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Fig. 2 Schematic configuration of SPring8 XFEL facility.
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Table 1 Parameters of electron beam and undulator

Electron beam

Beam energy (GeV) 8
Peak current (kA) 4.4
Slice emittance (zmm.mrad) 0.77
Slice energy spread 7.1e-5
Total charge (nC) 0.29
Bunch width (fs, FWHM) 55
Beam size at ID exit (um, rms) 35

Repetition rate (Hz) 60 (max) to 1 (min)

Undulator

Periodic length, Ay (mm) 18
Segment length (m) 5
Number of segment 18
Maximum deflection parameter, K 2.3

Average betatron function ./, (m) 25/25

Table 2 FEL radiation parameters at K=2.2 (for fundamental

radiation)
FEL parameter 4.4e—4
Radiation wavelength (nm) 0.13
Photon energy (keV) 9.9
Bandwidth 9.2¢—4
Source size (um, rms) 33
Angular divergence (urad, rms) 0.73
Beam size@sample position ) 80
(um, rms, 100 m from ID exit)
Peak power (GW) 29
Pulse energy (mJ/pls) 0.78
Photons per pulse (phs/pls) 5.0el1
Pulse width (fs, FWHM) 30
Repetition rate (Hz) 60 (max) to 1 (min)
Power ratio of higher-order harmonic 1.3e-4
(2nd:1st)
Power ratio of higher-order harmonic 2.8¢-3
(3rd:1st)
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Fig. 3 Peak power and pulse energy as a function of photon energy.
The corresponding K-parameters are shown in the graph.
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Fig. 4 Time spectrum at K=2.2. The red line shows a guide line af-
ter smoothing.
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Fig. 5 Energy spectrum at K=2.2. The red line shows a guide line
after smoothing.
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Fig. 6 Configuration of beamline in the Experimental Hall. OH:
Optics Hutch, EH: Experimental Hutch.
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Table 3 Parameters of main optics

Mirror Mirror Double-crystal
1&2a 1&2b monochromator
Incident angle 4 mrad 2 mrad 3.7 ~30°
~<9keV|~<18 keV 4~30 keV
Photon energy range | ih Sic | with SiC | with Si 111
. o - 0.01%
Bandwidth with S 111
Length of optics along 400 mm 400 mm 100 mm
optical axis
Spatial acceptance 1.6 mm 0.8 mm >6.4 mm
| T g
£% £g E: fERL P i;gg fiss
iigm i g% 88 & £ 3Ef aif
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Fig. 7 Layout of beamline components. Main optical components
are indicated as the blue line for high-energy double mirror,
the red line for low-energy double mirror, and the green line
for DCM, respectively.
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Fig. 8 Dose vs. incident angle. Dashed lines are melting threshold
levels of each materials. Photon energy: hv=10keV, dis-
tance from undulator exit: 100 m. Threshold levels for
graphite and silicon are overlapped in this graph.
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Fig. 9 Conceptual sketch of DAQ GUI window (top), and tag
delivery scheme by a tag generator.

T—anEAHINS, £ T, ZNOHaRhE L A
L TRET A ENRDOENS, QITOWTIE, ab—
Vv b X HREREL BB 7 & Cld, FEBRAICHMSEEE O
BN DB SV I5A VN AT > CF— 2 DE%

RITHTENBE L, BRI 21T > Toh3R X < Ehx
FATTE DY AT MERCATO LEDR D H, FT, EE
IR RN BB GO A—/R—a v/ 2 — X —
= A A AR T & 5 BREE A 20 0 BT 75 B T RE
HEAE V. BT DWW TiE, XFEL (& REOCRFEHIR T
BHTD, FRATH L WERTEICHKEL, ZOHEEAY
BRTHIEDBROOND, o TRFELFERY AT LT
H5 EFRHC, RBRIAIFETH-> T, ERY AT LD
WS B 5 AT 2 BRI ke R A DD 5,

Fig. 9 ICF — X WUEY AF ADL—F — A VX —T v —
ADBERE R LTze S OERTHEASINL EE 2N
TW5 X2 koo g7 & Ot CHfi « BIFE T %
BHERE, CODAQ VAT AIC L - TEBRAIT-> Tz
B REZ TS, ), I—F—FHbiALkkeEd -
D DAQ VAT ATHRTE B LD EHia T 5,

A —HP =R LA EICEE L 50, £h
ENOINVALES (7)) I wT5HETH5D, Mk
BICIREES 2/ OV AGHR T —x &, 21— —ERTHH
HEEREE N —D X 7 H s TEMET 20BN 5H, 755
NKL L OB TEEMO DAQ v A5 AMCHEHTE 5 &
2N, AT MNFERGFIATZHY AT LAOBEDRKD S
%o

ZTH~3, Fig. 9IoR4 X 7 AL RAT A C
LIZL7z, CTCTE, T hofles v o, XS
VAR 72 TTL 5% 2 —Y —flickiE+ 5, 21—

62 © K&tH March 2009 Vol.22 No.2

Y, COWMESVORTEZDD L, RHOES Lk
BOFKSE, Vv FlEENL TR 5205,
AP —EEBOBIEEEL, TTL SV A%z B, &
TESEINBELENDT — 22 fid 5, WES VKT
#®, 1 —Y—ERIERPFTE L RBEOZ 7 H =L,
BACTREEL COLRBO X 7 HFS#ILNRT, 2 7EFFIC
MWD p oo & S e iGEd %, TTLE ST 2 5%
MAEER L, hZhn X700 2008 U T OB RER R % 72
TR Z FOREL TB 2 &nTESL, TTLD 1
Rt A OTKBIEY 7TV, b D 1 R E TN
BTy 7 el THWAREDERITEPHES N T
bo MBI TY 7y MEEDOT TS LAY R— T EfTD,
CHUC kD HROERE & &% < OMME R BERTATEE &
5, I—F—HITEHE L L CL, BakL Lo wiEE
ETH T BB E D,

3.5 X# 2xRTiELEs
XFEL |3V — 7 HE « ZZfejab — L v A « @B/ OV A
DA B 5 4 OO0, EHKTHITHE 3 KT
DEMFEY —AT A VRS ERRBREICE Y5, o
TEZOWREE+HICs | ST/ SV AT LD F— 2 & W
LF e ETELEMREREEEI RO LN S,
XFEL FIFH EER O R o i 2 OB DB T 5 &
TRED 2 SHEETH S,
GMH1) NIV AT LT =2 2B LETNE bk
W,

(&th:2) 7OV ABID OHAEDHKI 6 Mgk < 7z - 72,
CHICHE, BHBICEET ALY 7 Vb
D DIET ORI HE KA L 7% - nid 7z
B (FERF SV ABD 1 RTRETH
OfC)o

ZeE 11, EHORE DR L BB A60 Hz ICF#IL T
60 fps (frame per second) OR{GHE TEIFT 5 C L& H
KT, SHICHIDOT U —LDEBHRD 7 L — LB
ELTHBEISNTL TS C Ealitld 5720, eI an
ICEEHTE LY —RERIN S,

2125 5T, FEACAR S BERMOKH 5 L5
Ll b, INE THREPERR TIRAEE & CCD i %
AR 2 RIEEHEDPIES HbNTE/, Ly
L, ab—Vb v XBEPFEMERRR S TE, 1T
LSOV OB RREE 23 LB 7 % O T, R H AR OB
HROOND, FEEBHEETIE, 74 P XA X —FFT
XM SN, BT « R—IUXT S KERT S, &
T e m—WE7 5 FAAT—FhToML, —RICHRIE
FATWI N EBEICERR S 5, BESE 513 Analogue-
to-digital converter (ADC) I & - TF ¥V X IVIGHIC
LitAatiaNb, &1 Z@/-d 72010, FeihAb LM
BABRSTAULERD LD, TOEEEHEELLTL /A X
DKL 2T THOERTIE R, £2T, WFITie



&5t [ SPring-8 (C&5(F% XFEL/EUV-FEL E—L T4 >

AT EITRY, 2ROEE AP LS BHDOB T
B %

M, G2 TE, YU avorEEREERO%
HOMH BRI AE ZRE SR £72 L 5> T,
105 O X #206F 48 1 #50 X 50 x 50 um? (SEHI 12 WX
SN ERETHE, Fo ) TRET22x102e/cm? &
AHH, CHIEFEFOL0kQ cm OEIEFLY VU O VKO
F—UV I/ RELARE TS, SO L6, EZET
DOBGH XL > TERL72F v U 7IC & - TRk S
h, BERACEES FAIRHRL TEMERPTTLED
(Point Spread Function 78 A St X #RREEICHKET 5), &
D%hH1T charge explosion 7z & S N TW5b, Chak
MET AIzDICE, PV 7RELD S XMHIC K-> TR
HL72F 2 VT ORED TR, 70 b A4S/
DOXBHTEPPI N ERROENLN, EORE
FCHOBIEMN L M7 DI O\ I B R e B 5E 347
b T\W5b, charge explosion Z Fi, BT 5 F & A
A—FTHERFx VT DOF Y7 MRS R WSS ICEAE T
Bb, fo CXHMHBBEBT V-V —HOBEBROLS,
BTRE LI KE 5 ME A R W B S 5 O EiMIC
LW EBTHIND, kb RELFRITETE 7 WL
A A RKRELTHIETHAHD, TALOEKEHLC
LRI NS,

F oM, B A OB A TR 1
HEV, 1TEMOBERICH 2 bNb C L EhBOFEM &%
25 &, B0RBEOL—F—2AFHT 2 L HEL T4x
10" ph. /pixel LA EOMEALE L B b b, 356
12, b=V XBEFEHEER T 1/ VARG T
B {5 A S 3 % 7o O I AR A 3 ¥ 7 2IVELTFIC T

BHIEDPNELEZ HNTWA,

BEAFEOBHI TI NG OER A /2T b DX\, i
RO FZET L FEEL 2\, £ 2T, FHICKREET,
EX#Ey » Feii 2R T 2 0LEID H, FFICH - T
i%, 60 fps DGR & 16 TFHHEET), X HERAmE 4
x 10" ph/pixel DL k% DhZE KRR, & HIWHE Zn i K15 5 08
& (Full Well Capacity) Z#LEOSVIHIER & L,
VAT LDREIREIT S, T, WHETEZEBE B
mel, BRx By A XTI TEAEDICT AT &
DEE L,

INBOERICC /-2 5720, XFEL FERRFICHETEIC
BETHEwHEETDVAT A (REVAT L) &,
L VEAMBIREEAL, LD EEOREREFEIH TS
VAT L (BHEY AT L) SIZRPILBFEET-> T b,

Side A
Dead Area, 150 i m width

Side 8
Dead Area, 300 pm width ]

Readout Side

Fig. 10 Schematic sensor format of multi-port charge-coupled
devices (MP-CCDs) with 8 readout nodes (left), and a tiled
detector with stepped array of 8 devices with total pixel
number of 4k X 4k (right). Bach readout node operating 5
M pixel/sec readout rate enables synchronization to the
XFEL repetition rate of 60 pps. The tiled detector has a
through hole at the center, of which the size can be con-
trolled remotely.

Table 4 Target Performance of multi-port charge coupled device (MP—-CCD) detector

Parameter Target Value Units Comments
Pixel size 50 x50 m?
o in 2 X2 binning mode
100 x 100
Operating Temperature 0~ —50C °C
80 6 keV x-rays
Detection Efficiency % 4
20 12 keV x-rays
. <0.2 photons for 6 keV x-rays
System Noise
<330 e
5 Me—/pixel for 6 keV x-rays
. 3100 photons/pixel in unbinned mode
Full Well Capacity .
20 Me-/pixel for 6 keV x-rays
12400 photons/pixel in 2 X 2 binning mode
Frame Rate >60 Hz
Dead area width <300 pum 3 effective pixels in 2 X 2 binning mode
Tiling Capability 3-side buttable N/A
Radiation Hardness 4x 10" photons/pixel for 12 keV x-ray
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Fig. 1 Schematic diagram of the synchronized laser system for
pump-probe experiments.
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Table 5 Radiation properties of EUV-FEL at a beam energy of Ey
=250 MeV (for fundamental radiation)

Radiation wavelength at saturation 50~61
condition (nm)
Photon energy at saturation condition (eV) 20~25
Bandwidth ~1e-2
Source size (um, rms) ~90
Angular divergence (urad, rms) ~90
Unfocused beam size@sample position -3
(mm, rms, 27 m from ID exit)
Pulse energy at sample (uJ/pls) ~10
Photons per pulse (phs/pls) ~3el2
Intensity fluctuation (%) <10
Pulse width (fs, FWHM) ~100
Polarization Horizontally linear
.. 20 (max) to 1 (min)
Repetition rate (Hz) (Design max.: 60)
Power ratio of higher-order harmonic ~1e-3
(2nd:1st)
Power ratio of higher-order harmonic ~1e=2
(3rd:1st)
2 .
g
£
Sk i
z
£
E
0
59.5 60 60.5 61

Wavelength (nm)

Fig. 12 Spectra of EUV-FEL. The blue and black lines show in-
dependent single-shot spectra, while the red line cor-
responds to an average profile over 100-shots.
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Fig. 3 Layout of EUV-FEL beamline.
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XFEL/EUV-FEL beamlines at SPring-8

Makina YABASHI', Takaki HATSUI', Tadashi TOGASHI', Kenji TAMASAKU?,
Mitsuru NAGASONO', Atsushi HIGASHIYA?', Togo KUDO"2, Hiroaki KIIURA"-2,
Haruhiko OHASHI"2, Shunji GOTO"2, Sunao TAKAHASHI"2, Yoshihito TANAKA",
Hiromitsu TOMIZAWA"2, Takashi TANAKA', Toru HARA', Hitoshi TANAKA",
Kazuaki TOGAWA" and Tetsuya ISHIKAWA'

TRIKEN, XFEL Project Head Office, Kouto 1-1-1, Sayo, Hyogo 679-5148

2JASRI, Kouto 1-1-1, Sayo, Hyogo 679-5198

Abstract We report on the present status of FEL beamlines at SPring-8. An XFEL beamline is under con-
struction towards the launch of user operation scheduled in 2011. Plans for a beamline configuration, an opti-
cal scheme, a data acquisition system, 2-D detectors, and a synchronized laser system are described. For EUV
—FEL utilization, a beamline was constructed at the SCSS test accelerator. User operation started in May,
2008.
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