Proceedings of the 1st Annual Meeting of Particle Accelerator Society of Japan
and the 29th Linear Accelerator Meeting in Japan (August 4 - 6, 2004, Funabashi Japan)

DEVELOPMENT OF HIGHLY QUALIFIED UV-LASER LIGHT SOURCE
FOR RF GUN

H. Tomizawa, H. Dewa, T. Taniuchi, A. Mizuno, T. Asaka, K. Yanagida, S. Suzuki, T. Kobayashi, and H. Hanaki,
Japan Synchrotron Radiation Research Institute (SPring-8)
1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5198, Japan

Abstract

We have been developing stable and highly qualified UV-laser pulse as a light source of the rf gun for an injector
candidate of future light sources. Our gun cavity is a single-cell pillbox, and the copper inner wall is used as a photo
cathode. In present status, the short pulse energy stability of laser has been improved down to 1.3 ~ 1.5 % (rms; 10pps;
10000 shots) at the third harmonic generation. The long stability depends on the stability of modelocking at oscillator.
In this improvement we just passively stabilized the system. We considered environmental controls in clean room to
reduce optical damage accidents and constructed a new humidity-controlled clean room in 2003. And we re-installed the
total laser system in this room in 2004. The relative humidity of this new clean room at room temperature is in a
region of 50 ~ 60 % with a stability of less than 2% (p-p). On the other hand, the ideal spatial and temporal profiles of
a shot-by-shot single laser pulse are essential to suppress the emittance growth of the electron beam from a photo-
cathode rf gun. This laser-shaping project has been started in two steps since 2002. As the first successful test run in
2002, with a microlens array as a simple spatial shaper, we obtained a minimum emittance value of 2r mmemrad with
a beam energy of 3.1 MeV, holding its charge to 0.1 nC/bunch. In the next test run in 2004, we prepared a deformable
mirror for spatial shaping, and a spatial light modulator based on fused-silica plates for temporal shaping. We are
applying the both adaptive optics to automatically shape the both spatial and temporal UV-laser profiles with a
feedback routine at the same time. We report herein the principle and developing process of our laser beam quality
control system.

T+ MUY — FRFEFHO-ODDO L —FRFE OB HE L

1. [FLEHIC INBOYEEETLIC L —F O L WEETT -
W5, ZOL—HF AT LDy TEHEDR
SPringBTIHEE S 5 5 ABFE—WERDE 5 O o st s 5 PR T 5t S0, & ¢
WIZ, S/ REZEMAO 74 b Y — FREETHE | sgssncn s, SRV L—3F (453 530%)
Ba2BR LY LCnwb, 274 b Y — RRFE DE 2 13 ‘JZL:/VV_& e e
BOEMEIT I, @A V=Y RIMORERE D 1 ) oo oo £ 5 IR EICE CHRAKE Y
BLETHD, Fo B ORBEREL, V=VHIH ixnctins, 2oty L—soL—PRERTO K
DA E AR L, ZOZ%M - RT 07 7 U e e 2 U S L 7 B B
A NDREFGIIREAT O T2 DOMEIRIER RREE TR L oo el o IO R Ze M SR b % ATEEM:
Sz, ZoRBREE, BTHABRM OFBIEK & w7, RS A I R B
T, 20034 FRICTER LTS, O i rse - B 12 5 o A 1L OO |
ZOL—PEBOEREEMRBRE (7= — | aplne <o TR kb, BIERT J
Lt 7T 21000) 1, V= FORMEEE, TR 5 SppmtgpisE « FEasl | FEhc b
EAEOHRIEF DT 0IC BRENT, ZORBRET 5 g 0000E fle, L PSS 07 - A L%
B ICHIEHR D55 % R BICHERF SV T B, 200 200 0L 2 U L ke L, R
TR CIL FRAESUC 2 HPES, RURRIRL IO povepiasin Ra RS 2 52Ty 150 F %0 0
LCAMIZIET T2 MbNTWAT-DTHD, EBEE 0. InCIC 330 T, = 3w &2 A A2 o mm-
COWEERAIL, EFEREZILDLTEIRBEE | 10m T o AR B BINS | 5 s 5
COWMROBELYE, BRORIZ LOOKE  2ogem s j0040F I, WS 7 — & 15007
bt ECO L—FIC L DB AT AT DO purn e o - L 2R - BT 2 T
ACH D, ZOXSREBIMARREI T, KR L Vo eI 25 A 2 85 L1F, BifE & Gl e
COL—FOUEEDRARTNEL bOLBDI  pagy o nkiatiot, E—boH v T VER
Do ZORBEIBHL ST A—2 2 LBMEBEICE  § o rme i ort, 75w b by PGS B
{EATREIC R SITHD OT, BUIALICIRO L — 2 ieon o o g i Y e RSB o 5. A,
VORFERAL | CHERT 5 v W70 7 7 A AR RIS E 2/ 759 kb
RFETEROB RISV TIE, (TED b L—PHO L mege . 10 - MBS0 2) 5 HBEE 7
B WENESRETH D, K, L—FoL /I/:fUX‘Aé%%#z)O LR o
ATRNXORBRE, L FORMBEUN gy oemikne @55,
M7e 77 A VORBIMETHD, £ODIZ,

96



Proceedings of the 1st Annual Meeting of Particle Accelerator Society of Japan
and the 29th Linear Accelerator Meeting in Japan (August 4 - 6, 2004, Funabashi Japan)

2. L—YEEDERERAZTELDHA

2.1 CPA-Ti:Sa L —W & DY HARE AL

RFFEE 8D L —WEEE O STLORERILLL T DY T

b, Tx—7 I T7—FKXDTi:Sal —V R4
& (7=h PL—F2H) 27 =4 M (20
fs) O — R LTHVWTWS, ZOF> L —
Z oo L—PHEBERITIE—Fe v 7 Big, PLEEN
790 nm, A7 kUIE (FWHM) 7350 nmCHIET 5.,
Z Oy — FMIEMR UJE #5389, 256 MHzIZ 725 K
N, WIIHHEREZ2 Y=Y « 37 —T7 41— K
Ny ZHIEL TS, ZOT—FtEFy—7 - %
JVABERZRNIZH DR Y F VAL TRUE T
(YAGL—) O UJE %710 Hz|Z [ <& C gl
DL, AL AT 2L X —%30~60 m] £
THIMET 5, ZOHEEYEZ 3M5EmdiE (263 nm) IZ
LWL, BEDBET0 enD AR AER v RTED
JVAMRZ50 fshrB5 ps TR L, &I/ L
AL F )L —H3200~400 pJORIEIRES D, LA
IO/ AZ RAX—DLEEE, 3 HEEmalKick
WT, EHT3~5%, BE#ITI0% TH-T=,

2.2 [HIRME 7 U — o b— L DHTEX

U — IR D AR 7022 EALakBR &, £ oZE] -
R 7' 7 7 A NV OFETE EBR A2 AT 5 7= D OMEIRE R
KB (7 —2b—LA 0 75 A1000) ZEER LI,
M 11T 2 ORBREIX, L—FoEMZEE *
DO XECHIER ZEH O 7= 6 (2, IR & g E B iz
PHEEH D L Ol oTWB, 72, BREBET=
Z— IR L—VE Lo 2T, U0z 5
FREERAL TWb, L —ViER I ADOFED D
BRVWRHT, ADNHFIZW A0 & X 3E 42 F g4
Do HHEI7R L —F O AFHEZHEIZ AN T WD,

EEROEZTlE, Z OMEIRIEERBR =L A
T 2350 ~60%122% (p—p) DZETE FE THERF S 41TV
Bo ZHUIFFBROBEES Z LT, EEMRIC
L ABEOYFEHNE ETOL—PFIC L ABEXFTT A
B5IET 20N BEHTH D, Liz-T, KRBRED
IR, R, BEILT N CTHER AR > TV D,

e

X 1

L=V OEREER S U — I b— A

97

23 L—EHEBEOEMLERIK EEBER S AT A

TEIRAE IR B ORI L0 BRESROLEN %
EHLE, LML, L= 2T X LF—DE
M2 EMEICIE, YL —F DR TR & iR
ORI IR (YAGL —H) O EL S E
ThHbD, BIEICHLTIE, A L—F ke L —
P EROIEE ERAKRA OKGR—A2 T L —FDF
F—xHNZ L, ENFNEEQEE TEEE LT,
RIFFZ, $EDYACL— W Z 0 ERD IEE LK
BWHOKGR =27 L — "Ne8ELZ, y—FT T
T4 —TCIRESHOENEE RS D Z LT, Lk
EEE (25°C) 2Bl H Lz, F2, Fy¥—7 -
2OV ASENEZRNIZ 8 DR v r v Ak L & 2 BE D iR
FOTiSafbsh Z/KEL L, Uk 2281 L /AT
RO AER Z LS L, ZOREE, v—HORE
BN E 3 EaH I T1.3% ~ 1.5 % (10pps;
10000shots) £ TWESNDHIZE->TWND,

IS —EHOZERDORE R, F 3 EHE TOR W
BEDEE L, AL —% « L—FHEEOE— R
Oy ) OREEEDRE I oty = ORI -
R Z R 57200, 3 L—F 0 L—WfFEd o
R T EIREE FIFERTE D I AT ERE
L7 (K2zM) . HE LR, NreEr 73R
DONEDRLEHENFRINTH D Z & NRIEIZR 72,
BE, ZORRERFTTH D,

el 7 L2 L
2 WRFE=F LIcA Y L— G o
FEITHREVRFERETDO LI TWD, IEHFE
FREBEERRLS, E-Fry ZRREIHBERS 2D,

3. L—YZE/M-BEIa 774 IILER

31 ~wA 278l AT LAIZLDBER

X 3SR — D H Y — RRENLE TOZER] 7
07y ANERT, MOEIZKRED T AP =2 LD
e, RlCREV Y —HERICE 0 MREAICER
LIESaERT, Zhbn7ua7y A L —93k
ZRFZEAMICANETHFRITAT Y v b L, TOME
M H Y — KR E TO LR CIZ R 500ET,
L—H e FuardrAf I EF=K— (A Y a4
LBA300—PC) % FVNTEHAIL 7=,



Proceedings of the 1st Annual Meeting of Particle Accelerator Society of Japan
and the 29th Linear Accelerator Meeting in Japan (August 4 - 6, 2004, Funabashi Japan)

L—HozEf7a 77 A VEX3DENSEHED K
INCWHET H LT, ThENFE L TEREND
FBFE—LDITI XA, FORUCFHYOIE
BREERFEAY0. InCO & =12, 3.35252.3 nmmemrad |2
T 5 = & A 20024FBE 1R LT,

Homogenizing

~ I
e —

ﬁS:V%F®§%7D774w&§®%%
3.2 L—H2z2f] - B e 7 7 AV H Eios b E

AAEE, W8 X T — & A SR ZE RN AR 2R & FA
BRI —FOZER -T2 7 7 4 LDHE)
BIEY AT A EERESE 2, BEETClIcLr—YosE
M DOHL IR EToT-, BURTITE ZHHICFEH T
IR TH D N, S%ILM T 17 7 A V% (AR 5
b2 HEEE T LI RAEERTETETH D,

— . [

~ - IR ; -\-m P
B4« 22f - B 7w 7 7 A )V BB E IS E

FEAM AR A S — b— Wk 8 7 {7 FH 2 T B

FEAM - MEI T — (B & 2B MESR

33 MMES T —IC X 2EIEHE R

BAEE CTICEMEROL DOFERELT - 7-, fHiE
T —DOEENDINTZ D, 2EIKE S8 5% HR

RO, FERUGEZ BT D720 AFAE Z2/NE <
Wolz, M5IZL—H .« Furzrf = — (A
B Y 2 4R BILBAS00—PC) & FHWTEFHI L7258 %
T, FERE LT, E—ADHT U7 UEGILE b
Tho7=h, 77 v 8 by AiZizFEEkmr o X &
DA EDOENVIETH D A[REVERH D,

L—WDZEM T a7 7 A VRO R

X5 :

4. FEHESEDRE

A, RFETHOESRETHL L —VIHEEZTE
k& ZDFEni=dic, fERERRERE 2 8% LT,
ZORBREOFEMKICE Y L—DE /R ED B
ERHEA TN D, FFIZ, L—FO, L AR ¥ —
OEMZEN, 2B XL OE T 7 7 4 Lotk
DEMREZ®RE LTz, 22 TOL—HFD Ry T TEZIE
fbDfER, L—VFOLREENE 3EMHETL 3%~
1.5%F CHEEINDITES> TWD, L—F2ED
EWzEiicix, Ay —4% - L—¥iEgEos— K
0y 7 WEE TR LB, T AR
X, VRO EMLZEEZRIETX 5,

—%, L= %M - RHTe 7 7 A LOEE
AL R T LA LBy TR ik
MWOT 7T 4 THIEYEERICHER L TWD, AR,
ME 77— & AN AR E g Z o7 L —
DZER] - B e 7 7 A L OB S 2T A i
PR AERRN Lz, Sk, W7 a7 7 A V%R
wA (4R &R FER BRSOV R) 5 H
R T LT Y AAEEL, FEfl#EE TITO T
EThHD, REOIZITERSNTZETE—2%2F =
Z—1L, BY— RHEHDOENMRL/SIVADERLA D
BTHET A AT AMIRESELTETH S,

SE Xk

[1] T. Taniuchi et al., Proc. of 18th. Int. Free Electron Laser
Conf., Vol.2, 137, Rome, 1996.

[2] H. Tomizawa et al., Proceedings of the 2002 European
Particle Accelerator Conference, 1819, Paris, July 2002.



