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Abstract

The paper introduces design and optimization of a high-
repetition-rate infrared terahertz free-electron laser (IR-
THzFEL) facility, which leverages optical resonator-based
FEL technology to achieve a higher mean power output by
increasing pulse frequency. Electron beam of the facility
will be generated from a photocathode RF gun injector and
further accelerated with a superconducting  linear
accelerator. Taking into account the collective effects, such
asspace charge, coherent synchrotron radiation (CSR), and
longitudinal cavity wake field impacts, beam dynamics
simulation for the injector, the accelerator, as well as the
bunch compressor, has been done with codes of ASTRA
and CSRTrack. With optimized microwave parameters of
the linac. current profile with good symmetry has been
obtained and the peak current can reach 100 A.

INTRODUCTION

To achieve the demand for a tunable, high-power-light
source - the long wavelength spectrum and form a
complementary structure of advantages with the Hefei
Advanced Light Facility (HALF) [1, 2], a high-repetition-
rate mfrared terahertz free-electron laser (IR-THz FEL)
project are progressing in the preliminary research stage.
In this paper, after BF parameters optimzation, we present
beam dynamics simulation results for the injector. the
bunch compressor, as well as the main linac. During the
beam dynamics simulations, space charge effects, CSR
effects and longitudmal cavity wake field effects have been
taken mto account with the codes of ASTRA [3] and
CSRTrack.
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BEAM DYNAMICS STUDY FOR A HIGH-REPETITION-RATE INFRARED
TERAHERTZ FEL FACILITY

Y. M. Yang, $.X Dong, B. S. Zhang, G. Y. Feng?
University of Science and Technology of China, Hefei, China

accelerating section. Electron bunches are generated from
the normal conducting 1.3 GHz RF gun and the beam
energy is 5 MeV at the exit of the gun. After the gun, the
electron bunches are accelerated in a superconducting 9-
cell TESLA cavity with resonant frequency of 1.3 GHz:
ACCI. Downstream of the ACC | section, a third-harmonic
RF system (3.9 GHz), named ACC39, will be used to
linearize the longitudinal phase space distribution with RF
curvature distortion and to minimize the bunch tails in the
subsequent chicane. At the exit of ACC39, the electron
beam energy 15 20 MeV. There 15 a bunch compressor
chicane (BC) with a C-type structure downstream of the
ACC39 section. Beam energy is increased to 60 MeV after
passing  through the main linac with two  L-band
superconducting 9-cell TESLA cavities, named ACC2.

The IR-THz FEL will operate m the oscillator mode,
which generates FEL radiation with wavelengths ranging
from 5 pm to 1000 pm. After the ACC1 section, electron
bunches are deflected with a beam distribution system and
THz radiation with wavelength range from 200-1000 pm
can be generated after the undulator of Ul. Followmg the
ACC2 section, the electron bunches are distributed into
two distinet undulators, which generate mid-infrared and
far-infrared radiation respectively.

LINEARIZING ENERGY DISTRIBUTION

To compress a bunch longitudinally, the time of flight
through a specific section, such as a magnetic chicane,
must be shorter for the tail of the bunch than it is for the
head. The uvsual technique starts out by mtroducing a
correlation  between the longitudinal position of the
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Figure 1: Schematic layout for IR-THz FEL facility.
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