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Synchronization needs
in a FEL facility

RF gun

photo cathode laser

booster
magnetic
chicane

acc. modules undulator

target

pump-probe laser

~ 100 m – 3 km
Goal: 
• low timing jitter + drift between FEL and pump-probe laser (max. ~10 – 50 fs)

Main sources for arrival-time changes of the FEL radiation
• arrival-time of the photo cathode laser pulses
• phase of the RF gun
• amplitude and phase of booster module
• arrival-time of potential seed lasers

seed laser

master clock beam diagnostics
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Layout of the optical
synchronization system
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direct use of laser pulses

• synchronization of external
lasers (cross-correlation)

• bunch arrival-time monitors
• beam position monitors
• optical down-converters
• electro-optical methods
• seeding of amplifiers
• …
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Schematic setup of the
fiber-link stabilization

fiber-link end
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Balanced optical cross-correlator
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Schematic setup of the
fiber-link stabilization
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Frequency distribution of 
fiber-link timing changes
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Long-term fiber-link stability

rms timing jitter over 2 minutes: (4.4 ± 1.1) fs
timing drift over 12 hours: 25 fs
measurement bandwidth: 200 kHz
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Timing drift a
measurement artefact?

polarization changes inside
the fiber-link!

amplitude entering out-of-
loop cross-correlator is
changed
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Fiber-link setup
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Timing jitter added by
erbium-doped fiber amplifiers

The balanced cross-correlator
can be used to measure the
timing jitter added by an 
EDFA with sub-fs resolution.

Added timing jitter in femtoseconds
(500 Hz – 4.5 MHz)

An optimized EDFA adds less than
500 as!
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Auto-correlation of amplified laser
pulses for different pump powers
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Installation of fiber-links
in the FLASH linac
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Bunch arrival time monitor
(BAM)

Single bunch resolution
better than 30 fs.
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BAM
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BAM
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Outlook

First benchmarking of the system in the FLASH linac
is planned for autumn this year:

electron beam

Master Laser

BAM BAM

fiber-links

bunch arrival time monitors
separated by drift space

The two BAMs measure the same arrival time changes
within the resolution of the BAMs and the link stability.
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