiated wave includes both axial and 
azimuthal terms, and the changes in these two terms 
caused by a variation in electron energy due by the Cou-
lomb repulsion have opposite signs, it follows of equation 
for the electron phase. 

Fig. 3. Radiated pulses in the case of group resonance 

The total mutual compensation takes place, when the 
group resonance regime is provided. It is important, that 
the group resonance regime is optimal also from the point 
of view of the maximization of the output rf power (see 
fig. 2), as in this regime the rf wave emission has the su-
per-radiative character.  

We have an opportunity to generate pulses with level 
of the power of tens-hundreds MW and duration of 1pc, 
using spontaneous coherent radiation at the frequency  
0.5 THz from short bunches with charges 0.1–1 nc (see 
fig. 3). Also it is possible to realize higher power with the 
spontaneous radiation of ~10 nC bunches (see fig.4).  
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Fig. 4. Efficiency of the electron-wave interaction as a function 
of the bunch charge for three different bunch lengths 
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