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Abstract 
Undulator-free schemes based on resonant Cherenkov 

radiation in a small insertion device driven by a few MeV 
RF electron injector and alpha-magnet are considered. S- 
and C-band RF guns are compared to X-band multi-cell 
microlinac. Preference is given to planar radiator and 
wide quasi-flat sub-ps bunches that can be obtained with 
alpha magnet. It is shown that up to a milli-joule of sub-

THz energy can be produced within a macropulse.  

INTRODUCTION 

Relatively insignificant number of facilities such as 
synchrotron radiation sources and free electron lasers 
(FELs) around the world are dedicated specifically to the 
THz range to deliver substantial power to users. 
Obviously, more facilities are needed to cover the rapidly 
growing demand in dedicated sources for THz science 
and technology [1]. However, conventional radiation 
facilities based on FELs, electron storage rings, and/or 
energy recovery linacs (ERLs) are too large, expensive, 
and not readily available for a broader community of 
researchers, investigators, scientists and commercial 
applicants to operate it on a flexibly customized, on-

demand, independent base. For narrow bandwidth 
radiation generation, resonant Cherenkov resonant 
radiation is an attractive alternative to undulator radiation 
due to relative frequency independency from the beam 
energy (for relativistic beams) and due to the much higher 
equivalent shunt impedance. Coherence is provided by 
the Cherenkov synchronism between the microbunches 
and fundamental (or one of the lowest) eigenmode(s) 
along the interaction space hundreds of wavelengths long.  

THE CONCEPT 

This source concept illustrated in Fig. 1 can be utilized 
for container inspection, screening, safe imaging, cancer 
diagnostics, surface defectoscopy, and many other 
applications. Substantial average power can be provided 
by using thermionic, plasma [2], field [3] or secondary 
emission [4] that can be perfectly combined with RF 
cavity.  

The THz radiation is generated by beam pre-bunching 
and chirping in the RF gun, followed by microbunching 
in a magnetic compressor and resonant Cherenkov 
radiation of an essentially flat beam in a robust, planar, 
structure with mm-sub-mm gap. The proof-of-principle 
has been successfully demonstrated recently on a 5 MeV 
beam driven by an L-band thermionic injector [5].   

We calculate the energy radiated by a single 
microbunch using the modal energy loss found 
analytically with the eigenmode excitation theory applied 
in time domain [6] for matched outcoupling without 

trapped modes as follows:  
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where vhf )(2    is the circular frequency of the 
resonant Cherenkov radiation, )(h  is the wavenumber 
defined by the structure dispersion, q is the bunch charge,  

dzdPEr z /2  is the shunt impedance, cv / , Q is the 
Q-factor, 1 grQ 

, grvQf / 
 
is the attenuation, 

and   2exp
2

t  is the formfactor for a Gaussian 
bunch having rms duration 

t . Note Eq. (1) applied to, 
e.g., the 270 GHz setup [7], gives 9 µJ energy which is 
the same as measured [7]. 

 

Figure 1: Schematics of the THz source beamline 
composed by quadrupoles, PM -magnet, Cherenkov 
radiator, dipole magnet, and THz beam output. 

Below we consider only briefly key features of beam 
dynamics, slow-wave structure, and general beamline 
design.  

PLANAR CHERENKOV RADIATOR 

Electromagnetic and mechanical engineering of a 

planar radiator [5,8,9] is used here as a prototype for a 

0.67 THz radiator design shown in Fig. 2. The structure 

parameters are the following: r/Q=8 k/m at 3 mm width 

of the grating, 0.6 mm interaction gap and 42 m grove 

height; Q=1410, and 1” structure length.  
 

 

Figure 2: 20-period, bottom-half fragment of the planar 
radiator structure in GdfidL model (antenna horn is not 
shown).  ___________________________________________  
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Results of time domain GdfidL code [10] and analytical 

[6] simulations are in a good accordance and given in 

Figs 3-5 for 50 pC charge, 200 fs rms duration (60 m 

rms length) bunch having ~0.7 formfactor . 
 

 
Figure 3: GdfidL contour plot in the median plane of the 
longitudinal electric field component of the wake induced 
in the 40-period SWS at t=15.2 ps.  

  

Figure 4: LEFT: Power (red) and field (blue) at the end of 
the structure vs. time. RIGHT: Field spectrum.  

  

Figure 5: Wakepotential calculated numerically (left) and 
analytically (right) for 70 pC charge in the 40-period 
structure.  

BEAM DYNAMICS SIMULATIONS 

Performance features of the rugged, high group 

velocity, planar radiator imply forming of sub-mm long, 

sub-mm tall, and mm-cm wide bunches to efficiently 

utilize the low-energy beam having substantial emittance 

(compared to photoinjector not used here).  We simulated 

with ASTRA code [11] 1.6 cell thermionic RF guns 

producing 1.8 MeV energy-modulated beam in S- and C-

bands using BNL/UCLA/SLAC cavity shape. Field 

profiles used for S- and C-band RF gun simulations are 

shown in Fig. 6 to produce 1.8 MeV, 90 pC bunch with 

~11µm normalized emittance.  Cathode radius is 1 mm, 

for S-band and 0.5 mm for C- band (with cathode 

loading~17 and 86 A/cm2 respectively).  

The beamline with the alpha-magnet have been optimized 

with ELEGANT for minimum vertical and longitudinal 

bunch dimensions in the radiator. The results are 
exemplified in Figs 7, 8 for C-band variant with 5 
quadrupoles.  

For X- band variant we considered here a biperiodic, 45-

cell, tapered, side-coupled, 2 MeV microlinac designed 

and developed at RadiaBeam [12]. The microlinac 

structure was modified by using slightly longer regular 

cells to provide energy chirp simulated with PARMELA 
code [13] (see Fig. 9).   
 

  

Figure 6: RF and magnetic field profiles used for 1.6-cell 
RF S-band (left) and C-band (right) gun ASTRA 
simulations.   

 

Figure 7. : Transverse RMS dimensions for 1.8 MeV 
90pC bunch along 5-quad beamline optimized with 
ELEGANT together with -magnet and energy filter 
(scraper) having 27% transmission.  

 

 

Figure 8: LEFT: Transverse beam profile in the 0.6mm 
interaction gap for C-band variant with 5 quadrupoles. 
RIGHT: Longitudinal phase space of the beam in the gap.  

The beamline with 3 quadrupoles and α-magnet was 

optimized with ELEGANT code [14].  Benefit of energy 

filtering related to formfactor (see Eqn. (1)) is shown in 

Fig. 10. The ELEGANT results are compared to the GPT 

code [15] simulations with taking into account space 

charge in the beamline (see Fig. 11).  
 

 

Figure 9: Transverse beam profile (left) and longitudinal 
phase space (right) for modified RadiaBeam biperiodic 
microlinac with side cells. Bunch charge 2 pC. 

In Table 1 we summarized performance calculated for 
different beamlines with time domain model for 1” long 
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planar radiator having 0.610 mm2 interaction gap, 3.7 
M/m shunt impedance, gr=0.8 for 90 pC bunches 
produced from different RF injectors at 0.1% duty factor 
and 4 µs pulse length.   

In Table 2 we characterize a low power 0.67 THz source 

driven by 2 MeV 9.4 GHz microlinac using 1” long, 

0.63.2 mm
2
 interaction gap planar radiator having 11.3 

M/m shunt impedance, gr=0.8 for 2 pC bunches having 

no losses in the radiator at 0.1% duty factor and 2.5 µs 

pulse length. 

  

Figure 10: LEFT: Formfactor vs. frequency for the beam 
driven by RadiaBeam microlinac and microbunched in 
the beamline with and without energy filtering. RIGHT: 
Transverse beam profile simulated with GPT in the 
radiator having 0.6 mm vertical gap.  

Figure 11: GPT simulations of longitudinal phase space 
without (left) space and including (right) charge in the 
beamline with 50% energy filtering.  

Table 1: Simulated performance for the 0.67 THz source 
driven by S- and C- Band RF guns   
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S-b 5q 13 15 94 105 46 2.2 524 131 

S-b 3q 10 18 65 117 30 1.4 338 85 

C-b 5q 25 28 100  130 165 7.8 3372 943 

C-b 3q 17 27 68 105 78 3.7 1785 446 

 

Table 2: Source performance with microlinac  
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CONCLUSION 

Alpha magnet and quadrupoles can produce flat beams 
with a moderate aspect ratio ~10 making a good match to 
the gap of planar radiator. C-band RF gun is very 
promising configuration for the system and capable to 
produce a kW power within a macropulse.  
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