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Development of a compact Terahertz FEL source
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Abstract: A project on compact Terahertz(THz) Free Electron Laser(FEL) source was performed. A
novel thermionic cathode RF gun with two microwave feed-in ports and a main accelerator used for energy
booster were developed, and the preliminary power test experiment was executed. This paper introduces
the research progress of the project, including physical design, numerical simulation and preliminary
power test results of the novel thermionic cathode RF gun and the main accelerator, as well as the
experimental results of the wiggler. The measured beam energy is about 6.7 MeV, Energy spread 0.95%
and normalized emittance 13.5 Tmm-mrad.
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Table! Parameters of beam and wiggler for the compact THz FEL

parameters of beam parameters of wiggler
energy/MeV 6.5 length of period/cm 32
peak current/A 10 magnetic field/T 0.5
pulse width/ps 10 number of periods 40
emittance/rmm- mrad 20 parameters of optical cavity
energy spread/(%) 1(FWHM) length/m 2.52
frequency/MHz 2 856 curvature radius of cavity mirror/m 1.74
macro pulse width 4us wave guide section/mm 20x10
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Table2 Parameters of steady optical field of the FEL
r/mm total gain/(%) net gain/(%) Npass P;/MW Pou/kW average power/kW output energy/mJ

1.5%0.75 294 255 34 3.04 105 2.79 11.2
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Fig.4 Variation of net gain within the cavity(left) and output
power(right) in response to beam intensity
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Table3 Beam parameters of the microwave RF gun
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energy/MeV

current/A normalized emittance/rmm-mrad  rms length of bunch/ps

N TR E DA R, dE T R

1.7 0.564 7.089 8.519
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Fig.5 Welded thermionic cathode RF gun
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Fig.6 Tested waveform of thermionic cathode RF gun
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Table4 Beam parameters of main accelerator
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energy/MeV  current/A normalized emittance /ramm-* mrad rms length of bunch/ps
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6.6 0.515 8.3 9.03

BE/NF 10 ps, WE T RFEEITEK,
Fe Ry PR TR R, AT T R AR 0 i T
4 ) 5K 46 2%

Ve IR AR R A — R A A, IR 7 2 2 A K 4 5 U Y



553 R OPE.ZEAEHBFHERNHEZEHARER 345

Eﬁﬁs EZ%%EETI}]HE%%E"J@*}?@U‘]U ] ] >4 2[85609D GHz| 52493 dB
STHBFGE. [ 8 RMINSRTS, £ 5 A
T 2 T 0 A S 5 g I [([WH”V AT T

SR R SEIR Z R R, T AR 0 2
ZR MR S5 2R 5 Y B a5 R W) & B,

=1
=1

T S K22 R GE B R AR EOR /
F2 T R T e 2 — 25 g PR 52 56 BF 5
3 e REg 9 S 3
1?2 élﬂ B8 HL 5 S AL uf B 25 0 T A 2 ?& Fig.7 Cold test results of field distribution and frequency
IR, (R B TF R R 438 45 R0 6 1 1 A ¢ characteristics on the main accelerator
THE, AT T — 2509 % 52 B T 4 K7 Tl s eI oA SRR I 4R

5 T DA S 25 R
Table5 Power test results of the main accelerator

energy/MeV  energy spread/(%)  normalized emittance/rmm-" mrad
6.7 0.95 13.5
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Fig.9 Magnetic field distribution of wiggler Fig.10 Trajectory deviation of single electron in wiggler
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