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Study of High Brightness Electron Beam by an Electron Gun of the Photoemission
- Development of RF Gun with Needle-Cathode for LINAC-FEL-
T, Mochizuki’, S. Miyamoto®, S. Amano”, T. Inoue’, M. Yatsuzuka™

Y. Yamazaki™, M. Nomura™, M. Hasegawa"™"

ABSTRACT

This report describes the results of fundamental study of high brightness electron
beam by an electron gun of the photoemission, which was made under the
collaboration between Himeji Institute of Technology (HIT) and JNC.

The purpose of this study is to survey the possibility of photoemission-gun, which is
attractive to get high quality electron beam. To attain the objective, we investigated
the characteristics of the gun and dynamics of the beam from the gun by using both
comnputer simulation and experimental approach.

Many efforts to improve the beam quality and enhance the beam brightness have
been made for main factors to influence the performance of the linac in order to
establish the applications of free electron lasers. The laser-driven photocathode guns
are expected to improve electron sources effectively because of progreés the control
technology of the short-pulse laser. Although electron sources using phoﬁoemission
were applied for injectors over the past ten years, the advantage of laser-driven rf-gun
is recognized recently to synchronize stable the timing of laser with the timing of the
rf-cavity by mode-lock laser technology. In this study, we investigated enhancement of
the photoemission quantum efficiency from needle cathode applied high electric field
and could get some parameters to enhance the efficiency by using both computer

simulation and experimental approach.

* Laboratory of Advanced Science and Technology for Industry (LASTI), Himeji Institute of Technology (HIT)
** Faculty of Engineering, Himeji Institute of Technology (HIT)
- Japan Nuclear Cycle Development of Institute (JNC) O-arai Engineering Center,

System Engineering Development Division, Beam Technology Development Group
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1. lIC®ic

D’:%}EE HEIREROTEMRIT, B EB%I%V'—‘H“— (Free-electron laser : FEL) D4Et4ET
HH, TNFTEHRD L —F—RECRE,r o -BmAEEICBW T, FEL OIGBIRHL
VWHRZELDOLHRFENRTWS,, BIEERY FEL i3, FEEROFEIC BV T
IR D E R E, EESEICB W CILEAEBOBIRNOIRENFIE 2 FIH L 7GR O
MRE, #R4EFATRSED LT, BRNICEERIPoRmEE 2R D H&E
FAFELPREE 22 EZLNS,

FEL OFEAb05IciEd, ZAINVF P OASVWEEEET Y — L 2BET LN
BEXHY, KT Z0-00—FEE LT, BEALEKEE (7474 —-LFT3y
vav) BYHEARATAZLERE L. ERINHAN, TOREET VORS¢ o7
ZhIE, PEREHE (74 Pz I v ay) Bio#me. (1) BHL—F-@EZHEM
T5, (2) HHEEZKRE(TE, 3230nid (3) EFOEOEVWYE#IET I & TR
FTHIEFRERONTE, (1) KHELTE., WEOL—F—@hHoLR, (2) i3s3
vy YABRICEBHIE, 72, (3) T, BYREVWRTL, BEEGOPEISR o9 oT
Whinied, (4) FEOFEL LT, L-F—THH1EL, BREVIFELTHEH. E
FHEFEY (3 <10Y FUr7AF V2BV, SERTHERBEEL I L TETHE LR
E3Y, BEECOTRELH VU, BERCISETFHRLRF TR TLERI VLD
2B 5H[L,2]. GVmDER TOHBLERIFE L VoD, BfE7T— 5 OoO@E»HiT-
yALS

BFEE LT, BEETFHREMRESED RF EF4 (FHERME ~40MV/m) ZEE L.
RFEFHEATERI0I /70 BEOLII v ¥ 3 VEIREEZ T, SMNETOTFHERICIT,
FEIEEE 0.1~05um D=— FvA vV — FIZFEHER 2MV/m ZEIN L CREEEEERET
WIROREEE T 72,

2. EFmEII#Eqs: LEENA

MNEVBETFETEM®EZE LEENA (Laser emitted electron accelerator. RF=2856MHz) @
AFZE B B RmE, B X UEARMEE % Fig.1 KR AETE— FTIL.RF EF4C LaBg[100]
FEA V- FRW, A—-Kre—57T1400" BEICMEL, 723V (SVAE4ps,
#DIEL 1-10Hz) FIHT 100mA OBFY— L2 HETE L, 1TEROBINEERD RF /7
—ERETHILIICLD, 4~15MeV #HFETIAAT—TETH 5, BEFTiE, ¥—7
B (<1A) FHFDEAT, 23 v ¥ X (107 mm - mrad (@54 MeV)), ZARLF
—ATH (L8%) WRKEW/®H, FELEEIZIZ 7+ MV — FERAWw/K (Table.l)o
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WMRBEH : FELEHA1E

BFEMINER( LEENA JFRAVLEEFFBEREFL—Y—(10~100um) @
EHAEO-HOSEEEFRIBEORRE

Klystron
(2856MHz)

~ FELH o
| GewmssEL)
Lea=3A, AE/E<1.3%, T =14psec
€,=4.6, € },=2.1 7T mm mrad

> G~1%, Py <IlmW
Fig.1 /MEIETHEEIIERE: LEENA OFf5EH 89, #rg, 3 I &AM
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RFEF&
MET R —

RFJE B
E—FAvo L—H—

Photo & Thermal cathode

4~15 MeV

2856 MHz

Nd:YLF 89.25MHz (3243/&)
2OAMNJLRTE 10~15psec (5~10 ul)

Ha TS NNy AE (Nd-Fe-B)
16 mm E v F / 5048
2~6.6 KG (K =0.31~0.98 : A[Z%)
XY EFqa Fa— FMESE (HR:PFEL =3359 mm)
EPEIBE L FEEEE SR
E—J 8 (~2 A) (>10 A)
EHO/LANE (~20 ps) (~15 ps)
IIZUR g, 10.2 A mm - mrad 4.6 7 mm * mrad
E y 7.8 T mm * mrad 2.1 Amm * mrad
IRILF—EhY 1.8 %  <13%
2R LBEEE

1 Hz 10 Hz

Table.1 LEENA OMBE&{ERT5 RFEFHOEGZE—F
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LaB6 FH 7 + bH V— FIZ RF B 1/32 4B (89.26MHz) {ZE€— Fuv 7 Lk
N&:YLF L —¥%— 3 f&&EHE (JE 351lnm, I 7 079V AN 16psec, I 7 BV AL A
NE-Hud) ZHEL, 467 mm - mrad (@54 MeV) LI v ¥ VAT, E— &R
26A, TALF—EHDIL 18%LTE#ETWSE, ZOBTFY— AR BIIHEZEHET 5.4MeV
ETMEL, 45° REBAEX2E0H L1, HE 16mm. BAHE 0 OV NEY 4 7
S—iz@B L., 3.36mARICHRE L RRBIC LY, 65-T5pm DFEFI FEL 2EBRLT
V5[3,4]o Fig.2 L FEL ®F 1 Fo2— =V TR % R T, REDH. FEL B mW O F
— ¥ =T, BEFE—LMRIHABIATVWS, BHDBIE, ETFE—20Y -7 Bt
MexivyrAokE (BEEL) MR, Z3IAVF-EFD I ZHTEHLET
Hb,

200F

150

100

50

Radiation Intensity (in arb. units)

6 4 -2 0
Change in Cavity Length Az (mm)

Fig2 FELOF4 Fa—=r 7 HiKE
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3. =—FNAV— FOBE

V= FERE LTRSS - BREDNY ¥ VAT v % &R L/, BEE 100pm D%~
TATri#i%E, 1~2 B OKEELT b 1) 7 AKEBEHE (NaOHaq) $FTEBLy F 27 %47
V. EIEE 0.1~05m BEO=— FAH YV — FEFEEL(Fig.8). ERTIIERER
DELBBVLOPD=Z—FLHv—F2Rwi,

FEimFERFE 0424 m
FimmE : 30°

Figd BRI vF L5V TATFyo—=Fhv— FOER
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4. ETFHEREEER
4.1. EBFE:
EBEERN% Figd 27T, 10-9Torr LTOBBEEZFIZBVWT, =—Fyvhv—FL

7/ —FEDEIZDC BE (BA 3kV) ZEIML. =— FIVERBPL7INVA L —F— 2B
Y2, MEBEERRIY a7 Y A— 7 THET S,

BIOFAT7
HSR

NILR Lb—HF—
(Nd:YLF or N&:YAG)

BERLTR

Fig4 ETFHFUEEHREER
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BET 5 L —F—d NQYLF V—F -0 355 (851nm) & NA:YAG L —¥—0 3
EERE (355nm) ONT—LRVORLR DL 200V —¥F—% AW, N&YLF L —¥%—
i, 37 0%V ATE 10psec, 7SV ARG 11.2nsec, ¥ 7 TV ANG 10z sec, #EDE LA
HE 10Hz DANVAEEZ LTBY, FEHAT-L LTRE W ThHS, NAYAG LV —F
—i&. 7SNV AVE 30nsec, #0E LEWE 15kHz OEHF/SNVA L —HF—T, Figrig—it
SWEE (Y- 7ML LT3 22.6kWiem2) TH b, Table.2 IZL—HF— D)5 A —F
—%FLDD,

1) Nd:YAG L—H—
FBE 355 nm
L—¥—&F 220 gme (Fi15—F v —1%)
E—2RE 23 kW/em?
BFfEISEEE 10 W/cm?2
INILATE 30 nsec
dutytk 4.5 X 104

2) N&:YLF L —H—
P =S 351 nm
L—F—F 140 pmo (Z+—HRKBLI2F)
E—oRE 660 MW/cm?
BREIERE 59 W/cm?
NIV NG 10 psec
dutytk  ~107

Table.2 EERIEHLI-V—F—DNFA—%—
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42, =—— FVEmoEREE

ETHROBRAELADICY L), FFR=— FUVEROERMEDFMEEAT I £
— FLERRICBI2EFROMMOESVERTHREL T, EREBRHEK

BB, =
(Field enhancement factor) g¥%H %, FLHKEBEEZHE, IRATRE B,
Ta
-

ZIT, rald7 /= FRIOEE (r,=16mm). rplt=— FAEREETH 5,

4.3. =— FL5imdE

DCEE#HEMEE L, BEOBRKHEEN (Ficld emission current) I, 75EN{ %,
Z=FLAV—FHBEVWRAE Y AV —FDEI %, w4703y ¥ H0OFFRMM

Eifii, Fowler- Nordhiem BFiIC X o TUT OB LRERRITRENTV BB

32 _ 15
_ & _exp[ 87,[2m, V}

Y —
T 8nhor 3hekE,

TIT, e REFEN, hid 77 788K, ¢ BEFEHE, Eid=— FAEROBRMET
B5. E= B [Vollorg) =Vyree E7:2t BI v BEFHEICHT5HT ¥ ¥ v VEEET

Dl y DHEETH 5,

ye= 1 _\/e?’EO
4re, (0]

Fig.b DEHBICERBUEROBEERFELZ FN 70y P ORI EFREERE LT
Err? & LT, BRHERETEMSET, KRFELOSE (7 —5) 7497407
EToER. TOBADH Y — FOEREREIL, 0.185m EKT 5,
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Nd: YAG l/m"ﬂ‘-" (355nm)

104 E ____________________________ ———— -

—
Lun)
[¢:]

10

Emission current [pA]
S
N

e Fowler—Nordh:em
. B e 1eory(r0_0 B5um)

200 300
Voltage [V]

400 500

Fig.s BREEW (74— F13I vy ay) BROBEKER
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44, FHEH (71 rx3Ivvay) BROWNE

Fig.6 ChiH (75 b3 viay) LREREE (74 74—V FXIv¥ay)
OEFYTBAEY, 2V — FEEEEORF Yy VgHE LTRY, == FIUEmIZER
PEBLTBY, V- FRAREORT VI v VEESET L (AW), EXHEERR
BHIT B BFIHRNVF—hy FRINLCRESINLETFR, £7 0 v VEEZE) R
AT, HEVIRBF L v VEBELES L CEEHICRB SNE, WZ T H% L
Ei (Photo emission current : PE) TH V). BB HREERXILZ M AVHYPRTHHD
THRICEERBHER (Photo-field emission current : PFE) & MEE, ERTD 7+ b x
Iy v a VEREMEOMEERLTBY, L—F-BFRICLIHBERDOEOTTH 5.

— —% Photo emission current

——3 Photo-field emission current

Photo emission current
AEERIcL >T#EM
1
EBRATETHENEM

Fig6 74 bP,L3Ivdarvk 7+ b74—VFLIyarOEANHA
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Fig.5 12, V—F— B THE SN B BEROBEEKFE LT~ T, NOYAG L—F
—TEE220um D7 /N—F v —THH B L TR L. ENMEE 350 KNV MiERrL,
EFARHBRFEMLTWS, 22T, EETREKE. LBHELTRETHSERKL
i3, BEETPFERM TH 700, HRNICHBET S, PE B LU, PFE FRYL—F—
DF21—F 4 - HTHHERIET T4, ftoT, L—¥—HEEtO¥—7 BRI, 77
7 DEFAED V(4.6X109EL 25,

NAYAG V—HF—D¥— 7 BEREVIFHNT—FEVOT, ZOV—F—iZXsH
BERTE., =— FLUAOREF»LORBHEBRIBEHSATVS, Zhid, BVERE
TOWo < ) LEEREFHFTH S, —F, NGYLF L —F— 0BT, ¥ — 2 B
Nd:YAG b —H—ICHE LT 4HH RV, —— FALAD S DRKREERIZ. 2/
ERHRERICL > THEE S, =— FUERSE2 L OBRSFHICEBE L TS KR D BBl S
NTwnzuy,
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4.5. BFHFEOBREFHE

WESNAREMBR, S, =— FUERP SRS NEG [, TROH L, BEFHE
7 %*ﬁi:lof*&ﬁéo

T]:Ii IL'TU‘OZ
e | he/k,

ST ILIEEHETE L - —DOFHME, c 1 I%E, ALBRV—V—-ERTH %, Fig.7
i, 2OV —H—RE (BBEEORLB) Z2oWT, BERBEIT5EFHROK
FHERT,. MEROETFHREOKFRE, £V 7 FLTWES, HIZ—HLTwAL
Eibde THE, o= FLEHAWLLD, RKEOTRHMWIC X 2 4FBHOKT OE:
BEELTWDEEZ TS,

101 =

Quantum efficiency

104 Lol oo

DR P00 AU B0, S [
F 77=3.94 X108 exp[5.08E]
- =458 X107 exp[4.74E ]

| PR S PR T T,

102 |

108 L

05 1.0 1.5

Field on tip [GV/m]

20 25 30

3.5

4.0

Fig.7 2 0L —+¥F—BHIIOWT, BRBE ST 2B THROKES
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BT7AvTA Y THBEOEEIZFREA~LER N, BRBEAT 2 EEFERIIRRD
IHitEED,

N=410" exp[5- E,[GV /m]]

BRI, TOEBRREPORDMETH Y, Figs DERXET b &L 12, EBREROBETH
EOBRBERELL2EHECE DB EFVEEART D TH 5,
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5. LEENA IIBITA RFIMHELBEFE—LDONRYF 7

REWK I o TIEENSZBFE— 41, RFEFHERKE THE keVIZR D, RV F >
FiRIFIRF EFHEEMIBVTREENS, FIC, - FA Vv —Faprbllishs
KBHBEF Y — LDy Fr TEZHEL, RFEFHEERERTOE—LNTFA—-F %
—RTEHER I 2L -2 a it DA, Fig8 DL ) 2 RF ZEMIC=— FAEZHEAT
%, RF ERIX. LEENA ® RF EFHIH LCEHE SR T3, Figd OEFRGA LAY
T2 8T A—% LT, V—F—AB¥ A I Z7ORFUMHAE, —— FLEROFET
272,

Fig.10 B XU, Fig.1l i ABMAARICHT A, E—J7EBRB I, BEBTE—LD
I ANE PR ZRT .

. Nd:YLFL —H'—
EERE /LANE  10psec
REE:;E¥ 2856MHz /87— 10mW
NEZEFERE 30mm ;"—oﬁﬁ@z 360MW/cm?

1.RFIDREFR D

Zf o

2.RFINZRERD e A
g M %-eld;mff‘?“ > REBUMEEA
BREER RTETA '

 BFTALE—

——FKJh ‘/.:. K- —
: HBkeV

Fig.8 LEENA @ RF EFHINAEEREZR
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RFINEER |Exr=L -[EF[H] .sin{n- k-z)}-sin(m 1)
2.0

tof—F—+—+

%0 10 20 430
AU/—F%W  Distance [mm]  MHERRRGE

Arbitrary unit

0.54—

Fig.9 RF BETFHMEZFEANOERBES M
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10

2% -1

Energy spread [%]

1254m "\

o Lo b e e o
20 30 4 50 60 70 8 90 100
Phase angle of RF-field [ ]

Fig.11 RF EFHZERAIRETOZ AN F D
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6. BIFEREICL 5 =— FL %l

S WA Y- FERREREENE 2D, Y2 VRIS L BRE LR SEECHR
b, o, BEEI 2=~ FA 3V — FORBABBORREE LI LEFS S, 22
T, HERT 4 b Y- FELTHAT 270, L=~ 3V F— ORI £ BIRE
LR LERITANI,

HEOTFNE LT, BREEATIATMEELZ L, PEFMICEY— LEE L.
RED O OMEHFIC L ZEIHRIIERL, BRIE=— FUEROEROAPL B SN
BhDETE, =— FLICHMEh2ERE, LEENA O RFIIAER AL EL, £—F
Ty 7 L—— (32 HF) RBETE, U2 L—F—HEX 360 MWiewm® T, #REi3
35lnm & ¥ %, BUHERIZEHEER L RF EREGHER L L, ZHEMHREED 50
DEF 5o WEA 1000CL L L2 WREEH VDL, == FVERFEDOTRSY 94
m&RE B,
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7. T

(1) == FArHAV—-FDT7+ 74— FIIvarillbETHEOBRKFHE
PERHEITE =,

(2) ZOKEHEEZAWT, RFETHOEELFMT 5 L. BROFE 7+ bV —F
EHBELTHECEEOETF Y - LRENTETHLIEEBLON, 5.
BREE L, B L —F—ERIIHT2REEE RS, BEETFAVOEELLELT
ILELDH B,
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