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Abstract

Mid-infrared Free Electron Laser (FEL) called as KU-FEL has been developed in the Institute of Advanced Energy,
Kyoto University to promote energy related sciences and researches. The FEL has been driven by an RF gun with a
thermionic cathode made of LaBg. For increasing the peak power and widening the tunable range of the FEL, multi-
bunch photoelectron beam has been generated from the LaB¢ cathode by irradiating multi-bunch UV laser beam. The
dependence of bunch charge, peak energy and energy spread on the laser injection phase has been measured to
determine operational condition of the RF gun under the photocathode operation. As the result of phase dependence
measurement, the laser injection phase of 20-30 degree was selected. At the laser injection phase, we have succeeded in
generating multi-bunch photoelectron beam with bunch charge of 150 pC, bunch repetition rate of 29.75 MHz and
macro-pulse duration of 4 ps. This bunch charge is three times as high as that with thermionic operation of the LaBg
cathode. The FEL lasing with the multi-bunch photoelectron beam has already been achieved. The micro-pulse energy
of the FEL was about 6 times as high as that with thermionic operation. The performance of the FEL has been improved
by photocathode operation of the RF gun.
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Figure 1: Photograph of the 4.5-cell RF Gun (Left) and
Photograph of the LaBs cathode mounted on the cathode
holder (Right). The purple disk on the center in the right
figure is the LaB¢ cathode with the radius of 1 mm.

Table 1: Parameters of the UVSOR-III Storage Ring

Model MG-500

Resonant Frequency ~2856 MHz

Coupling Coefficient 3 2.8

Quality Factor of Cavity

12500

R/Q

980 Q

Structure 4.5-cell side couple
Accelerating Mode 7 mode

Cathode Material LaBg (100 [f1)
Cathode Radius I mm

2.2 StREtRELE H L —%

SRR L — IS IR L TR L& =
VIVFNRUF UV L—HFE Tz, VAT LAOFEM
FEEXMYE R E NV, AERTIH, HIZ
UV B — A7 AR X —%BML, BiikETo
L —H#—b— 2% 1.4 mm-FWHM (ZH%& L7-, B
KLY —F S 27 LMTITHIRENE Y, F4E
EHLI 7V AEEENSED E, £ 7 ax
WAL QNP AZFLF—=PNETT 5, Ziu
S AR &R N O BEIE 2 FTRE 72 = R L X — R [R S
TWA4Thsd, RERTIZ, SREREEEH L —
AT LR O L — VIR OV IR UJE (8925
MHz)7%% FEL J&4= Otk o J8 3 $0(29.75 MHz)D
3L, BT EDLENDL, L—FRIERICHNED
Acousto-optic modulator(AOM) % F v C L —H L 2
Z =4y D—IZ[#5] % . FEL FiREs DGR 2o &
BrR -z, Zhicky, 27002531
XF—2RoEFFE, 3 HUEOIr LR E

(=FEL BR[O~ NV F N F L—H 25/l + 5%
WHREL 72> TN D,

23 2R EfFa R —3r B

KU-FEL O&EER 4K 2 1ZRd, IEE « 7
Vo b—& « FEL RS - ERAEIL I E Tl
HAWTE 7= ER—0EMH L7, MEEIIEZ
£ 29m O#ITEMEE TCHDL, Tor¥alb—H -
FEL SEILR%ER72 KoMz & St Mo ie #
SNTWEDTHRBIEE 72\,

Dog-leg 180 deg.
ARC
4.5 cell Slit
Thermionic Accelerator Tube

(@ 45 deg. Bending Magnet
9 60 deg. Bending Magnet
@ Quadrupole Magnet
{ Mirror

Figure 2: Schematic diagram of KU-FEL.
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Figure 3: Result of phase scan. (a) Bunch charge
dependence on the injection phase. (b) Peak energy and
energy spread dependence on the injection phase in case
of laser micro-pulse energy of 120 pJ.
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Figure 4: Dependence of normalized charge on the laser
injection phase. Right axis is converted to the quantum
efficiency multiplied by the extraction efficiency of the
gun.
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Figure 5: Measured voltage of current transformers at the
exit of RF Gun (a) and at the final beam dump after the
undulator (b).
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Figure 6: Normalized FEL peak power dependence on the
relative change of the FEL cavity length.
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Figure 7: Temporal evolution of FEL pulse under the (a)
photocathode and (b) thermionic cathode operation of the
RF gun.
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