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Abstract
The SPring-8 Compact SASE Source (SCSS) is being constructed in the SPring-8 site as a feasibility study for realizing
an angstrom FEL (XFEL) with full coherence property in the transverse direction as well as in the longitudinal direction.
SCSS has been funded in April 2001, aiming to generate first radiation in the VUV region in 2004, and ultimately 3.6 nm
in water window in 2007. The combination of high-gradient C-band linear accelerator and in-vacuum short-period undu-
lator realizes a SASE-FEL facility to generate soft X-ray within 100 m machine length. This paper describes the details of
the source developments and the new scientific fields to be explored in the next generation source based on XFEL.
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Figure 1. Synchrotron radiation pattern (electric line plot).
Relativistic electron running around a circle trajectory generates a
spiral shaped high-field zone, which propagates outward. When it
arrives, a user observes a spike like transverse electric field, this is the
synchrotron radiation. (Radiation2D simulator is available from
web-site http://www-xfel.spring8.or.jp).
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Figure 2. Undulator magnet. Electron runs along a sin-wave
trajectory and generates focused quasi-monochromatic radiation in
longitudinal direction.

Figure 3. Undulator radiation pattern (Radiation2D).
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FEL: Free Electron Laser

Coherent Radiation
\

T

Econeremt ~ N Er

N-electrons

micro-bunched Proh ¢~ szl'

Spontaneous radiation v.s. coherent radiation. In the SR or ERL machine, the radiation fields from randomly

distributed electrons partially cancel each others. On the other hand, in the FEL machine, electrons are micro-bunched at
radiation wavelength, all radiations are in-phase and its power is coherently enhanced.
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Electrons
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Figure 5. Conventional FEL and SASE-FEL.

M- T 4720, GREFTHEMICE TG LT,

Ecoherent = NeEl
— N2
Pcoherent - Nepl

b, TDOEDIC, BENEFNLIEEORE /T —
i3, BARBSHOETFHE b, Ceab—L v Mg
(coherent radiation) &M%, W, TN\ VF 1MEICE
FNHETHIZI~100EHLH 500, L LETOET
DENVICESNT S &, ZORKS /T —13108~1010 % »
REICKEL 0D, BALKEVHEERMGONAH T LIC
5, 12720, THUIHRIMMEFEL D XS, FHROES
DEFNVFRIDEVWEETHD, XHTEHEEIE
WOT, NFPERELBZDDOEFRHELHD, TNTh
105~108 5D A Vb 5, BAIEL < EFIL /2EF 2
ORELIZT VY2 V=2 D, TCTHL TROE
S TWABDIZ, bTFrTHLRAIMENIED D & TR
BTN TNT =055 70 b, MWV 2, HH/ ST —i
S HIHHNCEFL T D, KRB ERANCED S

728, AT PIVIEDPIEFICNS kb (abk—V VMR
EAXRY FIVOBIER), T FEL Th 5,

Fig. 5 IR d X 51C, fEk# D FEL Tif, U &2D
BINVFPORAELLT VY2V —2 % I5—TK
LT, RKICKAHBEFNAVFICERD, BRESOBERIC
FoT, BFPESTRICHEVBEL a2 %, —F, &BF
OHIER S EHET VY2 V=R OFHITE->T, bFh
THADZEDP B NT W AE72DIT, BEES»OLDON
T, BRI OETHEICIE, TloFEEINT, TV
Vo V=2 EEH O R T/NF (micro-bunching) L T,
WHrav—U v B ERET 5,

XC, BAEFZTFig. 5 LA TEH SN/ FEL DX
RIERL, FARPOEAMETTHS, NIV ERY
FAL &S ET2E, REROFE VRS I F—27%<, X
OB AMFEL 74 % EEY, FEL IZREL Vv, £
T, & L#ERE FEL C100[EEATERE L TRIRET 5
7t6iE, Fig. 5 TOLDIZ, 7Vl —2DEI%100
FICInE TR EVw,A? b IT—R0EXR
W, CHIZBABHSBCHEEL TWADT, Self-Am-

757



70

plified Spontaneous Emission ® 88 3 F % & - T SASE
(Ut) MFEL &IN5, SASE-FEL I35 —% 3
ELRVWDOT, BFOIFRIVF—% EF S 2 TR
L TED, /2L, KRITERT WL D0 O 2 %
R LI TR abkv, INbHiE, BFOD6 R
72 (x, 2,9,y dz, dE) DR E/PSI LTERTEEY
KELLTWABZ EITEDPESR,

(1) £FERIELI AL E, TOEETIIFELOY A
VIOMBRIGICIK S 7 H DT, BEEORFE —LADNE
Lleh, EBEOMEETIE, BTFONVFREELSE
MTHIET, GEEORTHEBT S, (—short
electron bunch length)

2 RVWEBKEET VY2 lV—208ERM, (—long
undulator precise fabrication)

(3) RWHHEEHC O TRAETHXMVET & & DBIC
WATICHRAT S BREND, RWT VD ab—XOHT
DT A A Ml (BEFE—L0WEZ £ - 3 <
IZ#9 C &), (—precise beam alignment)

(4) FUBHRET, BFFNZNOBES ORI EN/NS
W ERRDOENS, TbLEFE—AIC/NERT
Ry A VADERIND, (—low transverse emit-
tance)

(6) BRMEL %L L, BTEL~A 7NNV FITEK
FTHNPEL L HDT, THRIVFE—GERE DD TN
SVWEFUE—LDERINS, (—low longitudinal
emittance)

RIKEN/SPring-8 Ti%, IO ORIE% HARFNCHRL,
SASE-FEL OBMEEEA 572012, EF T rbF—1
GeV @ SCSS G % F i L T\ 5,
2.2 SCSS DEKKERR

Fig. 6 (X SCSS DK TH %, ETHI» OLRET
PRI I v XV ABFE—LHCRVFIN#ERICTI
GeV £ TI#EL, RI255mD7 vy bV—XIZHEL, &
HPER3.6nm, Y—27 /37 —2GW O S oF /)L A
(0.5 psec) DHk X % SASE-FEL & — I TH4 I 4,
I—P—ICffad 5, LU, HFHAH HIHIC SCSS OFf
R T %,
2.2.1 BFALE

SASE-FEL {213, KT3I v XV A (g, &, A, AE/E)
DETFE—LBERINDS, BAROBEILTI v Z VA
yey, y&y =1 mmm.mrad, HEI7MAICIT/ NNV F R A=05~1
psec, TRIVF—RAE/E=10"4, &&= 1nC, v—
7BEMI~2KABERSNSE, ThbHX, Y, ZFTXTD
HETDOII v 2/ ABRRFIT NS W EBPBETH %,

F#SHE O SASE-FEL FHEI T, #%, BFHIC7 x b
HY—FZHWTRF-Gun #&HL T35, THhix, N
WAE 1psec BEOHE/ SV AV —Y—N%w 7 5 ) —
FICBHL T, BV —F2rbEBER NVIVADOERTFE—LA%
SlEHL, ChEELPITIET A T, KL v XV

WA 165525 (2003)

ADBIV—LAEBEDENSITAT T Th b, il
amm.mrad I WEBRT — 2 OME L LI N TV S,
KRR AT - o/ — Tl L CEERE R 2B Clal - 7z
R, FrvErvr—2 LTI TR6 LA, BEHE
HICH T 5 IC3BEZERSLSEEESA AR ThWAT &
Dhohrotc, TNIRFELV Y=V ATF LADORZEM
(U= LDHBRRE, E—FREE, ZAI VIV
2, NT—EH, 077 ANVTEE) PRRATHD, %
BHE CeEED /2O DBIE R SN TV AR, T 7 tkkE
L7 BE TN, 20 OnbRREET 5 L0 L Eb
N5, T THEAEL, BEFHENVT v —VATLEWD
S HMPL SR ERBSRH L L E L, COHFRTHN
BV —Y—%HHL 72 \DT, REEERP VIV, L
LERICEVWVEFE—AZNNVF ¥ —THEMHML THLD
T, TI v A/ ABEAIH WK SHTICH o D 3GTE
L T 5,

STCAHY—FHOHAEBFOLI v X VAR, By —
FCTOBRTFOREHE L Y — FIPROBETEZONED
T, HRBZTPSVIEEDO Y — F 2T hiT kv,
ZhiZiE, BFREEEOSVAY —FBNEELS, K
%1%, B 3mm O CeBg (cerium hexa-boride) Bk &
EHERAL 3T VRTOEFE— ARG &Y, B
FEII40 A/em2 B2 S, Eloh Y — P COZERTE
ICEBTIv VAR T RIS 5728, 1YV —FIZi
500kV OFEEAHINT 5H N2 8M L7z, BiEFHEIC
KB LETHT /) —FTOTI v X/ A130.4 nmm.mrad
EEFITNIVWT ERTFHEIN TS,

CeBs 7w mEHFHDON Y — PRI A8E ICRHE L &
LD, ZTOMMBEMTh 5, BFRE21400~1500°C
R TH A7, BURHESKE < LI INBE T 25K
ELBH L, CeBs DB TRAET HRIVIRTF DB
BADILERIC & 5 & Bt ORME, b— X —REREC
DICE T Db — 2 —FmORM, BWRICE S0 Y —F~F
BEOELIR LR, Foxld, ThOORMER RRT 57
&, CeBgw@mfiEr 57 74 by FICN®, Thixr
F7 74 PO —Z—TREMEAST LA E LI, 757
74 P —2—OFE L, YEA&O5|E i TREBICHR
IN/ZHDT, MEOENT T 774 FEHWTHEE SN
TWb, 75774 MIEIRTOEML, BROVFHERE
ELTEY ==L L TRHEOME L > T 5, Fig.
TP ON Y —F7 vt v T — L MBGRBR O T
BV, BFREE TORERMBUSRII L TW5, 2003
FOFRICIE, 500kV HEEICLAE—AFIHL, LU
I3y X/ AMEERZFTEL T\ 25,

BT B TWMD/NY T+ —FBOFEANIC DWW TIHRA O
#WaTHET LA, BUEGHEIC LS &NV F K 3 psec,
P—AL3I vy X AL mmm.mrad &\ 5 BLE4 70kt
o TWA T ERFHINTN S,

767



WEE F16EFE2S

(2003)

Figure 6. SCSS System Diagram.

Granite: stable ground
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Figure 7. Cathode assembly (left). The CeBg single crystal
cathode (3 mm diameter) is mounted on the high-purity graphite
rod. The cathode is heated up to 1400 degree C using graphite heater
(right).
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Figure 8. The C-band accelerator system has been developed for the e+ e- linear collider project. Four C-band system

will be used in SCSS to accelerate the beam to 1 GeV.
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SCSS Undulator In-Vacuum Type

Figure 9. The in vacuum type undulator for SCSS project. After
assembling test, the magnet array will be installed into vacuum tank.
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Figure 10. Coherent x-ray scattering pattern from E. Coli bacteria
(left) and reconstructed real space image with 25 nm spatial resolu-

tion (right). Oversampling method was used for phase retrieval
(Ref. 24).
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