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Abstract 
We have been studying terahertz (THz) generation via 

Cherenkov radiation with high quality electron beams from 
a photocathode rf (radio frequency) gun. In our early stud-
ies, we have succeeded in the generation of coherent Che-
renkov radiation by controlling the tilt of the electron beam 
using an rf-deflector. For further enhancement, we are 
planning to stack the THz pulses in an optical cavity. Multi-
bunch operation of the rf-gun will generate electron beams 
with a repetition rate of 119 MHz, and THz pulses as well. 
These pulses will be accumulated in the cavity up to 
150 pulses. In this conference, we report the design study 
of the enhancement cavity and discuss the performance of 
the THz source.  

INTRODUCTION 
Terahertz wave is an electromagnetic wave with a fre-

quency range from 0.1 to 10 THz [1]. It has both the pene-
tration property like radio waves and the rectilinear propa-
gation property like light waves. With the lower energy 
than X-rays, it is generally considered biologically harm-
less. Since it can penetrate opaque materials, it is used in 
various fields, including medicine, security inspection, and 
short-range communication [2]. However, THz sources are 
not yet matured since the terahertz spectrum is at the gap 
of conventional technologies. Aiming for a high-power 
source, accelerator-based THz sources have been develop-
ing [3]. Optical resonant cavities have been developed and 
used in a wide area of optical science applications. One at-
tractive use of a resonant cavity is its ability to achieve high 
power by coherently stacking laser pulses in the cavity [4]. 

Our previous study demonstrated the generation of THz 
pulses by a coherent Cherenkov radiation with a tilted elec-
tron beam utilizing an rf-gun and an rf-deflector [5]. 

In this study, we have designed an optical cavity for fur-
ther enhancement of the coherent Cherenkov radiation, in-
cluding the optimum design of the chamber, mirrors, and 
the target medium. We are also conducting research on the 
development of an EO sampling system for the analysis of 
THz waves generated by coherent Cherenkov radiation [6]. 

PRINCIPLE 
Cherenkov radiation is the electromagnetic radiation 

emitted when a charged particle passes through a dielectric 
medium at a speed greater than the phase velocity of light 
in that medium. The ratio of the electron velocity to the 

light velocity in vacuum is defined as the Lorentz factor β. 
Using the refractive index n of the medium and the Lorentz 
factor β of the electron, the Cherenkov radiation angle can 
be expressed by the following equation: cos𝜃 ൌ 1/𝑛𝛽.    (1) 

Coherence is very important for the enhancement of the 
Cherenkov radiation intensity. An electron bunch contains 
a large number of electrons. When the bunch length is 
smaller than the wavelength of the radiation, radiations 
emitted from each electron overlap and interfere with each 
other. The radiation intensity satisfies the following equa-
tion: 𝑃ሺ𝜆ሻ ൌ 𝑁𝑃ሺ𝜆ሻ  𝑁ሺ𝑁 െ 1ሻℱሺ𝜆ሻ𝑃ሺ𝜆ሻ,  (2) 

where 𝑁 is the number of electrons, 𝑃ሺ𝜆ሻ is the intensity 
from an electron, and the form factor ℱሺ𝜆ሻ shows the elec-
tron distribution with a consideration of the radiation 
wavelength. When the form factor is equal to 1, the radia-
tion is coherent, and the intensity is proportional to the 
square of the number of electrons. 

 
Figure 1: Phase matching coherent Cherenkov radiation. 

As shown in Fig. 1, since the phase velocity of Cheren-
kov radiation in medium, which depends on the refractive 
index, is slower than the velocity of electron beam, radia-
tion from each electron overlaps as the electron bunch trav-
erse inside the medium by controlling the tilt of electron 
beam to match the Cherenkov radiation angle. This scheme 
is named as the phase matching coherent Cherenkov radi-
ation. In addition, the bunch length of tilted electron beam 
in radiation direction is shorter than the electron beam 
without tilt. 

We chose TOPAS as the target medium for its low ab-
sorption and constant refractive index at the THz range, 
shown in Table 1. In this study even if the energy of the 
electron beam drops from 5 MeV to 3 MeV, the Cherenkov 
radiation angle of TOPAS is almost constant to 48.9 de-
grees. 
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In our previous studies, the radiation intensity from the 
tilted electron beam was proportional to the square of the 
number of electrons, shown in Fig. 2. The maximum is ob-
tained when the tilt angle is controlled to match to 48.9 de-
grees, the same as the Cherenkov radiation angle, shown in 
Fig. 3. Broadband radiation in the THz band has been emit-
ted using the TOPAS. 

Table 1: Parameters of the Experiment 
TOPAS Parameter  
Refractive index 1.53 
Density 1.02 g/cmଷ 
Reflectivity 4.39% 
ChR angle 48.9 deg 
Critical angle 40.8 deg 
Brewster angle 56.8 deg 
Beam Parameter  
Beam size (RMS) 1.0 mm 
Bunch length (RMS) 3.0 ps 
Repetition rate 119 MHz 
Beam energy 5.0 MeV 
Cavity Parameter  
Cavity length 126 mm 
Radius of curvature of mirror 126 mm 
Diameter of mirror 50 mm 
Material of mirror Au-coated mirror 

 
Figure 2: THz signal. The red line is the THz intensity of 
electron beam with tilt. The blue line is the THz signal of 
electron beam without tilt. THz signal of titled electron 
beam is proportional to the square of the number of elec-
trons obviously. 

 
Figure 3: Radiation intensity measured by QOD with 
0.5 THz band pass filter. 

EXPERIMENTAL SETUP 
The experiment setup is shown in Fig. 4. The IR laser 

generated by the Yb fiber laser system, is converted into 
UV by BBO crystals. Electron beam is generated by irra-
diating UV laser onto a Cs-Te (cesium telluride) photocath-
ode, which can be accelerated up to 5 MeV with a 
1.6-cell rf-gun. The electron beam is then optimized to best 
focus on the target by solenoid magnet and quadrupole 
magnets. The tilt of the electron beam is controlled by an 
rf-deflector to match the Cherenkov radiation angle at 
TOPAS, and then coherent Cherenkov radiation can be ob-
tained. 

 
Figure 4: Experimental setup. 

In order to amplify the intensity of the THz pulse, we are 
planning to stack in an optical cavity. In the optical cavity, 
the coherent Cherenkov radiations emitted from TOPAS 
using the multi-bunch electron beam are reflected by two 
mirrors and accumulated.  

RESULT 
The amplified electric field 𝐸 in cavity in this study can 

be calculated by the following equation [7]: 𝐸 ൌ 𝐸  𝐸√1 െ 𝐿  𝐸൫√1 െ 𝐿൯ଶ ⋯ (3) 
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ൌ ∑ 𝐸ୀ ൫√1 െ 𝐿൯ ,    (4) 

where 𝐸 is the electric field of incident radiation, and 𝐿 is 
the total loss of the cavity within one loop. The extracted 
power 𝐼 can be calculated by the following equation: 𝐼 ൌ 𝑇|𝐸|ଶ ,    (5) 

where the 𝑇 is the transmittance of the output coupler. 
In the cavity, losses are assumed as follows; the reflec-

tance of the mirrors is 99%, the absorption coefficient of 
TOPAS is 0.0019 /cm [8], and the Fresnel reflection on the 
plane of TOPAS is 4 %. The total loss in cavity is about 
17%, including two reflections by mirrors, absorption 
about 1 mm in TOPAS, and four times Fresnel reflections. 
The total loss of one loop is 31% when the transmittance 
of the output coupler is 17%. With 150 electron bunches, 
the intensity is expected to be amplified by 5.86 times as 
shown in Fig. 5. 

To reduce the total loss especially on the plane of 
TOPAS, we have considered the incidence at Brewster’s 
angle. Phase-matched THz pulse is almost perfectly line-
arly polarized, so at Brewster's angle of incidence, the Fres-
nel reflection is expected to be zero. With the incidence at 
Brewster’s angle, the total loss is reduced to 4.7% when the 
optimized transmittance of the mirror is 2.4%. With 
150 electron bunches, the intensity is expected to be ampli-
fied by 40 times as shown in Fig. 5. 

 
Figure 5: Calculation result of amplification. The red line 
is the incidence with Brewster’s angle and the blue line is 
the vertical incidence. 

The design of chamber and mirrors are shown in Fig. 6. 
The chamber to set TOPAS is designed to accept both the 
vertical incidence and the incidence of Brewster’s angle. 
Windows are designed to be at the opposite of chamber for 
the alignment of each mirror. Since the Cherenkov radia-
tion angle is larger than the critical angle, the THz pulse is 
totally reflected at the incident plane of the beam on 
TOPAS. Cavity length is designed to be 126 mm consider-
ing the electron bunch repetition interval of 8.4 ns. The ra-
dius of curvature of the mirrors is designed to 126 mm for 
a confocal cavity. The diameter of mirrors is designed to 
50 mm for the beam spot size. Au-coated mirror will be 
used. These design values are shown in Table 1. 

 
Figure 6: The design of optical cavity. 

CONCLUSION 
With an rf-gun and an rf-deflector, we have succeeded in 

the generation of THz pulse by Coherent Cherenkov Radi-
ation [6]. In this study, we have designed an optical cavity 
for further enhancement of the coherent Cherenkov THz 
radiation. The enhancement factor is expected to be 5.9 
with simple configuration of vertical incidence and can be 
enlarged to 40 by utilizing Brewster’s angle. 

We are planning to conduct the experiment within this 
year after the chamber and mirrors are prepared. 
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