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Abstract

Preparation of a timing system to inject a beam from a linac of SACLA to the Storage Ring (SR) of SPring-8 is
underway. One of the challenges is to synchronize two accelerators without degrading the performance of the XFEL
operation of SACLA. We tested a prototype of a synchronization system by adjusting the timing of the master trigger
signal of SACLA to the revolution timing of SR, and by applying FM modulation to the master oscillator of SACLA. We
succeeded in synchronizing the timing between two signals (a 79 MHz signal which is one-third of 238 MHz of SACLA’s
timing reference frequency, and an 85 MHz signal which is one-sixth of 508.58MHz of SR’s one) within 1.2 ps rms. But
we also observed a phase slip in a PLL circuit of a laser used at pump and probe experiments at SACLA. A counter
measure was tested which utilized that the timing of the 79 MHz signal relative to the 85 MHz signal changes -0.1 ns
after one revolution period of the SR. The timing difference was minimized from 12 ns to 0.1 ns by waiting appropriate
revolution count before generating the master trigger signal. On the other hand, this timing delay caused the deviation of
the master trigger signal from the AC 60 Hz zero crossing timing, which lead to the beam kick by the heater current of
the electron gun. We measured the effect of this timing deviation on the beam position and angle. We found the deviations
were less than 3 um and 0.2 prad with a 0.2 ms delay from zero-cross timing, which were acceptable level. The injection

test from SACLA to SR will be started in 2018 fiscal year.
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Figure 1: Timing chart for injection from SACLA to SR.

REfH 222 A DB, 77, T ORFH 2% EMEIZEHI
THZENMEIL D, FOHFED1IHELT, EEE &
D 406 {FDJE M $ 85 MHz #2717 L LT, SACLA #
A7 HHE 79 MHz ZRET D EEIRELZ[2],
DIFETIE, £9°. 85 MHz D7y TEIfET %S ADC
\Z 79 MHz OfF 5% AL, ZEWH D 5.4 MHz DT —
GHEAGDH, ikl TLC, 85 MHz 2271y 27L LT 5.4
MHz O EZEE S, REZEKEEFEH N T 5
Numerically Controlled Oscillator (NCO)Z HEL ., Vtv
MEEE | FFE 2= E2 L7202 A 7 TIT9, IRIC,
ADC OF —# & EFENCO D25 5LDFETIBINQ %
85, ZOBEIXT VAN E T a =T a YL,
BOF—#HZ1T 5.4 MHz D 2 2L . 2ODIEB- DAL
FEDEREF HOR—2ANNUREBNEG END, K
W7 ANV AEE L TR — AN R E R L E
BEOWBEEITOIZEICKY N HEHFLIZENTES,
79 MHz {& %7, 85 MHz 15§53 NCO (& 5L DEFH
BAtROFIZ Figure 2 (TR d, 22T, HEET & AUL,
ADC 5N D1E 58 NCO EONARZED 0 ETHD
Z&i%. 85 MHz & 79 MHz EDNARZENEIZ 0 JETHD
ZEERL TS DT Tl DX A7 Ty
YE&1T72 72 NCO LIRICHAI 7 TEMET DRI
FoTUWZENTE, LV EDHREERLTNDE
VW) RUTE D, 85 MHz & 79 MHz DNV AHZE X Re 41 4 &
TAC KT D, 7272 NCO LRICZ A7 CEIES HIE
FIZDWT, 85 MHz {5 5 D JE DR E G721 B AT
L7=ZA3 7 Tl, 79 MHz DAL —EDEEZFF D
FDHEAIL T TOIRIERF X —EME72D,

BIET CRULI T ECTHAIL B E=E2b S, ZA/3
T FEEMEIT DT ECOW TR 5, EEY 7 D B
LUy NEFE— 2% A TELZAITNT. B
BV 7 OJE AR SR AT D, Zhud, ARZA
U e B [ R R DB (572 | R I SO R B A &
VWIZEEIRLTCWD, £2C, Vo7 &1 8 a - 7= B #
12 85 MHz & 79 MHz OFFEZENENTZ T LT 500
Z RO THD, JEEIEERIL 85 MHz D JEHOBH (LT

HHDT, AZ—bOEEFE 85 MHz O)TFE 0 JEThHi
1. 1EE#S 0 EThd, 79 MHz DfE 51220\, 1
JABBITR AT DR dt, (A A¢ IFULFOXT

FzEho,
. 79 MHz
M <208 kHz)
dt = — ~ —0.1ns
208 kHz 79 MHz

A¢p = 2m X 79 MHz X dt = —2m X 0.0086

ZOZENL, RO FIEEEETrZ & T, 85 MHz &
79 MHz OFE7£% 0.1 ns DINIZHIZ DZEMN ATREE 72
Do
1. AC 60Hz DX A7 CTNCO D reset 24T\, L
RN T 5,

2. BONIANEZEGBEBE BN = ¢/ A pZdt
"D,

3. EBENTALERBIETE TR ATV AX—
VA% T13%

Fo7z 0.1 ns LAT ORFRHEIZEOIIIL, SCHR2] TRL
725912, SACLA O master oscillator 2% T FM 23
ZEIN$ AL TITH, OO FM o KkExXT,
0.1ns/15ms ~ 7E-9 THY, 12ps & 15ms TEFHAL
TG B~ 2T/ SN D TR TUNVD,

Figure 2: Timing relation of 79 MHz input signal, 85 MHz
clock signal and NCO signals.
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Figure 3: Block diagram of timing synchronization system.
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Figure 4: Example of the measured phase of 79 MHz
signals with a test setup. The feedback gains were changed
from 8 to 256.
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Figure 5: Horizontal and vertical beam positions at 476
MHz cavity entrance as a function of delay from AC 60 Hz
Zero cross timing.
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Figure 6: Beam positions and angles at the beamline BL3-
0 as a function of delay from AC 60 Hz zero cross timing.
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