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Table 1 Performance of EUV SASE-FEL from the SCSS test

accelerator
Radiation wavelength at saturation condition 51~61 nm
Photon energy at saturation condition 20~24 eV
Spectral width (FWHM) 1%
Pulse energy average at 1D exit ~30 uJ/pls

Photons per pulse 3% 102 phs/pls

Intensity fluctuation <10%
Pulse duration (FWHM) ~100 fs

Polarization Horizontally linear

20 Hz

Repetition rate (Design max: 60 Hz)

Power ratio of 2nd-order harmonics to the

0
fundamental 0.1%
Power ratio of 3rd-order harmonics to the 1%

fundamental
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Fig. 1 Spectra of EUV-FEL. Blue and red lines show a single-shot
spectrum and an average spectrum over 50 shots.
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Fig. 2 Schematic layout of EUV-FEL beamline.
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Fig. 3 Transmission of the EUV-FEL as a function of gas pressure
of Ar at a wavelength of 61 nm. Open circles denote meas-
ured data. The solid curve indicates the best-fitting curve
based on double exponential function.
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Fig. 5 Output signals of the ion chamber, the open sensor, and the
accelerator trigger measured with an oscilloscope. (a) Sin-
gle-pulse extraction; (b) double-pulse selection; (¢) frequen-
cy division one-third.
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Table 2 Parameters of focusing mirrors

Horizontally Vertically
focusing mirror focusing mirror
Deflection Horizontal Horizontal
Surface shape Elliptic cylinder Cylinder
Coating SiC SiC
Deflected angle 171 deg 170 deg
Object distance 23.434 m 23.546 m
Image distance 1.112m 1m

(V4

V (FWHM) = 13 pm
H (FWHM) = 16 pm

(wrl) [eonop

40 20 0 20

Horizontal (um)

40

Fig. 6 The focused beam profile measured by scanning a 10-um
nickel pin hole placed in front of a gold plate. Actual vertical
and horizontal sizes at the focal point were 8 um and 12 um,
respectively, which were obtained by deconvolution of the
measured sizes by the pinhole size.
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Fig. 7 Profile of a crater in silicon surface ablated by a single-shot
focused EUV-FEL with a 0.9 uJ pulse energy using scanning
probe microscopy. The crater shape was a cone with 10 yum
(V) by 12um (H) and the maximum depth of 90 nm.
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Fig. 8 Gas monitor system.

WFLHZEREETHS, WIVAZHRILVF—Z10%EE
DEFERD D, B HUER A FR GEHRE ST S5 Y)
T, Vav FMEOT—XPUAETH S, ZDDIT, K
Z I IEFIE TSV AT RIVF—DPHIETE LN AT R —
v AT LHBFL 72 (Fig. 8),

HAEZZ—OREMIL, EUV-FEL XD/ AT %)V
F—"HA LT VETHET S, TAEZX—V AT A,
EZ2fEPYIC Ar /A% 10 2Pai A L, FEL JREHIC L T
AU THA & V& B THIE, BHESE® YT V7T
W&, A/DavN—2 % TT— 2 RERITED, Vv
FMEICEEET B, T O T, Ar T AIC X AW 1 %R
ETHY, FLALOHRE—LAT AV TRMICHER S
bo VAT LTSRS NIl B/ UV AL RIVF — N D
B, PEARDE « BAHREEEEREZEO N DY —A—X%, F A
v @ PTB/DESY O 7 A€ =% —% T 7=9,

4. FELRAMZ T AMBV—Y -2 R T A

EUV-FEL O# /)L 2 & A L 72 FIASER & L C
T2 LU=V A LA G DR IRV T e Ta—
TS L AR S R A fE I N Wb, Ry«
0=, EmAR VRIS X0 (Bhg) L7cRee
A, TR —T7NOEILREAZE LS ¢ CHEBET A & T,
FIHFRIRIC I 5 XA F 3 7 A%+ 5 i TH D,
V—85— OV A% iR 7, FEL2 560 EUV X% 7
O—7% ¢ L, KBEFHHES, WG KR & T, K
EREOE T, FT, BEOHMEELZENTE S,

T o AV — L 2F e AT BT — PR
UV—&it, HIERELICHL T (t=2L/c (c: ¥&) &
T2 B0V AR E R 720, RGE ST LIRER Y 7
4 —=FNy 7§52 T, MPALZLV ==L 2T
NEOLNS, RARGFICE, ko238 MHz 2 # RF
BF5% 35793 MHz 55 %AV T\w5b, L—H—
INVAFNI G, BEFNVFOXA IV ICHELIL 72 1kHz

Table 3 Specification of the fs laser synchronized with the SCSS test accelerator

Wave length Ave. Power Rep. Rate Pulse duration Energy
Oscillator 800 nm 0.7W 79.3 MHz 50 fs 8.9nJ
CPA 800 nm 3IW 1 kHz 30 fs 3mJ
OPA Idler: 2.5-1.1 um — 1 kHz — 50-150 puJ
Signal: 1.1-0.79 um 50-200 uJ
SHI: 810-570 nm 1-30 uJ
SHS: 602-532 nm 10-70 uJ
SFI: 602-532 nm 25-48 uJ
SFS: 531-471 nm 27-108 uJ
FHI: 495-395 nm 1.5-2.5uJ
FHS: 395-285 nm 0.1-8.5uJ
SH-SFI: 301-266 nm 2.3-8.4uJ
SH-SFS: 263-235.5 nm 4.9-8.6 uJ
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Fig. 9 System of the fs laser synchronized with the SCSS test accelerator.
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Fig. 10 Schematic layout of the pump-probe experiment combining fs-laser and EUV-FEL.
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Fig. 11 Principle of the timing measurement. (a) EO sampling. The
electric field induces birefringence, changing the polariza-
tion of laser pulse from linear to elliptical. (b) The cross-
correlator converts the time structure into the spatial one to
be measured by the ICCD.
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Fig. 2 Timing determination. (a) The typical single-shot image
measured by ICCD (the lower panel). The upper panel
shows the integrated intensity of the image in the vertical
direction, which corresponds to the electron beam distribu-
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The present status of EUV—-FEL beamline at SPring-8

Mitsuru NAGSONO?, Togo KUDO'"2, Tadashi TOGASHI'-2, Kenji TAMASAKU",
Toko HIRONO'"2, Kensuke TONO?', Makina YABASHI, Hiroaki KIMIURA"-2,

Yasunori SENBAZ2, Haruhiko OHASHI"-2

TRIKEN, XFEL Project Head Office, Kouto 1-1-1, Sayo Hyogo 679-5148
2JASRI, Kouto 1-1-1, Sayo Hyogo 679-5198

Abstract A beamline at the SCSS (SPring-8 Compact SASE Source) test accelerator is described. The
SCSS provides coherent, brilliant and ultra-short pulses based on a self-amplified spontaneous emission free-
electron laser (SASE-FEL) scheme at wavelength 51 to 61 nm in the extreme ultraviolet (EUV) spectral
region. To utilize the characteristic features of this EUV radiation, we have constructed the EUV-FEL beam-
line. A laser system synchronized with the EUV—-FEL pulses has been installed and operated for users. An elec-
tro-optic sampling (EOS) system to measure a time jitter between the synchronized laser and the electron
bunch has been tested.
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