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ERLexp timing system requirement

Total jitter <20fs
Development issue
1. Timing distribution system
2. synchronization of the lasers(e-gun laser & pumping laser)
3. Arrival time measurement & compensation  
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Precise timing for current and future accelerators

precise reference clock distribution is required not only for ERL, but current
and future accelerators Super KEKB and ILC in KEK.
The reference clock for the acceleration devices needs to keep the
accuracy for all locations.

•SuperKEKB (509MHz) 0.°(0.54ps) ~3km
•SuperKEKB (2.856GHz) 0.°(0.5ps) ~0.4km
•ILC (1.3GHz) 0.1° (0.21ps) ~30km

International Linear Collider  

SuperKEKB
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250ps ->2.5ps

Timing Stabilization effort(previous development)

T.Naito et. al., Linac2000
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F.Loehl, et.al. PAC07

DESY Timing Stabilization system
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DESY Timing Stabilization system(2)
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R.Wilcox, et.al. OPTICS LETTERS

SLAC(LCLS) Timing Stabilization system
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System Layout 

Phase stabilized optical fiber
(PSOF)
5ps/km/degC

WDM: wavelength-division multiplexing

Feature of this system
•PSOF for small thermal expansion 
•FB with fiber stretcher, simple and reliable
•WDM for multi-signal transmission 
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One day measurement (w/o FB)
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Experimental setup(Frequency:2856 MHz)

0.1degC 0.1degC



13

Experimental setup(Optical Link and WDM)
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Measurement setup

TransmitterReceiver

Phase detector

Inside of the TX

Spectrum of the FB signal
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Feedback gain

The feedback gain is decided by the
loop filter gain. The maximum gain is
adjusted under the condition of the
low noise and without oscillation.
The measurement is done by
measuring the feedback phase when
changing the fiber length. The
feedback gain was 44dB in our case. It
means that 16 degree of the phase
change is compressed to less than 0.1
degree.
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Long time stability(1)

10hour trend  ~50fsp-p Comparison with the 
temperature   

50fs
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Long time stability(2)

PSOF located far from cont. box

12hour trend  ~40fsp-p
Comparison with the 
temperature   
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Long time stability(3)

1.3GHz transmission

10hour trend  ~130fsp-p
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8GeV S-band Linac reference line stability measurement
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Measurement results

air conditioner of the klystron
gallery turned off  -> 6ps

Temp. at receiver 

Temp. at transmitter 

air conditioner of the klystron
gallery turned on  -> 1.4ps



21

• To achieve <20fs stability - temperature stabilize of
TX/RX control box up to 0.01degC.

• To get higher stability - Higher frequency(11.4GHz)
transmission will be tested.

• To confirm long distance stability - 10km long PSOF
will be tested.

• To confirm long term stability - A system will be
installed to S-band linac .

Summary & Future plan

We have been developed a precise reference clock
distribution system using optical links and a feedback
circuit. The stability reached to ~50fs for 900m optical
fiber and 2856MHz clock transmission.


