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Abstract

We report successful generation of 1 ms long pulse and multi-bunch electron beam by a normal conducting photo-
cathode RF gun at KEK-STF (Superconducting accelerator Test Facility). The 1 ms long Pulse beam generated by the
RF gun is delivered to the injection line to examine stable acceleration and precise RF control. The 1 ms pulse beam is
also used to demonstrate high brightness X-ray generation by inverse laser Compton scattering which will be also
carried out at STF, supported by MEXT Quantum Beam project. The RF gun cavity has been fabricated by DESY-
FNAL-KEK collaboration. Performing high power RF process and ethanol rinse to the cavity, a stable operation of the
cavity up to 4.0 MW RF input power with ~1 ms pulse length was achieved by keeping even low dark current. The beam
generation test has been started since February 2012, 1 ms pulse was generated in March 2012. We explain about the
STF injector and report the basic property of this 1 ms beam generation.
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Bunch Charge 62 pC 3.2nC
Total Charge 10,000 nC 7,798 nC
Beam Current 10 mA 8.7 mA
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Max beam energy 50 MeV 21.5 MeV
Beam power Max 2.5 kW 0.8 kW
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Repetition Rate

5 Hz

Pulse Rep.

162.5 MHz (6.15 ns)

Train Duration

Several ns - 1 ms

Number of pulse

Several - 162500

Wave length

266 nm

Pulse Energy

0.3 ¢J (Target 1 1))

IR pulse energy

Target 10 1]

QE on Cs,Te

0.1% in RF gun

Train Flatness

TZ %RV Flat

Intensity Jitter TEBHRDNEL
Timing Sync. 0.3 ps (rms)
Size at cathode Variable

—
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@ Burst ¥iE%s (LD Jihitd, Northrop Grumman #%),
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Ny b, R v A )

2NV Z4]9) H U A Pockels cell, SHG(Second Harmonic
Generation) H LBO ## il (LiB,O,: 1 1= X A iHI#4),
FHG (Fourth Harmonic Generation) f§ BBO #% fh (a -
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Frequency Conversion
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1ms long voltage

BBO : 532nm>266nm
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R E L THI 10% E WS ESFHN TN S, 266 nm
D/ Z L3IV —ZHIE LIAER, 100 ¢J/100 pulse
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B (Epk) 2130 MV/m T 269 A OREERA AL
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Dark Current Measurement

<~ Radiation [nSv/h] Mo

Date Max | Time | Dark Current —-Radiation j5vin] €3, Te
P iy Ll M rocmmpa e e |
201044 A | 1.7 MW | 100 269 at 30 MV/m [| -=— Peak Current [uA] 20120321, Cs,Te
~6 1 ms Dummy cathode 300 | [ ' ‘.__; 100
5 Hz plug T : ;’(; 2
(Mo) E f . zf A %
0141 [1L.7MW| 15 | 13at30 MV/m 3 Ca " =
~2H 1 ms Dummy cathode E : ':I/"T’ : ’.(’ ,-"" E
5 Hz plug 100 | _:__.7/( o e ] 1
(Mo) ) 7 "",’ . |
201149 [4.0MW | 60 | 194 at 40 MV/m ol e .
~10A 1 ms 7 at 30 MV/m 25 30 35 40 45
5Hz Dummy cathode Eplc (MV]
plug B 10 H5EFAHE (@ : Mo 4, M : Mo + Cs,Te)
(Mo) BL SRR (O: Mo D&, [1: Mo + Cs,Te)
201210 | 4.0MW | 13 64 at 40 MV/m
~ 2 H 1 ms 2.7 at 80 MV/m 20125E3 8218 : REEW 20124F4 A 5B :Cs2Te, E—LHL. UVEIH &
5 Hz Dummy cathode
plug
(Mo)
Polish on surface
2012 4 35MW | 2.5 76 at 40 MV/m
3H21H |1.05ms Ver. 3 cathode
5Hz plug
(Mo)
Polish on surface
2012 7 3.8 MW 2 130 at 40 MV/m
3H24H | 0.8ms Dummy cathode
5Hz plug
(Mo+Cs,Te) 11 5y — NI

® 1.7MW: Epk = 30.4 MV/m
® 3.0 MW: Epk = 40.4 MV/m
® 4.0 MW: Epk = 46.7 MV/m

NERT D Z EDMEND BN TN A,

#) — ML OKEZIEH T 57012, = v JFD
R EETRELS LY — R~y K (Ver.3) #HIfE
Lz, UF, E=AFZXbPTIEZD Ver.3 v K%Ml
MLTWA. F)y 7L — MZOWTIBREHE+C
H5b.

Cs,Te BIERTR OB EIRAHEZ R 10 1279, HY —
Ry MZ@EEREEECr)—= v 7 Lizbsic
AKEF 2 N—HICRE L. AEF = NN—BLY
RF & F#ixX—F 7 Lotk 258 T35
MW, 1.05ms FCRF 7o+ z2L7-. @IRF 7o+
ZBIZHE S NI-BEERDMETH 5. WL Cs,Te 7K

EHk, HO2EFM»TC3.5MW, 0.8ms £ CRF 7
Ot 2 LBICHEINE-EEBROMETH S, BER
l Cs,Te BIERTR TR 1.4 58N L=, £/, B10+
B EEIRZGEE Y 2 — VD FICEBEIN TV SIK
FHE=% —Dfi (O:ModDH&, []: Mo + Cs,Te)
HOfL T 5. MEHEEIEZ Y Y — FEETBERICS L CE
PRI L T B 2 £ 5.

K11 OFEHEIZRTEIICTe & Csldh v — R4
HIZEEINTEY, TNHABEREINORNTSH S
EEZ TS, BEREINEIOZDIZ, E©— A ERICHh
B ER D AN & RS 5 72b D~ X 7 wHl
TEhTH 5.
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NESHNTZ. Te 10 nm JETE — LD 621l L /- #
iz QE 1, 300 pC A FON VY FEMTlEEE L%
25%TdHb. 62 pCDONYFRRAGERIZIZV —F—=T
FIVF—0.004 ¢] EBIROLV =T —H 1D 1% THS>
Thb. FMHETHD QE >0.1%ILMHEER < ER LT
v, W HE2EREICTED R~ —Y VEFE S T,

201243 H 21 H26 4 A 2 H DB OB s
IZEBWNWT, EEERi&RIZ Cs,Te DQEx*F v/ 5T
R CHIE Lz, 2O 2R 1312”37, #lxgikC
QE NEIET AMHEN R 65Nz E— 2D, N

Q.E. measurement by Beam
(Beam current vs UV laser power)

4 | | - 800
—+— 0 E [%] 20120314, Te 40 nm

3.5 M -«—Q.E[%] 20120321, Te 10nm B ] 700

3 1 600

25 A, ! 500

[« Charge/Bunch [pC] 20120314
=&=Charge/Bunch [pC] 20120321

2 1 400

Q.E.[%]
[0d] young/eBreyd

15

L]
b
w

r'J

1 — 1 200
L |

05 ’ Al ! 100
i I
S
0

0.1 0.2 03 04 0.5

0

Laser Power/ Bunch [ul]

12 U — L0 HFH L 7z TR
(32 Bunches/Pulse)

The change of the Q.E. during beam operation measured by Xe lamp

2
T - Tel D T T 20120830 0830
*—Q.E. [%] Vaccum level: <5x 1077 Pa *

Beam On

RF rr.l'.L-'.--, (D) JFA
q \

15Wmmw' :m?//’
‘I#m/t\ EV// \\
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~
/s
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0.5

20120323 _0900
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|

0

0 2 4

Le2]
<o

10 12
Time [day]

13 EiFOETHROEL (201243 A 21 H~
47 2H)
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VFM=NRT0.4 1] D UV HE 162500 X 5Hz &
B —FTHY = FANBHEHLTEY, LrmisHsn
BEWIHFIZ XD QERIEZ R L TNE Y. KEF =
VN—F X O RF EFHNOBI e B2EET)1E 5
10 "Pa LA FTH D08, fREHRZ QE DI FE &7
AT, QE Z#EFF T 272010 FR R O LS L
Thidnrd L. S& Bk L TE— A ERRRR
BRIZHB T 2B THROBERIE L THL.

X SRR ERTIE, XBEtHoNy 2757 v N
IS T HEMEN S, o ICREBIRME S IH T X
% 33MV/m (2.0 MW AJJ, BT 20 pALLT) To
WELAEZ Z2 CW5h, 72, E—200 H UiEREItG 2
LRGN A, VU /A REBADOWSERE KX
REZI-E 5, AWk BZ2ZDEADR, BEERI Y
milzz &b -7z ZDlze, BAETIEFERIIRT
FIET RF 7o+t 2E XU Cs,Te DFIEZTT > T A,

O Hyv—KEHEZ)—=ZVIL, BEF < //N\—
Nt v b, BEZE5|X (Baking), Te Box, Cs 7 «
AN Y— DN 2% EET 5.

@ HV—=R~y REEBT#HIZELY FL, Mo DAT
RF process #475. RF process 13 20 s » 5514
L, 35 ~4.0MWIZ #| £ &, 50, 100, 200,
400, 600, 800, 1000, 1150 ps DNET, SV R g%
EL, &%/ OV 2R T3.5~4.0 MW £ TEAT 5.
B2V ZWET 3.5 ~ 4.0 MW FElR, HEDINE
T ERET A Re S Solenoid TG DG * 2 2
5. Tut &k, BEEROWEZITS.

@ Te(EJE 10 nm) K55, %4406 (P& 266 nm) %
MTHBREE=ZY — LA H Cs &AL, Cs
DEEEZ IV ba—)VT 5.

@ Cs,Te Bk, @ L F UFIETRF 7ot 2%Z170),
B a fE T 5.

® FBETERHUV L —Y—%YT, ©—24mH
Baair>. E—L®RAENS QE ZHIE L, M
WZHIE U7 & s 5.

4. E—LRY)HURER

201242 A 27 H, REEF#HEI,SOOE—LOHL
ABGHEIEZ G L, ZOBEKICE—-AGESERA -
ZOTER 141279, E— LTI 200 pC/bunch
C 35 bunches/pulse ThH5b. L —H—on, off LV
FHME MChLHEME=Y — (ICT-0D, E—A(ETE
=% — (BPM-01) DESICHBERZNH >7-Z En
5, E—LDERDHERINI.. ZOEZDRFET
FAOEARF 120 1s, 4.0 MW ThHV, HV—FFE
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Beam On -,:.—'_ - R R [ e Py

=

Beam Off &

" :
g - N

15 HHEORT

I 7 R AR L 46.7 MV/m CTdh - 72. K512 E — A4
Fa—Z VRO ERT. ZOHK, 3 ARIINTT
Tol ABSoORAETIE, )y FL— b ERFRERO
BN S RE B THADOEAE L 2.0 MW, 1050 ¢s
TiF>TC\W5. 1612 RF & 1-#5D Phase Scan DftH
%79, RF phase 73200° D& ZH W UEFRA A &
B EXbD. #HEERO RE Phase 13 180° T1T -
Tn5.

P—2AEREIZ UV LY=Ly — MNiddk
KOPWHEETHEL TS, 3A7THDOEMETI ms ¥ —
LOHMH L (162450 bunches/pulse, 10 ~ 20 pC) 1=
B, UV L —H—0f%kic X x#/&T3 A 23 H OB
TH¥)—7% 1 ms £ — 4 (162450 bunches/pulse, 30 ~ 40
pC) DIV LI L (R17 7). XHICE—4%E
MOMWKER 5 7-& 25, fm/c BB Ao/

20120321_PhaseScan

300

250

200 t t \
150 t 1 \

T
TN

50 100 150 200 250 300
RF Phase [deg]

16 RF & T-#5® Phase Scan Ok T

Charge [pC/Bunch]

17 1ms ¥ —E—2 08T (30 ~ 40 pC/bunch),
e DR D4 2SN BPM ), E oA
UV LV —H¥—7— M5 EET.

7=, FEHEDRI 60% D ¥ — ABFICEE L I-H AT
AFFBOARDKEROI H LR EZR T L. 20D
BT RF 70 Z N OGP IR MR 7 & 2§59~ % RF
DT 4 — RNy I PREEINT-.

WKIZE — LR DY) —EH MR T B2, 1ms D
UV/SIVZ U A Y%A — RIZYSTIRBET, 50 us
@D RF 7V X CHEfEIHJIZ A % + > L (Short RF Pulse
Scan), AR I 5 EMEZME L7 Short RF pulse
Scan DEAX & UV L — ¥ — D5 04 Ol % X 18
N

19 IZ Short RF Pulse Scan OMIE &5 O —H % 7=
9. QEICHMT 2 UV L —H—DilE L EREDH
HRAHE, 7SIV ZADNE ERN D EREZ T EIC -
TED, 1ms EVIHIEVWSIZIZH LT, V—24mRK
MEEE L fThbNTWAZ EERL TN A, 20 1

J. Particle Accelerator Society of Japan, Vol. 9, No. 2, 2012 31



REETHANBHETHRF 74 — RN 7FVIELICE
WTAEER T 07 > AV ThD. BEROME o7 >
ANWR—ELIZ>TED, 74 =Ky ZHlIC XS
ERNOBANLREIINTND Z EDb b, 1272
L, BANLET HDIE100 psLIBETHD, ImsDE —

it

L FEIZHT20121E, 1.1 ms BLEOD RF 73V 2 g
MDRLETHY, HOIDTEDFMHTORF 7ot
wATO LENHTE T
1 ms IZH. 2/ F X TCHMEZE ST C IR B %
WL TNWANEEZY —F 52 ENLEIC Xray Z2/E

T B7DIZbETHY, ATF-DR (Accelerator Test
Facility at KEK - Damping Ring) T I T\ IA
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