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Abstract

The joint research project of QST, Kyoto University, Nihon University, and KEK aiming at demonstrating the High
Harmonic Generation (HHG) driven by Mid-Infrared Free Electron Laser (MIR-FEL) has been started since 2018. Kyoto
University group is responsible for generating an intense few-cycle mid-infrared light which has enough high power to
drive HHG by upgrading the existing MIR-FEL facility, KU-FEL. The electron bunch charge used for driving the FEL
should be increased to achieve this goal. Our group has already achieved the operation of the existing RF gun in
photocathode mode. The bunch charge of the photocathode operation is three times as high as that of thermionic operation
of the cathode. The increase of bunch charge resulted in an increase of FEL peak power by 6.5 times. Due to the limitation
of the photocathode excitation laser system, the macro-pulse duration of the electron beam was limited to 4 us, which
was about half of thermionic cathode mode (7.8 Ws). In this study, the photocathode excitation laser system was upgraded
to increase the macro-pulse duration from 4 s to 8 s with keeping the electron bunch charge. As the result of the upgrade,
the highest micro-pulse energy of photocathode excitation laser was increased from 12 uJ to 30.6 wJ under the condition
of macro-pulse duration of 8 s and micro-pulse repetition rate of 29.75 MHz. The highest micro-pulse energy after the

upgrade was enough high to generate the electron bunch charge of 150 pC.
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Figure 1: Layout of the photocathode excitation laser system before the upgrade.
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Figure 2: Measured performance of the photocathode drive
laser system before the upgrade.
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Figure 3: Layout of the amplifier section of the
photocathode excitation laser system after the upgrade.
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Figure 4: Photographs of the amplifier section of the
photocathode excitation laser system. (a) Before the
upgrade. (b) After the upgrade.

4. EREELER

RR DT 77V — R itk Z~ 7 VAR 8 us 12
B AIERERBRE A1 T 7=, Figure 5 ([CHESh-~
IS NVAR IR R, fERELT, v/ VUL AR 8 us
DEAFITIBNT, 7/ VLA RLE—30.6 W ZFF>
27 VAR IR USRI $R 29.75 MHz OFRENL —V
PNV AFNDIEAEN R T, AVEREITBER & 8 i 7R
TR B/ i KN T Y- 150 pC 2 FFOE
FE—LERAETHOIZ S RERITA/NVAT RV
X—aH 95, £io, UOERTOMEREL R, £ 2.5 155
W7 VA RILF — DI AR LT,

25 L) L) L) L) L) L) L) L) T
29.75 MHz, 8 us

;‘ 7.3 mJ/macro-pulse
[S 20 = 30.6 uJd/micro-pulse
S
2 15
=
o
> 10
©
S
on 5

0

o 1 2 3 4 5 6 7 8
Time [us]

Figure 5: Measured performance of the photocathode drive
laser system before the upgrade.
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