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Dalian Coherent Light Source

Beam energy 300 MeV
Wavelength range 50 - 150 nm
Dc LS iS a Pulse energy >100 pJ (1 mJ@120nm)
i Duration 1ps, 100fs
Extreme Ultraviolet band ! b | Linewidth < 3 transform limit
. . “."f Synchronization <100 fs
FEL user facility running at " Repetition rate Up to 50 Hz
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Dallan Coherent Light Source

DCLS L~150m

« LINAC: 40m
- FEL : 60m
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Synchronizaition Methods

1) RF distribution standard reflectometer interferometer
f ~100MHz...GHz

O] e =7 %

2) Carrier is optically

f~GHz
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3) Pulsed optical source
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Adapted from Holger Schlarb slides



Synchronizaition Methods

Developed by | Jitter/fs | Drift /fs | Advantage | Disadvantage
Lowest jitter
Pulsed DESY Drift free :
| caser | crEL-miT | <02 | 0 Large Expensive
Fiber distance
link Lo iitt
ow jitter
CW PSl <20 ~40 Long Certain drift
Laser PAL di
Istance
RF RF PAL Lower jitter | Large drift
link | Cable SACLA <10 >250 Stable Power loss




Synchronizaition Methods

Facility RF CW Laser Pulsed Laser
LCLS ° °
SwissFEL o o o
FERMI o ° o
PAL XFEL o o
SACLA o o
SXFEL o o o
DCLS ° °
LCLS-II o o
FLASH o °
EuXFEL o o
SHINE o o
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Fs-Synchronizaition System

Beam-Seed Laser
Relative jitter ~ 10 fs
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Two system: Pulsed laser & RF
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Main parameters of SYN

Item Property Parameter
RF Master
Oscillator (RMO) Jitter <30 fs [1T0Hz, 1T0MHZz]
clock Optical Master
Oscillator (OMO) Jitter <10 fs [TkHz, 1T0MHZ]
(238 MHz)
Link Pulsed Laser Added Jitter & Drift <10 fs [35puHz, T0MHZz]

Photoinjector
Laser
(79.33 MHz)

Added Jitter & Drift

<100 fs [35puHz, T0MHZz]

Seed Laser
Client (7933 MHZ)

Added Jitter & Drift

<20 fs [35uHz, TOMHZ]

LLRF
(2856 MHz)

Added Jitter & Drift

<30 fs [35pHz, T0MHZz]

Bl
(2856 MHz)

Added Jitter

<200 fs [10Hz, TOMHZ]




Phasenoise @ 1.3GHz, [dBc]

Master clock
RMO + OMO

Master Oscillator & Master Laser Oscillator
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Pulsed Laser Link

Pulse 2 FRM
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Balanced Optical Cross-correlation
sub-10 fs jitter & drift



Pulsed Laser Link

Short Term Timing Jitter from 1 Hz up to 1 MHz

Timing Jitter = 2.057 fs
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RMS Drift = 3.055 fs, Peak to Peak = 22.611 fs, (sensitivity = 7.940 mV/fs)
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Laser client
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RF client

o e i o i i ' Short Term Timing Jitter from 1 Hz up to 1 MHz
H i Timing Jitter = 19.969 fs
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RMS Drift = 15.263 fs, Peak to Peak = 92.474 fs, (sensitivity = 0.055 mV/fs)
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Temperature Stabilized RF Link

TYPICAL PHASE SHIFT, PPM
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Laser client (RF reference)
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Adapted from Xiaoging Liu & Bo Liu slides



Synchronization Performance

FEL Pulse Energy Stability Spectra Stability
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Overview of the Injector

Warm Superconductor

Accelerator Pro pe I‘ty

- ¢ Beam Energy: 90 MeV
&& ’m,;'?‘h-:ﬁw; € Charge: 100 pC

€ Repetition: 0.1-1 MHz

1,000,000 Hz

Diagnostic Line
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Requirements

System | Device Relf/claorzr;ce f (MHz) f:'IF??CC)(ch)\;lHZ Jitter (fs) Unit
Laser PIL PL‘;'SSSf 36.111 1/36 <100[10Hz, T0MHz] | 1
VHF Gun RF 216.667 1/6 <120[10Hz, 1T0MHz] | 1
Buncher RF 1300 1 1
LLRF 2-cell
Module RF 1300 1 <30[10Hz, T0MHz] | 1x2
8-cell RF 1300 1 1x8
Module
TDS RF 2997.222 1/36*83 <60[10Hz, TOMHZ] 1
Diag.
CBPM RF 1300 1 <200[10Hz, 1T0MHZz]| 1
Timing | Timing RF 712.222 1/18 <10 ps 1




Pulsed/CW laser, RF hybrid design

m Distribution Amplifier f=1.3GHz
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The drawing of the Injector
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Conclusion

» 10 fs level Synchronization System of DCLS
FEL output jitter<10 fs & drift<15 fs

» Hybrid design for new Injector is ready

> Users hlghly satlsf|ed since 2018
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