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Abstract

In order to synchronize precisely among accelerator components in the x-ray free-electron laser (XFEL) facility,
SACLA, an optical fiber length stabilization system for a reference rf signal transmitter was developed and installed. A
tolerance of timing drift is set to 50 fs for the stable generation of XFEL. In order to achieve this timing stability, we
employed an optical interferometer for the measurement of optical path-length variation and we utilized a piezo-electric
fiber stretcher for the compensation of the length variation. A frequency-stabilized laser with a wavelength of 1.5 pm
and an optical mm-wave signal of 91.4 GHz are transmitted to receivers together with an rf signal and the laser lights
are reflected back to the interferometers. The detected length variations are fed back to the fiber stretchers for the length
regulations. By using this system, the timing drift of a reference rf signal transferred through a several-100m-long
optical fiber was confirmed to be suppressed within 50 fs. Consequently, the optical fiber length stabilization system

has sufficient accuracy for SACLA.
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Figure 1: Schematic diagram of the optical rf distribution system in SACLA, including the optical fiber length stabilization
system.
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Figure 2: Block diagram of the optical fiber length stabilization system.
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Figure 3: Frequency stability of the frequency-stabilized
laser.

Coarse R CHEHT 5 I VK H(E 5L, ECLD 25
D) fi % LiNbO; Z#i#¢ (LN-MOD) IZ AL,
5712 MHz @ 8 ¥l Td> 5 45.7 GHz TZEM L THRL
T 5, LN-MOD (2K Y 2 KDY A RN R fi, f£3
EGIL, ZDHONNY RIHIET 4 V5 THE A
ZErETHIET 914GHz Bini=W A R K72
RS, LIeh- T, fERMIC 914 GHz T AM
ERESNIEREENERESNDZ L R, 2D
VIR OB E L, Jt0 5712 MHz D EE T
IFIFERED, TOMEIFEET 1x10° L FTH D
Z X Fine % & R ORERZEMEEZRFSZ L &R L
TWb, F7-. 8 WERBNIFE /) A X &L LTV
RNT & BT, LN-MOD I2B W T B
ZRENTH I I DC AT AZHIET 572 L,
ZEVER O ODOERZFHE L TV D,

33 T¥HEF

HEAO T A= HETIZ. ETBRE%E
MY+ A 7728y, BEE—2A2AT7Y v X
(Polarization Beam Splitter, PBS), 7 7 A /S & L
F ¥ R TEHICD S, ZEEBRICA-TRE
FD 5B, 57T12MHz HAFFOHAPEIY ST
OFE Z#sibd, Y OUMERNEFIZZ 777 —

[al#iz X 7 — (Faraday Rotating Mirror, FRM) T %
90 ERlfx S ¥ 7z LTRSS, FEEHIRES NS,
R EEIX, PBS (ICX 0 DB S NBIOL LIRS

ENnb, PBS & FRM Wb Z LT, ®#Poax
7 B ETHELL TiR-> TE AR IEOENTH
BITEXDDT, ZEHE COREEZMICRIET S
ZEmTES,

THEFEHRESCT T2, BEXICHONTIE
BRSSP (Acousto-Optic Modulator, AOM) T
JEW KA 238 MHz 7 b & TAT o X A Uit
%o RECICERES 7 B LSRR EIRAET D &
238 MHz T AM Bl SN tEEnEons, o
A& B Photo-Diode (PD) =MW CTESREFEZILY H
9 &, 238MHz DE¥— MNMgERELND, Z O
238 MHz {5 5 OALAE N OALARICAR S 35,

AR AT ATIEHUMERAEE I EES D5 DT, L
NS RIRAT 4 VETHAGHEZBEL THD PD I
AN b, Fine FTOXDOfFEIL. PD TH L=
238 MHz 1§ 5 & AOM (Z A ) L7= 238 MHz 1§ 5 DA
M ZE T RO 5415, Coarse 2D I U I
(91.4GHz) ONLAHIX, 2 KONES f, £ OERE
NmnbELNS 238 MHz 8 5 ONLFR & el 35 = &
TRODZENTE D, NAHOKBIZIT, ALFHJE B
H S pi#s (Phase-Frequency Discriminator, PFD) %
WTW5, ZHIUIMIAICHEREEEZ 135D T,
FOEET 4 — RN JIMESZENTED,

34 74— RN 7l

TWHNOHEONTZRERERT T+ — KXy 7 H
DODN—T"T 4N ERETIEBXNT 7 A /XA MLy
F Y lIFREIND, KRVATLATHEATE 7 7 A4
Z b Ly F v IS 3mm T, 3kHz FREE
T7 7 v MREEEREEER-> TS, Lol
15 kHz [ZHA 72 LIEN 5 DT, T DOIIEDO A
EZIFRVEIICNAN—T T 4 v E BT HLER
b5,

Fine SRIZOWTIE, MR 1.5 um &38<, T
J A= MVEROEENZ HEE TH D72, Tk
FEETHLHUEREAN AN BENLH D, £ T,
Fine DNV —F 7 4 L ZZHBH ALY
Figure 4 [Z/R L7cAR— RO L Hic, a—F—JF
Wet%E 1kHz 2L L7z, £ LT, (SR 70
BIEEERNTWDEDOTHSLRETHD, ZDLEIHIT,
Fine R ClIiflkz A< 356 2 & THWAMELN A>T
HLEEICHETES LI LT,

Coarse RIZHOWWTIE, HEMMENIKN 3.3 mm &+
SINTIEND T, SELBA-> THRIEREA B L5 2
EIFIERNEBIOLND, TOD, HWOAMELIC
X T DLBEN W, F 2 T, Coarse RD )L —F
7 4 VX [T HHIZ Proportional-Integral (PT) il & L.
a—F—JEEEAK 0.02Hz L5 X DI T A—
A RFEI N TV D,



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

0 L Mk et
T~ ‘ fiber stretcher! 15 k
_ 40 k z
g 3 #ﬁﬁm“
s 0 NG
5 20 :
8% AT
-60 Corner freguency: .1 \lTH'A
80 1 0 el T
0.01 0.1 1 10 100 1000 10000100000
Frequency [Hz]
180
135
— 90
& 45
=) u -
5} [y
g _45 I X =
e | A0 A
—135 T T i
130 Phase margin: +70 deg) "
0.01 0.1 1 10 100 _ 1000 10000100000

Frequency [Hz]
Figure 4: Board diagram of the fine control loop. The
navy lines are calculation and the red lines are the
measured results.
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Figure 5: Trend graphs of the propagation delay variation
for a 1.5km-long optical fiber measured at a laboratory.
The upper figure shows fine loop data (red line) and the
lower figure shows coarse loop data (red line). The room
temperature is also plotted by the black lines.
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Figure 6: One-hour trend graphs of the propagation delay
variation for a 400m-long optical fiber in SACLA. The red
line shows fine loop data and the blue line shows coarse
loop. The rms values of these data are 0.13 fs (fine) and
2.8 fs (coarse).
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Figure 7: Two-week trend graphs of propagation delay
variations for a 400m-long optical fiber. The upper figure
shows length measurement data of the fine loop (red line)
and the coarse loop (navy line). The lower figure shows
an adjusted length with the fiber stretcher (green line) and
length drift of the optical fiber for the optical timing and rf
distribution system (purple line).
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Figure 8: One-week trend graphs of the phase data of the
S-band accelerator (red line) and the optical length data
detected by the PFD at the receiver side (blue line). The
length regulation for the rf distribution fiber was not
applied for the upper figure and was applied for the lower
figure. The unit of the vertical axis is femtosecond,
converted from the rf phase.
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