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Abstract

In this work, quantum efficiency improvement of LaBs and CeBs photocathodes by heating the cathodes was
investigated. Heating of cathode causes thermal excitation of electrons, which is expected to reduce the photon energy,
required for photoemission. The dependences of quantum efficiency on the cathode temperature with the irradiated laser
wavelengths of 266, 355, and 532 nm were measured. It was found that the quantum efficiency improvement by thermal
excitation was feasible. By radiation with laser of longer wavelength, quantum efficiency dependence on thermal
excitation was higher. As for performance of investigated cathodes, the LaBs has higher quantum efficiency and
thermionic emission than CeBg at the same cathode temperature. The temperature dependence of photoemission is similar

to that of thermionic emission of the material.

1. [EC®HIZ

AR, USR8 — AR A FHHL 95720120

SR E ORI HESN TV, S EE 2 —otiE
DI=DITIEFIHEN TS RE BFEEICBWT, ka
1% Back-Bombardment fﬂ%[ V& R BRRIZ B CE D
7o FEROEZR RF A %ﬁktbixbf%?&n/w/
A LB — B ER TED, £2, — R
tl:ixbﬂf%(mfuﬁ;ﬁm“ét&) BT y&/x%ﬁo

B —2E B TE A THER TS, L,
CsyTe. CsK,Sb. GaAs &\ \ofzﬂégffzfiﬁ[ﬁ@@*?fﬂli?lf
FIZEWETEC 1% 2G4 TH5H00, ERIZED
MERRIR T 2RI R EZE (= 107 Torr) LD W
BLZEE W\ CHERF L AL RS D I, FHmaia
m:le\f“ﬁ)%’)c‘:b \07”:7(){%—'\753%%%9:720’(1/‘50 ZDOH

WX T HEMALEL T, —fRICEHEMEIANTHY
J:I:ixﬁ']f&b\/g\ ©RECOIERA A RE T HENEMEI B &
FeFEfRE LU CRIA T2 FIENIREINTWA[2, 3], L
L7230 AR AR L ig%fﬂ4ﬁ>1&< (0.001~0.01%)
T3 — NEHREE SO IEE H /7 BRE L —
PF—NRHBE LD E AN BIED, SV L O
IR EEL 72D RSB D,

ENEARA B O B TR e h) X A0 IiE, B
I B AR E@{;Iu®t%ﬂﬂ7b>F'ﬂ;%Ek7‘£6f£b\%ﬂ“ﬂ)iﬂbﬁb
feAECEF R OMBEL TR AFIENFI TH
HEEZ LD, BEARAM B LR RIZEE L £ Ol
BB 2RI T 2356 BRI 3 2 N BV
ERBICFIATHIENARETH D, ZO T LD
é” Figure 1 (IR, ME#N2S7 = LI YENL 2 FEHEL L 7- =

VX — | REEH A E %@ffﬁ%é%i‘%bfb\é JR A
TROFIIZFNZI 300 K, 1400 K IZB1T D7 =L 35540
Tho, BEEZIFLLZBRIE, BEY Eoo v —%

# morita.kenichi.75r@st.kyoto-u.ac.jp

HITHEFDEOWEEDOL —F —|Z LD CHZE1E
umzzé LERT, iR _@Jéu‘_ SN
W T DMERIZZE DB DA THZ LT =R E N
FEEL72DT280, ;tJEJJt ZEB L DM B A N2 T
ZRUE TR X —RREICRIESEHI LT, &%
@ﬁiﬁ)é@%ﬁfé‘é&%z%hé

VNI fi’fﬂﬁbt IZED BN REGENROHR
MR T DI IR FEIE . BFEm CERMREL
TIABEHEITEY, SLEBER O B E RS S
NC5 LaBg[4-9]&. MU 4@ SE b ChHEFE
iﬁzﬁ§li&$’%bb\CeB6&_ob\’C 266, 355, 532 nm D=
IO ROV —V — LD E i R A O
mmf“ HH TIT o7 532 nm L —HF—D N Fx %L

— XA Bt F A TR, K& %Jﬁbtﬁﬁm

0)7‘5 ST S B IS B O/ BT
BEZeUYEN DL BB 5 %@éﬁ(b)iﬁﬂﬂﬂﬁ“ﬂit%
TR AREL 72095, ZD72, 532 nm L —H —Z% i)
EEEL THWA RS Ehi T 53 E LT,

3

Work function of CeBg: 2.65 eV
2 L -

Energy Distribution @1400K
1F Energy Distribution @ 300K B
\ 532 nm
e

0 —

355 nm

E - Ef (eV)

266 nm

Probability

Figure 1: Energy modulation by heating.
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Table 1: Properties of LaBs and CeBs Cathodes [12]

LaBs¢ CeBs
Richardson constant
29 3.6
(Acm?K?)
Melting point (K) 2483 2463
Work function (eV) 2.7 2.65
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Figure 2: Schematic diagram of experimental setup.
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Figure 3: Equivalent circuit of the experimental setup.
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Figure 4: Thermionic emission from LaBg and CeBe.
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Figure 5: Temperature dependence of relative QE of LaB¢
and CeBs @355 nm. The right vertical axis shows the
corresponding peak current when the cathode is excited by
the 355-nm laser with the pulse energy of 13 wJ and the
pulse duration of 5 ns.
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Figure 6: Comparison of the temperature dependence of
relative QE by drive laser wavelength.

- 206 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

%, LT23> T, FERRYZRBRENL — W — R LN AR
JEDBPUI TR BA M N T 2EEICB VN TIHFATED
ST Iy U A% BRI AN TR BB ETH
Do

4. FEDH

ARFFEClE, BERA R L TR A ST
% LaBg XN CeBs e[zt & LCRIH L, D&
R EBEEOMBINC L 0 hET D FIEERE L,
Flo. ZOFEOHREB 5 THITIEE IS
z%&&%%ﬁ(ﬁ%%ﬁ)uTwﬁ%izw%~

HBFHEHENFRETHDI EEZLNDTZD,
%%izw% PR E B 2 D 266, 355 nm (Z
mz AR L Y VY 532 nm O L — W — 2 [aii

WCENENRS L, &7 Lo ETE % iR
LI EAT -T2, EBROFER. LaBs & CeBs DILE
T R DR R AENE D R T & . BB OB
WL DETFHROMB ENRETHDIFEL ., [FCIEE
BT A ETIEIT LaBs OB E WD 5 IS
potz, £, WMEOBROLEND, BETIHR
DR FE R A DR 01T 7 DA BE D 2R - i P s
%%@T%é:kﬁ%ﬁokoﬁwf\ﬁﬁt®ﬁ
Bzl ., BFox o X—MEFEEK LY HEN
532nm1/ P—THHEFHENTRETH 54, [

Ui e CEVEE -7 {/uﬂ) SBIBZHEIMNAEL D Z &
PR LTz, &EBEMIIC, ZFEOMEE O 5 E

hEIZ X A EFFEOUENRERETH HIFLEHE
THDHZENRHLMNE T2,

PlEo X oz, Byhgic X2 E O &%)
KO ENARETHDZ ENRHALNIRD, SNEY
(b EAERR % Yefam & L CET 2o L —%—0
H o Rl k9~ 2 BRI, T & 2 AlREIE N /R &
N7z, —J7. CeBg 2 LaBs LW EFHMTHDHZ &N
THRENDIHBODOZFOKEE T TATELT, %

71 0.02 mA LA T OEE B FHAC & KR Mk
BiFAXEFHRBOEY— 7&K E DK HITZ T

b\fcib\f_?i)\ LD T DIZITE 72 A RRFEN MBET

H5,

HEE

AW FEa D DIZHIZY | FEKFr o —H T
SFRFFERTO M. Bakr {123 RREBHI B35 2<
DY EZTHEEL, LEVBILHAL LT ET,

SE X

[1] Jeremy M. et al, “Back-bombardment compensation in
microwave thermionic electron guns Jeremy”, Physical
Review Special Topics — Accelerators and Beams 17,
120402 (2014);
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17
.120402

[2] S. Thorin et al., “Characterization of the beam from
thermionic RF-gun adapted for photocathode operation”,
Proceedings of FEL2009, Liverpool, UK;

PASJ2016 WEOMO03

https://accelconf.web.cern.ch/accelconf/FEL2009/papers/tu
pc33.pdf

[3] S. Giermann et al., “Operating a tungsten dispenser cathode
in photo-emission mode”, Proceedings of PACO09,
Vancouver, Canada;
https://accelconf.web.cern.ch/accelconf/PAC2009/pa
pers/mo6rfp088.pdf

[4] P.G.O’Shea et al., “Radio frequency photoinjector using
LaBg¢ cathode and a nitrogen drive laser”, App. Phys. Lett.,
Vol. 73, No. 3, 20 July 1998;
http://scitation.aip.org/content/aip/journal/apl/73/3/10.1063
/1.121851

[S] H.Zen et al., “Feasibility Study of Photocathode Opearation
of Thermionic RF Gun at KU-FEL”, Proceedings of
IPAC’16, Busan, Koreca, MOPOWO18;
http://accelconf.web.cern.ch/AccelConf/ipac2016/papers/m
opow018.pdf

[6] D.J. Bamford et al.,” The search for rugged, efficient
photocathode materials”, Nucl. Instrum. Meth. A318 (1992)
377-380;
http://www.sciencedirect.com/science/article/pii/01689002
9291085N

[71 M. Asakawa et al., “Experimental studies of photocathode
materials for FELs”, Nucl. Instrum. Meth. A 331 (1993)
302-306;
http://www .sciencedirect.com/science/article/pii/01689002
9390063N

[8] S.Mogren et al., “Thermionic and threshold photoemission
energy distributions from LaB6 (110).”, Surface Science 186
(1987) 232-246;
http://www .sciencedirect.com/science/article/pii/S0039602
887800456

[9] M. Boussoukaya et al, “Pulsed Photocurrents from
Lanthanum Hexaboride Cathodes in The ns Regime”, Nucl.
Instrum. Meth. A264 (1988) 131-134;
http://www.sciencedirect.com/science/article/pii/01689002
88909023

[10] S.L.Zhou et al, “Synthesis and properties of CeBs
thermionic cathode with {001} fiber texture by reactive
spark plasma sintering method”, IVESC 2010, Nanjing,
China;
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=>56444
01

[11]H. Sugawara et al., “Extreme Ultraviolet Photoemission of
CeBs and PrB¢”, J. of the Physical Society of Japan, Vol. 51,
No. 3,March, 1982, pp.915-921;
http://journals.jps.jp/doi/abs/10.1143/JPSJ.51.915

[12] J. M. Lafferty, “Boride Cathodes”, Journal of Applied
Physics 22, 299 (1951);
http://scitation.aip.org/content/aip/journal/jap/22/3/10.1063
/1.1699946

[13] R. Nishitani et al., “Oxygen Adsorption on the LaBs(100)
Surface Studied by UPS and LEED”, Surface Science, 92
(1980) 191-200;
http://www.sciencedirect.com/science/article/pii/00396028
80902538

-207 -



