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Abstract 
A test accelerator as a coherent terahertz source 

(t-ACTS) has been under development at Tohoku Univer-

sity, in which an intense coherent terahertz (THz) radia-

tion generated by an extremely short electron bunch [1]. 

Velocity bunching scheme in a traveling accelerating 

structure is employed to generate femtosecond electron 

bunches [2]. Spatial and temporal coherent radiation in 

THz region can be produced by the electron bunches with 

small transverse emittance. A long-period undulator, 

which has 25 periods with a period length of 10 cm and a 

peak magnetic field of 0.41 T, has been also developed 

and installed to provide intense coherent THz undulator 

radiation. By optimizing the bunch length, we found that 

it is possible to generate a coherent undulator radiation 

that contains only the fundamental wave from numerical 

studies. Beam experiment was performed to generate and 

observe the coherent undulator radiation from extremely 

short electron bunches. Coherent undulator radiation from 

2.6 to 3.6 THz was demonstrated. The preliminary results 

of the experiment will be reported in this paper. 

INTRODUCTION 

The relativistic and sub-picosecond electron pulses al-

lows direct production of high intensity, coherent, narrow-

band terahertz (THz) radiation by passing the electron 

beam through an undulator [1]. Using the coherent and 

narrow-band THz radiation, the various polarization states 

can be produced for scientific research and applications.  

The total radiated power from an electron bunch of N 

electrons can be written as Pሺߣሻ ൌ ሾܰሼͳ െ ݂ሺߣሻሽ  ܰଶ݂ሺߣሻሿ ∙ ܲሺߣሻ,   (1) 

where P0 (Ȝ) is the radiated power from a single electron. 

The function of f(Ȝ) is bunch form-factor for Gaussian 

bunch with rms bunch length (σb) and it is given by  

݂ሺߣሻ ൌ ቤexpቆെʹߨଶ ଶߣଶߪ ቇቤ .																																	ሺʹሻଶ
 

As the compressed electron bunch is shorter than the 

radiation wavelength, f(Ȝ) is not zero and the radiation 

power from the electron bunch P(Ȝ) has a coherent term 

that is proportional to N2. 

The accelerator system of t-ACTS consists of a special-

ly designed S-band RF gun [3], an alpha magnet with 

energy slit, a 3m-long accelerating structure, 2.5m-long 

linearly-polarized undulator with 25 periods. We experi-

mentally confirmed the production of short electron 

bunch by measuring the bunch length using a streak cam-

era and analysing spectrum of coherent transition radia-

tion in THz region [4-6]. Generation of coherent undula-

tor radiation is studied and demonstrated at t-ACTS. 

UNDULATOR RADIATION FROM SHORT 

ELECTRON BUNCHES 

An electric field and spectrum of undulator radiation 

can be calculated from an electron beam motion and the 

undulator parameters. The Lienard Wiéchert potential 

describes the electromagnetic effect of a moving charge. 

To obtain the electron beam motion, a magnetic field of 

undulator is derived by a three-dimensional magnetic 

field calculation program with magnetic charge method 

[7], and the electron trajectory in the undulator field is 

calculated with relativistic equation of motion using the 

Runge-Kutta method. The radiation field and spectrum 

are calculated for Gaussian bunch with t = 100 fs. An 

electron energy, K-value and number of periods of undu-

lator were 30 MeV, 3.88 and 25, respectively. Wavelength 

of fundamental radiation was approximately 120 m (2.5 

THz). Figure 1 shows the electric fields and spectrum of 

undulator radiation, respectively. By adjusting the bunch 

length relative to wavelength of fundamental radiation, 

the higher harmonics can be supressed and the time pro-

file of the electric field become almost sinusoidal wave as 

in case oft = 100 fs. 

We evaluate the intensity of coherent undulator radia-

tion for the case of 100 fs Gaussian bunch. Macropulse 

duration is 2.0 s and it contains about 5700 microbunch. 

Radiation wavelength for fundamental is 120 m 

(2.5 THz) and the pulse duration of the radiation is 10 ps 
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Figure 1: Electric field (up) and radiation spectrum

(down) of undulator radiation from Gaussian bunch oft =100 fs. 
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