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Fig. 1 Layout of SACLA. SACLA comprises a low-emittance injector including a CeB6 500 kV thermionic electron gun
(EG), a beam chopper (DF), a sub-harmonic buncher (SHB or PB), an L-band correction cavity (L-CC), L-
band alternating periodic structures (L-APS) and a C-band correction accelerating structure (C-CAS)), a bunch
compressor 1 (BC1), 8 S-band accelerating structures, a bunch compressor 2 (BC2), 24 C-band accelerating
structures, a bunch compressor 3 (BC3), 104 C-band accelerating structures and undulator beam lines (BL1 and

BL3 with 18 undulators).
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Table 1 Present parameters of the X-ray and an electron beam of

SACLA
X-ray
Wavelength (A) ~0.6
Peak Power (GW) 10
Pulse Length (fs) 200~30
Photons per pulse 2x 101
Pulse Energy (mJ) 0.1~0.5

Bandwidth 10-3

Peak brilliance (ph/s/mm?2/mrad?/0.1% BW) 1x103
Coherence (transverse) 2D coherent
(longitudinal) Multimode
Electron Beam

Energy (GeV) ~8

Charge (nC) 0.2~0.3
Peak current (kA) ~3

Pulse width (fs) 30~70

14inX,1.7inY
~60 (Maximum)

Normalized Emittance (x mm mrad)
Repetition rate (Hz)
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Fig. 3 Spatial beam profile emitted from the electron gun with an
emittance of 0.6 mm-emrad.
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Fig. 4 Schematic diagram of the C-band accelerator system (one
unit). The system comprises 2 C-band accelerating guides,
high-power waveguide components, a 50 MW klystron with
a 2.5 us rf output pulse width, a pulse modulator and a high-
voltage inverter power supply.
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Fig. 6 Voltage stability of the inverter power supply. The stability is
6.7 ppm in rms for 1 minute. The upper ‘‘a’’ drawing shows
the magnified amplitude and time scales case. The lower ‘‘b”’
shows the reduced amplitude and time scales case.
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Fig. 5 Acceleration electric-field gradient of all the C-band units along the SACLA accelerator. Electric-field gradients
of almost all the C-band units after BC3 reach values of more than 37 MV/m. The red line with the solid triangle
dots shows the case at a beam energy of 8.3 GeV and the green line with the solid round dots shows the case of 7

GeV. The blue dots line is a value of 37 MV /m.
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Fig. 7 Configuration of the SACLA LLRF and timing system. The system comprises a master rf and trigger part, an op-
tical rf and timing signal transmission part and a LLRF and timing part for driving the klystron and a DAQ sys-

tem for an rf and an experiment.
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Fig. 8 Comparison among the noise values of the MOSC, after 400
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Fig. 9 Phase and amplitude stabilities of the 238 MHz SHB. The
phase stability is 0.0067 deg. in rms and the amplitude stabil-
ity is 1 X 10~4in rms for 24 hours.
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Fig. 10 18 undulators along the BL3 of SACLA.
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Table 2 Parameters of the SACLA undulator

Magnet Structure Hybrid Type
Permanent Magnet Material NdFeB
Length (m) 5

Period Legth (mm) 18

Number of Periods 277

Number of Undularors for BL3 18

Minmum Gap of Magnet (mm) 3.5
Maximum K value 2.2

K at 0.12 nm, E=7 GeV 1.8

i, BREZRETLERTORHORTHAARBET 5K
DO RBMLTEN S HLUBERD 5, COEREL, 7Y
2 V=2 OB X 0 efT 3 AiiE T2, BRX
GRIER T > v )l) OBFAEBIC IO BRI NS C &
TERINS, COMBEEROEREZEL TETFHERL,
SASE 0 HEOIFHILIEE (EIR) e %, SACLA T
i, KDEVWEFIANF-CXHRL—TF—DORELYFE
B 5701, FRAMTL 0 aB3hmE s B oh 5 H%E
HIET VYo b—2 AL T\ 5, JhiEEInEaR %
EHTHCNAVFIEE & & bic, XFEL &0/
DI=DIZHEDEAMTTH 5, Table 212i3, SACLA DT v/
Val—ROERB|E T 5, BE, SACLA OXFHD
vY—A5 43 (BL3) i, Fig. 0WIZRd L>%4RES
m OEEEIET VY 2 L— 2 B18EHE SN, ~0.6A 0D
XL —Y—OFERH-Tb, COT VY2l —H
DOREFA T O RAERIFRIL3.5 mm T, FPRIZI8S mm, &k
O KfEi32.2TH 5, MPIEATZ (3.5mm Ll E) T, [
BREICIG U CBOMENEDL D KEPEHDTHRET S
HDOWROTE L b, MAOWE I A Y7 LN, #
Fe, "oV BT, WMAXBESEEFICHATLH/-OICE
IbF 2/ DOa—57 4 VI PERICHINT WS,
BEHIET VY 2 V=2 Tl oE R, feskodikic
HED S WEBIENITEETH 5720, BEZEMHE RIS
MREZTHRTE R\, TD®D, AZEHIET VY2 —4
DO— k)7 BEEE T, B HRE T HNCa7I0
ARG RRBITHE L OIRRE CREBINE 21T - 7o, —BRA
il ThbEEBAYHRET S, 7/ Va2 b — XD/
B LT ARBRICERD THETh 570, BAFIxiig
T HEBRIC BTSSR ST ST R E TS
Vo L L7 6, EZEEBRERITRE O S\ WESHRIE L
THEETH Y, TOMBELILEHERT AT LITHRETH -
7oo FAT T OREZ RS S7-8, Fri-lxFmEIcHE o<
WHBMNETFELEZERLY, Thu SACLA HEZHIET
VValV—XICHEAL, ZOEE, Fig. MIRT XD
2, BZEMERE (MAZIBETFRE) Btk TAoMHRZE L d
NHWBRE AR TG A= =B L T 5B Z & o
HLIze —HTIOHLDOERD, WA OEFHRMEIC
BHIED, WhHT— XA LICLDBG L



B X 87 XFEL #E5% SACLA | ILEBON— KT 7 —

Before Tuning Vac. Chamber Assembly After Tuning
T T T T T T T T T

[ (a) 3.30 T (b)

10 |- 4
5 __ 4
o| I
5[ I

10 | 4

Phase Error (degree)

15 | 4

20 | 4

25 |

1 1 1 1 1
0 200 400 600 0 200 400 600 0 200 400 600
Pole Number Pole Number Pole Number

Fig. 1 Undulator phase-error profile (a) before and (b) vacuum
chamber assembly, and (c) after fine tuning.
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Abstract This paper describes instruments of the X-ray free-electron laser “’“SACLA’’ generating light with
the world-shortest wavelength of 0.06 nm. The cost-effective method to reduce a machine length by using a
high-brightness thermionic electron-gun, a C-band accelerator using a high-acceleration gradient and an in-
vacuum undulator is especially explained. Furthermore, the extreme stability of the accelerator instruments to
realize stable lasing is mentioned.

64 B March 2012 Vol.25 No.2



