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Abstract

Spin-polarized and low-emittance electron beam can be produced by photoemission from a GaAs-based
semiconductor photocathode with a negative electron affinity (NEA) surface. The NEA surface is prepared by small
deposition of Cesium and Oxygen on to the Ga-rich surface-layer, but it is easily destroyed by small disturbances caused
by residual gas attachments and ion back-bombardments. We have built a 200kV DC gun (NPES-3) and made efforts to
maintain a long lifetime of NEA surface. As a result, the lifetime of 100 hours for average beam current of SOpA was
obtained, and it satisfies the lifetime required for the ILC—polarized electron gun. However, it is not enough for the
ERL-gun. Therefore the further studies of degradation mechanism of NEA surface have been still continued. As an
example of such studies an analysis of the NEA-degradation observed by the quantum efficiency (QE) mapping is

reported in this report.

BFHR~ v OO LIZNEA-GaAs 7 + b I YV — REREDOH{LHERE

1. [FC&HIC

KER « ~/VFRFE—LEZEMRTDEAL R
WEFRIZY =7 2T 4 ¥ —3EICAR ] R72ETIR
Thb, Fxldd TIZGaAs-GaAsPE BT 7 +
~# Y — FOBFICLY ERBE - &%, <
NF N F B — MRS KT LT A
ERA~D B E AT B 72 O IR R o e E i
EERBELRTNE RS20,

A Y RIBTE 11X, GaAsR ERT 4+ A Y —
RN RE Y v 7HRYOMEELY —F—Z2 S L.
FFED AV U MIBE T 2l 174 0> DA m ~ i
THZEICEVAERT D, Z0LEX ALY RIBE
IEERDEICHFEET H7-0, BZERIZEY BT
IZADOEFHIPENEA)E TN LETH D,

NEAFKHIZ 7+ b Y — FREIZCsEOE AR A
KETHZ LIZE-oTHELNS, E—FT U —=V
JIC XV Garichic/e =7+ NV — FNER &, &
?ﬂGZ%%T%)CSﬁ?Ga'-Cs*@%% BHEZMEHRTHZ
ED, NEAREZ KT A DICRARIZEEZD
NTNWb, 20D, BWVWETHREHERFT 5720
IR LIV TSGR 7+ MY —RRE L, b
T B T Jg TRERR S 41 72(Cs,0) 8 DHERE R AR A K
THh 5B, NEARHE OHERITIE, B2 h OIEIERR
A, EMERE., A A O % (lon Back
Bombardment), 72 &% 5| &k 2 S 2R UVHTRER 75’
ME LT 570, ERE ONEA-GaAsTI & 155 D
HRIZ VXN EEDPE D

FrldonoaBE L, 200kV IR E 755 (NPES-
)DBAFIZEL Y fH A, Bulk-GaAs% {# L 7250uA D

' E-mail: konomi@spin.phys.nagoya-u.ac.jp

L2l

SEYE RG] & H L CNEAZR 1H 10085 2 22k L
7-Bl 50uAD B FRAEIZILCIZ Bk X 4L % & i AL s
HY ., ILCETFIRE L TEME~DHBRNNL-T= &
EZTWD, T’exld74+ MY —REOETHED
[ 534 (QE Mapping) Z Il E DT —# % k> MZ LT,
A% X HIINEAREHMZIEXT 720D Fikz -
TW5,

2. QE Mapping

NPES-3TiZ7 4+ b VY — RZGunF ¥ > /3— L X
BIONEAREIEMALT v o "= CT7 4 b Y — K
FHAELB L%, GunF ¥ o X—IT FT X
Zy—uay NEHWBEIT5HELZ KL WD, 1§

MALT ¥ //\—Tﬁtﬁ 220mmaD 7 o+ N Y — ]\35
FHEIC

iNt¥ oY ll)]
fcﬁo“(b\éo

INEAER DK SN D%

PXF! W‘

- /o
=5

1 A)QE Mapping l DX-Y~ A 7 1 A —H —
FE)ActT ¥ N—ND T+ N1V — R ECsT 4 AR
Y —ORLE

-960-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

QE Mappingld 7 + h 41 ¥ — K L% EAR0.ImmEEE 12
Boleb—F—Z2HWIN A% v T 57200
M??Vﬂ—ﬁ7j%ﬁV~F%@@LTﬁoko
IDEE, T MY —KIECsT 4 AU Y —IZRR
NTLUEWIUAREDER IR AT v o TE 7RV IREE

ThHhHrZ EZEBHY LTEI(EL),

3. lon Back Bombardment
B — &5 & H &9200kV &2 FIN L 72k BB T o
NEA?&@%&\(Dark Lifetime) X 100 HF [A] & #&6 LT rb
Miﬁ%ﬂ¢ BIf/pRkEETH - 7-, ZHIZ

BHZEE  EMREREROMEII R T TWS k %
bbb, KIZ, 51 &M LEWN50pA— EIRFET

DNEAZ [fii i (Operational Lifetime) Tl & 2h= )1
kT B £ O TL00RH Th o 72,
Z ®Dark Lifetime & Operational Lifetime ™ 73 lon
Bmk%mM@mN@W@T%ék%i%ﬂé
BT NEAZ i # iy & X 3 72 © 121X lon Back
Bombardment@ WELHERT D0 75\ b5, B
WCEDA AV ORERRKE LTEZ HILTW
5:ku\9§$$%ﬁﬁbfwéﬁﬁﬁxt@%
22 )7 ) — REFIZE— 231 FICEHmHRE LT
wéﬁ%«@%%f%é TNENRT H MY —
I RIFET RO ZLHER L QE Mapping2 b3 b i
71 HWEdm 5,

4.1 BETADA F 4t

PRI DA A AW IXE F B — L DO5A
BEFE—LDT R /LF—10~100eVE E— 7|2 L T
PR B D 3 5, KR DA o BT R
o(V)IZTE T & — ADBEET I LF—%VE LTRD
Lo B TcRINS,

6x107'8 V
oV)="350v M350
200kVE A O N E L i Ofh E TR 2 OFBO &
”ﬁMwaéwf‘Lﬁ Z DIEBE A
FTAUL SRR ORI EBERT A2 LT 5, 1FEAE

DEAT7 4 b Y — R TRAET D Z LD
%

3w

— i ALE
=== == B A 1T

7= FE COEMMEImm)

Ka“wniﬂmmmm

0
0.04 0.06 0.08

N T
NEETe e

110°

(1] 0.02
Z 4 MY — K e OFE m|

AR L b O FEAL & FRBEWTIE A O &L

NPES-3FE M CTIL 7 + b h Y — RiTfE CIIVATE

SE-N

RERDBHTHDLOT, EFE—LIZLV A A
b U720 88 0 A3 OB A DI S 7= S FT i  f
%%526 FRBE T AT iéManBWMMWm

DRBIL, BTNFROESAM O % -8
L— W — R OB & L CHER
EEZLND,

4.2 FKHEWAET ADA F 1L

E~Aﬂ4f&EK%ﬁ&%LTwé
AAD*%%%#%fﬂtE NI HEEL CA
F oAb L% %@4%/@@@:%»% EPN
%*%®IXW% ﬁﬁb6¢\ﬁmwv%t~
JIZLTHADTDHEVbRLTWS, LD A 4
X7 ) —FLY THTRATDHIDOT, EBRELSY
VA RGO BEEZ FTENEL L% 7 + b
H Y — RIcEE+5, 74 Y — K»n5025mTF
i CAKFA 2“/753%\%@ L7=%E. 74 MY —FRIZ

T%é

ﬁxbﬂ&~

AT PY D O EE I 2 b—T a3
qulm @®ﬁ$&iﬁmbfwé7ﬁFﬁ
Vo — R ERIOMMTHBEDO T, IFE 7+ b/ —

RERICERE2 52 5EZ2 605,

0.02
Fffp 0 B AT A S TATIR
?’met U}
0.015 g . e n 54 /ﬂm 530" @
*Jmﬁﬁ '

0.01

0.005

Average Radius|m]

0
6

w1

10°
Initial Energy[eV]

3 Al LT R EWRAS A DEILLLE

1 10 100 10

T, ZOLEVEREE L 2 5 A 4 13200keV L
to=xr¥— %%of7¢bﬁ/ NIZ AS3 2%
77 4 N Y — REREEORSEEE 2 b &
HEe—hr7 UV —=v7%1T> THNEAFKH & TE AL
THZENTE R RDAMEELEZOLND,

P e

Quantum Efficiency[%]

sy T
1 -
151517”“““27 '

2527 29

X,Y Step[mm]

PR S I

Quantum Efficiency[%]

S =~

§ 7 9 11131517

19 21
X Step[mm]

23 25 27 29

K4 FBFE—LbETNIFTEERYE TT-BICHE

NEAJE AL 21T - 72 % D Bulk-GaAs D QE Mapping

-961-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

ZOMRWFERT, T4 b Y= RS ImIEE T
VAR E L7 7V X A I A D RN &
VCHZ LWLV BHITEZ, TAITEREEND
FEA L= A 4 > 23 on Back BombardmentZ 2 = L,
BIENBD LRI, BEE— Y —=2 7
E(CSOVDEEEITHT- & T ARETNROME N
(QE Mapping)iZH 4 D L 5127 o7z, FE 7+ b H
Vo— Rz 1ommBEEDOEZE T —h 7 ) —=r
T TCIEREARRER Z A =V BT TV D Z L DR
TE, ZNEK3STRLELDERLS AT D,

3. Operational LifetimesHk fiji%

EfRob o & i3i oBulk-GaAs & L, 3[H]
Operational Lifetimeik 217> 7, REBADOEZIZE —
N7 V== 7 L (Cs,O)DAEEEITHT2N, KE
FRRIFPOFRREF R E)ETHEST L Z
Loz,

Quantum Efficiency[%]
P

579[1 A i
1315 47 19 21 53 25 27
3 29

X,Y Step[mm]

8
7
%6 3
] |
£ | o
5 3 TRV
g2 H\
E |
o1 J

0

5§ 7 9 11 13 15 17 19 21 23 25 27 29
X Step[mm]

5 AIONEAZR EIE ML % DQE Mapping

£ 7=, 2[a H o Operational Lifetime & B2 A1 % ¢ QE
MappinglZ # B ) 7o kR 12 R L72(K1 6,1 7).

Sy
g7+
6
2 57
4
B3]
g 27
E 11 2
5 0 m"‘
0 T
4638 Ty
10 12 ! 12
1416 18 39 5, 2
X,Y Step[mm]
8
7
g :
2 B St
- %“« =
g4 = 7
£3 ~t
i, I
:;;l \\
) NSE N
0 2 4 6 8 10 12 14 16 18 20 22 24
X Step[mm]

6 2[5 H ONEAZKmEEME(L D QE Mapping

RERAT R TITE) — R B RTH oo, Bk

(X)L B EAIEMMER E I b - b B 4%
DO & )R HE5mmIE &AL E TEAE
10mm7F2 i D 1 T & 20 R 2B BRI ST B
LTCWe, DIZ7 /—RED FiTRELEA A
UM LKA LFRILBSETHDL B HND,
X BICABITIEA LT 2 2)D 1 23 H 47> 5 5mm
THTWDHREE LTE, b—F—%2RH LT
HALEDBSMMERE 7 4 R A1 Y — RN LTI T
WHZ EMEBEIZOND, OO, T/ — Kl
T4 NV — RiEEOREY % B — A —23)
T, FLEHD DR - TLE TA A N RBET D
LI R BEELROTIEH WM EHERI SN D,

Sy

E 7]
isl
g4

g3
é 1 25
Y Vi 9

6 e Ty
P10z 1618 29 5 14‘ =
X,Y Step[mm]

8
7
T 6
£ A A
E 4 \ A
T N — U]
gz N L% /A
i N ==L

. ==J

0 2 4 6 8 10 12 14 16 18 20 22 24
X Step[mm]
7 2 [8] B @ Operational Lifetime 3 & % @ QE
Mapping

6. TLHESEBDEE

BUR D200keVE T85 2 AT ATIIE— 2B XEFIC
WETDHA TV BNEAREHMEHIR L TWD &3,
QE Mapping & &R FIE L% bealcbigE L
RNZEPOHERISND, IMFHIOT VI F i
WS DA F o DIAENT + A Y — RIZEEREE
B R 2T Z b, NEARE O ERFHMERFIZ
LB FEOA BT, BFHE2 O ImEE Tt TH M
mEZE T SR TIHE R BRI A W & 5 L HEH &
nas,

F7o. NEAREOE 2 5 BFHmLiZiE, ©—Lan
AEMWEOICMAE—A e —F TEELZE—A
BEEFEHETIZZE, 73 MY —FERIvA 7 %
FTRFEDT NSO DHE—LEFGEHT &, T
J—=REIVTFWRCTRE LAV ET7F NI Y—F
ICE TR ESE2WE=DIZT / — FICIEBE LM
THZE, REBEDELEBEZLND,

SE Xk

[1] T.Nakanishi, et al., NIM A 455 (2000) 109.
[2] V.V.Bakin, et al., e-J. Surf. Sci. Nanotech. 5 (2007) 80-88.
[3] M.Yamamoto, et al., in this meeting

-962-



