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Abstract

The KU-FEL(Kyoto University- Free Electron Laser) facility uses a thermionic 4.5 cell S-band RF gun for electron
beam generation. The main disadvantage of using a thermionic RF gun is the back bombardment effect, which causes
energy drop in the macro pulse. A triode structure for the RF gun was designed in order to minimize the inherent back-
bombardment effect. The additional coaxial RF cavity designed to be installed in the RF gun is equipped with a spacer
tuning system to adjust the cavity resonance frequency. However the frequency adjustment by variation of spacer width
changes the coaxial cavity geometry and might affect the beam characteristics. In this work we performed numerical
studies on electron beam properties in dependence on the triode cavity voltage, the spacer width and phase difference.
We confirmed that it is possible to significantly reduce the back-bombardment power and obtain a high peak current
more than 200A if we choose the appropriate phase difference regardless of the spacer width.
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Figure 2: Photo of Triode cavity
JEIEGRRERAR 121X, R Z T A=Y 2 N

5o K 2 IZFEBEO ZMEZEROBEKK L OEEE
TRT, AKX TR, BRI BT T2 s S 22 AR PN ER I
U8 OA X 7 23R LT A LR E 5 % 5
BT 2L HDT, ZEDOHIBEN S D 7= DR
Lo 50, FERITE Y &KK 100MHz 720 EA-& &
HIENTEDLZ R TS, AX—HIC Lk

HIHENT, ARV DEIEZEZDHZ EITL Y ZEH
FEa2 b S HIERBEREZREG T2 L 05 DT,
AL TN XD LY B IRWFLFH O B G EE S ]
BThd, £/o. ZEMAZHATEoMEE L2 &
T, [BMALEZFHE XD L0 )5 Fx
LosU7ed 6, [RIRFIC 2R & B5Am o i o BB S 21
THD, E—2RERNENT D, TDH,
AR—YDE ST B EF E— 2RO &
AETLILERD D,

Fo, BTE. ZOEEREGRTI#REL EA LR
W KENDBRERBRE VT 4 a = 75T
Twém ENFER 2 B 72 vy — L RERBRIC IV

. BUEE CICZEMEEITEEHMETH D 30kV %
Ezéﬁ4wvifﬂ%f%fkw\ﬁ%ﬁ<t~

LRBERGT D TECTHD, AL TIiL. back-
bombardment & B L OEFHENLOHNE T E—
LEEMED . ZBIREE & ANR—YE XK 2 [IRT DK
TtEE Rk Ial—Ya ik VifE L
fEREWET 5D,

2. ZBERSEKE %ﬁ@ﬁﬂtﬁﬁ

TE e D BB fR oE A B E 8 T X back-
bombardment BISGARIEE L 72> T 5, I 3(a)iz
WIETT I L DR DOE %ﬁW®@%ME%T
I, AR ORKEENIE RO L EoME 2R L.
FHEOALEIZHIE LTS, Sl 2 £ LB
. 27 rad TEERK 1 AL 5, KPodhiro
W, BTERINTWBEER, ErHroH TV E
TOHEEZELTEBYD ., RTRINTWVDFIEM
FMIZRE Y back-bombardment Bi% 45| i = 4 & T
DOIEEFR L TND, ZOKNPLEDLND XKD,

S LE X ENTEE DN, I—JH{BZOWJDJEQ*B
BT EHEANTEFDOLLIT, MEISNTE 2

w & IR,

AT DAENCHE 1 220 O B A DN AR I A
boTLiP\HWEéMT@@K@%TéO
ZOHWRE T EHIET A7, Fx OHE S
N—T TIE = RER & ENE R EREL TV 5D,
SRRERI O E R EENIT. By 2 4.5 Z2FD
YD RXCER %ﬁﬁ%ki%@ﬁ%%?%&b BT
ARARZENE & RS 72 A] - B O & BB E S 2 ARG L
T@iﬁ EREHET D, ZORBIIICHE S
B CEFRMR O T 25 X T & FIRFCER L
. BTERAKTAREICINEEZTT S, X 3(b)iE—
ﬁE%TW& D ZEROE RN OETLE &
RLTWB, 2B, ZOFHETIHZ Y v REM K
@ CER SRR E R EBE L TV AH D, X

WCRBND EDIT, 7'V v FALE CTEMANS G &
o TWbh, ZOXIY ., BN E iR 2= R

LoTHE 1 ZEcET DM ERIETS Z ik,
RN AFRET A B & SN2 EITHE 1 22 oG
EREZZITDHHOD, EFEMARICETRD | Wik
FEFZHCTEDZ ENbNnD, £o. MEMARE
B EHEN, BRBRICE->TLE SMEDOE I,
Fyro7ladbrZ LIy EHICHIETE 5,

g

&
2

g

Axial Distance Z [mm]
3

=)

o5/ 1 2
rf phase [27rad)
Back-bombardment electrons

I
/

thermionic cathode

(&) Conventional type

1st cell

Axial Distance Z [mm]

Cathode |
Grid |
¥

? Pha %0 0.2 onaga"to 12

41618 20
n radj

(b) Triode type
Figure 3: Result of 1D orbital calculation
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Figure 4: Eigen mode of triode cavity
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Table 1: Calculation parameter
Triode 4.5cell
Qo 2816 12500
B 5.4 2.79
Cavity voltage 10,20,30kV 11MV
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Table 2: Result of calculation(Conventional type)

Total power of back-bombardment electrons 429
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Peak Current  lpeak [A] 22
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Longitudinal Emittance &, [psec keV] 0.011
Bunch Charge  Q [pC] 59.7
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Figure 5: Dependence of Ppack 0N ¢ (2.0mm spacer)
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Figure 6: Dependence of lpeac and Q on ¢ (2.0mm spacer)
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Figure 7: Dependence of &, on ¢ (2.0mm spacer)
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Table 4: Results in 1.6mm spacer

20kV 30kV
o [degrees] 158 140
Ppack [KW] 2.10 3.48
lpeak [A] 60 220
Q [pC] 66.8 74.0
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Figure 8: Dependence of lpeak 0N @ (1.6mm spacer)
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