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Abstract

A linear accelerator system at the PBP-CMU Electron
Linac Laboratory is used as an electron source for generat-
ing coherent THz radiation and MIR-FEL. To achieve high
power THz radiation, the super-radiant technique using pre-
bunched electrons and undulator magnet is utilized. In this
study, we investigate the generation of such radiation with
comparable properties as the FEL. The beamline composes
of a 180° magnetic bunch compressor, a 2 m-electromagnet
undulator, quadrupole magnets and diagnostic devices. This
work includes the undulator design and investigation on
properties of electron beam and THz radiation. Based-on
the results of beam dynamic study, the optimized electron
beams have an energy in a range of 10-16 MeV, a bunch
charge of 100 pC, and a bunch length of 300 fs. The radi-
ation with frequency covering from 0.5 to 3 THz yields a
peak power of 5.21 MW at 1.15 THz. This information was
used as an initial parameter for undulator design by using the
CST-EM Studio software. It has 19.5 periods with a period
length of 100 mm. The design results show that the maxi-
mum magnetic field is 0.2317 T. The results of this study are
used as the guidline for construction of the undulator and
the THz-FEL beamline.

INTRODUCTION

Terahertz (THz) radiation occupies the frequency gap be-
tween microwave and infrared in the electromagnetic spec-
trum with the frequency in the range from 0.3 to 10 THz (100
- 1000 pm) [1]. With the dominant feature of the THz radia-
tion having low photon energy, it is non-ionizing radiation
that does not cause damage on living tissues. Furthermore,
it can penetrate non-conducting materials i.e. plastic and
wood and can be absorbed by water [2]. It thus has been used
in many areas such as the semiconductor industry, biological
science, quality control of food, medical imaging, security,
environmental science, etc. [3,4].

The aim of this study is to design and develope the system
to generate coherent THz undulator radiation at the PBP-
CMU Electron Linac Laboratory (PCELL), of the Plasma
and Beam Physics (PBP) Research Facility, Chiang Mai
University (CMU) in Thailand. The energy of electron beam
produced from our accelerator can be adjusted from 5 to
30MeV. In our work, we chose the electron energy in a
range of 5 to 16 MeV.
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In this paper, we present the approach to design the elec-
tromagnet undulator for generating THz radiation using the
super-radiant technique. This THz source will be utilized
for a variety of purposes, including THz spectroscopy and
pump-probe experiments.

The THz radiation can be emitted as a synchrotron radia-
tion when electrons traveling in a sinusoidal magnetic field
through an undulator magnet. The frequency of the radiation
is determined by the electron energy and the strength of the
undulator magnetic field (K-parameters) as Eq. (1) [5].

2
%;2(1 + K? +7°6°),
where 7 is the harmonic number, v is the Lorentz’s factor
and 6 is the radiation observation angle. In this research, we
consider only the fundamental frequency, thus the harmonics
number is unity (n = 1) and we observe only on-axis of the
radiation (0 = 0).

The undulator parameter K is defined as a function of
undulator magnetic field intensity (Bp) and undulator period
length (2,,) as using K = 0.934B([T]A,[cm]. According to
Eq. (1), the radiation in the THz domain was calculated by
taking into account the electron energy and the undulator
period length. The relationship between these variables is
plotted in Fig. 1 for the undulator period length of 100 mm,
which was already optimized by compomizing between avail-
able space in the accelerator hall and the aimed radiation
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Figure 1: The relation between electron energy and radiation

frequency as a function of radiation frequency for different

undulator parameters (K ), where the undulator period length

is equal to 100 mm.
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ELECTROMAGNETIC UNDULATOR
Undulator Design

The electromagnetic undulator was designed by using the
CST-EM Studio software [6] to provide a three-dimensional
(3D) magnetic field (B, By, B;). To bend electrons in hori-
zontal direction, magnetic field in vertical direction (By) is
used. Thus, in this study, we focus on the magnetic field By,
along the travelling axis (z-axis) of electron beam.

Based on the relation in Eq. (1), the period length (41,,)
of undulator magnet was calculated and its optimized value
is equal to 100 mm. Therefore, based on the required THz
radiation wavelength and the energy of electron beam pro-
duced from our accelerator, the maximum K-parameter of 2
was designed. The design parameters are listed in Table 1.

Table 1: PCELL Accelerator and Undulator Specifications

Parameter Value
Electron kinetic energy 5-16 MeV
Bunch charge 100 pC
Energy spread <3 %
Bunch length 100 fs
Undulator period length 100 mm
Undulator gap 15 mm
Number of periods 18.5 periods
Number of poles (including end poles) 39 poles
Undulator length 2m

Figure 2 shows the dimensions of the designed electro-
agnet undulator without a conducting coil. This undulator
as 18.5 periods for the main poles and one period for the
corrective poles resulting in the total of 39 periods.
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Figure 2: The 2D drawings of electromagnetic undulator and its dimensions without conducting coil.

Magnetic Simulation

To achieve 3D magnetic field distribution (B, By, B;),
CST-EM Studio software was used for simulaition. With
the optimum number of coil turns per pole of 236 turns,
the average peak magnetic field is equal to 0.2267 T, which
corresponds to the maxumum applied current for main poles
and correcting poles of 6 A and 3 A, respectively.

The simulation results of the vertical magnetic field (By)
intensity along z-direction and x-direction are shown in
Fig. 3 and Fig. 4, respectively. This magnet design has
a magnetic field uniformity with the field difference of less
than 0.9 uT. For x-direction, the uniform magnetic field
length is around 10.5 mm.
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Figure 3: A normalized vertical magnetic field intensity B,
along z-direction obtained from CST-EM studio simulation.
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Figure 4: Simulated vertical magnetic field intensity By,
along x-direction.

Conducting Coil Design

The magnetic field of this undulator magnet can be ad-
justed by changing the applied electric current to the con-
ducting coil. The optimized results from the simulation
suggest that the optimum number of turns per pole is equal
to 239 turns and the maximum applied current of 6 A is re-
quired to produce the maximum magnetic field is 0.2317 T.
With this applied current, the conducting coil can work with-
out cooling system. It was found from the optimization that
the diameter of the wire for the conducting coil is 1.829 mm,
which the copper wire No. 15 in the Standard Wire Gauge
(SWGQG) can be used.

THZ RADIATION CALCULATION

Total pulse energy (W;,,) of radiation emitted from rel-
ativistic electron travelling though the undulator magnetic
field is devided into two terms; incoherent and coherent
radiations which can be defined as written Eq. (2) [5].

Wior =

WleNe[l - f((/))] + WleNgf(w)s (2)

where Wi, is the radiated energy of single electron, and
f(w) is the longitudinal bunch form factor, which can be
expressed as [5].

3

The bunch form factor [5] is used to described the lon-
gitudinal distribution of the electrons in the bunch, which
assumed to be the Gaussian-distribution in this study. This
equation (Eq.(3)) is written as a function of radiation fre-
quency (w) and longitudinal Gaussian-length in term of the
time domain bunch length (o).

Therefore, the emitted energy of the electron is directly
depends on the relationship between electron bunch length
in space domain (o) and radiation wavelength (4,). To
reach the high radiation energy, the electron bunch length
should be shorter than the required radiation wavelength
(07 < A;). The energy of the coherent radiation term (W,,p,)

flw,o07) = exp(—a)zo'tz).
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is proportional to the number of electron squired (N2) and
it can be calculated by [5].

2
o= B KN (. )
where N, is the number of undulator periods, y is the
Lorentz’s factor of electron, and K is the undulator strength
parameter.

With the optimized parameters as mensioned in the previ-
ous section, the radiation energy of the electron pulse can be
calculated by using Eq. (2). The calculated radiation pulse
energy is equal to 2.63 uJ at 1.15 THz, which corresponds
to the peak power of about 5.21 MW.

W, “)

CONCLUSION

The electromagnetic undulator for generating coherent
THz radiation by using super-radiant technique has been
developed at PCELL. The CST-EM Studio software was
used to model and simulate the 3D magnetic field distribu-
tion of the undulator. The optimum undulator period length
and gap are 100 mm and 15 mm, respectively. With the op-
timized design, the maximum magnetic field of 0.2317 T
can be achieved by applying exiting current of 6 A to the
conducting coil of 239 turns per coil. By utilizing optimized
electron beam parameters together with this undulator de-
sign, the frequency of radiation can be adjusted in the range
from 1 THz to 3 THz. The maximum pulse energy of radi-
ation is equal to 2.63 uJ at 1.15 THz with the peak power
of 5.21 MW. The results of this study are used as guidline
for construction of the electromagnetic undulator and the
super-radiant THz beamline at PCELL.
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